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ABSTRACT
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The Rh(ll)-catalyzed imination of sulfoxides and sulfides using [Rh,(OAc),] as a catalyst and trifluoroacetamide or sulfonylamides in combination

with iodobenzene diacetate and magnesium oxide affords sulfoximines ai

nd sulfilimines, respectively, in a stereospecific manner.

Recently, sulfoximines and sulfilimines have attracted sig-
nificant attention due to their use as building blocks for chiral
ligands and pseudopeptidésA number of synthetic ap-

manganese or ruthenium complexes as catalyststher-
more, an electrochemical iminaton of sulfoxides has been
reportec® The limitations of most of those methods stem

proaches have been developed that allow the preparation ofrom the fact that often N-substituted products such as

various derivatives in a relatively straightforward manher.
Most of them, however, rely on the use of toxic and
potentially explosive reagents such as combinations offNaN
and HSQ, or O-mesitylenesulfonylhydroxylamine (MSHY.
More recently, metal-catalyzed iminations of sulfoxides and
sulfides giving sulfoximines and sulfilimines, respectively,
have been described, which utilize copper or iron $altsl
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Scheme 1
[Rha(OAC)4] (2.5 mol% ),
Phl=NNs or
‘g X-NH,, MgO, Phi(OAc), O, N—X
RTR CHoCly, 1t RR

1:R=Ph,R'=Me 2a:R=Ph,R'=Me, X=Ns
3:R=R'=Ph 2b: R=Ph,R'=Me, X = Ms
5:R=R'=ML? 2c: R =Ph, R'=Me, X=COCF;
7:R=1tBu,R'=Me 4a:R=R'=Ph,X=Ns

6a:R=R'=Me, X=Ns
8a: R =tBu, R'=Me, X=Ns

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 “freélH-
imino groups.

Focusing the attention on catalytic transformations we
found that [RR(OACc)4], which is known to be a catalyst for
nitrene insertion reactions into € bond and nitrene
additions to C-C double bond$,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-

Table 1. Metal-Catalyzed Iminations of Sulfoxides

time yield

entry substrate (h) product (%)
1 1 Ph1=NNs 1 2a 93
2 1 NsNH,, Ph1(OAc),, MgO 6 2a 86
3 1 MsNH,, PhI(OAc),, MgO 6 2b 79
4 1 CF3CONH_, PhI(OAc),, MgOo 12 2c 84
5b 1 CF3CONHy, PhI(OAc);, MgO 24 oc
6 1 AcNH,, PhI(OAc),, MgO 24 0d
7 1 BzNH,, PhI(OAc),, MgO 24 0°
8 3 NsNH;, PhI(OAc),, MgO 6 4a 68
9 5 NsNH,, Phl(OAc),, MgO 6 6a 50
10 7 NsNH;, PhI(OAc),, MgO 6 8a 49

aReaction conditions: sulfoximine (1.0 mmol), PfNINs (1.5 mmol)
and [Rh(OACc)4] (2.5 mol %) in CHCl, (10 mL) at room temperature (for
entry 1) or sulfoximine (1.0 mmol), X-N§(2.0 mmol), Phl(OAg) (1.5
mmol), MgO (4.0 mmol), and [RfOAC)4] (2.5 mol %) in CHCI, (10
mL) at room temperature (for entries-20). ® Cu(OTf), (2.5 mol %) was
used as a catalystSulfoximine was almost quantitatively recovered.
d Complex mixture was formed, and small amounts of the sulfoximine were
recovered.

sulfoxide () with NsN=IPh'® as an iminating agent and
[Rhy(OAC),] 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

(8) Siu, T.; Yudin, A. K.Org. Lett. 2002 4, 1839. The authors also
report the preparation of “free” sulfoximines by electrolysis of the
correspondingN-phthalimido derivatives.

(9) For recent reviews including Rh-catalyzed nitrene transfer reactions,
see: (a) Dauban, P.; Dodd, R. Bynlett2003 1571. (b) Muler, P.; Fruit,

C. Chem. Re. 2003 103 2905.

(10) For the use of Ns¥&IPh in copper-catalyzed sulfoxide iminations,
see: (a) Bolm, C.; Mtia, K.; Aguilar, N.; Kesselgruber, M.; Raabe, G.
Synthesis1999 1251. (b) ref 6¢.
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Table 2. Rhodium-Catalyzed Iminations of Sulfoxides to Give
NH-sulfoximineg
first: [Rha(OAC)4], CF3CONHo,

n MgO, PhI(OAc),, CH,Cl» O NH
S, S,
RR then: K,CO3, MeOH R™R
entry substrate R R product vyield (%)
1 1 Ph Me 9 71
2 3 Ph Ph 10 66
3 11 —[CH,CH;],— 12 88
4 (R)-13  p-Tol Me (R)-14 76

a8 Reaction conditions: Sulfoximine (1.0 mmol), &FONH, (2.0 mmol),
PhI(OAc) (1.5 mmol), MgO (4.0 mmol), and [R{OAC)4] (2.5 mol %) in
CHCI, (10 mL) at room temperature; then®0Os (5 equiv) in MeOH (10
mL).

preformed iminating agent, mixtures of NsiHMgO, and
PhI(OAc) instead of NsN=IPh were applied nexf. Again,
2awas obtained fron in good yield (entry 2), albeit under
those conditions the reaction time was longer. Iminations of
1 with MsNH; (entry 3) and CECONH, (entry 4) also
proceeded well, affording sulfoximinezb and 2c bearing
N-mesyl andN-trifluoroacetyl groups, respectively. With
regard to the synthesis dfH-sulfoximines, the latter result
was particularly important (vide infra).

Cu(OTf), which is a known catalyst for the imination of
sulfoxides®® showed a much lower catalytic activity than
[Rhy(OAC)4] under these conditions (entry 5). Attempts to
use acetamide or benzamide as nitrogen sources in the Rh-
catalyzed conversions @ffailed (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 sulfoxides
and 7 (entries 9 and 10) the yields of the corresponding
sulfoximines6a and 8a 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: 5

For synthetic purposes, the resultidgtrifluoroacetyl
sulfoximines are highly valuable since they can easily be
hydrolyzed to give synthetically usefiNH-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 pseudopeptidés.
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Scheme 2
a) [Rho(OAC)4], CF3CONH,,

o. /-
o P /M MgO, PhI(OAc), Oy NH
O
p-o ®  "b) KxCOg, MeOH p-Tol” "Me
(R)-13 (R-14
>99% ee >99% ee

The stereospecificity of this reaction was examined by
using optically pure sulfoxideR)-13 (Scheme 2). Rhodium-

catalyzed imination and subsequent methanolysis afforded

enantiopure sulfoximineR)-14 in good yield (76%). The

sign of the optical rotation of the proddttevealed that the

reaction had occurred with retention of configuration.
Next, the rhodium-catalyzed imination of sulfides leading

Table 3. [Rhy(OAc)4-Catalyzed Imination of Sulfidés

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

1 15 NsNH> 16a 6 90
2 15 CF3CONH_ 16b 6 87
3 17 NsNH> 18a 6 98
4 17 CF3CONH> 18b 6 98
5 19 NsNH> 20a 6 61

aReaction conditions: sulfide (1.0 mmol), X-NK2.0 mmol), Phl(OAg)
(1.5 mmol), MgO (4.0 mmol), and [REOAC)4] (2.5 mol %) in CHCl,
(10 mL) at room temperature.

(OAc), in the presence of 2.5 mol % of [RIDAC),] only
afforded sulfiliminel6a(90% yield). This result suggested
that the second imination reaction was hampered by the
strongly electron-withdrawingl-nosyl group ofl6a Con-

to sulfilimines was examined (Scheme 3). Under the same sequently, the electron density at the sulfur atom was too

Scheme 3
[Rho(OAC)4] (2.5 moI% ), X
X-NHjp, MgO, PhI(OAC), d
=t R R
R™R CH,Cly, 1t
15: R = Ph, R' = Me 16a: R =Ph, R' = Me, X = Ns
17:R=R'=Ph 16b: R = Ph, R' = Me, X = COCF,4
19:R = +Bu, R'= Me 18a:R=R'=Ph, X =Ns
18b: R = R' = Ph, X = COCF4
Ns-N N-Ns 18¢c:R=R'=Ph, X=H
g 20a: R = +-Bu, R'= Me, X =Ns
Ph™> Me
21

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 derivatived\-trifluoroacetyl-protected
sulfilimine 18bwas subjected to methanolysis using Me©H
KOH, which led to the corresponding “free” sulfilimiriec
in 88% yield?!?

The attempted synthesis of sulfodiimir?d by double
imination of sulfide 15 remained unsuccessftfl. Thus,
treatment ofl5 with 3 equiv of NsNH and 2 equiv of Phl-

(11) Recently, several nitrogen transfer reactions using in-situ-formed
iminoiodanes have been reported. For examples, see ref 9.

(12) Acid hydrolysis of N-sulfonylated sulfilimines is known. (@)
Furukawa, N.; Omata, T.; Yoshimura, T.; Aida, T.; Oae T8trahedron
Lett. 1972 1619. (b) Yoshimura, T.; Omata, T.; Furukawa, N.; Oae].S.
Org. Chem.1976 41, 1728.
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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 [R{OAc),] 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 thid-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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