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Covalent drugs - a two step process Covalent drugs have seen a recent OsurgeO
Future Med. Chem. 2020, 13, 193. TodayOs discussion 150 _ _ aThe term OcovalentO has replaced the
_______________ ® will highlight — Set A irreversible use of the term OirreversibleO in the
' Structural features Warhead the mechanisms — Set B: covalent literature (chart looks eerily familiarg)
; of a covalent drug: associated with covalent 2 00-
--------------- ' complex formation | § drug IN THE PIPELINE
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o 2 MeO Omeprazole, a masked
Penicillin discovered covalent proton pump inhibitor Tre%g\e/“t)for Me
NMez
— - What to expect in this GM:
Pros of covalent inhibitors Potential cons of covalent drugs -Highlighted examples of covalent inhibition used in
aHigh efficacy may translate to lower doses aPotential risk of toxicity drugs with a focus on diversity of mechanism
aNonequilibrium binding might aid in overcoming aOver-reactive warheads can -The synthesis of said molecules
gompetlng endogenous [substrate] _ cause off-target effects -Learn how covalent mechs. enable new therapies
aCovalent mechanism may slow the development of drug resistance 4Small advantage for targets -Brief biological discussion and relevance
aProlonged duration of action may lead to less frequent dosing with a rapid resynthesis rate What NOT to expect in this GM:
aCan address targets thought to be OundruggableO Drug Discov., 2015, 20, 1061 -A rigorous discussion on biology or kinetics

-Chemical biology or reactive metabolites
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More context and orientation

approved by the FDA, treating a variety of illnesses
FDA approved warheads

Others (>30
subtypes), 50%

Sulfenic acid
(prodrug), 6%
\

Boronic acid, 5%

FDA approved warheads and target nucleophiles are diverse in nature.
Future Med. Chem. 2020, 13, 193.

: Over 40 covalent drugs are currently

Target moieties
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Acrylamide, 10%
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Aziridinium

Thr, 3%
(prodrug), 10%
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N" 0 Me — I N afatinib
OH Z :
SN\ BnN Bi~Nn® HN acrylamide
KO,C ~"c VAN HN
clavulanate phenoxybenzamine o |
I -lactam aziridinium (prodrug mechanism) -
Targets of recent interest that NMe, Cl

have been investigated clinically:

Oncology :

AEGFR (receptor tyrosine kinase)
aBTK (cytoplasmic kinase)
aMEK1 (mitogen-activated protein kinase)
4HSP70 (heat shock protein)
aPI3K (phosphatidlyinositol 3-kinase)

aProteasome
aKRAS

Non-oncology (as many as 80% of

approved covalent drugs

treat areas outside of oncology):
aKeapl1-Nrf2 pathway (cellular stress
response; MS, anti-inflammatories, etc.)
aGST (glutathioneS-transferase;
diuretic, combats resistance to cancer drugs)
d -lactamase (novel antibiotics)

aHCV protease

aSARS-CoV-2 main protease

aand many moreE

Drug Discov., 2015, 20, 1061

I Anti-infective

[ ] Cancer B Inflammation
[0 Gastrointestinal [ Other
D Central nervous system

[ Cardiovascular

Pie chart of approved covalent
drugs by indication

Proteomics

D-X

Clinical and preclinica
pharmacology

Covalent Drugs

+ Modifying donor

Considerations in the development of covalent drugs

In vitro
biology

Computer based
drug design

Covalent modification is a key and common element in
regulating biological systems X

modifying enzyme
e
demaodifying +D

enzyme

Covalent modification (target residues)
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o
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Enz
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I
o. o~
H ) 0 H
OH OH

Methylation
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Figure 6-35
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) Nat. Rev. Drug Disov. 2011, 10, 307
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(Mechanism bank 1: Acylation ) ¢ ((Aspirin Timeline and Impact ) AHA re2c:%0rr21mends
— ) . 3000 BC low-dose aspirin
The worlﬁ%@rrlrr:cgagoer?ular drug OAc COX-_lr:nactg/ ated; Willow bark 1897 Felix Hoffman (Bayer) for preventi%n
anti-thrombotic used by ancient finds that adding acetyl group  of heart attack
CO,H civilizations to salicylic acid improves properties  gnd stroke
. e 0O e
acylation of cyclooxygenase (COX) O W A W
oA serlne residues 1853 1918 '9
Cc . ..
- . . Charles Frederic Aspirin used
Aspirin (COX-2 prostaglandin production jetermines structure in 1918 pandemic SPIR
OAC inhibited; Oturns-onO production of ¢ salicylic acid and
~40 thousand metric tons protective lipid mediators  ayes acetylsalicylic acid @ -
produced annually worldwide Discov. Med. 2009, 4, 470 e
Orlistat (Roche, GSK), an anti-obesity medication ~ | Isoniazid forms an enzyme-bound cofactor adduct
aReduces absorption of dietary fat by ~30% through Me___Me aFirst-line anti-tuberculosis agent
reversible inhibition of triacylglycerol lipase \H\CHO (|3 ||\</Iant26+ 0 Mn2* |
M M * NH, [ KatG .
e eH ﬁ /&a . B <& B -2 B
WNo . HO _/ °cr e o N A N N
CHO O /3\ . Isoniazid
oo o) o —_— Oﬁ( Ci1Has N o + o *
/?\ AGH " piieg U Orlistat ~ ° ) O H H .
C.H o -lipase inhibite HoN N HN
HE CeHys  J. Biol. Chem. 1991, 266, 2021 2 o) ™ RN T ||
Second-generation process route to orlistat (Roche) l}l NAD I}I
OPRD, 2007, 11, 524 7 + ¢
H,, MeOH ° oh NAD* R R
o] - 6113 [ t-BuMgCl .
)l\/co e [RuCI,((R)-MeOBIPHEP] OJIY 9 acylation acylation
CyiHas 2 then KHCO3, DMAP, Br
acy! halide CraHas 80%
CO,Me H,N The drug was
L . tested in a Navajo
H3N® Me ¢ isonictinic acyl-NADH community in Arizona
steps H,, Ra-Ni . ca. 19500s
OBn OH Cooe\g; 0% CeHus 85A) CeHus Science, 1998, 279, 98
CuHas Other acylating agents: o
CgHi3 Cy1Hps CiaHos 5 H
1. PhSO,CI, N-formyl-(L)- 7,/N s OH Me Et,N NEtZ
pyr. OH o__.0O Leucine, DEAD ) \g/
2. Ha, PdiC CuiH )\\\\‘i — M o " warfarin disulfiram
0,
85-94% 1723 CoHis 80 83% /-lactams o” =0




Brendyn Smith

Covalent Drugs: Trends, Mechanisms, & Warheads

Baran Lab
Group Meeting

1/22/2022

(Mechanism bank 2: Disulfide or thioselenide formation

) Propylthiouracil as a hyperthroidism treatment

Clopidogrel (BMS/Sanofi), a blockbuster antiplatelet medication

with a unique prodrum mechanism
alnhibits P2Y;,, a protein involved in platelet aggregation
aReduces risk of heart disease and stroke for high-risk people
a36th most prescribed drug in 2019; 19 million prescriptions

(ESOZMe CO,Me
N CYP X
O TD |2 o= 0
cl s cl
Clopidogrel
CYP
HOZC (EOZME HOZC COZMG
;5 cl d|sulf|de formation HS
S\
P2Y,

A general improved route to Clopidogrel

OPRD, 2007, 11, 487 Br (EC‘
CN
- 100 iC NaHC03, MeOH,

86% cl reflux, 85%
CO,Me 1. TEBA,
ag. NaOH, MeOH
reflux 95%
acy” @Q
2 TEBA, NaOH,
MeOH, dimethyl
1. L-CSA,
PhMe 2 NaHCO3 sulfate, 87%
93%, ©
99.5% ee HSO, COzMe
(;,OZMe H2$O4
S cl two steps

clopldogrel bisulfate

J S . ~ . . Thyroid system
alrreversibly inhibits thyroxine 50-deiodinase

aDecreases the amount of thyroid hormone produced by
the thyroid gland

aCame into use in the 1940s
AWHO List of Essential Medicines

Hypothalamus
Anterior pituitaf§ gland? Thyrotrop(\;ggl)easmg hormone

Negative feedhack Thyrowd-s(t‘lrn;htl)atmg hormone
Thyreidigland

p S N (0] (@]
N I n-Pr)l:/”\OEt Thyr(m‘;;nes
= e | TN o
P ro pylth I Ou raCII Increased catecholamine effect
L (PTU) ) o
HN
. M
Enz” °S N Me
HO,C o)

thioselenide adduct

e

2RSH
Enz-Se-l
Enz- Se H
"NHZ ¢ RSSR + HI

I OH

thyroxme 50-deiodinase

Not discussed in detail: omeprazole (see Natural Products as Covalent Inhibitors,

He for the mechanism) 3. Am. Chem. Soc. 2004, 126, 7800, and references therein
aProton pump inhibitor; treats gastresophageal reflux disease

L Me
MeO activation N
A\ event A\ _—
\©: > — N> N@ )—OMe
H \ / \
omeprazole Me
Me OMe

/V
Enz /\/SH 4
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(Mechanism bank 3: Alkylation )

Vigabatrin - a simple but effective medicine

aGeneric medication used to treat epilepsy and seizures
alrreversibly binds to GABA-aminotransferase, inhibiting the
breakdown of GABA

s‘
s

PLP (cofactor in \_,S')_' COH

GABA-AT) /' |

z OPOzH,
NH; Lys-NH, —
vigabatrin HO \\-r/
V)
F L\ @ COH Me H+
Lys- NH3
OPO3H, |
HO ) \
l Wt NH,
© COZH OPO;H,
/Y k; \/ H,O Me N pyndoxamlne
Lys-NH, OP03H2 — . bhosphate
Me
Ho—( \ CO,H
Me Lys O

) covalently modified
J. Biol. Chem. 1991, 266, 20056 |ysine residue

aminopeptidase
(upregulated in

\fncer cells)
(0]
//\N/OMOH
HoN

Nitrogen mustards as cytotoxic alkylating agents

O

melflufen

rapid
diffusion

HN CO,Et
meflufen H 2
cl (lipophilic prodrug) melphalan
. J Cl
aMelflufen used as a prodrug for melphalan, a common /
chemotherapy agent that treats many cancers DNA damage

aDNA alkylating mechanism through aziridinium species

. . through alkylation
Expert Opin. Investig. Drugs. 2020, 29, 1069

Generic nitrogen mustard drug mechanism: further Cell membrane
Cl Drug alkylation
|
\\\ @N /\\ O

prone to hydrolysis
and fragmentation

‘." ASH Cllnical l\IeWS“3 ISSUES

SHARE

f FDA Warns of Increased Death Risk for Patients with MM Receiving Melphalan
v Flufenamide

VIEWPOINTS EDUCATION SPOTLIGHT NEWS +

Melflufen was approved in Feb
2021 but was recently pulled
from the US market

Cycloserine as a covalently reactive anti-tuberculosis treatment

aDiscovered in 1954 from astreptomyces

aWHO List of Essential Medicines

alnhibits cell wall synthesis via covalent modification of PLP,
a cofactor used by alanine racemase

Cycloserine in the news :

In 2015, the price of CS increased from $500 for 30 pills to $10,800 after the Chao Center
for Industrial Pharmacy changed ownership to Rodelis. The price was then lowered to
$1 050 for 30 pills, twice what was originally charged

/‘ B l}l—O
Lys
OH
LPLP?)B 0 /Q HO/kIR\ HO/% PLP-cycloserine

N ys- A _— adduct

6§'IINH2 " ‘_ /-*H B /—\ = HoN

cycloserine \ OPOsH, HO HO

4 CS I ~ N OPO3H2 X OPO3H2 OPO3H2

Cs) e N ® ® ;

Biochemistry 2003, 42, 5775 Me N Me N
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(I\/Iechanism

bank 4a: Conjugate additions - A case study on KRAS

G12C jnhibitors. A decades-long therapeutic challenge )

Vs

«‘
o7 A
B\ g{&“‘?
"

KRAS Gl12C

.

aMember of the RAS family, a key regulator in signalling pathways

responsible for cell proliferation, differentiation, and survival (GTPase)

aKRAS is the most frequently mutated oncogene in human cancer

AKRAS12C mutations occur in about 13% of NSCLC patients and ~1-3%

of colorectal and other solid tumors.

aGlycine-to-cysteine mutation at codon 12 favors the activated state of KRAS,

which amplifies pathways that lead to cancer development
https://www.amgenoncology.com/targets/kras.html

N

Sotorasib (Amgen) - the first KRAS inhibitor approved by the FDA

aApproved in May 2021 for NSCLC

aActs by binding with cysteine 12 of mutated KRAS

.

/SH
C12 & o)
\)J\N

OSwitch 1O

Discovery route;

F F Me
a 1. (cocl, cl = o)
Ny 2.NHOH N Lcoch, — \ ML
- e N T N7 N
N Z 2. HyN
HO,C” Y N Me lp H OH
cl NH, ClI i-Pr_/ )
N~
o)
\)l\ LTFA BocN/\l
N/\ 2. acryloyl chloride
DIPEA N

J. Med. Chem. 2020, 63, 52

3. chiral SFC
-

Q99

Mirati in on the gold-rush: MRTX849

aCovalent KRAS?12C inhibitor in clinical trials (Cys12)
aBreakthrough Therapy Designation by FDA in June 2021
Discovery route J. Med. Chem. 2020, 63, 6679

Cl
1. Urea
OEt NaOEt/EtOH |
2. POCI BnN
3 Bn N/)\CI

Me 1. NaOMe/MeOH
2. N-methylpyrrolidine-2-methanol
N BINAP, Pd(OAc),, CsCO3 3. H,, Pd/C

HN I ~ - F
NT o7 ’O
(@)
MeN ﬁ/&
1. Buchwald o
2. Demethylate
3. Triflate MRTX849
4. SNAr
5. acylation Cl N
— L
N ,
N/J\O/' ,,0
MeN
F
1. KHMDS | X cl
g 2. POCI3, DIPEA cl _N y
> | e
N N
Cl X M
\"/ j]\)j eﬁ/\NBoc
(@] P’
i-Pr” "N HN\)
F F
BF3K cl DIPEA
* BocN/\l | AN
D
Me N N
Pd(dppf)Cl, \n/ | AN
KOAc o) P 6



Covalent Drugs: Trends, Mechanisms, & Warheads

Baran Lab
Group Meeting

inhibiting MAO-B mediated degradation of dopamine

©
Favin Me | seT Flalwin- Ve
+ / .\ /
MAO LN MAO C g//
silegiline J. Am. Chem. Soc.
Michael-type 1998, 120, 5864 H
° M Me
n\‘/ ; < 2dduct__ /‘Flavm HAT

§/

e’@'\)'W Flavin-MAO Me” ®

Brendyn Smith 1/22/2022
(Mechanism bank 4b: More conjugate additions ) ( OH ) oH
Gemcitabine - a hidden vinyl ketone for cancer treatment o) 0] o actli_va_tiort1_ and
e - . — elimination
aFirst intended as an antiviral, but preclinical results showed that /_>— —_— N/_>—NH2
it killed leukemia cells in vitro. o™ "IF N T }—N
aBlocks the synthesis of DNA via covalent modification of a cysteine o 4
residue in ribonucleotide diphosphate reductase gemcnabme F
First synthesis of gemcitabine (Lilly) ~ Enz-SH X
JOC 1988, 53, 2406 ) —
Me Me F E 1. Dowex-50 /_>—NH2 N/_>—NH2
Meﬁ/o BrCF,CO,Et Meﬁ/o CO,Et MeOH, H,0 cysteine e o = }—N
\)_CHO —— / “ome | adduct F O J Med. Chem. 2009, 52,1231 F O
© B5% 0 OH 0 J. Med. Chem. 1991, 34, 1879
Finasteride as a covalent inhibitor of 5- " -reductase
OTBS 1.DIBAL  OTBS » TBSOT aUsed to treat hair loss and benign prostatic hyperplasia in men
2. MsCl o lutidine. 920¢ aWorks as an antiandrogen by decreasing production of dihydrotestosterone
> om 71% two steps o » 9470 [ 4Available as a generic medication; >8 million prescriptions in 2019
o e S———— -
. ( )\
TBSO\\\ a1= TBSO\\ = DHTshnnkshaurfolhcleS/
F o F il / / / // /
1. TMSOTf, DCE 2. AG 50W-X8 S s ke
reﬂux res'n o — left on the scalp. Terminal Hair Miniaturizing Hair  Miniaturized Hair
N/_>— NH, https://www.hairdr.com/non-
NHTMS 10% two steps N / surg|caI/treatments/propeC|a/
HO' ' 1F > N PROPECIA blocks the /
I NN F O formation of DHT
emC|tab|ne PROPECIA inhibits the - _
Ao J N J = K Eo “
— - @] (0]
Sileqiline undergoes SET to form a covalent adduct with FAD J. Am. Chem. Soc. 1996, 118, 2359@
aTreats ParkinsonOs and major depressive disorder by acting as a mono- NHt-Bu PAPDR\N =z NH,
amine oxidase inhibitor 5.
aForms a Michael-type adduct with the FAD cofactor, subsequently reductase

03

N
H
PAPDR _ ¢
Me

[Similar to reduction of testosterone]

m i y

covalent
adduct

reductase
testosterone DHT
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Sickle
cell

(Mechanism bank 5: Aldehydes - enabling first-in-class medications

Voxelotor - a reversible aldehyde for sickle cell anemia (Global Blood Therapeutics

aApproved by the FDA in 2019 for sickle cell disease as a first-in-class medication

aActs as an allosteric effector of sickle cell hemoglobin, consequently increasing the

affinity of hemoglobin for oxygen

alncreased affinity for oxygen inhibits polymerization of hemoglobin under hypoxic conditions

(=

Abnormal
hemoglobin

red blnnd ceII

hemagiebin

_ Sickle cells
— blocking blood flow

aSickle cell disease is caused
by a mutation in the ! chain of
hemoglobin, where a Glu
residue has been swapped for
a Val residue

aAffects ~100,000 Americans
(https://www.cdc.gov/ncbddd/si
cklecell/data.html)

Discovery: ACS Med. Chem. Lett. 2017, 8, 321 (Global Blood Therapeutics)

"\ Normal Hb Mutant Hbj3 Drug MoA
af Me Me )
A A T VS -
drug N A e red blood N HbS-drug
. B . B ' ’ N complex
' N cell
\ \ HoN — ip
stabilizes oxygenated \ (0] HbS 1-Pr
Flgure from form, preventing voxelotor </ (@)
Dennis HUOS aggregation \ B N
ODrug HunterO Y HbS = mutant ! HbS
OH B dimerization leads to pathogenic \ hemog|0b|n _H O
\ aggregation when deoxygenated L OH (6] )

@]
I
i OMOM

Pd(dppf)Cl,, NaHCO4 Me 1. Na,CO3;, DMF voxelotor = \
I\lll/\>—B(p|n) Diox./H,0, 100 iC, 40% e\( socl, Me _ 8%
\B\ Cl N v quant. 2.12N HCI
Me - \ 96%
Me HO N / HO \ /

Roblitinib (Novartis) - A first in-class FGFRA4 inhibitor clinical candidate

Discovery : J. Med. Chem. 2020, 63, 12542

alnhibits fibrolast growth factor receptor 4 (FGFR4) via reversible hemithioacetal

1. BrICH,COEL |
—_—

a2HCl

formation with Cys552 N 2N OEt —— 8
aln clinical phase I/l trials for the treatment of hepatocellular carcinoma (HCC) ~" NHMe TEA, 98% \/\“N/Ie/\ﬂ/
0]
e O 2. HCI, 92%
Cy5552 HO S \/Cy5552 MeO OMe
\ N Cysb52 1.B, CDT A, NaBH(OACc);
(\ | /ll\ _— N 82% N N TEA, 67%
\/K FGFR4 >\ roblltlnlb > HC| |
reversible N conc. MeN 0 NH OMe
roblitinib )| hemithioacetal 88%
; formation !
SyntheS|s of A [ - ' Synthesis of B oM CN
OMe MeLi then OMe o F 1. le 81% Fan Ve NH
H i 1 \ 2
ot No NS then DVE Meo SN X
73% MeO A en e 1Nz 2. Zn(CN = N
)\EJ/\J = 95% = E Zn, Pré(zcdbzalz:;, D”;‘I;OA 7 B
Br OHC A : NHz dppf, 150 iC, 97% NH2 NH, 8
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. - - . - For a fantastic review, see:
(Mechanlsm bank 6: Boronation as an effective strategy to treat multiple ailments Eur. J. Med. Chem. 2020, 195, 112270

There are currently 5 drugs approved by the FDA containing boronic acids (General reversible mechanism: ) __B(OH),
(many more undergoing development) R

OH

PR \(\ IIB’R
0”g OH
5 \(\OH

E]* T S e @f OO? Q/\rrjfjv

B(OH)2 O  B(OH),
N™ ~ Bortezomib cl Vaborbactam
Forms covalent complex with Ixazomib Tavaborole Crisaborole _ Rt
threonine residue in simiilar mechansim to bortezomib ~ (2014; onychomycosis) (2016; eczema) (20130’ (t:r%rgﬂ)rg;gﬂ;me'\g%%g?nem
20s proteasome (2015; multiple myeloma)
(2005; multiple myeloma)
Vaborbactam mimics tetrahedral TS used in | -lactamase Mechanism: H Vaborbactam

aUsed in combination with Meropenem to prevent its hydrolysis N
by ! -lactamase enzymes @/\[]/ Be CO.H
aBroad-spectrum; restores activity of valuable carbapenems. \ OHO’B\O COH —= E /| 2

H‘—\

Discovery synthesis (Rempex) J. Med. Chem. 2015, 58, 3682 ‘\ N OH \ stabilized by
[Ir(COD)CI] s \(\OH ‘\ '\ oxyanion hole
Ot-Bu 12 (pin)B Ot-Bu ~._ Ser I -lactamase . | -lactamase
= dppb, HBPin s binding site e Lacama
_ o T .- [mimics TS in - binding site
TBSO O TBSO O carbapemem R H R
OH Oxyanion hole: Common pocket foqnd hydrolysis] S
Me Me \iMe in active sites of enzymes that stabilize TS
Me o} H negative charges on alkoxides. Typically \(\O N /R
e B Ot-Bu P consists of backbone amides or positively - Ser 8
o) <« 9 | charged amino acid residues. stabilized by COH
H TBSO 0 oxyanion hole
Tavaborole - a unique covalent mechanism to inhibit aminoacyl-tRNA synthetase
n-BulLi, HMDS aTraps tRNA®Y in the active site of Leucyl-tRNA synthetase, a proofreading synthetase
gg'?ﬂc Ve i ; /\/Y\[rOt Bu L_';'évlic aTreats onychomycosis, a fungal nail infection Science 2007, 316, 1759 (Anacor, now AN2)
Ve Te~s
’ F SN o -

F . y J ~.. R
TBSO binding to editing .. inhibition
( N i domain of LeurRS ' " of protein
| B ' .0 \\ synthesis

\ FE ! B
S OH covalent binding to 0”0 \ X—>»
NH then RCO,H Tavaborole tRNA : © o R
o EDCI, HOBT, ! o ; !
HO~p 3N HCl <M J. Med. Chem. 'ONL N o-p-0
\ 20086, 49, 4447 VP D

tRNALeY

0 TBSO OMOM v \;N
Vaborbactam NH - d" i q (
HO,C Ot-Bu B(OI- Pr)2 - __2 .- editing domain

\ LeuRS
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(Mechanism bank 7a: Nitrile additions - A look at PF-07321332 (Nirmatrelvir) ) Discovery route: NHBoc
Nirmatrelvir (Pfizer) —— . . BocHN, O 2 o 1. LIOH
&Orally bioavailable SARS-CoV-2 main protease inhibitor (Isnrt_ral dlsglé)zsirrg.m 1586 N aHc 7 t-Bu 2. HCl,
an vitro pan-human coronavirus antiviral activity cience : : mCOMe ¢ gy OH diox.
aUsed in combination with ritonavir; sold as Paxlovid - FDA EUA for mild to moderate COVID. — u\COzMe
L . HATU, DIPEA
binding to main protease - 96%
of SARS-CoV-2 0 Attachment and entry Me Me 99%
Me  Me
SARS-CoV-2 FsC
aHCI
@) HoN
reversible © o EDCI, HOPO, yy CF3CO.Et "2 '
thioimidate [ e DIPEA z 0 DIPEA
formation ﬂ;;cell merrnbrz;ner?r::i T - H t-Bu/\( t-Bu ~CO2H
O _N No «COH 719
N 98% ! N :
Translation of R % IDOSONES 1 I _ '
iral protei & "4 Polyprotein chains . , !
viral proteins y g, Polyprotein chai &HCI NH, vd Me 'HOPO l}l@ OH :
\9 Proteolysi N ‘ 00 2
roteolysis H Semmmmmmmmmm H
W F3C>: 0N F3C ON
A\
s\ o 1. Burgess ©
L e - PF-07321332 . g HN
“ Main protease Hl\% 0 o " 2. MTBE/ = O o
Viral protei /\( 2 EtOAc F‘/(
é iral proteins . BU Y s\\XLN t-Bu N \\\XLN QN
%ﬁ&’ H o 75% H
\_ aMTBE
nirmatrelvir
Mo Me Me Me

(Mechanism bank 7b: Nitrile additions via Pinner )

Saxagliptin, a cyanopyrrolidine for the treatment of type |l diabetes

aReacts reversibly with Ser630 in dipeptidyl peptidase IV (DPP-IV),
ACS Catal. 2019, 9, 2292

forming an imidate adduct
aServes as an effective glucose regulator
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Brendyn Smith

Covalent Drugs: Trends, Mechanisms, & Warheads

Baran Lab
Group Meeting
1/22/2022

Some compounds of note not discussed:
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(e.g. fosfomycin)

An incredibly useful resource used throughout:
J. Med. Chem. 2009, 52, 1231

What else is trending?

s

Development of new warheads
for use in med-chem and chemical biology
J. Med. Chem. 2019, 62, 5673
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OCovalent inhibition has a rich history in drug discovery and continues to be a highly
successful strategy for addressing diverse targets and disease areasO

Drug Discov. 2015, 20, 1061
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