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ABSTRACT: We present a highly selective protocol for the ortho Selective ortho

benzylation of N-aryl amides. This method offers mild conditions, benzylation

H R
N R N
excellent site specificity, and scalability, enabling the synthesis of ‘: \g @ \g/ @ =

diarylmethane amides and dibenzoazepines. The protocol allows

for one-pot diagonal dibenzylation of dianilides, creating valuable f Dibenzoazepine
precursors for pharmaceutically active compounds and addressing Important structural O a core structure in
limitations in current direct C—H activation methodologies. motif medicinal chemistry

B INTRODUCTION are scarce; therefore, the direct insertion of the benzyl group
into an anilide is desirable, as this approach can lead to a
diverse pool of substrates as both coupling partners can be
varied. For instance, Bower and co-workers have shown that N-
phenyl acetamides can undergoes an Ir-catalyzed hydro-
arylation with styrenes (Figure 1B).° Despite these advances,
a direct C—H activation strategy for the synthesis of
diarylmethane amides from anilides remains elusive (Figure
1C). Given the lack of direct C—H benzylation methodologies
for anilides, it becomes relevant to examine existing C—H
activation strategies for benzylation using various directing
groups.” While C—H activation approaches have provided
valuable tools for C—H benzylation, the methods reported so
far heavily rely on the use of bidentate directing groups,”"™)
NH, .O Q which, although they improve selectivity, introduce additional
|:> m b e Ve synthetic steps for the introduction and removal of the
directing group. Furthermore, the necessity for sensitive

benzylating reagents’*™®) in many of these reactions limits

Diarylmethane amides and amines, particularly functionalized
ones, represent a crucial structural motif serving as key
components in therapeutic agents and bioactive molecules to
play essential roles in organic synthesis.' For instance, the
diarylmethane amine component is found in various
pharmaceutically active dibenzoazepine derivatives, such as
tilozepine,” perlapine,” and HX640" (Figure 1A). Tradition-
ally, the synthesis of diarylmethane amides has been achieved
by coupling benzylanilines with acyl chlorides under basic
conditions.” However, commercially available benzylanilines

A. Rep i lecules featuring diary Me Me

N

Diarylmethane amine Tilozepine Perlapine HOL  pixeao functional group tolerance and substrate scope. Additionally,
(antipsychotics) (antihistamine) (RXR agonist) 7a—c

these methods often rectlulre expensive catalysts,”*” ) and harsh

b Ty L G TS Oy -Me reaction conditions,””" further complicating the synthetic

@[HTMe P gglii':’t‘f’gg’_)%;—égfgf'z(j_x:”’)* O NH process and llml?lng practical apPhcatlons.

Lo > Thus, developing a more efficient strategy to address these
limitations would represent a significant advancement in the

C. This work Os_R synthesis of structurally diverse diarylmethane amides.

Recently, boron tribromide (BBr;) has been effectively

H
N\n/R BBr3 ‘: \r [Pd] Ar'CH,-Br NH
HO T — employed in metal-free strategies for the ortho-selective

. . . i Tac 89 .
incorporation of boron into anilides.”” In our previous

R=Bu, Ar, D:bromoboracycle A

No direct method

Received: November 7, 2024 organc
Figure 1. A) The diarylmethane amine component is a common Revised:  November 29, 2024
structural feature in various pharmaceutically active dibenzoazepine Accepted: December 13, 2024
derivatives. B) Direct method for ortho-hydroarylation of acetanilides. Published: December 17, 2024
C) This work: Site selective boron directed ortho benzylation of N-
aryl amides.
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research, we demonstrated the selective formation and diverse
reactivity of dibromoboracycles.'” Notably, we established that
these boracgfcles can be utilized in Csp®>—Csp® cross-coupling
reactions.'”" Building on this foundation and considering the
limited precedent in the literature for direct benzylation of
anilides, we hypothesized that the dibromoboracycle could
serve as a starting point to facilitate Csp’—Csp® coupling with
benzyl bromides (Figure 1C) enabling the synthesis of
synthetically valuable diarylmethane amides that were
previously inaccessible through traditional methods.

Results and Discussion

Preliminary studies involved exposing the dibromoboracycle
derived from pivalamide la and benzyl bromide to Suzuki-
Miyaura cross-coupling conditions. At 70 °C in 1.5 mL of
alkaline methanol, the benzylation product 3a was obtained in
49% yield, along with a side product 4a in 17% yield (entry 1,
Table 1). This indicated competing reactivity between

Table 1. Reaction Optimization”
‘Bu

H
1
" 1) BBr3 (1.2 equiv.), N‘n’B” )OL O
N\n, CHyCly, 22°C, 2 h 0 BN H
- + H f
@[H 0 2) BnBr, Pd(OAG),, Base, N\n/B”
MeOH:Water, 70°C, 5 h O (o}
1a H 8 3a 4a
u
step i) \lr step i) ;'
g

B \Br
2a
Entry  Catalyst (mol %) Solvent Yield” (3a)  Yield” (4a)

1 Pd(OAc), (5)  MeOH 49% 17%
2 Pd(0Ac), (5) MeOH:Water 89% 2%
3 Pd(OAc), (5) MeOH:Water 91% trace

Pd(OAc), (3) MeOH:Water 84% trace
5¢ Pd(OAc), (5) MeOH:Water 88% trace
67 Pd(OAc), (5) MeOH:Water 0% 0%
7 --- MeOH:Water 0% 0%
8/ Pd(OAc), (5) MeOH:Water 80% 14%
98/ Pd(OAc), (5) MeOH:Water 0% trace

“Reaction conditions: Step (i) 1a (0.15 mmol), BBr; (0.18 mmol), in
0.5 mL anhydrous CH,Cl, at 22 °C, 2 h; Step (ii) benzyl bromide
(0.225 mmol), potassium carbonate (K,CO;, 0.45 mmol), Pd(OAc),
(5 mol %), in 0.8 mL MeOH and 0.8 mL Water 70 °C for S h.
bBenzyl bromide (0.18 mmol). “MeOH:Water (2:1 ratio). “Without
base. “Benzyl chloride instead of Benzyl bromide. Step (ii) time 16 h.
€Benzyl alcohol instead of Benzyl bromide. "Isolated yields.

C(sp*)—C(sp*) and homo coupled C(sp*)—C(sp*) bond
formation. Additionally, we observed a cross reactivity between
methanol and benzyl bromide, further decreasing the efficiency
of the transformation. However, the addition of water
significantly improved the reaction outcome, yielding the
desired product in excellent 89% vyield with only 2% of 4a
forming (entry 2, Table 1). Increasing the loading of benzyl
bromide to 1.5 equiv eliminated the formation of 4a, resulting
in an improved yield of product 3a (91%, entry 3, Table 1).
However, when 3 mol % of catalyst was used, the yield
decreased, although the 3a remained in trace amounts (entry 4
vs 3, Table 1). In the absence of both the catalyst and the base,
the reaction failed to provide 3a highlighting their crucial roles
in the process (entries 6—7, Table 1). Benzyl chloride and
benzyl alcohol were also evaluated as alternative benzylation
reagents. Benzyl chloride proved effective, yielding the desired
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product in 80% along with the homocoupled byproduct 4a
(entry 8, Table 1). The increased formation of 4a is likely due
to the slower reaction rate of benzyl chloride compared to
benzyl bromide, which allowed for greater homocoupling. In
contrast, benzyl alcohol was completely ineffective under the
reaction conditions, failing to produce the desired product
(entry 9, Table 1).

Having optimized the conditions for the ortho-benzylation of
anilides, the scope of the reaction was evaluated using a diverse
set of substrates (Scheme 1). Initially, a series of pivalamides

Scheme 1. Reaction Scope”

H H
1) BBr3(1.2 equiv.), CH,Cl, 22°Cor40°C,2-16 h N
Napg ) BBry(1.2 equiv.), CH,Clp, > Nepg
H 2) Benzylbromide (1.5 equiv.), Pd(OAc); (5 mol %), B
K,COj3 (3 equiv.), MeOH:H,0 (1:1), 70 °C, 5 h n
1a-1q 3a-3q
(0.15 mmol) 17 substrates
H H H O H
/@EN\H,'BLJ Br\CEN\n;Bu Ph\@N\Ir'Bu ‘EN\H)BU
R Bno Bno Bno Bno
R=H, 3a91% 3f71% 39 66%° 3j77%
R=tBu, 3b 64%
R=F, 3¢ 88%
R=Cl, 3d 76%

Me Fon H H
CEN\H,'Bu @EN\H;Bu 'Bu\n,N:©\ /@EN\H;BLJ
Bn0 BnO an O Bno

3h 69% 3i 59%

H H P
X LYy ™ X
BnO BnO Bnc>

3190%

R=Br, 3e 55%
3k 80%

pr
N X
@[ (¢}

Bn

3m 94% 3q 86%

F
H

CLy :
BnO

3n81%

3p 84%

CF,
H

CLy :
BnO

30 68%

“Step 2 at 70 °C for 16 h "The N-aryl pivalamide component: (1a—
1k) step 1 at 22 °C, 2 h; N-phenyl benzanilides: (11-1q) step 1 at 40
°C for 16 h.

(1a—1k) were tested, revealing excellent tolerance for various
functional groups. Both electron-donating (1b) and electron-
withdrawing substituents (1c—1e) at the para position were
well-tolerated, yielding the desired benzylation products in
moderate to excellent yields (55—88%, Scheme 1). Sub-
stituents at the meta and ortho positions also afforded products
in moderate to good yields (1f—1i, 59—71%). Notably,
substrates with bromo substituents (le and 1f), which are
typically reactive under palladium-catalyzed conditions, were
well-tolerated, yielding the desired products in 55% and 71%,
respectively. Extended aromatic compound 1j also provides the
desired product 3j in 77% yield. Next, double benzylation was
also achieved on substrate 1k, yielding the product 3k in 80%
yield.

Next, we investigated benzanilides to explore site-selective
benzylation on the aniline portion of the ring (11—1q, Scheme
1). Various substituents on the phenyl ring, including methyl
(1m), fluoro (1n), and trifluoromethyl groups (10), were well
accommodated under the optimized conditions, resulting in
the desired benzylated products (31—30) with yields ranging
from 68% to 94%. Additionally, heterocyclic anilides (1p—1q)
demonstrated good reactivity, yielding the targeted benzylation
products in 84% and 86%, respectively.

After successfully installing benzyl groups on various
anilides, we next investigated the scope of benzylation with
N-phenylpivalamide (1a). Substrates bearing methoxy, halo-

https://doi.org/10.1021/acs.orglett.4c04196
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gen, and trifluoromethoxy (—OCF;) substituents on the benzyl
ring were well-tolerated under similar conditions, yielding the
desired products in 74—87% yield (4a-4d, Scheme 2).

'Bu

Scheme 2. Reaction Scope: The Benzyl Component
N
CLY
o

R 'Bu
cLY 2

1a 4a-4n

(0.15 mmol) 14 substrates
H o, H H H H

N\n,Bu N\n,’Bu N\n,'Bu N\n,’Bu N\n,’Bu
CLr oLr oY Uy
.. O g O Qg
F Br OCF; CF;

4c 74%

4a 83% 4d 87% 4e 74%
R s N s N s
u u u
CLr LY oY
o o o
l Me l Me Bu l ‘Bu

1) BBr3(1.2 equiv.), CH,Clp, 22°C, 2 h

2) ArCH,Br (1.5 equiv.), Pd(OAc); (5 mol %),
KoCO; (3 equiv.), MeOH:H,0 (1:1), 70 °C, 5 h

4b 81%

N ‘Bu H ‘Bu
LY .Y

a

CN NO,

SO,Me
4f 89% 49 87% 4h 89% 4i 70% 4j 88%
H J{ H J H J{ H 1
N\n,Bu N\n,Bu N\n,Bu N\n,Bu
O o] o] O o)
MeO I OMe I I
Ph N
\
N=S
4k 90% (1mmol, 88%) 4191% 4m 77% 4n 76%

Furthermore, substrates with electron-withdrawing groups at
the para position, such as trifluoromethyl (—CF;), cyano
(—CN), nitro (—NO,), and methylsulfonyl (—SO,Me), also
provided the desired benzylated products in good to excellent
yields (74—89%, 4e—4h, Scheme 2). This demonstrates the
broad applicability of the benzylation protocol, showing
excellent functional group compatibility and high efficiency
across a range of electron-donating and electron-withdrawing
substituents. Next, disubstituted and extended aromatic
substrates also yielded the desired products in excellent yields
(70-91%, 4i—4m). A scale-up reaction performed on a 1
mmol scale for the synthesis of product 4k demonstrated
excellent vyield, highlighting the robustness and practical
applicability of our method. Notably, the use of benzyl
bromide bearing a heterocyclic thiadiazole resulted in a 76%
yield (4n), demonstrating the robustness of the reaction
conditions without significantly impacting the overall effi-
ciency.

We were also interested in exploring whether it was possible
to perform a one-pot dibenzylation on substrates, such as
phenylenediamides, to introduce dibenzyl moieties in a
diagonal orientation. As it turns out, the reaction is both
general and completely selective, transforming dianilides 5 and
6 in combination with various benzyl bromides into the
corresponding dibenzylated compounds (entries 7—12,
Scheme 3). For instance, disubstituted benzyl bromides
bearing tert-butyl and methoxy groups were well tolerated by
the reaction providing compounds 8 and 9 in 56% and 73%
yield, respectively with complete selectivity for the diagonal
dibenzylated product (Scheme 3). Similarly, a naphthalene-
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Scheme 3. Diagonal Diarylation of Dianilides (5 and 6)

NHPiv NHPiv
0 Step i) BBr; (3 equiv.), CHCly, 60°C, 65h O ° O
Step ii) ArCH,Br (3 equiv.), Pd(OAc);, (5 mol%),
NHPiv  K2COj3 (6 equiv.), MeOH:Water (0.088 M), 70 °C, 6-8 h NHPiv
5-6 7412
NHPiv R NHPiv NHPiv
Q0 A 0T oo
Z Y
R R/ R
NHPiv NHPiv R NHPiv
7,61% 8,R="'Bu, 56% 10, R=H, 61%

11, R=3,5-DiMe, 73%

9, R= OMe, 73% i
e 1% 12, R= 35-DiOMe, 84%

derived dianilide 6 also underwent a smooth transformation,
providing diagonal dibenzylation products in good to excellent
yields (10—12, 61—84%). Diagonal dibenzylated compounds
can potentially be used in synthesis of diagonal azepines.
The synthetic value of this protocol was further demon-
strated by a range of transformations of compound 31 including
the synthesis of core structures found in biologically active
compounds (Scheme 4). For example, amide 3l can be

Scheme 4. Postfunctionalization and Applications”

r©
9

31 (0.1 mmol
Crystal structure (16) 17, 0%
- Dibenzoazepine
KOH (20 equiv.), PPA (6 equiv.) ®) selective Derivative
EtOH, 100°C, 18 h POCl (6 equiv.), oy Cyelization
120°C, 3h Y y( )
oo
X &

13, quant. 14, 98% 15, 80% 16, 76%

2-Benzylaniline Dibenzoazepine Stepwise Phenylphenanthridine

Sp2-Sp? then Sp2-Sp2

“Condition (a): Refer to SI Section 3. Condition (b): PPA (10
equiv), POCl; (10 equiv), 120 °C, 3.5 h.

converted to the corresponding 2-benzylaniline (13) in
quantitative yield under basic conditions (Scheme 4).
Furthermore, the benzyl group can undergo an acid-catalyzed
intramolecular cyclization, leading to the pharmaceutically
active dibenzoazepine (14) in 98% yield. Additionally, we
synthesized difunctional benzanilide (15) in 80% yield under
similar conditions using sequential Csp*—~Csp® and Csp>*—Csp*
cross-coupling of a dibromoboracycle. Compound 15 is of
particular interest, as it can be directly utilized to access
selective phenanthridine derivatives. Notably, under acidic
conditions, we exclusively observed the formation of a
phenanthridine derivative (16) rather than the dibenzoazepine
derivative (17).

Based on our previous report on Csp*—Csp® coupling,md we
propose a similar mechanism. It begins with the carbonyl-
directed borylation of 1a, leading to the formation of the
dibromo boracycle (2a). Subsequent base-promoted ligand
exchange on boron under basic conditions is followed by
coupling with benzyl bromide, which proceeds through a

https://doi.org/10.1021/acs.orglett.4c04196
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Suzuki-Miyaura coupling (SMC)—type mechanism'" to form
the desired product 3a.

In conclusion, our research has successfully introduced a first
highly efficient and versatile protocol for the ortho benzylation
of N-aryl amides through the formation of a dibromo
boracycle. Our methodology demonstrates excellent tolerance
for various functional groups and allows for the construction of
complex molecular architectures, including pharmaceutically
relevant dibenzoazepines. The one-pot diagonal dibenzylation
strategy further enhances the synthetic utility of our protocol,
offering new avenues for the synthesis of valuable organic
compounds. This work contributes to the advancement of
Csp”>—Csp* coupling reactions and provides a practical solution
for the synthesis of substituted 2-benzyl anilines and
dibenzoazepines.
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