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ABSTRACT

The synthesis of N-cyanosulfilimines can readily be achieved by reaction of the corresponding sulfides with cyanogen amine in the presence
of a base and NBS or I 2 as halogenating agents. Oxidation followed by C −N bond cleavage affords synthetically useful NH-free sulfoximines.

The development of novel methods for the preparation of
sulfilimines and sulfoximines has attracted significant atten-
tion over the past few years, since some derivatives proved
useful as building blocks of chiral ligands1 and structural
units in pseudopeptides.2 Two main routes are commonly
followed to prepare these compounds.3 They either involve
an oxidative imination of a sulfide or sulfoxide or they utilize
a nucleophilic displacement of the corresponding sulfin- or
sulfonimidoyl halide or sulfonimidate.

In our own search for new and more efficient syntheses
of sulfilimines and sulfoximines,4 we recently focused our

attention on sulfur iminations using cyanogen amine as
nitrogen source.5 In that context, we demonstrated that
N-cyanosulfoximines were very appealing substrates for the
preparation ofN-heterocyclic sulfoximines.

Being attracted by the possibility of performing metal-
free N-cyanosulfilimines syntheses,6 we aimed to further
simplify the synthetic protocol by avoiding the use of
hypervalent iodinanes such as PhI(OAc)2. For achieving this
goal, an in situ formation of a sulfinimidoyl halide followed
by a nucleophilic substitution with cyanogen amine was
envisaged.7 Herein, we report an easy procedure for the
synthesis of variousN-cyanosulfilimines, based on the use
of low-cost reagents such as NBS or I2. Furthermore, we
demonstrate thatN-cyanosulfilimines are valuable intermedi-
ates for the preparation ofN-cyano- andNH-sulfoximines.

For the initial screening, benzyl methyl sulfide (1a) was
chosen as substrate. First, the reaction of1a with cyanogen
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amine and NBS in the presence oft-BuOK was carried out
in methanol (Table 1, entry 1). Under these conditions

N-cyanosulfilimine2awas the major product. However, the
formation of 10-15% of the corresponding sulfoxide3awas
also observed. In order to avoid this side product, the effect
of the solvent was explored (Table 1).

Neither the use of dry or degassed MeOH (entry 2) nor
the addition of water (entry 3) helped to increase the ratio
of 2a/3a.8 Moreover, the addition of molecular sieves 4 Å
dramatically favored the formation of the sulfoxide (entry
4). THF and other alcohols such as EtOH andt-BuOH were
also tested. Finally, witht-BuOK as base, MeOH and MeCN
provided the highest2a/3a ratios (entries 1 and 7).9

The role of the base was also evaluated. Sulfoxide
formation was observed in a similar2a/3a ratio (90:10) when
NaH was used (entry 9). Finally, no reaction occurred when
the weaker base K2CO3 was employed (entry 10).

Next, the effect of the halogen source on the2a/3aratio
was evaluated with methanol as solvent (Table 2).

To our delight, we found that the use of iodine instead of
NBS as halogenating agent (in combination witht-BuOK)
led to the exclusive formation of sulfilimine2a. Whereas
with 1.2 equiv of I2 the desired product was only obtained

in 39% yield, use of 4 equiv of the dihalide afforded2a in
55% yield (entry 6). Finally,t-BuONa proved to be a more
efficient base, improving the yield of2a to 81% (entry 7).

Next, the substrate scope of this imination reaction was
investigated (Table 3). A variety of sulfides were treated with

NBS or I2 in MeOH to form cyanosulfilimines2. Both
halogenating agents showed a high selectivity in the forma-
tion of the sulfilimines, with iodine providing lower yields
compared to NBS (entries 2, 4, 6, 8, and 10). Moreover,
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(9) The2a/3a ratio did not improve when the reaction was carried out
at 0 °C (80:20).

Table 1. Imination of Sulfide1aa

entry solvent base 2a/3ab

1 MeOH t-BuOK 85:15 to 90:10
2 dry MeOH t-BuOK 71:29
3 MeOH/H2O (4:1) t-BuOK 87:13
4 dry MeOH + MS 4Å t-BuOK 16:84
5 EtOH t-BuOK 64:36
6 t-BuOH t-BuOK 2:98
7 MeCN t-BuOK 88:12
8 THF t-BuOK 71:29
9 THF NaH 90:10

10 MeOH K2CO3

a Reaction conditions: sulfide1a (1 equiv), base (1.2 equiv), H2NCN
(1.3 equiv), and halogen source (1.5 equiv) at room temperature.b The2a/
3a ratio was determined by1H NMR of the crude mixture.

Table 2. Optimization: Effect of the Halogen Sourcea

entry halogen source t-BuOM yield of 2ab (%) 2a/3ac

1 NCS t-BuOK nd 45:55
2 NBS t-BuOK 83 90:10
3 Br2 t-BuOK nd 2:98
4 NIS t-BuOK 33 100:0
5 I2 t-BuOK 39 100:0
6 I2

d t-BuOK 55 100:0
7 I2

d t-BuONa 81 100:0

a Reaction conditions: Sulfide1a (1 equiv), base (1.2 equiv), H2NCN
(1.3 equiv), and halogen source (1.5 equiv) in MeOH at room temperature.
b Yield after column chromatography.c The2a/3a ratio was determined by
1H NMR of the crude mixture.d Use of 4 equiv of I2.

Table 3. Substrate Scopea

entry R, R′ sulfide
halogen
source

yield of
2b (%) 2/3c

1 Ph, Me 1b NBS 91 100:0
2 I2 67 100:0
3 p-OMeC6H4, Me 1c NBS 95 100:0
4 I2 90 100:0
5 p-NO2C6H4, Me 1d NBS 92 100:0
6 I2 30 100:0
7 2-Naph, Me 1e NBS 85 100:0
8 I2 70 100:0
9 2-Py, Me 1f NBS 95 100:0

10 I2 58 100:0
11 Ph, Ph 1g NBS 99 100:0
12 I2 <10 nd
13 -(CH2)2- 1h NBS 83 90:10
14 I2 <10 nd
15 t-Bu, Me 1i NBS 71 100:0
16 I2 <10 nd

a Reaction conditions: sulfide1 (1 mmol, 1 equiv), H2NCN (1.3 equiv),
and the combination of NBS (1.5 equiv)/t-BuOK (1.2 equiv) or I2 (4.0
equiv)/t-BuONa (1.2 equiv) in MeOH (3 mL) at room temperature.b Yield
after column chromatography.c The2a/3a ratio was determined by1H NMR
of the crude mixture.
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attempted conversions of diarylsulfide1gand dialkylsufides
1h and 1i remained unsuccessful in reactions with iodine
(entries 12, 14, and 16), whereas transformations with NBS
led to the corresponding sulfilimines in satisfying yields (up
to 99%; entries 11, 13, and 15). Only the NBS-mediated
reaction of sulfide1h, which possessed twoR-methylenic
substituents, showed a lower selectivity, affording a 90:10
mixture of sulfilimine2h and sulfoxide3h (entry 13).10 This
result was consistent with the one observed in the conversion
of sulfide 1a, which also had methylene protons.

Finally, we were pleased to find that in the case of
reactions with sulfides1b-g and1i, which have noR-meth-
ylenic positions, the formation of the corresponding sulfox-
ides was not detected, even when NBS was used as
halogenating agent (Table 3, entries 1-12 and 15).

In order to demonstrate the synthetic value of the prepared
N-cyanosulfilimines2, they were converted into trifluoro-
acetyl-protected and freeNH-sulfoximines5 and6, respec-
tively. Interestingly, the latter transformation only required
three steps, with no need of purification between the two
final ones (Scheme 1).

First, oxidation of 2 with m-CPBA afforded theN-
cyanosulfoximines4 in good yields (62-86%). TheN-cyano
group proved to be easily cleaved upon treatment with TFAA
affordingN-trifluoroacetylsulfoximines5 (47-99%). Finally,
sulfoximines5 were converted intoNH-free sulfoximines6
by methanolysis of the trifluoroacetyl moiety (42-99%).4a

For all substrates, each step of this sequence proceeded with
high yields, except in the cases of the 2-pyridyl- and
p-nitrophenyl-substituted compounds2d and 2f (Table 4,
entries 4 and 6, respectively). There, the final deprotection
of these sulfoximines possessing electron-withdrawing groups
occurred with only moderate yields (42% and 54%).

With the goal to expand the applicability of the cyano
group cleavage,N-cyanosulfilimine2b was subjected to

TFAA, and trifluoroacetyl-protected sulfilimine7 was ob-
tained in 99% yield (Scheme 2).

In summary, we reported the synthesis ofN-cyanosulfil-
imines from readily available sulfides and cyanogen amine
using NBS or I2 as halogenating reagents. The preparation
of their correspondingN-cyanosulfoximines was easily
achieved by common oxidation withm-CPBA under basic
conditions. Finally, the access to synthetically valuableNH-
sulfoximines was accomplished in two steps involving
treatment with TFAA and subsequent methanolysis of the
intermediately formedN-trifluoroacetyl sulfoximines.

Overall the described four-step-procedure for the formation
of free NH-sulfoximines starting from sulfides has several
advantages over the existing methodologies: the reagents
involved are non-explosive, easy to handle, mild, and stable
toward atmospheric moisture and oxygen. Thus, neither dried
solvents nor an inert atmosphere are required.
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(10) When the reaction of1h was carried out on 10 mmol scale, a 60:40

ratio 2h/3h was observed and sulfilimine2h was isolated in 50% yield.

Scheme 1

Table 4. Synthesis ofNH-Sulfoximines from Sulfilimines1a

entry R, R′ sulfilimine
yield of
4b (%)

yield of
5b (%)

yield of
6b,c (%)

1 Bn, Me 2a 62 84 81
2 Ph, Me 2b 86 93 72
3 p-OMeC6H4, Me 2c 78 99 99
4 p-NO2C6H4, Me 2d 63 47 42
5 2-Naph, Me 2e 76 93 98
6 2-Py, Me 2f 82 92 54
7 Ph, Ph 2g 99 93 92
9 -(CH2)2- 2h 86 95 66

a See the Supporting Information for reaction conditions.b Yield after
column chromatography.c Yield over two steps from4.

Scheme 2
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