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ABSTRACT: TLR7 agonists have significant therapeutic potential in a variety of oncology and autoimmune applications. We
recently reported a potent TLR7 selective agonist 1 that could be delivered by antibody—drug conjugate (ADC) technology to elicit
potent anticancer activity. Herein we report synthetic chemistry and structure—activity relationship studies to develop TLR7 agonists
with improved potency for next-generation ADC efforts. We found that the addition of hydrophobic acyl tails to parent compound 1
generally resulted in retained or improved TLR7 agonist activity without sacrificing the permeability or the selectivity over TLRS. In
contrast, the addition of a simple alkyl tail at the same position resulted in a dramatic loss in potency. Molecular modeling was
performed to provide a rationale for this dramatic loss in potency. We ultimately identified compounds 17b, 16b, and 16d as highly
potent TLR7 agonists that potently induced the activation of mouse macrophages and hPBMCs at low-nanomolar concentrations.
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! I Voll-like receptors (TLRs) play a critical role in the innate Dysregulation of TLR signaling has been linked to a number of

immune system by virtue of their ability to recognize autoimmune and inflammatory diseases. For example, a
danger-associated molecular patterns (DAMPs) and pathogen- classical hallmark of lupus, rheumatoid arthritis, and multiple
associated molecular patterns (PAMPs). TLRs are widely sclerosis is the overactivation of TLR signaling pathways."**
found on the surface of various leukocytes but are particularly On the other hand, activation of TLR pathways has also been
prevalent on myeloid cells such as monocytes, dendritic cells, receiving increased attention in recent years due to therapeutic
and macrophages. When a TLR engages a DAMP or PAMP, it potential in the generation of vaccine adjuvants, antiviral

. . 6-9
activates various downstream pathways (particularly the NFxB agents, and cancer immunotherapies. ‘
and IRF pathways) that result in cytokine release and increased Among the TLRs, TLR7 and TLR8 agonists have been a
proliferation. There are 10 human TLRs that have been particular focus of various drug discovery efforts in recent
identified to date, and each one recognizes a specific type of years. Both of these TLRs are involved in the recognition of
PAMP or DAMP. For example, TLR4 recognizes lip- single-stranded RNA and play an important role in antiviral

opolysaccharide (LPS) found on the outer surface of Gram- immune responses. Unlike most TLRs, which generally

negative bacteria, TLR9 recognizes unmethylated CpG DNA
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found in various bacteria and viruses, and TLR7 and TLRS8 Received: June 13, 2023 #heniistry&t@
recognize single-stranded viral RNA.' ™ Accepted: September 6, 2023 -
Given the crucial role that TLRs play in both innate and Published: September 14, 2023 M

adaptive immunity, it is not surprising that they are also

important in the pathophysiology of various disease states and

have also served as important targets for drug development.
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Figure 1. Structures of known small-molecule TLR7/8 agonists.

Motolimod

respond only to large peptides and lipids, TLR7 and TLRS are
known to be modulated by a variety of small “drug-like”
agonists that are conceptually derived from purines and
pyrimidines. Numerous small-molecule TLR7/8 agonists have
been evaluated in clinical and preclinical studies (Figure 1).
Indeed, imiquimod (a modestly potent dual TLR7/8 agonist)
is FDA-approved as a topical antiviral a%ent and is also used for
the treatment of basal cell carcinoma.'”"" Other more potent
TLR7/8 agonists have also been evaluated in the clinic,
including resiquimod (R848) and motolimod (VTX-2337).
TLR7/8 agonists are known to activate both the innate and
adaptive immune systems through their induction of THI-
polarizing cytokines such as interferon-a (IFNa) and tumor
necrosis factor a (TNFa).

Unfortunately, the therapeutic utility of TLR7/8 agonists
has been greatly impeded by the risk associated with cytokine
release syndrome (CRS). Several strategies have been
employed to overcome this limitation, including topical
delivery, antedrug design, and, most recently, antibody-
mediated delivery."”™'° Our team recently reported an
antibody—drug conjugate (ADC)-mediated approach to
deliver TLR7 agonists selectively to cancer tissue.'” This
approach relies on a tumor-targeting antibody that is covalently
bound to a highly permeable TLR7 agonist via a lysosomally
cleavable linker. Upon internalization into the tumor cells, the
ADC linker is cleaved, thereby releasing the TLR7 agonist to
diffuse into nearby tumor-associated immune cells. (Figure 2)
The focus of these initiall ADC design efforts was on a
particular imidazo[4,5-c]quinoline known as E104 (1). A focus
of the work presented herein is to increase the potency and
permeability of compound 1 in order to facilitate more robust
antitumor activity in future ADC designs.

One of the limitations of ADC therapeutics is their reliance
on cell-surface antigens for uptake. As the antigen—ADC
complex is internalized, the antigen density on the cell surface
is reduced, thereby limiting the number of ADC payloads that
can be processed. For this reason, ADC design typically
requires exceptionally high potency payloads, often in the
single-digit-nanomolar to picomolar range. As we previously
reported, the design of 1 was based on the premise that our
ADC technology required a selective TLR7 agonist with low-
nanomolar potency, high permeability, and an amine handle
that could be used for linker attachment.'” With this in mind,
we wish to report our efforts to understand the structure—
activity relationship (SAR) of the anilino portion of 1 with the
goal of identifying second-generation TLR7 agonists that may
be useful for new ADC designs.

Previously published synthetic routes for indolo[4,5-c]-
quinolines typically relied on the introduction of the benzylic
group in the first step of the sequence.'” Inspired by a 2014

associated
lymphocyte
Cancer cell

Previous work

Current work

N
N

QQVN\/L/\

v' Optimal synthesis
v’ Optimal potency
v' Optimal permeability

Figure 2. Overview of previous and current work.

patent by Vernejoul,'” we designed a synthetic route (Scheme
1) that introduced the diversity element of interest (the benzyl
group) late in the synthetic pathway, thus facilitating SAR
studies. This route relied on the preparation of an imidazolo-
[4,5-c]quinoline intermediate S that could (reportedly) be
alkylated with 4-nitrobenzyl bromide at the 1-position of the
imidazolo ring, resulting in compound 7. While a previously
published alkylation with 4-methoxybenzyl chloride favored
alkylation at the 3-position,”” we were optimistic that a change
in the electronics of the alkylating agent would favor our
desired regioisomer, as reported by Vernejoul. The first three
steps of the sequence proceeded without issue. Compound 2
underwent an SyAr reaction with ammonia resulting in
nitroquinoline 3 in high yield, which in turn was reduced
with iron to give diamine 4. Thermal-promoted dehydration
with valeric acid resulted in the formation of the core
imidazolo[4,5-c]quinoline intermediate S. Unfortunately, we
found that the alkylation of 5 proceeded with undesired
regiochemistry, providing 3-alkylated product 6 as the major
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Scheme 1. Synthetic Route to 1 via Intermediate 7
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“Reagents and conditions: (i) NH,OH, dioxane, 120 °C; (ii) NH,Cl, Fe, EtOH, H,O; (iii) valeric acid, 130 °C; (iv) p-nitrobenzyl bromide, DMF;

(v) mCPBA, CHCly; (vi) NH,OH, CHCL; (vii) NH,COOH, Zn, MeOH.

isomer. Only trace amounts of the desired regioisomer 7 were
formed.

Based on the unsuccessful attempts to introduce the benzylic
element late in the sequence, we reverted to a slight
modification of the published synthetic scheme wherein the
benzylic amine is added as the first step in the sequence.
(Scheme 2) SyAr displacement of the 4-chloro moiety of 2
proceeded in high yield with little difficulty, giving 10a—d. The
zinc-mediated reduction of the 3-nitro group resulted in the
production of a side product that severely impacted the yield.
The molecular weight and polarity of this byproduct were
consistent with 2-(4-methoxyphenyl)-1H-imidazo[4,5-c]-
quinoline resulting from a rearrangement through a possible
mechanism shown in Scheme 3. Performing the reaction at
increased temperature exacerbated this problem. However, we
found that using an excess of reagents (10 equiv each of Zn
and ammonium chloride), keeping the reaction at 0 °C, and
strictly controlling the reaction time (~25 min) resulted in
minimal formation of the byproduct while maintaining
reproducible and high yields of compounds 11a—d.

The sequence continued with acylation of the 3-amino
group with valeryl chloride followed by base-promoted
cyclization, giving imidazo[4,5-c]quinolines 12a—d. Amination
of the core quinoline took place in a two-step process involving
N-oxidation with mCPBA followed by treatment with TsCl
and ammonia, giving 13a—d. We found that it was essential
that this reaction be performed in a “two-phase” system
wherein the N-oxide reactant was rapidly stirred in CHCl; and
treated with excess aqueous ammonium hydroxide prior to the
addition of the TsCl. The best yields were obtained when the
reaction mixture was gently heated and the reaction time was
kept under 2 h. Finally, the Boc protecting group was removed
from 13a and 13b with TFA, providing compounds 1 and 14,
respectively. Likewise, the demethylation of 13c and 13d with
BBr; resulted in the clean formation of 15a and 1Sb,
respectively, albeit in low yield.

In comparing the functional activity of these derivatives
(13c, 13d, 1, 14, 15a, and 15b), it became apparent that the
most potent derivative was originally identified as compound 1
(see below). Therefore, compound 1 was used as the starting
material to explore various analogs that incorporated hydro-
phobic tails attached to the anilino moiety. We initially
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presumed that acylation would selectively occur on the anilino
nitrogen rather the amidine of the imidazolo[4,5-c]quinoline
due to the electron-withdrawing effect of the quinoline
nitrogen. However, during EDC couplings to prepare 17a—e,
we frequently observed trace to (sometimes) substantial
amounts of the alternative acylation product in which the
amidine of the core was also acylated (Figure 3, isomer B)
While the byproduct was readily removable by preparative
HPLC, the adverse impact on product yield (particularly at
larger scale) prompted us to investigate whether the selection
of the coupling agent may minimize the formation of this
byproduct. Interestingly, we found that the reactions promoted
by T3P and EEDQ were extremely slow, with minimal product
formation observed after 24 h. On the other hand, we found
that HATU rapidly promoted the desired acylation while
resulting in considerably lower levels of the alternative
acylation product.

The presence of the two acylated isomers in some of the
reactions prompted us to develop an MS/MS method to
conclusively verify which amino group of 1 underwent
acylation. Specifically, we relied on the fragmentation of the
weak benzylic bond, as shown in Figure 3. Fragmentation of
isomer A (the anticipated major product) should result in
fragments A and A’, both of which were observed in the major
product. On the other hand, fragmentation of isomer B should
result in fragments B and B’, both of which were observed in
the minor product. An example of one such structural
determination using this LC—MS/MS fragmentation method
(for compound 17b) is shown in Figure 3. Additional examples
of these structural determinations are shown in Figure SI.

The various analogs described in Scheme 2 were evaluated
in a dose—response assay using a Ramos Blue reporter assay
that has been widely used for assessment of TLR7 agonists.
Ramos cells are a human B-cell lymphoma line that
endogenously expresses TLR1, -2, -4, -7, and -9. The Ramos
Blue cell line (InvivoGen) has been engineered to produce
secreted embryonic alkaline phosphatase (SEAP) in response
to NFxB activation, thereby allowing rapid colorimetric
assessment of TLR7 activation. We previously reported using
this assay system to demonstrate that compound 1 potently
activated the NFxB pathway in response to TLR7
stimulation.'” Accordingly, we performed a dose titration of

https://doi.org/10.1021/acsmedchemlett.3c00260
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Scheme 2. Synthetic Route to 1 and Derivatives via Intermediates 10
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Scheme 3. Proposed Structure of a Byproduct That Complicated the Zinc Reduction of 10c and 10d

OMe OMe OMe
NO, E— — OH —>
N N/

Oc side product

Ramos Blue cells in order to evaluate the potency and efficacy lowest concentration of agonist that resulted in a maximal

of the compounds prepared above (Figure 4). Most NF«B response (Table 1).

compounds elicited a 5—15-fold activation of SEAP compared One of the particular points of interest based on our

to baseline levels. The efficacies of the compounds were previous publication was the role of the anilino nitrogen in

compared using the ECs, as determined by a four-parameter driving the potency of compound 1. We found that

nonlinear regression model, and the C,,, defined to be the replacement of the anilino moiety with a hydroxyl (13c) or
1361 https://doi.org/10.1021/acsmedchemlett.3c00260

ACS Med. Chem. Lett. 2023, 14, 1358—1368


https://pubs.acs.org/doi/10.1021/acsmedchemlett.3c00260?fig=sch2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsmedchemlett.3c00260?fig=sch2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsmedchemlett.3c00260?fig=sch3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsmedchemlett.3c00260?fig=sch3&ref=pdf
pubs.acs.org/acsmedchemlett?ref=pdf
https://doi.org/10.1021/acsmedchemlett.3c00260?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Medicinal Chemistry Letters

pubs.acs.org/acsmedchemlett

R
/
HN— N2 M+H
S~ M f/{\ Y /)
/A S/
Y N/ p = — HN—( +
* HN— - —/ L /7 — N
AN i N | ~< " NN
N X LCMS fragmentation N'( N— LCMS fragmentation Z ﬂ = (,Dl
| ji ) ~ AN L;, - 4L A
E\V,I.N,/ - AN Y@ N7 N R
2 | J\ x PU.S H
S N/ “NH N u R
' 2 .
Fragment A Fragment A’ Isomer A |somer B Fragment B Fragment B
(R = CH,CH,NHBoc)
Isomer A (major, desired) Isomer B (minor, undesired)
241.09 . 2.82e7 . Fragment B’ (-tBu)
100 Fragment. }*/_ Parent—tBuHN)f 82e 100 105.92 Fragment B (-CO2tBuy, [ 1.47e7
e N on L " ’(4
E/:[ \i HN»{ HN—( @ SN o OH
Fragment A (-tBu) SN K, (,f‘% q&( [} SN E)\/\ﬁ*o Fragment 8’
G (Chemical Formula: C.yHygNy Y Lv LA A,
HNJ% Exact Mass: 240 14 { NN H (Chemical Formula: CygHaiNSOs {_/_
,.(// H ; ” “’gl (Chemical Formula: C,7H; NsO Exact Mass: 355.16 uj:— { I
™ ragmen 3 "ﬁ Exact Mass. 31117 356.12 PN N <
% ) AN o o
N e Q" Nz Fragment 8 312.13 412.21 @INJ\N)&A Ao
° \?/ H/N 04— [Chemical Formula: CosHzsNsOs e NAL H ti
S 1059 o) Ve N Exact Mass: 460 22 S r‘f‘:\ 2 Chemical Formula: CotoOs
Chuni;ilaf::;:: g;;r;,g,uzo; (//HC o 461.17 l/\r; Exact Mass: 411.23
(f ) ®/
—f 413.22
220.99 ¥ 462.15 .
® - [Chemical Formula: C;HyN'
24210 Chemica B 517.26 Exact Mass: 106, 07! 295.13 357.16
“hemical Formuia: CsHa N,Oy 31317
Exact Mass: 277 15
107.00  176.97 27 T 241.05
0 20697 35646 41725 50099 o 11591 197.80223.92241: 3311 40098 41718 46117 s1g20
100 150 200 250 300 350 400 450 500 100 150 200 250 300 350 400 450 500

Figure 3. LCMS/MS fragmentation was used to confirm the site of acylation.
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Figure 4. Ramos Blue cells were treated with the shown compounds for 72 h. The dotted blue line represents results for our previously published
parent compound E104 (1). For the sake of clarity, some of the high-concentration data points that elicited negative feedback (or cell toxicity)
were eliminated in order to allow for improved curve fitting. The full curves without any deleted points can be found in the Supporting Information.

methoxy (15a) resulted in an ~3-fold increase in ECg,, from
69 to ~250 nM. Likewise, moving the amine to the meta
position (14) or incorporation of a hydroxyl (15b) or methoxy
(13d) group at the meta position resulted in a modest drop in
potency. Interestingly, acetylation of aniline (16a) had a
minimal impact on the ECy,. Lengthening the amide chain
(16b) or replacement with a small carbamate (16c) was well-
tolerated, giving activity in the 50—80 nM range. However,
more bulky carbamates resulted in a loss of potency (16d,
16e). Given our ultimate interest in incorporating these

1362

agonists into antibody conjugates, we specifically sought to
introduce an amine “handle” onto the side chain (18a—e).
Unfortunately, we found that the primary amine dramatically
reduced the potency of the agonists. Interestingly, however, the
Boc-protected intermediates (17a—e) retained very high
potency—in most cases even exceeding that of the parent
molecule 1. Compound 17b proved to be the most potent
compound of the set, eliciting an ECs, of 18 nM and a C,, of
69 nM.
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Table 1. Results of the Ramos Blue NFkB Reporter Assay and PAMPA Permeability Screening”

compd R, R,
R848 (see Figure 1)
1 —NH, -H
14 -H —NH,
13b —-H —NHBoc
13c —OMe -H
13d —-H —OMe
15a —OH -H
15b -H —OH
16a —NHAc -H
16b —NHC(O)nBu -H
16¢ —NHC(O)OEt -H
16d —NHC(0)OiPr -H
16e —NHC(O)OnBu -H
17a —NHC(O)CH,NHBoc -H
17b —NHC(0)(CH,),NHBoc -H
17¢ —NHC(0)(CH,);NHBoc -H
17d —NHC(0)(CH,),NHBoc -H
17e —NHC(0)(CH,);NHBoc -H
18a —NHC(O)CH,NH, —-H
18b —NHC(0)(CH,),NH, -H
18¢ —NHC(0)(CH,);NH, -H
18d —NHC(0)(CH,),NH, -H
18e —NHC(0)(CH,)NH, -H

R4

R2

N
X
C@
N~ “NH,

ECsp (nM)
616 + 24
69 + 10
199 + 26
1310 + 230
232 + 0.9
540 + 14
275 £ 29
231 +7
107 + 10
59 +4
84 £ 4
168 + 7
344 + 9
44 £2
18+1
39+3
62+5
176 £ 9
209 + 12
2060 + 92
840 + 60
1340 + S1
485 = 14

Cax (nM)

1870
620
620
5600
620
1870
1870
620
620
210
210
620
1870
210
69
210
210
620
620
5600
1870
5600
5600

P,,, (107° cm/s)
5.30
8.51
5.26
1.24
401
2.50
3.06
0.98
3.45
1.59
8.78
512

142
4.48
0.434
1.33
1.95
1.91
0.834
0.131°
0.159
0.838
0.436

log P,
—5.29
—5.08
—5.28
—5.91
—5.58
—5.62
—5.52
—6.02
—5.46
—5.80
—-5.07
—-5.29
—4.85
—-5.35
—6.36
—5.88
-=5.73
—-5.73
—6.08
—6.89”
—6.80
—6.11
—6.36

“All experiments were performed in triplicate, and the numbers shown represent averages of three experiments. bPermeability was assessed using

the absorbance at 320 nm instead of 280 nm.

In parallel with the Ramos Blue functional assay, we also
assessed the apparent permeability (P,,,) of each compound
using a parallel artificial membrane permeability assay
(PAMPA).>" We employed a commercial PAMPA kit
(Corning 353015) that uses an artificial cell membrane
composed of a lipid/oil/lipid trilayer arranged in a 96-well
plate format with donor and acceptor wells. As can be seen in
Figure S, compound 1 exhibited permeability comparable to
that of R848 in spite of its 10-fold improved potency. As
anticipated, incorporation of primary alkyl amines into the
TLR7 agonists (18a—e) tended to result in reduced
permeability, while compounds which incorporated a hydro-
phobic side chain (16a—17e) tended to exhibit comparable or
improved permeability. There was a slight apparent correlation
between permeability and potency (Figure 5), which is perhaps
not surprising given that TLRs are endosomal proteins.

While the identification of derivatives with retained/
increased potency (ie., 16a—c and 17a—c) was encouraging,
these analogs did not have a readily available site for
attachment of an ADC linker. Acylation of the aniline nitrogen
made it nonreactive for the addition of a linker, while initial
attempts to add a linker to the amidine nitrogen of the
imidazole[4,5-c]quinoline core proved to be challenging due to
its poor nucleophilicity (Figure 6). Therefore, we attempted to
retain the aniline nitrogen by introducing a hydrophobic tail to
compound 1 using reductive amination, hoping to see a similar

@ 16e
-5 1 16¢
5 0 5
a 7ag 16a OO A R848
2 ® 15a
= 17d ® ™ giad
o 16 o ]5%0
° 17e ! o'
8) -6- 17¢ @ P4
- ®17b 18a o,
® 15 18:
.7-
N LN LN
Q A
QO Q
ECs50 (M)

Figure 5. Plot of potency vs permeability. For comparison, compound
1 (E104) is shown with a red star, and R848 is shown with a blue
triangle.

gain in potency as was observed for 16a—c/17a—c.
Unexpectedly, the resulting compounds (19a—d) exhibited
dramatically reduced potency against TLR7. This prompted us
to perform ligand docking studies using the published crystal
structure of R848 bound to TLR7 (PDB entry SGMH) in
order to understand the reduced activity.””
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Figure 6. Reductive amination of 1 provided analogs 19a—d that retained a nucleophilic aniline group for linker attachment.

B)

Molecule TLR7 EC50

Docking score

(kcal/mol) (M)
-89 0.616
93 0.059
9.7 0.018
-6.2 >30

F351 Hydrophobic Interactior

17b

Figure 7. Molecular docking was performed to better understand the potency. (A) Crystal structure of monkey TLR7 bound to R848 (PDB entry
SGMH). (B) Docking results for R848, 16b, 17b, and 19b compared to the experimental binding affinity as shown in Table 1. (C) Predicted
interactions of compound 17b with the TLR7 guanosine binding site. (D) Illustration of the key interactions observed between compound 17b and

the binding site.

TLR7 is an m-shaped dimeric dual receptor that has two
distinct ligand-binding sites, one of which binds to small
ligands such as guanosine and imidazoquinolines. This
conserved binding site (found in both TLR7 and TLR8) is
embedded at the dimerization interface of the two TLR7
monomers (Figure 7a, shown in green and cyan). Four
representative ligands were selected for the comparative ligand-
docking study (R848, 16b, 17b, and 19b). R848 is a well-
known TLR7/8 ligand and was selected as a control for our
comparative docking analysis. It is reported that R848 interacts
with residues F349, F351, Y356, F408, V381, D555%, L557%,
G584*, and TS86* (note that the asterisk differentiates
between the two TLR7 monomers). We constructed the grid
for targeted docking based on these residues. Using this
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constrained model, we validated our approach by docking
R848 to the guanosine binding site. Encouragingly, our model
predicted a nearly identical binding mode as found in the
reported crystal structure (Figure S6).

Having successfully recapitulated the published binding
mode of R848, we next performed the same docking exercise
using 16b, 17b, and 19b to understand the results obtained in
the in vitro assays. As shown in Figure 7b, the docking scores
for 16b and 17b were significantly lower than the docking
score for R848 (—9.3 and —9.7 kcal/mol vs —8.9 kcal/mol).
This is consistent with the significantly improved ECj, for
compounds 16b and 17b compared to R848 (Figure 7b and
Table 1). In contrast, compound 19b was found to have a far

https://doi.org/10.1021/acsmedchemlett.3c00260
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Figure 8. Lead agonists were evaluated in a variety of functional assays. (A) Induction of IFNa and TNFa in human PBMCs. (B) Activation of
hTLR7 and hTLRS reporter cells. (C) Activation of hMDM:s at 80, 400, and 2000 nM. (D) Activation of a mouse macrophage cell line (RAW

dual).

higher docking score (—6.2 kcal/mol), consistent with the very
weak potency observed for this compound (>30 uM).

To better understand the results, we looked at the binding
site interactions of these molecules compared to R848. Similar
to R848, the cores of 16b and 17b form 7—x interactions with
F408 and Y356. Likewise, the amidines of both molecules form
hydrogen-bonding interactions with D555% and T586*. The
acyl side chain of 17b reaches into a part of the pocket
unoccupied by R848, forming interactions with N534, HSSS,
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and F507, perhaps explaining the increased potency for this
molecule (Figure 7C,D). Likewise, the acyl side chain from
compound 16b reaches into the same region of the binding
pocket but is unable to make the additional hydrogen-bonding
interactions observed for 17b. In contrast, compound 19b,
which replaces the more rigid acyl group with a fully rotatable
single bond, exhibited a far lower docking score, perhaps by
virtue of the increased entropic penalty associated with the
binding of the flexible hydrophobic tail. Consistent with this

https://doi.org/10.1021/acsmedchemlett.3c00260
ACS Med. Chem. Lett. 2023, 14, 1358—1368


https://pubs.acs.org/doi/10.1021/acsmedchemlett.3c00260?fig=fig8&ref=pdf
https://pubs.acs.org/doi/10.1021/acsmedchemlett.3c00260?fig=fig8&ref=pdf
https://pubs.acs.org/doi/10.1021/acsmedchemlett.3c00260?fig=fig8&ref=pdf
https://pubs.acs.org/doi/10.1021/acsmedchemlett.3c00260?fig=fig8&ref=pdf
pubs.acs.org/acsmedchemlett?ref=pdf
https://doi.org/10.1021/acsmedchemlett.3c00260?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Medicinal Chemistry Letters

pubs.acs.org/acsmedchemlett

hypothesis, the only alkyl analogue that had measurable
activation of the TLR7 receptor was compound 19a, which
had the shortest alkyl tail, thus paying the lowest entropic
penalty. Interestingly, the predicted lowest-energy docking
structure of 19b exhibited a conformation completely different
from that of the other three inhibitors and made completely
different interactions with the TLR7 binding site (see Figure
S6).

A subset of three highly permeable and highly potent
derivatives of 1 were selected for more detailed functional
studies (16b, 16d, and 17b). We were particularly interested in
compound 17b given that it was ~35-fold more potent than
R848 and ~4—10 times more potent than compound 1
without exhibiting a loss of permeability. Compounds 16b,
16d, and 17b were found to potently induce the release of
IFNa upon incubation with human PBMCs, likely due to
stimulation of plasmacytoid dendritic cells (PDCs)”™* (Figure
8A, left). The compounds also induced the release of TNFa
from PBMCs (Figure 8A, right). Consistent with the SAR
described above, compounds 17b and 16b were both 5—15-
fold more potent than compound 1 in this PBMC assay, while
compound 16d had equivalent or marginally lower activity
than 1.

The induction of TNFa from the PBMCs was unanticipated.
While the absolute amount of TNFa release was relatively
small (LPS often elicits the release of ng/mL concentrations of
TNFa in PBMCs), the dose response was quite clear.
Monocytes, the main circulating cell type involved in TNFa
release, are well-known to release TNFa in response to TLR8
agonists. Therefore, we speculated that the addition of the
hydrophobic tailpiece onto the amine handle had inadvertently
resulted in a gain of TLRS activity. However, this proved not
to be the case. As shown in Figure 8B, we directly compared
compound 17b in TLR7 and TLR8 reporter cell lines and
found that the TLR7-overexpressing reporter line was ~500—
1000 times more responsive than the TLR8-overexpressing cell
line. Indeed, no activation of hTLR8 was observed below
concentrations of ~10 M, while concentrations as low as 16
nM elicited full activation of hTLR7. Consistent with the
Ramos Blue data (Table 1), compound 17b was >5-fold more
active against TLR7 than compound 1 (Figure 8B, left), In
order to further confirm the lack of TLRS involvement, we
looked for cytokine release from monocyte-derived macro-
phages (hMDMs). PBMC-derived monocytes were cultured
with 50 ng/mL recombinant human granulocyte-macrophage
colony-stimulating factor (hGMCSF) for 6 days in order to
induce differentiation into a “neutral macrophage” cell type.
Macrophages were treated with various TLR agonists at 80,
400, or 2000 nM, as shown in Figure 8C. Interestingly, only
the selective TLR8 agonist (motolimod) and the dual TLR7/8
agonist (R848) induced significant release of TNFa and IL6.
Compound 17b induced a slight release of TNFa, but only at
2000 nM—a dose which, according to Figure 8B, may result in
slight TLR8 activation. No release of IL-1b, IL-12 p70, IL-10,
IL-2, or IFNy was observed for any of the treatment groups
(data not shown). These results suggest that the TNFa release
in PBMCs (Figure 8B) is not derived from monocytes or
macrophages.

Importantly, all the studies shown in Figures 4 and 8A—C
involve human cells. Our aforementioned ADC study showed
that ADCs releasing compound 1 induced tumor regression in
a mouse xenograft model. Thus, in order to pave the way for
future in vivo studies, we wanted to show that these
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compounds can also activate mouse lymphocyte cell lines.
RAW 264.7 cells are a widely used mouse macrophage line that
responds to various TLR agonists.”* Unlike human macro-
phages, mouse macrophages are known to express high levels
of TLR7. Using a commercial NF«B reporter version of this
cell line (Invivogen), we demonstrated that compounds 16b
and 16d exhibit equivalent or slightly improved potency
compared to compound 1. Unexpectedly, compound 17b was
slightly less potent than compound 1 (Figure 8D). The reason
for this discrepancy is not clear at this time but may simply be
due to slight sequence differences between the mouse and
human receptors.

TLR7 agonists have significant therapeutic potential in a
variety of oncology, infectious disease, and autoimmune
disease states. However, to date, the immunological risks
associated with TLR7 agonism have prevented therapeutic
programs from progressing, thereby illustrating the importance
of targeted delivery approaches. We recently reported a potent
TLR7-selective agonist 1 that could be delivered by ADC
technology to elicit potent anticancer activity. Herein we have
described synthetic chemistry and SAR studies to understand
and improve the potency and permeability of 1 for
incorporation into next-generation immune-stimulating
ADCs. We designed a small set of 25 analogs of compound
1 with a particular focus on understanding the SAR around the
benzylic “headpiece” of the molecule. Each analogue was
initially evaluated in a TLR7-expressing B-cell reporter assay
and a PAMPA permeability assay. We found that addition of
hydrophobic acyl tails onto the aniline moiety of parent
compound 1 generally resulted in retained or improved TLR7
agonist activity without sacrificing the permeability or the
selectivity over TLR8. The addition of hydrophobic alkyl
groups to the same site unexpectedly resulted in a dramatic
loss in potency. We ultimately identified compounds 17b, 16b,
and 16d as highly potent TLR7 agonists, which were further
profiled in a variety of functional assays. Specifically, we
showed that the three lead compounds potently induce the
release of IFNa and TNFa from hPBMCs at low-nanomolar
concentrations. One of these compounds (17b) was shown to
be >500-fold selective for TLR7 over TLRS8. As anticipated,
these compounds were shown to result in activation of the
NFxB pathway in a mouse macrophage cell line, thus
supporting their further exploration in immuno-oncology
applications. We believe that these leads will serve as useful
starting points for next-generation immune-stimulating ADC

technology.
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