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An intermolecular benzylic C—H bond amination utilizing
the combination of chloramine-T and I, without the aid of
transition-metal catalysts has been developed. The reaction was
found applicable to a variety of benzene-substituted alkanes, as
well as to an adamantane derivative to give N-alkylated p-
tosylamides in good yields.

Direct functionalization of C-H bonds has been a hot
topic in the field of modern synthetic organic chemistry.!
Specifically, direct amination of C-H bonds allows for
providing amine compounds, which are ubiquitous in bio-
logically active agents such as natural products and pharma-
ceuticals. Therefore, the development of direct C—-H amination
reactions (the term “amination” used here includes amidation
and imidation as a broad definition) is of significant
importance. In this context, transition-metal-catalyzed insertion
reactions of nitrenoid species into C-H bonds have been
intensively developed® since the advent of seminal works
by Breslow and Gellman in the early of 1980s. On the
other hand, transition-metal-free counterparts have been
less explored to date, although such reactions would be
beneficial with respect to economic and environmental points
of view,* ! which have employed stoichiometric organic
oxidants such as PhI(OAc),’> PhI(OAc), and L.° DIH,’
TEMPO*BF,~,® or bromanes.’ Recently, catalytic variants
have also been emerging as alternative approaches to direct
C-H amination.!® Thus, the development of direct C—-H bond
amination reactions under transition-metal-free conditions is an
attractive task of synthetic research.

Herein we present a transition-metal-free intermolecular
benzylic C-H amination reaction that utilizes the combination of
easy-handling and inexpensive oxidants, chloramine-T and I,.
The reaction can be operated under extremely mild reaction
conditions of room temperature to give N-alkylated p-tosyl-
amides in good to high yields.

In our continuous efforts to explore unique reactions
utilizing haloamine salts,!! we have recently developed an
iodoamidation reaction of alkenes with stoichiometric amounts
of chloramine-T and I, in aqueous media.'!? The concomitant use
of chloramine-T and iodine generates N-iodo-N-chlorosulfon-
amide TsNCI(I), which serves as a good iodonium donor given
that C=C double bonds are present in reactants. Concurrently,
we have revealed that TsNCI(I) also serves as a radical source
when a strong electron-acceptor such as fullerene derivatives
exists.!? In conjunction with the fact that hydrocarbons having
benzylic C—H bonds are amenable to single-electron-oxidation
to generate benzyl radicals, we envisaged that TsNCI(I) would
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Table 1. C-H amination of indane using chloramine-T and [,*

NHTs 0
@Q , Ol T l2(1equ) @ .
Il\la rt, 20 h
«3H,0 1a 2a
(1 equiv)
Entry Solvent Combined Ratio
yield/%" (1a:2a)®

1 Benzene 57 81:19
2 Cl,CHCHCl, 53 85:15
3 CH,Cl, 49 84:16
4 CHCI; 81 91:9
5 CH;CN 37 41:59
6 AcOEt 41 33:64
7 Acetone 38 29:71

*Reaction conditions: indane (0.5 mmol), chloramine-T trihy-
drate (0.5 mmol), and iodine (0.5 mmol) were stirred in the
solvent indicated under N, atmosphere at room temperature for
20h. The reaction mixture was quenched with Na,S,0;(aq)
(1M). *The values determined by '"HNMR integration of the
crude products.

serve as a single-electron-oxidant as well as an N; source,
realizing less-costly C—H amination reaction.

To validate this hypothesis, we treated indane with an
equimolar mixture of chloramine-T and I, at room temperature
in several kinds of organic solvents (Table 1).'# Gratifyingly, the
benzylic C-H amination in benzene successfully proceeded to
give aminated indane la as a major product, together with
indanone (2a) as a minor in 57% combined yield with the ratio
of 81:19 (Entry 1). Among less-polar solvents tested (Entries
2-4), chloroform was the best in terms of chemical yield and the
ratio of 1a and 2a (Entry 4). In contrast, when more-polar
solvents such as acetonitrile, ethyl acetate, and acetone were
used, the propensity of the product ratios was inverted, affording
2a as a major product (Entries 5-7). The addition of I, was
indispensable for the progression of the amination reaction,
since no products were obtained without iodine. In respect to the
amounts of iodine, an equimolar amount was required to obtain
the products in satisfying yields, while the use of catalytic
amounts of I, (20mol %) gave 1a and 2a in only 34% and 4%
yields, respectively.

It would be reasonable to consider that the oxygen atom of
2a originates from the water of chloramine-T trihydrate. In fact,
the exclusion of moisture from the reaction system by using
anhydrous chloramine-T, which was easily prepared by drying
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Table 2. Substrate scope of the benzylic C-H amination®

! Cl_, Ts I, (1 equiv) NHTs
R' + N T R
e e
Na MS4A
(X equiv) (anhydrous) 1, 20 h 1
(1 equiv)
NHTs NHTs NHTs NHTs
@ R@
16 0) 1c(9)  R=H: 1d(9),74%  1j(20)
1% 73% OMe: 1e( ), 85% 55%
Me: 1f (9), 86%
NO,: 1g (9), 16%
Br (9) 61%
(9), 83%
NHTs NHTs NHTS NHTS
1k (9) 11(2) n=1: 1n(1) 76%

70% 93% 6 % 2:10 (1), 86%

#Reaction conditions: hydrocarbon (0.5 mmol), anhydrous
chloramine-T (0.5mmol), iodine (0.5mmol), and dried
MS4A (100mg) were stirred in CHCl; (1 mL) under N,
atmosphere at room temperature for 20 h. The reaction mixture
was quenched with NayS;0s3(aq) (1M). The values in
parentheses are the equivalents of hydrocarbons employed.

the hydrate under vacuum,'® with the concomitant use of

molecular sieves as a drying agent resulted in exclusive
formation of 1a in comparable yield (eq 1).

Cl _Ts I> (1 equiv)
—_—
©i>+ N CHCl; ta + 22 (D)

Na MS4A 80%
(anhydrous) 1,20 h (1a:2a = 98:2)
(1 equiv)

Having identified the reaction conditions that exclusively
provide amino product 1a, substrate scope of the amination
reaction was investigated (Table 2). The reaction with tetralin
gave the corresponding amino product 1b in good yield (71%),
albeit with the slight excessive use of tetralin. Acyclic n-alkyl-
substituted benzenes and ethylbenzene derivatives having
various functionalities at the para-position of the benzene ring
were also applicable to the reaction system, affording 1c-1i in
good yields in a selective manner with the exception of quite
low yield of p-NO,-substituted amide 1g. Notably, the simplest
substrate, that is, toluene underwent the C—H amination to give
1j in moderate yield, although a large excess of toluene was
required to achieve the acceptable level of chemical yield.
Furthermore, the reactions with sterically hindered substrates
such as cumene, diphenylmethane, and fluorene even proceeded
smoothly to give the corresponding products 1k, 11, and 1m in
moderate to high yields, presumably due to their high abilities of
stabilizing the resulting benzylic radicals. Intriguingly, the
reactions with benzo-fused cyclic ethers such as 1,3-dihydro-
isobenzofuran and isochroman, efficiently giving rise to cyclic
aminals 1n and 1o, respectively. In all cases, oxidized by-
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Scheme 1. Plausible mechanisms for the benzylic C-H
amination.

products (aromatic ketones) were detected as a minor product in
at most 4% yield.

Encouraged by the successful results of benzylic C-H bond
amination, we applied the reaction conditions to an adamantane
derivative to demonstrate the utility of the system (eq 2). The
reaction was found to chemoselectively proceed at the tertiary
C-H bond over the reactions at 1° and 2° C-H bonds to give
an N-protected form of memantine 3, which is a representa-
tive therapeutic agent for moderate to severe Alzheimer
disease.!®

NHTs NH,
;O\ e (equv) | 2)
| CHCl,
) Na MS4A _
(5equiv)  (anhydrous) 1, 20 h 3 memantine
(1 equiv) 55%

For understanding of the mechanistic aspects of the reaction,
a few experiments were conducted. The reactions of la with
chloramine-T and I, performed while protected from ambient
light, or in the presence of a catalytic amount of a radical
inhibitor (10mol % of TEMPO) were significantly retarded,
giving 1a in 18% and 12%, respectively.'> These results would
suggest the involvement of radical species which are generated
by light illumination. Based on the experimental results,
plausible mechanisms are shown in Scheme 1. Upon the
treatment of chloramine-T with I, N-iodo-N-chlorotosylamide
(A) generates accompanied by the precipitation of Nal.!!
Visible-light should prompt the homolytic fission of the weak
N-I bond (bond-dissociation energy (BDE): ca. 130kJmol™"),"”
affording the pair of an amidyl and an iodine radicals. The
abstraction of a hydrogen from benzylic C-H bonds by I', and
the subsequent attack of the amidyl radical by the resulting
benzyl radical B at the N-center should provide N-chloro-N-
alkyl compound as a primarily forming product C (path a).
Alternatively, further oxidation of B could generate benzyl
cation D, which would be attacked by chloramine-T to afford C
(path b). The generation of the benzyl cation D could be
rationalized by the formation of aromatic ketone by-products,
which might be produced through hydration of the cation. The
quench of the reaction mixture with aqueous Na,S,0;3 reduces
the N—ClI bond of C to the N-H bond and then affords 1
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In conclusion, we have developed a transition-metal-free,
mild, and less-costly benzylic C-H amination protocol utilizing
chloramine-T and I,. The reaction conditions were found
applicable to various benzylic compounds to give a series of
the corresponding amino products in good to high yields.
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