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Photoredox-catalyzed deoxygenative radical
transformation of alcohols to sulfinamidesf
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Sulfinamides play a crucial role in organic synthesis and pharmaceuticals. In this study, we introduce a highly
effective method for the deoxygenative radical addition to N-tritylsulfinylamine, which produces

Received 7th January 2025
Accepted 3rd February 2025

sulfinamides via photoredox catalysis. This method is compatible with a diverse array of functional

groups and the resulting sulfonamides were achieved in moderate to high yields. Furthermore, the

DOI: 10.1039/d5ra00158g

rsc.li/rsc-advances this approach.

Sulfinamides are important compounds widely found in drug
candidates, agrochemicals, and asymmetric catalysis (Fig. 1)."”
Chiral sulfinamides serve as versatile auxiliary to access
important chiral amine building blocks. For example, Ellman's
tert-butanesulfinamide is an important precursor for the
synthesis of chiral amines and can also function as ligands for
asymmetric catalysis.*® Besides, sulfinamides have been
utilized as amide bioisosteres and have been extensively
employed in the research and development of anti-HIV drugs.®
They are commonly featured in active pharmaceutical ingredi-
ents (APIs) and agrochemical agents.” Importantly, the sulfi-
namides are universal synthetic intermediates that can be used
to prepare a variety of sulfur-containing functional groups, such
as sulfonamide and sulfonimidamide.*** Due to their wide
applications, numerous synthetic methods have been re-
ported.*>** Previous methods have primarily focused on con-
verting sulfur-containing functional groups, such as
sulfinates,"*° thiols,**** and sulfenamide,* which, in general,
have limited availability from commercial vendors. Another
approach features the formation of the C-S bond through the
nucleophilic attack on the S(iv) functional groups such as N-
sulfinylamine (R-NSO) with carbon-centered nucleophiles (Fig.
1b).>* These nucleophiles can engage with N-sulfinylamine via
both ionic and radical pathways. The ionic pathway typically
involves alkyl metallic reagents®” and transition-metal-catalyzed
addition of internal alkenes,® or arylboron compounds**>* to N-
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synthetic applications to access various sulfur(v)-centered functional groups highlight the practicality of

sulfinylamine (R-NSO). However, the reactive organometallic
reagents are generally air- and moisture-sensitive, which limits
their functional group compatibility. Many substrates are
challenging to handle and are available in limited commercial
supply.

To address the aforementioned issues, the development of
efficient approaches to synthesize sulfinamides under relatively
mild conditions by coupling N-sulfinylamines with highly
reactive radicals has become increasingly attractive. In 2022, Li
and co-workers first disclosed photoredox alkylation of sulfi-
nylamines with 1,4-dihydropyri-dines (DHPs) as radical
precursors to generate alkyl sulfinamides.** Similar approaches
employing potassium trifluoro(organo)borates as radical
precursors with Tr-NSO have also been reported.** Meanwhile,
Willis et al. and Larionov et al. use readily available carboxylic
acids as alkyl radical sources to achieve radical-mediated
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Fig. 1 Motivation and synthetic design.
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Table 1 Optimization of reaction conditions®

NHC (2.3 equiv), Pyridine (4.6 equiv)
HF, 15 min

/©/\OH 0
+
E \N then

Tr PC2 (2 mol%), HCOOCs (2.0 equiv)

{0}
\

E.
o
u
S<-Tr

N
H

o NHC (2.3 equiv), Pyridine (4.6 equiv)
—on §* THF, 15 min

+ Nep then
PC2 (2 mol%), HCOOCs (2.0 equiv)
MeCN, Blue LEDs (5 W),12 h

o)
S, Tr
R N7

3a (R=F), 78%
3b (R = Me), 87%
3c (R =Bu), 75%
3d (R = Ph), 70%
3e (R = OMe), 67%
N 3f (R = OBn), 72% H

3g (R =CN), 52%

3h (R =H), 79%
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31 (R = Me), 71%
3m (R = OMe), 73%
n (R = CN), 46%

o (R = CFS) 54%

p (R =F),61%
3q (R cl), 53%
3r (R =Br), 73%

1 2 MeCN, Blue LEDs (5 W),12 h 3a

Entry Variation from the standard conditions Yield”
1 None 78%
2 PC1 instead of PC2 7%

3 4-CZIPN 71%
4 Et;N/KOBu instead of pyridine Trace
5 MTBE instead of THF 34%
6 DCM instead of MeCN Trace
7 DMSO instead of MeCN 40%
8 DCE instead of MeCN 20%
9 THF instead of MeCN 71%
10 DIPEA instead of HCOOCs N.D.
11 Cs,CO; instead of HCOOCs 42%
12 In the absence of base Trace
13 In the absence of PC N.D.
14 In the dark N.D.

& ‘B O‘O
PN

4-CZIPN

“ Unless otherwise noted, all reactions were performed with 1 (0.25
mmol), 2 (0.10 mmol), NHC (0.23 mmol), pyridine (0.46 mmol),
solvent A (1.5 mL), 15 min; then photocatalyst (0.002 mmol), base (0.2
mmol), solvent B (1.0 mL), blue LEDs at rt for 12 h. ? Yield
determined by '°F NMR using PhCF; as an internal standard. N.D. =
no detection.

decarboxylated sulfinamidation.**** Recently, Hu and co-
workers introduced a general photoredox protocol that
employs aliphatic C-H bonds as latent radical precursors.*®
Inspired by the protocol developed by MacMillan and co-
workers, which involves the deoxygenation of alcohols with N-
heterocyclic carbenes (NHC) to form the corresponding carbon
radicals,>** we speculate that alkyl radicals generated from
deoxygenation of alcohols by NHC could be combined with N-
sulfinylamines to yield the corresponding sulfinamide prod-
ucts. Following this strategy, herein, we reported our develop-
ment of photoredox-catalyzed deoxygenative radical
transformation of alcohols to sulfinamides, enabling a variety
of alcohols to be converted to sulfonamides through deoxy-
genative pathway under photocatalytic condition (Fig. 1c).

We initiated our study using (4-fluorophenyl)methanol (1)
and N-sulfinyltritylamine (Tr-NSO) (2) as the model substrates
(Table 1). After a series of conditions optimizations, we identi-
fied the standard conditions as following: using 2.3 equiv. of
NHC (N-phenyl benzoxazolium salt) as alcohol C-O bond acti-
vating reagent, Ir(dF(CF;)ppy).(dtbbpy)PFs (PC2, 2 mmol%) as
photocatalyst and HCOOCs as base in a mixture solution of
THF/MeCN (1.5:1), sulfinamide 3a was isolated in 78% yield
(Table 1, entry 1). The replacement of PC2 with other

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Scheme 1 Substrate scope of sulfinamides.? °Reactions performed on
0.2 mmol scale with alcohol (2.5 equiv.), NHC (2.3 equiv.), pyridine (4.6
equiv.), THF (2.5 mL), 15 min; then Tr-NSO (1.0 equiv.), HCOOCs (2.0
equiv.), PC2 (0.004 mmol), MeCN (2.0 mL), blue LEDs 12 h. See the
ESIF for experimental details.

photocatalysts such as Ir(ppy)s, 4-CzIPN, resulted in less effi-
cient reactions (Table 1, entries 2, 3). Alternative bases, such as
Et;N or KO'Buy, failed to deliver the product (Table 1, entry 4).
Screening of a range of solvents revealed that the mixture of
THF/MeCN is superior to single solvents or other polar solvents
(Table 1, entries 5-9). The absence of a base or the use of
alternative bases resulted in a suboptimal outcome, high-
lighting the critical role of HCOOCs in the reaction (Table 1,
entries 10-12). In the absence of photocatalyst or light, the
reaction was completely inhibited (Table 1, entries 13, 14).
With the optimized reaction conditions in hand, we then
evaluated the substrate scope of alcohols in the construction of
sulfinamides. As shown in Scheme 1, the reaction proceeded
smoothly with benzyl alcohol substrates bearing an electron-
donating or electron-withdrawing groups at the ortho-, meta-
and para-position, yielding the corresponding sulfonamide in
moderate to good yields (41-87%). Benzyl alcohols containing
various functional groups, including alkyl (3b, 3c and 3I), alkoxy
(3e, 3f and 3m), phenyl (3d), cyanide (3g, 3n), fluoro (3a, 3p),
chloro (3i, 3q) bromo (3j, 3r) and trifluoromethyl (3k, 30)
groups, were suitable substrates for the transformation,
demonstrating remarkable functional group compatibility.
Polysubstituted benzyl alcohols also reacted smoothly with Tr-
NSO to generate products 3s and 3t in 72% and 65% yields,
respectively. Substitution at the ortho-position results in a rela-
tively lower yield due to the steric effect, as exemplified by 3u.

Notably, alcohols containing heterocycles, such as 3-
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Scheme 2 Gram scale synthesis and synthetic applications.

thiophenemethanol and 3-furanmethanol, also yielded prod-
ucts in moderate yields (3v, 3x). Additionally, secondary alco-
hols delivered the desired product 3y in 41% yield with 1:1 dr.
Propargyl alcohol was also smoothly converted to the desired
sulfinamide product (3z). Unfortunately, simple alkyl alcohol is
not suitable in the current catalytic system. Variation of the
sulfinylamine reagent was also possible, with the N-t-octyl (2aa)
and N-Si(i-Pr); (2ab) substituted reagents, both of which benefit
from steric-stabilization, providing the corresponding sulfina-
mides in moderate yields.

To showcase the practical applicability of our protocol,
a gram-scale reaction was conducted under standard reaction
conditions, yielding 1.05 g of 3b at a 51% yield (Scheme 2a). We
established reaction conditions to convert the N-tritylsulfina-
mides into the S(vi) functional groups (Scheme 2b). Sulfon-
amides could be obtained by oxidation with m-CPBA, followed
by a simple S(vi) functional groups (Scheme 2b). Sulfonamides
could be obtained by oxidation with m-CPBA, followed by
a simple treatment with MsOH, which removed the trityl group
to yield primary sulfonamide 4. The reaction of sulfinamides
with 0.5 equivalents of trichloroisocyanuric acid (TCCA), fol-
lowed by the addition of an amine, delivered sulfonimidamides
5 and 6 in good yields. Subsequently, the trityl group was easily
removed, resulting in free sulfoximine 7. Furthermore, treating
of sulfoximine 7 with benzoyl chloride led to the formation of N-
benzoyl sulfoximine (8).*® N-Trifluoromethylthio sulfoximines
(9) were prepared from the free sulfoximine 7 via the corre-
sponding N-Br derivative with excellent yields. Additionally,
a phenyl group can also be incorporated onto the N-H of sul-
foximine 7 through Chan-Lam coupling (10).*

4534 | RSC Adv,, 2025, 15, 4532-4535
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Fig. 2 Proposed mechanism.

We envisioned achieving the C(sp®)-S cross-coupling of alco-
hols and N-tritylsulfinylamine via the photoredox catalysis
pathway outlined in Fig. 2. Our proposed mechanism starts with
the condensation of alcohol substrate 1a onto benzoxazolium
salt, affording activated alcohol 11. Visible-light excitation of the
photocatalyst yields an oxidizing, long lived triplet excited state.
This excited state photocatalyst oxidizes the anilinic nitrogen
atom, yielding aminium radical cation 12, which is readily
deprotonated at the a-position, forming carbon-centered radical
13. Subsequent B-scission is thermodynamically favored, yielding
and alkyl radical 14 and inert byproduct 15. This radical is then
captured by N-sulfinylamine and subsequently undergoes single
electron transfer (SET) with highly reducing photocatalyst,
releasing cross coupling product 3a.

In summary, we herein present an efficient protocol for the
deoxygenative radical addition to N-tritylsulfinylamine, yielding
sulfinamides through photoredox catalysis. This protocol is
amenable to a wide range of functional groups, including
primary and secondary benzyl alcohols, as well as propargyl
alcohol. The sulfonamides were obtained in moderate to high
yields. Synthetic applications for constructing various sulfur(vi)-
centered functional groups demonstrate the utility of this
protocol. Further exploration of this strategy for alkyl alcohol
substrates is ongoing.
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