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Established herein is an efficient direct oxidative acylation of
sulfoximines with methylarenes as acyl donor. Electron-
donating as well as -withdrawing groups on the methylarenes
are tolerated and even steric demanding ortho substituents are
compatible. In this case, both coupling partners are used in
their native form, thus obviating prior functionalization and
activation.

As the monoaza analogues of sulfones, sulfoximines are of great
interest for a variety of applications due to their versatile chemistry.!
For example, enantio-enriched sulfoximines have been studied
extensively in asymmetric synthesis as chiral ligands, auxiliaries and
organocatalysts.” Recent developments in drug discovery illustrate
that sulfoximines can be used as an unconventional pharmacophores
(Figure 1) for improving solubility, minimizing off-target activity and
retention of high level bioactivity.? In addition, sulfoximines have
been demonstrated to be efficient removable directing groups for
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Figure 1. Drug candidates containing sulfoximine moiety
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ortho-C-H activation of arenes due to their strong coordination with
transition metals.* As a consequence, the synthesis and
functionalization of sulfoximine unit containing compounds have
attracted much attention.’>?%> Among these strategies, N-acylation has
become a powerful method for functionalization of sulfoximines.
However, N-acylation of sulfoximines has been generally
accomplished by employing conventional amide bond formation
strategies involving the use of prior activated acyl donors ° or coupling
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Scheme 1. Oxidative Acylation of Sulfoximine

reagents.%’ Recently, Bolm and co-workers developed a method for
direct oxidative acylation of sulfoximines by using an aldehyde as t*-~
acyl donor (Scheme 1a). Employing this strategy precluded the neec
for activation of carboxylic acids or the use of coupling reagents.®
Later report from the same group described a remarkab'

improvement of this concept by employing methylarene as the acyi
donor (Scheme 1b).° Compared with aldehydes, the readily available
methylarenes are cheap, stable and easy to handle. However, it iz
noticed that N-chlorosulfoximines were needed as the activat d
sulfoximine surrogate. Although N-chlorosulfoximines can be easil,
prepared from N-chlorosuccinimide and sulfoximines, an addition
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reaction step is required and stoichiometric chlorinated waste is
produced during the oxidative acylation. Regarding sustainability as
well as atom and step-economic issues, sulfoximines appear to be the
ideal nitrogen source for the desired transformation. However, the
direct oxidative acylation between methylarenes and sulfoximines
remains unprecedented. Herein, we report an efficient direct oxidative
acylation of sulfoximines by employing methylarenes as the acyl
donor under mild reaction conditions.

In the past decade, significant advances have been made in the field
of oxidative cross coupling of C-H and X-H bonds to construct C-X
bond because it is an atom and step-economic, environmentally
friendly and sustainable synthetic strategy in which pre-
functionalization is unnecessary.' Recent studies demonstrate that
methylarenes are well applied as acyl donors with direct oxidation of
three SP® C-H bonds.!! Such efforts are very attractive from the
standpoint of green chemistry and sustainable development. On the
other hand, the combination of ter-butyl hydroperoxide (TBHP) and
an iodide catalyst such as tetrabutylammonium iodide (TBAI) or KI
proven to be an efficient oxidation system for the oxidation of
methylarenes.'?> These oxidation systems have also been used
successfully for the oxidative amidation.!'®!'*!3 However, while not
free amines, more reactive amine surrogates were employed as
nitrogen source.'3413¢ Very recently, our group developed a powerful
TBHP/TBAI/FeCl3 oxidation system for general use.!* A significant
synergistic effect was observed between FeCls and the TBHP/TBAI
oxidant system and this effect proved to be crucial for oxidative
amidations. This novel oxidation system facilitates smooth oxidative
acylation of free amines under mild reaction conditions.

Table 1. Optimization of reaction conditions?

@ * RN S:@ 80°C, 241 (D)L

entry oxidant catalyst addltlve yield
(10 equiv) (20 mol%) (15 mol%) (%)°
1 TBHP TBAI FeCl3-6H20 25
2 DTBP TBAI FeCl3-6H20 -
3 H202 TBAI FeCls-6H20 -
4 02 TBAI FeCl3-6H20 -
5 TBHP TBAI FeBrn 37
6 TBHP TBAI CuClz 19
7 TBHP TBAI Cul
8 TBHP TBAI Agl
9 TBHP TBAB FeCl3-6H20 69
10 TBHP KI FeCl3-6H20 77
11 TBHP I FeCl3-6H20 95
12¢ TBHP I FeCl3-6H20 95
134 TBHP I FeCl3-6H20 84
14 TBHP - FeCl3-6H20 16

15 TBHP I - 48

@Reaction conditions: methylarene 1 (5 mmol), sulfoximine 2 (0.25
mmol), 80 °C, 24 h. PIsolated yield. ©2.0 mmol TBHP (8 equiv. 70%
in water) was used. 1.5 mmol TBHP (6 equiv. 70% in water) was
used.
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The low reactivity of sulfoximines is the main challenge for direct
oxidative acylation of sulfoximines. Encouraged by previous
successes in oxidative amidation, we attempted to apply our powerful
TBHP/TBAI/ FeCls oxidation system to the challenging oxidativ
acylation of sulfoximines. We initiated our studies by examining the
TBHP/TBAY/ FeCls system employed in our previous work.!* To our
disappointment, the target N-acylsulfoximines was obtained in only
25% yield (Table 1, entry 1). Extensive optimization of reaction
conditions was performed, for which the selected examples are listed
in Table 1. No target product was observed when other oxidants
such as di-t-butyl peroxide (DTBP), H202 and Oz were employed
in this reaction (Table 1, entries 2-4). Other additives proved to

be less effective than FeCls-6H20 (Table 1, entries 5-8). The

effect of other co-catalysts was then evaluated, and significantly
improved reaction efficiency was observed  when
tetrabutylammonium bromide (TBAB) was used as the co-catalyst
(Table 1, entry 9). This result indicated that the nature of chosen
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Scheme 2. Oxidative Acylation of Sulfoximines?. ®Reactions we. .
carried out on a 0.25 mmol scale of sulfoximines with 8 equiv. of
methylarene, unless noted otherwise.

catalyst has a remarkable influence on this reaction. Further screenin,_
of other iodide reagents illustrated that I» was the best choice »*

This journal is © The Royal Society of Chemistry 20 2



Page 3 of 5

catalyst. Yield up to 95% was achieved in the presence of 10 equiv.
of TBHP (Table 1, entry 11). It is found that the amount of TBHP
could be decreased to 8 equiv. without affecting the reaction
efficiency (Table 1, entry 12). Considering that three C-H and one N-
H bonds were oxidized simultaneously, on average, 2 equiv. of TBHP
was consumed by each X-H oxidation. The results from control
experiments illustrated that both I> and FeCl3-6H2O are crucial for this
transformation (Table 1, entries 14 & 15). Notably, the reaction was
carried out in neat methylarene, thus no additional organic solvent was
requested.

Next, the substrate scope of this transformation was evaluated
under the optimized reaction conditions. As shown in Scheme 2, a
broad range of substituted methylarenes proved to be good substrates
for this direct oxidative acylation of sulfoximines. Unlike MnO2
mediated N-acylation of sulfoximines,” which is limited to electron-
deficient substrates, the electronic property of the substituents on the
phenyl ring of methylarenes appear to have little effect in our case.
Interestingly, the methyl arenes containing electron-donating groups
appeared to be better substrates than their congeners containing
electron-withdrawing groups. For example, good to excellent yields
were obtained using methyl or methoxy substituted toluene as
substrates (3ad-3ah). Good yields were obtained with electron-
withdrawing groups such as Cl, Br, I, NO2- or CN- presents on the
substrates (3ai-3as). Even the steric demanding substrates with a
substituent such as methyl, cyano and iodo groups at ortho position
were compatible, albeit with slightly decreased yields (3ad, 3am and
3as). Furthermore, some other sulfoximines had also been prepared
and examined in this transformation. No significant electronic effect
of the substituents on the phenyl ring of sulfoximine moiety was
observed. Both methyl and bromide substituted sulfoximines
proceeded smoothly to produce the acylated products in excellent
yields (3bb and 3cb). However, aryl substituent on the sulfur atom
appeared to be crucial, as indicated by the remarkable decrease in
yield when dimethyl substituted sulfoximine was employed as
nitrogen donor (3eb).
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Scheme 3. Control Experiments

To gain some insight on the reaction mechanism, a series of control
experiments were conducted (Scheme 3). No target product was
obtained when benzoic acid was used as acid donor (Scheme 3a).
Unlike our previous work,'* in which benzyl alcohol could be used as
acyl donor, only trace amounts of the target product were detected
when benzyl alcohol was treated under the standard reaction
conditions (Scheme 3b). Due to the large excess of benzyl alcohol and
low reactivity of sulfoximine, the major products of the reaction were
benzaldehyde and benzyl benzoate. It was noted that benzaldehyde
provided the target acylated product in quantitative yield (Scheme 3d)
suggesting that benzaldehyde might be the intermediate for this

This journal is © The Royal Society of Chemistry 2012
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transformation. Although the reaction of toluene was significantly
suppressed by 2 equiv. of TEMPO (Scheme 3c), the reaction
efficiency of benzaldehyde remained intact in the presence of either 2
equiv. of TEMPO or BHT (Scheme 3d, for details of contr’
experiments, see supporting information). This result indicates that
the oxidation of toluene to benzaldehyde might involve a FeCl:
catalyzed single electron transfer process. A possible mechanism is
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Scheme 4. Proposed Mechanism

proposed in scheme 4. Toluene can be oxidized to benzyladehyde
under the optimized reaction conditions. The N, O-semiaminal,
formed in situ from benzaldehyde and sulfoximine, was further
oxidized to release the corresponding acylated product. However, the
radical process proposed for the oxidative acylation of sulfoximi
with aldehyde as the acyl donor cannot be excluded at this stage.

Conclusions

In summary, we have developed an efficient direct oxidative
amidation between methylarenes and sulfoximines. The reaction was
carried out in neat methylarene with a broad substrate scope. Both
electron-donating and -withdrawing groups on methylarenes are
tolerated and even steric demanding ortho substituents are compatibic
This protocol offers a straightforward approach to the N-aroylated
sulfoximines from easily available raw chemicals. Both methylarenes
and sulfoximines are used in their native form thus avoiding activation
or prior functionalization. Undoubtedly, such an efficient strategy will
shed light on the further application of TBHP/I> oxidant system.
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23 examples
up to 96% yield

An efficient direct oxidative acylation of sulfoximines with methylarenes as acyl donor was finally achieved.



