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ABSTRACT

The Rh(II)-catalyzed imination of sulfoxides and sulfides using [Rh2(OAc)4] as a catalyst and trifluoroacetamide or sulfonylamides in combination
with iodobenzene diacetate and magnesium oxide affords sulfoximines and sulfilimines, respectively, in a stereospecific manner.

Recently, sulfoximines and sulfilimines have attracted sig-
nificant attention due to their use as building blocks for chiral
ligands1 and pseudopeptides.2 A number of synthetic ap-
proaches have been developed that allow the preparation of
various derivatives in a relatively straightforward manner.3

Most of them, however, rely on the use of toxic and
potentially explosive reagents such as combinations of NaN3

and H2SO4 or O-mesitylenesulfonylhydroxylamine (MSH).4,5

More recently, metal-catalyzed iminations of sulfoxides and
sulfides giving sulfoximines and sulfilimines, respectively,
have been described, which utilize copper or iron salts6 and

manganese or ruthenium complexes as catalysts.7 Further-
more, an electrochemical iminaton of sulfoxides has been
reported.8 The limitations of most of those methods stem
from the fact that often N-substituted products such as
tosylated imine derivatives are obtained, which are difficult
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to convert into the synthetically more valuable (“free”) NH
compounds. Accordingly, it appeared attractive to search for
a novel alternative protocol, which allowed the reaction to
be performed with readily available and safe iminating agents
and which finally would lead to products with “free”NH-
imino groups.

Focusing the attention on catalytic transformations we
found that [Rh2(OAc)4], which is known to be a catalyst for
nitrene insertion reactions into C-H bond and nitrene
additions to C-C double bonds,9 is an efficient catalyst for
the imination of sulfoxides and sulfides (Scheme 1).

The results of imination reactions of sulfoxides are listed
in Table 1. Accordingly, the conversion of methylphenyl-

sulfoxide (1) with NsNdIPh10 as an iminating agent and
[Rh2(OAc)4] as a catalyst proceeded very rapidly, and after
1 h,N-nosyl sulfoximine2awas obtained in high yield (entry
1). To simplify the process and to avoid the use of a

preformed iminating agent, mixtures of NsNH2, MgO, and
PhI(OAc)2 instead of NsNdIPh were applied next.11 Again,
2a was obtained from1 in good yield (entry 2), albeit under
those conditions the reaction time was longer. Iminations of
1 with MsNH2 (entry 3) and CF3CONH2 (entry 4) also
proceeded well, affording sulfoximines2b and 2c bearing
N-mesyl andN-trifluoroacetyl groups, respectively. With
regard to the synthesis ofNH-sulfoximines, the latter result
was particularly important (vide infra).

Cu(OTf)2, which is a known catalyst for the imination of
sulfoxides,6b showed a much lower catalytic activity than
[Rh2(OAc)4] under these conditions (entry 5). Attempts to
use acetamide or benzamide as nitrogen sources in the Rh-
catalyzed conversions of1 failed (entries 6 and 7), indicating
that the intermediate iminoiodanes should be stabilized by
strong electron-withdrawing substituents.

To investigate the scope of the reaction, several sulfoxides
were used as substrates. All of them were readily converted
into sulfoximines, albeit in the reactions with sulfoxides5
and 7 (entries 9 and 10) the yields of the corresponding
sulfoximines6a and8a were only moderate (50 and 49%,
respectively). Presumably, the steric hindrance of the bulky
tert-butyl group of7 hampered its smooth conversion.

The novel rhodium-catalyzed protocol for the imination
of sulfoxides to give sulfoximines described here has several
advantages over the existing methodology. Since the reagents
and the catalyst are stable toward atmospheric moisture and
oxygen, the imination requires neither dried solvents nor an
inert atmosphere. Furthermore, iodobenzene diacetate is
known as a mild and nonexplosive compound, which renders
this process safer than the known ones, which rely on the
use of potentially dangerous iminating agents such as azido
derivatives or MSH.4, 5

For synthetic purposes, the resultingN-trifluoroacetyl
sulfoximines are highly valuable since they can easily be
hydrolyzed to give synthetically usefulNH-sulfoximines.
Consequently, a simple two-step process, which does not
even require the isolation of intermediates, allows the
preparation of those N-unprotected products in high yields
(Table 2). Their subsequent conversions have been described
and lead to ligands for asymmetric catalysis and building
blocks of pseudopeptides.1,2
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Scheme 1

Table 1. Metal-Catalyzed Iminations of Sulfoxidesa

entry substrate
time
(h) product

yield
(%)

1 1 PhIdNNs 1 2a 93
2 1 NsNH2, PhI(OAc)2, MgO 6 2a 86
3 1 MsNH2, PhI(OAc)2, MgO 6 2b 79
4 1 CF3CONH2, PhI(OAc)2, MgO 12 2c 84
5b 1 CF3CONH2, PhI(OAc)2, MgO 24 0c

6 1 AcNH2, PhI(OAc)2, MgO 24 0d

7 1 BzNH2, PhI(OAc)2, MgO 24 0c

8 3 NsNH2, PhI(OAc)2, MgO 6 4a 68
9 5 NsNH2, PhI(OAc)2, MgO 6 6a 50

10 7 NsNH2, PhI(OAc)2, MgO 6 8a 49

a Reaction conditions: sulfoximine (1.0 mmol), PhIdNNs (1.5 mmol)
and [Rh2(OAc)4] (2.5 mol %) in CH2Cl2 (10 mL) at room temperature (for
entry 1) or sulfoximine (1.0 mmol), X-NH2 (2.0 mmol), PhI(OAc)2 (1.5
mmol), MgO (4.0 mmol), and [Rh2(OAc)4] (2.5 mol %) in CH2Cl2 (10
mL) at room temperature (for entries 2-10). b Cu(OTf)2 (2.5 mol %) was
used as a catalyst.c Sulfoximine was almost quantitatively recovered.
d Complex mixture was formed, and small amounts of the sulfoximine were
recovered.

Table 2. Rhodium-Catalyzed Iminations of Sulfoxides to Give
NH-sulfoximinesa

entry substrate R R′ product yield (%)

1 1 Ph Me 9 71
2 3 Ph Ph 10 66
3 11 -[CH2CH2]2- 12 88
4 (R)-13 p-Tol Me (R)-14 76

a Reaction conditions: Sulfoximine (1.0 mmol), CF3CONH2 (2.0 mmol),
PhI(OAc)2 (1.5 mmol), MgO (4.0 mmol), and [Rh2(OAc)4] (2.5 mol %) in
CH2Cl2 (10 mL) at room temperature; then K2CO3 (5 equiv) in MeOH (10
mL).
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The stereospecificity of this reaction was examined by
using optically pure sulfoxide (R)-13 (Scheme 2). Rhodium-
catalyzed imination and subsequent methanolysis afforded
enantiopure sulfoximine (R)-14 in good yield (76%). The
sign of the optical rotation of the product5b revealed that the
reaction had occurred with retention of configuration.

Next, the rhodium-catalyzed imination of sulfides leading
to sulfilimines was examined (Scheme 3). Under the same

reaction conditions, sulfides were more reactive than sul-
foxides, and all the reactions listed in Table 3 were finished
within 6 h giving sulfilimines in high yields.

To demonstrate the applicability of the process in the
preparation of NH derivatives,N-trifluoroacetyl-protected
sulfilimine 18bwas subjected to methanolysis using MeOH-
KOH, which led to the corresponding “free” sulfilimine18c
in 88% yield.12

The attempted synthesis of sulfodiimine21 by double
imination of sulfide 15 remained unsuccessful.13 Thus,
treatment of15 with 3 equiv of NsNH2 and 2 equiv of PhI-

(OAc)2 in the presence of 2.5 mol % of [Rh2(OAc)4] only
afforded sulfilimine16a (90% yield). This result suggested
that the second imination reaction was hampered by the
strongly electron-withdrawingN-nosyl group of16a. Con-
sequently, the electron density at the sulfur atom was too
low to allow a second nitrene transfer.

In summary, various sulfoxides and sulfides have been
converted into their corresponding sulfoximines and sulfil-
imines, respectively, using [Rh2(OAc)4] as a catalyst and
trifluoroacetamide or sulfonylamides in combination with
iodobenzene diacetate and magnesium oxide. Synthetically
valuable NH-sulfoximines and sulfilimines can easily be
obtained by cleavage of theN-acyl bond of the resulting
N-trifluoroacetyl-protected derivatives. The imination reac-
tion is stereospecific and proceeds with retention of config-
uration at the stereogenic center. Consequently, enantiomer-
ically pure sulfoximines are accessible by starting from
enantiopure sulfoxides. Asymmetric iminations using chiral
rhodium catalysts are currently under investigation.
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Scheme 2

Scheme 3

Table 3. [Rh2(OAc)4]-Catalyzed Imination of Sulfidesa

entry substrate X-NH2 reagents product time (h) yield (%)

1 15 NsNH2 16a 6 90
2 15 CF3CONH2 16b 6 87
3 17 NsNH2 18a 6 98
4 17 CF3CONH2 18b 6 98
5 19 NsNH2 20a 6 61

a Reaction conditions: sulfide (1.0 mmol), X-NH2 (2.0 mmol), PhI(OAc)2
(1.5 mmol), MgO (4.0 mmol), and [Rh2(OAc)4] (2.5 mol %) in CH2Cl2
(10 mL) at room temperature.

Org. Lett., Vol. 6, No. 8, 2004 1307


