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Synthesis of o-Sulfinylanilines from N-Alkyl Sulfoximines and
Arynes
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ABSTRACT: N-Alkyl sulfoximines react with in-situ generated arynes under mild conditions
providing o-sulfinylanilines in good yields. The transformation is characterized by a broad
substrate scope and a good functional group tolerance. The structure of a reaction product

was confirmed by single crystal X-ray diffraction.

Aryne chemistry has widely been applied in constructing valuable organic molecules.!
Among the products, those with a sulfur/nitrogen skeleton play a prominent role.2-®
According to the number of reactants, the synthetic methods can be divided into two
categories. The first includes two-component reactions where arynes insert into S-N
bounds of compounds such as trifluoromethanesulfinamides,? sulfenamides3, and
sulfilimines.* The second category encompasses three-component reactions of arynes,
sulfur compounds, and amines.5 A recent example of the former category with relevance for

our findings is a two-component reaction of arynes with NH-sulfoximines reported by



Hosoya and co-workers in 2017.62 While S-alkyl-S-aryl derivatives led to N-arylated
products,® S,S-diarylsulfoximines afforded o-sulfinylanilines. However, the yields of the
latter products remained modest and overall, the substrate scope was limited. Expecting a
more uniform product formation, we started wondering about reactions between arynes
and N-alkylated sulfoximines. If the latter reacted analogously as their NH-counterparts, one
could also gain knowledge of potential degradation pathways of such compounds.” The

results of this study are described here.

N-Alkyl sulfoximines can be prepared by various routes.?® Due to their relevance in drug
development,’®© we decided to focus our initial attention on the use of N-methyl
derivatives.1l In general, such compounds are stable, and only a few degradation pathways

by S-C and S=N cleavage reactions are known.12.13

For the initial reactivity study and the optimization of the reaction conditions (on a 0.1
mmol scale), an equimolar mixture of N-methyl sulfoximine 1a and o-silylaryl triflate 2a in
acetonitrile was treated with 2 equiv of CsF and stirred for 12 h at ambient temperature. To
our delight, a selective reaction occurred leading to a 50% yield of the formal
sulfinylamination product 3aa (at 54% conversion of 1a as determined by 'H NMR
spectroscopy using an internal standard, Table 1, entry 1). At a reaction temperature of 60
°C, the yield of 3aa increased to 74% at 84% conversion of 1a (Table 1, entry 2). Changing
MeCN to THE DCM, DCE, or toluene as solvents led to very low (conversions of 1a and)
yields of 3aa (at ambient temperature, Table 1, entries 3-6). Next, the fluoride source was
altered. Pleasingly, with a combination of KF/18-crown-6 instead of CsF, a 70% yield of 3aa
was achieved even at ambient temperature (Table 1, entry 7). Thus, heating was not

required. Increasing the ratio of 1a and 2a from 1.0:1.0 to 1.0:1.5 and 1.0:2.0 raised the



yield from 70% to 81% and 84%, respectively (Table 1, entries 7-9). Under the latter
condition, 1a was fully consumed, and isolating the product by column chromatography
afforded 3aa in 81% yield (Table 1, entry 9). Hence, the optimized condition for this
reaction involved the use of 2.0 equiv of both 2a and KF/18-crown-6 in acetonitrile for 12 h

at ambient temperature.

Table 1. Optimization of the Reaction Conditions®

_ TMS —~ N.
O\\S,[\l Me ©i F~source @ Me
N +
Ph’ "Ph oTf solvent, rt, 12 h s-Ph

1a 2a 3aa ©
entry base solvent conversion yield of
of 1a (%)*  3aa (%)®

1 CsF MeCN 54 50

2¢ CsF MeCN 84 74

3 CsF THF 25 20

4 CsF DCM <5 N.D.

5 CsF DCE <5 N.D.

6 CsF toluene <5 N.D.

7 KF/18- MeCN 71 70
crown-6

8d KF/18- MeCN 93 81
crown-6

Qe KF/18- MeCN 100 84 (81)
crown-6

aReaction conditions: Use of 0.1 mmol of 1a, 0.1 mmol of 2a, and 0.2 mmol of fluoride
source. »Yields of 3aa and conversions of 1a were determined by 'H NMR analysis of the
crude mixture with mesitylene as internal standard. The yield of 3aa isolated by column
chromatography is shown in parentheses (entry 9). N.D. = no desired product. ‘Performed at
60 °C. 9Use of 0.15 mmol (1.5 equiv) of 2a. ¢Use of 0.2 mmol (2.0 equiv) of 2a.

Under the optimized conditions, various substrate combinations were tested. The results
are shown in Scheme 1. In the first series of experiments (leading to products 3aa-na),

aryne precursor 2a was applied in combination with a range of N-alkyl sulfoximines 1. First,



compounds with two identical S-aryl groups (R2 = R3) and an N-methyl substituent were
used. The reactions proceeded well affording products 3aa-da in yields ranging from 62%
to 96%. Electronic effects induced by para-substituents on the arenes did not appear to play
a significant role. Next, the behavior of unsymmetrically substituted N-methyl sulfoximines
(1e-j) was studied. Although for those compounds, the yields of the resulting products 3ea-
ja were slightly lower (46-69%), an interesting electronic factor was found. In all cases
except one, the more electron-rich aryl group retained at sulfur while the aryl with an
electron-withdrawing group (or an H) migrated to the aniline nitrogen. The only exception
was found in the formation of 3ia, where for unknown reasons the unsubstituted arene
moved to the nitrogen, whereas the 4-fluoro-bearing aryl remained connected to the sulfur
atom. The comparably low yield of 3ka (39%) resulting from the reaction of 2a with $-3,5-
dimethylphenyl-S-phenyl sulfoximine 1k could be due to steric reasons. Noteworthy,
selective phenyl-to-nitrogen migration was observed for this compound. The same was true
for the formation of 3la stemming from S-cyclopropyl-S-phenyl sulfoximine 11. With 37%
the yield of 3la was only moderate, but importantly, this result showed that also S-alkyl-S-
aryl sulfoximine could be applied. The formation of 3ma (in 42% yield) revealed that the N-
substitution was not restricted to methyl groups. Here, a 5-pentenyl substituent was located
at this position. Finally, starting from cyclic sulfoximine 1n a ring expansion occurred
leading to eight-membered thiazocine derivative 3na in 72% yield. Performing the reaction
of 1e with 2a on a 1 mmol scale, gave 3ea in 50% yield. The solid-state structure of 3ea was
confirmed by X-ray crystal structure analysis.

In the next series of experiments, various o-silylaryl triflates (2b-g) were tested with S,S-

diphenyl-N-methyl diphenyl sulfoximine (1a) as co-substrate. Those results are shown in

Scheme 1 too. Now, electronic effects induced by substituents became apparent. Products



stemming from reactions with electron-rich arynes led to higher yields than those with
electron-poor partners. Thus, for example, 3ab, 3ac, and 3ae/3ae’ were obtained in yields

of 87%, 92%, and 83%, respectively. In contrast, 2d and 2g with electron-withdrawing

Scheme 1. Substrate Scope and X-Ray Crystal Structure of 3ea®
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aReaction conditions: 1 (0.1 mmol), 2 (0.2 mmol), KF/18-crown-6 (0.2 mmol). The yields
refer to the amounts of products isolated by column chromatography. ?For 3ea, yield of a
reaction on a 1 mmol scale in parentheses.



fluoro groups afforded the corresponding products in only 34% (for 3ad) and 68% (for
3ag) yield. Unsymmetrical arynes 2e and 2f led to mixtures of isomeric products 3ae/3ae’
and 3af/3af"' in good yields but disappointingly low regioselectivities. In contrast, and to
our surprise, fluoro-substituted 2g behaved differently, affording o-sulfinylaniline 3ag in

68% yield as single regioisomer.

Further, control experiments were conducted to comprehend the details of the reaction. The
importance of the N-alkyl group was revealed by applying sulfoximines 4 and 5 with non-
aliphatic N-substituents (Scheme 2). Neither of the two substrates reacted emphasizing the
importance of the N-alkyl substituent. This effect could not be compensated by an N-

trifluoracetyl or N-phenyl group.

Next, a crossover experiment was carried out. Hence, a mixture of an equimolar amount of
1a and 1e was reacted with 4 equiv of 2a and 4 equiv of the fluoride source. As a result, only
3aa and 3ea were observed in yields that were in line with the former experiments (75%
for 3aa and 47% for 3ea). None of the potential cross-over products was detected
suggesting that the aryl migrations from the sulfoximine sulfur to the aniline nitrogen

proceeded in an intramolecular manner.

Scheme 2. Control Reactions
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According to the experimental results and reported literatures,*¢1# a possible reaction path
as shown in Scheme 3 can be proposed. Two points are important here: First, the product
formation is intramolecular as shown by the cross-over experiments, and second, the aryl
migration has a pronounced migratory preference. Thus, in the depicted scenario, in-situ
formed aryne A (from 2) reacts with sulfoximine 1 by a [2+2] cycloaddition-like pathway
affording four-membered ring intermediate B. Subsequent S-N bond cleavage gives C which
leads to product 3 by aryl migration. Thus, the process is intramolecular, and the high
selectivity in the aryl migration is a result of a beneficial stabilizing effect of the negative

charge by the arene bearing an electron-withdrawing group X.

Scheme 3. Suggested Reaction Path
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In summary, we studied reactions of N-alkyl sulfoximines with in-situ formed arynes leading
to o-sulfinylanilines. The product formation can be explained by a multistep reaction
sequence initiated by a formal [2+2] cycloaddition between the S-N and C-C units of the
starting materials. A subsequent bond-breaking process followed by a highly selective
intramolecular relocation of an electronically preferred S-aryl group provides the products

in good yields.



ASSOCIATED CONTENT

Data Availability Statement

The data underlying this study are available in the published article and its online

Supporting Information.

The Supporting Information

The Supporting Information is available free of charge at https://pubs.acs.org/doi/..........
Experimental procedures, characterization data, NMR spectra for new compounds
(PDF)

FAIR data, including the primary NMR FID files, for compounds 1a-n, 2b-g, 3aa-na,

3ab-ag, 4, and 5.

Accession Codes

CCDC 2229956 (for 3ea) contains the supplementary crystallographic data for this paper.
These data can be obtained free of charge via www.ccdc.cam.ac.uk/data_request/cif, or by
emailing data_request@ccdc.cam.ac.uk, or by contacting The Cambridge Crystallographic

Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax: +44 1223 336033.

AUTHOR INFORMATION

Corresponding Author

Carsten Bolm - Institute of Organic Chemistry, RWTH Aachen University, D-52074 Aachen,

Germany; orcid.org/ 0000-0001-9415-9917; Email: carsten.bolm@oc.rwth-aachen.de




Authors

Xianliang Wang - Institute of Organic Chemistry, RWTH Aachen University, D-52074 Aachen,
Germany; orcid.org/0000-0002-5847-0625

Marcus Frings - Institute of Organic Chemistry, RWTH Aachen University, D-52074 Aachen,
Germany; orcid.org/0000-0002-6228-1229

Kari Rissanen - University of Jyvaskyla, Department of Chemistry, PO. Box 35, Survontie 9B,

FI-40014 Jyvdskyld, Finland; orcid.org/0000- 0002- 7282-8419

Notes

The authors declare no competing financial interests.

ACKNOWLEDGMENT

X.W. is grateful to the China Scholarship Council (CSC) for a predoctoral stipend, and we
acknowledge the Alexander von Humboldt Foundation for support of K.R. (AvH research

award).

REFERENCES

(1) For recent reviews, see: (a) Miyabe, H. Regiocontrol by Halogen Substituent on
Arynes: Generation of 3-Haloarynes and Their Synthetic Reactions. Synthesis 2022, 54,
5003-5016. (b) Yang, Y.;; Jones, C. R. The aryne ene reaction. Synthesis 2022, 54, 5042-
5054. (c) Zhang, R.; Peng, X.; Tan, ]. Recent Advances in Construction of C(sp?)-O Bonds
via Aryne Participated Multicomponent Coupling Reactions. Synthesis 2022, 54, 5064-
5076. (d) Sarmah, M.; Sharma, A.; Gogoi, P. Exploration of Kobayashi's aryne precursor: a

potent reactive platform for the synthesis of polycyclic aromatic hydrocarbons. Org.



10

Biomol. Chem. 2021, 19, 722-737. (e) Hararika, H.; Gogoi, P. Access to diverse
organosulfur compounds via arynes: a comprehensive review on Kobayashi's aryne
precursor. Org. Biomol. Chem. 2021, 19, 8466-8481. (f) Sarmah, M.; Sharma, A.; Gogoi, P.
Exploration of Kobayashi's aryne precursor: a potent reactive platform for the synthesis
of polycyclic aromatic hydrocarbons. Org. Biomol. Chem. 2021, 19, 722-737. (g) Liu, L,
Ma, R. Recent progress in CO2 transformation with arynes. Chin. Sci. Bull. 2021, 66, 739-
747. (h) Yan, Q.; Fan, R;; Liu, B.; Su, S.; Wang, B.; Yao, T; Tan, ]. Recent Progress in Aryne
Participated Dearomatization Reactions. Chin. J. Org. Chem. 2021, 41, 455-470. (i)
Rahman, M.; Bagdi, A. K.; Kopchuk, D. S.; Kovaley, I. S.; Zyryanov, G. V,; Chupakhin, O. N,;
Majee, A.; Hajra, A. Recent advances in the synthesis of fluorinated compounds via an
aryne intermediate. Org. Biomol. Chem. 2020, 18, 9562-9582.

(2) Liu, Z.,; Larock, R. C. Intermolecular C-N Addition of Amides and S-N Addition of
Sulfinamides to Arynes. J. Am. Chem. Soc. 2005, 127,13112-13113.

(3) Gaykar, R. N.; Bhattacharjee, S.; Biju, A. T. Transition-Metal-Free Thioamination of
Arynes Using Sulfenamides. Org. Lett. 2019, 21, 737-740.

(4) Yoshida, S.; Yano, T.; Misawa, Y.; Sugimura, Y.; Igawa, K.; Shimizu, S.; Tomooka, K;
Hosoya, T. Direct Thioamination of Arynes via Reaction with Sulfilimines and Migratory
N-Arylation. J. Am. Chem. Soc. 2015, 137, 14071-14704.

(5) (a) Kwon, J.; Kim, B. M. Synthesis of Arenesulfonyl Fluorides via Sulfuryl Fluoride
Incorporation from Arynes. Org. Lett. 2019, 21, 428-433. (b) Garcia-Lopez, ]J.-A.; Cetin,
M.; Greaney, M. F. Double Heteroatom Functionalization of Arenes Using Benzyne Three-
Component Coupling. Angew. Chem., Int. Ed. 2015, 54, 2156-2159.

(6) (a) Yoshida, S.; Nakajima, H.; Uchida, K;; Yano, T.; Kondo, M.; Matsushita, T.; Hosoya, T.

Reactions of Arynes with Sulfoximines: Formal Sulfinylamination vs. N-Arylation. Chem.



11

Lett. 2017, 46, 77-80. (b) Aithagani, S. K;; Dara, S.; Munagala, G.; Aruri, H.; Yadav, M.;
Sharma, S.; Vishwakarma, R. A.; Singh, P. P. Metal-Free Approach for the Synthesis of N-
Aryl Sulfoximines via Aryne Intermediate. Org. Lett. 2015, 17, 5547-5549. (c) For related
work reporting N-(o-halo)arylations, see: Priya, V. R. P; Jesin, C. P. I.; Nandji, G. C. Synlett
DOI: 10.1055/a-1921-0875.

(7) Wiezorek, S.; Lamers, P; Bolm, C. Conversion and degradation pathways of
sulfoximines. Chem. Soc. Rev. 2019, 48, 5408-5423.

(8) Recent examples for catalytic synthesis of N-alkyl sulfoximines, see: (a) Li, Z.; Frings,
M., Yu, H.; Raabe, G. Bolm, C. Organocatalytic Asymmetric Allylic Alkylations of
Sulfoximines. Org. Lett. 2018, 20, 7367-7370. (b) Zhang, Y.- F; Dong, X.-Y.;; Cheng, ].-T;
Yang, N.-Y; Wang, L.-L; Wang, E-L; Luan, C; Liu, J; Li, Z.-L; Gu, Q.-S.; Liu, X.-Y.
Enantioconvergent Cu-Catalyzed Radical C-N Coupling of Racemic Secondary Alkyl
Halides to Access a-Chiral Primary Amines. J. Am. Chem. Soc. 2021, 143, 15413-15419.
(c) Cheng, X.-Y,; Zhang, Y.-F,; Wang, ].-H.; Gu, Q.-S.; Li, Z.-L.; Liu, X.-Y. A Counterion/Ligand-
Tuned Chemo-and Enantioselective Copper-Catalyzed Intermolecular Radical 1, 2-
Carboamination of Alkenes. J. Am. Chem. Soc. 2022, 144, 18081-18089. (d) Wang, C.; Tu,
Y.; Ma, D.; Ait Tarint, C.; Bolm, C. Photocatalytic Synthesis of Difluoroacetoxy-containing
Sulfoximines. Org. Lett. 2021, 23, 6891-6894. (e) Wang, H., Zhang, D.; Bolm, C.
Sulfoximidations of Benzylic C-H bonds by Photocatalysis. Angew. Chem., Int. Ed. 2018,
130, 5965-5968. (f) Ma, D.; Kong, D.; Wu, P; Tu, Y;; Shi, P; Wang, X.; Bolm, C. Introduction
of Lipophilic Side Chains to NH-Sulfoximines by Palladium Catalysis Under Blue Light
Irradiation. Org. Lett. 2022, 24, 2238-2241. (g) Feng, T; Luo, X,; Dong, ]J; Mo, ].

Photocatalytic N-Benzylation of NH-Sulfoximines. Synth. Commun. 2021, 51, 1284-1292.



12

(9) Selected examples for metal-free approaches to N-alkyl sulfoximines, see: (a)
Hendriks, C. M.; Bohmann, R. A.; Bohlem, M.; Bolm, C. N-Alkylations of NH-Sulfoximines
and NH-Sulfondiimines with Alkyl Halides Mediated by Potassium Hydroxide in Dimethyl
Sulfoxide. Adv. Synth. Catal. 2014, 356, 1847-1852. (b) More, S. G.; Mane, K. D;
Suryavanshi, G. A Metal-free Access to Hindered N-Alkyl Sulfoximines via In-Situ
Generated Aza-Oxyallyl Cations from Functionalized Alkyl Bromide. Asian J. Org.
Chem. 2022, 11, e202200210. (c) Wang, X.; Wang, C.; Bolm, C. Superbase-Mediated gem-
Difluoroalkenylations of Sulfoximines. Org. Lett. 2022, 24, 7461-7464.

(10) (a) Goldberg, E. W,; Kettle, ]. G.; Xiong, ].; Lin, D. General synthetic strategies towards
N-alkyl sulfoximine building blocks for medicinal chemistry and the use of
dimethylsulfoximine as a versatile precursor. Tetrahedron 2014, 70, 6613-6622. (b)
Satzinger, G. Drug discovery and commercial exploitation. Drug News Perspect. 2001, 14,
197.

(11) For bioactivities of N-methyl sulfoximines, see: (a) Walker, D. P,; Zawistoski, M. P;
McGlynn, M. A; Lj, J. C;; Kung, D. W,; Bonnette, P. C.; Baumann, A.; Buckbinder, L.; Houser,
J. A; Boer, ].; Mistry, A; Han, S.; Xing, L.; Guzman-Perez, A. Sulfoximine-substituted
trifluoromethylpyrimidine analogs as inhibitors of proline-rich tyrosine kinase 2 (PYK2)
show reduced hERG activity. Bioorg. Med. Chem. Lett. 2009, 19, 3253-3258. (b) Park, S.
J.; Buschmann, H.; Bolm, C. Bioactive sulfoximines: Syntheses and properties of Vioxx®
analogs. Bioorg. Med. Chem. Lett. 2011, 21, 4888-4890.

(12) Examples for the cleavage of S-C bond of N-alkyl sulfoximines, see: (a) Reggelin, M,;
Heinrich, T. Metalated 2-Alkenylsulfoximides in  Asymmetric  Synthesis:
Diastereoselective Preparation of Highly Substituted Pyrrolidine Derivatives. Angew.

Chem., Int. Ed. 1998, 37, 2883-2886. (b) Gais, H. ], Scommoda, M.; Lenz, D.



13

Rearrangement of allylic sulfoximines to allylic sulfinamides. Tetrahedron Lett. 1994, 35,
7361-7364. (c) Erdelmeier, L; Gais, H. J. Nickel-catalyzed cross-couplings of alkenyl and
a-metalated alkenyl sulfoximines with organometallics: Stereoselective synthesis of
carbacyclins. J. Am. Chem. Soc. 1989, 111, 1125-1126. (d) Gaillard, S.; Papamicaél, C;
Dupas, G.; Marsais, F,; Levacher, V. ortho-Lithiation of S-tert-butyl-S-phenylsulfoximines.
New route to enantiopure sulfinamides via a de-tert-butylation reaction. Tetrahedron,
2005, 61, 8138-8147. (e) Gais, H. J.; Loo, R;; Roder, D.; Das, P; Raabe, G. Asymmetric
Synthesis of Protected B-Substituted and f, B-Disubstituted B-Amino Acids Bearing
Branched Hydroxyalkyl Side Chains and of Protected 1, 3-Amino Alcohols with Three
Contiguous Stereogenic Centers from Allylic Sulfoximines and Aldehydes. Eur. J. Org.
Chem. 2003, 1500-1526. (f) Reggelin, M.; Slavik, S.; Biihle, P. C-C Bond-Forming
Desulfurizations of Sulfoximines. Org. Lett. 2008, 10, 4081-4084.

(13) Examples for the cleavage of S=N bonds of N-alkyl sulfoximines, see: (a) Hachtel, |;
Gais, H. ]. A Method for the Conversion of Sulfoximines to Sulfones: Application to
Polymer-Bound Sulfoximines and to the Synthesis of Chiral Sulfones. Eur. J. Org. Chem.
2000, 1457-1465. (b) Rajender, A.; Gais, H. ]. Asymmetric Synthesis of Substituted
Homoallyl Alcohols, Halomethyl Tetrahydrofurans, and Chloro-amino Sulfones from
Allyltitanium Sulfoximines and a-Hetero Aldehydes. Org. Lett. 2007, 9, 579-582. (c)
Schroeck, C. W,; Johnson, C. R. Aluminum amalgam reduction of aryl sulfoximines and
related compounds. J. Am. Chem. Soc. 1971, 93, 5305-5306.

(14) Arynes also insert into S-O bonds of diaryl sulfoxides. Then, however, the
subsequent reaction path can deviate. For an example, see: Li, Y.,; Sun, Y.,; Huang, X;
Zhang, L.; Kong, L.; Peng, B. Synthesis of o-Aryloxy Triarylsulfonium Salts via Aryne

Insertion into Diaryl Sulfoxides. Org. Lett. 2017, 19, 838-841.



14

TOC
Ar
o, N-AK - ™S kergorowns N
S, o+ | , 12 h |
Ar” R! S oTf , A S’R1
R2 R2 (5

broad substrate scope up to 96% yield



