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ABSTRACT

o NH _© CuBr (10 mol %) o. N—=~R?
QS‘I\, 3 + >%R3 pyridine (20 mol %) g -2
r' R° Ho K3PO, (1.1 equiv) gl R
PhMe, air, 80 °C, 16 h 22 examples
up to 94% yield

A method has been developed for the preparation of N-alkynylated sulfoximines involving the copper-catalyzed decarboxylative coupling of
sulfoximines with aryl propiolic acids. A range of substituents on both the sulfoximidoyl moiety and the aryl group of the propiolic acid were
compatible with this reaction process to afford a series of sulfoximidoyl-functionalized alkynes.

The recent development of numerous oxidative cross-
coupling processes [also referred to as cross-dehydrogena-
tive couplings (CDCs)] for carbon—carbon and carbon—
heteroatom bond formation is having a significant impact
on synthetic organic chemistry.' Those protocols that allow
the utilization of molecular oxygen or air as an external
oxidant are particularly attractive as both reagent con-
sumption and waste generation are minimized.’

A subclass of the aforementioned oxidative coupling
processes that have attracted significant interest in recent
years are transition-metal-catalyzed decarboxylative cross-
coupling reactions based on metals including copper,
palladium, and silver.® In particular, the transition-metal-
catalyzed decarboxylative coupling reactions employing
alkyne-derived carboxylic acids are particularly useful.*>

(1) For recent reviews on oxidative cross-coupling reactions, see: (a)
Shi, W.; Liu, C.; Lei, A. Chem. Soc. Rev. 2011, 40, 2761. (b) Liu, C.; Jin,
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The utilization of alkynyl carboxylic acids (or propiolic
acids) as coupling partners in such cross-coupling reac-
tions is highly advantageous, as (i) they are stable and
readily available or easily prepared® and (ii) the approach
avoids the use of traditional coupling partners containing
unfavorable halide-leaving groups. To date, both alkyl-
and aryl-substituted propiolic acids have been applied in
cross-coupling reactions for the formation of new C—C,
C—N, C-S, and C—P bonds.’

N-Alkynylated sulfoximines possess enormous synthetic
potential, as when prepared using enantiopure sulfoxi-
mines they can be considered as chiral ynamide analogs.®’
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CuBr (10 mol %), pyridine (20 mol %)

Scheme 1. Decarboxylative Oxidative Coupling of Sulfoximines with Aryl Propiolic Acids®
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“Reaction conditions: Sulfoximine (0.60 mmol), propiolic acid (0.40 mmol), CuBr (10 mol %), pyridine (20 mol %), K3PO, (0.44 mmol), PhMe

(3.0mL), 80 °C, 16 h.

As such, to allow rapid access to these valuable sulfoximine
derivatives, it is essential that efficient and reproducible
methodology for their preparation exist. To this end, we
herein disclose our recent efforts in the preparation of
N-alkynylated sulfoximines using a decarboxylative C—N
coupling reaction between sulfoximines and aryl propiolic
acids under oxidative conditions.

To explore the decarboxylative process for the prepara-
tion of N-alkynylated sulfoximines, initial reaction attempts
were performed with S-methyl-S-phenyl sulfoximine
(1 where R' = Ph) and phenyl propiolic acid (2 where
R? = Ph) using the conditions reported by Jiao for the
decarboxylative coupling of amides and propiolic acids.”
Unfortunately however, under these conditions [CuCl,
(10 mol %), Na,CO;, PhMe, air, 100 °C] N-alkynylated
sulfoximine 3a was not formed. Subsequently, in toluene
using CuCl, as the catalyst, a range of inorganic and

(8) (a) Wang, L.; Huang, H.; Priebbenow, D. L.; Pan, F.-F.; Bolm, C.
Angew. Chem. 2013, 125, 3562. Angew. Chem., Int. Ed. 2013, 52, 3478.
(b) Pirwerdjan, R.; Priebbenow, D. L.; Becker, P.; Lamers, P.; Bolm, C.
Org. Lett. 2013, 15, 5397. (c) The proposed first example of an
N-alkynylated sulfoximine ( Tanaka, R.; Yamabe, K. J. Chem. Soc.,
Chem. Commun. 1983, 329. ) was later revealed to be incorrect and our
recent report (see ref 8a) is the first to describe the preparation of
N-alkynylated sulfoximines. For further clarification, refer to: Banert,
K.; Hagedorn, M.; Wutke, J.; Ecorchard, P.; Schaarschmidt, D.; Lang,
H. Chem. Commun. 2010, 46, 4058.

(9) For reviews regarding ynamides, see: (a) DeKorver, K. A.; Li, H.;
Lohse, A. G.; Hayashi, R.; Lu, Z.; Zhang, Y.; Hsung, R. P. Chem. Rev.
2010, /10, 5064. (b) Evano, G.; Coste, A.; Jouvin, K. Angew. Chem.
2010, 722,2902. Angew. Chem., Int. Ed. 2010, 49,2840. (c) Wang, X.-N.;
Yeom, H.-S.; Fang, L.-C.; He, S.; Ma, Z.-X.; Kedrowski, B. L.; Hsung,
R. P. Acc. Chem. Res. DOI: 10.1021/ar400193g.

(10) As the hydrogen initially abstracted from the carboxylic acid is
incorporated into a molecule of water during the oxidative coupling
process, utilization of only a catalytic amount of base was required for
this reaction process to proceed. However, greater yields were obtained
when a stoichiometric amount of K;PO,4 was employed.
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organic bases were screened (including K>,CO;, Na,COs,
and DBU). Interestingly, the desired reaction to yield 3a
only proceeded in synthetically useful levels when using
K;PO, as the base.'’

To further optimize the decarboxylative coupling of
sulfoximines with propiolic acids, a range of catalysts,
additives, solvents, and reaction temperatures were screened
(refer to Supporting Information for full reaction opti-
mization). The application of transition-metal catalysts
other than copper, such as silver or palladium complexes
previously shown to be effective in decarboxylative cou-
pling processes,’ failed to facilitate the desired sulfoxi-
mine alkynylation.

Although a range of copper salts were effective in pro-
moting the cross-coupling reaction, the major focus of the
optimization process was centered on limiting formation
of the alkyne dimer. To this end, copper(I) halides such as
CuBr afforded the product in the highest yields, while
limiting homocoupling of the alkyne. High conversions to
the desired product were achieved, and the level of alkyne
homocoupling could be minimized when using up to 5.0
equiv of sulfoximine. This, however, was not deemed cost-
effective, and as such, the optimization process was per-
formed using 1.5 equiv of the sulfoximine substrate.

In the ynamide synthesis developed by Stahl and co-
workers,!! 2 equiv of pyridine were employed to limit
formation of the Glaser—Hay dimer; however, attempted
application of excess pyridine in this decarboxylative cou-
pling process inhibited the reaction. In subsequent trials,
enhanced yields were obtained when only a catalytic amount
of pyridine (20 mol %) was employed. Advantageously,

(11) Hamada, T.; Ye, X.; Stahl, S. S. J. Am. Chem. Soc. 2008, 130,
833.
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performing the reaction under air was sufficient, and
application of an oxygen atmosphere was not required.
It was determined that a CuBr/pyridine catalytic system
in the presence of K;PO, in toluene at 80 °C under air was
effective in minimizing formation of the Glaser—Hay
dimer and afforded the desired N-alkynylated sulfoxi-
mine 3a in a good yield of 81%.

With optimized reaction conditions in hand, a range of
sulfoximine derivatives 1 and aryl propiolic acids 2 were
investigated to afford a series of N-alkynlated sulfoximines
3 (Scheme 1). Initially, S-methyl-S-phenyl sulfoximine was
reacted with a range of aryl propiolic acids containing
halo- or alkyl functionalities at various positions of the aryl
ring attached to the alkyne (3a—h). In general, the aryl
propiolic acids containing alkyl or aryl groups performed
best in this reaction process to afford the corresponding
N-alkynylated sulfoximines in high yields (3a—c¢, 3h,
70—81%). The electron-deficient chloro- and fluoro-
substituted propiolic acids also reacted well, regardless of
the position of substitution on the aromatic ring (3d—g,
70—82% yield).

Unfortunately, electron-rich aryl propiolic acids were
not well tolerated in this decarboxylative coupling reaction
process. For example, application of 4-methoxyphenyl-,
3,4-dimethoxyphenyl-, and 4-thiomethylphenylpropiolic
acids afforded the Glaser—Hay dimer as the major product
and a less than 20% yield of the desired N-alkynlated
sulfoximine was isolated. In these cases, the alkynyl cou-
pling partner was not sufficiently electrophilic and dimer-
ized in preference to undergoing the desired cross-coupling
reaction with the sulfoximine.

To further explore this reaction process, a range of alkyl/
methyl and aryl/methyl sulfoximines containing halo-,
methoxy-, or nitro-phenyl groups were applied (Scheme 1,
3i—n). It was observed that the steric and electronic
properties of the sulfoximine moiety in this coupling
process did not play a significant role, with good yields
recorded for each reaction process (59—94% yield). Only
the 4-bromophenyl derivative 31 was isolated in a slightly
lower yield (59%) than in the case of the other examples.

Additional coupling reactions were then performed
using a range of alkynyl coupling partners including those
containing tolyl, thiophenyl, and (polyfluoro)aryl moieties
(Scheme 1, 30—v). In each of these cases, good yields
(59—82%) of the desired N-alkynylated sulfoximines were

(12) (a) Gao, X.; Gaddam, V.; Altenhofer, E.; Tata, R. R.; Cai, Z.;
Yongpruksa, N.; Garimallaprabhakaran, A. K.; Harmata, M. Angew.
Chem., Int. Ed.2012,51,7016. (b) Reissig, H.-U.; Zimmer, R. Sci. Synth.
2006, 33, 391. (c) Bonacorso, H. G.; Bittencourt, S. R. T.; Lourega,
R.V.;Flores, A. F. C.; Zanatta, N.; Martins, M. A. P. Synthesis 2000, 10,
1431. (d) Tamura, Y.; Bayomi, S. M.; Tsunekawa, M.; Ikeda, M. Chem.
Pharm. Bull. 1979, 27, 2137.

(13) Kohnen, A. L.; Mak, X. Y.; Lam, T. Y.; Dunetz, J. R.; Danheiser,
R. L. Tetrahedron 2006, 62, 3815.
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obtained independent of the functional groups present in
the initial sulfoximine or aryl propiolic acid reagents.
Reaction attempts employing alkyl-substituted propiolic
acids, such as cyclopropyl propiolic acid, failed to afford
the corresponding N-alkynylated sulfoximine, proposedly
due to the inherent instability of the product.

Scheme 2. Derivatizations of N-Alkynylated Sulfoximines
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Derivatization of the N-alkynylated sulfoximines was
then explored (Scheme 2). An (Z£)-alkenylated sulfoximine
4, of which very few previous acyclic examples exist,' was
prepared by reduction of the alkyne using Pd/C (10 wt %),
under an atmosphere of H,, to almost selectively afford the
(Z2)-alkene 4in 70% yield (ratio of Z/E = 21:1 by 'HNMR
analysis). The [2 4+ 2]-cycloaddition of 3p with dimethyl
ketene was also accomplished to afford cyclobutenone
sulfoximine 5 in a yield of 81% by refluxing the alkyne
with isobutyryl chloride in the presence of triethylamine
(Scheme 2).8>:13

In summary, a new method has been developed that
facilitates the preparation of N-alkynylated sulfoximines
in good to excellent yields from aryl propiolic acids which
are stable, readily available, and easy to store and handle.
Advantageously, this protocol applies a cheap copper
catalytic system and allows air to be employed as the
oxidant, and as a result, the only byproducts from this
process are water and carbon dioxide. The properties and
reactivity profile of N-alkynylated sulfoximines remain
under investigation in our laboratories.
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