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An efficient and facile method for C[15_TD$DIFF]–H amination of quinoxalinones with heteroaromatic amines under
metal-free conditions has been described. In the presence of hypervalent PIDA reagent, the desired
products with various groups were obtained with moderate to high yields.
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Quinoxalinones are highly valuable structural scaffolds in
various natural products and biologically active compounds
[1]. As shown in Fig. 1, a wide range of 3-aminoquinoxalinone
derivatives such as aldose reductase inhibitor [2], chloroquinoxa-
line sulfonamide (CQS) [3] and XL147 [4] have been explored
because of their therapeutic applications. According, the pursuit of
practical methods for the preparation of quinoxalinones has
become a hot topic in organic synthesis. At present various of
functionalized quinoxalinones with different substituents on C3
position have been reported [5]. For example, phosphonation [6],
arylation [7], acylation [8], cyanoalkylation [9], alkylation [10],
sulfenylation [11] and amination [12] of quinoxalinones have all
been realized efficiently. The iodine-catalyzed cross-dehydrogen-
ative coupling between quinoxalinones and amineswas developed
by Jain and coworkers (Scheme 1a) [ [18_TD$DIFF]12a]. Wei group found that the
amination of quinoxalinones can also be realized in the presence of
visible light (Scheme 1b) [ [19_TD$DIFF]12b]. In 2016, the copper catalyzed
oxidative amination of quinoxalinones with aliphatic amines was
described by Cui group (Scheme 1c) [ [20_TD$DIFF]12c]. For these reported
amination reactions, the substrates amine are all aliphatic amines.
Amination of quinoxalinones using aromatic amines still remains
unexplored.

Organic chemical reactions mediated by iodine, especially by
hypervalent iodine(III) has gained considerable interest in recent
ng).
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years [13]. Various radicals could be produced in the presence of
PhI(OAc)2, then the radicals could be used to react with other
substrates via different ways for the synthesis of various
compounds. Morpholine radical which was derived from the
reaction of morpholine and (diacetoxy)iodobenzene (PIDA) was
described by Hajra group [14]. Georg group found that CF3 radical
can be obtained from TMSCF3 in the presence of PIDA [15].
Kuhakarn group realized the formation of sulfonyl radical via the
reaction of sodium sulfinate and PIDA [16]. As our continuing
interest in iodine mediated reactions and functionalization of
heterocyclic compounds [17], herein, we describe a PIDAmediated
direct C[15_TD$DIFF]–H amination of quinoxalinones with heteroaromatic
amines under metal free conditions.

In order to optimize the reaction conditions, the reaction of 1-
methylquinoxalin-2(1H)-one (A1) with 1H-benzo[d][1,2,3]triazole
(B1) was chosen as a model reaction. Screening of the reaction
solvents revealed that acetone was the most effective solvent for
this reaction (Table 1, entry 6). The product can be isolated with [21_TD$DIFF]

83% yield when the reactionwas performed in chloroform (Table 1,
entry 3). The use of other solvents such as MeCN, PhCl, DCE and
THF led to moderate yields (Table 1, entries 1, 2, 4, 5). The oxidant
also palyed an important role in this reaction.Moderate yield of the
product was observed when PIFA was used as oxidant (Table 1,
entry 7). To our disappointment, (NH4)2S2O8 and Na2S2O8

delivered the products in poor yields (Table 1, entries 8 and 9).
The effect of oxidant amount for this reaction was also
investigated. Decreasing of amount of PIDA to 2.5 equiv. led to
declined yields of [21_TD$DIFF]83% (entry 10). However, no significant change
Academy of Medical Sciences. Published by Elsevier B.V. All rights reserved.
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Fig. 1. Pharmacoactive 3-aminoquinoxalinones.

[(Scheme_1)TD$FIG]

Scheme 1. C-H amination of quinoxalinones.

Table 1
Optimization of the reaction conditions.a

[TD$INLINE]

Entry Solvent Oxidant Yields (%)

1 MeCN PIDA 59
2 PhCl PIDA 62
3 CHCl3 PIDA 83
4 DCE PIDA 65
5 THF PIDA 44
6 Acetone PIDA 92
7 Acetone PIFA 64
8 Acetone (NH4)2S2O8 32
9 Acetone Na2S2O8 26
10b Acetone PIDA 83
11c Acetone PIDA 93

a Reaction conditions: A1 (0.2mmol), B1 (0.4mmol), solvent (2mL), oxidant (3.0
equiv.), under air, r.t., 24h.

b Oxidant (2.5 equiv.).
c Oxidant (3.5 equiv.).

[(Scheme_2)TD$FIG]

Scheme 2. Reaction scope. Reaction conditions: A (0.2mmol), B (0.4mmol),
acetone (2mL), PIDA (3.0 equiv.). under air, r.t., 24 h.
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was observed on the yield when the amount of PIDAwas increased
to 3.5 equiv. (entry 11).

After completion of the search for the optimized reaction
conditions, the generality and scope of quinoxalinones and
heteroaromatic amines were investigated. The results are shown
in Scheme 2. Quinoxalinones bearing either electron-withdrawing
groups or electron-donating groups could react with 1H-benzo[d]-
[1,2,3]triazole smoothly todeliver thedesiredproducts inmoderate
to high yields (C1-C7). Subsequently, various N-substituted
quinoxalinones were involved to examine the generality of this
method. Propyl, allyl, propargyl, benzyl groups and so on were all
2560
suitable for this transformation (C8-C14). The corresponding
products can be obtainedwithmoderate yields. Notably, the useful
ester group could be well tolerated in the system (C13). Moreover,
1H-benzo[d][1,2,3]triazolewith different groupswere investigated
(C15-C20). Furthermore, when the benzene ring of triazole was
monosubstituted, the reactionwould take place either on N1 or N3
position,deliveringtheproductswithamixtureof twoisomers (C21
andC22). Toourdelight,when1H-benzo[d]imidazole and1H-1,2,4-
triazole were used as substrates, the desired products could be
detected in [22_TD$DIFF]84%–94% yields (C23 and C24).

To gain some insight into the reaction mechanism, several
control experiments were performed. When the reaction was
performed in the presence of TEMPO, BHTor 1,1-diphenylethylene,
no desired products were isolated (Scheme 3). These results
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Scheme 3. Control experiments.
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Scheme 4. Tentative mechanism.
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indicated that radical mechanism maybe involved in the present
transformation.

Based on the above-mentioned observations and related
references [ [23_TD$DIFF]7a, 18], a probable reaction mechanism is depicted
in Scheme 4. Firstly, the reaction of PIDA with 1H-benzo[d][1,2,3]-
triazole B afforded intermediate M1. Decomposition of M1 gives
radical M2, which reacted with 1-methylquinoxalin-2(1H)-one A
to give radical M3. Then intermediate M4 was produced via 1,2-
hydrogen shift of M3 and oxidation. Finally, the corresponding
product was obtained from the deprotonation of the intermediate
M4.

In summary, an efficient and facilemethod for C [15_TD$DIFF]–Hamination of
quinoxalinones with heteroaromatic amines under metal-free
conditions has been described. In the presence of hypervalent PIDA
reagent, the desired products with various groups were obtained
with moderate to high yields. Further studies on the reaction
mechanism and the application of this transformation to more
complicated compounds are underway in our lab.
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