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ABSTRACT: In recent drug development efforts, particular emphasis has been
devoted to the chemical interference with the NLRP3 inflammasome. A series of
12 tailored sulfonylureas was designed, prepared through convergent syntheses
with a final sodium hydride-promoted reaction of isocyanates and sulfonamides,
and subjected to a systematic, high-performance liquid chromatography-based
survey of the chemical stability, a critical issue of sulfonylureas in terms of
preparation, storage, and application. NLRP3 binding was determined by surface
plasmon resonance spectroscopy. Sulfonylurea 2 was identified to be equipotent
and similarly stable compared to the prototypical NLRP3 inhibitor MCC950.

■ INTRODUCTION
Sulfonylureas had been the first-line drugs for diabetics for
almost 6 decades. Their molecular targets, sulfonylurea
receptors, are subunits of the octameric ATP-sensitive
potassium channels. Upon sulfonylurea binding, the potassium
efflux is decreased and the voltage-gated calcium channels are
activated, ultimately leading to insulin secretion.1 In 2001, an
established antidiabetic drug, glibenclamide, was observed to
inhibit the formation of mature interleukin-1β.2 Sulfonylureas
that affect the accompanied cellular response have been
designated cytokine release inhibitory drugs (CRIDs).2 The
most prominent representative of this class of compounds,3,4

the diaryl sulfonylurea derivative MCC950 (1, Table 1), is also
referred to as CRID3 or CP-456,773. Some of its relatives, but
not MCC950 itself, were able to stimulate insulin secretion.5

The anti-inflammatory activity of MCC950 was attributed to
the inhibition of the NLRP3 inflammasome.6 This finding
paved the way for further studies on the specific interaction of
the NLRP3 inflammasome with low-molecular-weight, drug-
like compounds, which proved of great value as pharmaco-
logical tool compounds7,8 and progressed into clinical trials.9

NLRP3 is a tripartite inflammasome sensor protein.10 Its
activation can be ubiquitously triggered by damage- or
pathogen-associated molecular patterns, which leads to the
oligomerization of NLRP3, followed by the recruitment of the
adaptor protein ASC and pro-caspase-1 to an intracellular
supramolecular complex. The assembly of the inflammasome
platform induces the autoactivation of caspase-1. Acting as an
effector protein, it cleaves pro-interleukin-1β and pro-
interleukin-18 to the mature cytokines and gasdermin-D to
its N- and C-terminal domains. Subsequently, the gasdermin-D
N-terminal domain forms membrane pores resulting in
pyroptosis and the secretion of the pro-inflammatory
cytokines.11 NLPR3 has attracted great attention as a major
therapeutic target and a key player in a variety of pathologies,

for example, rheumatoid arthritis, osteoarthritis, Crohn’s
disease, gout, coronary artery diseases, hepatic and pulmonary
fibroses, as well as nonalcoholic steatohepatitis.9,12

The molecular interaction of MCC950 and NLPRP3
involves a high-affinity, noncovalent binding of the inhibitor
to the Walker B ATP-hydrolysis motif of the NACHT
domain,7 converting the NLRP3 “open” structure into a
“closed” inactive conformation.7,13,14 Thus, NLRP3 inhibitors
of this chemotype are thought to act as interdomain glues to
lock the protein in an inactive conformation.14

The extraordinary potency of MCC950 with an IC50 value of
7.5 nM was demonstrated in a cell-based interleukin-1β assay.6

Pharmacokinetic studies showed the oral bioavailability and a
plasma half-life of 3.27 h.6 MCC950 metabolites exhibited a
strongly reduced inhibitory activity.15

Despite the resurgence of sulfonylureas as NLRP3-targeting
drug candidates, a systematic study on their chemical stability
has not been conducted yet. We performed a positional
scanning with respect to the substituents at the sulfur and the
terminal nitrogen of the central sulfonylurea core. Whereas the
conventional antidiabetic sulfonylureas comprise N-alkyl, S-
aryl derivatives, we paid attention to the N,S-diaryl substitution
pattern of NLRP3 inflammasome inhibitors.

■ RESULTS AND DISCUSSION

A series of 12 substituted sulfonylureas (Table 1) was
conceptualized in order to stepwise modify the structure of

Received: January 7, 2022
Accepted: February 14, 2022
Published: February 23, 2022

Articlehttp://pubs.acs.org/journal/acsodf

© 2022 The Authors. Published by
American Chemical Society

8158
https://doi.org/10.1021/acsomega.2c00125

ACS Omega 2022, 7, 8158−8162

https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Tim+Keuler"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Dominic+Ferber"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Michael+Marleaux"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Matthias+Geyer"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Michael+Gu%CC%88tschow"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acsomega.2c00125&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c00125?ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c00125?goto=articleMetrics&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c00125?goto=recommendations&?ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c00125?goto=supporting-info&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c00125?fig=abs1&ref=pdf
https://pubs.acs.org/toc/acsodf/7/9?ref=pdf
https://pubs.acs.org/toc/acsodf/7/9?ref=pdf
https://pubs.acs.org/toc/acsodf/7/9?ref=pdf
https://pubs.acs.org/toc/acsodf/7/9?ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://pubs.acs.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://doi.org/10.1021/acsomega.2c00125?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://http://pubs.acs.org/journal/acsodf?ref=pdf
https://http://pubs.acs.org/journal/acsodf?ref=pdf
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://acsopenscience.org/open-access/licensing-options/


MCC950 (1). The preparation of one representative,
compound 2, is depicted in Scheme 1, whereas all other

syntheses are provided in the Supporting Information. There is
extensive patent literature on MCC950 and its relatives. Some
of our test compounds appear in patents,16,17 which is specified
in the Supporting Information. We conceived a common
strategy toward these sulfonylureas. In the case of product 2,
one branch of the convergent synthesis led to 1,2,3,5,6,7-
hexahydro-s-indacen-4-amine (17),4 a key building block for
particularly active NLRP3 inhibitors. Indane (13) was
subjected to a Friedel−Crafts acylation with 3‑chloropropionyl
chloride in dichloromethane in the presence of aluminum
chloride. The resulting ketone 14 underwent Friedel−Crafts
alkylation under much harsher conditions with concd H2SO4
to afford the tricyclic intermediate 15. Deviating from the
reported procedure,4 the substrate for the subsequent nitration
was dissolved in a mixture of CH2Cl2, acetic anhydride, and
acetic acid,18 and fuming HNO3 was slowly added at 0 °C.
Both functionalities of the resulting nitro ketone 16 were
reduced with Pearlman’s catalyst with additive methanesulfonic
acid. We obtained the hexahydro-s-indacen-4-amine 17 after
column chromatography as colorless needles.
The second branch toward sulfonylurea 2 started with

thiophene-3-carboxylic acid (19), which was esterified to 20.
The following one-pot synthesis involved chlorosulfonylation
and ammonolysis to produce the thiophene sulfonamide 21. In
order to introduce the desired tertiary alcohol group, a double
Grignard reaction with methyl magnesium bromide was
employed for the synthesis of 22. Next, we performed the
convergent step to the final sulfonylurea 2. For this purpose,
triethylamine (TEA) was added to a suspension of bis-

Table 1. Sulfonylureas 1−12 and Their Chemical Stability

aAreas under the curve (AUCs) of the chromatograms after 8 h of
incubation at the indicated pH were determined for the test
compound and the internal standard. Ratios were calculated as a
measure of stability using eq S1 (Supporting Information). bRatio
values at nine different time points were plotted versus incubation
time and fitted to the equation of exponential decay. Half-lives, t1/2,
were calculated using eq S2 (Supporting Information). cNot
detectable; no decomposition observed within 8 h.

Scheme 1. Synthesis of Sulfonylurea 2
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(trichloromethyl) carbonate (BTC) in THF at 0 °C, and a
solution of the hexahydro-s-indacen-4-amine 17 in THF was
added slowly to avoid the formation of a symmetrical urea. The
isocyanate 18 was obtained after separation of insoluble
material and, without further purification, combined with a
mixture of sulfonamide 22 and sodium hydride in THF to
afford product 2.16

The first branch to 17 and 18 was also utilized for
sulfonylureas 1,4 3,17 4,17 5, and 619 (Table 1), who share the
hexahydro-s-indacene substituent with 2. The analogous route
via Friedel−Crafts chemistry to the octahydroanthracene
building block for the preparation of 7 was less advantageous
than the catalytic hydrogenation of 9-aminoanthracene (see
the Supporting Information, Scheme S1).
The furan analogue of compound 22 was in principal

prepared as shown in the right branch of Scheme 1 starting
from ethyl 3-furoate, but the conditions of the chlorosulfony-
lation and ammonolysis had to be precisely adapted (Scheme
S3).20 The final step toward all synthesized sulfonylureas was
performed in an analogous manner by reacting the respective
isocyanates and sulfonamides.
This series of sulfonylureas was subjected to stability assays

using an high-performance liquid chromatography (HPLC)
method. We analyzed five different pH conditions. Data are
listed in Table 1 (see also Table S1 and Figures S1−S12). By
trend, all compounds with calculated pKa values in the range of
4−5.5 (https://scifinder-n.cas.org) showed a high stability at
pHs 7.4 and 8.4 but underwent decomposition at pH 1 (Figure
1) and pH 4 to form the corresponding aromatic primary
amine and the corresponding sulfonamide (see Figure S13).

This finding clearly indicated that deprotonation at the
sulfonylurea moiety stabilized the compounds. As reported
for N,S-diaryl sulfonylurea herbicides,21 the neutral form was
more susceptible to hydrolysis than the anionic form with the
negative charge distributed throughout the sulfonylurea
moiety, thus reducing the electrophilicity of the carbonyl
carbon. Accordingly, liquid formulations of N-alkyl-S-aryl
sulfonylureas, for example, glibenclamide, were stable,22 but
not those of N,S-diaryl sulfonylurea herbicides. The latter
could be stabilized by salt formulation.23 Compounds 9−12
exhibited different stability at pH 1, reflecting the electron-
withdrawing (10, 11) or electron-donating (12) properties of
the N-substituent. The glibenclamide fragment 12 with N-alkyl
substitution was the only compound lacking decomposition at
pH 1.
Unexpectedly, the introduction of two trimethylene bridges

at the N-phenyl substituent decreased the stability at pH 1.
The hexahydro-s-indacene containing compounds 4 and 6
showed 12-fold and 6-fold shorter half-lives than their benzene
analogues 8 and 9, respectively. The hexahydro-s-indacene
derivatives 3 and 5 were unstable at pH 1 as well. To ascertain
a specific effect of this tricyclic ring system, we expanded the
adjacent alkylidene units and investigated the octahydroan-
thracene derivative 7, which, however, was similarly unstable as
its counterpart 6. Such a degree of instability at pH 1 is not
only limiting a gastrointestinal passage of compounds when
applied orally but also impedes their preparation and work-up
under acidic conditions.
We analyzed the influence of the tertiary alcohol group on

the compound’s stability and compared 1 with 3, as well as 2
with 4. An unforeseen extension of the half-lives by a factor of
2 and 7, respectively, was determined for 1 and 2, caused by
the presence of the 2-hydroxy-propyl-2-yl residue at position 4
of the furan or thiophene ring. Next, the affinity of selected
diaryl sulfonylureas to human NLRP3 was determined by
surface plasmon resonance (SPR) spectroscopy.
The recombinant biotinylated human NLRP3-NACHT

domain, derived from HEK293T cells, was immobilized on a
streptavidin-functionalized sensor chip, and binding of ligands
was studied in the presence of ADP. Notable NLRP3 affinity
was not expected for compounds 8−12.24 Among the
sulfonylureas 1−7, we selected MCC950 (1), 2, 6, and 7 for
SPR analysis (Figure 2). The SPR data revealed compounds 1
and 2 to be NLRP3 ligands with high affinity (Table 2). Our
finding showed that the exchange of the ring oxygen (in 1) by
sulfur (in 2) was well tolerated, which offers justification for
the development of thiophene-based NLRP3 ligands. This is
also reflected in the patent literature.16 An unsubstituted
aromatic S-substituent reduced the affinity as exemplified with
compound 6, indicating that the tertiary alcohol group (in 1
and 2) contributed to the NLRP3−ligand interaction.
Noteworthy, the replacement of the hexahydro-s-indacene
moiety with an octahydroanthracene moiety caused the total
loss of binding ability of 7.
As a conclusion, our series of MCC950 analogues revealed

that subtle changes in the inhibitor structure influenced
chemical stability under acidic conditions. Truncation of the
alkylidene bridges at the tricyclic unit caused an unanticipated
increase of stability. However, the hexahydro-s-indacene
moiety has commonly been established to achieve NLRP3
inhibition. Our study demonstrated that the stability of
hexahydro-s-indacene-containing compounds can be regained
through the introduction of the tertiary alcohol group, which

Figure 1. Time course of decomposition of sulfonylureas 1−12.
Compounds (0.1 mM) were incubated at 37 °C for 8 h at pH 1 (0.1
M HCl, 20% MeCN) in the presence of an internal standard (0.1
mM) and subjected to HPLC analysis. The ratios are plotted versus
incubation time.
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additionally improved the compounds’ potency. The combi-
nation of both structural features accounts for the high
suitability of MCC950 as a pharmacological tool compound.
With the diaryl sulfonylurea 2, we introduce a thiophene
bioisostere of MCC950 (1), which was equipotent and
similarly stable. This discovery suggests further synthetic
options toward NLRP3 ligands based on thiophene chemistry.

■ ASSOCIATED CONTENT
*sı Supporting Information
The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acsomega.2c00125.

General information, preparation of compounds, ana-
lytical data, HPLC stability, and SPR spectroscopy
measurements (PDF)

■ AUTHOR INFORMATION
Corresponding Author
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Latz, E.; Gütschow, M. Development of fluorescent and biotin probes
targeting NLRP3. Front. Chem. 2021, 9, 642273. (d) Kennedy, C. R.;
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