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ABSTRACT: Site-selective C−H borylation is an important strategy for
constructing molecular diversity in arenes and heteroarenes. Although
transition-metal-catalyzed borylation is well explored, developing metal-
free strategies remains scarce. Herein, we developed a straightforward
approach for BBr3-mediated selective C−H borylation of naphthamide
and phenyl acetamide derivatives under metal-free conditions. This
methodology appears to be economical and cost-effective. Successful
borylation of drug molecules such as ibuprofen and indoprofen
demonstrates the versatility and utility of this metal-free borylation. An
exclusive monoselectivity was observed without a trace of diboration.
Despite the possibility of forming a 5-membered boronated intermediate
at the ortho-position, the selectively 6-membered intermediate paved the
way for the formation of the peri-product, which was further supported
by detailed computational investigation.
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■ INTRODUCTION
Over the last few decades, there has been an upsurge in
carbon−boron bond formation among the synthetic research
community.1−9 Organo-boron reagents have become essential
components for synthesizing natural products, drug molecules,
pharmaceuticals, and advanced materials.10−13 To date, among
the different strategies applied to synthesize organo-boron
reagents, the two most common methods are (a) cross-
coupling and (b) transition metal (TM) catalyzed directed C−
B bond formation via C−H bond activation.14−18 Although
these approaches have advantages due to their high
regioselectivity, excellent yield, and functional group tolerance,
limitations including the toxicity of certain transition metals
and high cost have encouraged synthetic chemists to explore
metal-free routes.19−24 BBr3 is an effective borylating agent in
this realm as it is highly reactive, available on a multigram scale,
and cheaper than other common borylating reagents.25

Site-selective, metal-free electrophilic C−H borylation is
accomplished by coordinating a heteroatom (e.g., N, P, O, S)
with BBr3, generally forming a six-membered boronated
metallacycle.26−39 In 1993, Nicholson and coworkers reported
the first example of a carbonyl-directed electrophilic C−H
borylation reaction.40 In recent times, Shi and coworkers
reported a mild metal-free approach for the pivaloyl-directed
C−H borylation of indoles selectively at the C4 and C7
positions.41 In the same year, Ingleson and coworkers achieved
N-acyl-directed C7 borylation of indoles (Scheme 1A).42

Further, they have extended this metal-free strategy for the
ortho-borylation of N-pivaloyl- and N-benzoyl-protected ani-
lines. Shi and Houk’s groups disclosed a general protocol for
the site-selective C2-borylation of pyrroles using BBr3 as a
borylating agent.43 Recently, Chatani and coworkers explored
the pyrimidine-directed metal-free C−H borylation of 2-
pyrimidylanilines.44 Additionally, the Ji and coworkers
reported ortho-borylation of toluene and thiobenzene by
installing the pyridine and pyrazole-based directing group
(Scheme 1B).45−47 In 2022, Ingleson and coworkers extended
the protocol for the meta-borylation of phenylacetic acids using
an amino-pyridyl directing group approach; however, they
were unable to achieve the meta-selective product.48 Instead,
they observed the usual amide-directed ortho-borylation, and
the reaction’s scope remained limited.
Notably, reported metal-free borylation reactions (vide

supra) are mainly studied with electron-rich and heterocycle-
based systems. However, due to inherent electron deficiency,
aromatic electrophilic borylation of naphthamides under
metal-free conditions remains unexplored. Since phenyl-
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acetamides and naphthamides are found in many natural
products and drug molecules,49−53 we aimed to develop a
direct -ortho or -peri borylation of amides under mild and
environmentally benign conditions. Herein, we report a facile
methodology for metal-free C−H borylation of α-naphtha-
mides and phenylacetamides (Scheme 1C).

■ RESULTS

Optimization Details

To accomplish our objective of metal-free borylation of an
electron-deficient system, we began our investigation with N-
tert-butyl naphthamide 1a. Keeping in mind the coordination
ability of the electronegative oxygen atom toward a Lewis acid
and the electropositive boron atom, we chose BBr3 (1 equiv)
as our primary borylating agent. The initial trial reaction of 1a
with BBr3 in DCM solvent at room temperature did not give
the desired product. We decided to increase the amount of
BBr3 to 1.25 equiv and the reaction temperature to 60 °C to
check the formation of the desired borylated product 3a.
Interestingly, after 16 h of continuous stirring and quenching
with pinacol (3 equiv) and Et3N (6 equiv), we observed the
formation of the peri-borylated product 3a in 51% yield (Table
1, entry 2). The structure of 3a was further confirmed by
detailed 1H, 13C, and 11B NMR spectra. Despite the possibility
of forming a 5-membered boronated intermediate at the ortho-
position, the selectively 6-membered intermediate paved the
way for the formation of the peri-product, which was further
supported by detailed computational investigations (vide
inf ra). Furthermore, no improvement in the product yield
was observed upon elevating or decreasing the reaction
temperature (Table 1, entries 3−5).
Changing the solvents from DCM to other chlorinated

solvents, such as DCE, chloroform, and CCl4, decreased the
reaction yield. No desired product was obtained when other
nonpolar solvents (toluene, xylene, THF, etc.) were used
(Table 1, entries 6 and 7). Notably, the amount of solvent
played a crucial role in the reaction. When we increased the
amount of BBr3 to 1.75 equiv, 3a was formed in 92% yield
(Table 1, entry 10). A further increase in the amount of BBr3
(2.5 equiv) produced a lower yield of 3a (Table 1, entry 11).

Substrate Scope
With the final optimized conditions in hand, we expanded the
substrate scope by varying different substituents on naph-
thamide derivatives (Scheme 2). The model substrate 1a
successfully transformed into the corresponding C8-borylated
product (3a) in a 92% yield. A substituent at the C7 position
was well-tolerated despite steric crowding, giving an 82% yield
of the corresponding product 3b. Both electron-donating and
electron-withdrawing substituents are compatible with this
protocol. Different positions of bromo-substituted naphtha-
mides were successfully borylated (3c, 84%; 3d, 79%).
Moreover, N-(tert-butyl)-1-naphthamide with substituents at

Scheme 1. Previous Work: Regioselective Metal-free ortho-Borylation of (Hetero)arenes; Our Work: BBr3-Mediated Selective
peri- and ortho-Borylation of Naphthamides and Phenylacetamides, Respectively

Table 1. Optimization of the Reaction Conditions for the
Synthesis of 3aa

entry variation from the “standard conditions” yield %b

1 rt NR
2 BBr3 (1.25 equiv) 51%
3 40 °C trace
4 50 °C 23%
5 70 °C 38%
6 DCE instead of DCM 27%
7 toluene instead of DCM NR
8 DCM 1 mL (0.2 mmol) 30%
9 DCM 1.5 mL (0.2 mmol) 46%
10 none 92% (85%)c

11 BBr3 (2.5 equiv) 43%
12 instead of BBr3, other borylated sources like BF3, BCl3,

BI3
NR

aStandard reaction conditions: 1 (0.2 mmol), BBr3 (1.75 equiv), dry
DCM (1.5 mL), 60 °C, 16 h, then pinacol (3 equiv) and triethyl
amine (6 equiv), 60 °C for 1 h. bNMR yield. cIsolated yield, NR: no
reaction.
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the 4-position (−F and −Me) underwent smooth borylation,
yielding products 3e (68%) and 3f (89%), respectively.
Interestingly, introducing styrene and phenylalkyne at the C4
position of the model substrate did not hinder the protocol.
Instead of borylated products on the olefin or alkyne, we
observed only C8-borylated products (3g, 73%; 3h, 75%).
Additionally, phenyl and heterocyclic-containing arenes, such
as thiophene, are readily converted to the desired products (3i,
72%; 3j, 78%). To assess the viability of this protocol, we
introduced various functional groups (such as CF3, NO2, CN,
OTIPS, and ether) into the C4-substituted phenyl ring. These
modifications led to the formation of the corresponding C8-
borylated products: 3k (52%), 3l (55%), 3m (59%), 3n (45%),
and 3o (77%). However, in the presence of aldehyde and

boronic acid functional groups in the arene ring, our protocol
efficiently converts these to desired products 3p (81%) and 3q
(35%). Simultaneously, the aldehyde group is converted to
CHBr2 and the boronic acid group is transformed to Bpin.
Interestingly, N,N-diisopropyl-1-naphthamide is also well-
tolerated in our methodology, leading to the desired product
3r (56%). Changing the arene moiety from naphthalene to a
polycyclic arene such as pyrene-1-carboxamide was readily
converted into the corresponding product 3s in 81% yield.
This showcases, along with arenes, heteroarenes, which were
also compatible with this reaction protocol. In this protocol,
the C4-position of 3-substituted benzo-thiophene carboxamide
is borylated, resulting in a 74% yield for compound 3t. This
methodology was also applied to bridged bicyclic diol, which

Scheme 2. Substrate Scope of C8-Borylation of Naphthamides�Reaction Conditions: 1 (0.2 mmol), BBr3 (1.75 equiv), Dry
DCM (1.5 mL), 60°C, 16 h, Then Diol (3 equiv) and Triethyl Amine (6 equiv), 60°C for 1 h
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was converted to the bridged bicyclic borylating agents 3u
(70%) and 3v (79%). The aromatic 1,2-diols such as catechol,
3,5-di-tert-butylbenzene-1,2-diol, [1,1′-biphenyl]-2,2′-diol, and
(R)-BINOL were easily converted into their corresponding
borylated products 3w (88%), 3x (87%), 3y (83%), and 3z
(56%), respectively. For (R)-BINOL, the stereochemistry of
the diol coupling partner remained intact during the product
formation.
Further expanding the scope of this transformation, various

phenyl acetamide derivatives with BBr3 were explored, and the
results were summarized in Scheme 3. Phenyl acetamide
having α-Et and α, α-di-Me substitutions were compatible with
the optimized reaction conditions generating products in 57
and 91% yields, respectively. The presence of reactive alpha
hydrogens, capable of tautomerizing in the presence of BBr3,
also plays a role in reducing yields for 6a. This also signifies
that a quaternary center at the α-position is more favorable for
the reaction than a tertiary center. Also, the Thorpe−Ingold
effect of two substituents pushed the phenyl group away, which
ultimately helped in the formation of a six-membered
boronated intermediate. Substrates having a smaller ring
system (cyclobutane or cyclopentane) at the α-position were
also tolerated in this reaction protocol (6c and 6d).
Remarkably, 1,2,3,4-tetrahydronaphthalene-1-carboxamide

also reacted with BBr3 and pinacol to afford the desired
borylated product 6e in a good yield (91%). The strategy
showed good site selectivity and is even applicable to sterically
congested C−H bonds, which certainly enriches the utility of
this method. Treatment of biaryl-substrates with different alkyl
variations (Me, Et, t-Bu, isobutyl, and even cyclohexyl) at the
para-position of the phenyl rings also participated in the C−H
borylation reaction (6f−6l, 75−88%). Instead with methyl
deprotection on a para-substituted thiomethyl substrate, it
gave the desired borylated product (6m). Furthermore,
diphenyl acetic acid having disubstitutions at the phenyl ring
was also susceptible to borylation under these reaction
conditions (6n, 82%). Despite methyl substitution at the α
position of the diphenylacetamide derivatives, the substrate
gave the desired product (6o, 65%) under the specified
reaction conditions. As phenylacetic acids are commonly found
drug motifs, late-stage borylation of these molecules will be an
interesting opportunity to study their biological activities.
Selective ortho-borylation of the drug scaffolds ibuprofen (6p)
and indoprofen (6q) further demonstrates the synthetic
potential of this strategy.
To assess the practicality of this method, a gram-scale

borylation of 1f was performed under standard reaction
conditions without a notable decrease in yield (Scheme 4B).

Scheme 3. Substrate Scope of ortho-Borylation of Phenyl Acetamide Derivatives�Reaction Conditions: 4 (0.2 mmol), BBr3
(1.75 equiv), Dry DCM (1.5 mL), 60°C, 16 h, Then Pinacol (3 equiv) and Triethyl Amine (6 equiv), 60°C for 1 h
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Excess BBr3 (1.75 equiv) is required to complete the reaction,
as it acts as both the borylating agent and bromide abstractor.
The resulting C−B bonds formed in the product could then be
utilized in various downstream transformations. For example,
treating 2a with NaBO3·4H2O led to the formation of
hydroxylation product 7a.54 Moreover, the bromination and
iodination of 2a using TBAB and KI as stoichiometric reagents
provided bromo- and iodo-substituted naphthamide 7b and 7c,
respectively (Scheme 4A).55,56

The react IR spectroscopic experiment elucidated the
intermediate involved in this metal-free borylation protocol,
and the course of the reaction was observed from the
characteristic IR bands. The reaction was performed using 4-
bromo-N-(tert-butyl)-1-naphthamide (1d) and BBr3. As shown
in Scheme 4, when BBr3 was added to the solution of 1d, the
peak corresponding to 1663 cm−1 disappeared instantly, and a
new INT-1d (1605 cm−1) was formed. In the meantime, INT-
1d was consumed to form the desired dibromo product 2d
(1590 cm−1). This experiment signified that the complexation
of 1d with BBr3 was a fast step, and the process from INT-1d
to 2d is slow and considered a rate-determining step. Further,

in situ 11B NMR studies were performed, and the experiment
results were depicted in Scheme 4D.
Initially, the reaction of 4-bromo-N-(tert-butyl)-1-naphtha-

mide (1d) (1 equiv) with BBr3 (1.75 equiv) in dry DCM
without any additive for only5 min at room temperature
produced the carbonyl oxygen-coordinated BBr3 adduct. The
peak at −10.73 ppm in 11B NMR corresponds to INT-1d. At
the same time, another adducts formed INT-1d’, and peaks at
−11.23 and −24.41 ppm could be assigned to the borenium
intermediate (INT-1d’). When the reaction was carried out at
60 °C for 16 h, 11B NMR of the reaction mixture resulted in
two new peaks at 17.08 ppm, corresponding to 2d.
Computational Study

To unravel the origin of regioselectivity and gain a deeper
understanding of the mechanism, we performed density
functional theory (DFT) calculations on the model reaction
of N-tert-butyl naphthamide (1) and BBr3 (Figure 1) at the
B3LYP/def2-TZVP, SMD(CH2Cl2)// B3LYP/def2-SVP level
of theory.57−63 In the first step of the reaction, the
complexation of 1 and BBr3 occurs to form an exoergic
adduct 2 (ΔG = −8.5 kcal mol−1, relative to 1). Subsequently,

Scheme 4. (A) Synthetic Applications of Metal-free Borylation�Reaction Conditions: (i) BBr3 (1.75 equiv), DCM, 60°C, 16
h; (ii) NaBO3·4H2O (0.6 mmol), THF/H2O (4:1), rt, 6 h; (iii) Selectfluor (0.4 mmol), TBAB (2.2 equiv), CH3CN/H2O (1:1),
rt, 2 h Then CH3CN/H2O, 60°C, 12 h; (iv) Selectfluor (0.4 mmol), KI (2.2 equiv), CH3CN/H2O (1:1), rt, 2 h Then CH3CN/
H2O, 60°C, 12 h; (B) Gram Scale Synthesis�Reaction Conditions: (v) 1 (3.3 mmol), BBr3 (1.75 equiv), Dry DCM (10 mL),
60°C, 16 h, Then Diol (3 equiv) and Triethyl Amine (6 equiv), 60°C for 1 h; (C) React IR Study; and (D) 11B NMR Study

JACS Au pubs.acs.org/jacsau Article

https://doi.org/10.1021/jacsau.4c00660
JACS Au 2024, 4, 3679−3689

3683

https://pubs.acs.org/doi/10.1021/jacsau.4c00660?fig=sch4&ref=pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00660?fig=sch4&ref=pdf
pubs.acs.org/jacsau?ref=pdf
https://doi.org/10.1021/jacsau.4c00660?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


bromine transfer from intermediate 2 to another BBr3
molecule occurs via transition state TS23 with an activation
barrier of 22.9 kcal mol−1 (relative to 2) to form boronated
species 3. The next step in 3 is intramolecular electrophilic
substitution, which can proceed at the C2 and C8 positions.
Electrophilic attack at the C2 position and deprotonation by
BBr4− occurs through a concerted transition state TS34’ with
an overall activation barrier of 33.4 kcal mol−1 (relative to 2) to
produce the C2-borylated product. Similarly, the electrophilic
attack at the C8 position followed by deprotonation by BBr4−

proceeds via consecutive transition states TS34 and TS45 with
activation barriers of 19.3 and 23.6 kcal mol−1 (relative to 2),
respectively, to form the C8-borylated product.
Thus, the overall activation barrier required to generate a

C8-borylated product is 23.6 kcal mol−1 which is favorable
over the C-2 pathway by 9.8 kcal mol−1 (Figure 1). This
observation is in line with the experimental findings that C2-
borylated products are not observed. To comprehend the
origin of regioselectivity, we performed distortion/interaction
analysis (DIA) for the transition states TS34’ and TS45
(Figure 2). In DIA, we divided TS34’ and TS45 into HBr,
BBr3, and pro fragments and calculated the difference in
distortion (ΔΔEdis) and interaction (ΔΔEint) energies. The
DIA study reveals that the HBr, BBr3, and pro components in
TS34 show a higher distortion of 5.8, 3.0, and 5.7 kcal mol−1

than TS45. Thus, in TS34’, distortion energy (ΔΔEdis) is 14.5
kcal mol−1 higher than TS45, while interaction energy favors
TS34’ by 4.5 kcal mol−1. Therefore, the distortion energy in

the fragments plays a dominant role in determining the
regioselectivity of the products.
Next, we determined the mechanistic route for the

borylation reaction of phenyl-acetamide substrates. The N-
(tert-butyl)-2-methyl-2-phenylpropanamide (A) compound
was chosen as a model substrate for phenyl acetamide.
Initially, the complexation of A and BBr3 gives stable adduct B
(ΔG = −3.7 kcal mol−1, relative to A, Figure 3). In the next
step, adduct B undergoes bromine transfer to the second
molecule of BBr3 through a transition state TSBC with an
activation barrier of 23.8 kcal mol−1 (relative to 4b) to produce

Figure 1. Mechanistic pathway for the metal-free borylation of α-naphthamide. The numbers in parentheses are Gibbs free energies (in kcal
mol−1).

Figure 2. Distortion/interaction analysis for the transition states
TS34’ and TS45.
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a boronated intermediate C. Intramolecular electrophilic attack
at the C-2 position of C proceeds via TSCD requiring an
energy barrier of 6.2 kcal mol−1 (relative to C) to generate a
Wheland intermediate D. Subsequently, D furnishes product E
through transition state TSDE with an activation barrier of 6.2
kcal mol−1 (relative to D). Thus, the overall energy barrier for
the borylation reaction of A to generate product E is 24.2 kcal
mol−1 (B → →TSDE).
The substituent attached to the α-position of phenyl

acetamide substrates influences the reactivity toward the
borylation reaction. The substrates with bulkier groups at the
α-position give the desired product efficiently. To understand
the reactivity difference, we calculated different R1 and R2
substitutions of phenyl acetamide (Figure 4). In the case of L1

(R1 = CH3 and R2 = CH3), the initial complexation with BBr3
results in the intermediate B (ΔG = −3.7 kcal mol−1, relative
to A). However, with L2 (R1 = CH3 and R2 = H), the

complexation provides a surprisingly stable amide−BBr3
complex (ΔG = −10.6 kcal mol−1).
A similar stability of the amide−BBr3 complex (ΔG = −11.0

kcal mol−1) is observed with L3 (R1 = H and R2 = H). To
determine the energetics of the reaction, we computed the
overall activation barrier by determining transition states
TSBC and TSDE with different R1 and R2 substituents. In the
case of L1, the overall energy barrier for the reaction is 24.2
kcal mol−1. However, with L2 and L3, despite having similar
energetics for the transition states, the overall energy barrier
reaches 30.5 and 33.2 kcal mol−1, respectively. Thus, it can be
inferred that the relative stability of amide−BBr3 is the
determining factor for reaction energetics as amide−BBr3 is a
turnover-determining intermediate.
To comprehend the difference in the relative stability of the

amide−BBr3 complex in all three cases, we performed DIA in
which intermediate B is divided into amide and BBr3
fragments. In this analysis, we computed the distortion and

Figure 3. Mechanistic pathway for the metal-free borylation of phenyl acetamide. The numbers in parentheses are Gibbs free energies (in kcal
mol−1) relative to those of A.

Figure 4. Reaction energetics of the borylation reaction of phenyl acetamide with different substituents at the α-position.
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interaction energy occurring during the interaction of amide
and BBr3. On moving from L1 to L3, the BBr3 fragment shows
distortion energy of 33.5 kcal mol−1 in L1, 30.7 kcal mol−1 in
L2, and 29.6 kcal mol−1 in L3. The two methyl groups at the α-
position show steric repulsion with the bromine atoms of BBr3,
resulting in large distortion energy in L1 as compared to L2 and
L3. The interaction energies between the amide and BBr3
fragments in L1, L2, and L3 are −56.0, − 59.4, and −58.9 kcal
mol−1, respectively (Figure 5). Thus, in the case of L1, the

more distortion and less interaction energies provide the
amide−BBr3 complex stability to only −22.5 kcal mol−1 (ΔE,
relative to amide). However, in L2 and L3, the complex is more
stabilized with relative electronic energies of −28.7 and −29.3
kcal mol−1, respectively. So, it can be inferred that bulky groups
hinder the formation of a stable amide−BBr3 complex, and
thus, the overall reaction energy barrier remains affordable
under the present reaction conditions.
In order to understand the effect of substitution at the

nitrogen of the amide, we replaced the tBu (L4) group with Me
(L5), and H (L6) groups. The relative stability of the amide−
BBr3 complex in L4, L5, and L6 is −3.7, − 6.0, and −10.1 kcal
mol−1, respectively (Figure 6). The overall energy barrier is
24.2 kcal mol−1 for L4, 28.6 kcal mol−1 for L5, and 35.4 kcal
mol−1 for L6. It is evident that a bulkier substituent like tBu
does not provide stability to the amide−BBr3 complex;
however, in the case of Me and H, the complex is more
stabilized which results in a higher overall energy barrier for
the reaction.
To understand the difference in relative stability of the

amide−BBr3 complex, we performed DIA in which inter-
mediate B is divided into amide and BBr3 fragments. The
relative electronic energies of B (relative to the respective
amide) in L4, L5, and L6 are −22.5, − 24.8, and −28.3 kcal
mol−1, respectively (Figure 7). In the case of L5 and L6, the

total distortion energy for the complexation of BBr3 with amide
is almost the same (29.9 and 29.5 kcal mol−1), whereas in L4, it
is 33.5 kcal mol−1. Moreover, the interaction energies between
the amide and BBr3 fragments in L4, L5, and L6 are −56.0, −
54.6, and −57.8 kcal mol−1, respectively. Hence, in L4, higher
distortion and lesser interaction energies compared to those in
L5 and L6 destabilize intermediate B and consequently
decrease the overall activation barrier for the reaction. In L5
and L6, lesser distortion and similar interaction energies in
comparison with L4 stabilize intermediate B and in return, the
overall activation barrier increases to 28.6 kcal mol−1 (in L5)
and 35.4 kcal mol−1 (in L6).
In brief, the computational investigation of the borylation of

α-naphthamides offers fruitful insights into selectivity for the
C8 position over the C2 position. Shi and coworkers in their
DFT calculation demonstrated that the C−H borylation of
indoles selectively forms the C7 product over the C2
product.41 The authors further depicted that the regioselectiv-
ity of the reaction might be due to the larger distortion energy
suffered by the transition state leading to the C2 product. In
2021, Shi and coworkers showcased the mechanistic routes of
the C−H borylation of pyrroles for the selective formation of
the C2 product over the C5 product.43 In this present work, we
utilized DIA to comprehend the regioselectivity and revealed
that distortion energy in the fragments plays a dominant role in
determining the selectivity to the C8 product over the C2
product. Chatani and coworkers performed the computation
over metal-free ortho C−H borylation of benzaldehyde
derivatives.32 The authors revealed that the bulkier substituents
attached to the imine substrate favor efficient formation of the
product. Similarly, in the present work, the computations
unveil that the overall activation barrier is affordable if the
bulkier substituents at the nitrogen and the α-position of
phenyl acetamide are present.

Figure 5. Distortion/interaction analysis for the intermediates A and
B produced in borylation of phenyl acetamide with different R1 and
R2 substituents at the α-position.

Figure 6. Reaction energetics of borylation of phenyl acetamide with different substituents at the nitrogen of amide.

Figure 7. Distortion/interaction analysis for the reaction between
phenyl acetamide and BBr3 to form B with different substitutions at
amine.
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■ CONCLUSIONS
In summary, we developed a method for metal-free C−H
borylation of α-naphthamides and phenylacetic acid drugs. The
proposed strategy showcased good functional group tolerance
and high efficiency. Borylated compounds were produced
under mild, convenient, and economical conditions with
excellent yields and site exclusivity. Computational analysis
reveals that the borylation of α-naphthamide and phenyl
acetamide proceeds with an overall activation barrier of 23.6
and 24.2 kcal mol−1, respectively. The distortion/interaction
analysis further revealed that the bulky substituents at the α-
position and N-position of phenyl acetamide lower the overall
activation barrier and thus favor the formation of the product
under the present reaction conditions.

■ EXPERIMENTAL SECTION

General Procedure of Metal-Free Borylation of
α-Naphthamides and Phenylacetic Acid Drug
An oven-dried screw cap reaction tube was charged with a magnetic
stir bar and amide (0.2 mmol); then 1.2 mL of dry DCM was added.
After adding DCM, BBr3 (1.75 equiv) was added to the reaction tube.
Then, the reaction mixture was stirred vigorously in a preheated oil
bath at 60 °C. The reaction was carried out for 16 h, and after that,
pinacol (3 equiv) and triethyl amine (6 equiv) were added to the
same reaction pot. Again, the reaction mixture was heated in the same
preheated oil bath for 1 h. Then, the reaction mixture was diluted with
DCM, and the solvent was evaporated; the desired borylated product
was isolated by column chromatography using silica gel (100−200
mesh size).
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