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Aryl alkyl sulfones are an important class of compounds in drug discovery; thus, new methods toward their
synthesis are desirable. A general sulfur fluoride exchange (SuFEx) method to couple aryl sulfonyl fluorides
with alkyl carbon pronucleophiles to make aryl alkyl sulfones is described. The reaction was applied to
a diverse set of pronucleophiles, including esters, amides, heteroarenes, nitriles, sulfones, sulfoxides, and

Received 28th May 2025 . . " N —_— )
Accepted 6th August 2025 sulfonamides, at room temperature under mild conditions. We highlight the application of this
transformation in parallel medicinal chemistry for the high-throughput generation of a broad array of aryl

DOI: 10.1035/d55c03893f alkyl sulfones. Lastly, we apply this method to the late-state SuFEx derivatization of a complex sulfonyl
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Introduction

Sulfones are sulfur(vi) compounds representing over 8% of all
sulfur-containing FDA-approved drugs." A subset of these
compounds are aryl alkyl sulfones, with applications ranging
from COX-2 inhibitors to anti-cancer agents (Fig. 1). Tradi-
tionally, synthetic routes to aryl alkyl sulfones proceed by add-
ing nucleophilic aryl or alkyl sulfinates or thiols to halogenated
carbon electrophiles (Fig. 2a).>® Potential limitations of this
approach include the need for pre-functionalized carbon elec-
trophiles, the limited structural diversity available for aryl sul-
finates, and the functional group incompatibility of oxidative
conditions required when using thiols.® Alternatively, strategies
that use sulfur electrophiles and carbon nucleophiles to access
aryl alkyl sulfones are underexplored.*®"* Direct coupling of aryl
S(vi) halides with alkyl carbon pronucleophiles offers two
diverse handles to access aryl alkyl sulfones and obviates the
need to generate pre-activated carbon electrophiles. Incorpo-
rating sp® carbon fragments (Fsp®) is one way to improve key
physical properties of drug molecules, including solubility.*
Thus, robust methods to incorporate sp® carbon centers into
sulfones are highly attractive.

Since the re-introduction of S(vi) fluoride chemistry by
Sharpless in 2014, innovations in the field have pushed the
frontiers of material science, chemical biology, and synthesis.*®
New methods in preparing sulfonyl fluorides in conjunction
with sulfur fluoride exchange (SuFEx) chemistry have
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demonstrated that sulfonyl fluorides are viable synthetic
precursors for sulfonylation chemistry.**” Most approaches for
carbon nucleophile addition to sulfonyl fluorides rely on aryl
organoboronic acids,'® aryl organomagnesium reagents," or
styrene reagents.”® Comparatively, there are limited instances of
SuFEx involving sulfonyl fluorides and alkyl nucleophiles.*
Examples reacting aryl sulfonyl fluorides and alkyl carbon
pronucleophiles are limited to allylic malonates and a few esters
(Fig. 2b),>** despite other pronucleophiles having pK, values in
a similar range (Fig. 2¢).?® Notably, few examples of SuFEx with
alkyl esters can be found in the literature, and these reactions
must be run at low temperatures (Fig. 2b).>*

The tempered reactivity of aryl sulfonyl fluorides improves
their compatibility with Brensted bases relative to their sulfonyl
chloride congeners.”” We reasoned that the improved stability
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Fig. 1 Aryl alkyl sulfone-based drug compounds.
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Fig. 2 Strategies to synthesize aryl alkyl sulfones.

Table 1 Optimization studies®

00 Base oL
b4 MeOzC\O (2 equiv) @/ sfjcone
F + E——
©/ N‘Me solvent,
0°Ctort,3h N
(1 equiv) (1.5 equiv) Me

1 2a 3a
Entry Solvent Base Yield (%)
1 DME LiHMDS 77
2 DME NaHMDS 27
3 DME KHMDS 48
4 DME LiOtBu 0
5 DME KOtBu 0
6 Toluene LiHMDS 67
7 DMF LiHMDS 58
8 2-MeTHF LiHMDS 64
9 Dioxane LiHMDS 61
10 DMPU LiHMDS 54

“ Reaction conditions: benzenesulfonyl fluoride 1 (0.25 mmol, 1 equiv.),
methyl ester 2a (0.375 mmol, 1.5 equiv.), solvent (0.25 M) at 0 °C, and
base (0.50 mmol, 2 equiv.) 0 °C to r.t., 3 h. LC-MS detected products,
and yields were determined by 'H NMR spectroscopy using 1,3,5-
trimethoxybenzene as an internal standard.
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of sulfonyl fluorides could be leveraged to expand the scope of
carbon pronucleophiles coupling partners, thereby introducing
new molecular architectures previously inaccessible using
SuFEx chemistry. Herein, we describe a unified set of reaction
conditions using LiHMDS, which effectively facilitates the
addition of various carbon pronucleophiles to aryl sulfonyl
fluorides under mild conditions. Aryl alkyl sulfones are readily
accessed from alkyl esters, amides, sulfones, sulfoxides,
sulfonamides, heteroarenes, and nitriles. Next, we demonstrate
the robustness of this protocol in parallel medicinal chemistry
experiments to create a library of amide-based sulfones. Lastly,
late-stage functionalization of a drug-like compound is shown
with several pronucleophiles under these reaction conditions
(Fig. 2d).

Results and discussion

We first subjected benzenesulfonyl fluoride 1 and methyl ester
2a to LiHMDS in 1,2-dimethoxyethane (DME). Fortunately, o-
sulfone ester 3a was formed in 77% yield by '"H NMR spec-
troscopy (Table 1 and entry 1). In DME, other bases, including
KHMDS, NaHMDS, LiO¢Bu, and KOtBu, gave significantly
reduced yields of 3a (Table 1 and entries 2-5). With LiHMDS
demonstrated as an efficient base, we screened several other
solvents and determined DME was the optimal solvent
explored. Notably, subjecting benzenesulfonyl chloride to the
reaction conditions did not result in any detectable formation
of 3a by LC-MS.

With optimized SuFEx conditions in hand, we next wanted
to explore if we could induce decarboxylative conditions to
convert a-sulfone ester 3a to aryl alkyl sulfone 4a. While there

Table 2 Synthesis of a-sulfone ester 3a and decarboxylation studies®

\\ O Meo ,C LiHMEI';)'\SA éz eq.) CO,Me
©/ \G _ OClorth
8uFEx
2a u-sulfone ester 3a
55% isolated
base (equiv)

\\ //

o Q,,

DME, 100 °C, 16h

decarboxylation
sulfone, 4a
Entry Base Equiv. Yield of 4a (%)
1 DABCO 10 97
2 LiOH 2 97
3 Quinuclidine 2 72
4 Quinuclidine 3 90
5 TBD 2 92

¢ Reaction conditions: 3a (0.20 mmol, 1 equiv.), DME (0.80 mL, 0.25 M),
and base (0.40-2.0 mmol), 100 °C, 16 h. LC-MS detected products, and
yields were determined by 'H NMR spectroscopy using 1,3,5-
trimethoxybenzene as an internal standard.

© 2025 The Author(s). Published by the Royal Society of Chemistry
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are a few examples of SuFEx using sulfonyl fluorides and esters
to form o-sulfone esters,>*>* cases that demonstrate decar-
boxylation of these products to form aryl alkyl sulfones are
limited to heteroaryl a-sulfone esters or a-monofluorinated
sulfones.”®*° First, sulfone ester 3a was isolated using the
SuFEx reaction conditions in 55% isolated yield (Table 2).
Next, we screened a series of bases to promote decarboxylation
of 3a to form aryl alkyl sulfone 4a. DABCO (10 equiv.) provided
sulfone 4a with a 97% yield (Table 2 and entry 1).** Other
bases, including LiOH, TBD, and quinuclidine, were effective
for decarboxylation, providing 4a in 72% to 97% yield with
only 2 to 3 equiv. of base.

Next, we investigated the scope of SuFEx of sulfonyl fluorides
with esters. Gratifyingly, cyclic and acyclic esters successfully
underwent SuFEx to form a-sulfone esters 3a-3e in 13-68%
yields (Table 3). With the a-sulfone esters in hand, we wanted to
demonstrate a one-pot SuFEx/decarboxylation to form aryl alkyl
sulfones. Although several bases were effective for the decar-
boxylation of the isolated ester intermediate, we found DABCO
and quinuclidine were the most compatible for a one-pot
process.*” Using these conditions, aryl alkyl sulfones 4a-4d
were successfully prepared in 13-65% yield. Notably, the

Table 3 LiHMDS-mediated SUFEx with esters®?
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decarboxylated sulfone yields mirrored that of the isolated o-
sulfone esters (Table 3). This is consistent with the observation
that decarboxylation from a-sulfone esters to aryl alkyl sulfones
is nearly quantitative (Table 2).

Other classes of organic compounds possess suitably acidic
alpha hydrogens and could serve as carbon pronucleophiles for
SuFEx (Fig. 2c). We envisioned that these carbon pronucleo-
philes could be utilized to expand the scope of architectures
accessible via SUFEx. Sulfones with amide moieties — amido-
sulfones — have shown promise as protein inhibitors and have
antihyperglycemic activity.**** Gratifyingly, cyclic and acyclic
amides successfully underwent SuFEx to generate amidosulfo-
nes 5a-5j in 16-76% yields (Table 4). SuFEx was successful with
amides with electron-rich (5¢) and tertiary substitution (5f) at
the alpha carbon. The reaction is also tolerant to amides with
alkene and free amine functional groups, forming amido-
sulfones 5d and 5e in 76% and 51% yields, respectively. The
reaction works with aryl sulfonyl fluorides bearing halogen
groups (5¢-5f) and ortho-substitution (5e-5f), with no evidence
of competing halide substitution.

In addition to amides, alkyl heteroarenes were also demon-
strated to be effective pronucleophiles for SuFEx. Aryl alkyl

LiHMDS
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) : 00
O\\S/P Rl_COMe 280V A 8" _coMe | (10equiv) Ar,“s” R2
Ar” CF+ DME ’ 1 p2 100°C, 24h Y
R? 0°Ctort R'R R!
1 2 3h 3 4

-°— a-Sulfone esters from SuFEx

32 Me 3b

55%
oL
/©/S CO;Me
:
N
3d

13%

60%

\\ //

o T

13%

@ o f o

-o— Sulfones from one-pot SuFEx/decarboxylation

CO;Me
NBoc

3c

80%

N/

eO o
3e

68%

RV
/@/s\/\/\/’v‘e
Br
4b

43%

\\ //

Q‘O

65%

“ Isolated yields. ”

Reaction conditions: part A (SUFEx), ArSO,F (1.0 mmol, 1 equiv.), methyl ester (2.0 mmol, 2 equiv.), DME (3.33 mL) and LiHMDS

(1 M in THF, 1.0-2.0 mmol, 2 equiv.), 0 °C to r.t., 3 h Part B (one pot SuFEx/decarboxylatlon) SuFEx condltlons then DABCO (10 mmol, 10 equiv.),

100 °C for 24 h. “ Reaction wasrunonalg scale

© 2025 The Author(s). Published by the Royal Society of Chemistry

Reaction was run with quinuclidine (3.0 mmol, 3 equiv.).
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Table 4 LiHMDS-mediated SUFEx with carbon pronucleophiles®?
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Alkyl heteroarenes/Nitriles

\* N gl

5k 5l 5m
60% 40% 6%
Methy! sulf; /Sulfonamid foxid:
Q.00 0,00 0 Q0 9
[ jSVS\Ph [ j/s S Nite, [jsvs Ph

Br CN MeO
5q 5r 5s
76% 55% 47%

¢ Reaction conditions: ArSO,F (0.50— 1 0 mmol, 1 equiv.), pronucleophile (1.0-2.0 mmol, 1-2 equiv.), DME (0.3 M), and LIHMDS (1 M in THF, 1.0-

2.0 mmol, 2 equiv.), 0 °C to r.t, 3 h. ? Isolated yields.

sulfones derived from alkyl benzothiazole and pyridine (5k-5n)
pronucleophiles were synthesized in 40% to 82% yields (Table
4). Nitriles were also compatible pronucleophiles, providing 50
and 5p in 77% and 57% yield, respectively (Table 4). Lastly,
under our conditions, methyl sulfones, sulfonamides, and
sulfoxides were successful SuFEx pronucleophiles, providing
5q-5s in 47-76% yield (Table 4). This is the first account of
amides, heteroarenes, oxidized sulfur species, and nitriles
serving as carbon pronucleophiles in SuFEx chemistry.

Parallel medicinal chemistry (PMC) is an effective tool used
in drug discovery to rapidly generate compound libraries for
structure-activity relationships (SAR) and identification of lead
compounds. Often conducted on the micromole scale, the
reactions used for PMC require functional group tolerance and
a simple reaction setup. Additionally, PMC processes employ
automated liquid handling, HPLC purification of the final
product, and analytical techniques for product identification,
which facilitate the efficient synthesis of numerous compounds
in a parallel or single manner.

To investigate our LiHMDS-mediated SuFEx reaction for
PMC, we decided to leverage the vast amide catalog at Pfizer to
demonstrate the scope of amides as pronucleophile coupling
partners. To assess how well our reaction conditions trans-
lated to PMC, we started on a traditional 50 umol scale using 4-
methoxybenzene sulfonyl fluoride as a SuFEx coupling
partner. Amides were chosen based on the following criteria:
(1) their success rate in screens of other PMC campaigns, (2)
compatibility with LiHMDS, (3) avoidance of other acidic
hydrogens that could compete with the desired reaction, and

16066 | Chem. Sci., 2025, 16, 16063-16069

(4) their availability in the Pfizer catalog. A successful hit
required product detection by LC/MS and >0.3 mg of isolable
product.*® Using a set of 15 amides, our protocol produced
amidosulfones 13a-13h with a favorable 62% success rate
(Table 5, see SI). Encouraged by these results, we next con-
ducted a broader PMC study with 17 amides and four model
sulfonyl fluorides featuring halogens (Br/Cl) and electron-
withdrawing groups (CN) on the aryl group as well as
a heteroarene (quinoline). Notably, this PMC screen was con-
ducted on a 10 umol scale, with the smaller scale testing the
method's robustness. Overall, 29 products were detected and
isolated from the screen (Table 5). 4-Bromobenzene sulfonyl
fluoride had the most successful hit rate, with 11 out of 14
amides (79%) providing products 14a-14k. Success rates
decreased using 4-cyano (57%) and 3-chloro-4-methyl (43%)
substituted sulfonyl fluorides (see SI). Quinoline-6-sulfonyl
fluoride was the least successful SuFEx substrate with only
one isolable product (7%). Notably, three products, 16¢, 17b
and 17c, were detected by LC/MS; however, the amount of
material present was insufficient to isolate. These compounds
were not counted in the success rate (Table 5). All isolable
products were characterized by LC/MS, and details regarding
successful and unsuccessful hits can be found in the SI.
Lastly, we demonstrated this method in the late-stage func-
tionalization of a complex target. First, we synthesized
a sulfonyl fluoride derivative of sildenafil (18).>° This template
was successfully derivatized with a methyl benzothiazole, an
alkyl amide, and a methyl ester to give products 19-22 in 40—
66% yields (Table 6). Under our DABCO decarboxylation

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Table 5 PMC studies of sulfonyl fluorides with amide pronucleophiles®®
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Ar = 4-OMePh, 7 15 amides (50 pmol PMC), 12 Ar = 4-OMePh, 6
4-BrPh, 8 17 amides (10 pmol PMC), 13 4-BrPh, 14
4-CNPh, 9 4-CNPh, 15
3-Cl, 4 Me-Ph, 10 3-Cl, 4 Me-Ph, 16
5-quinoline, 11 5-quinoline, 17
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Isolable hits: 8/13, Isolable hits: 11/14, Isolable hits: 8/14, Isolable hits: 6/14, Isolable hits: 1/14,
Success rate: 62% Success rate: 79% Success rate: 57% Success rate: 43% Success rate: 7%

“ Reaction conditions: for 50 pmol PMC, a stock solution of 7 (50 pmol, 1 equiv. per reaction) in DME (170 pL, per reaction) was added to 75 pmol of
pre-weighed monomer (1.5 equiv.) and cooled to 7 °C. Next, a stock solution of LIHMDS (100 pumol, 2 equiv., per reaction) in THF (100 pL per
reaction) was added, r.t. for 4 h. For 10 pmol PMC, a stock solution of ArSO,F monomers (10 pmol, 1 equiv., per reaction) in DME (59 pL, per
reactlon) was added to 75 pmol of pre-weighed monomer (1.5 equiv.) at 7 °C. Next, a stock solution of LIHMDS (20 pmol, 2 equiv., per reaction)
in DME (20 pL per reaction) was added, r.t. for 3 h. © A trace amount of product was detected by LC/MS, but levels were too low for isolation.
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Table 6 Sulfone derivatives of sildenafil®®
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Me
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e

40%
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¢ Reaction conditions: for SUFEX; 19-21 (0.10 mmol, 1 equiv.), pronucleophile (0.20 mmol, 2 equiv.), DME (3.3 mL) at 0 °C, then LIHMDS (1 M in
THF, 2.5-3.0 mmol, 2 equiv.), 0 °C to r.t., 3 h. For decarboxylatlon (22); a-sulfone ester 21 (0.029 mmol, 1 equiv.), DABCO (0.29 mmol, 10 equiv), DME

(0.19 mL), 100 °C, 24 h. ® Isolated yields.

conditions, 21 could be converted to sulfone 22 in 53% yield.
Notably, the acidic N-H bond in the sildenafil scaffold does not
interfere with this reaction.

Conclusions

In conclusion, we have developed and optimized a SuFEx
method to make aryl alkyl sulfones from a range of pronu-
cleophiles and aryl sulfonyl fluorides. Alkyl esters, amides,
heteroarenes, nitriles, sulfoxides, sulfones, and sulfonamides
were demonstrated as compatible pronucleophiles. The method
was successfully applied to parallel medicinal chemistry
experiments, generating a diverse set of amidosulfones. Lastly,
the late-stage functionalization of a sildenafil sulfonyl fluoride
derivative 18 was exemplified using a methyl heteroarene,
amide, and ester. This method provides a convenient and
general approach to access aryl alkyl sulfones and establishes
carbon pronucleophiles as viable nucleophilic partners for
SuFEx.
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