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ABSTRACT: A rhodium-catalyzed C−H amidation/cyclization
sequence provides benzothiadiazine-1-oxides from sulfoximines and
1,4,2-dioxazol-5-ones in good yields. The reaction is characterized by
a high functional group tolerance and, in contrast to most previous
transformations of this type, is well-suited for S-alkyl-S-aryl-
substituted sulfoximines.

In past decades, sulfoximines have extensively been used in
organic synthesis,1 agricultural science,2 and medicinal

chemistry.3 Due to their unique structure and biological
properties, cyclic derivatives such as benzothiadiazine-1-oxides
have caught particular attention, leading to a range of
pharmaceutical agents, including Gö 4962,4 NSC 287474,5

and an analogue of the adrenergic receptor blocker Prazosin
(Figure 1).6

Although various synthetic approaches toward benzothiadia-
zine-1-oxides have already been developed, most of them reveal
severe preparative limitations and a restricted substrate scope.
For example, using 2-azido-,7 2-amido-,8 or 2-bromosulfox-
imines9 as starting materials can be effective, but those
compounds require multiple-step syntheses. Transition-metal-
catalyzed C−H bond functionalizations of S-aryl sulfoximines10

offer an attractive alternative. Aiming at synthesizing benzo-
thiadiazine-1-oxides with this approach, Chen introduced a
microwave-assisted cobalt catalysis with 1,4,2-dioxazol-5-ones
as amidation agents as early as 2017.11 Unfortunately, only S,S-
diaryl sulfoximines reacted well, whereas S-alkyl-containing
substrates proved unreactive. Subsequently, Dong reported
rhodium and iridium catalyses with benzylazides and N-
alkoxyamides, respectively, as nitrogen sources.12 With this
work, the substrate scope was enlarged, but most of the products
had a rather specific molecular scaffold. Here, we report a more
general approach toward benzothiadiazine-1-oxides using a
rhodium-catalyzed direct C−H bond amidation/cyclization
with 1,4,2-dioxazol-5-ones as amidation agents,13 allowing a

wide structural variation of the targeted heterocycles (Scheme
1).

Guided by the previous work,10 we initiated the current study
using sulfoximine 1a and 3-phenethyl-1,4,2-dioxazol-5-one
(2a)14 as representative starting materials. To our delight,
applying both molecules in a 1.0:1.5 ratio and using Rh(cod)Cl2
(3 mol %) in combination with AgSbF6 (12 mol %) as catalyst in
DCE (1.0mL) at 100 °C for 10 h did indeed give product 3a, but
the yield was only 11% (Table 1, entry 1). CuCl2 and PdCl2 were
ineffective (Table 1, entries 2 and 3). With [Cp*RhCl2]2, the
yield of 3a increased to 75% (Table 1, entry 4). As a solvent,
DCE proved superior over acetone, THF, toluene, and DCM
(Table 1, entries 4−8). Whereas the addition of NaOAc and
NaHCO3 significantly decreased the yield of 3a, the presence of
weak acids showed positive effects (Table 1, entries 9−13).
Finally, the yield of 3a reached 91% with 1.0 equiv of pivalic acid
as the additive. Performing the catalysis under argon or
increasing the amount of 2a from 1.5 to 2.0 equiv had only
minor effects on the reaction outcome (Table 1, entries 14 and
15).
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Figure 1. Benzothiadiazine-1-oxides with biological activity.

Scheme 1. Catalytic Synthesis of Benzothiadiazine-1-oxides
Reported Here
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Under the optimized conditions (Table 1, entry 11), the
substrate scope was evaluated. As shown in Scheme 2, the
process was very general, allowing a wide range of both
sulfoximines 1 and dioxazolones 2 to be converted with high
structural diversity. In the series of S-aryl-S-methylsulfoximines,
reactions with 2a proceeded well, providing the corresponding

products 3a−h in yields ranging from 53 to 91%. Although the
number of examples was limited, the presence of electron-
withdrawing substituents on the arenes appeared to have a slight
negative effect on the yields of the corresponding products [for
example, 82% of 3b (with 4-Me) versus 53% of 3e (with 4-CN)].
Steric crowding played a minor role, as revealed by the yields of
3f−h (72−84%). Noteworthy, for 3-methoxy-substituted 3h,
only one regioisomer was observed, presumably due to a higher
reactivity of the less congested C−H bond site. Sulfoximines
with S-alkyl groups other thanmethyl also reacted well, as shown
in the results for S-alkyl-S-phenylsulfoximines 3i−m with yields
of 58−85%. In light of the high reactivity of S-chloromethyl- and
S-benzyl-substituted sulfoximines,15 the data for 3i and 3k with
yields of 83 and 85%, respectively, are remarkable. Branching at
the S-alkyl substituent as in 3m bearing an S-isopropyl group
seemed to hamper the product formation (58% yield). The
applicability of S,S-diarylsulfoximines was shown in conversions
of 2a with 1n and 1p, which afforded 3n and 3p/3p′ in yields of
60 and 67%, respectively. The latter product was obtained as a
1:1 mixture of positional isomers. The attempt to react
dibenzothiophene sulfoximine (1o) under the optimized
conditions failed, and thus, 3o remained inaccessible. This
result was in line with previous observations which revealed a
very particular reaction behavior of compounds of this type.16

Using S-methyl-S-phenylsulfoximine (1a) as the reaction
partner, the applicability of other dioxazolones 2 was tested.
Again, the catalyses proceeded smoothly, providing the expected
products 3q−t in yields ranging from 72% (for 3r) to 86% (for
3q).
On a 1mmol scale, the reaction between 1a and 2a led to 3a in

81% yield.
To further understand the reaction pathway, several control

experiments were performed. Under standard conditions with
1a and 2a as substrates, the presence of 2 equiv of TEMPO or
BHT decreased in yield of 3a from 91% (Table 1, entry 11) to 61
and 65%, respectively, indicating that the reaction did not
involve free radicals being trappable by such typical radical
scavengers (Scheme 3, reaction a). Reacting benzoyl-substituted

sulfoximine 4a with 2a gave amidated product 5a in 71% yield
(Scheme 3, reaction b) showing that N-substituted sulfoximines
could also be applied in this C−H bond activation process with
2a and that, in the original system, the free NH group of the
sulfoximine was essential for the benzothiadiazine-1-oxide
formation.
Based on these results and previous reports,10,17 a plausible

catalytic cycle is proposed in Scheme 4. Cationic rhodium
complex I generated by anion exchange of [Cp*RhCl2]2 with

Table 1. Optimization of the Reaction Conditionsa

entry catalyst additive solvent yield (%)

1 Rh(cod)Cl2 DCE 11
2 CuCl2 DCE trace
3 PdCl2 DCE trace
4 [Cp*RhCl2]2 DCE 75
5 [Cp*RhCl2]2 acetone 60
6 [Cp*RhCl2]2 THF 45
7 [Cp*RhCl2]2 toluene 38
8 [Cp*RhCl2]2 DCM 65
9 [Cp*RhCl2]2 NaOAc DCE 11
10 [Cp*RhCl2]2 NaHCO3 DCE trace
11 [Cp*RhCl2]2 PivOH DCE 91
12 [Cp*RhCl2]2 CH3COOH DCE 13
13 [Cp*RhCl2]2 1-AdCOOH DCE 80
14b [Cp*RhCl2]2 PivOH DCE 88
15c [Cp*RhCl2]2 PivOH DCE 87

aReaction conditions: 1a (0.10 mmol), 2a (0.15 mmol), catalyst (3
mol %), AgSbF6 (12 mol %), and additive (0.10 mmol) in the given
solvent (1 mL) at 100 °C for 10 h. bUnder argon atmosphere. cUse of
2.0 equiv of 2a (0.20 mmol).

Scheme 2. Substrate Scope with Respect to Sulfoximines and
1,4,2-Dioxazol-5-ones (0.1 mmol Scale)

Scheme 3. Control Experiments
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AgSbF6 reacts with sulfoximine 1 to give five-membered
rhodacycle II by loss of HX.18 Stronger acids such as AcOH
can compete with the sulfoximine, thereby affecting the
formation of intermediate II.19 After coordination of 1,4,2-
dioxazol-5-one 2 and loss of CO2, rhodium nitrenoid III is
formed. Subsequent C−N bond formation leads to IV, which is
protonated to give amidated product 5. In this step, [Cp*RhX]Y
is regenerated, closing the catalytic cycle.20 Finally, dehydrative
ring closure of 5 leads to the observed benzothiadiazine-1-oxide
3. If the sulfoximine nitrogen is substituted (as in 4a), the
reaction sequence is identical except that last step cannot occur
and compounds such as 5a are the final products.
In conclusion, we developed an efficient rhodium catalysis for

the synthesis of benzothiadiazine-1-oxide starting from NH-
sulfoximines and 1,4,2-dioxazol-5-ones.21 It proceeds with high
functional group tolerance, allowing the preparation of a wide
range of products including unsymmetrical ones, which proved
difficult to prepare with previously reported protocols.

■ ASSOCIATED CONTENT
*sı Supporting Information

The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acs.orglett.0c03212.

Experimental details, characterization data, and NMR
spectra (PDF)

■ AUTHOR INFORMATION
Corresponding Author

Carsten Bolm− Institute of Organic Chemistry, RWTHAachen
University, 52074 Aachen, Germany; orcid.org/0000-
0001-9415-9917; Email: carsten.bolm@oc.rwth-aachen.de

Authors

Peng Shi − Institute of Organic Chemistry, RWTH Aachen
University, 52074 Aachen, Germany

Yongliang Tu− Institute of Organic Chemistry, RWTHAachen
University, 52074 Aachen, Germany

Chenyang Wang − Institute of Organic Chemistry, RWTH
Aachen University, 52074 Aachen, Germany

Deshen Kong− Institute of Organic Chemistry, RWTHAachen
University, 52074 Aachen, Germany

Ding Ma − Institute of Organic Chemistry, RWTH Aachen
University, 52074 Aachen, Germany

Complete contact information is available at:
https://pubs.acs.org/10.1021/acs.orglett.0c03212

Notes

The authors declare no competing financial interest.

■ ACKNOWLEDGMENTS
P.S., Y.T., C.W., D.K., and D.M. thank the China Scholarship
Council for predoctoral stipends.

■ REFERENCES
(1) (a) Bull, J.; Degennaro, L.; Luisi, R. Straightforward Strategies for
the Preparation of NH-Sulfoximines: A Serendipitous Story. Synlett
2017, 28, 2525−2538. (b) Ganguly, B.; Das, S.; Ghosh, P. N−H and
C−H Functionalization of Sulfoximine: Recent Advancement and
Prospects. Asian J. Org. Chem. 2020, DOI: 10.1002/ajoc.202000320.
(2) (a) Yu, X.; Liu, Y.; Li, Y.; Wang, Q. Design, Synthesis, and
Acaricidal/Insecticidal Activities of Oxazoline Derivatives Containing a
Sulfur Ether Moiety. J. Agric. Food Chem. 2015, 63, 9690−9695.
(b) Arndt, K. E.; Bland, D. C.; Irvine, N.M.; Powers, S. L.; Martin, T. P.;
McConnell, J. R.; Podhorez, D. E.; Renga, J. M.; Ross, R.; Roth, G. A.;
Scherzer, B. D.; Toyzan, T. W. Development of a Scalable Process for
the Crop Protection Agent Isoclast. Org. Process Res. Dev. 2015, 19,
454−462. (c) Sparks, T. C.; Watson, G. B.; Loso, M. R.; Geng, C.;
Babcock, J. M.; Thomas, J. D. Sulfoxaflor and the sulfoximine
insecticides: chemistry, mode of action and basis for efficacy on
resistant insects. Pestic. Biochem. Physiol. 2013, 107, 1−7. (d) Xie, Y.;
Zhou, S.; Li, Y.; Zhou, S.; Chen, M.; Wang, B.; Xiong, L.; Yang, N.; Li,
Z. Design, Synthesis, Biological Evaluation and SARs of Novel N-
Substituted Sulfoximines as Potential Ryanodine Receptor Modulators.
Chin. J. Chem. 2018, 36, 129−133.
(3) (a) Mad̈er, P.; Kattner, L. Sulfoximines as Rising Stars in Modern
Drug Discovery? Current Status and Perspective on an Emerging
Functional Group in Medicinal Chemistry. J. Med. Chem. 2020,
DOI: 10.1021/acs.jmedchem.0c00960. (b) Frings, M.; Bolm, C.; Blum,
A.; Gnamm, C. Sulfoximines from a Medicinal Chemist’s Perspective:
Physicochemical and in vitro Parameters Relevant for Drug Discovery.
Eur. J. Med. Chem. 2017, 126, 225−245. (c) Lücking, U. Sulfoximine: A
neglected opportunity in medicinal chemistry. Angew. Chem., Int. Ed.
2013, 52, 9399−9408. (d) Park, S. J.; Baars, H.; Mersmann, S.;
Buschmann, H.; Baron, J. M.; Amann, P. M.; Czaja, K.; Hollert, H.;
Bluhm, K.; Redelstein, R.; Bolm, C. N-cyano sulfoximines: COX
inhibition, anticancer activity, cellular toxicity, and mutagenicity.
ChemMedChem 2013, 8, 217−220. (e) Foote, K. M.; Nissink, J. W.
M.; McGuire, T.; Turner, P.; Guichard, S.; Yates, J. W. T.; Lau, A.;
Blades, K.; Heathcote, D.; Odedra, R.; Wilkinson, G.; Wilson, Z.;
Wood, C. M.; Jewsbury, P. J. Discovery and Characterization of
AZD6738, a Potent Inhibitor of Ataxia Telangiectasia Mutated and
Rad3 Related (ATR) Kinase with Application as an Anticancer Agent. J.
Med. Chem. 2018, 61, 9889−9907. (f) Lücking, U. Neglected sulfur(vi)
pharmacophores in drug discovery: exploration of novel chemical space
by the interplay of drug design and method development. Org. Chem.
Front. 2019, 6, 1319−1324. (g) Bolm, C.; Chen, X.; Buschmann, H.
Sulfoximine- and Sulfilimine-Based DAPSON Analogues; Syntheses
and Bioactivities. Synlett 2012, 23, 2808−2810. (h)Hendriks, C.M.M.;
Hartkamp, J.; Wiezorek, S.; Steinkamp, A. D.; Rossetti, G.; Luscher, B.;
Bolm, C. Sulfoximines as ATR inhibitors: Analogs of VE-821. Bioorg.
Med. Chem. Lett. 2017, 27, 2659−2662. (i) Boulard, E.; Zibulski, V.;
Oertel, L.; Lienau, P.; Schafer, M.; Ganzer, U.; Lucking, U. Increasing
Complexity: A Practical Synthetic Approach to Three-Dimensional,
Cyclic Sulfoximines and First Insights into Their in Vitro Properties.
Chem. - Eur. J. 2020, 26, 4378−4388. (j) Altenburg, B.; Frings, M.;
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