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A highly efficient photocatalytic aerobic oxidation of cyclic sulfamides to synthesize cyclic N-
sulfonyl imines with Ir(ppy).(dtbpy)PFs as photocatalyst is reported. These environmentally
friendly transformations exihibit good to excellent isolated yields and good generality with
respect to both five-membered and six-membered cyclic sulfamides.

2020 Elsevier Ltd. All rights reserved.

As an important class of versatile building blocks, the cyclic
imines are often used for the synthesis of drugs and various
pharmacologically relevant compounds.!! Recently, cyclic N-
sulfonyl imines have attracted great attention, owing to their high
reactivity and enantioselectivity in various asymmetric
transformations, particularly in arylation reaction.l?! Except for
the direct condensation of sulfamides and aldehydes/ketones, the
oxidative dehydrogenation of sulfamides by using stoichiometric
amounts of metal salts or organic peroxides as oxidants also is an
alternative approach to generate the corresponding sulfonyl
imines.l? Normally, excess of oxidants and the harmful waste
byproducts in this process are unavoidable, which led to tedious
purification workup. Given the pivotal role of cyclic sulfonyl
imines in synthetic chemistry, to devote much effort to develop
an effective, atom-economical and environmentally benign
approach to this kind of structural motif is still important and
desirable.
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Scheme 1. Photocatalytic oxidation of amines to prepare imines.

In the past decade, visible-light-driven photocatalysis has
evolved into a powerful method for organic transformations.?!
Irradiation of visible-light generates an excited photocatalyst that

can then undergo a reductive quenching via a single-electron
transfer (SET) from an electron donor. When using a tertiary
amine as the electron donor, the resulting N-centered radical
cation can ultimately form an electrophilic iminium cation.
Capturing this active species with a range of different
nucleophiles provides a powerful method to a-functionalizing a
tertiary amine.[) Moreover, the oxidation of primary or
secondary amine to prepare imines under visible-light and
oxygen atmosphere has been well developed by employing
semiconductors,l”! homogeneous organic dye!® and metal
complexesl®! as photocatalysts (a, Scheme 1). In sharp contrast,
there are only limited reports on photocatalytic directly oxidizing
amides to the corresponding N-sulfonyl imines. In 2011, Wu
reported a Re(I)-catalytic photochemical conversion from 3,4-
dihydropyrimidin-2(1H)-ones (DHPMs) to pyrimidin-2(1H)-ones
upon visible light irradiation in the presence of K,CO; and
CCly(b, Scheme 1).'1 A direct SET from DHPMs to Re(I)
complex followed by deprotonation can occur to form a DHPMs
radical due to powerful redox potential of the excited Re(I)
complex. The further extraction of a hydrogen atom by the CCl;¢
radical generated in situ completes the whole process to form
pyrimidin-2(1H)-ones. Very recently, the visible-light-driven
oxidative activation of amide N-H bond to generate N-centered
radical for synthetic applications has been successfully achieved
by several research groups employing proton-coupled electron
transfer (PCET)!'!) and oxidative deprotonation electron transfer
(ODET)!!? strategy, respectively. Considering the significance of
N-sulfonyl imine in synthetic chemistry, these progresses
inspired us to investigate the feasibility of photocatalytic
oxidation of sulfamide to prepare the corresponding N-sulfonyl
imines. Herein, we report the concise and visible-light
photocatalytic aerobic oxidation of cyclic sulfamides for the
efficient synthesis of cyclic N-sulfonyl imines, using
Ir(ppy).(dtbpy)PF¢ as photoredox catalyst under mild condition
(c, Scheme 1).

We chose cyclic sulfamides 1a as the model substrate for
initial investigation. By subjecting to irradiation with a 12-W
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found to be converted to imine with 2 mol% Ir(ppy).(dtbpy)PF;
as photocatalyst and DCM as solvent (Table 1, entry 1). To our
delight, the yield increased to 55% when KF * 2H,0 was added
as a base (Table 1, entry 2). Then, a survey of various polar
aprotic solvents such as EA, THF, DMA and MeCN were
conducted to examine the reaction (Table 1, entries 3-6). MeCN
proved to be the most suitable solvent for this transformation as
the imine was obtained in 98% yield. Further investigation of
base revealed that other inorganic base or organic base would
dramatically reduce the yield (Table 1, entries 7-9). Moreover,
control experiments showed that the photocatalyst, base, air and
light are all essential for the desired reaction to proceed (Table 1,
entries 10-12).

Table 1. Condition optimization

= S\ Ir(ppy)2(dtbpy)PFg (2 mol%) = Sy
Il N LN
XN KF.2H,0 (1.5 eq.), air, A
R MeCN, blue LED, rt, 12h R
1 2
Entry R Yield[%]
1 Ph 98 (2a)
2 2-Me—CgH, 94 (2b)
3 3-Me—C¢Hy 96 (2¢)
4 4-Me—CgH, 94 (2d)
5 2-MeO—C¢Hy 69 (2e)
6 3,5-MeO—C¢Hj; 87 (2f)
7 4-Bu—CgH, 68 (2g)
8 3-CI-C4H,4 96 (2h)
9 4-C1-C¢Hy 86 (2i)
10 4-F-C¢H, 98 (2))
11 Me trace (2k)

Q Q
V-0 -0
S\;\IH catalyst S\;\‘
base, air, solvent ¢
ph  blue LED, 30°C, 12h Ph
1a 2a
Catalyst . Base - 1 ato
Entry (2.0 mol%) Oxidant (15 eq.) Solvent  Yield“[%]

1 Ir(ppy).(dtbpy)PF; air none DCM 4%
2 Ir(ppy).(dtbpy)PF; air KF-2H,0 DCM 55%
3 Ir(ppy).(dtbpy)PF; air KF-2H,0 EA 45%
4 Ir(ppy).(dtbpy)PF; air KF-2H,0 THF 45%
5 Ir(ppy).(dtbpy)PF; air KF-2H,0 DMA ND
6 Ir(ppy).(dtbpy)PF air KF-2H,0 MeCN 98%
7 Ir(ppy).(dtbpy)PFg air Cs,CO;4 MeCN 61%
8 Ir(ppy).(dtbpy)PFg air KOH MeCN 41%
9 Ir(ppy).(dtbpy)PFg air DBU MeCN 41%
10 none air KF-2H,0 MeCN ND
11 Ir(ppy)(dtbpy)PFs  °°° KF-2H,0  MeCN ND

(in Ny)
126 Ir(ppy)a(dtbpy)PFs air KF-2H,0 MeCN ND

@Yield of the isolated product.
b Reaction was carried out in the dark.

With the best reaction conditions for the photocatalytic
oxidations reactions established, the scope of the five-membered
cyclic sulfonamides was investigated. As shown in Table 2, the
cyclic sulfonamides bearing ortho-, meta-, and para-methyl
phenyl ring provided the desired products in excellent yields
(Table 2, entries 2-4). These results suggest that steric effects on
the phenyl ring only slightly affect the reactivity. Significant
electronic variation in the aryl groups can be well tolerated under
this condition, the oxidation of all the aryl-substituted substrates
occurred smoothly. Although the electron-rich derivatives with
methoxy and tert-butyl substituting in phenyl ring were
successful substrate, the yields diminished in somewhat (Table 2,
entries 5-7). Compared to electron-rich derivatives, the substrates
bearing chloro or fluro substituted aryl gave the oxidation
products in better yields (Table 2, entries 8-10). Unfortunately, 3-
methyl substituted substrate 1k did not undergo oxidation
reaction (Table 2, entry 11), as this may be due to the formed free
radical intermediate is unstable enough to further oxidative
dehydrogenation.

Table 2. Substrate scope of five-membered cyclic sulfonamides

4Yield of the isolated product.

To further determine the substrate generality of this protocol,
we turned our attention to assessing the scope of six-membered
cyclic sulfonamides 3 in the transformation and the results are
summarized in Table 3. We observed the similar phenomena with
five-membered cyclic sulfonamides 1. A broad functional group
tolerance in phenyl ring was also demonstrated in this reaction.
Both the electron-rich and electron-deficient aryl-substituted
sulfonamides delivered good yields, but substituting position
seemed to influence the reaction outcome. Substituted group at
ortho-position of the aryl ring had a negative impact on the yield
(Table 3, entry 2 and 5). We guess that a potential 1,5-H shift
pathway via six-membered transition state from the ortho-methyl
to N-radical might result a reduced yield.

Table 3. Substrate scope of six-membered cyclic sulfonamides

(o] (o]
(ON (ON
S<o  Ir(ppy)z(dtopy)PFs (2 mol%) %o
NH KF.2H,0 (1.5 eq.), air, =N
MeCN, blue LED, rt, 12h

Ar Ar
3 4

Entry Ar Yield[%]
1 Ph 96 (4a)
2 2-Me—CgH, 78 (4b)
3 3-Me—CgH, 96 (4c)
4 4-Me—CgH, 98 (4d)
5 2-MeO—C¢H, 69 (de)
6 3,5-MeO—-C¢H; 86 (4f)
7 4-Bu—CgH, 89 (4g)
8 3-Cl-C¢H, 95 (4h)
9 4-C1-C¢H, 95 (4i)
10 4-F-C¢H, 87 (4j)

@Yield of the isolated product.

To further highlight the practical application of the current
method, 3-phenyl-2, 3-dihydrobenzo[d]isothiazole 1,1-dioxides
1a was performed under the optimal condition on a gram scale.
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Scheme 2. Gram scale experiment.

Based on the control experiments (Table 1, entries 10-12) and
the related literatures, a plausible mechanism is proposed in
Scheme 3. First, the sulfonamide 1 is deprotonated to form a
sulfonamide anion 5 under a base. Irradiation with visible light
generates an excited state Ir(II[)*. The excited Ir(III)* is then
reductively quenched via a single electron transfer from anion 5
to produce Ir(Il) and sulfonamide N-radical cation 6. After a
formal 1,2-H shift via intermolecular HAT [13], a benzylic free
radical 7 is formed. In the presence of oxygen, electron is
transferred from Ir(Il) to molecular oxygen, which in turn
produces superoxide anion radical O,*— and regenerate Ir(II)
species. At last, the cyclic radical 7 lost an electron and a proton
to produce the final oxidation product 2.
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Scheme 3. Proposed mechanism of the photocatalyzed aerobic oxidation

To summarize, using Ir(ppy),(dtbpy)PFs as catalyst, we have
achieved a photochemical approach to access cyclosulfonimide.
Two kinds of cyclic sulfonamides can be successfully converted
to the corresponding N-sulfonyl imine product with good to
excellent yields at room temperature, and the whole process is
environmentally benign. Efforts toward further mechanistic
understanding and extension of this oxidative dehydrogenation
process are currently underway.
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