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diarylamindo backbone has been synthesized and characterized.
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Abstract

Air- and moisture-stable nickel(ll) complexez-c of CNC pincer-typeN-heterocyclic
carbene ligands have been prepared from the corresponding imidazolium salts by
carbene-transfer reaction of a silverr-NHC complex with Ni(DME)GDME =
dimethoxylethane). Pincer complexgs-c are characterized by mass and NMR spectroscopy.
The structure oRa is also identified by X-ray diffraction analysis. Pincer com@axhas

been shown to be active catalyst for the Suzuki coupling reactions.
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1. Introduction

Transition metal-catalyzed Suzuki coupling reactions represent a powerful synthetic
method for the synthesis of biaryl compounds Wtjich are important components in
materials science, natural products, and medicines [2]. The easy availability of boron reagents,
broad functional group tolerance, and general applicability of the reaction contributed to its
increasing importance in both academic research and industrial production [3]. In this field,
the catalysts are largely dominated by palladium and nickel complexes due to their high
catalytic activity for a wide range of substrates and high functional group tolerance [4].
However, in the majority of cases, these common catalysts are hampered by (1) the high cost
of palladium and related ligands; (2) most of the so far reported nickel catalysts use nickel(0)
such as Ni(COD) Ni(PPh),, etc. as catalysts, and such nickel sources would be difficult to
handle because of their toxicity and thermal instability [5]; (3) nickel (II) complexes with
expensive and air-sensitive phosphine ligands [6,7] or Ad&Fhe necessary ion-exchange
[8]; (4) a high loading of the nickel complex (usually 3-10 mol% is required) [9], which limits
their use in industrial applications. Therefore, development of inexpensive, efficient and

practical Ni-based catalysts for Suzuki coupling reactions is desirable.

During the past decades, nickel-pincer complexes based on CNC [8,10], NNN [11], PNP
[12], and PCP [13] ligands have attracted considerable attention, and been widely employed
as versatile active catalysts in organic synthesis. In addition, a pincer ligand with one or two
N-heterocyclic carbene (NHC) donors would combine the unique properties of the NHC
ligand and amplify the high thermal stability of pincer catalysts. For these reasons, much
effort has been devoted to the synthesis and structural characterization of nickel-pincer
complexes containing NHC ligands$lowever, nickel complexes of CNC pincer-type

bis-NHC ligands have rarely been studied. So far, only a few CNC-type pincer complexes of



nickel with pyridine backbone have been reported recently [8,10]. Although palladium and
rhodium complexes of CNC pincer-type bis-NHC ligands with an anionic amido backbone
have been reported exhibiting unique structural feature and excellent catalytic activity [14],
nickel complex of CNC pincer-type bis-NHC ligands with an anionic amido backbone is still
unprecedented. We previously reported palladium(ll) complexes of CNC pincer-type
bis-NHC ligands with an anionic diarylamido backbone and their high catalytic activity in
Suzuki coupling reactions [14cAs a continuation, here in this paper we describe the
synthesis and structural characterization of nickel(ll) complexes containing CNC pincer-type
bis-NHC ligands with an anionic amido backbone. These pincer nickel complexes have been

found to be highly efficient catalysts for the Suzuki coupteartions.

2. Results and discussion
2.1. Preparation of bis-NHC-Ni(ll) complexes

Imidazolium saltsla-c were prepared by our previously reported procedures [ILikg.
the synthesis of palladium(ll) complexes [14c], complexes @ere successfully obtained by
the carbene-transfer reaction of the corresponding silver-NHC complex with Ni(DME)CI
( DME = dimethoxylethane ) (Scheme Ihese complexes were isolated as air- and
moisture-stable purple crystalline solids. The formatiorRat is confirmed by comparing
their *H and™>CNMR spectra with those of imidazolium salt precursars: The absence of
the NH and the NC(H)N proton resonances in tHeNMR spectra demonstrates that the
ligand is coordinated to nickel in a monoanionic bis-NHC form. Notably, the signals for the
carbene carbon atoms 2é-c in the’>C NMR spectra appear at 161.9-160.9 ppm, which are

characteristic peaks for nickel-carbene complekissially the®*C chemical shifts of known



Ni-NHC complexes appear in the range of 149-171 ppm depending on the ancillary ligands

[15].
H l -
CH,Cl, / MeCN
i) + 2Ll
> 2x <( t, 24 h )>/N'\<( j
R
1 R R 2 R
1a (X = Br, R = 2,4,6-trimethylbenzyl) 2a (R = 2,4 ,6-trimethylbenzyl)
1b (X = Cl, R = benzyl) 2b (R = benzyl)
1¢c (X = Br, R = n-butyl) 2c¢ (R = n-butyl)

Scheme 1. Synthesis of complexefa-<.

Purple single crystals of complé&a suitable for an X-ray diffraction study were grown
from a solution of CKHCI, and ethyl acetate.[16]he molecular structure of compla is
depicted in Figure IThe central Ni(ll) ion is coordinated by the amidtyagen, two carbene
atoms and one chloride ion, forming two six-membered chelate fihgsgeometry about Ni
is approximately square planar, with the C28-Ni1-C11 angle of 172&R)g a consequence
of the chelate constraint. N3, Nil, and CI lie on a crystallographic axis of symmetry. The two
aromatic rings irRa are distinctly nonparallel, with an angle of ca. 67.04°. The twist in the
chelate backbone presumably arises from repulsion between tre@thwdiydrogens on the
aromatic rings’*H NMR spectra showed that the benzylic Ototons are diastereotopic in
solution, indicating that the twortho hydrogens prevent ligand twisting in solution at room
temperature. In addition, the NHC rings are not coplanar with the aryl backbone (two
aromatic rings) and are all tilted by 25°. The nickel-carbene distances (Ni1l-C11 = 1.899(5) A
and (Ni1-C28 = 1.902(5) A) are very similar to the Nizfenebond distances found for

pincer complexes with twtrans-positioned imidazolin-2-ylidene donor groups [8a,10&ag



Ni1-N3 bond distance is 1.891(4) A which is similar to the distance observed in NNN and

PNP pincer-type nickel (II) complexes based on a diarylamido backbone [11a,12a].

Figurel. Molecular structure of compleka, showing 30% probability displacement ellipsoids. Selected
interatomic distances (A) and angles (deg): Ni1-N3 = 1.891(4), Ni1-C11 = 1.899(5), Ni1-C28 = 1.902(5),

Nil-Cl = 2.2178(14), N3-Ni1-Cl = 179.43(13), C11-Ni1-C28 = 172.8(2).

2.2. Catalytic Suzuki coupling reactions

To evaluate the catalytic activity of complex&ssc in the Suzuki coupling reactions, the
reaction of 4-bromoanisole with phenylboronic acid was initially chosen to optimize the
reaction conditionsThe results listed in Table 1 showed that the usRi@ME)CI, alone
gave essentially no coupling product (entry 1). The combination of Ni(DME3@Gd
pincer-type imidazolium salta did not exhibit any catalytic activity (entry 2). Fortunately,
4-bromoanisole was successfully reacted with phenylboronic acid in dioxane in the presence
of 2 mol% complex2a together with potassium phosphate at reflux to afford the desired
product in 95% vyield (entry 3). When the amount of catalyst loading was reduced to 1 mol%,

the yield was not significantly changed (entry 4). However, further decrease of the catalyst



loading to 0.5 mol% led to 78% coupling product yield (entry 5). These data illustrated that 1
mol% of catalyst 2a is sufficient for the coupling of 4-bromoanisole with phenylboronic acid.

At this catalyst loading, complexéh and 2c catalyzed the couplings to afford the
biphenyls in 77% and 63%, respectively (entries 6 and 7). We next examined the effect of the
solvent, and found that the choice of solvent was very critical, as the reaction in dioxane was
much more efficient than those in toluene, DMSO and THF (entries 8-10). Subsequently, the
reaction was investigated in the presence of different bases. The results showed that among
the bases explored,;RO,is the most effective, and others such asgQ@, K,CO3;, C3CO;
and KOBu led to lower yields (entries 11-14). Thus, the optimized reaction conditions for the
present corss-coupling of 4-bromoanisole with phenylboronic acid involve the use of 1.0

mol% of 2a as the catalystzRO, as the base, dioxane as the solvent and at reflux.

Table 1.

Optimization of reaction conditions in Suzuki coupling reactions catalyzed by complexgs 2a-c

Ni catalyst
HsCO ( > Br + OB(OH)z base, solvent M,CO

reflux, 8 h
Entry Catalyst (mol%o) Solvent Base Yield (%)
1 Ni(DME)CI, (2) dioxane K3sPOy 0
2 la (2) + Ni(DME)CL(2) dioxane K3sPOy trace
3 2a (2) dioxane K3sPOy 95
4 2a (1) dioxane KsPOy 95
5 2a (0.5) dioxane K3sPOy 78
6 2b (1) dioxane KsPOy 77
7 2c (1) dioxane K3sPOy 63
8 2a (1) toluene KsPOy 64
9 2a (1) DMSO K3sPOy trace

10 2a (1) THF KsPO, 0



11 2a (1) dioxane Na,COs 59

12 2a (1) dioxane K,COs 49
13 2a (1) dioxane CsCOs 0
14 2a (1) dioxane KO'Bu 44

#Reaction conditions: 0.5 mmol of 4-bromoanisole, 0.75 mmol of phenylboronic acid, 2.0 mmol of base,
4.0 mL of solvent, reflux, under,N

®|solated by silica gel column chromatography and based on 4-bromoanisole.

Having defined the optimized reaction conditions, we then attempted the cross-coupling
reactions of various aryl bromides with arylboronic acids under the optimal reaction
conditions. As shown in Table 2, most of the substrates with a variety of substituents afforded
the products in good to excellent yields. Bromobenzenes bearing electron-donating groups
such as methoxy (entries 1-3 and 13), methyl (entries 6 and 14) and amino (entry 15) reacted
with arylboronic acids smoothly giving the corresponding cross-coupling products in 86-95%
yields. Ortho methoxy-substituted aryl bromides (entry 3) gave lower yields as compared to
para- andmetasubstituted analogues (entries 1 and 2, respectively), probably due to the
steric hindrance. Aryl bromides with electron-withdrawing cyano (entries 4 and 5), fluoro
(entry 16) and acetyl (entry 17) could be transformed to biaryl products in 85-91% yields.
Coupling reactions of phenylboronic acid (entries 1-6) and arylboronic acids containing
electron-donating groups (entries 7, 8 and 13-19) with aryl bromides gave products in high
yields. Arylboronic acids with electron-withdrawingara- and metacynao group gave
products in slightly lower yields of 78% and 80%, respectively (entries 9 and 10). The
reactions involving 1-naphthylboronic acid and its analogue, 2-naphthylboronic acid,

performed well to give products in 92% and 89% yields, respectively (entries 11 and 12).



Finally, we also investigated the Suzuki reactions between heteroaryl bromides and boronic
acids using2a as the catalyst. Bromopyridine and 2,6-dibromopyridine were used as the
heteroaromatic component in these reactions, and the high yields of 86-94% (entries 18-21)
indicated that compleXa also exhibited excellent catalytic activity for the coupling of

heteroaryl-halides with different arylboronic acids.

Table 2.
Catalytic Suzuki coupling reactions of aryl bromides with arylboronic &cids
K5PO
Af'X + Ar-B(OH), 22, T e AP
dioxane, refulx, 8-24 h 3a-q
Entry Arylbromide Arylboronic acid Product Yield(O}?))
1 H3COOBr @B(OH)Z 3a 95
H3;CO
2 @Br @—B(OH)Z 3b 01
OCHj5

3 GBr @B(OH)Z 3¢ 86
4 N )-Br )-BOH), 3d 01

6 — )8 )-BOH), 3f 89 (5)

10 @Br OB (OH), 3e 80



11 )8 3g 92

12 Br 3h 89
Vs B(OH);

13 HaCO—(_)-Br Bu—_)~B(OH), 3i 87
14 — )-8 HsCO—_)~B(OH), 3] 95
15 HZNOBr HsCO~_)~B(OH), 3k 92
16 F—(_)-Br HsCO~_)~B(OH), 3l 85
17 O}\—@Br HsCO~_)B(OH), 3m 87

Br
18 B HsCO-(_)~B(OH), 3n o1
N
| ~ Br
19 ) ~< >*B(OH)2 30 89
N
~ Br
20 » 3p 94
N B(OH),
X
21° | . B(OH 3 86
Br” 'N” "Br Q( )2 f

#Reaction conditions: 0.5 mmol of aryl bromide, 0.75 mmol of arylboronic acid, 1.0 md%, a8f0 mmol

of KsPQy, 4.0 mL of dioxane, reflux, under,N

®|solated by silica gel column chromatography and based on aryl bromides.

¢Self-coupling byproduct of phenylboronic acid in parentheses was detected by GC-MS. In this case the
self-coupling byproduct could not be separated from the cross-coupling product by silica gel column
chromatography.

2.0 mol% of 2a.

¢ 1.5 mmol of phenylboronic acid, 2.0 mol% of catalyst; 4.0 mmol @PQ. The product is

2,6-diphenylpyridine.



3. Conclusion

In summary, we have successfully prepared a new type of nickel(ll) complexes containing
CNC pincer-type bis-NHC ligands with an anionic diarylamindo backbone. Com@fexes
are stable toward moisture and air and tolerate high temperatures. The structure of complex 2a
has been revealed by X-ray structural analysis. The complexes have been shown to be
effective in the Suzuki cross-coupling reactions of a variety of aryl bromides, even with less
active aryl bromides and heteroaryl halides. The potential of these nickel complexes in other

organic transformation is under investigation.

4. Experimental Section
4.1. General

Unless otherwise noted, all manipulations were performed under an argon atmosphere
using standard Schlenk techniques. All solvents were dried according to standard procedures.
Ni(DME)CI, was prepared according to known procedures [17]. All other reagents are
commercially available and were used without further purificaidn(400 MHz, 600 MHz)
and**C NMR (100 MHz, 125 MHz) spectra were recorded using Bruker instrunehgnd
3¢ chemical shifts are reported in ppm and calibrated to TMS on the basis of the solvent as
an internal standard (2.49 ppm, DM$-7.27 ppm, CDG). All NMR spectra were
acquired at room temperature. Melting points were determined with an XRC-1 melting point
apparatus and were uncorrected. Mass spectra were obtained byBusieg Autoflex III

instrument. Elemental analyses were performed on a CARLO ERBA-1106 instrument.



4.2. X-ray crystal structure determination and refinement

X-ray single-crystal diffraction data fmomplex2a were collected on an Enraflonius
CAD-4 diffractometer at 294(2) K with MKa radiation £ = 0.71073 A) byw/20 scan mode.
The structures were solved with direct methods using SHELXS-97 and refined by full-matrix
least-squares refinement BAwith SHELXL-97 [18]. All atoms except hydrogen atoms were
refined with anisotropic displacement parameters. In general, hydrogen atoms were fixed at
calculated positions, and their positions were refined by a riding model.

Crystal/refinement data f&alCHCl,: formula GiH44CI3NsNi, M = 771.87, size 0.4%
0.38 x 0.30 mm, monoclinic, space group P21/c, a = 14.187(9)A, b = 28.721(15) A, ¢ =
10.1289(6) Ax = 9¢, B = 102.06 (6), y = 9¢°, F(000) = 1616, V = 4036.1(4)°AT = 294(2)
K, Z = 4, D(calcd) = 1.270 Mg/fap = 0.714 mnj, range of h, k, | = -17/11, -35/35, -12/12,
reflns collected 16072, unique reflns 8193, refinement method full-matrix least-squafes on F

parameters 411, R1 = 0.0891 (observed data witBd(B), wR2 = 0.2076, GOF = 1.210.

4.3. General procedure for the synthesis of [bis(2-(3-alkylimidazolin-2-yliden-1-yl)-
4-methylphenyl)amido]chloronickel(l124-c)

A mixture of one of the bis(imidazolium) salts-¢40.100 mmol) and silver(l) oxide (27.6
mg, 0.120 mmol) in 5 mL of solvent (GAI,/MeCN, v/v = 1:1) was stirred at room
temperature for 24 h. The reaction mixture was filtered and washed witbl.GH mL x 2).

The combined filtrate was reduced to 5 mL under vacuum. Ni(DME®Z2.0 mg, 0.100
mmol) in CHCI, (3 mL) was added to the resulting solution and stirred at room temperature
for 2 h. The reaction mixture was filtered and washed withGGH5 mL x 2). The combined

solution was evaporated under reduced pressure to leave a raw product which was purified by



flash chromatography on silica gel (dichloromethane) to give a purple solid.

4.3.1.[Bis{2-(3-(2,4,6-trimethylbenzyl)imidazolin-2-yliden-1-yl)-4-methylphenyl}amido]chlor
onickel(ll) 2a)

Yield: 38.0 %.'H NMR (600 MHz, DMSOde): ¢ 7.80 (d,J = 2 Hz, 2H, imiH), 7.51 (s,
2H, Ar-H), 6.83 (s, 4H, AiH), 6.77 (d, J= 1.6 Hz, 2H, imiH), 6.72 (d, J= 8.4 Hz, 2H, AH),
6.70 (d,J = 8.4 Hz, 2H, AH), 5.95 (d,J = 15.2 Hz, 2H, NEi,), 5.52 (d,J = 15.2 Hz, 2H,
NCHy), 2.30 (s, 18H, Ar€ls), 2.19 (s, 6H, Ar€ls). **C NMR (150 MHz, DMSOdg): 6 161.9
(Ccarbend, 140.4, 137.9, 137.6, 132.2, 130.7, 129.6, 127.6, 126.5, 123.7, 122.7, 120.3, 118.4
(Ar-C, imi-C), 48.4 (NCH,), 21.0 CHa), 20.8 CHs), 20.2 CH3). Mp: > 280 °C. Anal. Calcd
for CsoH42NsNICl: C, 69.94; H, 6.16; N, 10.19. Found: C, 69.87; H, 6.10; N, 10.22. MS

(MALDI-TOF, m/2 calcd for GoH42NsNiCl: 685.25, found 650.28 [M — CI]

4.3.2. [Bis(2-(3-benzylimidazolin-2-yliden-1-yl)-4-methylphenyl)amido]chloronickef) (
Yield: 35.0 %.'H NMR (400 MHz, DMSOde): 6 7.86 (s, 2H, im#H), 7.48-7.55(m, 6H,
Ar-H, imi-H), 7.34 (s, 2H, AiH), 7.17-7.21 (m, 2H, ArH), 7.107.12 (m, 4H, ArH), 6.75 (d,
J=28.4 Hz, 2H, ArH), 6.50 (d,J = 8.4 Hz, 2H, AH), 6.02 (d,J = 14.8 Hz, 2H, NE,), 5.34
(d, J = 15.2 Hz, 2H, NE&,), 2.32 (s, 6H, Ar€ls). *CNMR (100 MHz, DMSOde):  161.5
(Ccarbend, 140.4, 138.6, 132.4, 128.7, 127.8, 127.7, 126.7, 124.9, 123.6, 120.5, 11&5 (Ar-
imi-C), 52.1 (NCH,), 20.8 (AICH3). Mp: 272-274 °C. Anal. Calcd for ¢H3oNsNiICl: C,
67.75; H, 5.02; N, 11.62. Found: C, 67.68; H, 5.05; N, 11.66. MS (MALDI-T@B, calcd

for C34H30N5NiC|: 601.15, found 566.19 [M - Cl]

4.3.3. [Bis(2-(3-butylimidazolin-2-yliden-1-yl)-4-thglphenyl)amido]chloronickel(l1)4c)



Yield: 36.5 %.*H NMR (400 MHz, DMSO#dg): 6 7.85 (d,J = 1.2 Hz, 2H, imiH), 7.47 (s,
2H, imi-H), 6.66 (d,J = 8Hz, 2H, ArH), 6.45 (d,J = 8Hz, 2H, ArH), 4.52-4.59 (m, 2H,
NCH,), 4.064.15 (m, 2H, NG&), 227 (s, 6H, Ar€), 1.861.91 (m, 2H,
NCH,CH,CH,CHs), 1.734.78 (m, 2H, NCHCH,CH,.CHs), 1.174.22 (m, 4H,
NCH,CH,CH,CHs), 0.82 (d,J = 7.2 Hz, 6 H, NCHCH,CH,CH3). ®*CNMR (100 MHz,
DMSO-dg): 5 160.9 Ceampend, 140.4, 132.3, 127.4, 126.3, 124.6, 123.6, 120.3, 117.&(Ar-
imi-C), 48.9 (NCH,CH,CH;CHs), 33.3 (NCHCH.CH,CHs), 20.8 (AICHs), 195
(NCH,CH,CH,CHs), 13.8 (NCHCH,CH,CHs). Mp: 144-146 °C. Anal. Calcd for
CasHaNsNiCl: C, 62.89; H, 6.41; N, 13.10. Found: C, 62.78; H, 6.52; N, 13.09. MS

(MALDI-TOF, m/2 calcd for GgH34NsNiCl: 533.19, found 498.21 [M — CI]

4.4. General procedure for the bis-NHC-Ni(Il) complex-catalyzed Suzuki coupling reactions

In a typical reaction, to a 25-mL Schlenk tube equipped with a magnetic stirring bar were
added nickel(ll) catalys?a (0.005 mmol, 1.0 mol %), aryl halides (0.5 mmol), phenylboronic
acids (0.75 mmol), and anhydrougRQO, (2.0 mmol). The tube was then evacuated (3 x 5
min) under vacuum and backfilled with,,NDried dioxane (4.0 mL) was injected via a syringe,
and the reaction mixture was stirred at reflux until the aryl halides had disappeared as
monitored by TLC. The reaction mixture was treated wito 2O mL), then extracted with
Et,O (3 x 15 mL). The combined organic extracts were washed with sat. ag NaCl (10 mL) and
dried with anhydrous MgSQOThe solvent was removed under reduced pressure and the crude
material was purified by silica gel column chromatography to give the corresponding biaryl.
All the coupling products are known and their structures were identified by comparing their

'H NMR and**C NMR spectral data with those reported in literature.
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Highlights

» A new type of nickel(ll) complexes containing CNC pincer-type bis-NHC ligands
was synthesized.

» One of the complexes was characterized by X-ray diffraction.

» The complexes showed high efficiency in catalyzing Suzuki cross-coupling
reactions.
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I. Analytical data for cross-coupling products

4-Methoxybiphenyl™(3a) (Table 2, entry 1)

Hsco{ )~ )

White solid, MP: 89-90C. *H NMR (400 MHz, CDC}): & 7.56-7.51 (m, 4H), 7.42 (4,
= 7.5 Hz, 2H), 7.30 (t) = 7.4 Hz, 1H), 7.15-6.96 (m, 2H), 3.85 (s, 3tC NMR (100
MHz, CDCh): § 159.1, 140.8, 133.8, 128.7, 128.2, 126.8, 126 Z.2155.4.

3-Methoxybiphenyl?(3b) (Table 2, entry 2)

H,CO

Colorless liquid*H NMR (400 MHz, CDC}): § 7.60-7.57 (m, 2H), 7.45-7.41 (m, 2H),
7.37-7.32(m, 2H), 7.20-7.17(m, 1H), 7.13-7.12 (m, 1H), 6.91-6.88 (m, 1H), 3.86 (s, 3H).
¥C NMR (100 MHz, CDGJ): & 159.9, 142.8, 141.1, 129.7, 128.7, 127.4, 127.9,711
112.9, 112.7, 55.3.

2-Methoxybiphenyl?(3c) (Table 2, entry 3)

OCH,4
Colorless liquid,"H NMR (400 MHz, CDCY): § 7.53-7.51 (m, 2H), 7.41 (8, = 7.3 Hz,
2H), 7.33-7.30 (m, 3H), 7.06-6.96 (m, 2H), 3.81 (s, 3f0.NMR (100 MHz, CDG)): §
156.4, 138.5, 130.9, 130.7, 129.5, 128.6, 128.0, 126.9, 120.8, 111.2, 55.5.

biphenyl-4-carbonitrile ®!(3d) (Table 2, entry 4)

Ne{ )0

White solid, Mp: 84-86C. *H NMR (400 MHz, CDCY): § 7.74-7.67 (m, 4H), 7.61-7.58
(m, 2H), 7.51-7.47(m, 2H), 7.45-7.41 (m, 1AJC NMR (100 MHz, CDGJ): 5 145.6,
139.1, 132.6, 129.1 128.6, 127.7, 127.2, 118.9, 110.9.

Biphenyl-3-carbonitrile ®/(3¢) (Table 2, entry 5)

S2



-0

White solid, Mp: 36-37C. *H NMR (400 MHz, CDC}): 6 7.89 (s, 1H), 7.85-7.83 (m,
1H), 7.66 (d,J = 7.8 Hz,1H), 7.60-7.57(m, 3H), 7.53-7.49 (m, 2H), 7.46-7.42 (m, 1H).
13C NMR (100 MHz, CDGJ): & 142.4, 138.8, 131.6, 130.6, 129.6, 129.1, 128.2,012
118.8, 112.9.

1-Phenylnaphthalen&’(3g) (Table 2, entry 11)

Colorless oil'H NMR (400 MHz, CDCJ): 6 7.91 (d,J = 8.5 Hz, 2H), 7.86 (d] = 8.3 Hz,
1H), 7.52-7.46 (m, 6H), 7.45-7.41 (m, 3#C NMR (100 MHz, CDGJ): & 140.7, 140.2,
133.8, 131.6, 130.1, 128.2, 127.6, 127.2, 126.9, 126.0, 125.8, 125.4.

2-Phenylnaphthalen&!(3h) (Table 2, entry 12)

White solid, Mp:101-102C*H NMR (400 MHz, CDCY): & 8.04 (s, 1H), 7.92-7.85 (m,
3H), 7.76-7.71 (m, 3H), 7.52-7.47 (m, 4H), 7.39-7.35 (m, 1. NMR (100 MHz,
CDCly): 5 141.1, 138.5, 133.7, 132.6, 128.9, 128.4, 128.2,612127.4, 127.3, 126.3,
125.9, 125.8, 125.6.

4A-(tert-Butyl)-4’-methoxy-1,1"-bipheny!® (3i) (Table 2, entry 13)

Bu—_)—_)-OCH;

White solid, Mp: 125-126C. *H NMR (400 MHz, CDCJ): § 7.54-7.43 (m, 6H), 6.97 (d,
J=8.8 Hz, 2H), 3.85 (s, 3H), 1.36 (s, 9H)C NMR (100 MHz, CDGJ): § 158.9, 149.6,
137.9, 133.6, 128.0, 126.3, 125.6, 114.1, 55.3, 34.4, 31.4.
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4-Methoxy-4'-methylbiphenyl®(3]) (Table 2, entry 14)

~ ) )octs

White solid, MP: 107-108C. *H NMR (400 MHz, CDCJ): § 7.47-7.40 (m, 2H), 7.38 (d,

J = 8.1 Hz, 2H), 7.15 (d] = 8.0 Hz, 2H), 6.91-6.87 (m, 2H), 3.77 (s, 3H), 2.31 (s, 3H).
3C NMR (100 MHz, CDCJ): § 158.9, 137.9, 136.3, 133.7, 129.4, 127.9, 126.8,111
55.3, 21.0.

4-Methoxy-4'-[(1,1'-biphenyl)-amine]}” (3k) (Table 2, entry 15)

HN-_)—(_)~OCHs

White solid, Mp: 144-148C. *H NMR (400 MHz, CDCY): & 7.49 (d,J = 8.1 Hz, 2H),
7.40 (d,J = 7.6 Hz, 2H), 6.98 (d, 2 8.1 Hz, 2H), 6.77 (d] = 7.5Hz, 2H), 3.87 (s, 3H),
3.71 (brs, 2H)°C NMR (100 MHz, CDGJ): § 158.4, 145.5, 133.8, 131.4, 127.6, 127.4,
115.4, 114.1, 55.3.

4-methoxyl-4'-fluorobiphenyl®®(3]) (Table 2, entry 16)

F~(_ ) )-OCH;

White solid, Mp: 93-95C.'H NMR (400 MHz, CDC}): § 7.51-7.45 (m, 4H), 7.10 @§,=
8.8, 2H), 6.97 (dJ = 8.8, 2H), 3.85 (s, 3H}*C NMR (100 MHz, CDGJ) & 162.1(d,J =
244 Hz), 159.13, 136.98 (d,3J3.4 Hz), 132.85, 128.22 (d=J7.9 Hz), 128.04, 115.53 (d,
J=21.2 Hz), 114.26, 55.36.

4(4'-Methoxyphenyl)acetophenon€ (3m) (Table 2, entry 17)

HicoL{ )~ )<
White solid, Mp: 152-153C. *H NMR (400 MHz, CDCJ): § 8.01 (d,J = 8.6 Hz, 2H),
7.66 (d, J= 8.6 Hz, 2H), 7.58 (d, 2 8.8 Hz, 2H), 7.00 (d, 3 8.8 Hz, 2H), 3.87 (s, 3H),
2.63 (s, 3H).XC NMR (100 MHz, CDGJ): § 197.7, 159.9, 145.3, 135.2, 132.2, 128.9,
128.3, 126.6, 114.4, 55.3, 26.6.
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3-(4-Methoxyphenyl)pyridine*®(3n) (Table 2, entry 18)

H3CO—©—<\=_'\/I)

White solid, Mp: 60-61°C. *H NMR (400 MHz, CDCJ): & 8.82 (s, 1H), 8.55 (s, 1H),

7.84 (s, 1H), 7.52 (d] = 8.7 Hz, 2H), 7.34 (s, 1H), 7.02 (@= 8.6 Hz, 2H), 3.86 (s, 3H).

1%C NMR (100 MHz, CDGJ): & 159.7, 148.0, 147.8,36.6, 133.8, 130.2, 128.2, 123.6,
114.5, 55.3.

3-(p-Tolyl)pyridine *%(30) (Table 2, entry 19)

-0

Yellow oil, 'H NMR (400 MHz, CDCY): 5 8.84 (d,J = 2.1 Hz, 1H), 8.57 (ddj = 4.8, 1.4
Hz, 1H), 7.87-7.84 (m, 1H), 7.48 (d= 8.1 Hz, 2H), 7.35 (dd] = 7.9, 4.8 Hz, 1H), 7.29
(d, J = 8.0 Hz, 2H), 2.41 (s, 3H{3C NMR (100 MHz, CDGJ): 5 148.1, 138.0, 136.5,
134.9, 134.1, 129.7, 126.9, 123.4, 21.1.

3-(Naphthalen-2-yl)pyridinel**(3p) (Table 2, entry 20)

L

=

White solid, Mp: 99-100C*H NMR (400 MHz, CDCJ): & 9.01 (s, 1H), 8.66 (s, 1H),
8.07 (s, 1H), 8.03-7.89 (m, 4H), 7.74 (dds 8.5, 1.8 Hz, 1H), 7.56-7.52 (m, 2H), 7.44 (s,
1H). **C NMR (100 MHz, CDCJ): § 148.5, 136.6, 135.1, 134.5, 133.6, 132.9, 128.9,
128.2, 127.7, 126.6, 126.4, 126.1, 125.0, 123.6.

2,6-Diphenylprydine™?(3q) (Table 2, entry 21)

DS
White solid, Mp: 78-79C. *H NMR(400MHz, CDC4); 5 8.16 (d,J = 7.2, 4H), 7.82 (t)

=7.2,1H), 7.7 (d)=7.7, 2H) , 7.50(d) = 7.7, 4H) , 7.46-7.40 (m, 2HY’C NMR (100
MHz, CDCh): $156.9, 139.5, 137.6, 129.1, 128.8, 127.1, 118.5

S5



References

(1) Denmark, S. E.; Ober, M. H. Org. Le2003, 5, 1357

(2) Liu, W,; Cao, H.; Lei, A. Angew. Chem. Int. Ed2010, 49, 2004.

(3) Tao, B.; Boykin, D. W. J. Org. Chem2004, 69, 4330

(4) Stevens, P. D.; Fan, J.; Gardimalla, H. M. R.; Yen, M.; Ga®ry. Lett. 2005, 7,
2085.

(5) Li, X. J.; Zhang, J. L.; Geng, Y.; Jin, Z. J. Org. Chem. 2013, 78, 5078.

(6) Liu, L.; Zhang, Y.; Wang, Y. J. Org. Chen2005, 70, 6122.

(7) Hoshi, T. S.Honma, T. B.; Mori, A.; Konishi, M.Sato, T.J. Org. Chem. 2013,78,
11513.

(8) Wang, Z.Y.; Chen, G. Q.; Shao, L. X.Org. Chem. 2012, 77, 6608.

(9) Chen, X. F.; Ke, H. H.; Chen, Y.; Guan, C.W.; ZouJ®rg. Chem., 2012,77, 7572.
(20) Fu, X. L.; Wu, L. L.; Fu, H. Y.; Chen, H.; Li, R. X. Eur. J. Org. Cher2009, 2051.
(11) Goof3en, L. J.; Rodriguez, N.; Lange, P. P.; LindeAnGew. Chem. Int. Ed. 2010,49,
1111.

(12) Xi, Z. X.; Zhou, Y. B.; Chen, W. Z. J. Org. Chen2008, 73, 8497.

S6



II. Copies of NMR spectra for 2a—c.
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