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ABSTRACT

9 O\\//N-SOZR3
R1‘S\R2 Fe(acac)s (5 mol %) R1'S\R2
R3SO,.NH,, Phi=O or
or >
S CH3CN, 1t |1\|1_302R3
1-O~n2
R R R1—S\R2

The Fe(lll)-catalyzed imination of sulfoxides and sulfides with sulfonylamides in the presence of iodinanes has been investigated. The best
results were obtained when Fe(acac) 3 was used as a catalyst in combination with iodosylbenzene, providing an effective alternative (stereospecific)

access to sulfoximines and sulfilimines.

Since the discovery of sulfoximines in the early 1950s by potentially explosive reagents such as hydrazoic acid gNaN
Whitehead and Bentléysulfoximines and sulfilimines have  H,SQ,)° or O-mesitylenesulfonylhydroxylamine (MSH).
attracted great attention among organic chemists. Due to theRecently, to avoid such reagents, interest has grown in metal-
presence of an amphoteric nitrogen and a stereogenic sulfurcatalyzed nitrene transfer reactions to sulfur compounds. In
atom, they have been widely used as building blocks for this context, copper saftsand manganese or ruthenium
chiral ligand8 and as structural units in pseudopeptiéles. complexe have been described as catalysts for this trans-
Several strategies for their preparation have been devefoped.formation. However, those methods generally lead to N-
However most of them require the use of toxic and substituted products with protecting groups such as tosyl,
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which are difficult to cleave to give the synthetically more
valuable NH-sulfoximines® Iron-catalyzed iminations of
sulfides and sulfoxides affording products with more easily

removable Boc and SES protecting groups appear attrac-

tive,!011 but since they involve the use of potentially
explosive azides as nitrogen sources, their applicability in
large-scale synthesis is rather limited.

In 2004, we described that RIDAC), is an effective
catalyst for the imination of sulfur compounds at room
temperature with readily available trifluoroacetamide or
p-nosylamide as safe nitrene precursérshe synthetically

interesting NH-products can then be obtained by subsequent 3¢

easy-to-perform cleavage reactions. A limiting feature of this
protocol is the high cost of the rhodium catalyst. Further
investigations have led to the discovery that less costly silver
nitrate (in combination with a terpyridine ligand) is also an
efficient catalyst for sulfur imination reactio#!*Extending
our interest in improving and simplifying such transforma-
tions, and in connection with our ongoing program showing
the wide potential of sulfoximines as ligands and building
blocks in organic synthesigie herein describe the applica-
tion of simple iron catalysts for the imination of sulfoxides
and sulfides with sulfonylamides under mild conditions.

As a model reaction the imination of methyl phenyl
sulfoxide (1a) with a combination dd-nosylamide (NsNk)
and iodobenzene diacetate [Phl(OAdp the presence of
an iron salt was investigated. In the first attempt, 10 mol %
of FeCl in acetonitrile was applied. In contrast to the system
studied by Bach, which involved BogNas nitrogen
source'’® ¢ a low reactivity was observed here both at room
temperature and at reflux (Table 1, entry 1).

Other iron salts proved more reactive (Table 1, entries
2—4), and to our delight, iron(ll) or iron(lll) acetylacetonate
exhibited excellent reactivity, giving sulfoximirzin 83 or
90% yield after only 7 or 3 h, respectively (entries 3 and
4) 1516 As expected, reaction with preformeédtnosylimi-
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Table 1. Optimization of the Iron-Catalyzed Imination with
Ns-NH?

i Fe cat. (10 mol %) O\ N-Ns
S. > S<
CHs  NsNHj, Arl(X)s, @/ CHs
1 CHaCN, rt )
entry Fe catalyst Arl(X)2 t(hy  vyield (%)?
1 FeCl, PhI(OAC), 16 (20)° 20 (66)°
2 Fe(CIO4)» PhI(OAc), 20 61
Fe(acac)s PhI{OAc), 7 83
4 Fe(acac)s Phl{OAc)o 3 90
5 Fe(acac)s PhI=NNs® 1 88
I{OAC),
6 Fe(acac)s 0 20 77
(ACO),!
7 Fe(acac)y  PhI(OCOCFa)s 48 20
8 Fe(acac)s Phl=0O 0.5 97

a8 Reaction conditions: sulfoxidéa (1 equiv), Fe catalyst (10 mol %),
NsNH, (1.5 equiv), and Arl(X) (1.6 equiv) in CHCN (0.1 M) at room
temperature® Yield after columm chromatograph§Reaction time and
yield in refluxing CHCN specified in parenthesesSee comment in ref
16.¢Use of 1.6 equiv of PHENNS.

doiodinane (PHRENNS) as the nitrene source proceeded
faster. Thus, sulfoximing was obtained in 88% yield after
only 1 h (entry 5). Acetonitrile proved to be superior to other
solvents such as THF or dichloromethane, which did not give
2 at all or only in low yield (20%), respectively.

At this stage, other iodinanes were evaluated as oxidants
for this process (entries-8). As shown in Table 1, both
the aromatic and hetereoatomic substituents at iodine had a
strong effect on the reactivity. The best results were obtained
with iodosylbenzene (PHO), which provided2 in 97%
yield after 30 min (entry 8)7

The reduction of the catalyst loading from 10 to 5 mol %
had no significant effect on the catalyst efficiency, and
sulfoximine 2 was formed in similar yield (Table 2, entries
1 and 2). With 5 mol % of the catalyst a 3.5-fold increase
of the reaction scale was well tolerated and the catalyst
activity remained high (entry 3). Further reduction of the
catalyst loading to 1 mol % led to an incomplete conversion
of laeven after an extended reaction time and consequently,
only a modest yield oR was obtained (54%, entry 4).

Under the optimized conditions, which involved the use
of 5 mol % of Fe(acag)and Phl=0O in acetonitrile at room
temperature, a variety of sulfonylamides were tested as
iminating agents for sulfoxidéa (Table 3, entries 2—6).

Gratifyingly, albeit over longer reaction times compared
to the parentp-nosylamide (NsNk), the iron-catalyzed
iminations ofla with p-tosylamide (TsNk), 2-trimethylsi-
lylethylsulfonylamide (SESNL), p-methyl-2-pyridinylsul-
fonylamide, and 2-benzothiazolesulfonylamide proceeded
well at room temperature, affording the corresponding
sulfoximines3—6 in moderate to good yields (6@8%).

(17) Iron(lll) benzoylacetonate, [Fe(bzgg)s also a good catalyst under
these reaction conditions, furnishi2gn 97% vyield after 45 min.
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Table 2. Optimization of the Catalyst LoadiAg

i Fe(acac)s O\\ /J\I-Ns

S. . S
©/ CH3  NsNHj, Phl=0 ©/ CHg

CH30N, rt
1a 2

entry Fe(acac)s (mol %) t (h) yield® (%)

1 10 0.5 97

2 5 1 96

3 5 1.5¢ 95

4 1 20 54

aReaction conditions: sulfoxidea (0.285 mmol, 1 equiv), NsN(1.5
equiv), and Ph=O (1.6 equiv) in CHCN (0.1 M) at room temperature.
bYield after columm chromatograph§Reaction scaled up to 1 mmol of
la.

Table 3. Iron-Catalyzed Imination of Sulfoxidés
0 Fe(acac)s (5 mol %) O, N-SOzR®
11 » A\
R S~pe R3S0,NHs, Phi=O R1-S>p2
1a-e CHaCN, rt 2-10
entry R! R'  R3SO.NH, t(h) product yield (%)?
1 Ph Me NsNH» 1 2 96
2 Ph Me TsNH» 18 3 81
3 Ph Me SESNH, 18 4 66
o}

4 Ph Me

‘@é'NHz 18 5 87
N o
N 9

©:\>-SNH2 14 6 88
$ 0

5 Ph Me

6 Ph Me BusNH, 20 -
7 —Qs- Me  NsNH, 20 -
8 tBu Me NsNH» 2 7 80
9 Ph Ph NsNH» 6 8 80
10 Ph  Vinyl NsNHz 8 9 72
11 -(CH2-CHp)- NsNH5 8 10 86

aReaction conditions: sulfoxide(1 equiv), Fe(acag)5 mol %), NsNH
(1.5 equiv), and Phl®© (1.6 equiv) in CHCN (0.1 M) at room temperature.
bYield after column chromatography.

Only the very bulkytert-butylsulfonyl amide (BusNb) could

reaction times. Even sulfoxides with a bultert-butyl group
or a vinyl substituent (entries 8 and 10) reacted well affording
sulfoximines in good yields. Only the imination of a substrate
with a sterically demanding (2,4,6-trisubstituted) aromatic
group remained unsuccessful (entry 7).

Next, the stereospecificity of both the iron-catalyzed
imination process (with a combination of PHD and NsNH
as NNs source) and the subsequent conversion of the
resulting product into the correspondimgH-sulfoximine
were studied? For this purpose, sulfoxides)-1awith 83%
ee®was reacted under standard imination conditions to give
N-nosylsulfoximine 2, which was deprotected at room
temperature by nucleophilic aromatic substitution with
thiophenolate, generated in situ from,C&; and thiophenol
(Scheme 1381° “Free” NH-sulfoximine (S)-11lwas thus

Scheme 1
O\\ o 1. Fe(acac)z, Phl=0, O\\ //NH
N NsNH,, CHaCN, rt R
N, - B 4
CH3 = CH3
2. PhSH, CSQCO&
CHgCN, rt
(S)-1a 0% vield {(9)-11
83% ee (79% yield) 83% ce

obtained in good yield (79% over two steps), and the ee
analysis of11°! revealed that the reaction sequence had
proceeded without epimerization and with retention of
configuration at the stereogenic sulfur.

With the goal to determine the generality of the iron-
catalyzed sulfur imination, the reactions of several sulfides
with combinations of PO and NsNH were examined
next. Under the same reaction conditions as those employed
for the sulfoxide imination, the more nucleophilic sulfides
showed high reactivities providing the corresponding sulfil-
imines12—16in excellent yields after reaction times of 40
min to 8 h (Figure 1).

Additionally, a competition experiment using a 1:1 mixture
of methyl phenyl sulfoxideXa) and methyl phenyl sulfide
was carried out. After 50 min, a quantitative conversion of
the sulfide into sulfiliminel2 was observed, and only 15%
of nitrene transfer to sulfoxidéa had occurred? The greater
reactivity of the sulfides also allowed the imination to
proceed with substrates bearing bulky aromatic substituents

not iminate sulfoxidela (Table 3, entry 6). These results (such as a 2,4,6-trimethylphenyl group) at sulfur, whereas

are of particular significance, since they offer various the corresponding sulfoxides had failed to react in the same
possibilities for the deprotection of the sulfoximine nitro-

geni®

(19) For the pioneering work on the use of the nosyl group, see:

To evaluate the scope of the imination reaction various Fukuyama, T.; Jow, C.-K.; Cheung, Metrahedron Lett1995,36, 6373.

sulfoxides were applied as substrates (Table 3, entridd Y.

(20) Sulfoxide §)-1lawas prepared by iron-catalyzed asymmetric oxida-
tion of the corresponding sulfide with )@, as oxidant as previously

In general, their conversion was smooth and the correspond-described by our group. (a) Legros, J.; Bolm,Ahgew. Chem., Int. Ed.

ing sulfoximines were formed (with 72% yield) after short

2003,42, 5487. (b) Legros, J.; Bolm, @ngew. Chem., Int. EQ004,43,
4225. (c) Legros, J.; Bolm, @Chem. Eur. J2005,11, 1086. The ee dfa
was determined by HPLC using a chiral column: Chiralcel OD; heptane/

(18) For example, nosyl- and benzothiazolesulfonylamides can be easily i-PrOH = 90:10; 0.5 mL/min; 254 nmtg(R): 23.4 mintr(S): 29.7 min.

cleaved using thiolates, SES-amide react upon treatment with fluorides to

(21) The enantiomeric excess df was determined by HPLC using a

give amines, and deprotection of the pyridinyl derivative could be achieved chiral column: Chiralcel OJ; heptane/i-PrGH 85:15; 0.5 mL/min; 254
by reaction with Mg. For general methods for the deprotection of nm;tr(R): 36.9 min,tr(S): 48.9 min.

sulfonylamides, see: Greene, T. W.; Wuts, P. G.Rvbtective Groups in

(22) Conversion ratios were determined By NMR on the crude

Organic Synthesis, 3rd ed.; John Wiley & Sons: New York, 1999; p 603. mixture.
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attacked by the sulfur nucleophile to yield the corresponding
sulfoximine (or sulfilimine) and to regenerate the original

N-Ns N-Ns N-Ns N-Ns iron catalyst.
oh” S Me S<\e o~ S~pn P S~ X Noteworthy is the fact that even in th.e absence .of sulfonyl
amides neither sulfones nor sulfoxides (obtained from
12 (91%) 13 (88%) 14 (91%) 15 (92%) sulfoxides and sulfides, respectively) have been observed.
This indicates that if (oxo)Fe complexes are formed by direct
N-Ns O\\SP oxidation of the catalytically active iron salt with PhI=0,
S. N” those species are less reactive oxidants than the imbrene
Me Ph/g\Me intermediates. Nevertheless, their presence might reduce the

efficiency of the catalyst system as observed in an imination
16 (74%) 17 (45%) of 1a performed under aerobic conditions, which led to a
Figure 1. Protected sulfilimines obtained by Fe-catalyzed imina- low conversion of the sulfoxide and the formationin
tion. only 43% yield.
In summary, the imination of a variety of sulfoxides and
sulfides has been achieved under mild reaction conditions

process. Likewise, methyl phenyl sulfide could be iminated at roorr; temperature u_sing_ inexpensiv_e Fe_(a;c_as a
with the sterically demanding BusNHo give sulfilimine catalyst® and sulfonylamides in combination with iodosyl-

17, whereas the use of this sulfonamide was unsuccessful if?€"Z€ne as nonhazardous nitrogen sources. The reaction
the imination of sulfoxidela?? proceeds in a stereospecific manner with retention of

Although iron imido complexes are ra#éwe assume that configuration at sulfur, constituting an alternative access to
the iron-catalyzed imination of the sulfur compounds in- enantiopure sulfoximines from the corresponding sulfoxides.
volves iron-nitrene species as intermediates. As shown inThe deprotection of th&l-nosyl products under standard

Scheme 2, the reaction of the iron catalyst with PhI=NNs reaction conditions gives, without epimerization, synthetically
’ " valuable (“free”)NH-sulfoximines. Finally, an irornitrene

complex is proposed as a reactive intermediate in this

_ process, more readily iminating sulfides than sulfoxides.
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