Journal Pre-proof %

The Discovery of Potent Small Molecule Activators of Human STING

David C. Pryde, Sandip Middya, Monali Banerjee, Ritesh Shrivastava, Sourav Basu,

Rajib Ghosh, Dharmendra B. Yadav, Arjun Surya /,
PII: S0223-5234(20)30841-2
DOI: https://doi.org/10.1016/j.ejmech.2020.112869

Reference: EJMECH 112869

To appearin:  European Journal of Medicinal Chemistry

Received Date: 14 July 2020
Revised Date: 21 September 2020
Accepted Date: 21 September 2020

Please cite this article as: D.C. Pryde, S. Middya, M. Banerjee, R. Shrivastava, S. Basu, R. Ghosh,
D.B. Yadav, A. Surya, The Discovery of Potent Small Molecule Activators of Human STING, European
Journal of Medicinal Chemistry, https://doi.org/10.1016/j.ejmech.2020.112869.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2020 Elsevier Masson SAS. All rights reserved.


https://doi.org/10.1016/j.ejmech.2020.112869
https://doi.org/10.1016/j.ejmech.2020.112869

Graphical abstract

a STING ‘

//@ activators l




The Discovery of Potent Small Molecule Activators

of Human STING

David C. Prydé’, Sandip Middy3 Monali Banerje& Ritesh ShrivastavaSourav Basy Rajib

GhosH, Dharmendra B. YadayArjun Sury&

'Curadev Pharma Ltd., Innovation House, DiscoverkfRamsgate Road, Sandwich, Kent,
CT13 9ND, UK.’Curadev Pharma Pvt. Ltd., B-87, Sector 83, Noidk328, Uttar Pradesh,

India

Keywords

STING, interferon genes, immunotherapy, cytokines.

Corresponding Author

*David C. Pryde, Curadev Pharma Ltd., Innovatiorubk Discovery Park, Ramsgate Road,

Sandwich, Kent, CT13 9ND david@curadev.co.uk.

Abstract

The adaptor protein STING plays a major role inatenimmune sensing of cytosolic nucleic
acids, by triggering a robust interferon respori3espite the importance of this protein as a
potential therapeutic target for serious unmet cadionditions including cancer and infectious

disease there remains a paucity of STING ligandsttiBg with a benzothiazinone series of



weak STING activators (human E£~10 uM) we identified several chemotypes with sub-
micromolar STING activity across all the major @iotpolymorphs. An example compoubsd
based on an oxindole core structure demonstratbdstoon-target functional activation of
STING (human E& 185 nM) in immortalised and primary cells and do&ine induction
fingerprint consistent with STING activation. Ouudy has identified several related series of
potent small molecule human STING activators witloteptial to be developed as

immunomodulatory therapeutics.

1. Introduction

Immunotherapy is a rapidly advancing field, in whithe immune system is harnessed and
directed towards pathogens and malignancies orrtsaanhanced vaccine performance [1]. For
example, interferon-based regimens have been astagimf hepatitis C antiviral therapy for
many years while antibodies to inhibitory immunedkpoints such as CTLA-4 and PD-1 have
shown considerable promise in treating cancers [2].

The human immune system has evolved to recogndeespond to different types of threats
and pathogens to maintain a healthy host [3]. Timate arm of the immune system is mainly
responsible for a rapid initial inflammatory resperto danger signals associated with cellular or
tissue damage from bacteria, viruses and othectiofes threats via a number of factors such as
cytokines, chemokines and complement factors. Amume response is typically triggered by a
pathogen associated molecular pattern (PAMP) (orMPA damage associated molecular
pattern)4] binding to a component of the immune systentedsh Pattern Recognition Receptor

(PRR). PRRs include Toll-Like Receptdfs (TLRs), C-type lectin receptors, retinoic acid



inducible gene | (RIG-I like receptors) [6], NODx¢i receptors (NLRs) and double stranded
DNA sensors [7].

The protein TMEM173/STING_(STimulator of INterferddenes) has been shown to play a
central role in the innate immune response to mudeids [8]. Free cytosolic nucleic acids
(DNA and RNA) are known PAMPs/DAMPs. The main sen&o cytosolic dsDNA is cGAS
(cyclic GMP-AMP synthase) [9] which upon recognitiof cytosolic dsDNA, triggers formation
of cyclic dinucleotides (CDNs). CDNs are second seager signalling molecules produced by
diverse bacteria and consist of two ribonucleotities are connected via phosphodiester bonds
to make a cyclic structure. CDNs cyclo-di(GMP) (GMP), cyclo-di(AMP) (c-diAMP) and
hybrid cyclo-(AMP/GMP) (cGAMP) derivatives all bindgtrongly to the ER-transmembrane
adaptor protein STINGELO] to induce a conformational change and geneaat@ctive protein
state. Activated STING then translocates from thR ® the Golgi, where it can be
phosphorylated by TBK1 or IKK kinases to form th&18G signalosome and undergo
palmitoylation and full activation. The activatedyrsalosome can then phosphorylate IRF3
directly or lead to indirect activation of B, to aid transcription of cytokines and type-I
interferons.

It has been shown that activation of STING increa$ecell infiltration into cold or non-
inflamed tumors leading to significant regressidd][ The ability of STING activators to
generate anti-tumor immune responses in cold tumaraurine models makes them a promising
therapeutic option either as a single agent or amhination with existing or developing
therapies.

STING activators described in the literature falioi two classes — cyclic dinucleotide (CDN)

based and non-CDN small molecules. Currently, thestntlinically advanced chemotype



reported is the CDN class derived from the natligaelnd structure, which is represented in
Phase 1 clinical trials by ADU-S100 [15] (Aduro Bioh/Novartis,1, Figure 1) and MK-1474
[16] (Merck, structure not disclosed). The CDN sla$ compounds usually show activity across
STING species. Their physicochemical propertiesdeermined by their nucleotide structure
and synthesis challenges are common for these-ohital center macrocyclic compounds.

The small molecule DMXAA2 (5,6-dimethylxanthenone-4-acetic acid) has dematest
immune modulatory activity and disruption of tunvascularization in a mouse model but failed
human clinical trials [12]. Subsequently DMXAA [13nd a related acridinone CMA [14]), was

shown to be a potent activator of murine STINGrmithuman STING [14].
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Figure 1. Selected published STING activators

Other reports in the journal and patent literatha®e described nucleic acid-derived series

[17] and some small molecule activators [18-20]ludng a recent report of ‘dimeric’



benzimidazole derivative®.@ 3) from a group at GSK [21], all with varying leved$ potency
as STING activators.

Several groups have solved the crystal structuteuatated STING in its apo form, as well as
bound with ligands [22,8b] and a recent cryo-EMictinre of the STING dimer bound to TBK1
[23]. STING forms a symmetrical dimer in apo angkhd-bound states, with all the reported
structures so far showing ligands bound in a poekdhe dimer interface and anchored by a
network of hydrogen bonds. Interestingly, the STIdi®er binds one copy of CDN ligands and
the larger ‘dimeric’ class of small molecule, babtcopies of the smaller xanthenone/acridinone
ligands. Human and mouse STING are 68% identicg| fpough the human protein has several
naturally occurring variant alleles. Five major ldypes of human STING have been reported
that represent almost 99% of the human popula®#82, H232, HAQ, AQ and Q) [25Dne of
the challenges with pharmacological interventio®TING signalling is to reliably achieve high
potency across all major polymorphisms, with the@Hpolymorphism a particular challenge
[26].

Given the importance of STING as a pharmacologaaet and the limited number of active
small molecule chemotypes reported, we initiatednedicinal chemistry program to seek
activators of the protein. At the outset of ourgyaom, we sought to identify a traditional small
molecule drug-like lead series to differentiatéraim the natural CDN ligands. We have recently
described our early work on a series of benzotha®s in which weak leads with little or no
activity at the HAQ polymorphism (e.gl) were developed into potent pan-isoform active

compounds e.gh through optimisation of peripheral substitutiéiigure 2) [27].
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Figure 2. Design strategy. Previous work explored periphetddstitution to improve potency
within the benzothiazinone chemotype [27]. The entrrwork sought new core templates to

further optimize potency and properties.

In this manuscript, we describe the medicinal clsémypistudy that was undertaken to explore
several new chemotypes based on the general tatgetture6 through modification and
optimization of the central core template. Throtlgis effort, we wished to probe the effect of
different core ring sizes, heteroatom compositiod gubstitution vectors on STING and its
isoforms to ultimately identify suitable potent tk@ompounds to explore the STING mechanism

more fully.

2. Results and Discussion

2.1 Chemistry



The compounds described in the present study wespaped using a variety of
straightforward, robust methods. These are destiibedetail in the Supplementary Material.
lllustrative example synthetic schemes are shodowbtor three different core templates.

The benzoxazinone core was built starting from bb-hdro-ester7 (Scheme ). Halide
displacement with a hydroxyest@gave the nitro-ethed, which upon nitro group reduction and
concomitant ring closure gave the fused oxazindedéeton10. Core alkylation with a suitable
halide 11 gave the core derivativE2. Ester hydrolysis and amide coupling to the c@uoesling

acid 13 with a requisite aming4 gave the final test compound structutés
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Scheme 1Synthesis of benzoxazinones. Reagents and camgtiipAcetonitrile, triethylamine,
0-5°C, 81-99%; ii) Fe, AcOH, 80°C, 95-99%; iii) id&khloroethane, NaOH, water,
tetrabutylammonium bromide, room temperature, 6%:8%) MeOH, water, THF, LiOH.kD,

room temperature, 74-99%; v) DMF, HATU, triethylamj room temperature, 20-84%.

The tetrahydroquinolinone coresSgheme 2 were made starting from a commercially
available dihydroquinolin-2{)-one corel6. Following a standard base-mediatédlkylation

to give the substituted quinolinon&g, the core was alkylated either with a single Stup=tt18



(to give 20) or sequentially with two different substituerit8 and19 (to give 21) using strong
base and a suitable alkyl halide. Ester hydrolysighe corresponding acid2 and amide

coupling with a suitable amiriet gave the final test compoungs.
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Scheme 2.Synthesis of tetrahydroquinolinones. Reagentscamdlitions: i) 1,2-dichloroethane,
NaOH, water, tetrabutylammonium bromide, room terapee, 68-89%; ii) LIHMDS, THF, -
78°C, 17-48%; iii)) MeOH, water, THF, LIOHJ®, room temperature, 55-94%; iv) DCM,

HATU, triethylamine, room temperature, 53-67%.

Other ring sizes, such as the oxindole core, wetessed using similar methods starting from
an oxindole core, as depicted $theme 3 Alkylation of 2-oxindoline-6-carboxylate est2d
gave the alkylated cor@5. Insertion of theN-indoline substituent with a base-mediated
alkylation reaction gave the correspondi@lkyl analogue26. Ester hydrolysi27 and amide

formation with amined4 as before then gave the final test compow@&is
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Scheme 3.Example synthesis of an oxindole core. Reagentscanditions: i) DMF, NaH, -
10°C, 74-79%; ii) DMF, NaH, room temperature, 5249ii) MeOH, water, THF, LiOH.HO,

room temperature, 57-99%; iv) DCM, HATU, triethylen®, room temperature, 48-85%.

2.2Biological testing

Compounds were evaluated in a stable HEK293T STéXfessing luciferase reporter cell
line and a primary screen based on IRF3 reporteration. Structural changes were assessed for
potency in the HEK293T-hSTING-luciferase assaytetditially at a single concentration with
the most promising compounds then tested in a degmsense assay. Functional studies to
confirm compound-induced STING phosphorylation udetmunoblotting and cell-based
activation was confirmed through multiplexed cytekimeasurement. The analogues explored in
this campaign used either the simple benzyl sulestttof4 or similar di-halo benzyl substituents

as found irb, with either a 2-furanylmethyl or 2,4,6-trifluorebzyl amide substituent.

2.3 STING activity of core variations



We initially investigated multiple changes to tharec benzothiazinone scaffold, using either

the furan or the trifluorobenzyl group as preferaedde substituentg &ble 1).

Table 1.Core template analogues of compobnd
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Entry R* Core variant R® % activation® | cLogP

42 ° '31 - N 6% 1M 3.9
Ve Cﬂgo . @M | 3

*Percentage activation relative to the level ofvation provided by a positive control. Activaticevels were
measured at the stated concentration of compound.

Replacing the thio group with an ox®9 equivalent was tolerated whilst the carbon versio
(31 appeared significantly more active than the b#narine core. The oxidised sulfoxide core
30 and the expanded oxepine c@2were, by contrast, inactive. The quinazoline-di@@an
which the benzyl substituent was located alongfi@réint vector relative to the position of the
amide group was also inactive. We made severalendierivatives, for example the 1-indd@é
and the 3-substituted oxindd@ which were both inactive. However, the 1-substiiubxindole
35 showed appreciable activity, and when the furanidamgroup was replaced with
trifluorophenyl, compoun@6 gained a significant boost in potency, albeit wath increase in
lipophilicity. To ameliorate this increase in logke replaced one of the gem-dimethyl groups
with a more polar isostere of Me, for example thdel88 and the OH39. Theseanalogues
became progressively less active, indicating the& tegion of the pharmacophore required
lipophilicity for high potency. We therefore synfiimed several more analogues with various
substituents at the 3-position of the oxindole cofidhe oxo compound40 and the
benzimidazolonetl which featured polar groups at this position wals inactive. However,
when the lipophilic spiro-cyclopropar®? was also made, it too was found to be inactive,
confirming a very specific tolerance of substitgeint this location.

We were aware that in our previous investigati@ndjhalo-benzyl substitution pattern at the

R® position and a trifluorobenzyl amide group dtwRere favoured and we incorporated these

12



combined structural features into the more promgisiore changes from the compound3 atle

1. These structures are shownTable 2 In the promising tetrahydroquinolinone serieg th
trifluorobenzyl amide43 was significantly more potent than the furan eqent Core
methylation as imM4 and46 was tolerated but did not increase activity, whdletam isosteres
such as the thiolactam derivati¥& was less potent. We also found that aza substituti the
benzene ring of the core was detrimental to agtivdr example47 and48. In the benzoxazine
series, the trifluorobenzyl amide insertion hatlidieffect on potency, with the aza vers#thof
similar or weaker potency than the original ana®2® An exocyclic carbonyl linker iB1 was
not tolerated, consistent with our previous obstona that methylene linkers tended to be more
potent. Core methylation however, provided a sutbstaboost in potency with the racemic
methylated derivativ®0 now showing similar activity to the quinolinonerise of compounds,
while aza substitution in this core (e%) also led to a sharp drop in compound activity. It
should be noted that attempts to resolve the cluealter in50 by individual enantiomer
synthesis were thwarted by facile racemization lo§ tposition. We were concerned that
separated enantiomers of the final product wowdd Bk vulnerable to racemization which led us
to put this series on hold. A description of thisris provided in the Supplementary Material.
Finally, in the oxindole series, optimal substiatiof the core provided highly potent STING
activatorse.g.53 which had a measured Ef»f 185 nM. We found that modest reductions in
logP could be achieved by replacing temdimethyl substituent with a Me or CN variation,
with compounds$4 and55 showing similar levels of potency, for exampie had a measured

ECso0f 175 nM.

Table 2.Core variations with optimized®@nd R groupings

13
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% activation®
Entry R cLogP
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*Percentage activation relative to the level ofvatton provided by a positive control. Activaticevels were
measured at the stated concentration of compound.

Through this short SAR exercise, we had identifesatellent sub-micromolar activity in
several different core structures. We were awaa¢ simall molecule ligands in the literature
were typically reported to have activity at jusiear two species, and in some cases activity at a
limited number of STING polymorphs. Notably, eadyamples of benzothiazinones did not
significantly activate the HAQ haplotype [27Compounds from within these new core

chemotypes were therefore screened for specieSaMNG mutant activity.

2.4 Human isoform activity

16



A selection of compounds from the above tables vgemeened against three of the most
common STING polymorphs, R232, H232 and HATaljle 3). All compounds tested showed

excellent pan-polymorph activity across the pafi§@TONG proteins tested against.

Table 3. Activity of selected compounds against STING polypis

R232.HEK293T | H232.HEK293T | HAQ.HEK293T
Compound
%act@lOpl\/F %act@lOuW %act@lOuW
53 92 107 92
43 102 121 86
44 116 132 99
46 114 137 107
55 122 110 98
45 120 128 93
54 113 117 92

®*percentage activation following a challenge withoaitive control in a STING expressing HEK293T dielé at
a fixed concentration of each test compound

An example froniTable 3, compoundb3was then tested in a dose response assay agaibist al
of the major human STING polymorph&igure 3). 53 activated the luciferase coupled
ISRE.ISG54 reporter system in R232, H232, HAQ, A@ & variants of human STING to
varying degrees in stably transfected HEK293T caltsfirming activity across the range of

polymorphs.

17
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Figure 3. Compoundb3 activity is STING variant dependeri3 activates the luciferase coupled
ISRE.ISG54 reporter system in the most common megiaf human STING. Cells were

incubated with G10 for 18 hours and luciferasevégtivas estimated.

2.5 STING orthologue activity

We were cognisant of the species differences atsmmand human STING proteins of
DMXAA and in other series [18d] and that human SGINas distinct sequence variations in the
human population. Human and mouse STING are 68¥%icé and have 81% similarity, whilst
human and rat are 69% identical and human and cgigus monkey more than 90% identical
[28]. Consistent with our previous findingS3 was not active at mouse STING, but was

similarly potent at both human and cynomolgus mgr(kata not shown).

2.6 Compound 53 is a direct STING activator

We also showed thd&i3 is a direct activator of STING. This was carriagt biochemically,

using a three component assay containing just reec@mt STING, TBK1 and test compound,

18



assaying for phosphorylated STING protein by imnblotting (Figure 4). These data

demonstrated that compoufd@was a potent STING agonist in a cell free pSTINGay.

Compound 53
Conc. (M) VC 10

PSTING S
se D

Figure 4. Compoundb3 is a direct and potent STING agonist in a celefpSTING assay [27].
Immunoblots showing3-dependent phosphorylation of recombinant CTT donafi R232

STING by recombinant TBK1 enzyme (Lane 1: Vehmbatrol only, Lane 253 at 10 uM)

2.7 Human STING variants are phosphorylated on treament with a novel STING
agonist

We further showed thab3 was able to phosphorylate various STING polymorpns
overexpressed HEK293T cells by immunoblottifigg@re 5). Both phosphorylated IRF3 and

phosphorylated STING were produced in a dose-depgndanner when exposed to compound.
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R232.293T i H232.293T | HAQ.293T | AQ.293T

Conc. (uM) 10 3 1 03 01 VC: VC 10 1 VC 10 1 Ve 10
Hu-pSTING ! _—
Hu-STING e
Hu-pIRF3 —
Hu-IRF3
Hu-Actin e —

Figure 5. Compound53 treatment leads to phosphorylation of variantshwfan STING in
overexpressed HEK293T cells. Cells were incubatét %3 for 2 hours and then proteins
harvested and analyzed by immunoblotting using mup&TING, STING, pIRF3, IRF3 and

actin antibodies.

We then showed th&B enabled phosphorylation of endogenous variantiseoSTING protein
in various tumor cellsKigure 6) at a single concentration. Compoubd8 led to STING and
IRF3 phosphorylation across the panel of STINGaras tested, except in the STING KO cells

where STING was absent.

A172 CCRF-SB | MDA-MB468 :  THP-1 ' THP-1.hSTING.KO
Conc.(uM) VC 10 Ve 10 ¢ vc 10 ! _vc 10

vC 10

Hu-pSTING ; J - | i :
Hu-STING | W | S— : :
Hu-pIRF3 - —
vo-res | (D D | - -

Hu-Actin |- -i — —

il
(0 o
180 |

LN
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Tumor Cells mmm SNP type | Allelic nature

A172 G R R R232 (WT) Homozygous
CCRF-SB R G R R R232 (WT) Homozygous
THP-1 H A R Q HAQ Homozygous
MDA-MB-468 R G R R R232 (WT) Homozygous

Figure 6. Compound53 treatment leads to phosphorylation of the endogslgzoexpressed
human STING variants in various tumor cells. Cellre incubated with 10uM3 for 2 h and
then proteins harvested and analyzed by immunafdottsing human pSTING, STING, pIRF3,
IRF3 and actin antibodies with the blots shownhae first panel. The second panel shows the

specific SNP pattern contained in each tumor osd. |

2.8 Treatment with a novel STING agonist leads tolmpsphorylation of human primary
cells carrying various STING polymorphs
We next showed th&3 enabled phosphorylation of STING in human primaelfs from three

different donors at a single concentratiéig(re 7).

D1:R232/R232 | D2:R232/H232 | D3:R232/HAQ

Compound 53 Conc. (uM) VC 10 1 VC 10 1 VC 10
Hu-pSTING ! ! -
Hu-STING - -
Hu-pIRF3 i -
Hu-IRF3 - -
Hu-Actin : o -—

Figure 7. Compound53 treatment leads to phosphorylation of the STIN@Gaves of human

STING from three different human donors (D1, D2 &)DPBMCs. Cells were incubated with

21



10pM 53 for 2 h and then proteins harvested and analyzednimunoblotting using human

pSTING, STING, pIRF3, IRF3 and actin antibodies.

2.9  Cytokine induction following STING activation
Human primary cells from donors were stimulatechvaitsingle concentration 68 and levels

of cytokines induced measured at an early (5h) andte (20h) time point post-treatment

(Figure 8).
Early time (5h) Late time (20h

1000 4000
S~ s I~ 3000

g2 = o - 52
g3 100 92 100
o 15 £o 15
gs % gL 50
25 25
. 0

Compound 53 — 10uM Compound 53 - 10uM

Bl IFNa IL12p40 mm IFNg
= IFNb IL6 — L4
Hm CXCL10 CCL20
BN IL1b =W TNFa

Figure 8. Compoundb3 cytokine induction profile in hPBMC

A panel of ten pro-inflammatory cytokines were mead which included IFN, IFN,
TNFa, IL6, CCL20, IL13, IL12p40, CXCL10, IFN, IL4 as indicators of activation of both the
IRF3 and the NB pathways. The induction of these cytokines wasisueed by qPCR and
relative normalized expression (fold induction) wadetermined by comparison with vehicle
treated controls53 at 1QuM strongly induced the expression of most of thimkiynes especially
Type | IFN subtypes such as IBNind CXCL10 which is consistent with an activatddNgs

signature operating through the IRF3 pathway. dyeknduction was sustained over a period
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of 24 hours. It is notable that IL6, CCL20 and TiNWere also induced, indicating activation of

the NKB pathway.

2.10 Cytokine induction and dendritic cell maturation following STING activation

Human PBMCs were isolated and treated with IL4 &MICSF to induce hMO-DC (human
monocyte derived dendritic cells). Cells from a diomarboring the R232 polymorph were
stimulated with 1AM 53 for 20 h and several pro-inflammatory cytokines activation
markers were monitored as depictedigure 9. Six activation cytokines were selected as the

more prominent markers of immune system stimulation

IFNa IFNb TNFa
4- 250 ]
c_ ] c c . 10-
(=]
'é 3 3] ‘% 2 ? L l
o< ] o= o '_qa, 1
s 2 a2 g2 ]
05 vy 2% 1
23 23 23 51
e BT 52 ]
= S s2
0 0-
vc Compound vc Compound vc Compound
53 53 53
CXCL10 IL12p40 IL6
S . 3001 o 53 6
D o ] D o 25 ]
o 1 3 o= i
@ 1 S0 s 2
S > 200 g > o 4]
oy 1 o5 o ]
o > 1 o= 2 o = ]
=0 ] =0 220
®© T 100: ®© T LS 2:
A g2 =
0] 0 0-
vc Compound vc Compound VC Compound
53 53 53

Figure 9. Cytokine induction in hMO-DCs following treatmenitiv53
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To productively present any antigen to T cells, i@ have to be activated and markers can
be used to indicate DC activation. CD86 and CD83 taro markers of DC activation that

showed increased expression following treatmertt 88t(Figure 10).
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Figure 10. Dendritic cell maturation marker expression afteratment with53 The fold
induction of the activation markers were measunedPCR and relative normalized expression

was determined by comparison with vehicle treatatrol

The above data showed conclusively thatvas able to directly activate STING from across
the major protein variants found in the human papoih and from both recombinant and
primary cells. It was able to induce a broad pasfetytokines and markers of dendritic cell

maturation consistent with its activation of STING.

2.11 ADMET
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In order to assess the in vivo pharmacokinetic®3fwe chose a rodent pharmacokinetic
model to evaluate ADME properties. When dosed inefb3 was well-absorbed with a short

terminal half-life Table 4andFigure 11).

Table 4. Mouse pharmacokinetic profile &3. Compound was dosed in solution using 40%

PEG, 20% PG & 10% DMA in NS.

Dose AUC T1ip Cmax F

Route | mpky | (ngimi*h) | () | (ng/muy | Ve (MUK | gp)
IV 5 1215 1.41 1867 2689 NA
PO 10 2090 NA 1723 NA 86

2000 - |V Smpk
=+ PO 10mpk

CPD53 (ng/ml)

Time (hr)

Figure 11.Pharmacokinetic profile &3 in mouse

At 10 uM concentration53 was stable in buffers across the pH range 3-8veaslstable in
mouse and human plasma at 37°C demonstrating ertethemical stability.The compound
showed low CYP inhibitionKigure 12), did not cause any non-specific anti-proliferatia a
cell-based cytotoxicity assay and possessed aVargiow over hERG binding (~20% inhibition

at 10uM).
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Figure 12.Cytochrome P450 inhibition (pan&) and cytotoxicity assessment (paBglof 53.

The compound had a low liver microsomal half-lifelLM t1, ~ 10 min.), with high human
plasma binding of >99.5%. This stability, absarptiselectivity and overall pharmacokinetic

profile made the compound a suitable tool for fartbvaluation of the STING mechanism.

3 Conclusion

In summary, we have developed several novel coemolypes as potent small molecule
human STING activators with excellent functionalogerties in a battery of human and
preclinical species testing. An example compoub8, activated all five major STING
polymorphs and showed the expected STING phospdttargl cytokine induction and dendritic
cell maturation profile consistent with this mecisam Further studies with compounds from

these series will be reported in due course.
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4 Experimental

4.1 General methods for compound synthesis

Compounds were made according to the methods dedan W02018234807, W02018234805
and W02018234808 and are described in detail belod in the Supportind/aterial. All
chemicals, reagents and solvents were purchased dmmmercial sources and used without
further purification. All reactions were performeathder an atmosphere of nitrogen unless
otherwise noted. Nuclear magnetic resonance (NMfREtsa were in all cases consistent with
the proposed structures. Characteristic chemicé#tssi®) are given in parts-per-million
downfield from tetramethylsilane using conventiorédlbreviations for designation of major
peaks: e.gs, singlet; d, doublet; t, triplet; q, quartet; multiplet; br, broad. Spectra were
recorded in deuterodimethylsulphoxidg;RMSO. Mass spectra, MS (m/z), were recorded using
electrospray ionisation (ESI). Where relevant ankkss otherwise stated the m/z data provided
are for isotopes®F, **Cl, ®Br and**1. Thin layer chromatography (TLC) was carried out
Merck silica gel 60 plates (5729). All final compuals were >95% pure as judged by the LCMS
or UPLC analysis methods described in the Genarafi€ation and Analytical Methods below
unless otherwise stated. Flash column chromatogra@s carried out using pre-packed silica
gel cartridges in a Combi-Flash platform. Prep-HRuEification was carried out according to
the General Purification and Analytical Methatiscribed in the Supplementary Material.

4.2 General procedures for synthesis of benzothoemg and benzoxazinone intermediates
4.2.1 Methyl 4-((2-ethoxy-2-oxoethyl)thio)-3-nitestzoate

Methyl 4-fluoro-3-nitrobenzoate (10.0 g, 50.2 mma#s taken up in MeCN (2.0 L) and TEA
(7.61 g, 75.38 mmol) was added to it. The reactiorture was cooled to 0-5 °C and ethyl
thioglycolate (7.25 g, 62.7 mmol) was added dropwikhe reaction mixture was stirred for 30

min. at ice cold temperature. Progress of the i@actvas monitored by TLC and after
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completion; the reaction mixture was diluted wit©OBc and washed with saturated solution of
NH,Cl and brine. The organic layer was dried over anbys NaSO, and evaporated under
reduced pressure to dryness to give the title camgpq14.0 g, 93% vyield) as a yellow solid
which was pure enough to be used in the next sidput any further purification. LCMS m/z:

300.06 [M+H].

4.2.2 Methyl 3-ox0-3,4-dihydro-2H-benzo[b-1,4]thieez6-carboxylate

To a stirred solution of methyl 4-((2-ethoxy-2-o¥og)thio)-3-nitrobenzoate (5.0 g, 16.7 mmol)
in acetic acid (50 mL) was added iron powder (3gf3%6.8 mmol). The resulting reaction
mixture was stirred at 8 for 3 h. On completion (monitored by TLC), it wesoled to room
temperature and poured onto 1N HCI (250 mL) anad gtered for 1 h. The white precipitate
was filtered off and washed with water. The obtdiselid was re-dissolved in 5% MeOH in
DCM (50 mL) and filtered through a bed of celiteheTfiltrate was evaporated to dryness to

afford the title compound (3.5 g, 91% vyield) asoédgn white solid. LCMS m/z: 222.05 [M-H]

4.2.3 Methyl 4-benzyl-3-ox0-3,4-dihydro-2H-benzfb}]thiazine-6-carboxylate

To a stirred solution of methyl 3-oxo-3,4-dihydre-benzo[b-1,4]thiazine-6-carboxylate (4.0 g,
17.91 mmol) in EDC (60 mL) was added NaOH solu{ip@32 g, 35.82 mmol in 60 mL,B)
portionwise followed by TBAB (576 mg, 1.791 mmot)RiT. The whole was stirred for 30 min
at RT and then benzyl bromide (3.675 g, 21.49 mnval added dropwise. The reaction mixture
was then stirred at room temperature for 2 h. Togness of the reaction was monitored by TLC
and after completion the reaction mixture was ddutvith DCM, washed with water and then

brine solution. The organic layer was dried ovehyainous NaSO, and evaporated under
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reduced pressure to dryness to give the title camgpd@4.98 g, 89% vyield) as crude which was

used directly in the next step. LCMS m/z: 314 [M+H]

4.2.4 4-Benzyl-3-ox0-3,4-dihydro-2H-benzolb][1,4#kine-6-carboxylic acid

To a stirred solution of methyl 4-benzyl-3-oxo-8liydro-2H-benzol[b][1,4]thiazine-6-
carboxylate (4.98 g, 15.91 mmol) in a mixture of ®4 water and THF (1:1:2; 40 mL) was
added LiOH.HO (1.33 g, 31.82 mmol) at RT. The reaction wasvetid to stir at RT for 2 h.
Upon completion of the reaction, the solvents weraporated under reduced pressure and the
residue was dissolved in water, washed with EtOia then acidified to ~pH 5. The acidified
agueous solution was then extracted with EtOAc. démabined organic extracts were washed
with brine, dried over anhydrous PO, and evaporated to dryness to give the title comgou
(3.2 g. 67% yield) as a white solid which was usedhe next step without any further

purification. LCMS m/z: 300 [M-H].

4.3 Synthesis of benzoxazinones and benzothiazinone

4.3.1 4-Benzyl-N-(furan-2-ylmethyl)-3-oxo-3,4-ditorf@H-benzo([b][1,4]thiazine-6-
carboxamide§)

To a stirred solution of 4-benzyl-3-oxo-3,4-dihydtb-benzo[b][1,4]thiazine-6-carboxylic acid
(220 mg, 0.401 mmol) in DMF (5 mL) was added HAT188 mg, 0.481 mmol) followed by
TEA (0.101 g, 1.0 mmol) at RT. The resulting reactmixture was stirred at RT for 30 min.
then 1-(furan-2-yl)-methanamine (38.4 mg, 0.401 Mymas added and stirring continued at RT
for 2 h. Progress of the reaction was monitoredTb¢€ and LCMS and after completion, the

reaction mixture was diluted with EtOAc and wasketh chilled water and brine. The organic
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layer was dried over anhydrous J8&, and evaporated under reduced pressure to dryhless.
crude material obtained was purified by prep-HPIoCafford the title compoun& (30 mg,
19.9% yield) as a white solid. Purity UPLC: 99.29%4:NMR (500 MHz; DMSO-g): 6 3.72 (s,
2H), 4.42 (dJ = 5.5 Hz, 2H), 5.28 (s, 2H), 6.22 @= 2.8 Hz, 1H), 6.39 (s, 1H), 7.20-7.24 (m,
3H), 7.29-7.32 (m, 2H), 7.51-7.54 (m, 2H), 7.571(8), 7.65 (s, 1H), 8.99 (8 = 5.45 Hz, 1H);
LCMS m/z: 379.18 [M+H]; HRMS (ESI) m/z: [M+H] calcd for GiH1gN,OsS 379.1116, found

379.1105.

4.3.2 4-(2-Chloro-6-fluorobenzyl)-N-(furan-2-ylmefh3-oxo-3,4-dihydro-2H-benzolb-
1,4]oxazine-6-carboxamide9)

Purity UPLC: 99.78%'H-NMR (500 MHz; DMSO-@): & 4.43 (d,J = 5.6 Hz, 2H), 4.75 (s, 2H),
5.33 (s, 2H), 6.24 (d] = 2.9 Hz, 1H), 6.40-6.41 (m, 1H), 7.07 (= 8.35 Hz, 1H), 7.17 (] =
9.8 Hz, 1H), 7.31-7.35 (m, 2H), 7.52-7.54 (ddz= 1.65 Hz,J, = 8.35 Hz, 1H), 7.58 (s, 1H), 7.68
(d, J = 1.5 Hz, 1H), 8.85 (&) = 5.6 Hz, 1H); LCMS m/z: 414.99 [M+E] HRMS (ESI) m/z:

[M+H] ™ calcd for GiH16CIFN,0,415.0861, found 415.0849.

4.3.3 1-(3,5-Difluorobenzyl)-2-oxo-N-(2,4,6-trifkadenzyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine-7-carboxamide49)

Purity UPLC: 99.15%*H-NMR (500 MHz; DMSO-¢): & 4.42 (d,J = 4.7 Hz, 2H), 5.10 (s, 2H),
5.17 (s, 2H), 7.09-7.19 (m, 5H), 7.57 (s, 1H), 8(821H), 8.98 (s, 1H); LCMS m/z: 464.24

[M+H]"; HRMS (ESI) m/z: [M+H] calcd for GoH14FsN303464.1034, found 464.1021.
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4.3.4 2-Methyl-4-(3,5-difluorobenzyl)-3-oxo-N-(B4tifluorobenzyl)-3,4-dihydro-2H-1,4-
benzoxazine-6-carboxamidg0j

Purity UPLC: 99.59%H-NMR (500 MHz; DMSO-@): § 1.53 (d,J = 6.65 Hz, 3H), 4.41 (s,
2H), 5.02-5.10 (m, 2H), 5.29 (d,= 16.8 Hz, 1H), 6.99 (d] = 6.5 Hz, 2H), 7.11-7.17 (m, 4H),
7.41 (s, 1H), 7.53 (d] = 8.25 Hz, 1H), 8.73 (bs, 1H); LCMS m/z: 477.284M|*; HRMS (ESI)

m/z: [M+H]" calcd for G4H17/FsN>03477.1238, found 477.1235.

4.3.5 1-(3,5-Difluorobenzyl)-3-methyl-2-oxo-N-(B:4rifluorobenzyl)-2,3-dihydro-1H-

pyrido[2,3-b][1,4]oxazine-7-carboxamid&2?)

Purity UPLC: 98.99%!H-NMR (500 MHz; DMSO-g): & 1.58 (d,J = 6.75 Hz, 3H), 4.43 (bs,
2H), 5.25-5.29 (m, 2H), 7.05 (d,= 6.65 Hz, 2H), 7.17 (1 = 8.65 Hz, 3H), 7.64 (s, 1H), 8.35 (s,
1H), 8.89 (bs, 1H); LCMS m/z: 478.30 [M+H]HRMS (ESI) m/z: [M+H] calcd for

Ca3H16FsN303478.1190, found 478.1177.

4.3.6 4-(2-Chloro-6-fluorobenzoyl)-N-(2,4,6-triflapenzyl)-3,4-dihydro-2H-

benzo[b][1,4]oxazine-6-carboxamid&X)

Purity UPLC: 98.96%*H-NMR (500 MHz; DMSO-@): 5 3.68 (bs, 1H), 3.94-3.98 (m, 0.5H),
4.32 (bs, 2H), 4.45 (s, 2H), 6.94-7.03 (m, 2H),077229 (m, 3H), 7.45-7.53 (m, 2H), 7.60-7.66
(m, 1H), 8.54-8.58 (m, 0.5H), 8.75-8.86 (M, 1H);MS m/z: 479.23 [M+H]; HRMS (ESI) m/z:

[M+H] ™ calcd for GsH1sCIF4N203479.0786, found 479.0783.

4.3.7 4-(2-Chloro-6-fluorobenzyl)-N-(furan-2-ylmg#}a3-oxo-3,4-dihydro-2H-

benzo[b][1,4]thiazine-6-carboxamide 1-oxid&dj
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Purity UPLC: 99.62%H-NMR (500 MHz; DMSO-@): & 4.28 (s, 2H), 4.48 (] = 4.75 Hz, 2H),
5.36 (d,J = 15.9 Hz, 1H), 5.45 (dl = 15.9 Hz, 1H), 6.29 (dl = 2.8 Hz, 1H), 6.41-6.42 (m, 1H),
7.15 (t,J = 9.05 Hz, 1H), 7.30-7.35 (m, 2H), 7.60 {d= 0.8 Hz, 1H), 7.73 (d] = 7.9 Hz, 1H),
7.92 (d,J = 8.1 Hz, 2H), 9.18 () = 5.5 Hz, 1H); LCMS m/z: LCMS m/z: 447.09 [M+H]

HRMS (ESI) m/z: [M+H] calcd for G;H1¢CIFN,O4447.0582, found 447.0570.

4.4 General procedures for synthesis of tetrahydiogjinone intermediates

4.4.1 Methyl-1-(2-chloro-6-fluorobenzyl)-2-oxo-B2-tetrahydro quinoline-7-carboxylate
Methyl-1-(2-chloro-6-fluorobenzyl)-2-oxo-1,2,3,4ttehydroquinoline-7-carboxylate was
prepared from commercially available methyl 2-0x2;3,4-tetrahydroquinoline-7-carboxylate
and 2-chloro-6-fluoro-benzyl chloride using an itles method to that described f6r LCMS

m/z: 348.14 [M+H].

4.4.2 1-(2-Chloro-6-fluorobenzyl)-2-oxo-1,2,3,4réétydroquinoline-7-carboxylic acid

To a stirred solution of methyl 1-(2-chloro-6-flatwenzyl)-2-oxo-1,2,3,4-tetrahydroquinoline-7-
carboxylate (200 mg, 0.576 mmol) in a mixture diveats THF, HO and MeOH (2:1:1, 8 mL)
was added LIOH.bD (48.35 mg, 1.152 mmol) at 0-5 °C. The reactiurture was stirred at
RT overnight. After completion of the reaction (ntored by TLC and LCMS) the reaction
mixture was diluted with water and washed with EtOAhe aqueous layer was acidified with
1N HCI solution and extracted with EtOAc. The condal organics were dried over anhydrous
NaSO;, filtered and concentrated under reduced pressuaéford the title compound (180 mg,

94% vyield) as a white solid. LCMS m/z: 334.06 [M+H]
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4.4.3 Methyl-1-(2-chloro-6-fluorobenzyl)-3-methybfo-1,2,3,4-tetrahydroquinoline-7-

carboxylate

To a stirred solution of methyl 1-(2-chloro-6-flefxenzyl)-2-oxo-1,2,3,4 tetrahydroquinoline-7-
carboxylate (0.6 g, 0.28 mmol) in dry THF (20 mLasvadded LIHMDS (1.6 mL, 2.07 mmol) at
-78 °C and the combined mixture was allowed tofstirl5 min. at -78 °C followed by addition

of Mel (0.16 mL, 2.07 mmol) and the whole maintaira -78 °C for 30 min. After completion

of the reaction (monitored by TLC or and LCMS), tteaction mixture was quenched with
water, extracted with EtOAc, dried and evaporatedobtain the crude product which was
purified by Combi-flash (4.0 g column) and eluteidhwmB82% EtOAc in hexanes to afford the title

compound (0.11 g, 17% yield) as a colorless 0ilMm/z: 362.21 [M+H].

4.5 Synthesis of tetrahydroquinolinones

4.5.1 1-(2-Chloro-6-fluorobenzyl)-N-(furan-2-ylmefa2-oxo-1,2,3,4-tetrahydroquinoline-7-
carboxamide §1)

To a stirred solution of 1-(2-chloro-6-fluorobeneggtoxo-1,2,3,4-tetrahydroquinoline-7-
carboxylic acid (50 mg, 0.150 mmol) in DCM (5 mL)asvadded HATU (62.78 mg, 0.165
mmol) followed by DIPEA (0.065 mL, 0.375 mmol) af RThe resulting reaction mixture was
stirred at RT for 30 min., then furan-2-ylmethanaen{17.48 mg, 0.0158 mL, 0.180 mmol) was
added and stirring continued at RT for 4 h. Afteist the reaction mixture was diluted with
EtOAc and washed with chilled water and brine. ©hhganic layer was dried over anhydrous
NaSO, and evaporated under reduced pressure to drymbsscrude material obtained was
purified by prep-HPLC to afford the title compouBd (30 mg, 48.5% yield) as a white solid.

Purity UPLC: 98.09%*H-NMR (500 MHz; DMSO-@): & 2.60 (t,J = 7.6 Hz, 2H), 2.88 (t) =
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6.55 Hz, 2H), 4.43 (d] = 5.65 Hz, 2H), 5.31 (s, 2H), 6.24 (= 2.8 Hz, 1H), 6.40-6.41 (m,
1H), 7.12-7.16 (m, 1H), 7.27-7.33 (m, 3H), 7.4687(th, 1H), 7.57-7.59 (m, 2H), 8.90 {t= 5.5
Hz, 1H); LCMS m/z: 413.10 [M+H] HRMS (ESI) m/z: [M+H] calcd for GoH1sCIFN,Os

413.1068, found 413.1061.

4.5.2 1-(2-Chloro-6-fluorobenzyl)-2-oxo-N-(2,4,@trorobenzyl)-1,2,3,4-tetrahydroquinoline-
7-carboxamid€43)

Purity UPLC: 99.09%H-NMR (500 MHz; DMSO-g): § 2.59 (t,J = 7.65 Hz, 2H), 2.86 (1] =
6.75 Hz, 2H), 4.43 (d] = 4.95 Hz, 2H), 5.30 (s, 2H), 7.13 Jt= 9.35 Hz, 1H), 7.21 (] = 8.55
Hz, 2H), 7.26-7.33 (m, 3H), 7.41 (d,= 7.75 Hz, 1H), 7.51 (s, 1H), 8.78 Jt= 5.15 Hz, 1H);
LCMS m/z: 477.24 [M+H]; HRMS (ESI) m/z: [M+H] calcd for G4H17CIFsN,O, 477.0993,

found 477.0981.

4.5.3 8-(3,5-Difluorobenzyl)-7-oxo-N-(2,4,6-tridiobenzyl)-5,6,7,8-tetrahydro-1,8-
naphthyridine-2-carboxamide()

Purity HPLC: 98.25%*H-NMR (400 MHz; DMSO-@): § 2.76 (t,J = 7.60 Hz, 2H), 3.01 (1] =
7.08 Hz, 2H), 4.49 (dJ = 5.56 Hz, 2H), 5.37 (s, 2H), 6.96-7.00 (m, 3HL17(t,J = 8.32 Hz,
2H), 7.63 (d,J = 7.76 Hz, 1H), 7.81 (dJ = 7.28 Hz, 1H), 8.63 (bs, 1H); LCMS m/z: 462.2

[M+H]"; HRMS (ESI) m/z: [M+H] calcd for GaH16FsN30,462.1241, found 462.1226.

4.5.4 5-(3,5-Difluorobenzyl)-6-oxo-N-(2,4,6-trifkedenzyl)-5,6,7,8-tetrahydro-1,5-

naphthyridine-3-carboxamideg)

34



Purity HPLC: 98.16%H NMR (400 MHz; DMSO-¢): § 2.87 (t,J = 7.76 Hz, 2H), 3.18 (1] =
7.12 Hz, 2H), 4.43 (d] = 4.24 Hz, 2H), 5.15 (s, 2H), 6.68 @= 6.24 Hz, 2H), 7.09-7.18 (m,
3H), 7.51 (s, 1H), 8.56 (s, 1H), 9.02 (bs, 1H); LEMN/z: 462.1 [M+H]; HRMS (ESI) m/z:

[M+H] " calcd for GsH1eFsN30,462.1241, found 462.1227.

4.5.5 1-(2-Chloro-6-fluorobenzyl)-3-methyl-2-oxot4,6-trifluorobenzyl)-1,2,3,4-
tetrahydroquinoline-7-carboxamidd4)

Purity UPLC: 99.12%*H-NMR (500 MHz; DMSO-@): § 1.14 (d,J = 6.4 Hz, 3H), 2.56-2.68
(m, 2H), 2.93-2.96 (m, 1H), 4.39-4.48 (m, 2H),6&(d,J = 15.85 Hz, 1H), 5.45 (d,= 15.9 Hz,
1H), 7.10-7.14 (m, 1H), 7.21 (@,= 8.7 Hz, 2H), 7.27-7.32 (m, 3H), 7.41-7.43 (ddz= 7.7 Hz,
J, = 0.95 Hz, 1H), 7.50 (s, 1H), 8.78 {t= 5.1 Hz, 1H); LCMS m/z: 491.27 [M+H] HRMS

(ESI) m/z: [M+H] calcd for GsH19CIF4N,0,491.1149, found 491.1141.

4.5.6 1-(3,5-Difluorobenzyl)-3-methyl-N-(2,4,6uidrobenzyl)-3,4-dihydro-1H-
benzo[c][1,2]thiazine-7-carboxamide 2,2-dioxidb)

Purity UPLC: 95.28%*H-NMR (500 MHz; DMSO-@): & 1.36 (d,J = 4.9 Hz, 3H), 3.20-3.15
(m, 1H), 3.54 (dJ = 16.6 Hz, 1H), 3.83 (bs, 1H), 4.41 (s, 2H), 5(672H), 7.20-7.11 (m, 6H),
7.32 (d,J = 7.2 Hz, 1H), 7.49 (dJ = 6.8 Hz, 1H), 8.84 (s, 1H); LCMS m/z: 511.1 [M+H]

HRMS (ESI) m/z: [M+H] calcd for GsH1gFsN,05S 511.1115, found 511.1104.

4.5.7 1-(3,5-Difluorobenzyl)-4,4-dimethyl-2-oxo-N4,6-trifluorobenzyl)-1,2,3,4-

tetrahydroquinoline-7-carboxamidd&)
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Purity HPLC: 99.63%H-NMR (400 MHz; DMSO-d): $1.26 (s, 6H), 2.66 (s, 2H), 4.41 @z
4.92 Hz, 2H), 5.20 (s, 2H), 6.93-6.94 (m, 2H), 77106 (m, 3H), 7.32 (s, 1H), 7.43 @@= 8.0
Hz, 1H), 7.53 (dy = 7.84 Hz, 1H), 8.85 (1] = 4.88 Hz, 1H); LCMS m/z: 489.1 [M+K]HRMS

(ESI) m/z: [M+H] calcd for GgH1FsN20,489.1601, found 489.1593.

4.6 General procedures for synthesis of benzoxamapiintermediates

4.6.1 Methyl 3-(benzylamino)-4-hydroxybenzoate

To a stirred solution of methyl 3-amino-4-hydroxghkeate (500 mg, 2.99 mmol) in DCM (20
mL) was added benzaldehyde (0.610 mL, 5.985 mnudipvied by AcOH ( 0.3 mL) and the
whole was allowed to stir at RT for 5 min. befooglism triacetoxyborohydride (1.795 g, 8.47
mmol) was added. The resulting reaction mixture at@sed at RT for 12 h. Progress of the
reaction was monitored by UPLC-MS and TLC, andraftampletion the reaction mixture was
washed with water and extracted with EtOAc. Theaorg layer was dried over anhydrous
NaSQ,, concentratedin vacuo to give a crude product which was purified by omfu
chromatography to afford the title compound (477 626 yield) as a light yellow solid. LCMS

m/z: 258 [M+HT.

4.6.2 Methyl 5-benzyl-4-oxo-2,3,4,5-tetrahydrob@olfd, 4] oxazepine-7-carboxylate

To a stirred solution of methyl 3-(benzylamino)-ydhoxybenzoate (424 mg, 1.649 mmol) in
CHCI; (7.5 mL) and water (7.5 mL) was added NaH@®&58 mg, 6.764 mmol) and TBAB (265
mg, 0.824 mmol) and whole stirred at RT for 15 ntlren 3-chloropropanoyl chloride (0.236
mL, 2.474 mmol) was added and the resulting reagatiaxture was stirred at RT for overnight.

Progress of the reaction was monitored by UPLC-M8 @LC and after completion; the
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reaction mixture was washed with water and extchetigh EtOAc. The organic layer was dried
over anhydrous N&Q,, and concentrateith vacuoto give a crude product which was purified
by column chromatography to afford the title compdy {180 mg, 35% yield) as an off white

solid. LCMS m/z: 312 [M+H].

4.6.3 5-Benzyl-4-ox0-2,3,4,5-tetrahydrobenzo[b][@y&zepine-7-carboxylic acid

To a stirred solution of methyl 5-benzyl-4-oxo-3,3:tetrahydrobenzo[b][1,4]oxazepine-7-
carboxylate (175 mg, 0.562 mmol) in a mixture ofveats THF (4.0 mL), MeOH (1 mL) and
water (2 mL) was added LiOH,B (70.8 mg, 1.687 mmol) at 0°& and the resulting reaction
mixture was stirred at RT for 12 h. TLC showed ctate consumption of the ester, and then
solvents were evaporatéad vacuoto give a residue which was diluted with water avakhed
with diethyl ether. The aqueous layer was acidifietth 1N HCI and extracted with EtOAc. The
combined organics were dried over anhydrougSp concentratedn vacuoto give the title

compound (134 mg, 80 % yield) as an off white sdli@dMS m/z: 298 [M+H].

4.7 Synthesis of benzoxazepinones

4.7.1 5-Benzyl-N-(furan-2-ylmethyl)-4-oxo-2,3,48&dhydrobenzo[b][1,4]oxazepine-7-
carboxamide 32)

To a stirred solution of 5-benzyl-4-o0x0-2,3,4,5dbétydrobenzo[b][1,4]oxazepine-7-carboxylic
acid (140 mg, 0.466 mmol) in DMF (5.0 mL) was adddH&EA (0.203 mL, 1.166 mmol) and
HATU (196 mg, 0.0513 mmol). The whole was stirradRI for 15 min., then furan-2-
ylmethanamine (0. 05 ml, 0.559 mmol) was added wlieg and the combined mixture allowed

to stir at RT for 2 h. Progress of the reaction wasnitored by UPLC and TLC and after
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completion; the reaction the solvent was evaporat®dcuoto give a residue which was diluted
with water and extracted with EtOAc. The combinedanic layers were washed with water
followed by brine and dried over anhydrous,81@,, and concentrateid vacuoto give the crude
product which was purified by prep-HPLC to affohe title compoun@®2 (50 mg, 28% vyield) as
a white solid. Purity UPLC: 98.77%-NMR (400 MHz; DMSO-g): & 4.36-4.39 (m, 3H), 5.26
(d, J = 14.8 Hz, 1H), 5.53-5.56 (m, 1H), 5.94-6.01 (rh)16.15-6.22 (m, 2H), 6.36 (dd. =
1.84 Hz,J" = 3.04 Hz, 1H), 6.84 (d] = 8.08 Hz, 1H), 7.14-7.25 (m, 7H), 7.38 (s 1.4 Hz,
1H), 7.53 (d,J = 0.92 Hz, 1H), 8.88 (1 = 5.36 Hz, 1H); LCMS m/z: 377.25 [M+H]HRMS

(ESI) m/z: [M+H] calcd for GoH20N204377.1501, found 377.1492.

4.8 General procedures for synthesis of indolermezliates

4.8.1 Methyl 3-benzyl-2-oxoindoline-5-carboxylate

To a stirred solution of commercially available mgt2-oxoindoline-5-carboxylate (500 mg,
2.618 mmol) in EtOH (15.0 mL) was added benzaldehy@d.293 mL, 2.877 mmol) and
piperidine (0.025 mL, 0.261mmol). The resultingatéan mixture was heated at 9G for 5 h.
TLC and LCMS showed formation of the desired unsaéd intermediate which was diluted
with EtOAc followed by the addition of Pd/C (200 ni@% on carbon) and stirred at RT for 1 h.
TLC showed complete consumption of the unsaturaméermediate and formation of the
product. The reaction mixture was filtered throug#lite bed and washed with EtOAc. The
filtrate was concentrateh vacuoto afford the title compound (510 mg, 69% yield)afaint

brownish solid. LCMS m/z: 282 [M+H]

4.8.2 Methyl 3-benzyl-1,3-dimethyl-2-oxoindolineggsboxylate
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To a stirred solution of methyl 3-benzyl-2-oxoinidel-5-carboxylate (200 mg, 0.711mmol) in
DMF (5.0 mL) was added @S0Os; (463 mg, 1.423 mmol) followed by Mel (0.09 mL, 2%

mmol) and the resulting reaction was stirred at fef 3 h. Progress of the reaction was
monitored by TLC and LCMS and after completion; teaction mixture was diluted with water
and extracted with EtOAc, the organic layer was hedswith brine, dried over anhydrous
NaSO, and the solvent was evaporatedzacuoto afford the crude product which was purified
by Combi-flash to afford the title compound (240,M®9% vyield trapped with DMF) as a

yellow sticky solid. LCMS m/z: 310 [M+H]

4.8.3 3-Benzyl-1,3-dimethyl-2-oxoindoline-5-carldmxgcid

A stirred solution of methyl 3-benzyl-1,3-dimetiBAexoindoline-5-carboxylate (240 mg, 0.776

mmol) in a mixture of AcOH (2.5 mL) and HCI (2.5 mWas heated at 80 °C for 3 h. Progress
of the reaction was monitored by TLC and LCMS aftdracompletion; the reaction mixture was

cooled to RT and the precipitate was filtered andddto afford the title compound (120 mg,

52% yield) as a faint yellow solid. LCMS m/z: 298+4H]".

4.8.4 Methyl 3,3-dimethyl-2-oxoindoline-6-carboxgla

To a stirred solution of commercially available mgt2-oxoindoline-6-carboxylate (5.0 g, 26.16
mmol) in DMF (150 mL) was added Mel (7.42 g, 52r@8mol) and the mixture was cooled to
between 0 to -10 °C followed by portionwise additiof NaH (2.19 g, 54.27 mmol, 60%
suspension in mineral oil). The whole was allowedstir at between 0 to -10 °C for 1 h. The
progress of the reaction was monitored by TLC. Aftlempletion of the reaction, the mixture

was diluted with water, extracted with EtOAc, aie ttombined organic layers were washed
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with brine and dried over anhydrousJS&. The dried organics were evaporated under reduced
pressure to obtain a crude residue which was pdrifiy Combi-flash using 35-50% EtOAc in
hexanes as eluent to afford the title compound ¢4.47% yield) as a light orange solid. LCMS

m/z: 220.03 [M+H].

4.8.5 Methyl 2,3-dioxoindoline-6-carboxylate

To a stirred solution of methyl 2-oxoindoline-64gaxylate (10.0 g, 52.33 mmol) in 1,4-dioxane
(500 mL) was added selenium dioxide (27.9 g, 261@&l) and the resulting reaction mixture
was stirred vigorously at 100 °C for 1 h. After qaetion of the reaction (monitored by LCMS),
the reaction mixture was diluted with EtOAc and evadnd filtered through a bed of celite. The
filtrate layers were separated and the organicrlawes washed with water and brine, dried over
anhydrous Nz50O, and then evaporated under reduced pressure todpréhe crude product.
This was purified by Combi-flash using 50% EtOAchaxanes as eluent to afford the title

compound (3.5 g, 34% yield) as a light yellow soli€MS m/z: 206 [M+H].

4.8.6 Methyl 1-(2-chloro-6-fluorobenzyl)-3-hydro3ymethyl-2-oxoindoline-6-carboxylate

To a stirred solution of methyl 1-(2-chloro-6-fletxenzyl)-2,3-dioxoindoline-6-carboxylate (0.8
g, 2.30 mmol) in dry THF (25 mL) at 0-5 °C was adidgesolution of MeMgBr (1.15 mL, 3.45

mmol, 3M solution in diethyl ether) and the resujtreaction mixture was stirred at 0-25 °C for
16 h. The reaction was monitored by TLC, and afmpletion of the reaction, the reaction
mixture was quenched with aqueous 1N HCI solutiod extracted with EtOAc. The organic
layers were washed with brine, dried over anhydrmdasSO, and evaporated under reduced

pressure to obtain the crude product which wasfipdrby Combi-flash using 60% EtOAc in
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hexane as eluent to afford the title compound ¢0.61% yield) as a yellow solid. LCMS m/z:

346.18 [M-17].

4.8.7 1-(2-Chloro-6-fluorobenzyl)-3-hydroxy-3-méiByoxoindoline-6-carboxylic acid

A stirred solution of methyl 1-(2-chloro-6-fluoroteyl)-3-hydroxy-3-methyl-2-oxoindoline-6-
carboxylate (0.4 g, 1.10 mmol) in a mixture of H&@id concentrated AcOH (1:1; 8 mL) was
heated at 80 °C for 5 h. After completion, the tieac mixture was cooled to 0-5 °C. The
resulting precipitate was filtered, washed withdcelater and hexane, then dried under reduced
pressure at 50-60 °C to afford the title compouh@4 g of crude) as a pink solid. LCMS m/z:

350.17 [M+H] & 332.12 [M-17T.

4.8.8 Methyl 1-(2-chloro-6-fluorobenzyl)-3-meth®@ynethyl-2-oxoindoline-6-carboxylate

To a stirred solution of methyl 1-(2-chloro-6-flatenzyl)-3-hydroxy-3-methyl-2-oxoindoline-
6-carboxylate (100 g, 0.275 mmol) in DMF (2 mL) wadded Mel (0.02 mL, 0.33 mmol)
followed by portionwise addition of NaH (15 mg, 4d®nol, 60% dispersion in mineral oil) at O-
5 °C and the resulting mixture was allowed to atif-5 °C for 30 min. UPLC and TLC showed
formation of the desired product. The reaction om&twas diluted with water and extracted with
EtOAc, the organic layer was dried over,8@, and evaporated to yield a crude material which
was purified by Combi-flash to afford the title cpound (90 mg, 86% yield) as a pale yellow

solid. LCMS m/z: 378 [M+H].

4.8.9 1-(2-Chloro-6-fluorobenzyl)-3-methoxy-3-mé&ypxoindoline-6-carboxylic acid
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To a stirred solution of methyl 1-(2-chloro-6-flatrenzyl)-3-methoxy-3-methyl-2-oxoindoline-

6-carboxylate (80 mg, 0.212 mmol) in a mixture @fvents THF (10 mL) and water (5 mL) was
added NaOH (34 mg, 0.84 mmol) at RT and the regultaction mixture was stirred at RT for
16 h. Progress of the reaction was monitored by &h@ after completion the reaction mixture
was concentrated to give a residue. The residuediidgd with water and washed with ether.
The aqueous layer was acidified with 1N HCI to proel a precipitate. The precipitate was
filtered and dried in a vacuum oven to afford thke tompound (70 mg, 90% vyield) as a faint

yellow solid. LCMS m/z: 364 [M+H]

4.8.10 3-Chloro-1-(2-chloro-6-fluorobenzyl)-3-mdtRyoxo-N-(2,4,6-trifluorobenzyl)indoline-
6-carboxamide

To a stirred solution of 1-(2-chloro-6-fluorobenggkhydroxy-3-methyl-2-oxo-N-(2,4,6-
trifluorobenzyl)indoline-6-carboxamidad9 (1.0 g, 2.03 mmol) in DCM (100 mL) was added
pyridine (0.328 mL, 4.06 mmol) and SQ(0.593 mL, 8.12 mmol) at 0-%C. The whole was
stirred at this temperature for 30 min. TLC and L&Mhowed consumption of the starting
material and formation of the desired compoundeAftompletion the reaction mixture was
diluted with water and extracted with DCM, the origalayer was washed with dilute HCI, dried
and evaporated to give a crude product which wasigui by Combi-flash to afford the title
compound (477 mg, 46.31% vyield) as an off whitédsdH-NMR(500 MHz; DMSO-@): 5 1.85
(s, 3H), 4.44 (dJ = 4.9 Hz, 2H), 5.04 (d] = 15.6 Hz, 1H), 5.14 (d} = 15.6 Hz, 1H), 7.19-7.22
(m, 2H), 7.25-7.29 (m, 1H), 7.37-7.45 (m, 3H), 7(88J = 7.8L Hz, 1H), 766 (dJ = 8.7 Hz,

1H), 8.91 (tJ = 5.0 Hz, 1H); LCMS m/z: 511.28 [M+H]
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4.9 Synthesis of indoles and derivatives

4.9.1 3-Benzyl-N-(furan-2-ylmethyl)-1,3-dimethyd»@indoline-5-carboxamide38)

To a stirred solution of 3-benzyl-1,3-dimethyl-2eaxdoline-5-carboxylic acid (120 mg, 0.407
mmol) in DCM (10.0 mL) was added TEA (0.117 mL818 mmol) and HATU (231 mg, 0.610
mmol) followed by furan-2-ylmethanamine (0.099 mé#&7 mmol) dropwise and the whole
allowed to stir at RT for 2 h. UPLC and TLC showednation of the desired compound. The
reaction mixture was diluted with water and extdotvith EtOAc, the organic layer was washed
sequentially with aqueous NaHG@®olution, 1N HCI and finally brine, dried over aulnous
NaSOy and evaporateih vacuoto give the crude material which was purified byn@i-flash to
afford the title compoun@3 (80 mg, 52% yield ) as a pale yellow solid. PutiiyLC: 98.30%;
H-NMR (500 MHz; DMSO-@): & 1.41 (s, 3H), 2.92 (s, 3H), 3.07 (= 4.8 Hz, 2H), 4.48 (d]

= 2.8 Hz, 2H), 6.31 (s, 1H), 6.43 (s, 1H), 6.772H), 6.84 (dJ = 8.15 Hz, 1H), 7.02 (s, 3H),
7.61 (s, 1H), 7.75 (d, J = 8.05 Hz, 1H), 7.97 (d),18.86 (t,J = 5.2 Hz, 1H); LCMS m/z: 375

[M+H]*; HRMS (ESI) m/z: [M+H] calcd for GsH2:N»03375.1709, found 375.1703.

4.9.2 1-Benzyl-N-(furan-2-ylmethyl)-1H-indole-6-4cakamide 84)

Purity UPLC: 98.78%H-NMR (500 MHz; DMSO-@): § 4.47 (d,J = 5.65 Hz, 2H), 5.49 (s,
2H), 6.26 (dJ = 3.0 Hz, 1H), 6.40 () = 2.05 Hz, 1H), 6.55 (dl = 3.0 Hz, 1H), 7.18 (d] = 7.5
Hz, 2H), 7.24-7.27 (m, 1H), 7.30-7.33 (m, 2H), Z&B2 (m, 3H), 7.66 (s, 1H), 8.08 (s, 1H),
8.86 (t,J = 5.6 Hz, 1H); LCMS m/z: 331 [M+H] HRMS (ESI) m/z: [M+H] calcd for

C>1H1sN>0»,331.1447, found 331.1430.

4.9.3 1-(2-Fluorobenzyl)-N-(furan-2-ylmethyl)-3,Brgthyl-2-oxoindoline-6-carboxamidas)
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Purity UPLC: 99.63%H-NMR (500 MHz; DMSO-@): § 1.36 (s, 6H) 4.45 (d] = 5.6 Hz, 2H),
4.96 (s, 2H), 6.24 (d] = 2.85 Hz, 1H), 6.39 (s, 1H), 7.06-7.12 (m, 3HR727.74 (m, 3H), 7.74-
7.61 (m, 2H), 8.92 (1) = 5.55 Hz, 1H); LCMS m/z: 393.28 [M+H]HRMS (ESI) m/z: [M+H]

calcd for GsH»1FN-0O5393.1614, found 393.1604.

4.9.4 Synthesis of 1-(2-fluorobenzyl)-3,3-dimegpixo-N-(2,4,6-trifluorobenzyl)indoline-6-
carboxamide 36)

Purity UPLC: 99.69%H-NMR (400 MHz; DMSO-@): § 1.33 (s,6H), 4.41 (d,J = 4.96 Hz,
2H), 4.96 (s, 2H), 7.13-7.25 (m, 5H), 7.31-7.31 @H), 7.46 (dJ = 7.72 Hz, 1H), 7.55 (d] =
7.24 Hz, 1H), 8.79 (bs, 1H); LCMS m/z: 457.2 [M¥HHRMS (ESI) m/z: [M+H] calcd for

CasH20FaN20,457.1539, found 457.1529.

4.9.5 1-(2-Chloro-6-fluorobenzyl)-3,3-dimethyl-2eei-(2,4,6-trifluorobenzyl)indoline-6-
carboxamide §3)

Purity UPLC: 99.70%!H-NMR (500 MHz; DMSO-@): & 1.28 (s,6H), 4.42 (d,J = 4.95 Hz,
2H), 5.03 (s, 2H), 7.19-7.26 (m, 3H), 7.31 (s, 1HB5-7.44 (m, 3H), 7.50 (d,= 7.8 Hz, 1H),
8.80 (t,J = 4.95 Hz, 1H); LCMS m/z: 491.32 [M+H]HRMS (ESI) m/z: [M+H] calcd for

C25H1oCIFAN20,491.1149, found 491.1146.

4.9.6 1'-(2-Chloro-6-fluorobenzyl)-N-(furan-2-ylrhgt)-2'-oxospiro[cyclopropane-1,3'-
indoline]-6'-carboxamide42)
Purity UPLC: 98.53%'H-NMR (400 MHz; DMSO-4): 5 1.58 (s, 2H),1.69 (s, 2H), 4.43 (=

4.88 Hz, 2H), 5.12 (s, 2H), 6.25 (s, 1H), 6.3914d), 7.10 (d,J = 7.68 Hz, 1H), 7.22 (1 = 8.8
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Hz, 1H), 7.34-7.40 (m, 2H), 7.52-7.57 (m, 3H),8(®s, 1H); LCMS m/z: 425 [M+H] HRMS

(ESI) m/z: [M+H] calcd for GsH1gCIFN,O3425.1068, found 425.1056.

4.9.7 1-(2-Fluorobenzyl)-N-(furan-2-ylmethyl)-2,Bxbindoline-6-carboxamidet()

Purity UPLC: 97.47%*H-NMR (500 MHz; DMSO-¢): § 4.44 (d,J = 5.5 Hz, 2H), 4.98 (s, 2H),
6.27 (d,J = 2.45 Hz, 1H), 6.40 (s, 1H), 7.15 {t= 7.45 Hz, 1H), 7.25-7.31 (m, 1H), 7.35-7.41
(m, 2H),7.47-7.50 (m, 1H), 7.60 (d,= 9.35 Hz, 2H), 7.69 (dl = 7.7 Hz, 1H), 9.18 (J = 5.45
Hz, 1H); LCMS m/z: 377.24 [M-H} HRMS (ESI) m/z: [M+H] calcd for GiHisFN,Os4

379.1094, found 379.1085.

4.9.8 1-(2-Chloro-6-fluorobenzyl)-3-hydroxy-3-métByoxo-N-(2,4,6-trifluorobenzyl)indoline-
6-carboxamide39)

Purity UPLC: 97.40%'H-NMR (500 MHz; DMSO-@): §1.38 (s, 3H), 4.43 (dl = 4.95 Hz, 2H),

4.90 (d,J = 15.5 Hz, 1H), 5.11 (dl = 15.4 Hz, 1H), 6.20 (s, 1H), 7.19-7.27 (m, 3HRZ#7.43

(m, 4H), 7.50 (dJ = 7.75 Hz, 1H), 8.83 (J = 5.05 Hz, 1H); LCMS m/z: 493.26 [M+H]

HRMS (ESI) m/z: [M+HT calcd for GsH17CIF4N203493.0942, found 493.0933.

4.9.9 1-(2-Chloro-6-fluorobenzyl)-3-methoxy-3-mé@wpxo-N-(2,4,6-trifluorobenzyl)indoline-
6-carboxamide38)

Purity UPLC: 96.57%H-NMR (500 MHz; DMSO-¢): 5 1.41 (s, 3H), 2.86 (s, 3H), 4.42-4.47
(m, 2H), 5.02-5.10 (g}, = 15.5 Hz,J, = 23.45 Hz, 2H), 7.19-7.27 (m, 3H), 7.31-7.44 @hl),
7.57 (d,J = 7.65 Hz, 1H), 8.88 (f] = 5.0 Hz, 1H); LCMS m/z: 507.31 [M+F]HRMS (ESI)

m/z: [M+H]" calcd for GsH19CIF4N205507.1099, found 507.1090.
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4.9.10 1-(2-Chloro-6-fluorobenzyl)-3-cyano-3-metBybxo-N-(2,4,6-trifluorobenzyl)indoline-6-
carboxamide §4)

Purity UPLC: 98.24%H-NMR (500 MHz; DMSO-@): 5 1.77 (s, 3H), 4.46 (s, 2H), 5.12 (s,
2H), 7.2 (t,J = 7.05 Hz, 2H), 7.28 (] = 8.6 Hz, 1H), 7.38-7.45 (m, 3H), 7.63 (U= 6.8 Hz,
1H), 7.75 (d,J = 7.35 Hz, 1H), 8.90 (bs, 1H); LCMS m/z: 502.124M*; HRMS (ESI) m/z:

[M+H] " calcd for GsH16CIF4N30,502.0945, found 502.0933.

4.9.11 3-Cyano-1-(3,5-difluorobenzyl)-3-methyl-2-d%(2,4,6-trifluorobenzyl)indoline-6-
carboxamide 85)

Purity UPLC: 99.19%*H-NMR (500 MHz; DMSO-g): § 1.85 (s, 3H), 4.46 (d} = 5.0 Hz, 2H),
4.97-5.06 (g, = 16.55 Hz, 2H), 7.04 (d, = 6.35 Hz, 2H), 7.16-7.23 (m, 3H), 7.49 (s, 1HBS7
(d, J= 7.85 Hz, 1H), 7.80 (d] = 7.85 Hz, 1H), 8.97 () = 5.1 Hz, 1H); LCMS m/z: 486.33

[M+H]"; HRMS (ESI) m/z: [M+H] calcd for GsH16FsN30,486.1241, found 486.1229.

4.10 General procedures for synthesis of tetrahgdimazolinone intermediates

4.10.1 Methyl 3-(benzylcarbamoyl)-4-nitrobenzoate

To a stirred solution of 5-(methoxycarbonyl)-2-alienzoic acid (0.4 g, 1.77 mmol) in DMF
(5.0 mL) was added benzylamine (0.231mL, 2.115 mmod HATU (1.01g, 2.66 mmol),
followed by TEA (0.513mL, 3.5 mmol) dropwise intet solution and the combined mixture
was allowed to stir at RT for 1h. UPLC and TLC skowormation of the desired product. The
reaction mixture was diluted with water, extractath EtOAc and the organic layer was washed

with 1IN HCI and then brine before it was dried oaehydrous Ng&5O, and evaporateth vacuo
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to give the title compound (600 mg) as a crudedsshich was used in the next step without any

further purification. LCMS m/z: 315 [M+H]

4.10.2 Methyl 4-amino-3-(benzylcarbamoyl)benzoate

To a stirred solution of methyl 3-(benzylcarbameddhitrobenzoate (600 mg, 1.91mmol) in a
mixture of solvents MeOH (50 mL) and EtOAc (25 mkas added 10% Pd/C (150 mg, wet)
under an inert atmosphere. The whole was stirrettiufb gas balloon pressure at RT for 1 h.
TLC showed complete consumption of starting maltesiiad so the reaction mixture was filtered
through a celite bed and the bed was washed witbHd he filtrate was evaporat@dvacuoto
afford the title compound (550 mg, crude) as atfBnownish solid which was used in the next

step without any further purification. LCMS m/z:2pv+H]".

4.10.3 Methyl 3-benzyl-2,4-dioxo-1,2,3,4-tetrahyplinazoline-6-carboxylate

To a stirred solution of methyl 4-amino-3-(benzybmmoyl)benzoate (420 mg, 1.47 mmol) in
DCM (1.0 mL) was added triphosgene (877 mg, 2.9%end the resulting reaction mixture

was stirred at RT for 30 minutes. TEA (0.64 mL,34nmol) was added and the combined
mixture was stirred at RT for 1 h. TLC showed cosbplconsumption of the starting material,
and so the mixture was diluted with 1N HCI and ¢inganic layer was separated, washed with
brine, dried over N&O, and evaporateth vacuoto give a crude material which was purified by
Combi-flash to afford the title compound (161mg¥%3%ield) as an off white solid. LCMS m/z:

311 [M+HT".

4.10.4 3-Benzyl-2,4-dioxo-1,2,3,4-tetrahydroquin@mse6-carboxylic acid
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To a stirred solution of methyl 3-benzyl-2,4-diok,3,4-tetrahydroquinazoline-6-carboxylate
(160 mg, 0516 mmol) in a mixture of THF (10 mL)anater (5 mL) was added LiOH,8 (43

mg, 1.08 mmol) at RT and the resulting reactiontorx was stirred at RT for 1 h. TLC showed
complete consumption of the starting material, smthe solvents were evaporated and the crude
product was washed with ether, the aqueous laysrasiified with 1N HCI, and the precipitate
was filtered and washed with water and dried inaauum oven to afford the title compound

(100 mg, 65% yield) as an off-white solid. LCMS o287 [M+H]".

4.11 Synthesis of tetrahydroquinazolinones

4.11.1 3-Benzyl-N-(furan-2-ylmethyl)-2,4-dioxo-3,2;tetrahydroquinazoline-6-carboxamide
(37)

To a stirred solution of 3-benzyl-2,4-dioxo-1,2;8edrahydroquinazoline-6-carboxylic acid (100
mg, 0.337 mmol) in DCM (10.0 mL) was added furagh&ethanamine (0.032 mL, 0.37 mmol)
and HATU (192 mg, 0.506 mmol), followed by TEA (970ml, 0.674 mmol) dropwise into the
solution and the combined mixture was allowed toatRT for 2 h. UPLC and TLC showed
formation of the desired product and upon comphetive reaction mixture was diluted with
water and extracted with EtOAc, the organic layeaswvashed sequentially with aqueous
NaHCGQ; solution, 1N HCI and finally with brine, dried avanhydrous NgO, and evaporated
in vacuoto give the crude product which was purified byntoflash to afford the title
compound37 (104 mg, 82% vyield) as a pale yellow solid. PutifyLC: 98.07%;H-NMR (500
MHz; DMSO-d): & 4.46 (d,J = 5.5 Hz, 2H), 5.11 (s, 2H), 6.28 @@= 2.9 Hz, 1H), 6.40 (s, 1H),

7.24 (d,J = 8.5 Hz, 2H), 7.29-7.32 (m, 4H), 7.59 (s, 1H)LE(d,J = 8.5 Hz, 1H), 8.53 (s, 1H),
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9.18 (t,J = 5.45 Hz, 1H), 11.80 (s, 1H); LCMS m/z: 376 [MEHHRMS (ESI) m/z: [M+H]

calcd for G1H17N30,376.1297, found 376.1288.

4.12 General procedures for synthesis of benzimidame intermediates

4.12.1 Methyl 3-bromo-4-((ethoxycarbonyl)amino) wexte

To a stirred solution of commercially available mgt4-amino-3-bromobenzoate (1.1 g, 4.808
mmol) in pyridine (10 mL) was added ethyl chlorafate (0.45 mL, 4.808 mmol) at 0-5 °C and
the resulting reaction mixture was stirred at GE5fGr 1 h. TLC and LCMS showed formation of
the desired compound and so the reaction mixture eugenched with ice cold water. The
precipitated solid was filtered, washed with wated then dried in a vacuum oven to afford the

title compound (760 mg, 52% yield) as an off wisitdid. LCMS m/z: 301 [M+H].

4.12.2 Methyl 3-(2-chlorobenzyl)-2-oxo-2,3-dihydid-benzo[d]imidazole-5-carboxylate

To a stirred solution of methyl 3-bromo-4-((ethoagimonyl)amino)benzoate (760 mg, 2.533
mmol) in DMSO (10 mL) was added Cul (96 mg, 0.50@at), 4-hydroxytrans-L-proline (132
mg, 1.013 mmol), kPO, (1.075 mg, 5.066 mmol) and 2-chloro-benzyl am{®e305 mL, 2.533
mmol). The resulting reaction mixture was stirred@-75 °C for 16 h. TLC and LCMS showed
formation of the desired compound along with somecyclized intermediate. Stirring was
therefore continued at 90-95 °C for 5 h and aftenletion the reaction mixture was quenched
with ice cold water and extracted with EtOAc. Thembined organic layers were washed with
brine, dried over anhydrous p&0, and evaporateth vacuoto afford the crude product which
was purified by Combi-flash to give the title comypad (210 mg, 26% vyield) as a pale yellow

solid. LCMS m/z: 317 [M+H].
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4.12.3 3-(2-Chlorobenzyl)-2-oxo-2,3-dihydro-1H-baefimidazole-5-carboxylic acid

A solution of methyl 3-(2-chlorobenzyl)-2-oxo-2,#gdro-1H-benzo[d]imidazole-5-
carboxylate (110 mg, 0.348 mmol) in a mixture ookt (1.5 mL) and HCI (1.5 mL) was stirred
at 80 °C for 5 h. TLC and LCMS showed formationtieé desired compound. The reaction
mixture was cooled to RT to give a solid precigtathich was filtered, washed with water and
dried in a vacuum oven to afford the title compo@®d mg, 86% yield) as a gray solid. LCMS

m/z: 303 [M+HT.

4.13 Synthesis of benzimidazolinones

4.13.1 3-(2-Chlorobenzyl)-N-(furan-2-ylmethyl)-2ee&,3-dihydro-1H-benzo[d]imidazole-5-
carboxamide41)

To a stirred solution of 3-(2-chlorobenzyl)-2-ox@@lihydro-1H-benzo[d]imidazole-5-
carboxylic acid (100 mg, 0.331 mmol) in DCM (5 mivas added TEA (0.0955 mL, 0.6622
mmol), HATU (188 mg, 0.496 mmol) and furan-2-ylmatlamine (0.032 mL, 0.364 mmol)
dropwise into the solution and the whole was alldwe stir at RT for 1 h. Progress of the
reaction was monitored by UPLC and TLC and aftengietion the reaction mixture was diluted
with water and extracted with EtOAc. The combinedamic layers were washed with aqueous
NaHCGQ; solution, 1N HCI and finally with brine, dried avanhydrous NgO, and evaporated
in vacuoto give the crude product which was purified byntoflash to afford the title
compound41 (80 mg, 63% yield) as a pale brown solid. Puri§LC: 98.37%:H-NMR (500

MHz; DMSO-d): & 4.42 (s, 2H), 5.11 (s, 2H), 5.77 (s, 1H), 6.231¢d), 6.38 (s, 1H), 6.91 (s,
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1H), 7.11 (s, 1H), 7.28-7.34 (m, 2H), 7.54-7.65 @H), 8.72 (s, 1H), 11.38 (s, 1H); LCMS m/z:

382 [M+H]"; HRMS (ESI) m/z: [M+H] calcd for GoH16CIN305382.0958, found 382.0946.

4.14 Cell lines

Stable HEK293T STING-expressing cell lines wereegated using plasmids purchased from
Invivogen, CA, USA, that contain STING cDNA clonedo the pUNO-1 vector under hEF1-
HTLV promoter and containing the Blasticidin seient cassette. The plasmids hSTING
(R232), hSTING (H232), hSTING (HAQ) were directlgopured from Invivogen while hSTING
(AQ) and hSTING (Q) were derived from hSTING (HA@hd hSTING (R232) plasmids
respectively by using a PCR based site directedagemesis method. These vectors were
individually transfected into HEK293T cells usingpbfectamine (Invitrogen) and transfected
cells were selected under Blasticidin selectioresentransfected cells were further subjected to
clonal selection using the limiting dilution methtal obtain clonally pure populations of HEK
cells transfected with each of the above mentidmnadan STING variants. Only those clones
were selected in which ligand independent activatibSTING was minimal. Stable HEK293T
Luciferase reporter gene expressing cell lines wererated using pCDNA4 plasmids under an

IRF-inducible promoter using similar methods.

4.15 Luciferase Assay
5 x 10 clonally selected HEK293T-hSTING-Luciferase celtscontrol HEK293T-Luciferase
cells were seeded in 384-well plates in growth meediand stimulated with known STING

agonists or novel compounds. Supernatants were vemmafter 20 hours of treatment and
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secretory reporter gene activity was measured ughey Quanti-Luc detection system

(Invivogen) on a Spectramax i3X luminometer.

4.16 Western blot assay

5 x 10 cells were seeded in 24-well plates in 500 pl ghowvedium and stimulated with novel
compounds at 10uM. After 2 hours of treatment aglse harvested by centrifugation and cell
pellets were lysed in RIPA buffer (20mM Tris-Cl,@BM NaCl, 0.5mM EDTA, 1% NP40,
0.05% SDS) containing 1x phosphatase inhibitor takl8 (Sigma) and 1x protease inhibitor
(Roche) to extract the soluble fraction of protdi@.ug of extracted protein was electrophoresed
in 10% SDS-PAGE gels and transferred onto Immobitomembranes (Millipore). Blots were
incubated with antibodies specific for phosphogtaSTING (Ser366), phosphorylated IRF3
(Ser396), total STING, Actin (Cell Signaling) an®&H3 (Abcam). Anti-rabbit HRP label
secondary antibody (Abcam) and Clarity M¥western ECL substrate (Biorad - cat# 1705062)

were used for visualization of bands using a BioRR&® plusimager.

4.17 In vitro kinase assay

50ng of recombinant STING protein (Cayman Chemicadg# 22816) corresponding to the
soluble domain of STING (138 to 379 aa) proteid @il of ER fraction (8mg/ml) containing full
length STING from R232.hSTING was incubated withrigy of recombinant full length TBK1
protein (Invitrogen, Cat# A31514) in the presenbséace of test compound in 20 pl reaction
buffer (50mM Tris-HCI of pH 7.4, 100mM NaCl, 5mM Migp, 5mM MnCh, 10% glycerol,
0.2mM NaVO,, 20mM B-glycero-PQ, 0.5mM ATP) and 0.01% BSA at 30 °C for 45 min. The

reaction was quenched by addition ofil2of 10X EDTA to a final concentration of 50M.

52



Samples were treated with 4x gel loading dye foldviby electrophoresis in 10% SDS-PAGE
gels and transferred to Immobilon-P membranes idite). Blots were incubated with
antibodies specific for phosphorylated STING (Sé)3&nd total STING (Cell Signaling). Anti-
rabbit HRP labelled secondary antibody (Abcam) &rarity Max'™ western ECL substrate

(Biorad, Cat# 1705062) were used for visualizatbbands using a BioRad XRfbusimager.

4.18 gRT-PCR Analysis of Cytokines

Freshly isolated 2 x £thuman PBMCs using Histopaque (Sigma) of diffefesalthy donors
were stimulated with compound 53 in 200ul growthdmam at 6 hr (early) or 20h (late) for
cytokine induction. Post treatment cells were hste@ through centrifugation and the cell
pellets were used to isolate total RNA using theslBlospin RNA plus kit (Macherey-Nagel).
Total RNA was quantified by Quanti fluor RNA systéih (Promega) and an equal amount of
RNA was used to synthesize cDNA using Maxima Revéranscriptase (Thermo). Expression
of respective genes was measured by real-time BR-Bsing an equal amount of cDNA
(quantified by Quanti fluor RNA system kit) of eatleatment and specific primers for human
IFNa, B, TNFa, CXCL10, IL12p40, ILB, CCL20, IL4, IFN/ & IL6. The real time PCR
reactions were performed using BioRad CFX-96 and &dvanced universal SYBR green
supermix (BioRad). Data was analyzed as relativd & expression with respect to vehicle

treatment.

4.19 DC maturation & Activation assay

Freshly isolated 5 x TOPBMC from human whole blood using a polysucrosadigmt

1.077g/ml (Histopaque 1077, Sigma) followed by AFKis and subsequent wash were used to
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isolate human monocytes as per MACS monocyte isol&it (Cat# 130-050-201). Monocytes
were resuspended in Complete growth medium (RPMD% Heat inactivated FBS + 2mM
Glutamine + 50uM b-ME + 50U/ml Pen-Strep) contagntDOng/ml GMCSF and 50ng/ml IL4
at a density of 1 x 106 cells/ml and plated in av& TC plate in 300ul volume followed by
incubation at 37°C humidified 5% GQissue incubator. After 24 h to 36 h incubation,
compound 53 or the corresponding vehicle (1% DMB@lY was added to the respective wells
and further incubated for another 6 h. Followingnpound treatment cells were harvested and
cell pellets were used to monitor for DC activatinarkers (CD86 & CD83) as well as cytokines

(IFNa, IFNB, TNFa, IL6, IL12p40, CXCL10) induction at 6h by gPCR.

4.20 Pharmacokinetics

Pharmacokinetic (PK) studies were conducted in Balbhice according to the protocol
approved by the Institutional Animal Ethics Comestt (IAEC). Briefly compound was
dissolved in DMA by vortexing and then requiredwuoks of PEG, PG and saline were added
sequentially (with vortexing) to obtain a clearwg@n for dosing. Overnight fasted mice were
randomized into different groups (n=3/group). Mieeeived a single intravenous or oral dose of
the compound (lateral tail vein or oral gavage)e Blood samples were collected through retro-
orbital plexus at different time points after dagif50 pl/ time point, under isoflurane
anesthesia). Blood samples were collected at 2 I0imin, 30 min, 1 h,2h,4h,6h,8h & 24 h
after intravenous dosing whereas at 5 min, 15 80rmin, 1 h, 2 h, 4 h, 6 h, 8 h & 24 h after oral
dosing. Blood samples were centrifuged at 1500fardl5 min at 4 °C; plasma samples were

separated and stored at -80 °C until subjectedd$ analysis.

54



Author contributions
The manuscript was written through contributionslbfuthors. All authors have given approval

to the final version of the manuscript.

Acknowledgements

The authors thank Dr. Paul Greenspan and Dr. Stegakocil of Takeda Pharmaceuticals for

providing a critical review of the manuscript.

The authors would like to thank the following sdists from Curadev for excellent technical
support: Thanilsana Soram, Kavita Puniya, PritirBfza Ritika Raina, Debjani Chakraborty,
Abhisek Chatterjee, Rubeenaparveen Rais Mansuuj 8imgh. The authors also thank TCG

Lifesciences, Kolkata for synthesis and compouratatterisation support.

Supporting Material .

Supporting Material for this article can be foumdine at_https://doi.org/ XXXXXXXXXX

Abbreviations

AcOH, acetic acid; MeCN, acetonitrile; MeOH, metbBnTEA, triethylamine; DIPEA,
diisopropylethylamine; HATU, 1-[bis(dimethylaminogthylene]-H-1,2,3-triazolo[4,5-
b]pyridinium-3-oxide hexafluorophosphate; HBTWM,N,N,N-tetramethyl©-(1H-benzotriazol-
1-yl)uronium hexafluorophosphate; HOBt, 1-hydroxybetriazole; THF, tetrahydrofuran;
DMA, dimethylacetamide; DMF, dimethylformamide; DCMlichloromethane; DBU, 1,8-
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