Alexandros S. Pollatos Atropisomerism in Drug Design Baran GroUp e cting

Atropisomerism in Drug Design — Menace or Miracle?

« Atropisomer (from greek atporog meaning ‘without turn’) arises, in most
cases from hindered rotation about a single bond HO,C

« First observed in 1922 by Christie and Kenner OoN

+ Coined by German biochemist Richard Kuhn in 1933

+ Occurance in drug-like molecules can pose benefits
& serious issues

* Nomenclature: Assign Cahn—Ingold—Prelog priority, then
view Newman projection and determine direction between highest priority
groups (A & A):

CHO
H counterclockwise CW: (Ryp) or (P)
from -Me to -OMe CCW: (S,) or (M)

Q (Sa) or (M)
MeoMe

Pros of Atropisomeric Drugs Cons of Atropisomeric Drugs
'« Improved potency over racemate -« Interconversion
'+ May display wildly different: PK, + Synthesis (discovery & proccess)

Purification of Atropisomers

+ Chiral salt recrystalization

+ Chiral chromatography (HPLC, SFC)
» Thermal equilibration

LaPlante’s 3 Classes of Atropisomers to Consider

+ Class 1 — Rapidly equilibrating, achiral, AG* < 20 kcal/mol (t;,»> < min)

* Class 2 - Interconversion on hour- AG* = 20-30 kcal/mol (t;,, = min-days)
+ Class 3 — Separable AG* > 30 kcal/mol (t;, = months-years)

General Advice for Developing Atropisomeric Candidates

« Targets usually have rigid, defined binding/affinity pocket (counterexamples
forthcoming)

+ Can be used in both covalent and allosteric contexts

« If class 2 atropisomers arise:

(7) Symmetrize about hindered bond

(2) Engineer faster rotation

(3) Hinder bond rotation

i (4) Administer as a racemate/mixture

: Atropisomeric Drugs on the Rise? Maybe
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! physicochemical properties, « Purification Occurence of ‘atropisomer’ FDA Approval of Atropisomeric Drugs
. distribution, toxicity, & more * Analysis/Detection in J. Med. Chem. papers 0021
e g S e ACR2022, 56,2581 | | © 1976:2022° Golohicine Sotorasib
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In Typical Drug Scaffolds, Where Does Atropisomerism Arise? 0 1958 2015
Vancomycin Lesinurad

1975 1985 1995 2005 2015 2025

Covered in this Group Meeting

+ Strategies for use of atropisomerism in drug design

+ Case studies of atropisomeric drugs or candidates

+ Brief coverage of target biology

+ Examples of data-driven approaches to atrop. in drug design
* Enough synthetic schemes to keep everyone in their seats
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biaryls & diaryl ethers benzamides diarylamines
heterobiaryls

Common synthetic approaches to such compounds include:

li A i li A
cross coupling, SyAr, amide couplings, SgAr Not in this Group Meeting

Detection of Atropisomers + Extensive coverage of atropselective biaryl synthesis

- Typically observed in NMR (shift reagents, 2D spectra) (see Gulder’s 2008 GM) ‘Useful Resources ~~TTTTTTTTTC g
HPLC, or X-Ray studies of compounds * Detailed discussion of :Seminal Review: ACIE 2009, 48, 6398 :
biology or kinetics 1Great Review: J. Med. Chem. 2011, 54, 7005,

“~ .
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In general, 3 strategies exist for dealing with difficult atropisomers
Strategy 1: Symmetrize the Hindered Bond

CCR5 Antagonist (Schering-Plough)

EtO.
N

Me symmetrize to

Br N\b Me ~ I avoid class 2 atrop.
N AN UNY
o-

EtO *

...........................

« Symmetric compound bears
worse profile (potency, PK) !
—> abandoned '

« Eventually became ' Me
vicriviroc (also abandoned)

» Downside of Strategy 1: !

e ————

scaffold changes
"""""""""""""" 0 Me
Discovery Route
CO,H 1) TFAA Br 0/5 1) N-Boc-4-piperidone,
2) SOCl, o Ti(OF-Pr),
3) AICl3, PhBr . then Et,AICN
N 4) p-TSA, ethylene 2) MeMgBr
H glycol N 3) HCI
5) K,CO3, MeOH H  4)Boc,O, NaOH
1) NH,OEt,
NaOAc fo)
151 E:Z
. 2) TFA
CCR5 Antagonist —< Me

3) Pyr-COOH, N
EDCI, HOBt, Br
DIPEA NBoc

Bioorg. Med. Chem. Lett. 2003, 13, 709
J. Med. Chem. 2001, 44, 3339

Strategy 2: Engineer Faster Bond Rotation

MCT1 (monocarboxylate transporter) Blocker (AstraZeneca)

+ Potent (low nM) immunosuppressant activity by inhibiting
human PMBC proliferation

+ Initial scaffold exists as mixture of interconverting atropisomers

amide
t1/2 n.d.

Me
M
AE,, = 24.6 kcal/mol AFCO oioans
% C=1-12h firz -0 AE
Discovery Route
o)
o 1) i-Bul, K,CO4 0 OMe

2) NaSH Me..
Me\NJ]\ 3) ethyl 3-bromopyruvate> j\ | N\ Me
0)\ Me O o N S

then N2H4
[name?]

1) NaOH
2) EDCI, HOB,

HN“ 7..\0H
o)

*HCI
[synthesis?]

J. Med. Chem. 2007, 50, 254; Nat. Chem. Biol. 2005, 1, 371;
Bioorg. Med. Chem. Lett. 2006, 16, 2260; Tet. Lett. 2006, 47, 7635
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Strategy 3: Hinder Bond Rotation Further

3a — Hinder Biaryl ~ 3b — Stabilize Ring with Point Chirality O
NK1 antagonist (AstraZeneca) '.Et o MeO’N
Et” N \/\/\ N O point chirality
H to hinder Ar- CO
\/\/\ ---------------- > k CN - momemmmmmmemes & CN
solution: constrain s -0 0
“'Me system into bioactive cl H r\;
CN frans conformation Cl NN
geared rotations: o : I\Ille Et
t C=2d Cl CN
J. Med. Chem. 2002, 45, 3972 Cl bioactive trans config
Discovery Route — Bioorg. Mol. Chem. 2004, 12, 2653; Tetrahedron 2004, 60, 4337 Cl
o 1) EDCI, DIPEA, o O
DMAP OH
WLOH HN : W\NBOC Bro OMe 1)NaH W O
2 2IN"Me o : \ OH 2) TFA ;N 1) Og; DMS
R\ —_—— - —
2) LAH + 3) pyr-HCI k¥_ CN  2) MeONH,*HClI,
cl 3) Boc,0, Na,CO4 cl Me 180 °C ~ 0 AcOH, NaBH;CN
NC 4)BOPCI ¢l Me
Cl Cl
.............................................................................................. e
Strategy 4: Acceptance — Develop as a mixture/racemate  ; ped. Chem. 2005, 48, 1169 1) urea, HCI
Elagolix (Neurocrine & AbbVie) — FDA approved 2018 Chirality 2005, 17, 559 reflux ’
- 15Lin-class GnRH antagonist for endometriosis treatment ~ *- Med. Chem. 2008, 51, 7478 2) diketene, TMSCI, NH2 F
OMe

Nal, CAN
3) Brp, ACOH
1) Pd(PPhy),, 0

MeO 4) PPhg, DIBAD FsC
Na,CO4 Br Boc-Phenyl glycinol
NH )\ 2) TFA r N
+ BocHN J\

F [walkthrough?]
3) TEA, (o]
B ome (HO):B Note:
002H 4) LiOH, MeOH « Like chiral drugs, PK profiles, excretion,
and drug-drug interactions should be
F3C ied i
NG =233 kcaI/moI g.(g?gétgd&zz_“ne 3 studied independently
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Atropselective Catalysis on Process Scale — BMS-986142

.......................................................

' Bruton’s Tyrosine Kinase (BTK) Crash Course :
* Nonreceptor kinase expressed in all hematopoietic cells :
+ Heavily implicated in pathogenesis of autoimmunity '
* Inhibition can potentially treat autoimmune disorders without :
extensive B-cell inhibition :

]
]
]
'
|

....................................

+ Favorable bio but off-target effects
° BTK IC50 = 3 nM :
+ Solution: lock rotational axes by: !

( ) substiution at carbazole CS :

..............................

- -

..........................

« Stable atropisomer with

H
N
1nM IC5O Me O
* Demethylation in rodent PK;___. Me Cl

+ Solutions:

(1) further SAR ; 0
(2) quinazolinedione to '
pyridopyrimidinedione ;! N
TTTTTRTTTTTTRTTIT s o NH, I\
: \
Y H Me F
. KT
BMS-986142 + Me c
HO Me
s
* Per last reports both 142 NS
and 143 are in BMS-986143 [/l N0
development Cl

Synthetic Strategy for BMS-986142

* Furnish highest energy barrier
H,NOC F axially chiral center first
(reduce epim. risk)

a see also: Boger’s Vancomycin
’(n" “Me + Serves as chiral template
for next steps

successful
second cut

Impressive Process Route: OL 2018, 13, 3736

CO,H
o 1) [Rh(cod)Cl], H 27 1) ZnCl,
BPin DSI)PgXBM-SEGPHos leN 2) CDI,
Me/g 2) ArNH-NH,+HCI © F
\]\\

Br
Me Me Me
s OH OH
NH, Y 1) Pd(OAc),, BINAP Me>,
5 °C, MeOH Me™ - NH
CONH,
87%, 16:1 dr |
recrystalized in B(OH
65:1 dr (OH).
note: 1.4:1 with dppf Me o
+ F
NH,
o) CONH,
1) EDCI, MsOH, N
HO 1-Me-imid. 4 O
—>
Me<n 2) Liot-Bu MM;,,__ . E
/J§ E 96:4 dr T_I d R Ve
n-Pro” >0 O o]
N
8 steps 28.3 % overall S
Key refs: OL 2018, 20, 3736 > 200 kg prepared!! o)\N
J. Med. Chem. 2016, 59, 9173 BMS-986142 I
ACS Med. Chem. Lett., 2020, 11, 2195 Me F
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Sotorasib (Amgen) — Development Story

..................................................................

KRAS Crash Course
* RAS family serves as molecular switches in signaling pathways,

-

regulating proliferation by alternation between GDP-bound (active) and N
GTP-bound states : /

+.G12C mutation on-off cycling by preventing GTPase association ! )k/N

+ Long considered ‘undruggable’: (1) KRAS itself binds GTP at pM conc.,; ' mdole lead
.. competitive nucleotides difficult; (2) lacks deep surface hydrophobic (5)-ARS-1620 to cryptic site

pockets
+ Templated covalent inhibition of C12 strategy first reported:
Nature 2013, 503, 548; Amgen simultaneously exploring strategy:

.................................................................

+ Promising activity; poor potency (0.83 yM) -« potent inhibitor (0.22 yM), poor

+ Cocrystal shows C12 binding and bioavailabilty, rap|d clearance
allosteric binding in “switch 1l pocket” + Key: THiQ engages ‘cryptic

* (R) isomer completely inactive to C12

VLN/\ O O

LN OH

........ ) I

arene SAR N \n, N
Oi-Prﬁ

L

Can PK of ARS be combined with * Low potency (20x) » Screened Ar subst.

potent THiQ binding mode? « Crystal shows Ph in pocket + Phthalazine to quinazolinone
but few hydrophobic contacts + 3-9x potency to ARS-1620

________________________________________ + Mixture of atropisomers

'Key references: J. Med. Chem. 2020, 63, 52 '
: Cell 2018, 172, 578
:‘Figures reproduced from J. Med. Chem. print

.........................................

e

- ----

F
Remaining issues to resolve: \)(L (o]
« Poor oral bioavailability due to solubility ™ R Y
and membrane permeation N

Co-crystal insights: K/)\‘/ O OH « Significant occupancy of switch I
promemenee (1) C2 piperazine subst. may allow """ I for (R) only
e contact with C12, E62, Y96 N N + On separation, (R) 20-fold more
1 (2) Fluorophenol tuning to contact V9, 1100 \n/ potent _
N Problem of oral bioavailability O ipr « SAR focused on (R) isomer
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Sotorasib (Amgen) — Development Story

.......................................

» Methylation: retains permeability & oral
bioavail.; improved ICs
» C8 nitrogen: intramol. H-bond avoids
desolvation penalty assoc. w poor
phenol MDCK and aq sol.
» Fluorophenol- compromise of all factors
BUTnow... t;,=8d
AGT* = 26kcal/mol — a class 2 atropisomer!!
_Where (S)-atrop. has 11-fold less potency
3-fold approach:
1) Raise barrier
2) Lower barrier
3) Symmetrize pocket

‘----------

Sotorasib: entered phase I/l Aug. 2018

» FDA-approval May 2021 for NSCLC

* Third ever FDA-approved non-natural
product atropisomer

o)

HN_ _N
\ﬂ/\\

O i-Pr N—

F
1) (COCI), cl
Cl <
A then A then NaOt-Bu
| > \ N -
° ZN then Me o 2) ghi;zil I?Cidt'o
, rystallization
NH, Cl HaN | X HPro H o NH cl
7~ N =
Pr” "N o
S . L/ ~Me
o . - s TS TEEEEEEEEEEETES RN
)J\ 11) dimer suppression
Ph 0 0 12) form-setting

X
%o
o
I

]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
’

.

Sotorasib process route:
OPRD 2022, 26, 2629
OPRD 2022, 26, 3115
OPRD 2022, 26, 2636

v recrystallization

...................

2) EtOH/H,0
recryst.

T
then Na,HPQO,
-

............

1 dimerization ‘: Boc
F 1suppressed : N—>
o e Ly s
DIPEA; 7\
2N then ,Boc' cl

Me N =N

HN\) o}/_N Me

- i-Pr.2/\§
N =

1) Pd(dpePhos)Cl,,

Me
" (DBTA - 4hon NaHCO,

>95% ee

2) resin scavenger
then TFA
then K,COg3
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Engineering Hindered C-N Bond Rotations (Gilead)
Case Study 1: GS-9901
“PI3K Inhibition Crash Course

Phosphomosmde 3-kinases (PI13K)— heterodimeric lipid kinases containing ! --
various catalytic (a-y) and regulatory subunits

,------------------

...................................................................

+ Catalyze phosphorylation of PIP2 to PIP3, a secondary messenger that

+ Winning strategy: reduce quinazolinone N1 basicity

recruits signaling proteins involved in metabolism, growth and prollferatlon

across PI3K isoforms

+ 2014 Gile

ad’s idelalisib receives FDA approval —

by ‘propeller-shaped’ inhibitor

1

HN

N
T
(65-9901) \Z 7

NH,

Project goal: Potent PI3K inhibitor for oral dosing

Trp760
4 -
; Specificity
pocket

+ quinazolinone sits in spec. pocket,
pliability of & isoform P-loop

* pyridine perpendicular to

Glug26

quinazolinone, interacting with
isoform-dependent H2 region

XN pH2
)\/Me

NHR

/] Hydrophobic
region Il

Ser831

; ?
lower pyr. pK, ; [walkthough?]

' i Cl O z
F F oot |
Y Cl OMe : NN
Z ]
N - N : NH
)\/ attenuate Z Me . Oé\/ Me
NZ N Me coplanarity N Y : r%lHR
NHR tp=30n  NHR t.=27h
tn=3.6 h AG rot = = 28.5 kcal/mol : 12 = &
ASOG* '~ 17 keal/mol abandoned since '
rot class 2 '

Acc. Chem. Res. 2022, 55, 2581 & references therein

induced pocket inhibition % Discovery Route

« Extant inhibitors typically ATP-competitive, but binding pockets conserved -.

Ci

(o) 1) HPO(OPh),,
R pyr.
OH + HO : L A
NH, NHBoc
) TFA then NaHCOg3
2) precip. (M) w/ D-tartaric
acid then neutralize and
isolate (P)
Hl\f 3) DIPEA
SMe
N />’ c
cl O Me / ;
) Oxone CE,:L
NH4OH HN NH, |
2,
oy
X :
N// )
NH,

mo/@
AR

5o =20 h
current lead

(o)

Ci

3:2 mix of (M) and (P)

.......................

01/14/2023
o A
N XN
H

NHR
) i
(o]

N
NHBoc
- N -
’d
then |
F N NH
Me
F
Ccl oMe_ ==
~ N
N
Z R
N -
3:2 mix of NHBoc
(M) and (P)
“recycling process:

separated (M)

l dioxane,

100 °C
24-30 h

[ ——
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Engineering Hindered C-N Bond Rotations (Gilead) + Enhanced Metabolic stability of eutomer

Case Study 2: PI3Kf/6 candidate F .-» - higher selectivity (more rigid) ' over racemate, distomer, or des-Me:
Elaborated lead: R . hlgher_blndmg affinity (pre- ' E
E NS organized ; ' \ dohvd F H
. ' aldehyde N
N= NH Z \l ' N oxidase 0
Y F | N £ o . ‘ 7 hepatic 2
N == ' clearance
Me N ' : e
F <N Z restrict \« N\ / ’ p—— : F . P
\ rotation N i o o. ' (M) distomer 0.34 (L/h/kg)
N~ 7T > F NH, ' ‘ =<—_ ' (P)eutomer 0.07
HN) ® : desMe 0.46
HN™ SN N CTTTT T LT
1 ~_/ . R N =
\=N I\N - Blue dot represents . SAR ’ 7 \ IC5°_ 2nM
. N B/5 = 50x
AG*,ot = 34.6 kcal/mol PI3Kg binding AR I ~ CN hHep = 0.17
AG¥ o1 = 17.6 kcal/mol (P) eutomer ICsy = 2 nM - Red dot represents N but gc::uI.ar side
ICso=11nM _ _ B = 21x any kinase interaction offects in doas
orthogonal binding orientation (M) distomer IC5 = 1.5 uM . gs red
in PI3K pocket tog.5 = 750 yr R —> series terminate
F
Discovery Route F \ 1) Me O\B_B/O Me
N\ X Me / p Me
F H,N o o
N 2 1) CSzCOs _ _
S N 2) Zn, AcOH 1) Ac,0, AcOH T Pd(dppf)Cl,, KOAc
O.N _— e N
Z 2 F HN Br Me
oA 3) Bra ~ gr 2 Pd(PPhy),, KsPO,
N
F Cl HZN | N N
T4
1l EtO (o) EtO Br CN
N\ o E
F
Y N= CN N= CN
CN P L 1) LiOH / N
Mer. N =\ 1) DMF-DMA | N2 hEl)FlléCEIkEDC, HOBt |
d N/ _ 2) NpHy*H0 F N Z - N N
N 3) chiral SFC Me—( N,
Ikthrough? N
HN [walkthrough?] Acc. Chem. Res. 2022, 55, 2581
N HN 0 J. Med. Chem. 2018, 61, 6858 Et0” SO

& references therein
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MBIX.-!?] ?.(.er.a.tl.)._. .D.I.SPPY.e.rY.S.t.O.r.y ........................................ . atrop|somers encountered

! PRMT5-MTA + MTAP Crash Course i Y=F
: « Protein arginine methyltransferase 5 — adds 2 Me to Arg of substrate § = CH”J_:E - ﬁg* = 2?3 keal/mol lipophilic int.
« PRMT5 binds MEP50 (methylosome protein) — integral methylosome protein X-ClLY=F_AGs 2 21 =TT H y W/ Leusi2

» Methylates wide range of proteins & has crucial role in mammalian cell survival
* MTAP (methylthioadenosine phosphorylase) is a commonly co-deleted
gene alongside CDKN2A the most commonly deleted tumor suppressant

class 2 atropisomer avoided, and
based on separation ability, arrived at

| R gy Y

e EEE e e e e e e e .-

/N Y Nach3 (o) Cl

e BPin A v Ao O Cl

J. Med. Chem. 2022, 65, 1749
DKR: Chem. Commun. 2022, 58, 10365

MRTX1719

gene in human cancers MRTX1719 .
* In MTAP deleted cells (cancer) high dependency on PRMT5:MTA ! ,
+ MTA accumulation competes with SAM further decreasing PRMT5 activity : !
+ Binding + stabilizing PRMT5+-MTA complex could inhibit activity in cancer cells ' :
0 o lipophilic pocket
* FBLD employed ID-ing HN !
17 hits, 50% with basic N indi ‘ ; I :
s HN binding mode incompatible '
* Next diverse (1692) and I --- with SgAM but not M'IPA S Nx M ; crucial
focused (194) liganad sets NS . N-—Ne : Phe580
- Phthalazinone scaffold found “~<» growth vector ID'd by H.N N ; N-H H-
HaN xtal data 27 B0-fold IC5, boost ' bond
2 . . 1
+ favorable kinetics '
Discovery Route * (P) atropisomer shows 190-fold
i higher potency (8 nM vs. 1.5 uM
1) DMF-DMA, Cl NHBoc i higher potency ( M)
KOt-Bu 1) KPhth . '
B PinB !
Br 2) NpH,eH,0 ' SN 2) NoH,H,0 SN :
o) - 1 > 1 ;
3) isobutyl NH 3)Boc,0 NH ;
Y chloroformate 4) B,Pin,, KOAC 5 '
[walkthrough?] 0 Pd(dppf)Cl,
BPin-phthalazinone .
N= 1) NIS '
_N___ 2) cataCXium-A- N NH, ;
NC F 1) cyclopropanol, NaH Me Pd-G3, CsF ,
j@: 2) LDA, I o NC F  BPin-phthalazinone ~ Me—N S
F cl 3) N= 3) chiral SFC NC TP
) N7 ) Pd(dtophCl, or batch-flow DKR NH .
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AZD-5991 — AstraZeneca’s Macrocyclic Atropisomeric Candidate

Nat. Commun. 2018, 9, 5341

................................

+ U-shaped conformation
for bound dimer

constrain to macrocycle for
entropic benefit to potency

i Mcl-1 Crash Course

1« Mcl-1 is a member of Bcl-1 proteins that promote cell survival and is
overexpressed in many cancers

+ Cell damage —> upregulation of BH3-only Bcl-2’s which associate to
Mcl-1—> prevents Mcl-1
mitochondrial pores —> cytochrome C induces apoptosis

+ Long, shallow hydrophobic protein-protein interaction interface difficult

— Bak binding —> Bak accumulates and opens

Nonpolar linkers avoid binding desolvation
in lipophilic pocket
- After SAR, AZD-5991 discovered ",

to drug with small molecules

................................

Multi-faceted screen. yields:

* known fragment shows 2:1 binding

mode (1 polar, 1 non-) in Mcl-1,
enlarging binding pocket

------- NH
o target dimeric
on  scaffolds

Discovery Route

NH,

bl

NaNO,, HCI

0 1) Me

OMe PinB
-
'N—Me
PMBO =N

0  Pd(di-+-BPF),

: :
¢l 2) HySO4, MeOH 2) Cs,CO3, Mel 3) thio-pz, K,COg,
2 cl H OMe 3) TF,%‘ 8 MeOH
Br HO
S
TBDPSO \/é\\(\

* NMR studies suggest OH HO N’N

free ligand confirmation ’ 1) TBAF

very similar to bound xtal O OA 2) SOCl,

— H38 1 ppm upfield naphth = ¢ 3) naphth,

of prediction S K>CO3, MeOH
Me. | 1) PPhy, DTBAD N QO 4) BHg*THF
) 2) Chiral SFC -~ ¢ SAc

*(R) has .17 or .7 nM N 3) LiOH, MeOH Me—N N

IC50 against Mcl-1 ‘N s L-N
*(S) has .98 or 6.3 uM N-1! ‘Mo

AZD-5991 Me

10



nergy (kcal/mol)

Ei

Alexandros S. Pollatos

Atropisomerism in Drug Design

Baran Group Meeting
01/14/2023

Proatropisomeric Compounds — A Sadist’s Muse?

+ From 2019-22 alone, 43 FDA-approved containing atropisomeric axis of
any class. 26% of all small molecule approvals

+ Another 10 can be classified as ‘proatropisomeric’ — aka symmetrical

+ Many class | compounds bind in a single conformation

« Strategy here — willfully introduce class 3 atropisomerism into
class 1 scaffolds for selectivity

+ Starting point: privileged but promiscuous pyrrolopyrimidines

MeO
NH, How can we understand
such vast selectivity
NI N improvements?
L - :
NN '
t-Bu *
RETICsy 128 nM 8 nM map bound conf. of 109
EGFR IC5y 245 nM 3250 nM PP(Y)s in kinases and

plot dihedral angles

N\ N\
20
18

bar = # ligands
A bound to any kinase
in 8 range %
14
12
10
8
6
4
2
r 0

PPY dihedral angle energy vs binding conformation
5.00
4.50

IS
Q
=3

3.50

o
153

(R,)-2

(Bu

Class-1 control

N
@
S

# of Ligands

ool
9 a g9
S8 S &

0.50

'\&BS@\’@@Q&@;@\:@&@@ P D QO P S P D O
RET DEGFRT oM Dihadral Angle PP1 Generic PPY
(Ry)-2's favored 6 overlaps with
6 of PP1 in RET — selectivity
.
Novel strategy:

e =

Acc. Chem. Res. 2022, 55, 2904
& references therein

targeting 6 ranges unexplored by
known ligands of a kinase class

Application to diarylamines

Can they be locked out of planarity ?

+ Majority of
diarylamines bind in
minima, but diverse
conformational spacing
available

+ Unique issue among
diaryl amines: ‘gearing’
mechanism allows lower
energy racemization
pathways

G =

AGH*o1=> 10 kcal/mol

(1) Intramolecular Hydrogen Bonding:

R R
H.
o N

o xR
N y o) N CN
/ 7~
N X =F, OMe
ortho-substitution peri-substitution

AG* ot = 31.5 kcal/mol AG* ot = 34.5 kcal/mol

V- ------------------------ but is it just H-bonding?
R R
H\N H\N
N RC also MeO | RCN
XN © X
Z L7
Me N MeO N

Me cannot H-bond, still see
AG*t = 26.2 kcal/mol

More electron-rich quinoline
AG* ot = 24.2 kcal/mol

The upshot. some methods exist for atropselective diarylamine synthesis,
but highly engineered and rules not well understood

J. Org. Chem. 2022, 87, 6760
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Notable compounds not covered today:

H
X
%N MeO ...NHAc
S

<' 0 MeO

N OMe o)
<__—> OMe

N

Me
telenzepine colchicine
t1/2 = 1000 yr
500-x difference in
activity between
isomers

Future Directions?

* Likely many more atropisomeric drug candidates will appear in the next
decade

« Many atropselective methods exist for synthesis now, and examples of
success on process scale are encouraging

« Computationally-aided approached to atropisomeric drug design promising

Lesinurad
(Ironwood Pharmaceuticals)

JDQ-443

12



