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ABSTRACT: Molecular iodine is shown to be an excellent catalyst for aerobic oxidative @,-diamination of cyclohexanones with
2-aminopyrimidine/2-aminopyridines. This a,f-C—H functionalization is remarkable for its simplicity in both substrates and
conditions, involving one and a half oxygen molecules and releasing three water molecules as the only byproduct. In addition, the
functionalized products including protected 2-aminoimidazoles introduced without aromatization can serve as useful building
blocks for natural product synthesis and medicinal chemistry.
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organic skeletons. Direct C—H functionalization ap- g ki our abjective:
proaches have recently received particular attention due to 2 i'psoo o
the atom economy and step efficiency associated with such @ éu N
y P cy 0 . . y //\:)
_— N

transformations, especially when the reactions were carried out LY < Y x
| =X 0z(1am) NO 0, (1 atm)

in many weakly activated or unactivated C—H bonds under

. . N Fe/l L and/or
aerobic conditions. = CHN (o) cat. o
During the course of our study aiming at selective —— \”\}-x
A
diamination of the C=C bond of cyclohexenones to provide N ,psoo 0z (1 atm) N\::)
: . et KA o I (1 equiv)
polyaromatic hete.rocycles ﬁ'lsed with cyclohexanones, we noted é CLoHEHOL
the fact that starting materials 2-cyclohexenones are commer- p 160 °C Al tahe:

cially available in only a limited range of structures and are
expensive (apart from the simplest 2-cyclohexenone) (Scheme
1)." It also seems much more difficult to synthesize some of
them due to several reasons: low polarity, high volatility, high
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reactivity, and their propensity to aromatize/isomerize during Deng el Green G, 2916, 15, 657
preparation, purification, and further reaction processes.

In this context, the use of the corresponding cyclohexanones More generally, for a,f-difunctionalization of cyclohexa-
as surrogates for related 2-cyclohexenones for these reactions nones, copper(I) chloride® and 2-alkylidene-4-oxothiazolidine
appears to be very advantageous. Cyclohexanones are much vinyl bromide/Br," were found to be effective stoichiometric
more readily obtainable synthetically and more available oxidizing reagents to promote a cascade initiated by an attack
commercially with low prices and wide structural diversity, on the a-carbon in cyclohexanones leading to 3-halocyclohex-
but their @f-functionalizations are extremely challenging. ane-1,2-diones with various degrees of polychlorination for the
Indeed, although structurally similar at first glance, these two first case.’ Recently, new methods of fS-functionalization with
families of compounds are chemically very distinct. As an aryl ketones,” benzaldimines,’ and benzonitriles’ via photo-
example, 2-cyclohexenones can be functionalized selectively at redox catalysis or aryl iodides via palladium catalysis have been
the C=C bond while leaving the C=0 bond intact. On the developed. To the best of our knowledge, there is no method
other hand, oxidative coupling reactions of cyclohexanones with available for the direct @,f-diamination of cyclohexanones by
diazanucleophiles have been described to occur at the o and
ipso positions of the cyclohexanones with concomitant Received: March 21, 2016
aromatization to give fused polyheteroaromatic systems.” Published: April 18, 2016
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any mode of activation. Herein, we demonstrate that a very
simple catalytic system of molecular iodine is capable of
realizing this transformation under aerobic conditions.

To initiate our investigation, we set up a model reaction
between cyclohexanone la, aminopyrimidine 2a in acetic acid
in the presence of molecular iodine (10 mol %), and a first-row
transition metallic acetate as cocatalyst (10 mol %) for
regeneration of molecular iodine under an atmosphere of
oxygen (Table 1).

Table 1. Optimization of @,f-Diamination of Cyclohexanone

1 (10 mol %) o

9 v ‘\/ RCOH (2 mL) Nf;»
. 7+ 150, —————= >N
>N 24h N
HN

M(OAC)ynH,0

1a 2a (10 moal %) 3aa
2 equiv 1 mmol 1 atm
entry M n R temp (°C) t (h)  conversion (%)“
1 Mn 4 Me 110 24 36
2 Fe 0 Me 110 24 -
3 Co 4 Me 110 24 33
4 Ni 4 Me 110 24 -
S Cu 1 Me 110 24 32
6 Zn 2 Me 110 24 -
7 - - Me 110 24 35
8 - - Me 120 24 S0
9 - - iPr 120 24 65(60)"
10 - - iPr 130 24 78 (70)°

“Determined by 'H NMR of the crude mixture. “Isolated yield.

While the reaction with iron(Il), nickel(II), and zinc(II)
acetates resulted in complex mixtures (entries 2, 4, and 6), a
clean conversion was observed with manganese(II), cobalt(II),
and copper(II) acetates (entries 1, 3, S), giving rise to
cyclohexanone fused heterocycle 3aa. Comparable results were
observed when lowering the metal catalyst loading (2, 1, 0.5,
and 0.25 mol %) (not shown). To our surprise, the same
reaction proceeded cleanly even in the absence of metal catalyst
(entry 7). The reaction was further optimized by increasing
temperature (entry 8) or using isobutyric acid as reaction
solvent (entry 9). Finally, a good yield (70%) was obtained in
isobutyric acid at 130 °C (entry 10).

At this stage, we wanted to confirm if the reaction was a real
a,f-diamination instead of a formal one (as a result of a 1,a-
diamination and subsequent/concomitant a’-oxygenation). For
this purpose, 4-alkylcyclohexanones 1b,c were evaluated
(Scheme 2). Formation of ketone 3ba as the major product
(3ba:3ba’ = 10:1) suggested that the predominant pathway was
effectively an a,f-diamination. This prevalence was also

Scheme 2. a,f-Diamination of 4-Substituted Cyclohexanones
with 2a and Side Reactions
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accentuated with a more sterically hindered t-Bu group. The
expected a,f-diamination ketone 3ca was the only detectable
regioisomer.

Having identified the optimal conditions for 2-amino-
pyrimidine with cyclic ketones, we wished to extend the
reaction to a broad range of 2-aminopyridines, readily obtained
from different commercial sources (Scheme 3). All tested
derivatives provided moderate to good yields of the coupled
product as a single isomer with inverse regiochemistry to that
derived from 2-aminopyrimidine.
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The structure was confirmed unambiguously by X-ray
diffraction (product 3aj, Figure 1). In general, reactions with
2-aminopyridines required a lower temperature than in the case
with 2-aminopyrimidine 2a.

Concerning the cycloalkanone ring size, our oxidative
diamination conditions suffered however from some limitations

F1

Figure 1. X-ray crystal structure of 3aj.
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(Scheme 4). The reaction between cyclopentanone with 2-
aminopyridine resulted in only a trace amount of the

Scheme 4. Scope and Limitations of of Cycloalkanones
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corresponding condensed product 3db despite prolonged
heating (3 d). An increase in the ring size led to better
reactivity, and a moderate yield was observed with dodeca-
none.” These results demonstrated that the ring conformation
of cycloalkanones, which is directly dependent on the ring size,
is of vital importance to the success of the present method.

For the mechanism of this af-diamination of cyclo-
hexanones, the first step is most likely the a-iodination of
cyclohexanone 1a to A followed by a nucleophilic attack of 2-
aminopyridine 2b to provide B (Scheme 5).

Scheme S. Proposed Mechanism for the Formation of 3ab
from 1la and 2b
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The reaction is followed by an oxidation of the newly formed
C—N bond to give an imine or iminium type intermediate C/D
which facilitates a sequence f-amination—oxidative aromatiza-
tion to provide the corresponding cross-coupling product. It is
possible that the regiochemistry of the reaction is defined in the
first step of a-amination of cyclohexanone A — B. However, it
can also be redefined once the a-C—N bond is oxidized into a-
C=N. Indeed, C can be hydrolyzed into 2b and 1,2-
cyclohexadione F. In some cases, we could detect the presence
of F in the crude mixtures due to a very characteristic olefinic
proton signal of its enol tautomer F' (~6.1 ppm).”

To confirm this hypothesis, we applied the standard
conditions for F with 2a and 2b (Scheme 6). In both cases,
the desired corresponding products 3aa and 3ab were formed

Scheme 6. Controlled Experiments of F with 2a and 2b
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in comparable yields, and with exclusively the same
regiochemistry in the experiments of cyclohexanone 1la.

In conclusion, an unprecedented molecular iodine-catalyzed
aerobic a,f-diamination reaction of cyclohexanones with 2-
aminopyridines and 2-aminopyrimidine has been developed.
The optimized reaction conditions allow the total regioselective
formation of coupled products. Two different regiochemistries
have been observed depending on the starting 2-aminoazine
substrates. These results clearly demonstrate that this molecular
iodine-catalyzed aerobic direct a,f-diamination of simple
cyclohexanones 1 prevails in relation to the several limitations
encountered with classical a,ipso-diamination/aromatization of
cyclohexanones 1.” It has significant advantages over the
conventional diamination of conjugated cyclohexenones'
because this approach not only avoids the use of conjugated
enones, which are not readily available and require additional
steps, but also is complementary in terms of regiochemistry of
condensed products with 2-aminopyridines. Furthermore, this
methodology, which involves up to one and a half oxygen
molecules and releases three water molecules as the only
byproduct, is obviously environmentally friendly. Although still
in its very early stages, this approach has shown great potential
for inexpensive and rapid access to pharmacologically relevant
molecules. Efforts in understanding the reaction mechanism as
well as enhancing the catalyst activity and enlarging the scope
are ongoing.
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