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ABSTRACT: A method for ortho-C−H borylation of diphenyl-
amines using BBr3 as the boron source has been reported. The
noncatalytic adamantane-1-carbonyl directed reaction exhibited
site exclusivity and good functional group tolerance. Generally, the
borylation occurred at the more electron-rich aromatic ring and the
borylated products could be converted to various useful
intermediates. Besides, the derived arylation and removal of
auxiliary of the product could be achieved in a one-pot fashion.

As a highly important class of chemicals, diphenylamines
are frequently found among drugs, dyes, agrochemicals,

explosive stabilizers, and radical trapping antioxidants, such as
diclofenac sodium, mefenamic acid, and clausine E (Figure 1).1

Arylboronates are useful synthetic intermediates in modern
organic synthesis due to the fact that the C−B bond can be
converted into different functionalities such as C−C, C−N,
C−O, and C−X (X = halogens) bonds.2 In recent years,
tremendous progress has been made in C−H borylation
reactions, but few synthetic methods for ortho-borylation of
diphenylamines have been developed.3 Prevalent methods
mainly involved transition-metal-catalyzed Miyaura borylation
(Scheme 1Aa) and Buchwald−Hartwig amination.4 These
reactions mostly rely on metal catalysts and harsh conditions.4

In addition, the difficulty in removal of toxic trace metals in
pharmaceutical products will limit its application.5 Thus, it is
highly desirable to develop a reliable access for ortho-borylation
of diphenylamines under mild, convenient, and eco-friendly
conditions.
C−H borylation using strong Lewis acids such as BX3 (X =

F, Cl, Br) or B(C6F5)3 has attracted more attention to
synthesize organoboranes.6 In 2019, Shi,7 Ingleson8 and their
co-workers reported pivaloyl group directed ortho-borylation of
indoles and anilines by just using BBr3 (Scheme 1Ab). It
offered an outstanding strategy for generating boron species

with simple, mild, and efficient conditions. More recently,
Iashin et al.6k achieved the C−H borylation of N-heteroarenes
by BF3, and the direct intramolecular aminoboration of allenes
with BCl3 was disclosed by Yang’s group.6l The above-
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Figure 1. Bioactive molecules of diphenylamine.

Scheme 1. Borylation of Diphenylamines and Indoles
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mentioned reports all demonstrate that borylation using BX3 is
an effective measure to form C−B bonds in organic materials.
Inspired by the above achievements, we hope to develop a

new and more bioactive directing group in this simple system,
providing a general method for the preparation of diphenyl-
amine borates that could be used as viable substrates in
subsequent derivatization applications. Thus, we reported a
method for C−H borylation of diphenylamines through an
adamantane-1-carbonyl auxiliary by BBr3 (Scheme 1B). The
reaction exhibited site exclusivity and good functional group
tolerance. The obtained diphenylamine boronic esters were
shown to engage in C−X (X = C, O, Cl, Br) bond formation,
providing a reliable access to obtain diphenylamine derivatives.
Besides, we achieved the derived arylation and removal of
auxiliary of the product in a one-pot fashion.
Our initial study aimed at evaluating the different types of

acyl DGs (directing groups) for the borylation. The reaction
was carried out in the presence of substrates 1−5a (0.2 mmol)
and 1b (0.22 mL, 1.1 equiv) in dried DCM (1.5 mL) for 2 h at
room temperature under a N2 atmosphere, and then pinacol
(1.1 equiv) and Et3N (5.0 equiv) were added for 1 h (Scheme
2). To our delight, 1c and 2c were obtained in 67% and 69%

yields. However, there was no change in the 1H NMR spectra
before and after addition of BBr3 of 3a, indicating no adduct
formation, probably because of the strong electron-with-
drawing nature of the two fluorine atoms. When the aryl was
replaced with 3,5-dimethyl, the desired compound 4c was
obtained in 51% yield. In addition, the adamantane-1-carbonyl
DG delivered a better yield of the target compound 5c of 75%.
Although the isolated yields among 5c, 1c, and 2c were slightly
different, the adamantane moiety was commonly observed in
drugs and its derivates possessed multiple biological activities
such as antiviral, antidiabetic, antiparkinsonian, anticancer, and
antimycobacterial.9 Thus, adamantane-1-carbonyl was selected
as the optimal directing group for further surveys.
Having identified the optimal DG, we further evaluated the

parameters to optimize reaction conditions. The results were
summarized in Table 1. Upon increasing 1b to 2.2 equiv, the
desired product 5c was obtained in up to 80% yield (entries 1
and 2). However, further increasing 1b did not lead to a higher
yield (entry 3). In contrast to our initial solvent choice of
DCM, DCE and TCM diminished the yield (entries 4 and 5)
and ACN led to no desired compound (entry 6). Thus, entry 2
was established as the standard reaction conditions.
With the established reaction conditions, the scope of

diphenylamines was examined as shown in Scheme 3. Both
electron-rich and electron-deficient aromatics were tolerated

with this procedure, producing the target compounds in 32−
95% yield (5c−29c). In general, the diphenylamines under
optimized reaction conditions gave the corresponding products
with excellent site selectivity. All the borylations occurred at
the ortho-position of diphenylamines, and most of them were
substituted on the more electron-rich aromatic ring. It might
due to the fact that the electron-donating group increases the
electron cloud density of the aromatic ring, which was
conducive to the electrophilic reaction.10 However, the
opposite results of 13c and 20c were obtained because
methoxy was deactivating toward SEAr when it was in the meta
position. Furthermore, the coordination of BBr3 to the MeO
rings was presumably deactivating the MeO substituted
aromatic rings with excess BBr3. para-Symmetrical substrates
afforded the borylated products (6c, 7c, 9c−11c) with good
yields; especially, the yield of 7c was up to 95%. But 8c was
obtained in only 32% yield, probably because ether cleavage
was a competing reaction.11 Of note, 11c was obtained in 85%
yield with 5.0 equiv of BBr3 for 2 h while the yield was slightly
increased with 2.2 equiv of BBr3 for 12 h, suggesting the
borylation may be slow with the more deactivated system. In
addition, para-asymmetrical diphenylamines bearing Me (12c),
F (15c), Cl (16c), Br (17c), and CF3 (18c) substituents could
also be borylated with excellent yields. The structure of
product 16c was confirmed by X-ray analysis. Of note, para-
phenyl-substituted substrate 14a gave a pair of isomers (6:5) in
high yield (see the Supporting Information). Likely, meta-Cl-
and Br-substituted substrates 21a and 22a also produced
isomers with 89% (1:1) and 87% (3:4) yields (see the SI).
ortho-Me Substrate provided highest yield of the correspond-
ing product (23c), while para-Me (12c) lowest. Besides, the
yield of the ortho- and para-dimethyl borylated product (24c)
was higher than that meta- and para-dimethyl product (25c).
Interestingly, when the diphenylamine 26a bearing two methyl
groups at different aromatic rings (ortho- and para-) was
treated in the system, the borylation occurred at the aromatic
ring with para-methyl. A good yield was obtained with N-1-
naphthylaniline (27a), but the yield of 28c was decreased and
the other six membered boracycle derived isomer was not
observed, suggesting the deprotonation may be slow.12

Moreover, indan-5-yl substituted 29a gave the borylated
products in 71% yield. The 4-(phenylamino)pyridine (30a)
and N-cyclohexylaniline (31a) substrates were not suitable for

Scheme 2. Screening of Directing Groupsa,b

aReaction conditions: 1−5a (0.2 mmol), 1b (0.22 mL, 1 M in DCM),
DCM (1.5 mL), N2, 2 h; then pinacol (0.22 mmol, dissolved in 1 mL
of dry DCM), Et3N (1.0 mmol), rt, N2, 1 h. bIsolated yields.

Table 1. Optimization of the Reaction Conditionsa

Entry Mainly deviation from the “primary conditions” Yieldb

1 None 75%
2 1b (2.2 equiv) 80%
3 1b (3.3 equiv) 78%
4 DCEc instead of DCMd 73%
5 TCMe instead of DCM 72%
6 ACNf instead of DCM 0%

aReaction conditions: 5a (0.20 mmol), 1b (0.44 mL, 1 M in DCM),
DCM (1.5 mL), N2, 2 h; then pinacol (0.44 mmol, dissolved in 1 mL
of dry DCM), Et3N (1.0 mmol), rt, N2, 1 h.

bIsolated yields. cDCE =
1,2-dichloroethane. dDCM = dichloromethane. eTCM = Trichloro-
methane. fACN = acetonitrile.
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the reaction. However, the tetrahydroquinoline 32a afford the
borylated product in excellent yield.
The boryl groups could be transformed into a range of other

functional groups. To certify the utility of the current
borylation reaction, we performed the reaction on gram
scale. The borylated product 6c was provided in 82% yield.
Then we converted 6c to several useful intermediates as shown
in Scheme 4. With excess NaBO3·4H2O in THF/H2O at room
temperature, the hydroxylated product 33c was afforded in
87% yield.13 The C(sp2)−B bond of 6c was transformed into
the C−Cl bond with CuCl2 in 61% yield.14 Similarly,
bromination of 6c with CuBr2 furnished 35c in 53% yield.15

Moreover, in a one-pot fashion we realized the arylation of 6c
by Suzuki−Miyaura reaction with bromobenzene and the
removal of the directing group, which provided 36c in 67%
yield.16

To obtain mechanistic insight into the reaction, a control
experiment was performed. When 3.0 equiv of TEMPO, a

radical quencher, were added under the standard reaction
conditions, it was found that TEMPO had negligible effect on
the yield of 5c, which did not evidence a radical pathway
(Scheme 5A). Subsequently, we conducted the intra- and

intermolecular competition experiments with deuterium-
labeled diphenylamine to further investigate the mechanism.
The intramolecular competition reaction of 5a′ (D5) under the
standard conditions for 20 min gave a KIE value of 2.13 by 1H
NMR spectroscopic analysis (see the SI) (Scheme 5B). On the
other hand, the intermolecular competition reaction between

Scheme 3. Substrate Scope of Diphenylaminesa,b

aReaction conditions: 5−32a (0.20 mmol), 1b (0.44 mL, 1 M in
DCM), DCM (1.5 mL), N2, 2 h; then pinacol (0.44 mmol, dissolved
in 1 mL of dry DCM), Et3N (1.0 mmol), rt, N2, 1 h. bIsolated yields.
cUsing BBr3 (5 equiv, 1.0 mL, 1 M in DCM). dUsing BBr3 (0.44 mL,
1 M in DCM), 12 h.

Scheme 4. Gram-Scale Reaction and Synthetic Application
of Product 6c

Scheme 5. Effect of TEMPO and Intra-/Intermolecular
Deuterium Labeling Experiments
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5a (undeuterated) and 5a′′ (D10) under the standard
conditions for 10 min gave a KIE value of 2.45 (see the SI)
(Scheme 5C). These results were consistent with the
calculations by Houk on the electrophilic borylation of aniline,
indicating that C(sp2)−H bond cleavage was the rate-
determining step.7,17

Based upon the mechanistic experimental results and
relevant literature reports, a possible mechanism for this
reaction is depicted in Scheme 6.6c,i,k,l,7,8 First, complex A,

consisting of substrate and BBr3, was formed upon the addition
of BBr3. With another BBr3, the Br transferred from A to
generate a borenium cation B. Then the borenium cation
undergoes electrophilic reaction, attacking the ortho-carbon of
diphenylamine, and the deprotonation by BBr4

− formed a six-
membered cyclic C. Subsequently, intermediate D was
generated. Finally, with pinacol, the B−Br bonds and B−O
bond of the acyl cleavage event provided the desired
compound 5c.
In summary, we have developed a method for C−H

borylation of diphenylamines using BBr3 as the boron source
with an adamantane-1-carbonyl auxiliary. This method shows
good functional group tolerance, high efficiency, and site
exclusivity. In view of the widespread application of diphenyl-
amine, it may serve as a significant tool to construct
structurally diversified diphenylamine derivatives for the
screening of potential pharmaceuticals in the future.
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