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o-Alkoxyphenyliminoiodanes: Highly Efficient Reagents for the Catalytic
Aziridination of Alkenes and the Metal-Free Amination of Organic

Substrates

Akira Yoshimura, Victor N. Nemykin,* and Viktor V. Zhdankin*[a]

Within the rapidly growing field of hypervalent iodine
chemistry,[1] iminoiodanes occupy a special and important
place. N-Tosyliminoiodanes, ArINTs, have found a broad
range of synthetic applications as useful nitrene precursors
under thermal or catalytic conditions in the aziridination of
alkenes and the amidation reactions of various organic sub-
strates.[1d,e, 2] Representative recent examples of the synthetic
use of PhINTs include the highly efficient RuII- or CuI-cata-
lyzed C�H-bond amidation of aldehydes,[2a,b] the gold-cata-
lyzed nitrene transfer and C�H insertion reactions,[2c,d] the
silver-catalyzed C�H insertion and aziridination reaction-
s,[2e,f] and numerous asymmetric aziridinations of alkenes by
using copper catalysts with chiral dinitrogen ligands.[2g–l]

However, despite its importance, PhINTs is not a perfect re-
agent and has a serious drawback: it is insoluble in most or-
ganic solvents due to its strong intermolecular secondary
bonding that creates a three-dimensional polymeric structur-
e.[1d,e, 3a–c] Several research groups have tried to improve the
synthetic potential of iminoiodanes by developing new re-
agents or reagent combinations.[1e, 3d–h] A particularly fruitful
approach to soluble iminoiodanes is based on the placement
of an ortho-tert-butylsulfonyl group onto the iodobenzene
ring of the parent PhINTs.[3d–f] Thus, several ArINTs (Ar=

2-tBuSO2C6H4, 2-tBuSO2-5-tBuC6H3, and 2-tBuSO2-4-
CF3C6H3) have been synthesized and utilized as soluble ni-
trene precursors, the reactivity of which is similar to the
parent PhINTs. The solubility of these reagents is explained
by the presence of intramolecular I···O secondary bonds due
to the ortho-sulfonyl substituent, which redirects the inter-
molecular I···O and I···N secondary bonds responsible for
the polymeric structure of PhINTs.[3d–f] These soluble nitrene
precursors have proved to be useful reagents;[3d–f, 4] however,
their preparation requires four to seven synthetic steps and
their reactivity does not show any improvement relative to
PhINTs.

Herein, we report the preparation, structural investiga-
tion, and reactivity of new highly soluble and reactive ni-

trene precursors 3, which are derived from ortho-alkoxyio-
dobenzenes. The choice of this structural motif is based on
our previous observation that the presence of an ortho-
alkoxy group in iodine(V) derivatives leads to the replace-
ment of the intermolecular I···O secondary bonds with intra-
molecular I···O bonds and results in a significant improve-
ment in the solubility of iodylarenes, ArIO2.

[5]

o-Alkoxyphenyliminoiodanes 3 a–d were synthesized in
two simple steps starting from readily available 2-iodophe-
nol ethers 1 a–d (Scheme 1). In the first step, iodides 1 were
oxidized by peracetic acid to form diacetoxyiodo derivatives
2 ; the structures of products 2 a and d were established by
X-ray analysis.[6] In the second step, diacetates 2 were con-
verted to iminoiodanes 3 by treatment with tosylamide
under basic conditions, in methanol.

Products 3 precipitated from the reaction mixture and
were isolated in good yields in analytically pure form as
yellow microcrystalline solids by filtration followed by wash-
ing with hexane and drying in a vacuum. Compounds 3 are
relatively stable at room temperature and can be stored for
several weeks in a refrigerator. Products 3 a–d have good
solubility in dichloromethane, chloroform, and acetonitrile
(e.g., the solubility of 3 b in dichloromethane is 0.25 g mL�1).
All products were identified by NMR spectroscopy and ele-
mental analysis, and the structures of 3 a and c were charac-
terized by single crystal X-ray crystallography.[6]

The X-ray crystal structure of 3 a, showing intra- and in-
termolecular interactions with the hypervalent iodine
center, is given in Figure 1 a. Similar to the structure of
PhINTs (Figure 1 b),[3b] molecules of 3 a have a polymeric,
asymmetrically bridged structure with a T-shaped geometry
around the iodine centers formed by two iodine–nitrogen
bonds and one iodine–carbon bond. However, in contrast to
PhINTs, compound 3 a has two additional weak intra- and
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Scheme 1. Preparation of o-alkoxyphenyliminoiodanes 3 a–d (Ts= tosyl).
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intermolecular I···O contacts between the iodine center and
the oxygen atoms of the alkoxy and sulfonyl groups (Fig-
ure 1 a). These weak interactions lead to an elongation of
the I···N1A intermolecular bond in 3 a (2.735 �) compared
with that observed in PhINTs (2.482 �). As a result, the
polymeric structure of 3 a is weakened and the solubility is
significantly increased.

We have tested the reactivity of o-alkoxyphenyliminoio-
dane 3 b as a nitrene source in the typical Cu-catalyzed reac-
tions—the aziridination of alkenes[2g–l] and the tosylimina-
tion of sulfoxides;[7] the results are summarized in Table 1.
The yields of products for the Cu-catalyzed aziridinations of
alkenes (Table 1, entries 1–11) and the cis/trans ratio for the
aziridine products of the reactions of (Z)- and (E)-1-phenyl-
propenes (Table 1, entries 9 and 10) are in good agreement
with the previously reported reactions of PhINTs,[2 g] which
is indicative of the common Cu�nitrenoid intermediate in
these reactions.[2g–i] Likewise, the reactivity of 3 b in the cata-
lytic tosylimination of sulfoxides is similar to the reactivity
of PhINTs[7] (Table 1, entries 12–16). Therefore, reagent 3 b
can find applications as an alternative to the PhINTs nitrene
precursor in useful catalytic aziridinations and iminations
under homogeneous conditions. o-Alkoxyphenyliminoio-
danes 3 c and d show similar reactivity to 3 b in catalytic azir-
idinations and iminations, whereas 3 a is less reactive be-
cause of its lower solubility.

Next, we investigated the metal-free tosylamination reac-
tions by using reagent 3 b. It has previously been reported
that, in the absence of copper catalysts, PhINTs does not
react with the silyl enol ether of cyclohexanone,[2g,8] but does
react with the silyl enol ethers of acetophenones under
reflux conditions in acetonitrile.[8] We were pleased to find
that reagent 3 b readily reacts with silyl enol ethers of aceto-
phenone under these conditions giving the product of a-to-
sylamination (Table 2, entry 1). Further optimization of the
reaction conditions (Table 2, entries 2–6) has shown that the

best yields are achieved in the presence of BF3–etherate
(1 equiv) in dichloromethane at 0 8C in 10 min (Table 2,
entry 6). Several other silyl enol ethers 4 can be readily ami-
nated under these conditions (Table 2, entries 7–13). Nota-

Figure 1. a) The X-ray crystal structure of 3 a showing intra- and intermo-
lecular interactions with the hypervalent iodine center. Only two identi-
cal molecules forming close contacts are shown. b) The polymeric struc-
ture of PhINTs according to single-crystal X-ray analysis[3b] (bond lengths
are in �).

Table 1. The CuII-catalyzed aziridination of alkenes[a] and the tosylimina-
tion of sulfoxides[b] by using o-alkoxyphenyliminoiodane 3b.

Entry Substrate Product Yield
[%][c]

1 92 (92)

2 81[d] (62)

3 51

4 63 (60)

5 86

6 73

7 61 (73)

8 81 (95)

9 83[e]

10 71[e]

11 22

12 96

13 94 (84)

14 89

15 73 (91)

16 68[f] (53)

[a] The aziridination of alkenes was conducted in MeCN at room temper-
ature for 1 h by using 3 b (1 equiv), alkene (5 equiv), and Cu ACHTUNGTRENNUNG(OTf)2

(0.1 equiv, Tf= triflate), unless otherwise noted. [b] The tosylimination of
sulfoxides was conducted in MeCN at room temperature for 0.5 h by
using 3b (1.2 equiv), sulfoxide (1 equiv), and CuACHTUNGTRENNUNG(OTf)2 (0.05 equiv).
[c] The yields of products isolated by silica gel column chromatography
are given; the yields shown in parentheses correspond to the literature
data[2g,7] for the reactions of PhINTs under similar conditions. [d] Cu-ACHTUNGTRENNUNG(acac)2 (acac= acetylacetate) was used instead of Cu ACHTUNGTRENNUNG(OTf)2. [e] The prod-
uct ratio was determined by 1H NMR spectroscopy. [f] No product of
aziridination of the double bond was observed.
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bly, the silyl enol ether of cyclohexanone reacts with reagent
3 b to afford the product of a-tosylamination in good yield
(Table 2, entry 12), although no reaction occurs with
PhINTs.[8]

The direct amination of saturated hydrocarbons is a chal-
lenging synthetic goal that has previously been achieved by
using various transition-metal catalysts.[9a] It has recently
been demonstrated that the amino functionalization of a
range of benzylic and aliphatic saturated and unsaturated
hydrocarbons can be performed by reaction with PhINTs in
the presence of I2 as a catalyst.[9b] In particular, adamantane
reacts with PhINTs and I2 (0.2 equiv) in dichloromethane in
2 h at room temperature to afford 1-tosylaminoadamantane
in 63 % yield.[9b] We have found that a similar reaction of

adamantane 6 with reagent 3 b readily occurs at 0 8C to give
product 7 in 95 % yield (Scheme 2).

The results summarized in Table 2 and Scheme 2 demon-
strate that reagent 3 b is generally more reactive than
PhINTs in the absence of Cu catalysts. A comparison of the
reactivity of 3 b with other aryliminoiodanes, ArINTs, in the
transylidation reaction with Ph3P provides further support
for this observation (Table 3). The reaction of 3 b with Ph3P
is complete in 10 min at room temperature (Table 3,
entry 5), whereas a similar transylidation with PhINTs re-
quires heating to 81–100 8C (Table 3, entries 1 and 2). The
reactivity of soluble ortho-tert-butylsulfonyl-substituted ary-
liminoiodanes is also noticeably lower (Table 3, entries 3
and 4). The higher reactivity of 3 b can be explained by its
excellent solubility; however, the electronic effect of an
ortho-substituent can also have a significant influence on the
reactivity of ArINTs. It is generally assumed that reactions
of ArINTs proceed through the formation of nitrene inter-
mediates, although, several alternative pathways have been
considered in the literature.[3h]

In summary, we have reported the preparation, X-ray
structure, and reactivity of new, highly reactive nitrene pre-
cursors that are based on the ortho-alkoxyiodobenzene
structural fragment. Owing to the presence of the ortho sub-
stituent on the phenyl ring, these new iminoiodanes have ex-

Table 2. The a-tosylamination of silyl enol ethers 4 by using o-alkoxy-
phenyliminoiodane 3 b (TMS = trimethylsilyl).

Entry Substrate 4 ([equiv])[a] Solvent (addi-
tive, [equiv])

T
[oC]

t
[h]

Yield
of
5
[%][b]

1 ACHTUNGTRENNUNG(1.5) MeCN (none) 81[c] 0.5 80
2 ACHTUNGTRENNUNG(0.83) MeCN (none) 25 8 62
3 ACHTUNGTRENNUNG(0.83) MeCN

(BF3·Et2O, 1.2)
25 0.2 21

4 ACHTUNGTRENNUNG(0.83) CH2Cl2 (none) 25 24 55
5 ACHTUNGTRENNUNG(1.2) CH2Cl2

(BF3·Et2O, 1)
25 0.2 48

6 ACHTUNGTRENNUNG(1.2) CH2Cl2

(BF3·Et2O, 1)
0 0.2 83

7 ACHTUNGTRENNUNG(1.2)
CH2Cl2

(BF3·Et2O, 1)
0 0.2 96

8 ACHTUNGTRENNUNG(1.2)
CH2Cl2

(BF3·Et2O, 1)
0 0.2 94

9 ACHTUNGTRENNUNG(1.2)
CH2Cl2

(BF3·Et2O, 1)
0 0.2 94

10 ACHTUNGTRENNUNG(1.2)
CH2Cl2

(BF3·Et2O, 1)
0 0.2 64

11 ACHTUNGTRENNUNG(1.2)
CH2Cl2

(BF3·Et2O, 1)
0 0.2 63

12 ACHTUNGTRENNUNG(1.2)
CH2Cl2

(BF3·Et2O, 1)
0 0.2 60

13 ACHTUNGTRENNUNG(1.2)
CH2Cl2

(BF3·Et2O, 1)
0 0.2 46

[a] All reactions were performed by using 3b (1 equiv). [b] Yields of
products isolated by silica gel column chromatography. [c] Under reflux
conditions.

Scheme 2. Tosylamination of adamantane by using o-alkoxyphenylimi-
noiodane 3b.

Table 3. Comparison of the reactivity of o-alkoxyphenyliminoiodane 3b
with other aryliminoiodanes ArINTs in the tosylimination reaction with
Ph3P.

Entry[ref.] ArINTs Solvent T
[oC]

t
[h]

Yield of
9 [%]

1[10a] none 100 –[a] 68
2[10b] MeCN 81 1 69

3[3d] CDCl3 25 –[b] 83

4[3e] CDCl3 25 –[b] 60

5 3b MeCN 25 0.2 90

[a] Reaction time is not provided in the reference.[10a] [b] According to
NMR spectroscopic monitoring this reaction required several hours to
complete at RT.[3d,e]
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cellent solubility in organic solvents and are efficient re-
agents for the catalytic aziridination of alkenes or the metal-
free tosylamination of silyl enol ethers and adamantane.
These new reagents could find applications as useful alterna-
tives to PhINTs nitrene precursors for the Cu-catalyzed azir-
idination of alkenes and the metal-free amination of organic
substrates under homogeneous conditions.

Experimental Section

General procedure for the synthesis of N-(4-methylphenylsulfonyl)imino-
2-alkoxyphenyl-l3-iodanes 3 : 1-Diacetoxy-2-alkoxyphenyl-l3-iodane 2
(1.1 mmol) was added to a stirring mixture of potassium hydroxide
(2.8 mmol) and p-toluene sulfonamide (1.1 mmol) in methanol (4.3 mL).
The resulting clear yellow solution was stirred for 2.5 h at 0 8C, followed
by 0.5 h at room temperature and then poured into distilled water
(27 mL). Over a period of 12 h a yellow precipitate of product 3 formed,
which was then filtered, washed several times with hexane and dried in a
vacuum.
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