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Iron-Catalyzed Direct C(sp*)-H Amination Reactions of Isochroman Deriva-
tives with Primary Arylamines under Mild Conditions

Di Chen,? Fuyou Pan,? Jianrong Gao,® Jianguo Yang*?

# School of Pharmaceutical and Chemical Engineering, Taizhou University, Taizhou 317000, P. R. of China

Fax +86(576)85137075; E-mail: yjg@tzc.edu.cn

® College of Chemical Engineering and Materials Science, Zhejiang University of Technology, Hangzhou 310014, P. R. of China

Received: 25.06.2013; Accepted after revision: 06.08.2013

Abstract: A direct C(sp®)-H amination reaction of isochroman de-
rivatives with arylamines was developed in the presence of iron(II)
salt. A variety of isochroman derivatives and primary amines were
selectively transformed into the corresponding oxidative coupling
products in good to excellent yield under mild conditions
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In the past decade, C—H functionalization has emerged as
one of the most attractive and efficient strategies for the
construction of carbon—carbon and carbon-heteroatom
bonds in a step- and atom-economical fashion. Among
these, various oxidative intermolecular cross-dehydroge-
native coupling (CDC) reactions on two different C—H
bonds or X—H bonds have also been developed greatly.!
Regardless of the vast research findings of various CDC
reactions, functionalization of C(sp®)-H bonds is still
challenging because of the low reactivity and the lack of
an arbitrarily site selectivity. However, a lot of break-
through achievements have also been made recently, such
as C(sp’)-H bond functionalization of cycloalkanes,?
C(sp®)-H bond functionalization with the assistance of a
chelating group,® and the functionalization of C(sp®)-H
bond adjacent to heteroatoms,* double bonds,® and phenyl
groups.® C—H functionalization adjacent to a heteroatom
is receiving increasing attention as the product can usually
be part of the motifs in biologically active compounds. A
number of excellent outcomes about this powerful
approach have been obtained, such as the coupling with
C(sp*)-H bond,” C(sp?)-H bond,® C(sp)-H bond,” and
X-H bond (X =0, N).1

In seeking step- and atom-economical green processes, re-
ports on direct C—H amination reactions have increased
rapidly in the past decade. Compared with using special
nitrogen sources such as PhI=NTs (Ts = p-toluenesulfo-
nyl) and -Nj, the direct CDC of the C—H bond with the
N-H bond has been recognized as a more efficient ap-
proach and has already been reported by many groups.
However, most of the nitrogen sources were limited to
amides, sulfonamides, azoles, or anilines with strong elec-
tron-withdrawing groups. It was an ongoing challenge to
couple amines without any electron-withdrawing groups
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with C—H bonds. In recent years, some breakthroughs
have been made in this field, for example, the Mori
group'! and the Armstrong group'® reported the amination
reactions at the 2-position of azoles with the additive of
bases; the Wang group reported the synthesis of polysub-
stituted oxazoles involving an a-position C—H amination
reaction of 1,3-dicarbonyl derivatives with the addition of
iodine;'? the Ishii group,'® the Guo group,'* the Warren
group,'® and the Bao group'® reported the benzylic or al-
lylic C—H amination reactions. N-Phenylisochroman-1-
amine derivatives are fragments of the glucocorticoid-
selective benzopyrano[3,4-flquinolines which are anti-

HN :
NH,
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toluene

Table 1 Optimization of Reaction Conditions®

1a 2a 3a
Entry Metal Oxidant Time Temp Yield
(0.1 equiv) (equiv) (h) ©C) (%)
1 FeCl, t-BuOOH(2.0) 24 50 21
2 FeCls t-BuOOH(2.0) 24 75 0
3¢ FeCl, t-BuOOH(2.0) 24 75 0
4 FeSO, t-BuOOH(2.0) 24 75 13

5 FeCl,-4H,0 t-BuOOH(2.0) 24 75 32

6 - +~BuOOH(2.0) 24 75 8

7 FeCl,4H,0 +~BuOOH(2.0) 36 75 27

8  FeCly4H,0 NBS(1.1) 24 60 0
9 FeCl,4H,0 DDQ(1.2) 24 75 0
10 FeCl-4H,0 (t-Bu0),(2.0) 24 75 0

11 FeCl-4H,0 +BuOOH(2.0) 24 75 11

126 FeClL-4H,0 +~BuOOH(2.0) 24 75 61

 Reaction conditions: catalyst (0.05 mmol), oxidant (1.0 mmol), 1a
(0.5 mmol), 2a (0.5 mmol) for 24 h under the nitrogen atmosphere.
®Yield of isolated product.

¢ 1.0 equiv FeCls.

4 Compound 1a was added drop-wise to the system.

¢ Compound 2a was added drop-wise to the system.
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inflammatory agents with low toxicity,!” while the direct
amination reactions of the C(sp*)-H bond adjacent to an
oxygen atom using primary amines are rarely realized.
Herein we report the C(sp®)-H amination reactions of iso-
chroman derivatives with arylamines catalyzed by iron
under mild reaction conditions.

As the FeCly/t-BuOOH system has been proven to be
very efficient for the functionalization of the C(sp®)-H
bond adjacent to heteroatoms,'® we initially applied
FeCl,/t-BuOOH to the reaction of isochroman (1a) and
aniline (2a) under nitrogen atmosphere. However, the de-
sired coupling product 3a was isolated in only 21% yield
after 24 hours at 50 °C (Table 1, entry 1), most of the an-
iline was oxidized. It was useless to elevate the tempera-
ture or change the amount of the catalyst (Table 1, entries
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2 and 3). Subsequently, other kinds of iron catalysts were
studied to enhance the yield of 3a on this template reac-
tion (Table 1, entries 4 and 5). Although the yield was bet-
ter when FeCl,-4H,O was used, it was still unsatisfying.
Removing FeCl,4H,0, only 8% yield was obtained (Ta-
ble 1, entry 6). It was unsuitable to increase the reaction
time (Table 1, entry 7). Then, different kinds of oxidants
were screened, with ~-BuOOH being the choice (Table 1,
entries 8—10). Considering that the raw materials were
easy to be oxidized, we changed the addition way of the
two standard substrates. It turned out that a satisfying
yield was obtained when the amine was added drop-wise
into the system through a dropping funnel (Table 1, en-
tries 11 and 12).

FeC|2 4H20
t BuOOH

3c
57%

CI

Scheme 1 Scope of the CDC. Reagents and conditions: catalyst (0.05 mmol), oxidant (1.0 mmol), 1 (0.5 mmol), 2 (0.5 mmol) for 24 h under

nitrogen atmosphere.
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Scheme 2 Probable mechanistic route

With the optimized reaction conditions in hand (Table 1,
entry 12), the generality of the reaction between isochro-
man derivatives and various amines were explored. Some
results are outlined in Scheme 1. Amines with an electron-
donating group worked well under the standard reaction
conditions (Scheme 1, 3f,h). Amines with a weak elec-
tron-withdrawing group also reacted well with isochro-
man (Scheme 1 3b—d). Benzopyran — due to its higher
stability — gave a satisfying isolated yield when used as re-
actant (Scheme 1, 3j—m). 3,4-Dihydro-1H-benzo[/]iso-
chromene also coupled with amines, but the yields were
comparatively low (Scheme 1, 3n—p), maybe because of
the steric hindrance. Anilines with strong electron-with-
drawing groups, such as nitro, difluoro, and dichloro
groups, were also applied in this reaction, but no desired
product was obtained. This can be attributed to the insta-
bility of the isochroman in the weak acidic conditions, that
are present when amines with strong electron-withdraw-
ing groups are used. Applying 4-methoxyaniline also did
not lead to the desired product, because of its sensitivity
to oxidization.

According to the experiments and the literature,'® a plau-
sible mechanism was proposed (Scheme 2). TBHP de-
composed into the tert-butoxyl radical and hydroxyl anion
in the presence of the ferrous catalyst. A hydrogen ab-
straction of the C—H bond adjacent to an oxygen atom af-
forded intermediate A. Then A was oxidized to B by the
ferric ion. Aniline coupled with B and, thereafter, deprot-
onation by the previously released hydroxyl anion gave
the desired product.

In summary, we have successfully realized the direct
C(sp®)-H amination reactions of isochroman derivatives
with arylamines catalyzed by iron under mild reaction
conditions. Further investigations of the application of
this kind of iron salt in organic reactions are under way in
our laboratory.

General Procedure

FeCl,-4H,0 (0.05 mmol) was placed in a Schlenk tube. Toluene (2
mL), isochroman (1, 0.5 mmol), and ~BuOOH(1.0 mmol) were
then added. The tube was sealed and flushed with nitrogen, and then
the contents were stirred at 75 °C. Arylamine (2, 0.5 mmol) was
slowly added drop-wise into the system through a dropping funnel.
The reaction mixture was stirred for 24 h, then cooled to r.t. and
flushed through a short column of silica gel with EtOAc. The sol-
vent was removed under vacuum. The product was isolated from the
dark purple crude mixture by column chromatography (PE—
EtOAc, 20:1).
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