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ABSTRACT: A novel protocol for palladium-catalyzed arylation of the C(sp*)—H bond directed by a N,N-dimethylaminomethyl
group in the presence of AgOAc and Cu(OAc),-H,0 is described. Various aryl iodides proved to be efficient coupling partners,
furnishing the corresponding ortho monoarylated or diarylated arenes in moderate to good yields. Cu(OAc),-H,0 is found to be
the important additive to improve the yields in this transformation.

B INTRODUCTION transformations in organic synthesis. Herein, we report the
palladium-catalyzed ortho-arylation of arenes directed by the
N,N-dimethylaminomethyl group. It is important to note that
Cu(OAc),-H,0 is a crucial additive to improve the efficiency of
this transformation.

Biaryls are important scaffolds in natural products, pharmaceut-
icals, agrochemicals, and functional materials.! Consequently,
development of an efficient method for making biaryl motifs
has been an important topic in chemical synthesis. Recently,
transition-metal-catalyzed direct arylation of the aryl C(sp*)—H
bond has emerged as an extensive research area because such B RESULTS AND DISCUSSION

reactions alleviate the need for the prefunctionalization In the preliminary investigation, we examined the reaction of
(halogenation and/or metalation) of the aromatic substrates.” N,N-dimethylbenzylamine 1a with iodobenzene 2a in the
In particular, chelation-assisted C—H arylation has become a presence of Pd(OAc), (10 mol %), AgOAc (2 equiv), and
powerful method for effective and regioselective construction HOACc (15 equiv) at 95 °C (Table 1, entry 1). To our delight,
of biaryls.®> A variety of functional groups, including anilides,* diarylation product 3aa was obtained in 41% yield. Other

amides,” imines,® pyridyl,” 2-pyridylsulfinyl,® nitriles,” benzyl- palladium(II) catalysts such as PdCl, and Pd(PPh;),Cl, were
amines,'® thioethers,'" and carboxylic acids'> have been found to be inferior for this transformation (Table 1, entries 2
successfully used as directing groups in C—H arylation of arenes. and 3). Use of Pd(PPh,), led to an improved yield (Table 1,

N,N-Dimethylaminomethyl group is well-known as a useful entry 4). In accordance with previous experience from our
directing group to perform the ortho-metalation by transition own study'? as well as studies from other groups,”>**'*? the
metal complexes to form metallocycles and further construct additives always significantly facilitate palladium-catalyzed C—H
C—C bonds in a stoichiometric manner."” Recently, N,N- activation. At first we employed the copper salts as additives in
dimethylaminomethyl as a directing group in catalytic C—H this system. It was found that the introduction of 10 mol %
bond functionalization has received increasing attention. In a Cu(OAc),-H,0 under otherwise identical conditions improved
pioneering study, Murai and co-workers reported that N,N- the yield to 54% (Table 1, entry 5). An increase in the amount

dimethylaminomethyl could be used successfully as the directing of Cu(OAc),"H,0 to 20 mol % afforded 59% yield (Table 1,
group for Ru(0)-catalyzed ortho-silylation via C(sp®)—H entry 6). A further increase in the amount of Cu(OAc), H,0 to
activation."* N,N-Dimethylaminomethyl group-directed ortho- 50 mol % delivered 70% yield (Table 1, entry 7), and N,N-
olefination'® and carbonylation'® via palladium catalysis have dimethylbenzylamine was completely consumed. However, the
been developed by Shi and co-workers. This protocol was also yield of desired product dropped when more than 50 mol %
applied to build ferrocene-functionalized naphthalenes via of Cu(OAc),"H,0 was added (Table 1, entry 8). CuCO;-Cu-
Pd-catalyzed direct dehydrogenative annulations of ferrocene (OH),, CuO, and Cu(OTf), were also tested in this reaction
and internal alkynes.'” Very recently, Clark discovered N,N-
dimethylaminomethyl-directed C—H borylation reactions Received: January 28, 2013
using iridium catalyst."® Arylation is one of the most important Published: March 19, 2013
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Table 1. Optimization of the Reaction Conditions of
Diarylation”

Ph
©/\NMe2 Phi 10 mo.l% P.d CCNM%
2.0 equiv oxidant
additive Ph
1a 2a 3aa
entry catalyst Ag salt additive (mol %) yield (%)
1 Pd(OAc), AgOAc - 41
2 pdcl, AgOAc - 35
3 Pd(PPh,),Cl,  AgOAc - 33
4 Pd(PPh,), AgOAc - 52
5 Pd(PPh,), AgOAc Cu(0OAc),-H,0 (10) 54
6 Pd(PPh,), AgOAc Cu(0Ac),-H,0 (20) 59
7 Pd(PPh,), AgOAc Cu(0Ac),-H,0 (50) 70
8 Pd(PPh,), AgOAc Cu(OAc),'H,0 (100) 45
9 Pd(PPh,), AgOAc CuCO,;-Cu(OH), (50) 51
10  Pd(PPh,), AgOAc CuO (50) 57
11 Pd(PPh,), AgOAc Cu(OTY), (50) 56
12 Pd(PPh,), AgOAc FeCl, (50) 0
13 Pd(PPh,), AgOAc BQ (50) trace
14 Pd(PPh;), AgTFA Cu(OAc),-H,0 (50) 62
15 Pd(PPh,), Ag,CO;  Cu(OAc),'H,0 (50) 37
16 Pd(PPh,), Ag,0 Cu(0Ac),-H,0 (50) 23
17 - AgOAc Cu(OAc),-H,0 (50) NR
18 Pd(PPhy), - Cu(OAc), H,0 (50) NR
19  Pd(OAc), AgOAc Cu(0Ac),-H,0 (50) 56
20 PdCl, AgOAc Cu(OAc),-H,0 (50) 24
21 Pd(PPh;),Cl,  AgOAc Cu(OAc),-H,0 (50) s1
22 Pd(PPhy), AgOAc Cu(OAc),"H,0 (50) 23"
23 Pd(PPh;), AgOAc Cu(0Ac),-H,0 (50) 39¢
24 DPd(PPh,), AgOAc  Cu(OAc),-H,0 (50) 19¢
25 Pd(PPh;), AgOAc Cu(OAc),"H,0 (50) 20°
26  Pd(PPh;), AgOAc Cu(OAc),"H,0 (50) 26"
27 Pd(PPh,), AgOAc Cu(OAc),-H,0 (50) trace®
28 Pd(PPh,), AgOAc  Cu(OAc),H,0 (50) 65"

“Unless otherwise mentioned, all the reactions were carried out using
la (67 mg, 0.5 mmol), 2a (1.02 g, S mmol), Ag salt (1 mmol), Pd
catalyst (0.05 mmol), AcOH (7.5 mmol), TFEtOH (1.5 mL), rt to
95 °C, 60 h under air. “tert-Amyl alcohol was used as solvent in place
of TFEtOH. “Using methanol as solvent. dUsing ethanol as solvent.
“Using DMF as solvent. sting DMA as solvent. ¥Using DMSO as
solvent. "Under nitrogen.

system. All of them could promote the reaction but failed to
give a yield better than that for Cu(OAc),-H,O (Table 1, entries
9—11). FeCl; and p-benzoquinone (BQ) were inactive additives
and hampered the reaction completely (Table 1, entries 12, 13).

The efficiency of other silver salts was also examined. AgTFA,
Ag,CO;, and Ag,0 were less effective, providing 3aa in 62%,
37%, and 23% yields, respectively (Table 1, entries 14—16). It is
important to note that Pd(PPh;), and AgOAc are essential for
this arylation reaction; no desired product could be obtained in
the absence of Pd(PPh;), or AgOAc (Table 1, entries 17 and 18).
Other palladium catalysts such as Pd(OAc),, PdCl,, and
Pd(PPh,),Cl, were found less effective for the reaction, and
lower yields were obtained (Table 1, entries 19—21). In addition,
the amount of aryl iodide was examined, and we found 10 equiv
of aryl iodide was required to obtain a successful yield.
The influence of the reaction solvent was also investigated.
tert-Amyl alcohol, methanol, ethanol, DMF, DMA, and DMSO
were ineffective for the reaction (Table 1, entries 22—27).
Trifluoroethanol (TFEtOH) proved to be the most suitable
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solvent for the reaction. The reaction delivered the diarylated
products in 65% yield under N, atmosphere (Table 1, entry 28).
Finally, the optimal reaction conditions were obtained:
Pd(PPh;), (10 mol %), AgOAc (2.0 equiv), Cu(OAc), H,0
(0.5 equiv), and HOAc (15 equiv) under air in TFEtOH
(1.5 mL) at 95 °C for 60 h.

On the basis of the optimization studies, we evaluated the
scope and generality of this transformation using N,N-
dimethylbenzylamine la and a variety of aryl iodides 2. The
results are shown in Table 2. Various aryl iodides were suitable
substrates to give the desired diarylation products in moderate to
good yields. Many useful functional groups, including methyl
(Table 2 entry 2), methoxy (Table 2, entry 3), trifluoromethyl
(Table 2, entry 4), fluoride (Table 2, entry S), chloride (Table 2,
entry 6), bromide (Table 2, entry 7), ester (Table 2, entry 8), and
ketone (Table 2, entry 9), were compatible with this diarylation
transformation. It appears that aryl iodides bearing an electron-
donating substituent show efficiency higher than those with an
electron-withdrawing group. For example, 1-iodo-4-methylbenzene
and 1-iodo-4-methoxybenzene underwent smooth diarylation to
give products 3ab and 3ac in 73% and 72% yields, respectively
(Table 2, entries 2 and 3). The presence of strong electron-
withdrawing groups such as CF;, Cl, Br, F, ester, and acetyl
groups in the aromatic ring of aryl iodides led to slightly lower
yield (Table 2, entries 4—9). The steric hindrance of aryl
iodides affected the diarylation reaction. Aryl iodides with a meta
substituent generally afforded lower yields (Table 2, entries 10
and 12). The ortho-substituted aryl iodide, such as 2-methyl
iodobenzene 2k, was inactive, and attempted arylation resulted in
the recovery of the unreacted starting material (Table 2, entry 11).
Unfortunately, other aryl halides such as aryl chloride, aryl
bromide, and heteroaryl halide were inactive under the standard
reaction conditions.

We next examined the reactivity of other benzylamines. As
shown in Table 3, the reaction of iodobenzene 2a with various
substituted benzylamines 1 furnished the diarylation products 3
in moderate to good yields. The electron-rich substituents were
helpful for this ortho-diarylation due to the enhancement of
electron density of phenyl rings. Arenes containing an electron-
withdrawing substituent gave yields of arylation lower than
those with electron-rich group, which was consistent with the
electrophilic palladation mechanism hypothesis. For example,
methyl- and methoxy-substituted arenes gave the corresponding
diarylation products in 55% and 45% yields, respectively
(Table 3, entries 1 and 2). A strong electron-withdrawing
trifluoromethyl substituent significantly decreased the yield to
17% (Table 3, entry 6). 4-Fluorobenzylamine gave the desired
products in 31% (Table 3, entry 3). Notably, bromide and
chloride were tolerated in this transformation, which provided
sites for further elaboration of the products (Table 3, entries 4
and $).

The meta-substituted arenes underwent exclusive monoar-
ylation at the less hindered ortho position of the dimethylami-
nomethyl groups owing to the steric effect. We explored the
reaction conditions of monoarylation between N,N-dimethyl-3-
methylbenzylamine 1h with iodobenzene (Table 4, entry 1).
It was found that the monoarylation reaction could proceed
successfully in the presence of S mol % Pd(PPh,),, 1.5 equiv of
AgOAc, 0.5 equiv of Cu(OAc),-H,0, and 15 equiv of HOAc in
TFEtOH at 95 °C. Similar to diarylation transformation,
electron-rich aryl iodides such as CH; and OCHj in the aromatic
ring gave good yields (Table 4, entries 1—3). Aryl jodides with

electron-withdrawing groups such as CF;, F, Cl, Br, and ester
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Table 2. Diarylation of N,N-Dimethylbenzylamine with Aryl Iodides”

10 mol% Pd(PPh3), Ar
2.0 equiv AgOAC
NMe2 + Arl .q g NM e,
0.5 equiv Cu(OAc),* H,0
HOAc, TFEtOH, 95 °C, 60 h Ar
1a 2 3
entry substrate 2 product yields (%) entry substrate 2 product yields (%)

Br

I NMe
B © G G .
» T e
Br
2a 3aa
2g B

Me r
3ag
O COOEt

NMe; 73

|
O 8 /©/ NMe, 61
2b Me EtOOC O
3ab
2h

OMe COOEt
3ah
O COCH;
. O
3 /©/ O NMe, 72
I
C T OO
2¢ OMe H,COC
3ac X O
CF3 2i COCHj3
3ai
O HsC
| O
IS S A & G-I |
Fec O 0 ©/ O NMe; 37
2d F
2
F 1 CH,
3aj
I ‘ H
| CHs Chy
5 NMe; 55 | NMe;
11 0
F ®
2e F H3C O
2k 3
3ae 3ak
cl
MeOOC
‘ I
| 12 54
Vet ve TR O
cl O COOMe O
2f Cl 21
3af COOMe
3al

“Reaction conditions: N,N-dimethylbenzylamine 1a (67 mg, 0.5 mmol), aryl iodide 2 (S mmol), Pd(PPh;), (57 mg, 0.05 mmol), AgOAc (166 mg,
1.0 mmol), Cu(OAc),-H,0 (50 mg, 0.25 mmol), HOAc (450 mg, 7.5 mmol), and TFEtOH (1.5 mL), at 95 °C for 60 h under air.
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Table 3. Diarylation of Differently Substituted Benzylamines
with Iodobenzene”

10 mol% Pd(PPhs), Ph
NMe; . phi 2.0 e.quw AgOAc NMe,
0.5 equiv Cu(OAc),* H,O
R HOAc, TFEtOH, 95°C, 60 h R Ph
1 2a 3
entry substrate 1 product yields (%)
NMe, e
‘ d (] e ”
HsC
1b
3ba
NMe, O
2 O NMez 45
H3CO MeO
1c
3ca
NMe, O
F F
1d
3da
NMe,
NM
4 O o2 34
Cl
Cl
le 3ea
NMez
NMe
5 O 2 35
Br
Br
1f 3fa
NMe,
NM
6 O ©2 17
F3C
FsC
Ig 3ga

“Reaction conditions: N,N-dimethylbenzylamine 1 (0.5 mmol),
iodobenzene 2a (1.02 g, S mmol), Pd(PPh;), (57 mg, 0.05 mmol),
AgOAc (166 mg, 1.0 mmol), Cu(OAc),-H,0 (50 mg, 0.25 mmol),
HOACc (450 mg, 7.5 mmol), and TFEtOH (1.5 mL), at 95 °C for 60 h
under air.

group showed less reactivity (Table 4, entries 4—8). Meta-
substituted aryl iodides gave a slightly lower yield (Table 4,
entry 9) presumably due to steric hindrance. Benzylamines
bearing electron-withdrawing substituents gave lower yields
compared to their electron-rich analogues (Table 4, entry 10).
The introduction of substituents on the ortho-position of
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benzylamine 1j had a strong steric effect on the reactions, offering
the desired product with obviously lower yield compared with its
meta-substituted counterpart 1h (Table 4, entries 11 and 1).
When N,N-dimethyl-2-naphthalenemethylamine 1k was em-
ployed, the reaction with iodobenzene 2a proceeded in a
regioselective manner to give monoarylated product 3ka in 61%
yield (Table 4, entry 12).

The N,N-dimethylaminomethyl group could be readily
converted into a methyl group by catalytic hydrogenation
using Pd/C as a catalyst (Scheme 1).">'¢ The corresponding
derivative of toluene 4aa was obtained in 73% yield, which is not
easily prepared through the traditional Friedel—Crafts method.

Next, we investigate the roles of Ag and Cu salts in this new
arylation reaction. Silver salts may serve as the oxidant for Pd(0)
to Pd(II), the abstraction reagent for halide, or both.*' To further
elucidate this, the reaction residue was subjected to XRD
analysis. It revealed that no Ag(0) was observed, and Agl was the
only species detected in the residue. The palladacycle §"** could
undergo ortho-arylation to form the desired product 3aa in 83%
yield without AgOAc (eq 4). The above results indicated that
silver salt may act as a halide scavenger to remove iodide which
could promote the formation of the palladacycle in this reaction.*¢
To investigate the role of Cu salt during this transformation,
we tested the reaction in the absence or presence of Cu salt and
acetic acid (egs 1 and 2, Scheme 2). Only less than 10% yield of
diarylated product was obtained in the absence of HOAc and
Cu(OAc),-H,0 (eq 1). The reaction carried out with 0.5 equiv of
Cu(OAc),H,O in the absence of HOAc afforded diarylated
product in 43% yield (eq 2), which is an approximate yield
compared with Table 1 entry 4 (with HOAc, no Cu(OAc),-H,0).
Furthermore, the reaction of palladacycle § with aryl iodide could
give the desired product 3aa in 41% yield and less than 10% yield
of 3aa was obtained without HOAc and Cu(OAc), (eqs 3 and $).
From these results, it seems that both Cu(OAc),-H,0 and HOAc
can promote the arylation reaction. Moreover, the combination of
Cu(OAc),-H,0 with HOACc is the most efficient system for this
reaction. Whereas the role of Cu salt in this transformation is not
entirely clear, it likely acts as a Lewis acid which may serve to
liberate the Pd(II) from the palladacycle complex.

B CONCLUSION

In summary, we have developed an efficient protocol for
arylation of arenes via the N,N-dimethylaminomethyl chelation-
assisted C—H bond activation by the palladium catalysis. This
method allows the ortho-arylation with an aryl iodide coupling
partner in the presence of silver acetate and Cu(OAc),-H,O.
The addition of Cu(OAc),"H,0 was found to be important to
the efficiency of this transformation. Further studies to expand
the scope of this transformation are currently in progress.

B EXPERIMENTAL SECTION

General. N,N-Dimethylbenzylamines 1b—k were prepared accord-
ing to the literature.">'® The other materials and solvents were
purchased from common commercial sources and used without
additional purification. NMR spectra were recorded for '"H NMR at
400 or 500 MHz and '*C NMR at 100 or 125 MHz using TMS as
internal standard. The following abbreviations were used to describe
peak patterns where appropriate: singlet (s), doublet (d), triplet (t),
multiplet (m), broad resonances (br). Mass spectroscopy data of the
products were collected on an HRMS-EI instrument. Infrared spectra
were recorded on a FTIR spectrometer. Powder X-ray diffraction
(XRD) patterns were recorded on a Rigaku diffractometer using Cu Kal
radiation (0.1540 nm), operated at 40 kV and 40 mA.
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Table 4. Monoarylation of N,N-Dimethylbenzylamines®

R, ? ?0'%-':(1\('3523)4 NMe,
.0 equiv C
| N NMey , quiv Ag VA
_— 0.5 equiv Cu(OAc),* H,0 ¢ Ar
HOAc, TFEtOH, 95°C,60h  R™=
1 2 3
entry substrate 1 substrate 2 product yields (%) entry substrate 1 substrate 2 product yields (%)
NM
ez H,C NMe; HeC NMe,
1 : ]| l 66 | O
CHj; 7 1h Br /©/ O Br 56
1h 2a 3ha 2 3hg
H;C
s O NMe, @/' H.C O NMe,
|
J@/ O 8 1h Et0OC O 50
2 th HsC CHy 67 2h COOEt
2b 3hb 3hh
Hs;C
HaC O NMe, | O NMe,
|
9 1h O 59
3 1h Meo/©/ O oMe 65 ©/
CH3 CHj;
2c 3he
2j 3hj
H3C
| ® O NMe, NMe, F NV
/@/ O 10 d 2a O 22
4 1h 52
F3C CF3 S O
2d 3hd
1i 3ia
HsC O NMe,

1h 57

Q

1h 58

2

Cl

2f 3hf

31

61

3ka

“Reaction conditions: N,N-dimethylbenzylamine 1 (0.5 mmol), aryl iodide 2 (S mmol), Pd(PPh;), (57 mg, 0.025 mmol), AgOAc (124.5 mg,
0.75 mmol), Cu(OAc),-H,0 (50 mg, 0.25 mmol), HOAc (450 mg, 7.5 mmol), and TFEtOH (1.5 mL), at 95 °C for 60 h under air.

Scheme 1. Transformation of Tertiary Amine to
Functionalized Toluene

Ph Ph

10 mol% Pd/C Me
©\/\NMe [ :I
H, (1 atm), MeOH
Ph 80°C, 24 h Ph
3aa 73% 4aa

General Procedure for Preparation of Functionalized N,N-
Dimethylbenzylamines (1b—k)."*"® To a solution of Et;N (4.2 mL,
30 mmol) in absolute EtOH (23 mL) was added dimethylamine hydro-
chloride (2.48 g, 30 mmol), and then Ti(i-PrO), (9.0 mL, 30 mmol) and
the corresponding aldehyde (15 mmol) were added. After the mixture
was stirred at 25 °C for 12 h, NaBH, (0.86 g, 22.5 mmol) was added and
the resulting mixture was further stirred for 12 h at 25 °C. The reaction
was quenched by pouring the mixture into 30 mL of water, the white
suspension was filtered through a Celite pad, and the resulting inorganic
solid was washed with CH,Cl, (100 mL). The filtrate was extracted with
CH,Cl, (3 X 50 mL), and the organic layer was washed with saturated
NaCl. The organic phase was combined, dried over Na,SO,, and then
evaporated. The residue was purified by flash column chromatography
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with ethyl acetate (EA) and petroleum ether (Pet) as eluent to afford the
corresponding products.

Characterization Data of the N,N-Dimethylbenzylamines.
N,N,4-Trimethylbenzylamine’'® (1b): light yellow oil (1.3 g, 65%
yield); "H NMR (400 MHz, CDCl,, TMS) 6 2.24 (s, 6H), 2.35 (s, 3H),
3.39 (s,2H),7.14 (d,2H, ] = 7.6 Hz), 7.20 (d, 2H, J = 7.6 Hz); *C NMR
(100 MHz, CDCl,, TMS) & 21.1, 45.3, 64.1, 128.9, 129.1, 135.7, 136.6.

4-Methoxy-N,N-dimethylbenzylamine’>'® (1c): light yellow oil
(1.0 g, 45% yield); "H NMR (400 MHz, CDCl;, TMS) § 2.22 (s, 6H),
3.36 (s, 2H), 3.80 (s, 3H), 6.86 (d, 2H, J = 8.4 Hz), 7.22 (d, 2H, ] =
8.4 Hz); 3*C NMR (100 MHz, CDCl;, TMS) 6 45.2, 55.2, 63.7, 113.6,
130.3, 130.8, 158.7.

4-Fluoro-N,N-dimethylbenzylamine’'® (1d): light yellow oil (1.4 g,
61% yield); '"H NMR (400 MHz, CDCl;, TMS) § 2.23 (s, 6H), 3.38
(s,2H), 6.98—7.02 (m, 2H), 7.25—7.28 (m, 2H); *C NMR (100 MHz,
CDCl;, TMS) § 45.2, 63.5, 114.9—115.1, 130.6 (d, J = 8.3 Hz), 134.5,
162.0 (d, J = 243.6 Hz).

4-Chloro-N,N-dimethylbenzylamine (Te): light yellow oil
(1.6 g 64% yield); '"H NMR (400 MHz, CDCl;, TMS) § 223
(s, 6H), 3.39 (s, 2H), 7.26—7.27 (m, 4H); *C NMR (100 MHz, CDCL,,
TMS) & 45.3, 63.6, 128.4, 130.4, 132.8, 137.3.

15,16
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Scheme 2. Control Experiment for Investigating the Role of Cu(OAc),"H,0

| 10mol% Pd(PPhy), £h
NMe, ©/ 2.0 equiv AgOAC dNMeg (Equation 1)
TFEtOH Ph
95°C, 60 h

no Cu(OAc),- H,0 and no HOAc

10 mol% Pd(PPhs),
2.0 equiv AgOAC

<10% yield

TFEtOH
95°C, 60 h

@\ANM% (Equation 2)

0.5 equiv Cu(OAc),- H,0 and no HOAc

43% yield
,L/ Ph
Pd Phl
Y NMe, (Equation 3)
2 TFEtOH, 95 °C
Ph
60 h
<10% yield
-
Pd C Phl
NMe,  (Equation 4)
TFEtOH, 95 °C
60 h
5 15 equiv HOAc 83% yleld
-
Nde/Cl Phl
3 NMe, (Equation 5)
2 TFEtOH, 95 °C
60 h
0.5 equiv Cu(OAc),- H,0O 41% yleld

4-Bromo-N,N-dimethylbenzylamine® (1f): light yellow oil (2.1 g,
65% yield); '"H NMR (400 MHz, CDCl;, TMS) § 2.21 (s, 6H), 3.35
(s, 2H), 7.17 (d, 2H, J = 8.4 Hz), 7.42 (d, 2H, J = 7.6 Hz); *C NMR
(100 MHz, CDCl;, TMS) & 45.3, 63.6, 120.9, 130.8, 131.3, 137.9.

4~(Trifluoromethyl)-N,N-dimethylbenzylamine’’® (1g): light yel-
low oil (1.8 g, 58% yield); "H NMR (400 MHz, CDCl,, TMS) & 2.24
(s,6H),3.46 (s,2H),7.42 (d,2H, ] = 8.0 Hz), 7.57 (d, 2H, ] = 8.4 Hz); *C
NMR (100 MHz, CDCls, TMS) § 454, 63.8, 125.2, 129.2, 132.7, 143.2.

N,N,3-Trimethylbenzylamine’>'® (1h): red oil (1.3 g, 58% yield);
'"H NMR (400 MHz, CDCl,, TMS) § 2.25 (s, 6H), 2.35 (s, 3H), 3.39
(s,2H), 7.07—7.10 (m, 2H), 7.14 (s, 2H), 7.19—7.23 (m, 1 H); 3*C NMR
(100 MHz, CDCl,, TMS) & 21.4, 45.4, 64.4, 1262, 127.8, 128.1, 129.8,
137.9, 138.7.

3-Fluoro-N,N-dimethylbenzylamine'® (1i): light yellow oil (1.4 g,
61% yield); '"H NMR (400 MHz, CDCl;, TMS) § 2.23 (s, 6H), 3.40
(s, 2H), 6.91—6.96 (m, 1H), 7.02—7.08 (m, 2H), 7.24—7.28 (m, 1H);
13C NMR (100 MHz, CDCl,, TMS) & 45.4, 63.8 (d, ] = 1.7 Hz), 114.0
(d, J = 20.8 Hz), 115.8 (d, ] = 21.8 Hz), 124.5 (d, ] = 2.9 Hz), 129.6
(d, J = 8.1 Hz), 141.54, 163.0 (d, ] = 256.2 Hz).

N,N,2-Trimethylbenzylamine''® (1j): light yellow oil (1.2 g, 54%
yield); 'H NMR (400 MHz, CDCl;, TMS) 6 2.26 (s, 6H), 2.39 (s, 3H),
3.39 (s, 2H), 7.18 (m, 3H), 7.26—7.28 (m, 1H); *C NMR (100 MHz,
CDCl,;, TMS) 6 19.2, 45.6, 62.0, 125.6, 127.1, 129.9, 130.3, 137.0, 137.3.

N,N-Dimethyl-2-naphthalenemethylamine™’® (1k): light yellow
oil (1.2 g, 43% yield); "H NMR (400 MHz, CDCl,, TMS) § 2.31 (s,
6H), 3.60 (s,2H), 7.47—7.51 (m, 3H), 7.75 (s, 1H), 7.82—7.84 (m, 3H);
3C NMR (100 MHz, CDCl,, TMS) & 45.4, 64.5, 125.7, 126.0, 127.4,
127.7, 127.7, 127.8, 128.0, 132.8, 133.4, 136.1.

General Procedure for the Diarylation Reaction of N,N-
Dimethylbenzylamines (3aa—al and 3ba—ga). A flask with a
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magnetic stir bar was charged with N,N-dimethylbenzylamine (0.5 mmol),
aryl iodide (S mmol), Pd(PPh;), (57 mg, 0.0S mmol), AgOAc (166 mg,
1.0 mmol), Cu(OAc),"H,0 (50 mg, 0.25 mmol), HOAc (450 mg,
7.5 mmol), and TFEtOH (1.5 mL). The mixture was stirred for 30 min
at room temperature and then heated at 95 °C in an oil bath for 60 h
under air. After the reaction was finished, the mixture was cooled,
neutralized to slightly alkaline with a saturated Na,CO; solution (S mL),
and stirred for 30 min. Then the suspension was filtered through a Celite
pad and extracted with EtOAc two times. The combined organic layer
was washed with saturated NaCl (3 X 30 mL) and dried over anhydrous
Na,SO,. The desired products 3 were obtained in the corresponding
yields after purification by flash chromatography on silica gel using PE
and EtOAc as eluent.

Characterization Data of the Products. 2,6-Diphenyl-N,N-
dimethylbenzylamine (3aa): light yellow oil (101 mg, 70% yield);
'"H NMR (400 Hz, CDCl;, TMS) § 1.74 (s, 6H), 3.56 (s, 2H), 7.25
(d,2H, ] = 6.4 Hz), 7.33—7.36 (m, 3H), 7.38—7.44 (m, 8H); *C NMR
(100 Hz, CDCly, TMS) 5 44.4, 56.0, 126.5, 127.6, 129.5, 129.8, 142.4,
144.2; IR v 2937, 2854, 2763, 1494, 1457, 1020, 914, 850, 802, 758, 701
cm™'; HRMS (EI) calced for C,H, N (M*) 287.1674, found 287.1672.

2,6-Bis(4-methylphenyl)-N,N-dimethylbenzylamine (3ab): light
yellow solid (115 mg, 73% yield); mp (°C): 110—111 (uncorrected);
'"H NMR (400 Hz, CDCl;, TMS) § 1.77 (s, 6H), 2.42 (s, 6H), 2.37
(s, 2H), 7.21=7.24 (m, 6H), 7.31—7.34 (m, 5H); *C NMR (100 Hz,
CDCl,, TMS) 5 21.1,44.6, 56.1, 126.4, 128.2, 129.4, 129.7, 134.1, 136.0,
139.6, 144.1; IR v 2921, 2851, 2771, 1512, 1456, 1368, 1018, 847,
814, 747 cm™'; HRMS (EI) caled for C,3H,sN (M) 315.1987, found
315.198S.

2,6-Bis(4-methoxyphenyl)-N,N-dimethylbenzylamine (3ac): light
yellow solid (125 mg, 72% yield); mp (°C): 89—90 (uncorrected);
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'"H NMR (400 Hz, CDCl;, TMS) 6 1.80 (s, 6H), 3.38 (s, 2H), 3.88
(s, 6H), 6.97 (d, 4H, ] = 8.8 Hz), 7.24 (d, 2H, ] = 7.6 Hz), 7.36—7.32
(m, 1H), 7.39 (d, 4H, ] = 8.4 Hz); '3C NMR (100 Hz, CDCl;, TMS):
5 44.6, 552, 56.1, 126.5, 129.5, 130.9, 134.4, 134.9, 143.8, 158.3; IR v
2936, 2836, 2761, 1609, 1511, 1457, 1288, 1242, 1177, 1023, 835, 813,
745 cm™'; HRMS (EI) caled for Cp3H,sNO, (M*) 347.1885, found
347.1888.

2,6-Bis(4-(trifluoromethyl)phenyl)-N,N-dimethylbenzylamine
(3ad): light yellow solid (125 mg, 72% yield); mp (°C): 63—64
(uncorrected); "H NMR (400 MHz, CDCl,, TMS) 6 1.71 (s, 6H), 3.25
(s,2H),7.24 (d,2H,] = 8.8 Hz), 7.38 (t, 1H, ] = 8.0 Hz), 7.52 (d, 4H, ] =
8.4 Hz),7.66 (d, 4H, ] = 8.0 Hz); *C NMR (125 MHz, CDCl,, TMS) §
140.1,139.0, 136.7,130.0 (q, J = 32.0 Hz), 129.7, 128.0, 125.7 (d, ] = 3.9
Hz), 125.5 (q, J = 270.6 Hz), 122.6, 121.0, 120.5, 110.0, 103.0, 31.5;
IR v 2946, 1616, 1463, 1403, 1322, 1160, 1109, 1065, 1017, 848, 800,
748 cm™; HRMS (EI) caled for C,H gFN (M*) 423.1423, found
423.1424.

2,6-Bis(4-fluorophenyl)-N,N-dimethylbenzylamine (3ae): light yel-
low solid (89 mg, 72% vyield); mp (°C): 134—13S (uncorrected);
'"H NMR (400 MHz, CDCl,, TMS) 6 1.74 (s, 6H), 3.26 (s, 2H), 7.06—
7.10 (m, 4H), 7.21 (d, 2H, J = 7.2 Hz), 7.31-7.33 (m, 1H), 7.36—7.39
(m, 4H); *C NMR (100 MHz, CDCl,, TMS) 6 44.5, 56.2, 114.4 (d, ] =
21.8 Hz), 126.5,129.6, 131.2 (d, ] = 7.9 Hz), 134.4, 138.1, 143.2, 161.9
(d,J=270.9 Hz); IR v 2981, 2853, 2774, 1601, 1506, 1454, 1218, 1157,
1044, 835, 805, 750 cm™'; HRMS (EI) caled for C,H,;,F,N (M*)
323.1486, found 323.1478.

2,6-Bis(4-chlorophenyl)-N,N-dimethylbenzylamine (3af): light yel-
low solid (87 mg, 49% yield); mp (°C): 139—140 (uncorrected); 'H
NMR (400 MHz, CDCl; TMS) & 1.75 (s, 6H), 3.26 (s, 2H), 7.20
(d, 2H, J = 7.2 Hz), 7.35—7.36 (m, 9H); *C NMR (100 MHz, CDCl,,
TMS) 6 44.4, 56.2,126.7,127.7,129.6, 131.0, 132.6, 134.3, 140.6, 143.0;
IR v 2924, 2850, 2778, 1490, 1453, 1088, 1016, 821, 797, 751 cm™;
HRMS (EI) caled for C,H;,CLN (M) 355.0895, found 355.0900.

2,6-Bis(4-bromophenyl)-N,N-dimethylbenzylamine (3ag): light
yellow solid (95 mg, 43% yield); mp (°C): 123—124 (uncorrected);
'"H NMR (500 MHz, CDCl,;, TMS) § 1.77 (s, 6H), 3.28 (s, 2H), 7.22
(d,2H,]=7.5Hz),7.30 (d,4H, ] = 8.5Hz), 7.35 (, 1H, ] = 7.5 Hz), 7.54
(d, 4H, J = 8.0 Hz); '*C NMR (125 MHz, CDCl;, TMS) § 44.7, 6.5,
56.1, 121.2, 127.0, 129.9, 131.0, 131.7, 134.4, 141.5, 143.3; IR v 2930,
2820, 2775, 1487, 1453, 1388, 1361, 1069, 1041, 1013, 816, 796, 749,
721 cm™; HRMS (EI) calcd for C, H;oBr,N (M*) 442.9884, found
442.9880.

Diethyl 2'-((dimethylamino)methyl)-[1,1':3',1"-terphenyl]-4,4" -
dicarboxylate (3ah): light yellow solid (131 mg, 61% yield); mp
(°C): 120—121 (uncorrected); '"H NMR (400 MHz, CDCl;, TMS) §
1.42 (t, 6H, J = 7.2 Hz), 1.69 (s, 6H), 3.29 (s, 2H), 4.40 (m, 4H), 7.24
(d,2H,]=8.0Hz) 7.38 (t, 1H, J = 8.0 Hz), 7.48 (d, 4H, ] = 8.4 Hz) 8.08
(d, 4H, J = 8.4 Hz); > C NMR (100 MHz, CDCl;, TMS) § 14.3, 44.3,
562, 60.9, 126.9, 128.8, 128.9, 129.6, 143.3, 146.9, 166.5; IR v 2974,
2823, 1709, 1607, 1267, 1177, 1099, 1021, 863, 770, 710 cm™'; HRMS
(EI) caled for Cp,H,oNO, (M*) 431.2097, found 431.2099.

2,6-Bis(4-acetylphenyl)-N,N-dimethylbenzylamine (3ai): light yel-
low oil (70 mg, 38% yield); '"H NMR (400 MHz, CDCl;, TMS) § 1.71
(s, 6H), 2.67 (s, 6H), 3.31 (s, 2H), 7.25 (d, 2H, ] = 8.4 Hz), 7.39 (t, 1H,
J=8.0Hz) 7.51 (t, 4H, ] = 8.0 Hz), 8.01 (d, 4H, ] = 8.0 Hz); *C NMR
(100 MHz, CDCl;, TMS) & 26.6, 44.3, 56.3, 126.9, 127.8, 129.7, 129.8,
135.4, 143.2, 147.3, 197.9; IR v 2938, 2816, 2765, 1678, 1602, 1357,
1264, 1016, 956, 844, 800, 747, 701 cm™'; HRMS (EI) calcd for
C,sH,sNO, (M*) 371.1885, found 371.1889.

2,6-Bis(3-methylphenyl)-N,N-dimethylbenzylamine (3aj): light
yellow oil (90 mg, 57% yield); '"H NMR (400 Hz, CDCI3, TMS)
1.78 (s, 6H), 2.43 (s, 6H), 2.37 (s, 2H), 7.17 (d, 2H, ] = 7.5 Hz), 7.24—
7.26 (m, 3H), 7.28—7.36 (m, 7H); *C NMR (100 Hz, CDCl;, TMS) §
21.5, 44.6, 56.3, 126.4, 127.0, 127.2, 127.5, 129.4, 130.7, 134.5, 137.0,
142.5, 144.3; IR v 2935, 2855, 2763, 1456, 1019, 781, 745, 707 cm™;
HRMS (EI) caled for Cp3H,sN (M) 315.1987, found 315.1989.

Dimethyl 2'-((dimethylamino)methyl)-[1,1':3',1"-terphenyl]-3,3"-
dicarboxylate (3al): light yellow solid (108 mg, 54% yield); mp (°C):
82—83 (uncorrected); '"H NMR (400 MHz, CDCl;, TMS) § 1.70
(s, 6H), 3.28 (s, 2H), 3.93 (s, 6H), 7.25 (d, 2H, J = 7.2 Hz), 7.37 (t, 1H,
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J=7.6Hz)7.47 (t,2H J=7.8 Hz), 7.62 (d,2H, ] = 7.6 Hz), 8.03 (d, 2H,
J = 7.8 Hz), 8.10 (s, 2H); *C NMR (100 MHz, CDCl,, TMS) & 44.3,
52.1, 56.2,126.7, 127.7, 127.9, 129.5, 129.7, 130.7, 134.2, 142.5, 143.1,
167.1; IR 1 2942, 2813, 2762, 1709, 1440, 1300, 1253, 1196, 1086, 1042,
805, 755, 699 cmm™; HRMS (EI) calcd for C,sH, NO, (M*) 403.1784,
found 403.1786.

2,6-Diphenyl-4-methyl-N,N-dimethylbenzylamine (3ba): light yel-
low oil (83 mg, 55% yield); '"H NMR (400 MHz, CDCl;, TMS) § 1.71
(s, 6H), 2.43 (s, 3H), 3.45 (s, 2H), 7.12 (s, 2H), 7.37—7.39 (m, 2H),
7.41-7.47 (m, 8H); *C NMR (100 MHz, CDCl,, TMS) & 21.0, 44.7,
56.1, 126.5, 127.6, 129.9, 129.8, 130.4, 131.4, 136.0, 142.8, 144.2; IR v
2936,2813, 2764, 1599, 1492, 1456, 1018, 867, 851, 771,752,700 cm™;
HRMS (EI) caled for Cp,H,;N (M*) 301.1830, found 301.1827.

4-Methoxyl-2,6-diphenyl-N,N-dimethylbenzylamine (3ca): light
yellow oil (71 mg, 45% yield); '"H NMR (400 MHz, CDCl,, TMS) §
1.73 (s, 6H), 3.27 (s, 2H), 3.84 (s, 3H), 6.83 (s, 2H), 7.36—7.46
(m, 10H); *C NMR (100 MHz, CDCl;, TMS) & 44.4, 55.2, 55.6, 114.9,
126.6, 127.6, 129.7, 142.4, 145.5, 157.4; IR v 2936, 2813, 2762, 1592,
1460, 1429, 1338, 1205, 1170, 1040, 1018, 849, 752, 700 cm™'; HRMS
(EI) calced for C,,H,;NO (M*) 317.1780, found 317.1782.

4-Fluoro-2,6-diphenyl-N,N-dimethylbenzylamine (3da): light yel-
low oil (47 mg, 31% yield); '"H NMR (400 MHz, CDCl;, TMS) § 1.70
(s, 6H), 3.27 (s,2H), 6.96 (d, 2H, ] = 8.8 Hz), 7.35—7.41 (m, 10H); *C
NMR (125 MHz, CDCl,, TMS) § 44.4, 56.6, 116.1 (d, ] = 20.37 Hz),
127.0, 127.8, 129.6, 141.6, 1462, 15.8 (d, J = 254.37 Hz); IR v 2936,
2855, 2765, 1592, 1495, 145S, 1427, 1335, 1164, 1020, 921, 871, 849,
752,700 cm™'; HRMS (EI) calcd for C,;H,FN (M*) 305.1580, found
305.1580.

4-Chloro-2,6-diphenyl-N,N-dimethylbenzylamine (3ea): light yel-
low oil (54 mg, 34% yield); '"H NMR (400 MHz, CDCl;, TMS) § 1.71
(s, 6H), 3.28 (s, 2H), 7.26 (s, 2H), 7.36—7.40 (m, 10H); *C NMR (125
MHz, CDCl;, TMS) 6 44.5, 55.7, 127.0, 127.8, 129.2, 129.6, 131.9,
141.3, 145.8; IR 1 2937, 2855, 2765, 1568, 1493, 1459, 1307, 1019, 875,
852, 754, 727, 699 cm™'; HRMS (EI) caled for C,H,,CIN (M")
321.1284, found 321.1287.

4-Bromo-2,6-diphenyl-N,N-dimethylbenzylamine (3fa): light yel-
low solid (64 mg, 35% yield); mp (°C) 64—65 (uncorrected); '"H NMR
(400 MHz, CDCl;, TMS) 6 1.71 (s, 6H), 3.27 (s, 2H), 7.26 (s, 2H),
7.35—7.39 (m, 10H); *C NMR (125 MHz, CDCl;, TMS) & 44.4, 55.7,
120.3, 127.0, 129.5, 132.0, 133.2, 141.0, 146.0; IR v 2930, 2754, 1564,
1492, 1454, 1304, 1029, 877, 846, 748, 718 cm™"; HRMS (EI) calcd for
CyH,0BrN (M*) 365.0779, found 365.0774.

4-Trifluoromethyl-2, 6-diphenyl-N,N-dimethylbenzylamine (3ga):
light yellow oil (64 mg, 35% yield); "H NMR (400 MHz, CDCl,, TMS)
5 1.72 (s, 6H), 3.35 (s, 2H), 7.37—7.42 (m, 10H), 7.49(s, 2H); C
NMR (125 MHz, CDCl,, TMS) 6 44.6, 55.1, 126.1, 127.2, 127.9, 129.7,
141.2, 144.9; IR v 2940, 2818, 2768, 1358, 1263, 1168, 1122, 1092, 896,
794,753,701 cm™'; HRMS (EI) caled for C,,H,0F;N (M*) 355.1548,
found 355.1548.

General Procedure for the Monoarylation Reaction of N,N-
Dimethylbenzylamines (3ha—hj and 3ia—ka). A flask with a
magpnetic stir bar was charged with N,N-dimethylbenzylamine (0.5 mmol),
aryl iodide (S mmol), Pd(PPh;), (28 mg, 0.025 mmol), AgOAc (124.5 mg,
0.75 mmol), Cu(OAc),yH,0 (50 mg, 025 mmol), HOAc (450 mg,
7.5 mmol), and TFEtOH (1.5 mL), and the mixture was stirred for
30 min at room temperature and then heated at 95 °C in an oil bath for
60 h under air. After the reaction was finished, the mixture was cooled
and neutralized to slightly alkaline with a saturated Na,CO; solution
(5 mL) and stirred for 30 min. Then the suspension was filtered through
a Celite pad and extracted with EtOAc two times. The combined organic
layer was washed with saturated NaCl (3 X 30 mL) and dried over
anhydrous Na,SO,. The desired products 3 were obtained in the
corresponding yields after purification by flash chromatography on silica
gel using PE and EtOAc as eluent.

N,N-Dimethyl-1-(4-methylbiphenyl-2-yl)methanamine (3ha):
light yellow oil (74 mg, 66% yield); 'H NMR (500 MHz, CDCL,
TMS) 8 2.15 (s, 6H), 2.40 (s, 3H), 3.34 (s, 2H), 7.10—-7.15 (m, 2H),
7.32—7.33 (m, 3H), 7.37—7.38 (m, 3H); *C NMR (125 MHz, CDCl,,
TMS) 6 21.2, 45.4, 60.8, 126.6, 127.4, 127.9, 129.7, 129.9, 130.2, 136.1,
137.0, 139.5, 141.5; IR v 2937, 2814, 2764, 1480, 1172, 1073, 824, 762,
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703 cm™; HRMS (EI) caled for C;gH; (2N (M*) 225.1517, found
225.1520.

1-(4,4’-Dimethylbiphenyl-2-yl)-N,N-dimethylmethanamine (3hb):
light yellow oil (80 mg, 67% yield); "H NMR (400 MHz, CDCl,, TMS)
8 2.16 (s, 6H), 2.39 (s, 6H), 2.40 (s, 6H), 3.52 (s, 2H), 7.11-7.12
(m, 2H), 7.21-7.24 (m, 4H), 7.37 (s, 1H); C NMR (125 MHz,
CDCl,;, TMS) 6 21.2, 21.2, 45.3, 60.8, 127.4, 128.6, 129.6, 123.0, 130.2,
136.0, 136.2, 136.8, 138.5, 139.5; IR v 2923, 2813, 2764, 1489, 1456,
1362, 1256, 1027, 810 cm™'; HRMS (EI) caled for C;H,;N (M*)
239.1674, found 239.1672.

1-(4'-Methoxy-4-methylbiphenyl-2-yl)-N,N-dimethylmethan-
amine (3hc): light yellow oil (83 mg, 65% yield); 'H NMR (500 MHz,
CDCl,, TMS) 6§ 2.15 (s, 6H), 2.39 (s, 3H), 3.33 (s, 2H), 3.85 (s, 3H),
6.93 (d, 2H, J = 8.5 Hz), 7.08—7.13 (m, 2H), 7.26 (d, 2H, ] = 9.0 Hz),
7.35 (s, 1H); 3C NMR (125 MHz, CDCl;, TMS) § 21.2, 45.4, 55.3,
61.0,113.3,127.5,130.1, 130.3, 130.8, 133.9, 136.3, 136.7, 139.2, 158.5;
IR v 2939, 2813, 2764, 1609, 1518, 1489, 1459, 1295, 1243, 1176, 1038,
816 cm™; HRMS (EI) caled for C;,H, NO (M*) 255.1623, found
255.1626.

N,N-Dimethyl-1-(4-methyl-4'-(trifluoromethyl)biphenyl-2-yl)-
methanamine (3hd): light yellow solid (76 mg, 52% yield); mp (°C)
88—89 (uncorrected); '"H NMR (500 MHz, CDCl,, TMS) & 2.16
(s, 6H), 2.42 (s, 3H), 3.30 (s, 2H), 7.14—7.15 (m, 2H), 7.38 (s, 1H),
7.50 (d, 2H, ] = 8.5 Hz), 7.66 (d, 2H, ] = 8.5 Hz); *C NMR (125 MHz,
CDCl,, TMS) 6 18.7, 42.7, 58.4, 122.3,125.2, 127.2, 127.5, 128.2, 133.5,
135.2, 135.7, 145.5; IR v 2933, 2814, 2759, 1614, 1319, 1157, 1115,
1066, 1020, 836, 815 cm™'; HRMS (EI) calcd for C,,H;sF;N (M*)
293.1391, found 293.1393.

1-(4'-Fluoro-4-methylbiphenyl-2-yl)-N,N-dimethylmethanamine
(3he): light yellow oil (69 mg, $7% yield); 'H NMR (400 MHz, CDCL,,
TMS) 8 2.14 (s, 6H), 2.39 (s, 3H), 3.28 (s, 2H), 7.04—7.09 (m, 2H),
7.10-7.24 (m, 2H), 7.30-7.33 (m, 2H), 7.34 (s, 1H); 3C NMR
(100 MHz, CDCl;, TMS) & 21.2, 45.3, 60.9, 114.7 (d, J = 20.4 Hz),
127.6,130.0, 130.6,131.2 (d, ] = 8 Hz), 136.2, 137.1,137.4 (d, ] = 3 Hz),
138.6,162.0 (d, ] = 243.8 Hz); IR v 2927, 2815, 2766, 1751, 1694, 1600,
1574, 1515, 1492, 1214, 1028, 841, 817,773 cm™'; HRMS (EI) calced for
C6H sEN (M) 243.1423, found 243.1423.

1-(4’-Chloro-4-methylbiphenyl-2-yl)-N,N-dimethylmethanamine
(3hf): light yellow solid (75 mg, 58% yield); mp (°C) 44—4S
(uncorrected); 'H NMR (400 MHz, CDCl;, TMS) § 2.18 (s, 6H),
2.42 (s, 3H), 3.32 (s, 2H), 7.14 (s, 2H), 7.31-7.33 (m, 2H), 7.37-7.39
(m, 3H); °C NMR (125 MHz, CDCl,, TMS) 6 21.2, 45.3, 60.9, 127.7,
128.1, 129.8, 130.7, 131.1, 132.8, 136.0, 137.3, 138.4, 139.9; IR v 2925,
2811, 2766, 1476, 1090, 1006, 814 cm™'; HRMS (EI) calcd for
Cy6H,sCIN (M*) 259.1128, found 259.1130.

1-(4’-Bromo-4-methylbiphenyl-2-yl)-N,N-dimethylmethanamine
(3hg): light yellow solid (85 mg, 56% yield); mp (°C) 54—55
(uncorrected); "H NMR (400 MHz, CDCl,, TMS) 6 2.15 (s, 6H), 2.39
(s,3H), 3.29 (s,2H), 7.11 (s, 2H), 7.24 (d, 2H, ] = 8.8 Hz), 7.35 (s, 1H),
7.51 (d, 2H, J = 8.0 Hz); *C NMR (125 MHz, CDCl,;, TMS) § 21.2,
45.2, 60.8, 120.9, 127.7, 129.8, 130.6, 131.0, 131.4, 135, 137.4, 138.3,
140.3; IR v 2928, 2810, 2764, 1475, 1002, 835, 812 cm™"; HRMS (EI)
caled for C,¢H,BrN (M*) 303.0623, found 303.0622.

Ethyl 2'-((dimethylamino)methyl)-4’-methylbiphenyl-4-carboxy-
late (3hh): light yellow oil (74 mg, 50% yield); 'H NMR (500 MHz,
CDCly, TMS) 6 1.43 (t, 3H, J = 7.2 Hz), 2.15 (s, 6H), 2.42 (s, 3H), 3.32
(s, 2H), 4.14—4.31 (m, 2H), 7.15 (s, 2H), 7.39 (s, 1H), 7.45 (d, 2H, ] =
8.0 Hz), 8.09 (d, 2H, J = 8.0 Hz); '*C NMR (125 MHz, CDCl;, TMS)
5 144, 212, 45.3, 60.9, 61.0, 127.7, 128.8, 129.2, 129.7, 129.7, 130.6,
136.0, 137.6, 138.6, 146.3, 166.7; IR v 2940, 2814, 2765, 1715, 1609,
1459, 1365, 1269, 1176, 1101, 1026, 1007, 821, 774, 708 cm™'; HRMS
(EI) caled for C,oH,3NO, (M*) 297.1729, found 297.1732.

1-(3',4-Dimethylbiphenyl-2-yl)-N,N-dimethylmethanamine (3hj):
light yellow oil (71 mg, 59% yield); "H NMR (500 MHz, CDCl;, TMS)
5 2.16 (s, 6H), 2.39 (s, 6H), 3.33 (s, 2H), 7.09—7.15 (m, SH), 7.27
(t,1H, ] = 7.5 Hz), 7.37 (s, 1H); > C NMR (125 MHz, CDCl;, TMS) §
21.2, 21.6, 45.4, 60.7, 126.8, 127.4, 127.8, 129.9, 130.2, 130.5, 136.2,
136.9, 137.4, 139.7, 141.5. IR v 2924, 2814, 2764, 1608, 1474, 1170,
1028, 823, 787, 708 cm™}; HRMS (EI) caled for C,H,;N (M*)
239.1674, found 239.1677.
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1-(4-Fluorobiphenyl-2-yl)-N,N-dimethylmethanamine (3ia): light
yellow oil (25 mg, 22% yield); 'H NMR (400 MHz, CDCl;, TMS) &
2.18 (s, 6H), 3.35 (s, 2H), 6.97—7.02 (m, 1H), 7.19—7.23 (m, 1H), 7.37
(s, 6H); *C NMR (125 MHz, CDCl,, TMS) § 45.3, 60.7, 113.5 (d, ] =
20.5Hz), 115.9 (d,J=22 Hz) 127.0, 128.0,129.6,131.4 (d, ] = 7.75 Hz),
138.0 (d,]J = 1.87 Hz), 138.9 (d, ] = 8.5 Hz), 140.5, 161.3 (d, ] = 246.75
Hz); IR 2922, 2853, 1609, 1479, 1260, 1224, 1028, 821,765, 704 cm™;
HRMS (EI) caled for C,H,FN (M*) 229.1267, found 229.1270.

N,N-Dimethyl-1-(3-methylbiphenyl-2-yl)methanamine (3ja): light
yellow oil (35 mg, 31% yield); 'H NMR (500 MHz, CDCl;, TMS) &
1.98 (s, 6H), 2.50 (s, 3H), 3.37 (s, 2H), 7.03—7.05 (m, 1H), 7.18 (m,
2H), 7.23—7.26 (m, 2H), 7.30—7.33 (m, 1H), 7.35—7.40 (m, 2H); *C
NMR (125 MHz, CDCL,, TMS)  20.0, 45.1, 57.3, 126.5, 126.6, 127.6,
127.7, 129.8, 130.0, 134.7, 139.1, 142.4, 143.5; IR v 2937, 2814, 2763,
1586, 1461, 1362, 1254, 1172, 1019, 848, 789, 758, 701 cm™*; HRMS
(EI) caled for C¢H oN (M) 225.1517, found 225.1517.

N,N-Dimethyl-1-(3-phenylnaphthalen-2-yl)methanamine (3ka):
light yellow oil (79 mg, 61% yield); 'H NMR (400 MHz, CDCL,,
TMS) & 2.26 (s, 6H), 3.54 (s, 2H), 7.48—7.52 (m, 7H), 7.76 (s, 1H),
7.85—7.87 (m, 1H), 7.91-7.93 (m, 1H), 8.05 (s, 1H); 3*C NMR (125
MHz, CDCl,, TMS) § 45.3, 61.3, 125.9, 125.9, 127.0, 127.5, 127.6,
127.9, 128.8, 129.7, 132.3, 132.7, 134.5, 140.8, 141.3; IR v 2939, 2814,
2765, 1679, 1491, 1449, 1364, 1173, 1148, 1024, 892, 747, 701 cm™;
HRMS (EI) caled for CoH;oN (M*) 261.1517, found 261.1516.

General Procedure for the Reduction of the 2,6-DiphenXI-N,N-
dimethylbenzylamine to 2'-Methyl-1,1":3',1"-terphenyl'>** (4aa).
A mixture of 3aa (143.5 mg, 0.5 mmol) and Pd/C catalyst (10 wt % Pd,
106 mg, 10 mol %) in MeOH (S mL) was stirred under H, at balloon
pressure at 80 °C for 24 h. After the catalyst was filtered, the filtrate was
evaporated to get the crude product. Further purification by flash
chromatography on silica gel with PE afforded product 4aa.

2’-Methyl-1,1’:3’,1”-terphenyl2 4 (4aa): colorless oil (90 mg, yield
73%); "H NMR (400 Hz, CDCl;, TMS) 6 2.03 (s, 3H), 7.14—7.19 (m,
3H), 7.23—7.35 (m, 10H); *C NMR (100 Hz, CDCl,, TMS) & 18.8,
125.4, 1269, 128.1, 129.1, 129.4, 133.0, 142.5, 142.9.

Preparation of 2u-(DichIoro)-bis(N,N-dimethylbenzylamine-
C,N)dipalladium";' 2 (5). A mixture of la (540 mg, 4 mmol) and
palladium dichloride (354 mg, 2 mmol) in methanol (15 mL) was
stirred at room temperature. After S h, all of the palladium dichloride had
dissolved and was replaced by a yellow solid. This solid was recrystallized
from benzene and n-hexane to obtain the product S.

M—(Dich/oro)—bis(N,N—dimethylbenzylamine—C,N)dipalladium’5’22
(5): yellow solid (368 mg, 22% yield); mp (°C) 186—188 (uncorrected);
"H NMR (400 MHz, CDCl,;, TMS) 6 2.85 (d, 6H, J = 10.8 Hz), 3.93
(s, 2H), 6.85—6.89 (m, 2H), 6.95—6.97 (m, 1H), 7.14—7.20 (m, 1H);
BC NMR (100 MHz, CDCl;, TMS) § 52.6, 52.9, 73.2, 73.4, 121.5,
124.7, 1252, 132.9, 133.4, 143.0, 147.0
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