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Comparative Study of Metal-Catalyzed Iminations of Sulfoxides and Sulfides
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Introduction

Sulfilimines and, particularly, sulfoximines are interesting in-
termediates and building blocks for the preparation of chiral
ligands[1] and pseudopeptides.[2] However, despite the inter-
est that these kinds of molecules have lately generated,
there is still a need to develop general and efficient methods
for their synthesis. Though a number of synthetic ap-
proaches have been described,[3] the most straightforward is
the imination of the corresponding sulfoxide (or sulfide)
using either toxic and potentially explosive hydrazoic acid
(generated in situ from NaN3 and H2SO4)

[4] or O-mesitylene
sulfonyl hydroxylamine (MSH).[5] Alternatively, iminoiodi-
nanes such as PhI=NTs can be employed under metal catal-
ysis (Scheme 1).

Recently, significant progress has been made in metal-cat-
alyzed sulfur iminations, however, most of the methods lead
to N-tosyl sulfoximines which are difficult to transform into
the synthetically more useful NH-derivatives.[6] Major im-
provements in this area were reported by several research
groups.[7] For example, Bach found that FeCl2-catalyzed imi-
nations of sulfides and sulfoxides with BocN3.

[8] Although
the catalytic efficiency of this system was rather limited and
its use involved a potentially explosive azide, the resulting
N-Boc protected products could be easily transformed into
the corresponding NH-sulfoximines. At the same time,
M6ller reported that CuOTf was an efficient catalyst for
sulfoxide iminations with PhI=NTs.[9] Subsequently, we,[10]

Nakayama[11] and Tye,[12] published CuI-catalyzed reactions
with CuPF6, which proved to be a more efficient catalyst.
Notably, Tye described the application of modified imino-
iodinanes such as PhI=NNs (Ns=para-nitrobenzenesulfon-
yl) and PhI=NSes (Ses= trimethylsilylethylsulfonyl) having
easily removable protecting groups. Finally, Malacria report-
ed that the more stable and reasonably priced Cu ACHTUNGTRENNUNG(OTf)2 was
also an active catalyst.[13]

In 2004, we discovered a mild oxidative imination using
[Rh2ACHTUNGTRENNUNG(OAc)4] as catalyst with a combination of sulfonamides
or trifluoroacetamide and iodobenzenediacetate
[PhI ACHTUNGTRENNUNG(OAc)2].

[14] The corresponding protected sulfoximines
were formed in good yield and the resulting N-COCF3 sul-
foximines were easily hydrolyzed to the synthetically inter-
esting NH-sulfoximines. However, the high cost of the rho-
dium catalyst limited large-scale syntheses using this proto-
col.[15] After further studies it was found that the less costly
silver nitrate in combination with 4,4’,4’’-tri-tert-butyl-
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Scheme 1. General metal-catalyzed imination of sulfoxides.
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2,2’:6’,2’’-terpyridine (tBu3tpy) as ligand was an efficient cat-
alyst for sulfur imination reactions using mixtures of p-nitro-
benzenesulfonyl amide (nosyl amide, NsNH2) and PhI-
ACHTUNGTRENNUNG(OAc)2.

[16] Recently, we discovered that [FeACHTUNGTRENNUNG(acac)3] was also
capable of catalyzing the imination of sulfides and sulfoxides
with sulfonyl amides as nitrogen sources.[17]

With the goal of evaluating the generality and the effec-
tiveness of the methodologies cited above, we investigated
the influence of the metal catalyst in the imination of simple
and substituted sulfoxides as well as their reactivity in com-
parison with sulfides.

Results and Discussion

First, the generally unproblematic imination of methyl
phenyl sulfoxide (1) with nosyl amide was examined in
more detail (Table 1). Besides the rhodium-, silver-, and
iron-based catalytic systems that we recently reported for
this transformation, the use of other simple copper, cobalt
and manganese catalysts was explored.[18] Initially, the reac-
tions were performed at room temperature generating the
nitrene source in situ from PhI ACHTUNGTRENNUNG(OAc)2 or iodosylbenzene
(PhI=O) and Ns-NH2 (method A, entries 1–8).

The best conditions described for the iminations with rho-
dium,[14] silver,[16] iron[17] and copper(II)[13] were used, which
implies the use of 2.5 mol% of [Rh2 ACHTUNGTRENNUNG(OAc)4] in dichlorome-
thane, 8 mol% of AgNO3/tBu3tpy ligand, and 10 mol% of
[Fe ACHTUNGTRENNUNG(acac)3] or Cu ACHTUNGTRENNUNG(OTf)2 in acetonitrile at room temperature.
Although the rhodium, silver and iron catalysts gave excel-
lent yields of the desired sulfoximine 2 (83–97%, Table 1,
entries 1–4), the AgNO3/tBu3tpy system showed a significant
lower reactivity, requiring longer reaction times (16 h vs 0.5–
6 h). On the other hand, as previously observed, the use of

PhI=O instead of PhI ACHTUNGTRENNUNG(OAc)2 in the iron-catalyzed imination
gave an important improvement in terms of yield and reac-
tion time (entry 4). In contrast, [Mn ACHTUNGTRENNUNG(acac)3] and [CoACHTUNGTRENNUNG(acac)3]
gave no conversion after 24 h under these conditions (en-
tries 7–8), and CoACHTUNGTRENNUNG(ClO4)2 and CuACHTUNGTRENNUNG(OTf)2 afforded 2 in very
low yields after prolonged reaction times (25–28%, en-
tries 5–6).

Considering that the copper-catalyzed iminations de-
scribed to date always utilize a preformed iminoiodinane,
we next carried out the metal-catalyzed iminations with
PhI=NNs (method B, Table 1, entries 9–15). As expected,
the use of this preformed iminating agent led to faster reac-
tions with rhodium, silver and iron catalysts (1–8 h, 85–93%,
entries 9–11). Moreover, CuACHTUNGTRENNUNG(OTf)2 turned out to be an
active catalyst, giving sulfoximine 2 in 81% yield after 16 h
(entry 12). Unfortunately, no improvement was observed in
the manganese- or cobalt-catalyzed iminations within this
reagent (entries 13–15).

Next, as part of our continuing efforts to broaden the
scope of this transformation, we turned our attention
toward a comparative metal-catalyzed imination of different
heteroaromatic sulfoxides (Table 2). This transformation is
very appealing because it leads to functionalized sulfox-
imines, but it has the difficulty of the possible inactivation
of the metal catalyst by coordination to the heteroatoms on
the aromatic substituent.

In order to comparatively determine the effect of the het-
erocycle, the methyl group of the sulfoxide was retained and
the aromatic substituent varied. Thus, iminations of various
sulfoxides containing six-membered nitrogenated cycles
such as 2-pyridine, 2-pyrimidine and 2-pyrazine, and differ-
ent five-membered rings such as 2-benzothiazole, 2-N-
methyl imidazole and a 1,3,4-oxadiazole were explored.

As a result, the iminations with the rhodium catalyst
using method A turned out to
be inefficient, leading to moder-
ate to poor conversions to the
desired sulfoximines 3–8 (<10–
52% yield). In contrast, a simi-
lar pattern of reactivity as with
the model sulfoxide 1 was ob-
served with silver and iron cata-
lysts. Additionally, in the iron-
catalyzed imination of methyl
2-pyridyl sulfoxide and methyl
2-pyrazinyl sulfoxide, both PhI=
O and PhI ACHTUNGTRENNUNG(OAc)2 were used as
oxidants (entries 3–4 and 8–9).
These iodinanes led to good
yields of the corresponding sul-
foximines 3 and 4, with iodosyl-
benzene giving complete con-
versions and therefore better
yields than PhI ACHTUNGTRENNUNG(OAc)2 (83 vs
78% and 88 vs 73%, respec-
tively). As PhI=O seems to be
more suitable for iron-catalyzed

Table 1. Metal-catalyzed imination of methyl phenyl sulfoxide 1.[a]

Entry Catalyst (mol%) Method PhI(X)2 t [h] Yield [%][b]

1 ACHTUNGTRENNUNG[Rh2 ACHTUNGTRENNUNG(OAc)4] (2.5) A PhI ACHTUNGTRENNUNG(OAc)2 6 86
2 AgNO3/tBu3tpy (8:8) A PhI ACHTUNGTRENNUNG(OAc)2 16 83
3 [Fe ACHTUNGTRENNUNG(acac)3] (10) A PhI ACHTUNGTRENNUNG(OAc)2 3 90
4 [Fe ACHTUNGTRENNUNG(acac)3] (10) A PhI=O 0.5 97
5 Cu ACHTUNGTRENNUNG(OTf)2 (10) A PhI ACHTUNGTRENNUNG(OAc)2 16 28
6 Co ACHTUNGTRENNUNG(ClO4)2 (10) A PhI ACHTUNGTRENNUNG(OAc)2 72 25
7 [Co ACHTUNGTRENNUNG(acac)3] (10) A PhI ACHTUNGTRENNUNG(OAc)2 24 –
8 [Mn ACHTUNGTRENNUNG(acac)3] (10) A PhI ACHTUNGTRENNUNG(OAc)2 24 –
9 ACHTUNGTRENNUNG[Rh2 ACHTUNGTRENNUNG(OAc)4] (2.5) B PhI=NNs 1 93
10 AgNO3/tBu3tpy (8:8) B PhI=NNs 8 85
11 [Fe ACHTUNGTRENNUNG(acac)3] (10) B PhI=NNs 1 88
12 Cu ACHTUNGTRENNUNG(OTf)2 (10) B PhI=NNs 16 81
13 Co ACHTUNGTRENNUNG(ClO4)2 (10) B PhI=NNs 72 28
14 [Co ACHTUNGTRENNUNG(acac)3] (10) B PhI=NNs 24 –
15 [Mn ACHTUNGTRENNUNG(acac)3] (10) B PhI=NNs 24 –

[a] Reaction conditions: sulfoxide 1 (1 equiv) and metal catalyst in MeCN or CH2Cl2 at room temperature.
Method A : NsNH2 (1.2–2.0 equiv) and PhI ACHTUNGTRENNUNG(OAc)2 or PhI=O (1.5–1.6 equiv). Method B : PhI=NNs (1.5 equiv).
[b] Yield after column chromatography.

Chem. Eur. J. 2007, 13, 6674 – 6681 F 2007 Wiley-VCH Verlag GmbH&Co. KGaA, Weinheim www.chemeurj.org 6675

FULL PAPER

www.chemeurj.org


iminations than PhIACHTUNGTRENNUNG(OAc)2, it was used for the following
studies.

As expected, the best results were obtained when
PhI=NNs was used as nitrogen source (method B). Unfortu-
nately, the rhodium-catalyzed reactions using the preformed
iodinane remained unsatisfactory with only a minor increase
in the yields being observed. Thus, rhodium is not the metal
of choice for the imination of heteroaromatic-substituted
sulfoxides, probably due to a strong coordination of the cat-
alyst with the starting sulfoxides and/or the corresponding
sulfoximines. On the other hand, iron was shown to be a
more effective catalyst than copper and silver (86–98%
yield on 3–6), except for the synthesis of 7 and 8 in which
copper provided higher yields (entries 22 and 26, 68 and
39%, respectively).

The low yields observed in the formation of imidazole-sul-
foximine 7 (18–68%) and oxadiazole-sulfoximine 8 (<10–
39%) with all four systems can again be explained by a par-

tial or complete poisoning of
the catalyst through heteroatom
coordination. Additionally, the
imination of the oxadiazole-
sulfoxide was attempted in the
absence of metal catalyst at
room temperature. Under these
conditions, no conversion to
sulfoximine 8 was observed,
which indicated the necessity of
adding a metal catalyst for this
transformation to take place.

As mentioned before, it
would be most interesting to be
able to obtain the synthetically
most attractive free NH-sulfoxi-
mines. With few exceptions, for
example the use of
[Rh2ACHTUNGTRENNUNG(OAc)4], which permits the
imination of simple sulfoxides
with electron-poor amides such
as trifluoroacetamide, the meth-
ods described so far still lead to
N-sulfonyl sulfoximines, in
which the sulfonamide group is
often difficult to cleave in the
presence of sensitive functional-
ity.

Although the deprotection of
simple N-nosyl sulfoximines
such as 2 has been reported
with phenylthiolates
(Scheme 2),[16,17] the same trans-
formation was unknown for
heteroaomatic sulfoximines.
Therefore, we also studied the
deprotection of N-nosyl methyl
2-pyridyl sulfoximine (3). Grati-
fyingly, it was possible to obtain

the desired NH-sulfoximine NH-3 in reasonable yields (42–
55%).

On the other hand, it is worth mentioning that due to the
instability of analogous NH-sulfilimines[19] it was not possi-
ble to achieve a similar deprotection of the corresponding
N-substituted sulfilimines, which can also obtained by metal-
catalyzed iminations.[14–17]

Table 2. Metal-catalyzed iminations for the preparation of heteroaromatic N-nosyl sulfoximines.[a]

Entry Catalyst (mol%) Sulfoximine Method PhI(X)2 t
[h]

Yield
[%][b]

Method t
[h]

Yield
[%][b]

1
ACHTUNGTRENNUNG[Rh2ACHTUNGTRENNUNG(OAc)4]

(2.5)
A PhI ACHTUNGTRENNUNG(OAc)2 24 52 B 24 57

2 AgNO3/tBu3tpy
(8:8)

A PhI ACHTUNGTRENNUNG(OAc)2 24 79 B 18 93

3 [Fe ACHTUNGTRENNUNG(acac)3] (10) A PhI ACHTUNGTRENNUNG(OAc)2 4 78 B 0.75 92
4 [Fe ACHTUNGTRENNUNG(acac)3] (10) A PhI=O 1 83 -- – –
5 Cu ACHTUNGTRENNUNG(OTf)2 (10) A – – – B 5 80

6
ACHTUNGTRENNUNG[Rh2ACHTUNGTRENNUNG(OAc)4]

(2.5)
A PhI ACHTUNGTRENNUNG(OAc)2 48 15 B 24 24

7 AgNO3/tBu3tpy
(8:8)

A PhI ACHTUNGTRENNUNG(OAc)2 24 84 B 18 90

8 [Fe ACHTUNGTRENNUNG(acac)3] (10) A PhI ACHTUNGTRENNUNG(OAc)2 4 73 B 0.5 98
9 [Fe ACHTUNGTRENNUNG(acac)3] (10) A PhI=O 2 88 -- – –
10 Cu ACHTUNGTRENNUNG(OTf)2 (10) A – – – B 48 85

11
ACHTUNGTRENNUNG[Rh2ACHTUNGTRENNUNG(OAc)4]

(2.5)
A PhI ACHTUNGTRENNUNG(OAc)2 72 29 B 24 35

12 AgNO3/tBu3tpy
(8:8)

A PhI ACHTUNGTRENNUNG(OAc)2 48 70 B 18 90

13 [Fe ACHTUNGTRENNUNG(acac)3] (10) A PhI=O 24 70 B 0.7 87
14 Cu ACHTUNGTRENNUNG(OTf)2 (10) A – – – B 20 86

15
ACHTUNGTRENNUNG[Rh2ACHTUNGTRENNUNG(OAc)4]

(2.5)
A PhI ACHTUNGTRENNUNG(OAc)2 48 52 B 24 54

16 AgNO3/tBu3tpy
(8/:8)

A PhI ACHTUNGTRENNUNG(OAc)2 48 53 B 18 88

17 [Fe ACHTUNGTRENNUNG(acac)3] (10) A PhI=O 24 70 B 1.5 86
18 Cu ACHTUNGTRENNUNG(OTf)2 (10) A – – – B 24 82

19
ACHTUNGTRENNUNG[Rh2ACHTUNGTRENNUNG(OAc)4]

(2.5)
A PhI ACHTUNGTRENNUNG(OAc)2 24 18 B 24 20

20 AgNO3/tBu3tpy
(8:8)

A PhI ACHTUNGTRENNUNG(OAc)2 24 47 B 24 51

21 [Fe ACHTUNGTRENNUNG(acac)3] (10) A PhI=O 24 43 B 24 47
22 Cu ACHTUNGTRENNUNG(OTf)2 (10) A – – – B 16 68

23
ACHTUNGTRENNUNG[Rh2ACHTUNGTRENNUNG(OAc)4]

(2.5)
A PhI ACHTUNGTRENNUNG(OAc)2 24 <10 B 48 12

24 AgNO3/tBu3tpy
(8:8)

A PhI ACHTUNGTRENNUNG(OAc)2 24 14 B 48 25

25 [Fe ACHTUNGTRENNUNG(acac)3] (10) A PhI=O 24 12 B 48 21
26 Cu ACHTUNGTRENNUNG(OTf)2 (10) A – – – B 20 39

[a] Reaction conditions: sulfoxide (1 equiv) and metal catalyst in MeCN or CH2Cl2 at room temperature.
Method A : NsNH2 (1.2–2.0 equiv) and PhI ACHTUNGTRENNUNG(OAc)2 or PhI=O (1.5–1.6 equiv). Method B : PhI=NNs (1.5 equiv).
[b] Yield after column chromatography.

Scheme 2. Deprotection of N-nosyl sulfoximines.
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Iminations of sulfides versus sulfoxides : In order to deter-
mine the electronic preferences of the various catalyst sys-
tems, competitive iminations of sulfoxides and their more
nucleophilic sulfide counterparts were explored next. In pre-
vious studies, similar reactivities were detected in conver-
sions of simple sulfides and sulfoxides with the AgNO3

system. In contrast, we had observed that sulfides were
more reactive than sulfoxides in iminations with
[Rh2ACHTUNGTRENNUNG(OAc)4] and [Fe ACHTUNGTRENNUNG(acac)3]. Moreover, in the case of the
iron-catalyzed reactions this observation was verified by
a competition experiment with an equimolecular mixture
of methyl phenyl sulfide (9) and methyl phenyl sulfoxide
(1).[17] As a result, a quantitative conversion of sulfide 9 into
sulfilimine 10 was observed after 50 min, whereas only 15%
of nitrene transfer to sulfoxide 1 occurred (Scheme 3).

With the goal of further studying the relative imination
rates, we first chose thianthrene-5-oxide (11) for a competi-
tive imination at both sulfur atoms. While a number of re-
ports on oxidation of thianthrene-5-oxide to the correspond-
ing sulfoxides or sulfones exist in the literature,[20,21] the aza
version of this atom transfer process has not been systemati-
cally studied.[22]

Due to the high insolubility of the corresponding N-nosyl
products, the study was carried out with TsNH2 as nitrogen
source (method A, entries 1–3, Table 3).

In most cases, the formation
of all four possible iminated
compounds cis-12, trans-12, 13
and 14 was observed.[23] When
[Rh2ACHTUNGTRENNUNG(OAc)4] was used, the cata-
lyst showed complete selectivity
towards sulfide imitation even
when an excess of iodinane
(1.5 equiv) was employed
(Table 3, entry 1). In the imina-
tions with silver and iron small
amounts of sulfoximines 13 and
14 were detected, although the
major products were sulfili-
mines 12 (entries 2–3). More-
over, formation of the trans-sul-
filimine 12 was clearly favored,
especially under silver-catalyzed
conditions. This observation
was not surprising, considering
the reported importance of
steric and electronic effects on
both the rate and the site of fur-
ther oxidation of thianthrene-5-

oxide depending on the oxidation conditions employed.[20f,h]

In order to improve the reactivity and selectivity of this
transformation, we also explored the imination of thian-
threne-5-oxide (11) with N-tosyl iminoiodinane (PhI=NTs)
as nitrene precursor (method B, Table 3, entries 4–7). Sulfili-
mines 12 were formed selectively under rhodium-catalyzed
conditions. However, unfortunately, only low yields were ob-
tained (entry 4). In contrast, silver-, iron- or copper-based
catalysts were more reactive, but less selective with this re-
agent, leading to complete conversion in relatively short
times (1–6 h) and varied mixtures of the corresponding reac-
tion products 12–14 (entries 5–7). Due to the higher reactivi-
ty exhibited by PhI=NTs, sulfoximine 14 became a major
product and was obtained together with cis- and trans-12.
While the double imination of thianthrene-5-oxide to give
13 was not favored, a preferential formation of one of the
diastereoisomers was always observed (78–90% de ; the rela-
tive configurations of the isomers remained undetermined).

Subsequently, iminations of different, and easier to ana-
lyze, para-thio phenylsulfoxides 15 were carried out. Of the
three possible imination products 16–18, the para-thio phe-
nylsulfoximines 18 were not detected, suggesting a second
nitrene transfer at sulfoxide in 16 for the formation of the
double iminated compound 17 (Scheme 4).

Furthermore, as shown in Table 4, a similar tendency was
observed with all metal salts, in which the imination at sul-
fide was clearly favoured. Predictably, [Rh2ACHTUNGTRENNUNG(OAc)4] acted as
an excellent catalyst in this transformation, exhibiting high
regioselectivities in the formation of the corresponding sulfi-
limines. Moreover, the relative ratio of sulfide/sulfoxide imi-
nation was almost independent of the nitrene precursor em-
ployed (Table 4, entries 1, 5 and 9).

Scheme 3. Competitive iron-catalyzed imination of sulfides and sulfox-
ides.

Table 3. Imination of thianthrene-5-oxide (11).[a]

Entry Catalyst Method t [h] Yield [%][b] de of 13 [%][c]

cis-12/trans-12/13/14

1 ACHTUNGTRENNUNG[Rh2 ACHTUNGTRENNUNG(OAc)4] A 20 22:39:–:–
2 AgNO3/tBu3tpy A 48 <5:31:8:13 90
3 [Fe ACHTUNGTRENNUNG(acac)3] A 48 22:26:<5:23 nd
4 ACHTUNGTRENNUNG[Rh2 ACHTUNGTRENNUNG(OAc)4] B 8 9:27:–:–
5 AgNO3/tBu3tpy B 6 <5:30:28:34 78
6 [Fe ACHTUNGTRENNUNG(acac)3] B 4 24:29:8:21 80
7 CuACHTUNGTRENNUNG(OTf)2 B 1 <5:32:15:36 82

[a] Reaction conditions: 11 (1 equiv) and metal catalyst in MeCN or CH2Cl2 at room temperature. Method A :
TsNH2 (1.2–2.0 equiv) and PhI ACHTUNGTRENNUNG(OAc)2; for the Fe catalysis : PhI=O (1.5–1.6 equiv). Method B : PhI=NTs
(1.5 equiv). [b] After column chromatography. [c] Determined by NMR spectroscopy.
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As previously observed, the silver catalyst reacted slower
than the others, but its selectivity was high (entries 2, 6 and
10). Using method A, the imination occurred essentially ex-
clusively at the sulfide sulfur of 15 (entries 2, 6 and 10).
With method B the catalyst turnover improves, but the reac-
tion is less regioselective.

The iron-catalyzed imination of 15 exhibited intermediate
reactivity between the rhodium- and silver-catalyzed one
(Table 4, entries 3, 7 and 11). While good selectivities in
favor of the formation of sulfilimines 16 were observed
when the combination of sulfonamide and PhI=O was used
(approximately 4:1 ratio, method A), the use of PhI=NTs
translated to lower selectivity towards the mono-imination
(method B).

Finally, with the copper catalyst, we confirmed the impor-
tance of using preformed iodinanes PhI=NR to achieve
good results (entries 4, 8 and 12, method B). In the case of
the imination of 15a (R=Ph) under in situ generation of
this species (method A), the major oxidation product was
the corresponding 1,4-disulfoxide (62% yield, entry 4).

Conclusion

In this comparative study, we investigated the effect of vari-
ous metal catalysts in oxidative iminations of sulfur com-
pounds. Furthermore, the effect of isolated or in situ gener-
ated iminoiodinanes as nitrogen sources was evaluated. A
variety of substituted sulfoxides as well as thio-sulfoxides
were iminated. No rational reactivity pattern could be found
in the imination of heteroaromatic sulfoxides with the differ-
ent metal catalysts. In all cases, the imination with pre-
formed iminoiodinanes was more effective. The presence of
additional heteroatoms in the substrates could inhibit the
imination reaction. Iron and copper catalysts showed the
greatest tolerance of heteroatom-containing substrates. An
important effect of the different oxidation states of sulfur on
the reactivity and selectivity in the nitrogen transfer process
was observed. Generally sulfilimines were formed in prefer-
ence over sulfoximines, especially when the iminoiodinane
was generated in situ. In this case, rhodium was the most se-
lective catalyst, giving predominantly sulfide imination, even
when the more reactive preformed iminoiodinanes were
used.

Experimental Section

General : Microanalyses were obtained with a Vario EL element analyzer.
Mass spectra were acquired on a Finnigan SSQ7000 (CI 100 eV) spec-
trometer. IR spectra were taken on a Perkin-Elmer FT/IR 1760 and were
recorded as KBr pellets or in solution. 1H and 13C NMR spectra were re-
corded in CD2Cl2, CDCl3 or [D6]DMSO on a Varian Inova 400 or a
Varian Mercury 300 spectrometer (400 and 100 MHz, and 300 and
75 MHz, respectively), see also Supporting Information. Chemical shifts
are given in ppm and spin–spin coupling constants, J, are given in Hz.
Melting points were determined in open-end capillary tubes on a B6chi
B-540 melting point apparatus and are uncorrected. All catalysts were

used as purchased. Starting materials:
Sulfoxides 1–8 and thiosulfoxides 15a-
c were prepared by oxidation with m-
CPBA of the corresponding sulfides.
Thianthrene-5-oxide (11)[24] and imi-
noiodinanes PhI=NR[25] were synthe-
sized according to literature proce-
dures.

General procedures for the rhodium-
catalyzed iminations

Method A : A mixture of the sulfur
compound (0.20 mmol), [Rh2 ACHTUNGTRENNUNG(AcO)4]
(2.2 mg, 0.005 mmol), sulfonyl amide
(0.40 mmol) and PhI ACHTUNGTRENNUNG(OAc)2 (96.6 mg,
0.30 mmol) in CH2Cl2 (2.0 mL) was
stirred at room temperature. The reac-
tion mixture was concentrated under
reduced pressure and the residue was
purified by flash column chromatogra-
phy.

Method B : As described in method A
but using the corresponding preformed
iminoiodinane PhI=NR (0.30 mmol)
instead of the sulfonyl amide/
PhI ACHTUNGTRENNUNG(OAc)2 mixture.

Scheme 4. Imination of para-thio phenylsulfoxides.

Table 4. Imination of para-thiophenylsulfoxides 15.[a]

Entry Catalyst R Thiosulfoxide Method t
[h]

Yield [%][b]

16/17
Method t

[h]
Yield [%][b]

16/17

1 ACHTUNGTRENNUNG[Rh2 ACHTUNGTRENNUNG(OAc)4] Ph 15a A 3 84:<10 B 2 80:10
2 AgNO3/tBu3tpy Ph 15a A 24 45:<5 B 2 48:47
3 [Fe ACHTUNGTRENNUNG(acac)3] Ph 15a A 4 68:8 B 2.5 54:29
4 Cu ACHTUNGTRENNUNG(OTf)2 Ph 15a A 4 35:<5[c] B 1 53:36
5 ACHTUNGTRENNUNG[Rh2 ACHTUNGTRENNUNG(OAc)4] nBu 15b A 1 76:19 B 0.4 70:13
6 AgNO3/tBu3tpy nBu 15b A 24 67:<10 B 3 58:26
7 [Fe ACHTUNGTRENNUNG(acac)3] nBu 15b A 3 74:13 B 3.5 56:17
8 Cu ACHTUNGTRENNUNG(OTf)2 nBu 15b A – – B 0.25 35:35
9 ACHTUNGTRENNUNG[Rh2 ACHTUNGTRENNUNG(OAc)4] Me 15c A 0.75 73:16 B 0.25 72:20
10 AgNO3/tBu3tpy Me 15c A 24 62:<10 B 4 57:14
11 [Fe ACHTUNGTRENNUNG(acac)3] Me 15c A 0.75 76:17 B 2 68:17
12 Cu ACHTUNGTRENNUNG(OTf)2 Me 15c A – – B 0.17 74:10

[a] and [b] See respective footnotes in Table 3. [c] The corresponding disulfoxide was isolated as major product
(62% yield).
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General procedures for the silver-catalyzed iminations

Method A : A mixture of the sulfur compound (0.20 mmol), AgNO3

(2.7 mg, 0.016 mmol), tBu3tpy (6.4 mg, 0.016 mmol), sulfonyl amide
(0.24 mmol) and PhIACHTUNGTRENNUNG(OAc)2 (96.6 mg, 0.30 mmol) in CH3CN (2.0 mL)
was stirred at room temperature. The reaction mixture was concentrated
under reduced pressure and the residue was purified by flash column
chromatography.
Method B : As described in method A but using the corresponding pre-
formed iminoiodinane PhI=NR (0.30 mmol) instead of the sulfonyl
amide/PhI ACHTUNGTRENNUNG(OAc)2 mixture.

General procedures for the iron-catalyzed iminations

Method A : A mixture of sulfur compound (0.20 mmol), [Fe ACHTUNGTRENNUNG(acac)3]
(7.1 mg, 0.020 mmol), sulfonyl amide (0.30 mmol) and PhI=O (70.4 mg,
0.32 mmol) in CH3CN (2.0 mL) was stirred at room temperature. The re-
action mixture was concentrated under reduced pressure and the residue
was purified by flash column chromatography.

Method B : As described in method A but using the corresponding pre-
formed iminoiodinane PhI=NR (0.30 mmol) instead of the sulfonyl
amide/PhI=O mixture.

General procedure for the copper-catalyzed iminations

Method B : A mixture of sulfur compound (0.20 mmol), Cu ACHTUNGTRENNUNG(OTf)2
(7.2 mg, 0.020 mmol) and the corresponding iminoiodinane PhI=NR
(0.30 mmol) in CH3CN (2.0 mL) was stirred at room temperature. The re-
action mixture was concentrated under reduced pressure and the residue
was purified by flash column chromatography.

N-(4-Nitrobenzenesulfonyl) methyl phenyl sulfoximine (2):[12, 14–17] Chro-
matography: gradient of ethyl acetate/pentane 1:2 to 1:1; pale yellow
solid; m.p. 148–150 8C (lit. :[14] 148–151 8C); 1H NMR (400 MHz, CDCl3):
d=8.32 (d, J=9.2 Hz, 2H, HAr), 8.16 (d, J=9.2 Hz, 2H, HAr), 8.03 (d, J=
7.9 Hz, 2H, HAr), 7.80–7.72 (m, 1H, HAr), 7.68–7.62 (m, 2H, HAr),
3.47 ppm (s, 3H, CH3);

13C NMR (100 MHz, CDCl3): d=149.7 (C), 149.0
(C), 137.8 (C), 134.9 (CH), 130.0 (2OCH), 128.1 (2OCH), 127.4 (2OCH),
124.0 (2OCH), 46.9 ppm (CH3).

N-(4-Nitrobenzenesulfonyl) methyl (2-pyridyl) sulfoximine (3): Chroma-
tography: gradient of ethyl acetate/pentane 1:1 to ethyl acetate; white
solid; m.p. 132–134 8C; 1H NMR (400 MHz, CD2Cl2): d=8.63 (d, J=
4.7 Hz, 1H, HAr), 8.20 (d, J=8.8 Hz, 2H, HAr), 8.11 (d, J=7.7 Hz, 1H,
HAr), 8.01–7.94 (m, 3H, HAr), 7.57 (dd, J=7.7, 4.7 Hz, 1H, HAr),
3.44 ppm (s, 3H, CH3);

13C NMR (100 MHz, CD2Cl2): d=155.6 (C),
150.3 (CH), 149.6 (C), 140.8 (C), 138.7 (CH), 128.3 (CH), 127.8 (2OCH),
123.9 (2OCH), 123.0 (CH), 41.8 ppm (CH3); IR (KBr): ñ=3104, 3029,
2936, 1603, 1526, 1466, 1312, 1256, 1159, 1094, 961, 720 cm�1; MS (CI):
m/z (%): 342 (100) [M+H+], 326 (5) [(M+H)+�O]; elemental analysis
calcd (%) for C12H11N3O5S2 (341.36): C 42.22, H 3.25, N 12.31; found: C
42.34, H 3.47, N 12.27.

N-(4-Nitrobenzenesulfonyl) methyl (2-pyrazinyl) sulfoximine (4): Chro-
matography: gradient of ethyl acetate/pentane 1:1 to ethyl acetate; white
solid; m.p. 166–167 8C; 1H NMR (400 MHz, CD2Cl2): d=9.39 (br s, 1H,
HAr), 8.95 (br s, 1H, HAr), 8.75 (br s, 1H, HAr), 8.31 (brd, J=9.1 Hz, 2H,
HAr), 8.08 (brd, J=9.1 Hz, 2H, HAr), 3.53 ppm (s, 3H, CH3);

13C NMR
(100 MHz, CD2Cl2): d=152.1 (C), 149.8 (C), 149.0 (CH), 148.4 (C), 144.5
(CH), 143.8 (CH), 127.9 (2OCH), 124.0 (2OCH), 41.9 ppm (CH3); IR
(KBr): ñ=3075, 3027, 1730, 1603, 1522, 1312, 1158, 1073, 779, 713,
620 cm�1; MS (CI): m/z (%): 343 (100) [M+H+], 327 (7) [(M+H)+�O];
elemental analysis calcd (%) for C11H10N4O5S2 (342.35): C 38.59, H 2.94,
N 16.37; found: C 38.72, H 3.20, N 16.34.

N-(4-Nitrobenzenesulfonyl) methyl (2-pyrimidinyl) sulfoximine (5):
Chromatography: gradient of ethyl acetate/pentane 1:1 to ethyl acetate
and then acetone; white solid; m.p. > 205 8C (decomp); 1H NMR
(300 MHz, [D6]DMSO): d=9.13 (d, J=5.0 Hz, 2H, HAr), 8.35 (d, J=
9.0 Hz, 2H, HAr), 7.99 (d, J=9.0 Hz, 2H, HAr), 7.91 (t, J=5.0 Hz, 1H,
HAr), 3.73 ppm (s, 3H, CH3);

13C NMR (75 MHz, [D6]DMSO): d=164.1
(C), 160.0 (2OCH), 149.9 (C), 148.7 (C), 128.2 (2OCH), 125.6 (CH),
124.8 (2OCH), 41.1 ppm (CH3); IR (KBr): ñ=3013, 2922, 1572, 1531,
1383, 1307, 1163, 1073, 614 cm�1; MS (CI): m/z (%): 343 (100) [M+H+];
elemental analysis calcd (%) for C11H10N4O5S2 (342.35): C 38.59, H 2.94,
N 16.37; found: C 38.21, H 3.28, N 16.51.

N-(4-Nitrobenzenesulfonyl) (2-benzothiazolyl) methyl sulfoximine (6):
Chromatography: gradient of CH2Cl2 to ethyl acetate/CH2Cl2 1:20; white
solid; m.p. 202–204 8C; 1H NMR (400 MHz, [D6]DMSO): d=8.36–8.30
(m, 1H, HAr), 8.25 (d, J=8.8 Hz, 2H, HAr), 8.19–8.13 (m, 1H, HAr), 7.97
(d, J=8.8 Hz, 2H, HAr), 7.72–7.66 (m, 2H, HAr), 3.91 ppm (s, 3H, CH3);
13C NMR (100 MHz, [D6]DMSO): d=165.1 (C), 152.2 (C), 149.9 (C),
147.9 (C), 137.5 (C), 128.9 (CH), 128.5 (CH), 128.3 (2OCH), 125.2 (CH),
124.8 (2OCH), 124.0 (CH), 40.7 ppm (CH3); IR (KBr): ñ=3099, 3015,
2926, 1602, 1529, 1311, 1155, 1068, 764, 620 cm�1; MS (CI): m/z (%): 398
(100) [M+H+], 136 (55); elemental analysis calcd (%) for C14H11N3O5S3

(397.45): C 42.31, H 2.79, N 10.57; found: C 42.40, H 3.14, N 10.46.

N-(4-Nitrobenzenesulfonyl) methyl [2-(N-methylimidazolyl)] sulfoximine
(7): Chromatography: gradient of ethyl acetate/pentane 2:1 to ethyl ace-
tate; white solid; m.p. 126–129 8C; 1H NMR (400 MHz, CD2Cl2): d=8.20
(d, J=8.8 Hz, 2H, HAr), 7.89 (d, J=8.8 Hz, 2H, HAr), 7.06 (br s, 1H,
HAr), 7.03 (br s, 1H, HAr), 3.89 (s, 3H, CH3), 3.56 ppm (s, 3H, CH3);
13C NMR (100 MHz, CD2Cl2): d=149.7 (C), 148.2 (C), 138.2 (C), 129.6
(CH), 127.8 (2OCH), 127.2 (CH), 123.9 (2OCH), 44.8 (CH3), 35.8 ppm
(CH3); IR (KBr): ñ=3119, 3021, 2924, 1609, 1533, 1316, 1244, 1157, 1057,
745; MS (CI): m/z (%): 345 (100) [M+H+]; elemental analysis calcd (%)
for C11H12N4O5S2 (344.37): C 38.37, H 3.51, N 16.27; found: C 38.51, H
3.60, N 16.01.

N-(4-Nitrobenzenesulfonyl) methyl [2-(5-phenyl-1,3,4-oxadiazolyl)] sul-
foximine (8): Chromatography: CH2Cl2; white solid; m.p. 182–183 8C;
1H NMR (400 MHz, [D6]DMSO): d=8.33 (d, J=8.8 Hz, 2H, HAr), 8.04
(d, J=8.8 Hz, 2H, HAr), 8.03 (d, J=7.4 Hz, 2H, HAr), 7.73 (t, J=7.4 Hz,
2H, HAr), 7.64 (t, J=7.4 Hz, 2H, HAr), 4.04 ppm (s, 3H, CH3);

13C NMR
(100 MHz, [D6]DMSO): d=167.0 (C), 160.7 (C), 150.2 (C), 147.1 (C),
134.1 (CH), 130.2 (2OCH), 128.4 (2OCH), 127.8 (2OCH), 125.1 (2O
CH), 122.0 (C), 43.7 ppm (CH3); IR (KBr): ñ=3015, 2922, 1778, 1607,
1533, 1344, 1279, 1088, 750; MS (CI): m/z (%): 409 (12) [M+H+], 307
(32), 163 (100); elemental analysis calcd (%) for C15H12N4O6S2 (408.41):
C 44.11, H 2.96, N 13.72; found: C 43.97, H 3.34, N 13.70.

cis-10-Monoxy-5-[N-(p-toluenesulfonyl)]imino thianthrene (cis-12):[21]

Chromatography: gradient of ethyl acetate/pentane 1:2 to ethyl acetate;
white solid; m.p. 211–212 8C (lit. :[21] 215–221 8C); 1H NMR (400 MHz,
CDCl3): d=7.99 (d, J=7.7 Hz, 2H, HAr), 7.96 (d, J=8.2 Hz, 2H, HAr),
7.90 (d, J=8.2 Hz, 2H, HAr), 7.69 (t, J=7.6 Hz, 2H, HAr), 7.61 (t, J=
7.7 Hz, 2H, HAr), 7.26 (d, J=8.2 Hz, 2H, HAr), 2.36 ppm (s, 3H, CH3);
13C NMR (100 MHz, CDCl3): d=142.8 (C), 140.3 (C), 139.2 (C), 131.9
(2OCH), 131.4 (2OCH), 129.7 (2OCH), 129.2 (2OCH), 126.4 (2OCH),
124.9 (2OCH), 124.3 (2OCH), 21.7 ppm (CH3); MS (CI): m/z (%): 402
(47) [M+H+], 233 (100) [(M+H)+�NTs], 172 (42); elemental analysis
calcd (%) for C19H15NO3S3 (401.53): C 56.83, H 3.77, N 3.49; found: C
56.69, H 4.89, N 3.61.

trans-10-Monoxy-5-[N-(p-toluenesulfonyl)]imino thianthrene (trans-
12):[21] Chromatography: gradient of ethyl acetate/pentane 1:2 to ethyl
acetate; white solid; m.p. 210–212 8C (lit. :[21] 210–215 8C); 1H NMR
(400 MHz, CDCl3): d=8.00 (dd, J=7.4, 1.4 Hz, 2H, HAr), 7.97 (dd, J=
7.4, 1.4 Hz, 2H, HAr), 7.70 (d, J=8.2 Hz, 2H, HAr), 7.63 (td, J=7.4,
1.4 Hz, 2H, HAr), 7.56 (td, J=7.3, 1.4 Hz, 2H, HAr), 7.12 (d, J=8.2 Hz,
2H, HAr), 2.30 ppm (s, 3H, CH3);

13C NMR (100 MHz, CDCl3): d=143.8
(C), 142.2 (C), 140.5 (C), 133.0 (C), 132.4 (C), 131.9 (CH), 129.4 (2O
CH), 129.0 (2OCH), 128.3 (2OCH), 126.3 (2OCH), 21.6 ppm (CH3); MS
(CI): m/z (%): 402 [(M+H)+ , 22], 233 [(M+H)+-NTs, 100], 172 (35); ele-
mental analysis calcd (%) for C19H15NO3S3 (401.53): C 56.83, H 3.77, N
3.49; found: C 56.89, H 3.80, N 3.65.

10-Monoxy-5,10-bis[N-(p-toluenesulfonyl)imino] thianthrene (cis- and
trans-13): Chromatography: gradient of ethyl acetate/pentane 1:2 to
ethyl acetate; white solid; major isomer: 1H NMR (400 MHz, CDCl3):
d=8.19 (dd, J=7.4, 1.7 Hz, 2H, HAr), 7.89 (dd, J=7.7, 1.4 Hz, 2H, HAr),
7.82 (d, J=8.2 Hz, 2H, HAr), 7.75–7.65 (m, 4H, HAr), 7.42 (d, J=8.2 Hz,
2H, HAr), 7.27 (d, J=8.0 Hz, 2H, HAr), 7.12 (d, J=8.0 Hz, 2H, HAr), 2.38
(s, 3H, CH3), 2.33 ppm (s, 3H, CH3); major isomer: 13C NMR (75 MHz,
CDCl3): d=144.1 (C), 143.1 (C), 140.1 (C), 138.2 (C), 137.9 (C), 134.0
(2OCH), 132.4 (C), 131.9 (2OCH), 129.9 (2OCH), 129.6 (2OCH), 128.1
(2OCH), 126.7 (2OCH), 126.5 (2OCH), 126.4 (2OCH), 21.6 (CH3),
21.5 ppm (CH3); IR (KBr): ñ=3073, 2956, 1594, 1444, 1329, 1273, 1152,
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1072, 1002, 756 cm�1; MS (CI): m/z (%): 571 (2) [M+H+], 402 (9)
[(M+H)+�NTs], 172 (100); elemental analysis calcd (%) for
C26H22N2O5S4·0.5H2O (579.74): C 53.87, H 4.00, N 4.83; found: C 53.94,
H 4.01, N 5.02.

5-Monoxy-5-[N-(p-toluenesulfonyl)]imino thianthrene (14): Chromatog-
raphy: gradient of ethyl acetate/pentane 1:2 to ethyl acetate; white solid;
m.p. 212–213 8C; 1H NMR (300 MHz, CDCl3): d=8.30–8.20 (m, 2H,
HAr), 7.62–7.50 (m, 6H, HAr), 7.45 (d, J=8.4 Hz, 2H, HAr), 7.09 (d, J=
8.0 Hz, 2H, HAr), 2.37 ppm (s, 3H, CH3);

13C NMR (75 MHz, CDCl3):
d=142.6 (C), 139.1 (C), 134.9 (C), 132.6 (2OCH), 131.7 (C), 128.9 (2O
CH), 128.7 (2OCH), 128.0 (2OCH), 127.4 (2x CH), 126.6 (2OCH),
21.5 ppm (CH3); IR (KBr): ñ=3069, 1573, 1444, 1311, 1239, 1148, 1073,
1028, 765 cm�1; MS (CI): m/z (%): 402 (100) [M+H+], 233 (17)
[(M+H)+�NTs], 172 (15); elemental analysis calcd (%) for C19H15NO3S3

(401.53): C 56.83, H 3.77, N 3.49; found: C 56.60, H 4.03, N 3.31.

N-(p-Toluenesulfonyl) phenyl 4-(phenylsulfinyl)phenyl sulfilimine (16a):
Chromatography: ethyl acetate/pentane 1:1 to elution of the starting ma-
terial and TsNH2, then ethyl acetate/CH2Cl2 1:10; white solid; m.p. 58–
60 8C; 1H NMR (400 MHz, CDCl3): d=7.66–7.61 (m, 6H, HAr), 7.57–7.51
(m, 4H, HAr), 7.48–7.36 (m, 6H, HAr), 7.06 (d, J=8.3 Hz, 2H, HAr),
2.26 ppm (s, 3H, CH3);

13C NMR (100 MHz, CDCl3): d=150.5 (C), 144.3
(C), 141.9 (C), 141.0 (C), 139.7 (C), 135.6 (C), 132.7 (CH), 131.8 (CH),
130.1 (2OCH), 129.7 (2OCH), 129.2 (2OCH), 127.9 (CH), 127.8 (CH),
127.3 (2OCH), 126.2 (2OCH), 125.8 (2OCH), 124.8 (2OCH), 21.6 ppm
(CH3); IR (KBr): ñ=3013, 1597, 1474, 1445, 1292, 1144, 963, 755 cm�1;
MS (CI): m/z (%): 480 (2) [M+H+], 233 (36) [(M+H)+�NTs], 295 (57)
[(M+H)+�NTs�O], 172 (68), 69 (100); elemental analysis calcd (%) for
C25H21NO3S3 (479.64): C 62.60, H 4.41, N 2.92; found: C 62.45, H 4.77, N
2.79.

N-(p-Toluenesulfonyl) phenyl 4-[N-(p-toluenesulfonyl)imino phenylthio]
phenyl sulfoximine (17a): Chromatography: ethyl acetate/pentane 1:1 to
elution of the starting material and TsNH2, then ethyl acetate/CH2Cl2
1:10; white solid; m.p. 82–85 8C; 1H NMR (300 MHz, CDCl3): d=8.04–
8.00 (m, 2H, HAr), 7.93 (d, J=7.7 Hz, 2H, HAr), 7.84–7.68 (m, 5H, HAr),
7.67–7.42 (m, 9H, HAr), 7.22 (d, J=7.9 Hz, 2H, HAr), 7.14 (d, J=7.9 Hz,
2H, HAr), 2.38 (s, 3H, CH3), 2.33 ppm (s, 3H, CH3);

13C NMR (75 MHz,
CDCl3): d=144.1 (C), 143.2 (2OC), 142.2 (C), 140.9 (C), 140.4 (C), 138.4
(C), 135.1 (C), 134.5 (CH), 133.2 (CH), 130.4 (2OCH), 129.9 (2OCH),
129.3 (4OCH), 127.9 (2OCH), 127.5 (2OCH), 127.5 (2OCH), 127.4 (2O
CH), 126.7 (2OCH), 126.2 (2OCH), 21.5 (CH3), 21.4 ppm (CH3); IR
(KBr): ñ=2926, 1727, 1619, 1302, 1148, 1091, 757 cm�1; MS (ESI+ ): m/z
(%): 687 (15) [M+K+], 671 (100) [M+Na+], 649 (37) [M+H+]; elemen-
tal analysis calcd (%) for C32H28N2O5S4 (648.84): C 59.24, H 4.35, N 4.32;
found: C 59.19, H 4.66, N 3.93.

N-(p-Toluenesulfonyl) butyl 4-(butylsulfinyl)phenyl sulfilimine (16b):
Chromatography: gradient of ethyl acetate/pentane 1:1 to ethyl acetate;
pale yellow syrup; 1H NMR (300 MHz, CDCl3): d=7.84–7.77 (m, 2H,
HAr), 7.74–7.66 (m, 4H, HAr), 7.14 (d, J=7.9 Hz, 2H, HAr), 3.10–2.97 (m,
1H, butyl), 2.92–2.65 (m, 3H, butyl), 2.31 (s, 3H, CH3), 1.80–1.64 (m,
1H, butyl), 1.64–1.18 (m, 7H, butyl), 0.82 (t, J=7.3 Hz, 3H, CH3),
0.75 ppm (t, J=7.3 Hz, 3H, CH3);

13C NMR (75 MHz, CDCl3): d=149.4
(C), 141.9 (C), 141.0 (C), 138.2 (C), 129.2 (2OCH), 126.9 (2OCH), 126.3
(2OCH), 125.5 (2OCH), 57.0 (CH2), 53.8 (CH2), 24.8 (CH2), 24.0 (CH2),
23.9 (CH2), 21.8 (CH2), 21.4 (CH3), 21.3 (CH2), 13.6 (CH3), 13.4 ppm
(CH3); IR (CHCl3): ñ=2960, 1464, 1386, 1285, 1144, 1089, 968, 755 cm�1;
MS (CI): m/z (%): 440 (1) [M+H+], 271 (6) [(M+H)+�NTs], 172 (100);
elemental analysis calcd (%) for C21H29NO3S3 (439.66): C 57.37, H 6.65,
N 3.19; found: C 57.61, H 6.75, N 3.59.

N-(p-Toluenesulfonyl) butyl 4-[N-(p-toluenesulfonyl)imino butylthio]-
phenyl sulfoximine (17b): Chromatography: gradient of ethyl acetate/
pentane 1:1 to ethyl acetate; pale yellow solid; m.p. 52–56 8C; 1H NMR
(300 MHz, CDCl3): d=8.10–8.02 (m, 2H, HAr), 7.95–7.86 (m, 2H, HAr),
7.80–7.68 (m, 4H, HAr), 7.24–7.13 (m, 4H, HAr), 3.47–3.22 (m, 2H, butyl),
3.10–2.96 (m, 1H, butyl), 2.92–2.75 (m, 1H, butyl), 2.34 (s, 3H, CH3),
2.31 (s, 3H, CH3), 1.65–1.39 (m, 4H, butyl), 1.39–1.15 (m, 4H, butyl),
0.82 (t, J=7.4 Hz, 3H, CH3), 0.75 ppm (t, J=7.2 Hz, 3H, CH3);

13C NMR
(75 MHz, CDCl3): d=143.2 (C), 142.7 (C), 142.2 (C), 141.3 (C), 140.8
(C), 140.4 (C), 129.8 (CH), 129.7 (CH), 129.4 (4OCH), 127.3 (CH), 127.2

(CH), 126.6 (2OCH), 126.3 (2OCH), 57.8 (CH2), 57.7 (CH2), 53.7 (CH2),
24.9 (CH2), 24.1 (CH2), 21.6 (CH3), 21.4 (CH3), 21.2 (2OCH2), 13.4 ppm
(2OCH3); IR (KBr): ñ=2961, 1598, 1462, 1392, 1314, 1150, 1090 cm�1;
MS (ESI+ ): m/z (%): 647 (80) [M+K+], 631 (100) [M+Na+], 609 (3)
[M+H+]; elemental analysis calcd (%) for C28H36N2O5S4 (608.86): C
55.23, H 5.96, N 4.60; found: C 55.03, H 5.62, N 4.33.

N-(p-Toluenesulfonyl) methyl 4-(methylsulfinyl)phenyl sulfilimine (16c):
Chromatography: ethyl acetate and then acetone; white solid; m.p. 143–
145 8C; 1H NMR (300 MHz, [D6]DMSO): d=7.96 (d, J=8.7 Hz, 2H,
HAr), 7.85 (d, J=8.7 Hz, 2H, HAr), 7.57 (d, J=8.2 Hz, 2H, HAr), 7.23 (d,
J=8.2 Hz, 2H, HAr), 3.00 (s, 3H, CH3), 2.77 (s, 3H, CH3), 2.30 ppm (s,
3H, CH3);

13C NMR (75 MHz, [D6]DMSO): d=151.4 (C), 141.8 (C),
141.7 (C), 139.3 (C), 129.7 (2OCH), 127.5 (2OCH), 126.2 (2OCH), 125.4
(2OCH), 43.5 (CH3), 37.5 (CH3), 21.3 ppm (CH3); IR (KBr): ñ=3005,
2918, 1595, 1388, 1273, 1140, 1089, 954 cm�1; MS (CI): m/z (%): 356 (6)
[M+H+], 164 (51) [(M+H)+�Ns], 172 (100), 155 (83); elemental analy-
sis calcd (%) for C15H17NO3S3 (355.50): C 50.68, H 4.82, N 3.94; found: C
50.29, H 4.87, N 3.95.

N-(p-Toluenesulfonyl) methyl 4-[N-(p-toluenesulfonyl)imino methylthio]
phenyl sulfoximine (17c): Chromatography: ethyl acetate and then ace-
tone; white solid; m.p. 233–235 8C; 1H NMR (300 MHz, [D6]DMSO): d=
8.14–8.01 (m, 4H, HAr), 7.62 (d, J=8.2 Hz, 2H, HAr), 7.55 (d, J=8.2 Hz,
2H, HAr), 7.32–7.22 (m, 4H, HAr), 3.64 (s, 3H, CH3), 3.03 (s, 3H, CH3),
2.34 (s, 3H, CH3), 2.31 ppm (s, 3H, CH3);

13C NMR (75 MHz,
[D6]DMSO): d=143.3 (C), 143.1 (C), 142.0 (C), 141.8 (C), 141.7 (C),
140.7 (C), 129.8 (2OCH), 129.7 (2OCH), 129.1 (2OCH), 127.6 (2OCH),
126.5 (2OCH), 126.2 (2OCH), 44.7 (CH3), 37.6 (CH3), 21.4 (CH3),
21.3 ppm (CH3); IR (KBr): ñ=3008, 2921, 1594, 1389, 1280, 1235, 1145,
1093, 963 cm�1; MS (CI): m/z (%): 563 (100) [M+K+], 547 (25) [M+Na+

], 525 (2) [M+H+]; elemental analysis calcd (%) for C22H24N2O5S4

(524.70): C 50.36, H 4.61, N 5.34; found C, 49.98, H 4.78, N 4.99.

General procedure for the deprotection of N-nosyl sulfoximines : To a so-
lution of sulfoximine (0.80 mmol) in acetonitrile (13 mL) was added
Cs2CO3 (469.2 mg, 1.44 mmol) and thiophenol (130 mL, 1.28 mmol) at
room temperature and the reaction mixture was stirred overnight. Water
was added to the reaction mixture and the product was extracted with di-
chloromethane. The combined organic layers were dried over MgSO4

and concentrated and the residue was purified by flash column chroma-
tography.

Methyl phenyl sulfoximine (NH-2):[4c,14–17] Chromatography: gradient of
ethyl acetate to ethyl acetate/20% EtOH; colorless oil; H NMR
(300 MHz, CDCl3): d=8.05–8.00 (m, 2H, HAr), 7.69–7.52 (m, 3H, HAr),
3.11 (s, 3H, CH3), 2.47 ppm (br s, 1H, NH); 13C NMR (75 MHz, CDCl3):
d=143.5 (C), 133.1 (CH), 129.3 (2OCH), 127.7 (2OCH), 46.2 ppm
(CH3).

Methyl (2-pyridyl) sulfoximine (NH-3):[26] Chromatography: gradient of
ethyl acetate to acetone; yellow oil; 1H NMR (400 MHz, CDCl3): d=8.75
(d, J=4.0 Hz, 1H, HAr), 8.15 (d, J=7.7 Hz, 1H, HAr), 7.97 (t, J=7.7 Hz,
1H, HAr), 7.54 (dd, J=7.7, 4.1 Hz, 1H, HAr), 3.28 (s, 3H, CH3), 2.74 ppm
(br s, 1H, NH); 13C NMR (100 MHz, CDCl3): d=160.4 (C), 150.0 (CH),
138.2 (CH), 126.7 (CH), 121.1 (CH), 42.4 ppm (CH3); IR (CHCl3): ñ=
3267, 3009, 2929, 1651, 1576, 1425, 1227, 1011 cm�1; MS (CI): m/z (%):
157 (100) [M+H+]; elemental analysis calcd (%) for C6H8N2OS (156.21):
C 46.13, H 5.16, N 17.93; found: C 45.73, H 5.31, N 17.62.
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