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Abstract By using the N-haloimide/DBU protocol, the electrophilic im-
idation at C2-position of N-substituted indoles has been achieved in
high efficiency. The dual activation of N-haloimide by DBU to simulta-
neously achieve a more electrophilic bromine and a more nucleophilic
nitrogen atom, is demonstrated to be crucial in this transformation. The
process involves tandem bromonium ion formation, electrophilic addi-
tion, and elimination of HBr. The protocol provides a novel, efficient,
green, and complimentary access to o-imidated indoles under mild
conditions, without the necessity of external nitrogen sources.
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2-Amino-substituted indoles and pyrroles are one class
of biologically active compounds and occupy an important
position in pharmaceuticals and natural products.! In this
context, direct C-N bond functionalization of indole deriva-
tives has attracted considerable interest. However, it is par-
ticularly challenging due to the poor control of both the
chemo- and regioselectivities. Two types of representative
methods can be summarized toward a-C-H amination of
N-substituted indoles. One is the metal-catalyzed (e.g., cop-
per and/or palladium, rhodium) oxidative C~H bond amina-
tion, independently reported by Li,®* Liang,?> and Zhou?*
groups. The other is halogen-mediated (e.g., molecular io-
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Scheme 1 Imidation via N-haloimide/DBU protocol developed in our group
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Scheme 2 a-C-H imidation of indole derivatives by using N-haloimides as self-immolating amination reagents

dine and NIS) amination, developed by Liang,?*®» Wang and
Ji,>* Huang,*? and Nagarajan.*® In consideration of the signif-
icance of 2-aminated indoles, it is still required to develop
new and effective approaches for the chemo- and regiose-
lective construction of C-N bonds of N-substituted indoles,
especially that under mild and environmently benign con-
ditions, and in an atom economic fashion.

In our research on halogen-mediated organic transfor-
mation,* we disclosed that DBU-activated N-bromosuccin-
imide (NBS) or N-bromophthalimide (NBP) via halogen-
bond interaction can be utilized as an efficient amination
reagent**- and haloamination reagent (Scheme 1).4¢ In our
continued work, we became interested in the exploration of
halo- and/or amination of arenes and heteroarenes by using
the N-haloimide/DBU combination. Herein, we would like
to report the most recent result of direct f-C-H imidation
of indole derivatives enabled by DBU-activated N-haloimid-
es as both electrophilic and nuceophilic reagents (Scheme
2). The N-haloimide/DBU combination is anticipated to pro-
vide a convenient and economic protocol toward a-C-H im-
idation of indoles. Compared to the methods previously
reported,?3 the N-haloimide/DBU protocol has the distinct
feature without the necessity of external nitrogen sources.
Hence, N-haloimide functions as a self-immolating imida-
tion reagent.’

Initially, the model reaction of N-methylindole (1a) with
NBS was examined under a variety of conditions (Table 1).
As expected, in the solvents like toluene, CH,Cl,, THF, and
dioxane, the a-imidated indole 2a could be obtained in
moderate yields (Table 1, entries 1-4). DCE and MeCN gave
improved yields (Table 1, entries 5 and 6). Among all the
solvents tested, DMF proved to be the most efficient. In this
case, the mixture of 1a with NBS (2.2 equiv), DBU (2.2
equiv) rapidly afforded compound 2a in 79% yield within
three minutes (Table 1, entry 7). Except DBU, other types of
activators were also investigated. DBN and MTBD gave rela-
tively lower efficiency compared to DBU (Table 1, entries 8
and 9). However, tertiary amines including Et;N and DABCO
appear to be completely inert (Table 1, entries 10 and 11).
Surprisingly, NIS and NCS showed quite different reactivity
to NBS (Table 1, entries 12 and 13). The reaction of 1a with
NCS (2.2 equiv), DBU (2.2 equiv) gave no reaction, with the
substrate 1a intact (Table 1, entry 12). When NIS was used,
the target molecule was not detected, with unidentified
product generated (Table 1, entry 13). By contrast, in the
absence of DBU, the reaction gave a complex mixture, with-
out 2a observed (Table 1, entry 14).%

Table 1 Optimization of the Reaction Conditions?

(0] Br
N activator X
@ + NS — || NN + N
N\ solvent Z~N N
\
Me Me O I\\/Ie

1a 2a 3a

Entry Activator NXS  Solvent® Time  Yieldof2a Yield of 3a

(equiv) (min) (%) %)
1 DBU NBS toluene 10 43 42
(2.2)
2 DBU NBS THF 10 48 35
(2.2)
3 DBU NBS  CH,Cl, 5 61 31
(2.2)
4 DBU NBS dioxane 10 64 18
22)
5 DBU NBS MeCN 5 73 17
(2.2)
6 DBU NBS DCE 5 78 16
22)
7 DBU NBS DMF 3 79 15
(2.2)
8 DBN NBS DMF 5 63 21
(2.2)
9 MTBDY NBS DMF 5 65 26
(2.2)
10 Et;N NBS DMF 60 n.r. 0
(2.2)
11 DABCO NBS DMF 30 0 0
22)
12 DBU NCS DMF 60 n.r. -
(2.2)
13 DBU NIS DMF 60 n.d. -
(2.2)
14 - NBS  DMF 70 complex -

2 Reactions were carried out with 1a (1.0 mmol), NBS (2.2 equiv), and acti-
vator (2.2 equiv) in solvent (2.0 mL) at r.t.

b Solvent was directly used as received.

¢lsolated yield; n.r. = no reaction, n.d. = not determined.

4 MTBD = 7-methyl-1,5,7-triazabicyclo[4.4.0]dec-5-ene.

In our previous study on the B-imidation of chalcones
with NBS/DBU combination, we found that trace amount of
water is crucial for the reaction to proceed.*’ Herein, the in-
fluence of water on the a-imidation reaction of indole de-
rivatives was investigated in details (Figure 1). Different
amount of water was introduced to the reaction system of
1a with NBS (2.2 equiv) and DBU (2.2 equiv) in super dry
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DMEF (2.0 mL). As a result, the yields changed dramatically,
depending on the feed ratio of water to NBS. Without any
water, the reaction did not occur at all. Approximately 3.0
equivalents of water relative to NBS amount led to the for-
mation of 2a in the highest yield (84%).” When the water
amount reaches up to 5.0 equivalents relative to that of NBS,
only trace amount of target product was detected.?
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Figure 1 Influence of water on the reaction. Reactions were carried
out with 1a (1.0 mmol), NBS (2.2 equiv), DBU (2.2 equiv), H,0 (1.0-5.0
equiv relative to that of NBS) in super dry DMF (2.0 mL, H,0 < 0.005%)
within 3-5 min at r.t.

In the following work, NBS (2.2 equiv), DBU (2.2 equiv)
in super dry DMF (2.0 mL), along with the addition of H,0
(120 pL, 6.6 equiv) was selected as the optimized condi-
tions. We explored the scope of the method. A variety of N-
protected indole derivatives were then subjected to the re-
action sequence (Scheme 3). N-Methylindole substrates
containing either electron-donating methyl, methoxy, or
weak electron-withdrawing groups like halogens (F, Cl, and
Br) on the phenyl ring of the indole skeleton, afforded the
corresponding imidated products 2b-i in moderate yields
(62-75%).210 As for strong electron-withdrawing groups
like methoxycarbonyl and nitro on the phenyl ring of N-me-
thylindoles, the yields were fairly low. The corresponding
3-bromo-N-methylindole derivatives 3b and 3c were ob-

118

tained in 63% and 51% yields.'! In the case of a methyl group
located at the 3-position of N-methylindole, compound 21
was obtained in 91% yield. However, the electron-with-
drawing methoxycarbonyl group at the same position gave
no reaction. From above one can see that electron-rich
groups on the indole ring displayed higher reactivity than
electron-withdrawing groups in this reaction. N-Benzyl and
N-allylindoles afforded products 20 and 2p in respective
56% and 72% yields. The allyl functional group exhibits a
good tolerence. N-Methylpyrrole was also efficient to afford
the target product 2q in 62% yield. All the reactions pro-
ceeded rapidly and completed within ten minutes to fur-
nish products 2a-q.

The scope of the reaction was further investigated by
exploring other types of N-haloimides as potential self-im-
molating nitrogen sources (Scheme 4). The reaction of 1a
with N-bromophthalimide (2.2 equiv), DBU (2.2 equiv) gave
the imidated product 4 in 73% yield. 2-(1-Methyl-1H-indol-
2-yl)benzo[d]isothiazol-3(2H)-one 1,1-dioxide (5) was suc-
cessfully prepared in 55% yield by the reaction of 1a with
N-bromosaccharin at room temperature. In this case, 1.1
equivalents of N-bromosaccharin, along with 1.1 equiva-
lents of DBU is enough to drive the reaction to comple-
tion.!? One can see from above (Table 1,Scheme 3, and
Scheme 4) that different N-haloimides (e.g., NBS, NIS, NCS,
NBP, NCP, N-bromosaccharin, etc.) exhibit different reactivi-
ty in the explored reaction.

On the basis of all the results described above, along
with previous work by Liang,?® Huang,> and us,* a plausible
mechanism for the a-imidation of N-substituted indoles
was proposed, as depicted in Scheme 5.13 Firstly, a tight ion-
pair intermediate I is supposed to generate from the 1:1 ad-
duct of NBS and DBU.!'#-17 The DFT structure of intermedi-
ate I was shown in Figure 2. Secondly, reaction between
indole substrate 1a and reactive intermediate I furnishes
DBU-stabilized bromonium ion II,'81% which will further
transform into an open-formed carbocation Il and its reso-
nance structure, iminium ion IV." Thirdly, nucleophilic at-
tack of IV by the succinimide anion leads to the formation
of a-imino-B-brominated indoline V. Finally, DBU-mediat-
ed elimination of HBr delivers a-imidatedindole 2a. Note-
worthy that proton elimination in IV is ascribed to the
reason for the observation of the 3-bromoindole derivatives
3.
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Scheme 3 Scope of indole derivatives. Reactions were carried out with 1 (1.0 mmol), NBS (2.2 equiv), and DBU (2.2 equiv) in super dry DMF (2.0 mL,
with 120 pL H,O added). Isolated yields are reported.
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Figure 2 DFT structure of ion-pair intermediate |

In conclusion, we have developed a highly efficient, con-
venient, environmentally friendly, and metal-free method-
ology for direct C2-amination of indoles with N-haloimide
(activated by DBU) as both electrophilic and nucleophilic
reagent at ambient temperature. The reaction exhibited
broad scope for indole derivatives and N-haloimides. With-
out the necessity of external nitrogen sources, a variety of
imidation products can be prepared rapidly in moderate to
excellent yields. Further research on the utilization of the
N-haloimide/DBU protocol in organic transformations is
ongoing in our laboratory.
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Scheme 5 Plausible mechanism

(0.1917 g, 84%) as a white solid.
1-(1-Methyl-1H-indol-2-yl)pyrrolidine-2,5-dione (2a)

Mp 171-173 °C. 'H NMR (500 MHz, CDCl;): 8 = 3.01 (s, 4 H),
3.55 (s,3 H), 6.50 (s, 1 H), 7.13-7.16 (m, 1 H), 7.28 (d, J = 7.0 Hz,
1 H),7.33(d,J=8.0 Hz, 1 H), 7.63 (d, J= 8.0 Hz, 1 H). 13C NMR
(125 MHz, CDCl;) 6 = 28.4,29.3,99.9, 109.6, 120.1, 121.2, 122.6,
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