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Abstract: An efficient Ni/Pd catalyzed chemoselective synthesis of 1,3,2-benzodiazaborininones from boronic
acids and anthranilamide has been developed. This protocol allows for the rapid and straightforward access to
a wide range of 1,3,2-benzodiazaborininones at roomtemperature with excellent functional group tolerance.
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Introduction Conventional methods involve the construction of
1,3,2-benzodiazaborininones based on the condensa-
Organoboron compounds make up a group of the most tion of boronic acid with commercially available
versatile heteroatom-substituted organic molecules. anthranilamide in toluene under reflux.!'! This method
They have received significant attention due to their requires high temperature and the yield is not ideal.
unique structure, physical properties and diverse Recently, Molander and co-workers reported the direct
applications in medicinal chemistry!! and materials synthesis of these compounds by the defluorinative
science.””! They also play an important role in organic  annulation of potassium organotrifluoroborates with
synthesis, catalysis, and biochemistry.’) Furthermore, anthranilamide in the presence of anhydrous
boron-containing N-heterocyclic compounds with val- BF;NH,Et or SiO, in cyclopentyl methyl ether
uable B—N structural units exhibited useful behavior in  (CPME)/toluene."” Although this method represents
materials and biomedical research as fluorescent important advances, the established protocol does not
dyes™ and biological labeling."”! In addition, since the sufficiently meet the demands for green chemistry and
B—N unit has a strong dipole moment, replacing the still suffers from several limitations, such as: 1) high
C=C with a B—N unit can reduce the HOMO-LUMO energy consumption under harsh reaction conditions;
gap, which usually results in a chemiluminescent 2) the substrates are not commercially available and
material.!) As one of the major classes of valuable expensive; 3) the reaction time is too long. Therefore,
boron-containing heterocyclic compounds, 1,3,2-ben- in order to further improve the reaction efficiency, the
zodiazaborininones have high stability toward mois- search for a more mild and practical method with high
ture, oxygen, and even silica gel chromatography.”!  generality for synthesis of 1,3,2-benzodiazaborininones
These compounds with an anthranilamide (aam) under mild reaction conditions remains appealing and
substituent on the boron center [Ar—B(aam)] are challenging. Based on our tremendous interest in
temporarily masked for their reactivity toward trans- developing of environmentally friendly approaches for
metalation, and have proven to be useful reagents in  various organic transformations,* herein, we report
Suzuki-Miyaura cross-coupling reaction.™ The B(aam) an efficient strategy for the synthesis of 1,3,2-
moieties also serve as directing groups for catalytic benzodiazaborininones utilizing a Pd/Ni cocatalyst at
ortho-C(aryl)-H silylation.”” They have been applied room temperature (Scheme 1).
to iridium-catalyzed stereoselective hydroboration of
alkynes.!"”
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Scheme 1. Synthesis of 1,3,2-benzodiazaborininones.

Results and Discussion

At the outset of this study, phenylboronic acid and 2-
aminobenzamide were used as model substrates to
optimize the reaction conditions. The results of screen-
ing different catalysts are summarized in Table 1. It is
noteworthy that no product formation was observed,
and the starting materials were completely recycled in
the absence of a catalyst. Several Cu, Zn, Fe, Ni and
Pd salts were screened in EtOH at room temperature in
the present of 0.5 equiv. of Et;N (Table 1, entries 2-7).
When CuBr was as a catalyst, Chan-Evans-Lam
reaction!"” occurred and N-arylation products 3a’ and
3a” was obtained in 80% and 15% yield, respectively
(Table 1, entry 2). After testing ZnCl,, FeCl,, NiCl,,
and NiBr,(PPh;), as well as PdCl,, to our surprise,
only annulated product 3a was formed. Among them,
PdCl, turned out to be the best catalyst with 90%
isolated yield of 3 a without the generation of 3a’ and
3a” (entry 7). Encouraged by the above results, various

catalytic systems combined with PdCl, were tested.
After extensive screening, NiBr,(PPh;),/PdCl, (1:1,
5 mol%) was found to be optimal. When the amount of
catalyst NiBr,(PPh;),/PdCl, was decreased to
2.5 mol%, the isolated yield was dropped to 83%.

Based on the results presented in entry 11 of
Table 1, we subsequently tested the base, solvent and
temperature effect on the reaction. When inorganic
bases including NaOH, Na,CO; and K,CO; were
selected, the reaction progressed with poor yields
(Table 2, entries 2—4). Organic bases such as pyridine,
1,4-diazabicyclo[2.2.2]octane (DABCO) and a much-
hindered organic base 1,8-diazabicyclo(5,4,0) undec-7-
ene (DBU) also led to inferior results. Furthermore, the
screening of different solvents such as methanol,
tetrahydrofuran (THF) dimethylsulfoxide (DMSO), N,
N-dimethylformamide (DMF), toluene (PhMe), PEG
400, choline chloride (ChCl)/urea did not help in
improving the yield. Notably, increasing the reaction
temperature has little effect on the reaction, only the
reaction time is shortened. Thus, we chose 0.5
equivalent of triethylamine with 5 mol% each of NiBr,
(PPh;), and PdCI, in ethanol at room temperature as
the standard conditions.

Having affirmed the optimized conditions, a series
of boronic acids and 2-aminobenzamide were inves-
tigated to explore the universality and limitation of this
method. The results are summarized in Tables 3 and 4.

Table 1. Catalyst screening for the reaction of phenylboronic acid and 2-aminobenzamide.™

B(OH), 9
© . NH,
: :NHZ

o
:::N/

0 0
Ph
NH NH, N”
| + + H
N NH NH,

catalyst
Et3N, EtOH, r.t.
3a H N 3a  Ph 3a"
Entry Catalyst Time (h) Yield of Yield of Yield of
3a (%) 3a’ (%) 3a” (%)

1 no 12 0 0 0

2 CuBr 12 0 80 15

3 ZnCl, 12 32 0 0

4 FeCl, 12 41 0 0

5 NiCl, 12 63 0 0

6 NiBr,(PPh;), 12 70 0 0

7 PdCl, 12 90 0 0

8! CuBr:PdCl, (1:1) 12 10 35 50

gle! NiBr,(PPh;),:CuBr (1:1) 12 10 35 45

10™ NiCl,:PdCl, (1:1) 12 81 0 0

110 NiBr,(PPh;),:PdCl, (1:1) 2 90 0 0

121 NiBr,(PPh;),:PdCl, (2:1) 2 87 0 0

13 NiBr,(PPh;),:PdCl, (3:1) 2 78 0 0

141 NiBr,(PPh;),:PdCl, (4:1) 2 71 0 0

15t NiBr,(PPh;),:PdCl, (1:1) 24 83 0 0

2 Reaction conditions: phenylboronic acid (1.0 mmol), 2-aminobenzamide (1.0 mmol), Et;N (0.5 mmol), catalyst (0.1 mmol) in
EtOH (2 ml) at room temperature unless otherwise specified in the Table; isolated yields are given.

T Catalyst (0.05 mmol).
[l Catalyst (0.025 mmol).
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Table 2. Optimization of the reaction conditions for the syn-
thesis of product 3a."

Table 3. Synthesis of 1,3,2-benzodiazaborininones from sub-
stituted phenylboronic acids.

B(OH), Q 9 B(OH), Q 2
© . @Nm PACIsNiBLPhsPle (1:1) ©\)L,}‘H . dNHZ PACIy NiBry(PhaP), (1:1) dLTH
_B
NH, Base, solvent, r.t. N/B\Ph \\R NH, EtaN, r.t. 2h H R-L =
3a H 1 2 3 =
Entry  Base Solvent Time (h)  Yield (%)™ 0 o 0
1 no EtOH 12 0 @fkr;m R ©\)L¢H NH
2 NaOH EtOH 2 21 N NP R NB
3 Na,CO;  EtOH 2 10 H H \©/ H \©\
4 K,CO; EtOH 2 12 3aR=H, 90% SR =OMe 8o 3j R=Et 95% R
5 EtON EtOH 2 39 3b R = OMe, 75% DR = Mo 4% 3k R = CMeg, 95%
s oo mom 2 o Suoters TS ey
=Me, 79% =Ph, o
7 +-BuOK  EtOH 2 65 3e R = CH=CH,, 71% 3n R=F, 82%
3f R=Cl, 75% 30 R=Cl, 90%
8 DABCO EtOH 2 56 0 3p R=Br, 91%
9 Pyridine  EtOH 2 50 o ” 3 K- OOk, 5%
10 Et;N EtOH 2 90 ) ¢ 3s R=CF; 80%
- 3t R=COMe, 88%
LBy e S OO B
t N7 . ¢ 3v R=CONH,, 85:/n
13 EuN DMSO 2 21 § \©: v R = S0aMe, %
14 EtN DMF 2 30 % F 0
15 Et;N PhMe 2 58 -
16 Et;N PEG 400 2 41 i X E
17 Et;N ChCl/urea 2 10 N F N
189 EGN EtOH 1.5 87 H \Q/ sam51% F
191 Et,N EtOH 1 88 3278% F

[ Reaction conditions: phenylboronic acid (1.0 mmol), 2-
aminobenzamide (1.0 mmol), base (0.5 mmol), NiBr,
(PPh;),:PdCl, (1:1, 0.05 mmol) in solvent (2 ml) at room
temperature unless otherwise specified in the Table.

) Tsolated yields.

I The reaction was performed at 40°C.

[ The reaction was performed at 80 °C.

Generally, both electron-donating and electron-with-
drawing (ortho-, meta- and para-) substituted phenyl-
boronic acids performed well under the optimized
reaction conditions and provided the desired products
3a-3w in 70-95% yields. The vinyl group was
tolerated, 3e and 31 was obtained in 90%. The use of
(4-carbamoylphenyl)boronic acid, which has an amide
group, was not a problem to give the desired product
3v in 85% yield. Halogen-substituted phenylboronic
acids, such as 4-fluoro, 4-chloro and 4-bromo-phenyl-
boronic acids also participated in the reaction to
provide the the anticipated products 3n—3p with good
to excellent yields. No coupling product was observed
from the above reaction. The tolerance of halogen
groups in this reaction provides an opportunity for
further modifications toward the construction of struc-
tural diverse 1,3,2-benzodiazaborininones.
Furthermore, heterocyclic and fused-rings-substi-
tuted boronic acids such as thienyl-, pyridyl-,
naphthyl-, dibenzo[b,d]furan-, and 9-phenyl-9H-
carbazole-substituted boronic acids were amenable to
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[s] Reaction conditions: substituted phenylboronic acid
(1.0 mmol), 2-aminobenzamide (1.0 mmol), Et;N
(0.5 mmol), NiBr,(PPh;),:PdCl, (1:1, 0.05 mmol) in EtOH
(2 ml) at room temperature for 2 h, and the yields were given
in isolated yields.

the annulation process, giving the corresponding target
products 3ab-3af in 83-91% yield. This protocol is
also applicable to alkenylboronic acids such as (2,2-
dimethylethenyl)boronic acid, affording the desired
product 3ag in 79% yield. In addition, alkylboronic
acids such as butylboronic acid, phenethylboronic acid
were also examined, the corresponding product 3ah
and 3ai were obtained in 79% and 82% yields,
respectively.

Subsequently, the reactions of substituted anthrani-
lamide were also further evaluated under the optimized
reaction conditions. As shown in Table 5, a variety of
anthranilamide with electron-donating and electron-
withdrawing groups afford the corresponding products
3aj-3bn in high yields. Even anthranilamide substi-
tuted at the ortho position of the amino group such as
2-amino-3-methylbenzamide also underwent the con-
densation reaction, forming the respective products
3bo-3bq in moderate to high yields. However,
anthranilamides bearing a substituent at the ortho
position of the amide such as 2-amino-6-meth-
ylbenzamide and 2-amino-6-methoxybenzamide re-
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Table 4. Synthesis of 1,3,2-benzodiazaborininones from vari-
ous boronic acids.

Table 5. Synthesis of 1,3,2-benzodiazaborininones from vari-
ous anthranilamides and boronic acids.

Q o 0 )
:Ni : NH X PdCly:NiBry(PhsP), (1:1 A NH
RB(OH), + NH, PdCI,:NiBry(PhsP), (1:1) ||3 RB(OH), + RZ{:EJ\NHZ > 2(PhsP), (1:1) refl P EI;
Et;N,r.t,2h N”O R e EtN,r.t,2h N~ BR!
NH, N ” N
1 3
1 ) 3 )
o 3al R =CMes, 91%
M 3am R = Cl, 88%
o 3an R=CN, 79%
,}‘H 3a0 R= CF3 80%
\N /B\©/ NH 3ap R =COOMe, 90%
0
3ab 83"/ 3ac 84% 3ad 86% 3aj R=H, 82%

3ae 90%\a 3af 91% I
@ *“
TACGE TGS

3ag _— 3ah 79% 3ai 82%

[l Reaction conditions: boronic acid (1.0 mmol), 2-aminoben-
zamide (1.0 mmol), EtzN (0.5 mmol), NiBr,(PPh;),:PdCl,
(1:1, 0.05 mmol) in EtOH (2 ml) at room temperature for
2 h, and the yields were given in isolated yields.

acted with phenylboronic acid, did not produce the
desired products in synthetically useful yields (not
shown in the Table).

Stimulated by these results, we then extended the
scope of this reaction to a substrate containing two
boric acid groups, such as 1,4-phenylenediboronic
acid. As shown in Scheme 2, treatment of 1,4-phenyl-
enediboronic acid (1 mmol) with anthranilamide
(2 mmol) under the above optimal conditions led to
formation of the corresponding bis(1,3,2-benzodiaza-
borininones) Sa—5d in 85%-90% yields.

PACINIBry(PhaP), (1:1) NP B
EtN,r. t, 2h

L
T

5a R2 = H, 90% ‘,3’N hi
5b R2 = 4-Me, 86% HN

5¢c R2=5-Cl, 85%

5d R? = 5-OMe, 88%

Scheme 2. Synthesis of bis(1,3,2-benzodiazaborininones).
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3ak R =0Me, 83%

Cﬁ)@ﬁ

3aq 83%

I}IH
N,B Me
H
3au R=H, 81% 3aw 84%
3av R= OMe 79%

@%d

3ay 80%

3ar R=Et, 92%
H 3as R=Ph, 93%
3at R=F, 88%

0 R

3ax 84%

oo

3az R=H, 82%
3ba R= OMe 80%

Cﬁ@*

3bm 85%

3bb R = Et, 94%
3bc R =CMe;, 95%
3bd R = Ph, 94%
3be R=F, 89%
3bf R = Cl, 90%
3bg R =Br,91%
3bh R =CN, 70%
3bi R=CF; 81%

R 3bj R =COOMe, 95%

oo

3bn 83%

ST

3bo 69% 3bp 89% 3bq 91°/

3bk R = Me, 82%
3bl R = OMe, 85%

[ Reaction conditions: boronic acid (1.0 mmol), 2-aminoben-
zamide (1.0 mmol), Et;N (0.5 mmol), NiBr,(PPh;),:PdCl,
(1:1, 0.05 mmol) in EtOH (2 ml) at room temperature for
2 h, and the yields were given in isolated yields.

To showcase the practical applications of this
methodology, we carried out the model reaction on a
10 mmol scale under the corresponding optimized
reaction conditions. We were pleased that 91% yield of
the desired product 3a (2.0 g) could be obtained,
implying that this methodology is suitable for larger
scale synthesis (Scheme 3).
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10 mmol

PdC'zINIBrz(Ph:‘,P)Z “ Z1)‘ 'I]H
EtsN, EtOHr. t., 2 h N,B\
H

10 mmol 3a (2.0g, 91%)

Scheme 3. Gram-scale synthesis of 3 a.

?H

(0]
O
_B Br
N +
N \©/
3i

o

6 (82%)

PdCI,:NiBry(Ph3P), (1:1)

K;PO,, THF, 1.t 12h

Scheme 4. Late-stage functionalization.

To further demonstrate the potential utility of this
reaction, late-stage functionalization of product 3i was
examined. Treatment of 3i with (4-(tert-butyl)phenyl)
boronic acid in THF in the presence of PdCI,/NiBr,

3a PdCl,

(PPh;), and K;PO, at room temperature successfully
afforded the cross-coupling product 6 in 82% yield
(Scheme 5). The B(aam) group was completely re-
tained in this process, and it may serve as directing
group and protecting group for further C-H
functionalization.”!

On the basis of above results and previous
reports,!'” a plausible mechanism is illustrated in
Scheme 5. The initial step involves the formation of
complex A generated from PdCl,/NiBr,(PPh;), and
anthranilamide, in which Pd and Br are connected
through coordinate bonds.'"" At the same time, the
released hydrogen chloride reacts with triethylamine to
form triethylamine hydrochloride. Subsequently, the
interaction of triethylamine hydrochloride and phenyl-
boronic acid transfers H™ to -OH of phenylboronic
acid to yield a protonated boric acid (B). Finally,
protonated boric acid attacks complex A to produce
target product 3a with elimination of 2 molecules of
water and simultaneous regeneration of PdCl,/NiBr,
(PPh,),, thus completing the catalytic cycle.

Conclusion

In summary, we have disclosed a mild and efficient Ni/
Pd catalyzed chemoselective synthesis of 1,3,2-benzo-
diazaborininones from boronic acids and anthranila-
mide. This catalytic system is applicable for various

NH,

/( B §

/Br _PPhg
N’ P
H Br  'PPh, /\
Complex A cl T\
HO. _OH
+ +
HZO\B/OHz

Scheme 5. Proposed mechanism.

Adv. Synth. Catal. 2019, 361, 1-8 Wiley Online Library

These are not the final page numbers! 7

@ TEA 2

B

© 2019 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim


http://asc.wiley-vch.de

FULL PAPER

asc.wiley-vch.de

Adva
Synthesis &
Catalysis

aromatic, heteroaromatic, alkenyl- and alkylboronic
acids. This mild process has a high efficacy in large-
scale reactions. Compared to previous methods, this
protocol features wide range of substrates, largely
reduced reaction time, and high yields. Further inves-
tigations on the synthetic applications of this method-
ology are ongoing in our laboratory.

Experimental Section
General

Unless otherwise stated, all reagents were purchased from
commercial suppliers and used as received without further
purification. Melting points were determined on an X-5 digital
melting point apparatus and are not corrected. The FT-IR
spectra were recorded on a Bruker Tensor 27 Fourier transform
infrared spectroscope using a thin film supported on KBr
pellets. The '"H NMR and ">C NMR spectra were recorded on a
Bruker AV III-500 or Zhongke Niujin AS 400 spectrometer
using TMS as internal standard. The mass spectra were
performed on a 3200 Qtrap instrument with an ESI source.

General Procedure for Synthesis of
1,3,2-Benzodiazaborininones

A mixture of boronic acid (1 mmol), anthranilamide (1 mmol),
Et;N (0.5 mmol) NiBr,(PPh;), (0.05 mmol), PdCI, (0.05 mmol)
in EtOH (2 ml) was stirred at room temperature. The reaction
progress was monitored by thin-layer chromatography (TLC).
Upon completion, water (10 ml) was added and the solid
precipitate was filtered and purified by recrystallized from
ethanol/water or by column chromatography (silica gel, 5:1
petroleum ether/ethyl acetate as an eluent) to give the desired
pure products.

General Procedure for Synthesis of bis
(1,3,2-Benzodiazaborininones)

A mixture of 1,4-phenylenediboronic acid (1 mmol), anthranila-
mide (2 mmol), Et;N (1.0 mmol) NiBr,(PPh;), (0.10 mmol),
PdCl, (0.10 mmol) in EtOH (4 ml) was stirred at room temper-
ature until the reaction was completed as monitored by TLC.
Water was added and the solid precipitate was filtered and
purified by recrystallized from ethanol/water to give the pure
product 5.

2,2’-(1,4-Phenylene)bis(2,3-dihydrobenzo[d][1,3,2]diazabori-
nin-4(1H)-one) (5a): White solid; 328 mg, 90% Yield; mp:
>300°C; IR (KBr): 3404, 3304, 1652, 1619, 1539, 1487, 1365,
1271, 826, 760 cm™'; '"H NMR (DMSO-d,, 400 MHz): § 9.82
(s, 2H), 9.44 (s, 2H), 8.19 (s, 4H), 8.07 (d, /=6.8 Hz, 2H), 7.61
(t, J=7.2 Hz, 2H), 7.49 (d, J=8.0 Hz, 2H), 7.15 (t, J=7.6 Hz,
2H) ppm; "C NMR (DMSO-d;, 100 MHz): § 166.8, 145.9,
134.8, 133.9, 133.1, 128.4, 121.4, 119.3, 118.6 ppm; EI-MS:
m/z=366 M+H)".

2,2'-(1,4-Phenylene)bis(7-methyl-2,3-dihydrobenzo[d][1,3,2]
diazaborinin-4(1H)-one) (5b): Brown solid; 338 mg, 86%
Yield; mp: >300°C; IR (KBr): 3414, 3320, 1648, 1602, 1548,
1482, 1366, 1273, 870, 824, 743 cm™'; 'H NMR (DMSO-d,,

Adv. Synth. Catal. 2019, 361, 1-8 Wiley Online Library
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400 MHz): 8 9.68 (s, 2H), 9.30 (s, 2H), 8.13 (s, 4H), 7.92 (d,
J=8.0 Hz, 2H), 7.25 (s, 2H), 6.95 (d, J="7.6 Hz, 2H), 2.39 (s,
6H) ppm; “C NMR (DMSO-d,, 100 MHz): & 166.7, 145.9,
144.0, 134.8, 133.0, 128.4, 122.7, 118.5, 117.1, 21.9 ppm; EI-
MS: m/z=395 (M +H)".

2,2'-(1,4-Phenylene)bis(6-chloro-2,3-dihydrobenzo[d][1,3,2]

diazaborinin-4(1H)-one) (5c¢): White solid; 369 mg, 85%
Yield; mp: >300°C; IR (KBr): 3408, 3329, 1652, 1619, 1540,
1505, 1359, 1295, 848, 825, 717 cm™'; 'H NMR (DMSO-d,,
400 MHz): 6 9.87 (s, 2H), 9.48 (s, 2H), 8.14 (s, 4H), 7.99 (s,
2H), 7.85 (d, J=28.0 Hz, 2H), 7.48 (d, J=8.8 Hz, 2H) ppm; “*C
NMR (DMSO-d;, 100 MHz): 6 170.5, 149.5, 138.6, 137.5,
132.0, 130.0, 125.6, 125.3 ppm; EI-MS: m/z=436 (M +H) ™.

2,2’-(1,4-Phenylene)bis(6-methoxy-2,3-dihydrobenzo[d]
[1,3,2]diazaborinin-4(1H)-one) (5d): White solid; 374 mg,
88% Yield; mp: >300°C; IR (KBr): 3404, 3301, 2839, 1645,
1609, 1542, 1506, 1351, 1255, 862, 824, 753 cm™'; 'H NMR
(DMSO-d;, 400 MHz): 6 9.78 (s, 2H), 9.31 (s, 2H), 8.12 (s,
4H), 7.50 (s, 2H), 7.41 (d, J=8.8 Hz, 2H), 7.24 (d, /=8.8 Hz,
2H), 3.81 (s, 6H) ppm; *C NMR (DMSO-d;, 100 MHz): &
171.4, 158.8, 144.9, 137.7, 127.5, 124.8, 1244, 114.1,
60.6 ppm; EI-MS: m/z=427 (M +H)™.

Procedure for Synthesis of Product 6

A mixture of 2-(3-bromophenyl)-2,3-dihydrobenzo[d][1,3,2]
diazaborinin-4(1H)-one (3i, 1 mmol), (4-(tert-butyl)phenyl)bor-
onic acid (1 mmol), K;PO, (1.0mmol) NiBr,(PPh;),
(0.05 mmol), PdCl, (0.05 mmol) in THF (2 ml) was stirred at
room temperature for 12 h. The reaction was quenched with
water and extracted with ethyl acetate for three times. The
combined organic layers were dried over anhydrous MgSO,,
concentrated under reduced pressure. The residue was purified
by column chromatography on silica gel (EtOAc in petroleum
ether) to afford the pure product 6. White solid; 245 mg, 82%
Yield; mp: 282-283°C; IR (KBr): 3528, 1659, 1608, 1530,
1488, 1362, 1278, 825, 763cm™'; 'H NMR (DMSO-d,,
400 MHz): 3 9.70 (s, 1H), 9.31 (s, 1H), 8.08-8.02 (m, 3H), 7.97
(s, 1H), 7.77 (d, J=8.8 Hz, 1H), 7.59 (t, J=8.0 Hz, 1H), 7.50-
7.46 (m, 3H), 7.37 (d, J=8.0 Hz, 1H), 7.18-7.11 (m, 2H), 1.30
(s, 9H) ppm; *C NMR (DMSO-d;, 100 MHz): § 166.8, 153.6,
152.9, 146.0, 134.5, 133.7, 129.5, 128.4, 125.0, 124.6, 121.2,
119.2, 118.6, 35.0, 31.5 ppm; EI-MS: m/z=355 (M +H) ™.

Acknowledgements

We would like to thank the Science and Technology Research
Foundation of Hebei Normal University (L2018Z06) and the
National Natural Science Foundation of China (No. 21272053)
for financial support.

References

[1] a) S.J. Baker, J. W. Tomsho, S. J. Benkovic, Chem. Soc.
Rev. 2011, 40, 4279-4285; b) T. Ogiyama, M. Yamagu-
chi, N. Kurikawa, S. Honzumi, Y. Yamamoto, D.
Sugiyama, S. Inoue, Bioorg. Med. Chem. 2016, 24,
3801-3807; ¢) G.R. Mereddy, A. Chakradhar, R. M.

© 2019 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim


https://doi.org/10.1039/c0cs00131g
https://doi.org/10.1039/c0cs00131g
https://doi.org/10.1016/j.bmc.2016.06.022
https://doi.org/10.1016/j.bmc.2016.06.022
http://asc.wiley-vch.de

FULL PAPER

(2]

(3]

[4]

Adv. Synth. Catal. 2019, 361, 1-8

These are not the final page numbers! 7

asc.wiley-vch.de

Adva
Synthesis &
Catalysis

Rutkoski, S.C. Jonnalagadda, J. Organomet. Chem.
2018, 865, 12-22; d) F. Yang, M. Y. Zhu, J. Y. Zhang,
H. C. Zhou, MedChemComm 2018, 9, 201-211; e) S.
Kuwano, Y. Hosaka, T. Arai, Org. Biomol. Chem. 2019,
17, 4475-4482; f) F. K. Meng, K. P. McGrath, A.H.
Hoveyda, Nature 2014, 513, 367-374; g) C. Xu, H. M.
Li, Z. Q. Wang, W.J. Fu, Inorg. Chim. Acta 2014, 423,
11-15; h) C. Xu, H. M. Li, Z. Q. Wang, X. H. Lou, W. J.
Fu, Monatsh. Chem. 2014, 145, 767-773.

N. Yan, F. Y. Wang, J. J. Wei, J. L. Song, L. K. Yan, J. S.
Luo, Z. Y. Fang, Z.J. Wang, W. D. Zhang, G. He, Dyes
Pigm. 2019, 166, 410-415.

a) C. Xu, Z. Q. Wang, X. E. Yuan, X. Han, Z. Q. Xiao,
W.J. Fu, B. M. Ji, X. Q. Hao, M. P. Song, J. Organomet.
Chem. 2015, 777, 1-5; b) A. Sawada, T. Fujihara, Y.
Tsuji, Adv. Synth. Catal. 2018, 360, 2621-2625; c) D.
Wei, B. Carboni, J. B. Sortais, C. Darcel, Adv. Synth.
Catal. 2018, 360, 3649-3654; d) G. B. Yan, D. Y. Huang,
X. M. Wu, Adv. Synth. Catal. 2018, 360, 1040-1053;
e) Y. Han, M. Zhang, Y. Q. Zhang, Z. H. Zhang, Green
Chem. 2018, 20, 4891-4900; f) A. W. Baggett, M.
Vasiliu, B. Li, D. A. Dixon, S. Y. Liu, J. Am. Chem. Soc.
2015, 137, 5536-5541; g) H. Yoshida, Y. Murashige, I.
Osaka, Adv. Synth. Catal. 2019, 361, 2286-2290; h) L.
Xu, P. F. Li, Chem. Commun. 2015, 51, 5656-5659; 1) S.
Kamio, I. Kageyuki, I. Osaka, S. Hatano, M. Abe, H.
Yoshida, Chem. Commun. 2018, 54, 9290-9293; j) X.
Han, H. M. Li, C. Xu, Z. Q. Xiao, Z. Q. Wang, W. J. Fu,
X. Q. Hao, M. P. Song, Transition Met. Chem. 2016, 41,
403-411; k) C. Xu, Z. Q. Xiao, H. M. Li, X. Han, Z. Q.
Wang, W. J. Fu, B. M. Ji, X. Q. Hao, M. P. Song, Fur. J.
Org. Chem. 2015, 7427-7432; 1) C. Xu, H. M. Li, X. E.
Yuan, Z. Q. Xiao, Z. Q. Wang, W.J. Fu, B. M. Ji, X. Q.
Hao, M. P. Song, Org. Biomol. Chem. 2014, 12, 3114—
3122; m) C. Xu, X. Q. Hao, Z. Q. Xiao, Z. Q. Wang,
X. E. Yuan, W. J. Fu, B. M. Ji, M. P. Song, J. Org. Chem.
2013, 78, 8730-8738.

a) L. J. Xiao, L. Cheng, W. M. Feng, M. L. Li, J. H. Xie,
Q. L. Zhou, Angew. Chem. Int. Ed. 2018, 57, 461-464;
Angew. Chem. 2018, 130, 470-473; b) R. N. Dhital, H.
Sakurai, Asian J. Org. Chem. 2014, 3, 668—684; c) X. Y.
Lu, C. T. Yang, J. H. Liu, Z. Q. Zhang, X. Lu, X. Lou, B.
Xiao, Y. Fu, Chem. Commun. 2015, 51, 2388-2391;
d) C. L. Hugelshofer, V. Palani, R. Sarpong, Org. Lett.
2018, 20, 2649-2653.

a) P. G. Campbell, A.J. V. Marwitz, S.Y. Liu, Angew.
Chem. Int. Ed. 2012, 51, 6074-6092; Angew. Chem.

[6]

[7]
(8]
(9]

[10]

[11]

[12]

[13]

2012, 7124, 6178-6197; b) F. Lindl, S. Lin, I. Krumme-
nacher, C. Lenczyk, A. Stoy, M. Mueller, Z. Lin, H.
Braunschweig, Angew. Chem. Int. Ed. 2019, 58, 338-
342; ¢) A. Abengozar, P. Garcia-Garcia, D. Sucunza, A.
Perez-Redondo, J. J. Vaquero, Chem. Commun. 2018, 54,
2467-2470; d) K. Boknevitz, J.S. Italia, B. Li, A.
Chatterjee, S.Y. Liu, Chem. Sci. 2019, 10, 4994-4998;
e) P. Zhao, D. O. Nettleton, R. G. Karki, F. J. Zecri, S. Y.
Liu, ChemMedChem 2017, 12, 358-361; f) G. Belanger-
Chabot, H. Braunschweig, D.K. Roy, Eur J. Inorg.
Chem. 2017, 4353-4368; g) J. Amani, G. A. Molander,
Org. Lett. 2015, 17, 3624-3627.

a) Z. An, M. Wu, J. Kang, J. Ni, Z. Qi, B. Yuan, R. Yan,
Eur. J. Org. Chem. 2018, 4812-4817; b) G.H. M.
Davies, M. Jouffroy, F. Sherafat, B. Saeednia, C.
Howshall, G. A. Molander, J. Org. Chem. 2017, §2,
8072-8084; c) A. Abengozar, P. Garcia-Garcia, D.
Sucunza, L. M. Frutos, O. Castano, D. Sampedro, A.
Perez-Redondo, J. J. Vaquero, Org. Lett. 2017, 19, 3458—
3461; d) K. Yuan, X. Wang, S. N. Wang, Org. Lett. 2018,
20, 1617-1620.

H. Thara, M. Koyanagi, M. Suginome, Org. Lett. 2011,
13,2662-2665

S. Kamio, I. Kageyuki, I. Osaka, H. Yoshida, Chem.
Commun. 2019, 55, 2624-2627.

M. Koyanagi, N. Eichenauer, H. Thara, T. Yamamoto, M.
Suginome, Chem. Lett. 2013, 42, 541-543.

H. Yoshida, M. Kimura, H. Tanaka, Y. Murashige, I.
Kageyuki, 1. Osaka, Chem. Commun. 2019, 55, 5420-
5422.

S.S. Chissick, M. J.S. Dewar, P. M. Maitlis, J. Am.
Chem. Soc. 1961, 83, 2708-2711.

G. H. M. Davies, A. Mukhtar, B. Saeednia, F. Sherafat,
C.B. Kelly, G. A. Molander, J. Org. Chem. 2017, 82,
5380-5390.

a) M. Zhang, Y. Han, J. L. Niu, Z. H. Zhang, Adv. Synth.
Catal. 2017, 359, 3618-3625; b) M. Zhang, Q. Y. Fu, G.
Gao, H. Y. He, Y. Zhang, Y. S. Wu, Z. H. Zhang, ACS
Sustainable Chem. Eng. 2017, 5, 6175-6182.

S. Liu, W. Zu, J. Zhang, L. Xu, Org. Biomol. Chem.
2017, 15, 9288-9292.

D.R. Pye, N.P. Mankad, Chem. Sci. 2017, §, 1705—
1718.

G. Lopez, G. Garcia, C. De Haro, G. Sanchez, J. Garcia,
J. Organomet. Chem. 1986, 317, C23—-C24.

Wiley Online Library

7

© 2019 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim


https://doi.org/10.1016/j.jorganchem.2018.03.017
https://doi.org/10.1016/j.jorganchem.2018.03.017
https://doi.org/10.1039/C7MD00552K
https://doi.org/10.1039/C8OB03205J
https://doi.org/10.1039/C8OB03205J
https://doi.org/10.1038/nature13735
https://doi.org/10.1016/j.ica.2014.07.037
https://doi.org/10.1016/j.ica.2014.07.037
https://doi.org/10.1007/s00706-013-1142-0
https://doi.org/10.1016/j.dyepig.2019.03.057
https://doi.org/10.1016/j.dyepig.2019.03.057
https://doi.org/10.1016/j.jorganchem.2014.11.019
https://doi.org/10.1016/j.jorganchem.2014.11.019
https://doi.org/10.1002/adsc.201800311
https://doi.org/10.1002/adsc.201800588
https://doi.org/10.1002/adsc.201800588
https://doi.org/10.1002/adsc.201701030
https://doi.org/10.1039/C8GC02611D
https://doi.org/10.1039/C8GC02611D
https://doi.org/10.1021/jacs.5b01916
https://doi.org/10.1021/jacs.5b01916
https://doi.org/10.1002/adsc.201900342
https://doi.org/10.1039/C5CC00231A
https://doi.org/10.1039/C8CC05645E
https://doi.org/10.1007/s11243-016-0036-5
https://doi.org/10.1007/s11243-016-0036-5
https://doi.org/10.1002/ejoc.201501169
https://doi.org/10.1002/ejoc.201501169
https://doi.org/10.1039/C4OB00231H
https://doi.org/10.1039/C4OB00231H
https://doi.org/10.1021/jo401421b
https://doi.org/10.1021/jo401421b
https://doi.org/10.1002/anie.201710735
https://doi.org/10.1002/ange.201710735
https://doi.org/10.1002/ajoc.201300283
https://doi.org/10.1039/C4CC09321F
https://doi.org/10.1021/acs.orglett.8b00859
https://doi.org/10.1021/acs.orglett.8b00859
https://doi.org/10.1002/anie.201200063
https://doi.org/10.1002/anie.201200063
https://doi.org/10.1002/ange.201200063
https://doi.org/10.1002/ange.201200063
https://doi.org/10.1002/anie.201811601
https://doi.org/10.1002/anie.201811601
https://doi.org/10.1039/C8SC05167D
https://doi.org/10.1002/cmdc.201700047
https://doi.org/10.1021/acs.orglett.5b01750
https://doi.org/10.1002/ejoc.201701790
https://doi.org/10.1021/acs.joc.7b01331
https://doi.org/10.1021/acs.joc.7b01331
https://doi.org/10.1021/acs.orglett.8b00363
https://doi.org/10.1021/acs.orglett.8b00363
https://doi.org/10.1021/ol200764g
https://doi.org/10.1021/ol200764g
https://doi.org/10.1039/C8CC10252J
https://doi.org/10.1039/C8CC10252J
https://doi.org/10.1246/cl.130136
https://doi.org/10.1039/C9CC02002K
https://doi.org/10.1039/C9CC02002K
https://doi.org/10.1021/ja01473a025
https://doi.org/10.1021/ja01473a025
https://doi.org/10.1021/acs.joc.7b00747
https://doi.org/10.1021/acs.joc.7b00747
https://doi.org/10.1002/adsc.201700671
https://doi.org/10.1002/adsc.201700671
https://doi.org/10.1021/acssuschemeng.7b01102
https://doi.org/10.1021/acssuschemeng.7b01102
https://doi.org/10.1039/C7OB02491F
https://doi.org/10.1039/C7OB02491F
https://doi.org/10.1039/C6SC05556G
https://doi.org/10.1039/C6SC05556G
https://doi.org/10.1016/0022-328X(86)80529-0
http://asc.wiley-vch.de

FULL PAPER

An Efficient Ni/Pd Catalyzed Chemoselective Synthesis of 0 Q
1,3,2-Benzodiazaborininones from Boronic Acids and An- RIBOH), + g2 CﬁLNHZPdUZ:NiBQ(PhsP)z (1) o {r‘\r}m
thranilamides = Et;N, . t, 2 h A\ Bre

R'= Aryl, heteroaryl, alkenyl, alkyl 73 examples, ';0—95% yields
Adv. Synth. Catal. 2019, 361, 1-8 R?= OMe, Me, CI,

H.-J. Wang, M. Zhang, W.-J. Li, Y. Ni, J. Lin*, Z.-H. Zhang*




