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Abstract: Biaryl skeletons were directly constructed via
palladium-catalyzed ortho-arylation of N,N-dimethyl ben-
zylamine with aryl boronic acids with high efficiency and
high regioselectivity under open-flask conditions. The N,N-
dimethylaminomethyl group was first applied as a direct-
ing group in such an oxidative coupling. Various sub-
strates proved to be efficient coupling partners, furnishing
the corresponding ortho-monoarylated or -diarylated
arenes in moderate to good yields under mild conditions.

C—H bond functionalization is the most sustainable, straightfor-
ward and attractive strategy to construct C—X bonds (X=C, O,
N, B, Si, etc.) and has received significant attention in the past
several decades.™? Since biarylskeletons extensively exist in
natural products, pharmaceuticals, agrochemicals, and func-
tional materials,” transition-metal-catalyzed C—H arylation of
aromatic compounds is an indispensable and desirable mode
to construct such skeletones. In this research field, the direct-
ing strategy has been demonstrated to promote both efficien-
cy and regioselectivity™ A variety of heteroatom-containing
functional groups, such as benzamido,®'pyridyl,” anilides,”
amides,” imines,” nitriles,"” benzylamines,"” and carboxylic
acids,"? have been broadly utilized as ortho-metalation direct-
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ing groups. N,N-Dimethylaminomethyl as a directing group in
C—H activation has received increasing attention in recent
years, attributing to its easy transformation to different and
useful functional groups, such as a methyl,"® aldehyde,"* and
alkene.™ In 2002, Murai and co-workers reported for the first
time Ru’-catalyzed aromatic C—H bond silylation of benzyla-
mine, proving the possibility of using the N,N-dimethylamino-
methyl group as a directing group (Scheme 1a).l'" Later on,

N
SiEts Bpin @;Arl
@N A @JL AN
Ar
a) 2002, Murai b) 2012, Clark ¢) 2013, Zhang
v,
p
Ar i
VO Ar Ar
[eEn COOEt N
N < |
|
N\ N N Fe \\R
=4
d) 2007, Shi e) 2010, Shi f) 2012, Wu
4 N ©O N
N 41 4 A
=\ SR aldE
Fe *—
Fe Fe
e R < <
\_ 2) 2013, Wu h) 2014, Wu i) 2013, You )

Pd(OAC),, (5 mol%) ve NMez
Me NMe; BQ, (2.0 equiv)
~BOH),
R{j HOAG (0.2 mL)
- * Z DMF (1.0 mL), 80 °C, 2 h, Air
1a 2

Scheme 1. Direct ortho-functionalizations of N,N-dimethylbenzylamines
under different conditions.

Clark and co-workers reported iridium(l)-catalyzed C(sp?)—H
bond borylation (Scheme 1b)."” Different from such Ru® or Ir'
catalysis that probably occurs through C—H oxidative addition,
we reported the Pd"-catalyzed C—H bond oxidative alkenyla-
tion through electrophilic metalation (Scheme 1d)."® The key
point for this reaction to take place smoothly is to tune the
concentration of free amine by adjusting the amount of HOAc.
We also expanded this system to the carbonylation reaction in
2009 (Scheme 1e)." With this success, other oxidative cou-
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pling directed by the N,N-dimethylaminomethyl group has
been well applied such as ortho-oxidative arylation of ferro-
cenes by Wu (Scheme 1) and Zhang (Scheme 1c)®! Later
on, this chemistry was further extended to the asymmetric ver-
sion, although it only worked for ferrocene derivatives®®'
(Scheme 1g,h,). Due to the lack of studies on oxidative cou-
pling of simple N,N-dimethyl benzylamines with organometal-
lic compounds, we intended to explore such a chemistry and
herein present a Pd"-catalyzed ortho-arylation of N,N-dimethyl-
benzylamines via oxidative arylation with arylboronic acids.

Screening of reaction conditions for ortho arylation of N,N-
dimethyl-1-(o-tolyl)methanamines

In our previous work, we successfully controlled the reactivity
and binding ability of N,N-dimethylbenzylamine by tuning the
acidity of the reaction system.'®' Initially, we tested the use
of Pd(OAc),/BQ (BQ=1,4-benzoquinone) instead of PdCl,/
Cu(OAc), in DMSO/HOACc, which resulted in a small amount of
arylation product (Table 1, entry 2). Such a result encouraged

Table 1. ortho-Phenylation of 1a under different conditions.”’
PhB(OH),
Me NMe, Pd cat. (5 mol%) Me NMe,
oxidant (2 equiv.)
H HOAc, solvent, 80 °C,2h Ph

1a 3aa
Entry® Solvent Oxidant Pd cat. Yield of 3aa®
1t Toluene BQ Pd(OAc), -
2 DCE BQ Pd(OAC), 12%
3¢ C,H;OH BQ Pd(OAc), 36%
4 HOACc BQ Pd(OAC), 67%
5led DMF BQ Pd(OAC), 40%
6l DMF BQ Pd(OAC), 53%
71 DMF BQ Pd(OAc), 93% (87 %)
8 DMSO BQ Pd(OAc), 90 %
ol DMF - Pd(OAC), -
10 DMF tBuOOtBu Pd(OAc), -
n DMF Cu(OAc), Pd(OAc), 8%
120 DMF 0, Pd(OAc), <5%
13 DMF BQ - -
14 DMF BQ Pdcl, 84%
15 DMF BQ PdCl,(dppe) -
16 DMF BQ PdCl,(PPh;), 1%
170 DMF BQ Pd,(dba), 37%
[a] Table 1 conditions: [a] 1a, 0.2 mmol; PhB(OH);, 3 equiv; HOAc, 0.2 mL;
solvent, 1.0 mL. [b] GC yield with n-decane as an internal standard.
[c] 24 h. [d] without HOAc added. [e] HOAc, 1 equiv [f] isolated yield in
parentheses. [g]under N,. [h] O, balloon was used. [il 2.5 mol% of
Pd,(dba); was used.

us to further optimize this transformation. Based on the con-
ventional Suzuki-Miyaura coupling, we envisaged that polar
solvents may promote this reaction. In fact, we observed an in-
crease in the GC yield from 12% to 53 % with the replacement
of 1,2-dichloroethane (DCE) to DMF (Table 1, entries 1-6). Luck-
ily, when we reduced the reaction time to 2 h, the isolated
yield was increased to 87 % (Table 1, entry7), which may arise
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from the decomposition of the product under the reaction
conditions. Different oxidants were further explored, and
tBuO,tBu, O,, and Cu(OAc), showed reduced yields compared
with BQ (Table 1, entries 10-12). Further studies indicated that
the palladium catalyst affected the efficiency, and Pd(OAc),
was found to work best (Table 1, entries 14-17). Undoubtedly,
both catalyst and oxidant were essential for this reaction since
no desired product was obtained in the absence of either one
(Table 1, entries 9 and 13).

Evaluation of various arylboronic acids

On the basis of the optimization studies, we evaluated the
scope and generality of arylboric acid 2 by using N,N-dimethyl-
1-(o-tolyl)methanamines 1a as one partner (Scheme 2). We

Pd(OACc),, (5 mol%) Me NMe;
Me NMe; BoH), BQ (20equiv)
R (OH), HOAc (0.2 mL) .
H + Z DMF (1.0 mL), 80 °C, 2 h, Air [~
=
1a 2 3

R'=H (2a), 87% (3aa)
R'= Me (2b), 79% (3ab)
R'=Ph (2e), 86% (3ae)
R'= CF; (2h), 94% (3ah)
R'=F (2j), 88% (3aj)
R'= Cl (2k), 93% (3ak)
R'=Br (2m), 71% (3am)
R'= NO, (2n), 90% (3an)
R'= CN (2p), 86% (3ap)
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Scheme 2. ortho-Phenylation of 1a with different phenyl boronic acids.®”!

Conditions: [a] 1a, 0.2 mmol; 2, 3 equiv; [b] isolated yield.

found that this transformation had good functional group tol-
erance with regard to arylboronic acids containing a substitu-
ent at the meta-position of the phenyl ring. Fluoride, chloride,
bromide, trifluoromethyl, nitryl, cyano, methyl, or phenyl
groups were well tolerated to give good to excellent yields
ranging from 71% to 94% (2a, 2b, 2e, 2h, 2j, 2k, 2m, 2n,
2p, Scheme 2). In addition, substituents such as methyl, terti-
ary butyl, trifluoromethoxyl, chloride, ester, and vinyl at the
para-position of arylboronic acids (2¢, 2d, 2f, 2g, 2i, 21, 2q,
Scheme 2) could also be employed in this transformation to
give the corresponding products in moderate to good yields.
This reaction afforded excellent yields for electron-rich or elec-
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tron-deficient para or meta substituents under the standard
conditions. Furthermore, we explored the steric effect of this
reaction with ortho-substituted phenylboronic acid as sub-
strates. We found that the transformation was sensitive to
steric effects, for example, ortho-methyl substitution only gave
a trace of desired product (20, Scheme 2). Unfortunately, other
heteroaryl and alkyl substituents on boronic acids were inac-
tive and the starting material was recovered.

Screening of different substituted benzylamines

We next examined the reactivity of other benzylamines. As
shown in Scheme 3, various benzylamines reacted smoothly
with diarylation products 3 as the main product, if both ortho

PhB(OH),, (3.0 equiv)

H NMe; Pd(OAC), (7.5 mol%) NMe> Ph  NMe;
N BQ (3.0 equiv) N N\
R4 HOAc (0.5 mL) R= P + R= P
H DMF(2.5 mL), 80 °C, 2 h, Air Ph Ph
1 3 3
R'" NMe, 1al>4m R'=Me, 87% (3aa)
1bld- M R'= OMe, 78% (3ba)
1cldm R'= O'Pr, 79% (3ca)
Ph 1dld- M R'= O'Bu, 78% (3da)
Ph  NMe; 4fl R2= Me, 60% (3fa'), mono/di 1:5
R2 1g, R2= OMe, 73% (3ga'), mono/di 1:9
1hle. M R3=H, 80% (3ha'), mono/di 1:9
Ph
Ph  NMe; 4jif. ml R3= Me, 61% (3ia'), mono/di 1:5
1jl1, R3= OMe, 50% (3ja"), mono/di 1:3
1k R3= F, 52% (3ka'), mono/di 1:5
R® Ph 119, R®= CI, 50% (3la'), mono/di 1:6

1ml!, R®= Br, 30% (3ma'’), mono/di 1:3
1nll R3= NO,, 22% (3na’)

O
o]
Seod ®

1pl, 62% (3pa),
mono/di 6:1
Ph NMe,

Ph NMez NMe,

Ph

10™ 87% (30a")

Ph NMe,

Ph Ph

NMe,

199, 55% (3qa),
mono/di 1:3

1eld, 46% (1ea) 1rld- 1 25% (3ra)

Scheme 3. ortho-Phenylation of N,N-dimethyl benzylamines.®’ Conditions:
[a] 1, 0.5 mmol; [b] isolated yield; [c] 1a, 0.2 mmol; HOAc, 0.2 mL; DMF,

1 mL; [d] 2.0 equiv. BQ; [€] 0.5 h; [f] 4 h; [g] 5 h; [h] 19 h; [i] 21 h; [j1 22 h;
[K] 24 h; [1] 26 h; [m] 5 mol % Pd(OAc),.

positions were unoccupied. Generally, no matter of the loca-
tion of substitution, electron-rich substituents showed higher
reactivity, such as o-Me, 0-OMe, 0-iPr, 0-iBu (Scheme 3, 1a-1d,
1f-1j, 10). Arenes containing an electron-withdrawing sub-
stituent, such as NO, or F, gave much lower yields of ortho dia-
rylation product, even at a prolonged reaction time and in-
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creased temperature (Scheme 3, 1n). This electronic effect pro-
vided additional proof to support the potential electrophilic
palladation pathway for this transformation. It is worth noting
that p-F, p-Cl, and p-Br also were well tolerated to form the
corresponding ortho-diarylation products, thus providing op-
portunities for further transformations to make more complex
molecules (Scheme 3, 1k, 11, Tm). The ortho-methyl substitut-
ed benzylamine produced exclusively the monoarylation prod-
uct in a lower yield, owing to the steric effect (Scheme 3, 1r).
N,N-Dimethyl-8-phenyl-1,2,3,4-tetrahydronaphthalen-1-amine
(Scheme 3, 1e) was also obtained through such arylation in
a good yield. Furthermore, 1- or 2-substituted naphthalene
also gave mono- or biarylation products in moderate to good
yield (Scheme 3, 1p, 1q).

On the basis of the above results and previous studies, the
mechanism of the arylation reaction is proposed as shown in
Scheme 4. As we have reported previously, the proper acidic

% )/
\
NMe, 2
ArB(OH),
2a
\ /
N\ Ar
Pd
L
- Pd(ll) o 5
|
HMe2 No
Ar
é Pd(0)
3ha

L= ligand

Scheme 4. Proposed mechanism.

conditions are critical for tuning the concentration of free terti-
ary amine. Chelation-assisted ortho palladation of free tertiary
amine 2 by the Pd" cation formed the key five-membered pal-
ladacycle 5. Transmetalation with arylboronic acids and subse-
quent reductive elimination released the target molecules. The
produced Pd® was then reoxidized by BQ to Pd" and entered
another catalytic cycle.

In summary, we developed a Pd"-catalyzed directed ortho-ar-
ylation of N,N-dimethylbenzylamine derivatives via selective
aryl C—H activation to construct biaryl skeletons. These trans-
formations also offer an efficient method to construct C—C
bonds in organic synthesis under air and mild conditions. Re-
sulting from further easy transformation of the amine group,
ortho-functionalized toluene and its derivatives could be syn-
thesized from other simple transformations as reported.

Experimental Section

Physical Methods. 'H NMR (200, 300, or 400 MHz) and *C NMR
(50, 75, or 100 MHz) spectra were registered on Varian 300m spec-
trometers with CDCl; as solvent and tetramethylsilane (TMS) as an
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internal standard. Chemical shifts were reported in units (ppm) by
assigning the TMS resonance in the 'H spectrum as 0.00 ppm and
the CDCl; resonance in the *C spectrum as 77.0 ppm. All coupling
constants (J values) are reported in Hertz (Hz). Column chromatog-
raphy was performed on silica gel 200-300 mesh. IR, GC, and MS
data were obtained by the state-authorized Analytical Center at
Peking University.

N,N-Dimethylbenzylamines 1 were synthesized according to the re-
ported methods.”!

General procedure for the arylation of N,N-dimethylbenzyla-
mines with arylboronic acids.

Pd(OAc), (5.6 mg, 0.05 mmol), BQ (162.3 mg, 1.5 mmol), and aryl-
boronic acid (2.0 mmol) were added into a Schlenk tube. Then
DMF(2.5 mL), HOAc (0.5mL), and N,N-dimethylbenzylamine
1 (0.5 mmol) were added. The mixture was stirred at 80°C in an oil
bath for 2 h under air. After the reaction was finished, the mixture
was cooled, neutralized to slightly alkaline condition with a saturat-
ed Na,CO; solution (5 mL), and stirred for 10 min. Then the suspen-
sion was filtered through a Celite pad and extracted with Et,O for
three times. The combined organic layer was washed with saturat-
ed NaCl (3x30 mL) and dried over anhydrous Na,SO,The desired
products 3 were obtained in the corresponding yields after purifi-
cation by flash chromatography on silica gel (petroleum ether (PE)/
EtOAC/NEt, 10:1:0.5).

The characterization data of compounds 3 are shown in the Sup-
porting Information.
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COMMUNICATION

Me NMe;

dH +R{j

Getting the skeleton right: Biaryl skele-
tons were directly constructed via palla-
dium-catalyzed ortho-arylation of N,N-di-
methyl benzylamine with aryl boronic
acids under open-flask conditions. The
N,N-dimethylaminomethyl group was
first applied as a directing group in

B(OH), BQ, (2.0 equiv)
HOAc (0.2 mL)
DMF (1.0 mL), 80 °C, 2 h, Air

Pd(OAC),, (5 mol%)

Me NMe,

such an oxidative coupling. Various sub-
strates proved to be efficient coupling
partners, furnishing the corresponding
ortho-monoarylated or -diarylated
arenes in moderate to good yields
under mild conditions.
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