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space accessible as showcased in over seventy examples, multiple applications in medicinal chemistry,
organocatalysis, and diversity-oriented synthesis. The methods presented herein allow for rapid asymmetric
diversification around a stereodefined sulfur center with readily available building blocks, improving upon the
current state-of-the-art for sulfinyl and sulfonimidoyl synthesis.

H

Introduction

Sulfur in its range of oxidation states is ubiquitous in nature and the modern industrial world. From the
organosulfur compounds found in essential biomolecules such as amino acids (cysteine and methionine) and
vitamins (biotin), to life saving antibiotics (penicillin) and antidiabetic medicines (glibenclamide), sulfur’s rich
chemical and structural diversity has profound impacts on all living organisms.'® Sulfonylureas, such as
glibenclamide, represent an important class of S(VI) functionality that are found in pharmaceuticals and
agrochemicals (Figure 1A).#¢ Recent medicinal chemistry efforts towards the investigation of bioisosteric
replacement groups and the exploration of more sp3-rich chemical space have led to an increased interest in
multi-dimensional groups such as sulfonimidoyls (1, 2), the aza-derivatives of sulfonyls.”-'3 These S(VI) groups
consist of an additional spatial vector and stereogenic sulfur center, have served as bioisoteres for carboxylic
acids and sulfonamides,”'* and are known to have favorable physiochemical properties such as permeability
and total polar surface area,'®'® making them advantageous for pharmaceutical development.

One of the first bioactive sulfonimidoyl ureas was reported by Eli Lilly where the observed oncolytic
activity was determined to be dependent on the S-chirality of 1.5 More recently, sulfonimidoyl ureas have
taken center stage in the development of NLRP3 inhibitors as immunomodulators,'®¢ garnering attention from
companies such as Genentech (2)'7 and Novartis (DFV-890)'8-20—with DFV-890 currently under clinical
evaluation in multiple USFDA trials.?' In addition to promising therapeutics, the S(IV) derivatives have been
developed as highly enantioselective organocatalysts for asymmetric aza-Henry reactions (3),2? 1,4-conjugate
additions,?® and p-amino olefin reductions (4).2425

Conventional synthetic approaches for sulfonyl and sulfonimidoyl ureas rely on the addition of the S(VI)
functionality to isocyanates at the final stage of a synthesis, prohibiting subsequent derivatization at sulfur
(Figure 1B).15-202627 The requisite sulfonimidamides are obtained as racemates through the S(VI)
interconversion of N-protected sulfonamides (5) via deoxychlorination and amine addition,?® or treatment with
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Figure 1: Introduction and background of sulfinyl and sulfonimidoyl functionality. A) Pharmaceutical and catalysis examples. B) Synthetic strategies
of sulfonimidoyl ureas. C) Utilizing +BuSF as a trifunctional reagent for the asymmetric synthesis of sulfinyl and sulfonimidoyl ureas (this work).

organolithium and Grignard reagents to achiral S(IV) electrophiles (e.g. 6, S0O.)2°-% followed by oxidative
amination and N-protection. Although additional methods for the synthesis of sulfonimidamides exist,33-3 they
are not commonly employed for sulfonimidoyl ureas. The relatively high step count to key precursors, lack of
stereochemical control, and the synthetic restrictions related to isocyanates, make these routes less tractable
for future discoveries and manufacturing of this important compound class. Therefore, there is an unmet need
to develop practical and modular methods that utilize diverse and readily available building blocks with
stereocontrol at sulfur, which was surmised to be possible using a trifunctional chiral S(IV) synthon that can be
fully elaborated with carbon and nitrogen nucleophiles (Figure 1B, right).

Inspired by our chiral bifunctional SUFEx reagent +BuSF,*® we envisioned switching the role of the N,N-
diisopropyl urea protecting group through an activation strategy that would introduce a third functional feature
of this reagent platform, increasing the overall utility and addressing the current synthetic limitations of
sulfonimidoyl ureas (Figure 1C). Here we disclose an additional reactivity mode of BuSF in which the bulky
N, N-diisopropylurea serves as an enabling group and undergoes facile amine exchange as sulfinamides (7)
and sulfonimidamides (8), providing two independent routes for rapid diversification around the S(IV) (9) and
S(VI) (10) core with stereochemical control. Moreover, tert-butyl sulfoximines derived from #-BuSF serve as
stereogenically stable S(IV) surrogates that circumvent the traditional stereochemical lability associated with
sulfinamides*?4! by direct conversion to sulfonimidoyl ureas in a single step. The methods herein have
expanded the accessible S(IV) and S(VI) chemical space from #+BuSF, as demonstrated in over seventy
examples, have provided significant improvements in the targeted synthesis of clinical candidates and
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amine exchange—providing entry to S(IV) (9) and S(VI) (10) derivatives. The torsional strain-release promoted
by 1° and 2° amines was found to be highly efficient with N,N-diisopropyl sulfinyl ureas, exhibiting nearly full
conversions in three hours at room temperature, while heating (60—80 °C) was required for sulfonimidoyl
ureas. The observed thermodynamic barrier for S(VI) amine exchange is presumably due to the tautomeric
shift required for N,N-diisopropyl carbamoyl activation along with the decreased amide torsional strain relative
to S(IV) variant.

To investigate this reactivity, a series of phenyl sulfinyl ureas (11) were used to evaluate the amine
exchange with respect to torsional strain and steric bulk around the tertiary amide bond (Figure 2B). Smaller
substituents, such as N,N-dimethyl and -diethyl, adopt a near-planar conformation (dihedral angles of 177—
175°) and exhibit low reactivity (5—7% conversion to 9a within 3 hours) in the presence of morpholine (1 eq.) at
room temperature. Conversely, the larger N-isopropyl-N-methyl group’s increased torsional strain (dihedral
angle of 172°) revealed slightly higher conversion (10%). The strain-release reactivity trend continued with
symmetrical N,N-diisopropyl substituent having the largest change in dihedral angle (159°) and subsequently
increasing amine exchange conversion to 94%. Attempts to exaggerate the torsional strain further with N-tert-
butyl-N-isopropyl (dihedral angle of 139°) and 2,2-6,6-tetramethylpiperidine (TMP) (dihedral angle of 105°)
proved impractical due to product instability.

S(IV) Enantiostability (% e.e.)®
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Based on our current understanding of the sulfinyl urea amine exchange in conjunction with similar
studies of sterically congested electron deficient amides*? and ureas,**4> an addition-elimination pathway at the
crowded urea carbonyl is unlikely. Alternatively, elimination of N,N-diisopropyl amine in the presence of a protic
amine to form a sulfinyl isocyanate intermediate followed by addition of the less bulky amine is more plausible;
although our attempts to identify such an intermediate by analytical or synthetic means have proven unfruitful.
Aside from the reaction mechanism, the capriciousness of S(IV) stereocenters under neutral conditions38:3°
implored us to examine the effects, if any, this transformation has on the distal chiral center. Enantiopure tert-
butyl phenyl sulfoximine 12 was thermally activated using +BuOK over two hours then neutralized to give
sulfinyl urea intermediate 7 that was subsequently treated with morpholine (9a) or aminomethylcyclohexane
(9b) at varying temperatures and reaction times (Figure 2C). To our delight, the stereogenic sulfur center was
unaffected during the amine exchange at room temperature (23 °C) or 60 °C. Although not required, prolonged
heating at 80 °C resulted in stereochemical erosion for secondary and tertiary sulfinyl urea derivatives, and
eventual decomposition (see Supplementary Information S14 for additional details). This S(IV) stereochemical
fidelity analysis during the amine exchange suggested enantiopurity would be conserved when the reactions
were conducted at room temperature. The balanced steric influence of N,N-diisopropyl ureas on amine
exchange, SuFEx chemistry, and overall stability offers a unique versatile synthetic handle for sulfinyl and
sulfonimidoyl synthesis.

Sulfinyl urea scope. With optimal reaction conditions in hand, the scope of the S(IV) reaction was evaluated
(Table 1). Aryl, heteroaryl and alkyl tert-butyl sulfoximines were prepared from +BuSF and used as models for
scope analysis. Following S-activation of their respective #-Bu sulfoximines, the resulting sulfinyl urea
intermediates were treated at room temperature for three to four hours with amines of varying complexity, from
building blocks to advanced pharmaceutical intermediates and drugs. Additionally, the enantiopurity for each
class of sulfinyl derivative was determined after isolation.

Primary aliphatic amines were first evaluated using less sterically hindered benzylic amines and
aminomethyl cyclic amines which exchanged smoothly to provide sulfinyl ureas 9b—9e in excellent yields (86—
98%), with no observable change in enantiomeric excess (>99% e.e.). Furthermore, amino oxetane 9f and N-
Boc protected azetidine 9g were prepared uneventfully, representing common medicinal chemistry fragments.
Interestingly, tert-butyl amine exchanged with N,N-diisopropyl amine in nearly quantitative yield (9h), revealing
no steric limitation for primary amine substrates. In addition to primary aliphatic amines, 1-amino piperidine
was also a compatible nucleophile giving rise to 9i in 85% yield and providing entry to an underexplored class
of sulfinyl ureas.

The decreased basicity and nucleophilicity of aromatic amines contributed to lesser reactivity under
optimized conditions, reaching an equilibrium with the starting N,N-diisopropyl sulfinyl ureas and diminished
yields (ca. 50-60%). Gratifyingly, Bronsted acid additives were found to accelerate amine exchange with less
basic amines and improving target yields up to 88%. Trifluoroacetic acid (TFA) was selected as the ideal
additive due to its role in S-activation and observed reactivity enhancement, making it suitable for one-pot and
telescoped protocols. When optimal conditions were employed for aromatic amine substrates (1 eq. of TFA, 2-
MeTHF or THF, rt), S(IV) derivatives 9j—9m bearing electron withdrawing/donating groups and ortho-
substituents were obtained in 79-88% vyields with no erosion of enantiopurity. Additionally, heteroaryl amines,
3-aminopyridine 9n and 2-aminothiazole 90, were obtained in high yields. Secondary aliphatic amines rapidly
underwent S(IV) amine exchange within three hours at room temperature and in high yields without
consequence for enantiopurity, as demonstrated by morpholine and N-hexynyl piperazine derivatives 9a, 9b,
and 9q. In addition, unsymmetrical secondary amines provide sulfinyl ureas 9r and 9s with functional alkynyl
and hydroxy handles suitable for further downstream manipulation.
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Late-stage compatibility and (real-world) functional group tolerance were exemplified using eight
pharmaceutically relevant amines of varying complexity. The primary amines of the antiviral oseltamivir, and
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calcium channel blocker amlodipine, performed exceptionally well giving sulfinyl urea derivatives 9t and 9u
exclusively in the presence of esters, secondary amides and 1,4-dihydropyridine. Additionally, the B-amine of
sitagliptin was successfully functionalized to 9v in nearly quantitative yield. An aza-indole sulfinyl urea
derivative of a JAK2 inhibitor*¢ (9w) was made readily accessible through N,N-diisopropyl amine exchange,
introducing S(IV) functionality to commonly encountered kinase pharmacophores. Antibiotic analogs of
moxifloxacin (9x) and sarafloxacin (9y) were readily obtainable by engaging their 1 H-pyrrolo[3,4-b]pyridine and
piperazine motifs respectfully. Notable site selectivity was observed for evobrutinib, favoring the piperidine over
a diaminopyrimidine leading to the sulfinyl derivative 9z in good yield (76%). Lastly, S(IV) amine exchange was
employed as a bimolecular linking strategy between a sulfinyl urea analog of celecoxib and an E3 ligase ligand
(9aa) that could be leveraged for the development of proteolysis targeting chimeras (PROTACS).

Synthetic applications of S(IV) amine exchange. Sulfinyl urea organocatalysts impart asymmetric control
through chiral hydrogen—bonding environments and have been largely restricted to tert-butyl S-substituents.?!-
24 These limitations are due in part to the steric bulk offered by the tert-butyl group, availability of the
sulfinamide starting material, and most notably, a lack of synthetic methods to efficiently introduce structural
and electronic diversity around the chiral S-center. Although #=BuSF could serve as the chiral template for
catalyst design, enantiopure (R)-tert-butyl sulfinamide 13 was employed to prepare sulfinyl urea
organocatalysts in a single step. Carbamoylation of sulfinamide 13 affords diversifiable intermediate 14 that
was directly treated with amines to give sulfinyl ureas 15-17, improving the yield of 16 by 32% and providing a
protecting group-free synthesis of 17—subsequently reducing the overall step count.?? The practicality and
scalability of this method was demonstrated in the gram-scale preparation of 17 and by replacing isocyanates
with widely available amine building blocks.

Sulfonimidoyl urea scope. After establishing the S(IV) amine exchange, our focus shifted to the analogous
S(VI) transformation of sulfonimidamides. Two secondary sulfonimidamides, N-alkyl 8a and N-aryl 8b, were
chosen to examine the reaction scope due to their differences in structure and tautomerization potential (Table
2). In general, sulfonimidoyl ureas are less reactivate than their S(IV) counterparts and require elevated
temperatures to undergo the desired amine exchange. A similar set of structurally diverse primary and
secondary amines were evaluated under thermal conditions (60—80 °C) in THF and MeCN. It was quickly
determined that N-aryl derivative 8a undergoes the exchange more readily at 60 °C while N-alkyl derivative 8b
required a slightly more elevated temperature (80 °C). Despite the known stereogenic stability of
sulfonimidamides,*”#8 enantiopurity was assessed for each class of sulfonimidoyl ureas.

Both N-substituted N,N-diisopropyl sulfonimidoyl derivatives (8a and 8b) readily undergo amine
exchange with primary aliphatic amines (10a—10h) in good to excellent yields (72—96%) without impacting
enantiopurity (>99% e.e.). Benzylic amines and heterocycle-containing primary amines afforded 10a-10c and
10d—10f respectively. Sterically congested valinol provided sulfonimidoyl urea 10g preferentially via amine
exchange in 84% yield with no observed reactivity at the less hindered alcohol. An arene bioisostere was
introduced as a bicyclopentyl (BCP) unit via amine exchange to give S(VI) derivative 10h in high yield.
Aromatic amines exhibited similar reactivity trends to the analogous S(IV) amine exchange, therefore the same
tactic was employed using TFA as an additive. Even though diminished reactivity was observed, good to high
yields (56—85%) were achievable for anilinic substrates 10i—10l with no effect on the S-stereocenter. On the
other hand, secondary amines readily exchange with N,N-diisopropyl amine producing 10m and 10n
uneventfully while maintaining enantiopurity (>99% e.e.). N-Substituted piperazines 100-10q, 3-
hydroxypyrrolidine 10r, and 3-N-Boc-piperidine 10s all delivered the desired sulfonimidoyl ureas in excellent
yields. Venturing further away from “flat-land” chemical space, sp3-rich spirocyclic amines were successfully
introduced granting access to 10t—10w, which represent untapped chemical space.
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Table 2: Reaction scope of N,N-diisopropyl sulfonimidoyl urea amine exchange. All reactions were performed on 0.1-0.25 mmol scales. Isolated

yields are reported. Enantiomeric excess (e.e.) determined by chiral HPLC. 2TFA (1 eq.) was used as an additive.

The S(VI) amine exchange scope was further expanded to encompass the complexity often encountered
in drug discovery programs and to verify late-stage introduction of sulfonimidoyl functionality. Amlodipine,
alogliptin, and oseltamivir were efficiently exchanged with N,N-diisopropylamine to afford 10x, 10y, and 10z as
their respective sulfonimidoyl urea derivatives in the presence of esters, nitriles, amides, and «,B-unsaturated
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esters. Additionally, the primary aromatic amine of afatinib’s pharmacophore underwent the S(VI) amine
exchange (10aa) despite the large o-substituent and weak nucleophilicity. Sarafloxacin and moxifloxacin
exhibited exclusive reactivity at the secondary amine over condensation with carboxylic acids or 1,4-additions,
providing both 10ab and 10ac in 91% yield and 10ad in 85% vyield. These representative pharmaceutical
examples highlight the selectivity and utility of the sulfonimidoyl amine exchange, revealing opportunities for
late-stage diversification and derivatization of clinically optimized scaffolds.

While secondary sulfonimidoyl ureas can be functionalized under mild conditions, tertiary substrates were
unreactive at elevated temperatures (120 °C, dioxane) or with the addition of Bronsted and Lewis acids (see
Supplementary Information S57 for more information). To capture this class of sulfonimidoyl ureas, the S(IV)
amine exchange and S-activation of sulfinyl ureas was leveraged (Figure 3). A practical one-pot procedure was
developed as a streamlined approach that mitigates the handling of reactive and less stable intermediates
while showcasing the degree of modularity and diversity accessible. Tertiary sulfonimidamide 18 was prepared
in enantiopure form from the corresponding tert-butyl sulfoximine in a single step (56% yield) via the
sulfonimidoyl chloride intermediate. Alternatively, S(IV) amine exchanged intermediates (9) can be fluorinated
to provide isolable bifunctionalized S(VI) electrophiles, as demonstrated by sulfonimidoyl fluoride 19, that can
undergo additional functionalization. A minor decrease in enantiopurity (>99% to 99% e.e.) was observed

0 JZ o]
- (o] (0} + +
S-Activation Cl*orF
A NGP, i [ s, A o S-Activati % N® o vty
B e & °N -Activation —» .\N,S.,. ‘ S.. ‘
+Bu Amine exchange [ H ¢ then LA
tert-butyl sulfoximines H 9 n M
oo oo o o™ 3° sulfonimidamides sulfoximines
(up to >99% e.e.)
Ph
0y 'y L L
N N’z Nl N,z
o\\/,N ’&o ()\\S’IN ’&0 0\\ /,N ’&O cz\/,N ’&0
P e NS MeYS.,
A\
Z~N Me
18 N OH 19 20 . 21 .
(56%, >99% e_e_)a (76‘%), 99% e.e.)b (87%), 99% e.e.) (760/0, 99% e.e.)
[one-pot]
Synthetic applications
(o] (o]
°\,N’[(N(-p) . £BUOK, 2-MeTHF, [ o o O\INJ(N -
Y i-Pr), 80 °C, then neutralize n iii. +BuOCl, 0°C ‘g’ Me
.S » .S
t-Bu* O\ /gstJkN"\/ME /© VNHZH
ii. HN H H
g 23\'/\""9 { cl 24 NHs, @7380/1? 0°c 25 (>99% e.e.)
A °
[chloropropamide analog]
d "
(8?::00’; 29;ﬁ§ﬁ(3]') [one-pot from 22] + 54%, 2 steps from t-BuSF
(o] (o]
|
o nA i. +BUOK, 2-MeTHF, o o cl o nA @’c
W NG-Pr) 80 °C, then H* 8L iii. +BuOCI, 0°C ¥ N
+Bu’ S. N H

then

- N "7 YNH,
1. H2N H H
Me O\ Me 28 Me 1 (>99% e.e.)
cl

NH3, 78 to 0 °C
26 27 (75%) 56%, 2 st s
d g * 56%, 2 steps from t-BuSF
(74[,:/0, >§:9I;’/o§i:ei.) [one-pot from 26] - Lit. = 44%, 3 steps, racemic
rom -bu
[0}
o N’Q i. TFA(5eq.), DCM, rt o o o
W NP, i 2-MeTHF then v ii. +BuOCl, 0°C o nA

S W)

t-Bu* N N V7] N
O\/NM NH, \/g H H then ‘AS~NH2 H
©2 Me N 31 NH;, ~78100°C

29 (65%) 2 i
(69%, 98% e.e.)d [one-pot from 29] . 32 (98%e.e.)

[from t-BuSF] 30 * 45%, 2 steps from t-BuSF

- Lit. = 10 steps,® racemic

Figure 3: Direct asymmetric functionalization of tert-butyl sulfoximines to sulfonimidoyl ureas. Enantiomeric excess (e.e.) was determined by chiral
HPLC. 2lsolated yield from tert-butyl sulfoximine via sulfonimidoyl chloride. Plsolated yield from S-activation/flourination of a tert-butyl sulfoximine. CIsolated
yield from sulfonimidoyl fluoride 19 using a turbo-amide or turbo-Grignard. 9Isolated yield from +-BuSF SuFEx. ¢Yields for each step were not reported.
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during the fluorination event for 19, however, the stereospecific addition of an amine and turbo-Grignard
reagent afforded 20 and 21 in 87% and 76% yield, respectively.

Synthetic applications. The practical utility and versatility of the amine exchange method was further
demonstrated in target- and diversity-oriented syntheses of clinically relevant sulfonimidoyl ureas. In two steps,
t-BuSF was trifunctionally elaborated in an asymmetric fashion (Figure 3). An aza-analog of the sulfonylurea
antidiabetic drug chloropropamide was prepared in 54% vyield from #+BuSF via an S-activation and amine
exchange strategy leveraging sulfoximine 22 and n-propyl amine (23). The corresponding S(IV) intermediate
24 was subjected to oxidative amination with +BuOCI and ammonia providing enantiopure 25 in 63% vyield
from sulfoximine 22 in a single step. To our knowledge, this is the first example of S-chlorination with
secondary sulfinyl ureas. The same tactic was applied in a targeted asymmetric synthesis of sulfonimidoyl
stereoisomer 1 reported by Eli Lilly.’® Starting from +-BuSF, enantiopure sulfoximine 26 was prepared in 74%
yield after recrystallization, which was subsequently transformed to 1 in one step (75% yield, >99% e.e.)—
providing an asymmetric route with a decreased step count and improved overall yield. Furthermore, an
NLRP3 inhibitor developed by Genentech'® was prepared asymmetrically from sulfoximine 29 that was
obtained from #BuSF in 98% e.e. without recrystallization. Upon S-activation of sulfoximine 29 with TFA,
sulfinyl urea 31 was directly exchanged with aniline 30 followed by oxidative amination. This one-step protocol
gave rise to sulfonimidoyl urea 32 in 65% yield (45% from +-BuSF) and excellent enantiopurity (98% e.e.),
significantly improving the reported 10 step racemic synthesis'” while affording a derivatization platform for
future analog development.
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Figure 4: Application of +BuSF trifunctionalization for the preparation of clinical inhibitor DFV-890 and derivatives. A) Analysis of reported
synthetic routes for DFV-890. B) A medicinal chemistry route for the asymmetric synthesis of DFV-890 derivatives from +BuSF. C) A scalable targeted
asymmetric synthesis of DFV-890 as a “mock process” route.
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One of the most clinically significant sulfonimidoyl compounds to date is Novartis’ NLRP3 inhibitor DFV-
890, which is currently under evaluation in six USFDA clinical trials across multiple indications including cancer,
heart disease, osteoarthritis, auto-inflammatory syndromes, and COVID-19.2" The reported routes to DFV-890
rely on preparative chiral HPLC, isocyanate 33, and sulfonyl to sulfonimidoyl (34) interconversion (Figure 4A).
The requisite sulfonamide 35 is prepared from three different thiazole building blocks (36—38) and sulfur
dioxide in varying yields and step counts. Depending on the initial heterocycle chosen, DFV-890 can be
prepared in 69 steps using at least one protecting group with an overall yield of 0.5—-4% and 97.5% e.e. after
chiral chromatography.

To address the synthetic drawbacks associated with DFV-890, the trifunctionalization of +-BuSF was
applied. Starting from enantiopure (S)-&-BuSF, SuFEx using lithiated thiazole 39 (15t point of diversification)
provided tert-butyl sulfoximine 37 with >99% e.e. in 66% yield after recrystallization on gram-scale (Figure 4B).
It is worth noting that the sulfonimidoyl transfer reaction deviated from previously reported conditions®® and was
conducted in 2-MeTHF with TMEDA as an additive to aid in dianion formation. Sulfoximine 40 was then
subjected to TFA mediated S-activation followed by amine exchange (2" point of diversification), then oxidative
amination with propargyl amine or ammonia (3™ point of diversification) to deliver clickable chemical probe
derivatives of DFV-890 41 and 42 in good yields as single stereoisomers, illustrating an advantageous
medicinal chemistry route. The same strategy was used in a target-oriented, “mock process” approach for the
gram-scale synthesis of DFV-890 (Figure 4C). Two different thiazoles (37, 38) were used to prepare gram
quantities of enantiopure sulfoximine 40 with no chromatography. S-Activation followed by S(IV) amine
exchange with aniline 30 afforded a sulfinyl urea intermediate 43 that was oxidatively aminated in situ providing
over a gram of DFV-890 (>99% e.e.) in 77% yield without the need for chromatographic purification. This
modular two-step asymmetric synthesis of DFV-890 reduced the overall synthetic step count (8 to 2 steps),
improved the yield 10-fold, provided the target compound in enantiopure form, and removed the need for both
protecting groups and chromatography.

Combinatorial trifunctionalization of +-BuSF. The modularity, efficiency, and chemical space accessible from
t-BuSF was further demonstrated by applying the methods herein to a combinatorial chemistry workflow as a
diversity-oriented synthesis platform for S(IV) and S(VI) library generation (Figure 5A). tert-Butyl sulfoximines
(from t-BuSF) serve as the central building block (A) to which the remaining diversity is introduced during
amine exchange (B) and subsequent S-activation/additions with amines (C) or turbo-Grignards (D). For this
compound set, the S-substituent was fixed to phenyl and representatives for building blocks B (maroon), C and
D (teal) are shown in Figure 5A. Individual reactions were set to specific time points (eight total hours,
representing a typical workday for a single chemist) and were not independently optimized. Analysis was
performed by LC—MS to monitor conversions for yield estimations of target compounds, which were cross-
checked by isolation.

Starting from tert-butyl sulfoximine A, S-activation was carried out on a gram-scale using +BuOK in 2-
MeTHF at 80 °C for 2 hours then partitioned into four quadrants (Q1-Q4) throughout a 48-well reaction block.
The S(IV) amine exchange was initiated by the addition of 22 amine building blocks (B). After three hours, the
newly formed sulfinyl ureas could be split, purified, or further transformed via S-activation; in this proof-of-
concept experiment, 44 unique S(VI) products were targeted. Quadrant 1 was subjected to oxidative amination
with +~BuOCI and NHs to obtain 10 primary sulfonimidamides, while quadrant 2 was designed to give 12
products captured in the S(VI) amine exchange scope (Table 2) as controls for method validation. Quadrant 3
contained a diverse set of 12 secondary and tertiary sulfonimidamides, and quadrant 4 was devoted to the
synthesis of sulfoximine derivatives via sulfonimidoyl fluorides and turbo-Grignards D1 and D2.

Estimated yields (with the overall mass of target compounds) after four transformations are colored
coded within the 48 well plate according to the legend in Figure 7A. Two examples from each quadrant were
isolated and shown to be in agreement with the estimated yields (Figure 7B). To our delight, 42 examples out
of 44 were estimated to have >50% yield (from building block A). The two examples that fell short of the 50%
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Figure 5: Applying the trifunctionalization of --BuSF to a combinatorial workflow. A) Combinatorial approach to sulfonimidoyl ureas from #-BuSF.
Representative nucleophile building blocks used and reaction profile analysis performed by LC-MS. B) Structural representatives for the sulfonimidoyl
classes obtained from each quadrant.

cut off were Q4 sulfoximines treated with D1 having estimated yields of 40%. Within the course of eight hours,
34 sulfonimidamides and 10 sulfoximines were prepared,
chlorides, and 5 sulfonimidoy! fluoride intermediates. The chemical and structural diversity created within this
proof-of-concept workflow signifies the impact +BuSF will have in the chemical sciences. With the translation
to automated liquid handling coupled with the wide variety of available amine building blocks, it is anticipated

that high-throughput variations of this approach will be feasible.

including 25 sulfinyl ureas, 34 sulfonimidoyl
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Conclusion

A new functional feature of +-BuSF has been developed resulting in a trifunctional chiral SUFEx reagent
platform. The key N,N-diisopropyl urea protecting group of +-BuSF was transformed to an enabling group that
promotes torsional strain-release driven amine exchange for the asymmetric synthesis of sulfinyl and
sulfonimidoyl ureas. This reactivity mode allows for selective and efficient carbamoyl derivatization with amines
at either the S(IV) or S(VI) stage, providing multiple synthetic route options that negates the need for
isocyanates and laborious functional group interconversions. The reaction compatibility was explored using
myriad amines ranging in structural complexity offering over seventy sulfinamide, sulfonimidamide, and
sulfoximine examples with enantiopurities up to >99% e.e. Scalable one-pot protocols were established for
rapid construction of the target sulfur functionality in two steps (five transformations) from t-BuSF that were
highlighted in five synthetic applications and successfully applied to a combinatorial chemistry workflow. Most
notably, the significant synthetic improvements these methods provide for important clinical candidates and
derivatives illustrates the impact that the +BuSF SuFEx platform will have on the discovery sciences.
Additional reactivity modes and activation strategies of +BuSF and intermediates are currently under
investigation and will be reported in due course.
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