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Abstract: Among the nucleophilic oxidants employed in
the gold-catalysed oxidation of alkynes, sulphur-based
reagents have played a substantial role since the
beginning, granting access to the respective gold carbene
intermediates. Herein, we describe the first example of
the substance class of sulfoximines being used as atom
transfer reagents to alkynes in gold catalysis. Based on
the transformation of N-(2-alkynylphenyl) sulfoximines
to 3H-indol-3-ones, it is demonstrated that the sulfox-
imine functionality is capable of selectively transferring
first its nitrogen moiety to the alkyne, forming the o-
imino gold carbene, which is then oxidised by the
released sulfoxide moiety in a second step via a pseudo-
intramolecular mechanism—a distinctive feature that
differentiates this work mechanistically from earlier
studies. A combination of extensive experimental and
theoretical studies provides evidence for this mechanis-
tic rationale. As no external reagents for the 1,2-
difunctionalisation of the alkyne unit are required, a
wide variety of functional groups are tolerated in the
transformation, affording the desired 3H-indol-3-ones in
mostly good yields. It was further also showcased that it
is possible to combine our methodology with additional
transformations of the 3H-indol-3-one core in one-pot
procedures, allowing facile access to C2-quaternary

indolin-3-one structures. j

Introduction

The gold-catalysed 1,2-difunctionalisation of alkynes con-
stitutes an efficient and elegant way of accessing complex
structural motifs.! For instance, for the gold-catalysed
transformation of alkynes to glyoxals,” the n-activated
alkynel® is attacked by the nucleophilic oxidant to give
alkenyl gold species A (Scheme 1A)." Following elimina-
tion of the leaving group (LG), a-oxo gold carbene B can be
formed, which can then be oxidised by a second equivalent
of the respective oxidant, affording the desired 1,2-
dicarbonyl C.F! It is also possible that vinyl gold species A is
directly attacked by the second oxidant molecule, leading to
product C without the formation of a carbene-type
intermediate.” In order to achieve an N-/O-functionalisa-
tion of the triple bond via the same strategy, the presence of
two different oxidants would be required—one transferring
the oxygen atom, the other one providing the nitrogen
moiety—a combination that is prone to lead to the
formation of a mixture of different reaction products. To
circumvent this problem, it is highly desirable to make use
of a single oxidant that is capable of selectively transferring
both units in a successive manner. The attack of the first
moiety would lead to the formation of alkenyl gold
intermediate D, which can then fragment to the respective
a-0x0 or a-imino gold carbene B under elimination of the
leaving group. Subsequently, the leaving group, i.e. the
reduced form of the former oxidant, could potentially
transfer the second unit, oxidising the carbene centre to
furnish oxoimination product E.
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Scheme 1. a) Symmetrical and non-symmetrical gold-catalysed 1,2-
difunctionalisation of alkynes and b) the established S(IV) transfer
reagents in contrast to the herein presented sulfoximines.

With regard to N- and O-transfer reagents to alkynes in
gold catalysis, Shin ef al.’! and Liu et al/"! have made use of
nitrones, which initially attack the alkyne with their oxygen
atom to form the a-oxo gold carbene, which is then trapped
by the transiently formed imine to give the oxoamination
product after hydrolysis. The oxoimination product can be
obtained by using nitrosobenzene, although not via the
aforementioned reaction sequence, but by means of an
alkyne/nitroso metathesis mechanism." Nitro groups can be
used in conjunction with alkynes to first form the a-oxo gold
carbene, which subsequently reacts with the remaining
nitroso group to form the oxoimination N-oxide.['*%

Among a variety of other types of oxidants, sulphur-
based reagents have always played a critical role in this type
of gold-catalysed oxidation of alkynes (Scheme 1B).”! Sulf-
oxides were the first reagents to be used for this kind of
approach['” and have since then served as a versatile source
of 0-oxo gold carbenes, giving rise to many different trans-
formations and structural motifs. Their nitrogen analogues,
sulfilimines, were explored more recently and were shown
to give access to o-imino gold carbenes.'! A few examples
have also been reported that make use of sulphur carbon
ylides acting as carbene transfer reagents in gold-catalysed
conversions of alkynes." Despite this frequent use of S(IV)
reagents, the reactivity of the S(VI) compound class of
sulfoximines—which can be regarded as a fusion of sulf-
oxides and sulfilimines—in gold-catalysed reactions remains
virtually unexplored. The synthesis and reactivity of sulfox-
imines is fairly well known,! as they have shown to exhibit
properties that give rise to many valuable applications in
medicinal chemistry" as well as crop protection."” They
have further been shown to be of a high synthetic value, for
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instance serving as ligands," directing groups,'” chiral
auxiliaries™ or reagents in a variety of chemical trans-
formations. A very recent report features sulfoximines being
used as reactants in a gold-catalysed transformation of
enynone systems, however, in that case, no reaction between
the sulfoximine and the alkyne takes place. Instead, the
sulfoximine’s nitrogen atom acts as a nucleophile, trapping a
carbocation generated in a preceding intramolecular gold-
catalysed cyclisation reaction, with the sulfoximine entity
remaining intact.””

Results and Discussion

We envisioned that, in gold catalysis, sulfoximines have the
potential to act as N- and O-transfer reagents, first trans-
ferring one of the units to the alkyne, forming the respective
gold carbene, which can then in turn be trapped by the
remaining sulfoxide or sulfilimine moiety. This strategy
would enable a facile 1,2-N,O-difunctionalisation of alkynes
in one step without the need for the addition of any further
reagents. In order to test our hypothesis, we chose to
construct intramolecular system 1a, that incorporates both
the alkyne and the sulfoximine unit and can be accessed via
a two-step sequence consisting of a Sonogashira coupling
and a successive Buchwald Hartwig amination using the
conditions developed by Bolm etalP! The employed
tetrahydrothiophene-based sulfoximine building block is
both commercially available and can be readily synthesised
on a multi-gram scale.” Following a successful synthesis of
the desired system, we reacted 1a with IPrAuCl/AgNTf, in
benzene at room temperature (rt) and observed the
formation of two main species, one of them clearly being
tetrahydrothiophene. Upon careful spectroscopic assess-
ment, we were able to assign the second species to be 3H-
indol-3-one 2a, showcasing that the sulfoximine did indeed
transfer both the nitrogen and the oxygen atom to the
alkyne unit, releasing the sulfide as the by-product.
3H-Indol-3-ones themselves have been shown to con-
stitute interesting structures due to their antimalarial
properties.! Beyond this, they primarily serve as substrates
for the construction of indolin-3-ones with a quaternary C2-
atom. As this structural motif is present in countless natural
products exhibiting various promising biological activity,”" a
multitude of transformations accessing the 2,2-disubstituted
indolin-3-one core from 3H-indol-3-one building blocks
have been developed.” In this regard, a very recent work
published by Li and Wu et al. is particularly noteworthy,
which combines a gold-catalysed synthesis of 3H-indol-3-
ones from 2-alkynyl arylazides with a subsequent enantiose-
lective organocatalytic transformation to the respective C2-
quaternary indolin-3-ones in a one-pot procedure.”

Despite the reaction showing full conversion of sulfox-
imine 1la, the yield of 2a only constituted 40% as
determined by "H NMR spectroscopy. Therefore, we turned
to screen the reaction conditions for the underlying trans-
formation (Table 1). Switching from the NHC-based Au(I)
catalyst to phosphine- or phosphite-based Au(I) catalysts
led to a decrease of the yield to 22 % and 16 %, respectively
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Table 1: Screening of the reaction conditions for the gold-catalysed conversion of N-(2-alkynylphenyl) sulfoximine 1a to 3H-indol-3-one 2a.”

Article

Angewandte

intemationaldition’y) Chemie

S

2\

N O (Aul N
e OO
solvent, temperature

o)
2a

T Conversion Yield

[°q] of 1a of 2a
rt 100% 40%
rt 100% 22%
rt 100% 16%
rt 100% 7%
rt 75% 22%
rt 60% 54%
rt 67 % 62%
rt 37% 34%
rt 48% 43%
rt 86% 76 %
80 78% 63%
rt 38% 27%
rt 96 % 76%

X
O OMe
1a
Entry Catalyst Solvent
1 IPrAuCl/AgNTf, benzene
2 Ph;PAuCI/AgNTf, benzene
3 Phosphite®AuCl/AgNTf, benzene
4 picAuCl, benzene
5 SIPrAuCl/AgNTf, benzene
6 IPr<AuCl/AgNTf, benzene
7 IPr*AuCl/AgNTf, benzene
8 IPr#*AuCl/AgSbFg benzene
9 IPr**AuCl/NaBArF,, benzene
10 IPr*AuNTf, benzene
1 benzene
12 1,2-DCE
13 IPr*AuNTf, toluene
R RN/=\N RUR
T
R AU R
Cl

IPr*AuCl  R=Ph

IPr*AuCl R= —EQ—’BU

[a] The reactions were run on a 30.7 pmol scale in 0.3 mL solvent in the presence of 5.00 mol % of the gold catalyst and 5.00 mol % of the silver
salt. The yield was determined by '"H NMR spectroscopy using hexamethylbenzene as internal standard. [b] Tris(2,4-di-tert-butylphenyl) phosphite.

(entries 2 and 3). Equally, the use of the Au(IIl) catalyst
picAuCl, gave very poor results (entry 4), although it had
been shown to be superior to Au(I) catalysts in many cases
of sulfilimines being used as nitrene transfer reagents.” In
light of these results, we assessed the performance of
different NHC Au(I) catalysts in the reaction. SIPr, the
saturated version of IPr, also gave an inferior result of 22 %
(entry 5). Employing the sterically significantly more de-
manding IPr¥, on the other hand, increased the yield to
54 % (entry 6). Further increasing the steric bulk on the
NHC ligand by switching to IPr** increased the yield of 2a
to promising 62 % (entry 6). Using the IPr** ligand but
varying the counter anion from NTf,” to SbF,~ or BArF,,~
lowered the yield to 34 % and 43 % (entries 8 and 9). Using
the pre-activated IPr**AuNTf, catalyst in the absence of
silver cations, on the other hand, improved the yield to
satisfactory 76 % with 86 % conversion (entry 10). Lastly,
neither changing the reaction temperature to 80°C (en-
try 11), nor switching the solvent from benzene to 1,2-
dichloroethane (1,2-DCE, entry 12) had a positive impact on
the reaction outcome. It was however possible to replace
benzene by the less hazardous toluene without any negative
impact on the yield of 3H-indol-3-one 2a (entry 13).

With these conditions at hand, we proceeded to evaluate
the scope of the reaction, starting with the alkyne unit
(Scheme 2). Example 2a, featuring a methoxy group in the
para-position on the aryl ring of the alkyne unit, was isolated
with a yield of 72 %. Other electron-donating groups in the
para-position were shown to produce similarly good or even
superior results, as shown by example 2¢ for an ethyl group
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(85 %) or example 2d for a tert-butyl substituent (75 %). 3H-
Indol-3-one 2f, with a very electron-rich aryl unit carrying
two methoxy groups in the meta-positions, was obtained in a
good yield of 77 %. A methyl group in the ortho-position
gave a slightly decreased yield of 63 % (2e), possibly due to
the high steric demand of the gold catalyst interfering with
the methyl group in close proximity. Sulfoximine 1b with an
unsubstituted phenyl ring on the alkyne gave the corre-
sponding 3H-indol-3-one 2b in a satisfactory yield of 76 %.
An electron-withdrawing trifluoromethyl group in the para-
position produced an excellent yield of 94 % (2g). Halide
substituents resulted in a yield of 75% for both cases of
fluoride (2k) and chloride (2h). Example 21 shows that
heteroaryl units on the alkyne, in this case thiophene, also
result in good yields (71 %). Some of the known strategies
of synthesising 3H-indol-3-ones require the presence of a
strong base.’”) Therefore, we assessed whether our method
is efficient in the presence of base-labile functional groups
and were able to show that good yields of 77 % and 64 %
were obtained for substrates carrying an ester group (21i, the
solid state structure is depicted in Figure 1)® or a nitrile
group (2j).

Other known methods of accessing 3H-indol-3-one cores
involve the participation of strong acids,” which prompted
us to evaluate whether our approach is equally feasible with
acid-labile functional groups. Indeed, conducting the reac-
tion with acetal-substituted substrate 1m gave the desired
product in an excellent yield of 80 %. When using alkynyl
nitroarenes for the transition metal-catalysed synthesis of
3H-indol-3-ones, the reaction first affords the corresponding
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Scheme 2. Substrate scope. [a] Reaction conditions: The reactions were
run on a 170 pmol scale with respect to the sulfoximine in the presence
of 5.00 mol % of IPr**AuNTf, in benzene (1.7 mL). The yields
constitute isolated yields after column chromatography.

Figure 1. Solid state molecular structure of 2i, thermal ellipsoids are
shown at a 50% probability level.?®!

isatogens that then need to be reduced by an external
reducing agent.®” In our case, functional groups that are
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prone to undergo reduction are also tolerated as illustrated
by the example of aldehyde 2n, although in a decreased
yield of 44 %. Next, we wanted to assess whether the aryl
unit on the distal end of the alkyne can be exchanged for an
alkyl chain. Unfortunately, when subjected to the reaction
conditions, sulfoximine 1o with an n-butyl residue gave a
complex mixture of different products that seem to be the
result of further reactions of temporarily formed 3H-indol-3-
one 20 (see Supporting Information, Scheme S1). The ¢
butyl equivalent 1p, however, with no protons in a-position
to the alkyne, delivered the desired reaction product in 79 %
yield. Next, we evaluated the possibility of introducing
substituents on the backbone of the system and were able to
demonstrate that the presence of a fluoride (2q) or an ester
group (2r) in the 5-position of the backbone provides
excellent yields of 84 % and 75 %, respectively. Equally
pleasing, product 2t with a methyl group in the 4-position
was isolated with 84 %. Merely a methoxy group in the 5-
position proved to be problematic as the corresponding 3H-
indol-3-one 2s was only obtained with a disappointing yield
of 17 % due to an incomplete conversion of the sulfoximine
even after a significantly prolonged reaction time.

From a mechanistic point of view,®’! the reaction can
proceed via two different pathways (Scheme 3). Both arise
from the n-coordination of the Lewis acidic cationic Au(I)
complex to the alkyne moiety of substrate 1, leading to the
formation of complex I. From this point, a nucleophilic
attack on the activated alkyne can occur from either the
nitrogen or the oxygen atom. For the case of the nitrogen
atom (Scheme 3, pathway A), a 5S-endo-dig cyclisation
occurs, forming vinyl gold species II-A, which then forms a-
imino gold carbene III-A by elimination of tetrahydrothio-
phene oxide. The sulfoxide can then, in turn, oxidise gold
carbene III-A intermolecularly to give product 2 after
release of the gold catalyst, generating tetrahydrothiophene
as a by-product. Alternatively, starting from n-complex I,
the oxygen atom can attack the alkyne, resulting in a 6-exo-
dig cyclisation to form vinyl gold species II-B (Scheme 3,
pathway B). This could then lead to a cleavage of the S—O
bond and the formation of a-oxo gold carbene III-B with a
tethered sulfilimine unit. The sulfilimine nitrogen atom
could then trap the carbene, in this case furnishing product 2
in an intramolecular manner.

In order to obtain a first idea about the reaction
pathway, we monitored the gold-catalysed conversion of
substrate 1a by means of positive-ion electrospray ionisation
mass spectrometry (ESI-MS). The ESI mass spectrum
exhibited a prominent peak at m/z 1883.0258, the occurrence
of which corresponds to an ion [C,)H;3,AuN;0,S]* (calc.
m/z 1883.0248) which is equivalent to the combined mass of
sulfoximine 1a and cationic gold complex [IPr**Au]* (see
Supporting Information, Figure S1 and Table S1). Further
study of the ion by tandem mass spectrometry using
collision-induced dissociation (CID, collision offset voltage
80 V) showed that it delivered three fragment ions at m/z
1557.9101, 1778.9937, and 1794.9887 (see Supporting Infor-
mation, Figure S2 and Table S2). Based on the accurate
mass data, these can be assigned to the formulas
[CiotHi20)AuN,]* (cale. m/z 1557.9112), [C,;H 5 AuN;0]*
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Scheme 3. Two possible mechanistic pathways A and B for the gold-catalysed conversion of sulfoximines 1 to 3H-indol-3-ones 2.

(cale. m/z 1778.9952), and [C;;H;5AuN;0,]" (calc. m/z
1794.9902), respectively. Thus, two of these correspond to
the loss of tetrahydrothiophene and tetrahydrothiophene 1-
oxide, respectively, while the third indicates the free cationic
gold catalyst.

Next, we conducted a series of mechanistic experiments
to gain further insight into the underlying mechanism. First,
competing carbene trapping reagents were added to the
reaction in order to assess whether they could react with any
potential intermediate gold carbenes. Especially if the
reaction were to proceed via the intermolecular pathway A,
one would expect to observe a competition between the
transiently formed sulfoxide and the added reagents. How-
ever, neither the addition of an excess of 1,3,5-trimeth-
oxybenzene nor the addition of an excess of 4-fluorostyrene
showed the formation of reaction products resulting from a
nucleophilic trapping or a cyclopropanation of a potential
gold carbene intermediate (see Supporting Information,
Scheme S2), as observed by NMR spectroscopy. Next, we
assessed whether adding a sulfoxide as similar as possible to
tetrahydrothiophene 1-oxide to the reaction could lead to a
competing oxidation of potential a-imino gold carbene III-
A. To this end, we selected a tetrahydrothiophene-based
sulfoxide featuring two methyl groups on the rear end of the
five-membered ring, which should not be expected to alter
its reactivity from a steric or electronic point of view.
Whereas one could clearly see the formation of both
reaction product 2a and unsubstituted tetrahydrothiophene
when monitoring the reaction by 'H NMR spectroscopy, no
formation of the corresponding dimethyl-substituted tetra-
hydrothiophene, which would be an inevitable by-product of
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a competing oxidation, was observed (see Supporting
Information, Schemes S3 and S4).

Lastly, we performed a crossover experiment to further
distinguish between an inter- and an intramolecular process
(Scheme 4). As the oxygen atom is the only component that
could potentially be exchanged, we synthesised '*O-labelled
sulfoximine 1w, substituted with a methyl group on the
phenyl acetylene unit, and reacted it in a 1:1 mixture with
non-"*O-labelled sulfoximine 1e, carrying an ethyl group in
the same position.

The formation of mainly non-crossover products 2¢ and
2u was observed by high resolution mass spectrometry. A
small share of crossover product 2uc was found, yet this
cannot be attributed to an exchange between substrates 1c¢
and 1u, but rather is the result of an incomplete 'O-
labelling of sulfoximine 1u (5% '°O content as determined
by mass spectrometry). Most importantly, the opposing
crossover product 2cu could not be detected, indicating that
no exchange of the oxygen atom can take place in the course
of the mechanism, therefore pointing to the reaction
occurring intramolecularly (see Supporting Information,
Figure S3).

All the gathered experimental evidence points to an
intramolecular reaction mechanism, which would be in
favour of pathway B. However, we decided to further
examine the reaction from a computational chemistry point
of view and conducted density functional theory (DFT)
calculations at the SMD/wB97XD/def2-TZVP//SMD/
wB97XD/6-31G(d), SDD level of theory in benzene. As
shown in the free energy profile depicted in Figure 2a, n-
complex I serves as a branching point for both pathways A
and B. Pathway A begins with the nucleophilic attack of the
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Scheme 4. A crossover experiment carried out in order to distinguish between the possible reaction pathways A and B.
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Figure 2. (a) The calculated free energy profile for the cyclisation of sulfoximines 1 to 3H-indol-3-ones 2. The pale blue values indicate the length of
selected bonds in A. The relative Gibbs free energies and relative electronic energies (in parentheses) are given in kcalmol™'. (b) Analysis of the

Kohn—Sham orbitals of complex I, in particular the HOMO and HOMO ;.

nitrogen atom on the Au-activated n-bond via transition
structure TSy s, Whereas pathway B commences with the
nucleophilic attack of the oxygen atom on the Au-activated
n-bond via transition structure TSpyg. TSpua, having a
relative free energy of 12.6 kcalmol ', is calculated to be
12.4 kcalmol ™" lower in energy compared to TSy, which
possesses a relative free energy of 25.0 kcalmol™'. This
implies that the nitrogen atom is more nucleophilic than the
oxygen atom, which is confirmed by the analysis of the
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Kohn-Sham orbitals of complex I (Figure 2b). Specifically,
the HOMO of complex I, with an energy of —8.6¢eV, is
primarily composed of the nitrogen lone pair, while the
HOMO,,;, having an energy of —11.1 eV, is predominantly
constituted by the oxygen lone pair. This indicates that the
nitrogen lone pair lies significantly higher in energy, thereby
making it more nucleophilic than the oxygen atom.

The nucleophilic attack of the nitrogen atom generates
intermediate II-A, from which product 2 is formed after
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undergoing several chemical sequences, as outlined in Fig-
ure 2a. Accordingly, all the transition structures involved in
pathway A are considerably lower in energy than transition
structure TS, suggesting that pathway A is energetically
much more favourable. Therefore, we chose not to inves-
tigate pathway B computationally in its entirety.

Upon the formation of complex II-A, it releases the
sulfoxide via transition structure TSy,qms. This transition
structure was anticipated to lead to the formation of outer-
sphere complex III-A; however, IRC calculations revealed
that this outer-sphere complex is not a local minimum, and
it prefers to yield complex IV-A by a barrierless recombina-
tion of the carbene complex and the sulfoxide within
complex III-A. It is worth noting that our additional
attempts to isolate outer-sphere complex III-A as a distinct
species were also unsuccessful, invariably resulting in the
formation of IV-A. The recombination of the fragments in
III-A occurs via a nucleophilic attack of the sulfoxide onto
the electrophilic carbon atom of the carbene. This observa-
tion indicates that while the formation of IV-A occurs
through an infermolecular reaction, the interaction between
the carbene complex and the sulfoxide is so immediate that
the sulfoxide cannot escape the solvent cage. Hence, we
propose classifying the transformation as a “pseudo-intra-
molecular” reaction rather than an intermolecular reaction.
This computational evidence provides a clear explanation
for why all the aforementioned mechanistic experiments
suggest that the reaction proceeds intramolecularly, despite
it actually following intermolecular pathway A.

Subsequently, the interaction between the Au—C o
orbital and the S—O o* orbital in intermediate IV-A leads to
the cleavage of the S—O bond with an activation energy of
8.3 kcalmol™'. This results in the formation of the final
product, which remains coordinated to the gold centre in
intermediate V-A, accompanied by the concurrent liberation
of tetrahydrothiophene. Ultimately, the ligand exchange
between intermediate V-A and substrate 1 results in the
liberation of product 2 and the regeneration of I, all within
an exergonic process.

For the sake of completeness, we also investigated the
formation of intermediate IV-A from II-A via an asynchro-
nous [2,3]-sigmatropic rearrangement computationally.
However, attempts to locate the transition state for this
pathway resulted in complete cleavage of the N—S bond.
This result suggests that the asynchronous rearrangement is
unlikely to be feasible, making the stepwise mechanism
outlined in Figure 2 the most likely operative pathway.

As mentioned previously, 3H-indol-3-ones are mainly
employed as substrates for the construction of indolin-3-
ones with a quaternary C2-atom as this substructure is
present in a variety of biologically active natural products, a
selection of which is depicted in Scheme 5a.[*!

In light of this, we contemplated whether our method-
ology could be combined with a subsequent conversion of
the emerging 3H-indol-3-ones to produce the highly desired
indolin-3-ones directly from sulfoximines 1 in a one-pot
procedure (Scheme 5b). First, we assessed whether adding
electron-rich aryl systems to the reaction could lead to an
aza Friedel Crafts reaction with the ketimine system of the
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Scheme 5. a) A selection of natural products that incorporate an
indolin-3-one core and b) an extension of our methodology to
synthesise indolin-3-ones from sulfoximines in one-pot procedures.

3H-indol-3-one. To our delight, when adding 1.00 eq. of 1-
naphthol to 1a using our standard reaction conditions, the
envisioned product 3aa was obtained in an excellent yield of
83%.%" Due to the Lewis acidity of Au(I), no additional
catalyst was required to enable the Friedel Crafts reaction.
Equally, replacing 1-naphthol with indole gave the corre-
sponding product 3ab in a yield of 74 %.>*!
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Alternatively, in the hope of constructing the chiral
centre with enantioselectivity, we sought to combine the
gold catalysis with a consecutive organocatalysis using a
chiral catalyst. In the course of the completion of the
underlying project, Li and Wu et al. have published a very
similar strategy starting from 2-alkynyl arylazides.”® In that
case, they combined the gold-catalysed synthesis of the 3H-
indol-3-one core with a previously reported proline-cata-
lysed asymmetric Mannich reaction.”” Albeit excellent
results, their approach requires the presence of water as the
oxygen source and an excess of an external oxidant for the
construction of the 3H-indol-3-one,”® which constitutes a
significant limitation to the substrate scope. By replacing the
azide functionality with a sulfoximine moiety, the addition
of an external oxygen source as well as an external oxidant
could be circumvented which would be highly beneficial to
the applicability of the reaction. Therefore, we reacted
sulfoximine 1b with IPr**AuNTf,, L-proline and acetone in
benzene and were able to isolate the desired indolin-3-one
3bcin 78 % yield with 87 % ee.

Conclusion

To conclude, we have showcased that sulfoximines can be
used as highly efficient N- and O-transfer reagents to
alkynes in gold catalysis with the example of the conversion
of N-(2-alkynylphenyl) sulfoximines to 3H-indol-3-ones.
Extensive experimental and theoretical investigations of this
1,2-difunctionalisation of the alkyne have shown that the
nitrogen moiety is transferred first, resulting in the forma-
tion of the a-imino gold carbene, which is then oxidised by
the transiently formed sulfoxide via a pseudo-intramolecular
mechanism. The presented methodology exhibits an excel-
lent functional group tolerance and gives the desired
products in mostly high yields. Furthermore, we have
demonstrated that it can easily be combined with further
transformations in one-pot procedures, giving access to a
high level of molecular complexity in a single step.
Sulfoximines in general constitute an easily accessible and
safe-to-handle substance class and we believe that due to
their favourable properties and the synthetic variability,
they possess an immense potential to act as N- and O-
transfer reagents in a multitude of gold-catalysed conver-
sions. Further work on the expansion of this methodology to
other systems is currently ongoing in our laboratories.
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