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Defined Hypervalent Iodine(III) Reagents Incorporating Transferable
Nitrogen Groups: Nucleophilic Amination through Electrophilic

Activation®™*
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Direct oxidative amination reactions of hydrocarbons are of
high synthetic importance as they have no or little precedence
in nature.l'! Processes of this type that proceed under metal-
free conditions are particularly desirable owing to their
environmental benigness and practicability. In principle,
hypervalent iodine(III) reagents with their high oxidation
potential are a promising concept for oxidative amination.?
In examples in the area, mainly by Dominguez and co-
workers, a reagent combination consisting of amides and
PhI(O,CCF;), was used; an intermediate A with an I-N bond
was postulated, which generates an electrophilic nitrogen
source upon heterolytic dissociation.””! Despite their obvious
synthetic utility, little information has been uncovered on the
structural basis of the intermediary iodine reagents.
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Recently, a series of metal-free amination reactions of
compounds with unfunctionalized carbon-hydrogen bonds
have become available. These include direct aromatic ami-
nation, and the oxidative transfer of phthalimide to benzylic
positions and aromatic rings.”! The involvement of inter-
mediate B with an iodine—nitrogen single bond as a precursor
to nitrogen radicals or electrophiles has been suggested in the
latter cases. However, definite structural proof could not be
obtained for this putative intermediate.” In a striking accom-
plishment, Ochiai isolated the hypervalent bromine(III)
reagent 1, which is attacked by alkenes at the o* N—Br
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orbital and even undergoes direct C—H amination of alkanes
at room temperature.[®

In general, hypervalent iodine(III) species containing I-N
single bonds are rare.”!”! More importantly from a synthetic
standpoint, isolated hypervalent iodine(III) reagents bearing
a defined I-N single bond with a transferable nitrogen group
for metal-free amination reactions of hydrocarbons are
extremely scarce and no general reactivity has been described
so far. In recent work,! we reported unusual metal-free
diamination, and allylic and acetylenic amination reactions
based on a new hypervalent iodine(III) reagent of the type
PhI(OAC)N(SO,R),. We now describe the synthesis and
isolation of unprecedented hypervalent iodine species of the
formula PhI[N(SO,R),],, discuss their formation and their
solid-state and solution structures, and report unparalleled
chemical transformations based on electrophilic activation/
nucleophilic amination with these reagents.

We recently found that iodosobenzene diacetate under-
goes protonolysis in the presence of bistosylimide leading to
loss of acetic acid and to immediate formation of the
monomeric species 2a.'""! However, we noticed that for the
diamination of styrene as a standard transformation, the
isolated compound 2a promoted only a slow reaction. More-
over, addition of a second equivalent of bistosylimide is
required for a quantitative transformation. As a consequence,
we anticipated that 2a is not the active reagent, but rather
a precursor to it. Indeed, in the presence of water, 2a is
converted into the new p-oxo-bridged compound 3
(Scheme 1). This product is also obtained directly from
iodosobenzene diacetate upon treatment with bistosylimide
and water. This formation of 3 is a fast process as monitored
by in situ IR spectroscopy. Characteristic IR bands at
1714 cm™ confirm the presence of 2a as a short-living
intermediate during the formation of 3.1

Compound 3 is an active reagent in the diamination of
styrene; however, as only two bistosylimido units are present,
it gives a maximum yield of 50% together with iodosoben-
zene as the remaining iodine(III) species. Treatment of 3 with
an additional two equivalents of bistosylimide leads to further
chemical transformation and to the clean formation of the
new monomeric iodine(IIT) compound 4, which incorporates
two bisimido groups (Scheme 1).

The solid-state structure of 4 is depicted in Figure 1.1% Tt
displays comparably short I-N distances of 2.210 A, owing to
the required stabilization of the electrophilic iodine center.
Compound 4 indeed represents the elusive active reagent in
the diamination of alkenes."'*! When the initial conversion
of styrene was monitored, the relative rate of the reaction
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Scheme 1. Sequential transformation of iodine(l1l) compounds 2a and
3 into reagent 4, and formation of 3 as indicated by in situ IR
spectroscopy.

Figure 1. X-ray crystal structure of 4; ellipsoids at 50% probability.
Selected bond lengths [A] and angles [°]: 11-C15 2.117(17), I1-N1
2.210(4), 11-NTA 2.210(4); C15-11-N1 88.37(10), N1-11-NTA 176.7 (2).

with 4 was found to be three times higher than that with 3.1
The superior reactivity of PhI(NTs,), (4) over its precursors 2
and 3 can also be considered to be the result of enhanced
electrophilicity at the central iodine(III) atom owing to the
presence of two less stabilizing imido ligands.

The synthesis of 4 from 3 proceeds quantitatively through
protonolysis and thus is again a pK,-driven pathway. In
a related transformation, compound PhI(NMs,), (5) is
generated directly from the corresponding precursor 2b
(Scheme 2). Because of its basic p-oxo bridge, compound 3
can serve as a general precursor for protonolysis events to
generate mixed bisimido iodine(III) compounds. For exam-
ple, the compound PhI(NTs,)NMs, (6) is obtained from the
corresponding protonolysis of 3 with bismesylimide.
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Scheme 2. Synthesis of bisimido iodine(lll) reagents 5 and 6.

Isolated compound 4 is an excellent reagent for the
diamination of alkenes (Table 1). It promotes rapid and
productive reactions at room temperature within minutes that
significantly surpass earlier examples relying on the in situ
formation of the reagent, which usually requires significantly
longer reaction times and partially harsher conditions.'!>¢
Representative examples include the diamination of styrene
(7a), 1-octene (7b), allyl benzene (7¢) stilbene (7d), and
cyclopentene (7e). The regioselective diamination of buta-
diene 7f now also proceeds at room temperature. The
robustness of the new process was further demonstrated by
diamination of 7a on a 20 mmol scale (Table 1, entry 2).

Table 1: Diamination reactions with isolated reagent 4.9

R'"  4(10equv) TN R

>

R CH,Clp, RT R NTs,
7af 8a-f
Entry Substrate Product t [min]  Yield Previous best
[%]®!  conditions
PhI(OAc),/
Ts,N 2
TP : 25 80  2HNTs,
7a Ph g NTs; RT, 12 h, 80%""!
21 30 781
ToN PhI(OAG),/
, CeHis™ 5 g 2HNTs,
b C6H138b NTs, 50°C, 12 h,
80%[11b]
e 2P PIl4| I(\IOTAC)Z/
4 90 90 R
7c Ph— oo NTs2 50°C, 12 h,
909""®!
PhI(OAc),/
Ts;N  Ph 2
s Y oy 210 ¢ 2HNTS,
7d Ph oy NTe2 50°C, 12 h,
56 %[Hb]
NTs, PhI(OAC)NTs,/
@ O’ HNTs,,
, 72
S onts, 0% 45°C, 96 h,
46 %"
NN PhI(OAC)NTs,/
7 NTs; 90 91 HNTs,,
AR RT, 12 h, 75%"d

© 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

[a] 0.2 mmol scale. [b] Yield of product isolated after purification.
[c] Reaction at a 20 mmol scale. [d] Yield of product isolated after
a single recrystallization from MeOH.
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In investigations of the behavior of reagent 6 in the
diamination of styrene all four possible diamination products
were obtained.'”! This suggests that the individual bissulfo-
nylimide groups in 4 and 5 should be labile and exchangeable
in solution. To further illustrate this finding, isotopically
labeled derivatives of 4 with a '*N-labeled bistosylimide and
a pentadeuterated phenyl substituent were prepared. When
the two species were mixed at room temperature, apparently
completely statistical equilibration of all nitrogen groups took
place at the iodine centers (Scheme 3). An MS experiment
confirmed this observation through the identification of all
four corresponding cationic iodine fragments [PhINTSs,]*,
[PhI”NTs,]*, [C{DINTSs,]|*, and [CDsI*NTs,]*.["]

15NTs, ‘5NTs2 NTs, NTs,

|
N [N N
©/ 15NTs, 15NTs2 +:©i NT32 15NTs,
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Scheme 3. Dynamic behavior of bissulfonylimido groups in solution.

As a result, compounds 4-6 are characterized by the
enhanced electrophilicity of the iodine(IIl) center, which
accelerates interaction with the m-system of substrates 7. This
is combined with the corresponding nucleophilic behavior of
the free bistosylimide (Scheme 3, bottom). This is signifi-
cantly different from the previously mentioned pathways for
iodine(III)-mediated aminations through A or B, which are
based exclusively on electrophilic character at nitrogen or
suggest the involvement of radical pathways. In contrast, in
the new complexes of type 4 the bissulfonylimides retain their
nucleophilicity and therefore induce electrophilic character at
iodine, which in addition to the established diamination
reactions from Table 1 allows for new amination chemistry at
comparably low temperatures and under mild conditions.

For example, unprecedented a-amination reactions of
ketones were discovered in the oxidation of the a,B-unsatu-
rated ketone 7g and acetophenone 7h with 4 (Scheme 4),
which presumably proceed through the corresponding enol
form. Indeed, when the preformed silyl enol ethers 7h'—k are
used, the corresponding a-aminated acetophenones 8h-k!'!
are formed within minutes at room temperature. To demon-
strate the utility of these products as synthetic building blocks,
the related a-amination between 7h’ and PhI(NMsTs), was
performed and the resulting aminated acetophenone could be
converted into the corresponding monotosylated aminoalco-
hol in two steps.!¥

Importantly, only the use of isolated reagent 4 provides
the neutral conditions essential for successful amination, as
reagent combinations consisting of PhI(OAc), and HNTs,
liberate acid and lead to predominant cleavage of the TMS
enol ethers. The a-amination reaction is further successful for
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Scheme 4. lodine(ll)-promoted a-amination of ketones.

cyclic enol ethers 7l-n, which give the corresponding o-
aminated ketones 81-n. These transformations are of interest
as they serve to differentiate the nucelophilic amination
reactivity of 4 from the putative reagent PhI(N,),.'Y The
latter is a source of azide radicals and gives exclusive allylic
azidonation in the oxidation of the related TIPS enol ethers.
For the formation of a-azido ketones, the presence of
TEMPO at —78°C and significantly higher reaction times of
up to 24 h are required."

The unique potential of reagent 4 is further demonstrated
by the following examples of metal-free amination reactions
(Scheme 5). Importantly, the reagent combinations PhI-
(OACc),/2HNTs, and PhI(OAc)NTs,/HNTs, were ineffective
in these cases, and other hypervalent-iodine oxidants gave
completely different products, if any."” First, oxidation of
alkene 9 results in complete intermolecular diamination to

4 (2.2 equi
ez 422eq) SN, NHEz
2 CH.Cl,, RT NTs,
9 10 (58%)
NTs,
N . NTSZ
4 (2.0 equiv)
NHTs =~ NHTs
1 CH.Clz RT 12 (33%)
®3%)  NHBz
4 (1.2 equiv
©\/\é_\NHBz (1.2 equiv) ©\/\QTSZ
N CH,Cl,, RT
H

3%

13
s ™S
©\/ 4(20equiv) TSN
n-B2 CH,Cly, RT Bz
H

80%

Scheme 5. Unprecedented metal-free amination reactions of 4 over-
riding intramolecular cyclization.
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give 10 overcoming any preference for intramolecular piper-
azine formation.'’ More strikingly, the 2-vinyl aniline 11
undergoes selective intermolecular diamination to give 12. A
potential indole cyclization was never observed under these
conditions, as had occurred with other iodine(III) reagents.!"”!
The tryptamine derivative 13 was found to undergo another
unprecedented amination reaction to provide the 2-aminated
indole 14, in which again preferential intermolecular reac-
tivity over intramolecular reactivity was observed.'”:!*!
Finally, the enhanced electrophilicity of 4 provides additional
unexpected reactivity in a new oxidation of 2-acetylenyl
aniline 15 at room temperature. In this case, the expected
common reactions, oxidation of the alkyne or oxidatively
induced cyclization, do not take place. Instead, an intermo-
lecular regioselective aromatic oxidation yields 16 in a reac-
tion that may be considered the aza analogue!" of a Kita
oxidation.

We have explored the nature of the active iodine(I1I)
species in metal-free amination reactions. These reagents
were isolated for the first time and identified to be bisimido
iodine(IIT) compounds PhI[N(SO,R),],. Their unprecedented
reactivity enables several new transformations, and defined
hypervalent iodine(III) reagents incorporating transferable
nitrogen groups are now available for the development of
additional direct metal-free amination reactions.
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