
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

8 
Ja

nu
ar

y 
20

23
. D

ow
nl

oa
de

d 
on

 4
/2

9/
20

26
 5

:1
8:

57
 P

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.

View Article Online
View Journal  | View Issue
A rapid construc
aDepartment of Medicinal Chemistry, Co

University, Chongqing 400016, PR China. E
bDepartment of Pharmacy, Chongqing Publi

† Electronic supplementary information (E
characterization data, and copies of 1H
https://doi.org/10.1039/d2ra06573h

‡ These authors contributed equally to th

Cite this: RSC Adv., 2023, 13, 2570

Received 18th October 2022
Accepted 20th December 2022

DOI: 10.1039/d2ra06573h

rsc.li/rsc-advances

2570 | RSC Adv., 2023, 13, 2570–25
tion of 1,3,2-
benzodiazaborininones [R–B(aam)] from boronic
acids and anthranilamides†

Siwei Liao,‡a Kai Liu,‡b Huili Wu,a Qiulin Kuang,a Xueyuan Hu,a Yihao Li,a Hongxiao Lua

and Jianyong Yuan *a

A simple, efficient andmild methodology for the synthesis of 1,3,2-benzodiazaborininones [R–B(aam)] from

boronic acids and anthranilamides on ethyl acetate is described. A series of 1,3,2-benzodiazaborininones

were prepared in moderate to excellent yields at room temperature without dehydrating agents, metal

catalysts, corrosive acids or other additives. Meanwhile, a multi-gram scale reaction is also performed to

ensure the scalability of the reaction, and the product can be conveniently isolated by simple filtration.
Introduction

Organoboron compounds play an important role in drug
synthesis, medicinal chemistry, and biochemistry.1–6 For
example, boronic esters have been developed as triggers for
ROS-activated prodrugs for the treatment of cancer patients in
recent years.7,8 They also have been regarded as especially
popular organometallic reagents9,10 for constructing carbon–
carbon and carbon–heteroatom bonds, owing to their broad
availability and their compatibility with a multitude of func-
tional groups.11,12 At the same time, Boron(B)–nitrogen(N)-
containing heteroaromatic compounds continue to arouse
interest in the elds of materials chemistry13–15 and uorescence
imaging.16–20 Since Suginome reported on boron-masking
strategy in Suzuki–Miyaura coupling (SMC) using 1,8-dia-
minonaphthalene (danH2)21–24 and N-methyliminodiacetoxy
(mida)25–29 as boron-masking groups, iterative SMC has been
widely used in the synthesis of complex oligoaromatic hydro-
carbons and natural products (Fig. 1). Besides, other protected
boron moieties30,31 were successively reported later such as
1,3,2-benzodiazaborininones [R–B(aam)].32–35 Furthermore, the
unique advantage of B(aam) is that it can serve as an ortho-
directing group in catalytic Ar–H silylation34 (Fig. 2) and it
plays an important role in the stereoselective borohydride
reaction of alkynes catalyzed by iridium.36 Therefore, the
synthesis of compound R–B(aam) is of great signicance.
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Conventional methods for constructing R–B(aam) reported
in the literature include the following synthetic protocols:
condensation reaction of boric acids with anthranilamide (aam-
H2) in high temperature (110 °C)37 or Ni/Pd-catalyzed.38 Besides,
the synthesis of these compounds by the reaction of potassium
phenyltriuoborate with aam-H2 (ref. 39) and the reaction of Ar–
X with (pin)B–B(aam) (pin = pinacol ester) catalyzed by Pd40

(Fig. 3). Although high yields can be achieved using these
methods, several factors must be considered, including strict
reaction conditions that always involve high temperatures, long
reaction times, and complicated combinations of reagents.
From the green chemistry point of view, the use of green cata-
lysts41,42 or catalyst-free reactions is the mainstream. There is
still a great need to develop simple, efficient, clean and high-
yield methods to synthesize these compounds.

In our previous work, R–B(dan), oxdiazobium compound,
dioxazobium compound and oxdiazobium compound were
synthesized by a simple method43,44(Fig. 4). At the same time,
the green synthesis of borazine heterocycles should be further
expanded. Herein, we report an efficient protocol for the
synthesis of R–B (aam) in ethyl acetate without any other cata-
lysts or additives (Fig. 4).
Fig. 1 Iterative Suzuki–Miyaura coupling using masked haloarylbor-
onic acids for selective synthesis of oligoarenes.

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 Boron-masking strategy with B(aam).

Fig. 3 Common methods for the synthesis of R–B(aam).

Fig. 4 The synthesis of R–B(aam).

Table 1 Optimization of reaction conditionsa

Entry Catalyst Solvent Temp Time (h) Yieldb (%)

1 TiCl4 THF RTc 4 93
2 — THF RTc 4 90
3 — THF RTc 1 50
4 — Ethanol RTc 1 62
5 — Methanol RTc 1 61
6 — DMF RTc 1 30
7 — Ethyl acetate RTc 1 70
8 — DMSO RTc 1 20
9 — Water RTc 1 15
10 — Dichloromethane RT 1 68
11 — Chloroform RT 1 61
12 — Ether RT 1 60
13 — Ethyl acetate RTc 1.5 78
14 — Ethyl acetate RTc 2 82
15 — Ethyl acetate RTc 3 93
16 — Ethyl acetate RTc 3.5 93
17 — Ethyl acetate RTc 4 93
18 — Ethyl acetate 40 °C 3 93
19 — Ethyl acetate 60 °C 3.5 93

a Reaction condition: 1 (1 mmol), 2 (0.83 mmol), TiCl4 (16 mol%),
solvent (3 mL). b Isolated yield for column chromatography. c RT:
room temperature.

Fig. 5 Reaction phenomenons and results.
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Results and discussion

In our initial trials, we rst carried out the reaction of amm-H2

with phenylboronic using TiCl4 as a dehydrating agent in the
tetrahydrofuran (THF) at room temperature for 4 h. The product
3a was obtained in 93% yield (Table 1, entry 1), The structure of
the product was established by NMR analysis. To our delight,
the yield of the product was 90% in the absence of TiCl4 at room
temperature (Table 1, entry 2). Then the reaction was carried out
in different solvents (including ethanol, methanol, N,N-Dime-
thylformamide (DMF), ethyl acetate, etc.) for 0.5 h (Table 1,
entries 3–12) revealed that the highest yield (70%) was obtained
in ethyl acetate (Table 1, entry 7). The yields increased gradually
with extended reaction times (Table 1, entries 13–15), and an
© 2023 The Author(s). Published by the Royal Society of Chemistry
excellent yield of Ar–B(aam) was generated in 93% (Table 1,
entry 15) as the reaction times was increased to 3 hours. Inter-
estingly, the desired product 3a was precipitated from the ethyl
acetate (Fig. 5) and could be isolated by simple ltration in 75%
yield (93% yield for column chromatography). But with the
increase of reaction time and temperature continuously, the
reaction failed to give the expected yield (Table 1, entries 16–19).
The optimum conditions were chosen for 3 h at room temper-
ature (RT) in this reaction system. It was worth nothing that the
progress of the reaction was monitored by TLC (DCM : EA= 10 :
1) in all the cases (Fig. 6).

With the optimized reaction conditions in hand, substituted
anthranilamides 1 with boronic acids 2 were used to investigate
the scope of the reaction. Results were displayed in Table 2.
Various phenylboronic acids containing different substituent
RSC Adv., 2023, 13, 2570–2573 | 2571
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Fig. 6 The progress of the reaction was monitored by TLC.

Table 2 Substrate scope for the synthesis of Oxadiazaborole 3a,b

a Reaction conditions: 1 (1 mmol),2 (0.83 mmol), ethyl acetate (3 mL),
3 h, RT (room temperature), yields refer to isolated yield for column
chromatography. b NR: no reaction.

2572 | RSC Adv., 2023, 13, 2570–2573
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on the para-position, such as methyl, ethyl, isopropyl and
halogen groups, and the product (Table 2 3b-3d, 3g, 3j, 3k) was
obtained in high yield of 80–95%. Moreover, one or two
different groups were introduced into the meta-position of
phenylboronic acid, and the yield of the product (Table 2 3e, 3h,
3l) also was 80–96%. Similarly, the reaction was also applicable
to boric acid containing different aromatic groups, such as 4-
vinylphenylboronic acid, 2-thiopheneboronic acid and 4-
biphenylboronic acid, and could still proceed smoothly in 82–
85% yield (Table 2 3p-3r). However, it should be noted that
a halogen in the ortho-position of phenylboronic acid (Table 2
3i) gave the target product only in 58%. Especially, phenyl-
boronic acid couldn't react with aam-H2 when it contains
a methyl group at the ortho-position (Table 2 3f), which indi-
cates that steric hindrance has a great inuence. And boronic
acids bearing strong electron-withdrawing substituents such as
nitro underwent the reaction smoothly to afford target product
3o. Nevertheless, product formation was not observed when the
strong electron-donating substituents such as hydroxyl group
were attached (Table 2 3n). Thus, the electronic effects of
substituents on the phenylboronic acid showed obvious inu-
ence on the reaction outcome. To further examine the substrate
scope of the reaction, anthranilamides with substituents on
benzene ring were employed. All products (Table 2 3s-3x) were
afforded in good yields followed by the same procedure. In
addition, anthranilic acid hydrazide and salicylamide do not
react with phenylboronic acid.

The gram-scale reaction was also carried out to demonstrate
the practicability of the methodology (Scheme 1). The aam-H2

(5.00 g, 36.7 mmol) was treated with phenylboronic (4.00 g, 32.8
mmol) in ethyl acetate (100 mL). As expected, the product Ar–
B(aam) 3a was obtained in 88% yield (6.42 g, by column chro-
matography purication) which indicted the scalability of the
reaction. Furthermore, the desired product could be isolated by
simple ltration in 81% yield (5.96 g). Therefore, with merit of
simplicity, convenience and quickness, this method can be
applied in industrial production. Moreover, Hydrolysis reaction
of Ar–B(aam) were performed as follows (Scheme 2) from the
reaction conditions found in the literature.21,45
Scheme 1 Multi-gram scale reaction of aam-H2 with phenylboronic
acid.

Scheme 2 Hydrolysis reaction of Ar–B(aam).

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Conclusions

Wehave developed amild and efficient protocol for the synthesis
of R–B(aam) through the reaction of boric acids with anthrani-
lamides. Moderate to excellent yields of the products were ob-
tained for 3 h at room temperature without any catalysts or other
additives. The multi-gram scale reaction was also found that the
product in was afforded excellent yields successfully, and the
product can be conveniently isolated by simple ltration.
Considering the potential importance of the R–B(aam) in SMC
reactions and materials science, the newly developed green
methodology will be efficacious to chemists and industrialists.
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