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ARTICLE INFO ABSTRACT

Article history One palladium dichloride adduct of a phosphinegigg ligand N-diphenylphosphanyl-2-

Received aminopyridine 1) [(L1))PdCL (1) has been prepared and structurally characterized.

Received in revised form Compoundl can be used as an effective catalyst for the StMiyaura cross-coupling

Accepted reactions of unreactive aryl chlorides with arytdntic acids, and worked much better than its

Available online mono- or bidentate phosphine ligands. The reactiotisa wide scope of substrates proceeded
to give desired products in good to excellent @eld

Keywords 2017 Elsevier Ltd. All rights reserved.
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1. Introduction and other ligand$ capable of increasing the electron density at

. . palladium and thereby accelerating the oxidativéitaah step in
There have been major efforts in the past decalegvelop e catalytic cyclé®

efficient catalysts for the Suzuki-Miyaura crosshgling

reaction*? The most important topic in this respect has ktaen Unlike these homo-donor chelate ligands, hetero-dbgands
structure of the reactive palladium intermediatesmived in the have a distinctrans effect which can play an pertinent role in
key transmetalation stépRelative to aryl bromides and iodides controlling activity and selectivity. The synthesis and catalytic
as substrates, aryl chlorides are less expensise tbxic and less activity of complexes bearing hemi-labile ligandstbe types
wasteful. While aryl bromides and iodides in the Sd@Miyaura ~ P.N° and P,G" have been widely reported. P- and N- donor
coupling reactions work well, their chloride analogugenerally ligands bearing large groups are of interest bexafstheir
go less reactive and require harsher conditiongoanidnger ability to stabilize transition metal CBIBJyé%SBGSidES, ther-
reaction times to give the coupling products in Iowields. Thus  acceptor ability of the phosphine can stabilizeedaicenter in a
the development of catalysts that can efficienityivate aryl low oxidation state, while the nitrogendonor makes the metal
chlorides remains a big challent@ver years, researchers have center more susceptible to oxidative addition ieast® Thus,
introduced electron-withdrawing groups into aryl elles to  the hetero-bidentate P,N-donor ligands represenimguortant
achieve their reactivity. However, reports on exampié high  class of ligands that have been explored in varicatlytic
yields usually involve aryl chlorides with the stgprelectron-  Systems, but not extensively in the Suzuki-Miyaesction:* *
withdrawing nitro and cyano groupsThe activation of aryl

chlorides is still quite tough for those containitite electron- X X
neutral alkyl, medium electron-withdrawing acyl, digide I _ l P
groups and electron-neutral/-donating grotps. N IIIH H:C™ °N lilH
Since Gregory C. Fu first published a catalytic sysfor the PPh; PPhy
activation of aryl chlorides in Suzuki-Miyaura réiaa in 1998 L1 L2

manyllreseazgh groups including Kwofiw@uchwald_? Sarkar,’ In our previous repoff, we successfully designed a N,P,P
Hong!! Lee? and Rajabf have developed various catalyst ligand,  N,N-bis-(diphenylphosphanylmethyl)-2-amindgine

candidates. Modifications on ligands include butkyelectron- (bdppmapy), and prepared its Pgd@tduct [(bdppmapy)Pdg)
rich phosphines! nitrogen-donor$> N-heterocyclic carben&s



This catalyst showed good activity toward the Sudkiaura
coupling reactions of aryl bromides and arylboroaigds in
ethanol, but showed poor performance in catalyziregsimilar
reactions using aryl chlorides. As an extensiorhis project, we
deliberately selected two P,N type bidentate ligands
phenylphosphanylmethyl-2-aminopyridine LY and  N-
phenylphosphanylmethyl-2-amino-6-methylpyridind_,)( and
prepared one Pdgladduct [L,)PdChL] (1). Compound 1
exhibited good catalytic activity toward the Suzikiyaura
cross-coupling reaction of aryl chlorides with aoglronic acids.
Described below are its synthesis, structural charaation and
catalytic performance.

2. Results and discussion

Treatment of PdGlwith equimolarL, in DMF followed by a
standard workup produced yellow crystals df;)PdCh] (1).

Compoundl is relatively stable in air, and soluble in polar
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Fig. 2. The positive-ion ESI mass spectrum (a) and theutsked isotope
patterns (b) of theL[/PdCI-DMFT cation.

4-Chloroacetophenon@d) and 4-methoxy phenylboronic acid

solvents such as DMF, DEF, and DMSO, but only slightly(3a) were chosen as model substrates. The positivE8immass
soluble in other common solvents such as,Cl§ EtOH and  spectrum ofl in DMF was examined and provided an insight
H,O. Single-crystal X-ray analysis revealed thatrystallizes in  into its solution behavior. A major signalratz = 494.02 (Fig. S6)
the monoclinic space groufP2/c. The Pd(ll) center is could be assigned to theL[JPdCIl-DMFT cation (Fig. 2). The
coordinated by a P atom and a N atom fromlonmolecule and  Presence of this cation indicated that®Pdnd L, remain
two chlorides, forming ais square-planar geometry (Fig. 1). The coordinated in solution, while one Pd-Cl bond iselikto be
mean Pd-Cl| bond |ength df are Comparab|e to those of the broken in SOlUtion, which is h6|pr| in inSGrtin@tﬁ)d atom into
square p|anar-co0rdinated Pd(”) Comple%ée_'rhe powder X- the C-CI bond of ar%l chloride during the oxidatiaddition Step
ray diffraction (PXRD) patterns of the bulky sample Joare  in the catalytic cyclé

consistent with the simulated patterns generateah fize single
crystal data ofl (Fig. S1). The IR spectrum showed one
stretching vibration at 1435 chattributable to the C-P groups of
L,. The'H NMR spectrum ofl (Fig. S2) in DMSOd; showed

The effects of different phosphine ligands were iatit
evaluated (Table 1). Reaction without any ligandstifie cross-
coupling of 4-chloroacetophenone2af with 4-methoxy-
phenylboronic acid3a) generated the coupled produdad) in

the signals for the —Ph groups (7.91-7.04 ppm)m@midine ring
(10.13-9.03 ppm). One signal at 77.8 ppm was observede

¥p{*H} NMR spectrum (Fig. S4). The TGA measurement (Fig.

S5) indicated that is quite stable at 24, which eliminates ;
molecule at 200-365 °C (59.6%, Calcd 59.0%) anddiorides
at 365-650 °C (13.9%, Calcd 15.1%) to leave Pd@ assidual

36% vyield under these conditions (entry 1). Theldyieas
significantly decreased in the presence of monadent
triphenylphosphine (entry 2). Similarly, additiorf bidentate
phosphine ligands such as dppm, dppe, dppp in sitsem
reduced this yield with the exception of dppf ane &OP ligand
Xantphos (entries 3-7). The participation of Rigdand L, led to

species (26.5%, Caled 25.9%). a higher yield (entry 8). In order to evaluate th#uence of

steric effects in this catalytic system, we prepamedther P,N
ligand N-phenylphosphanylmethyl-2-amino-6-methyldine
(L,). Notably, the increasing hindrance at the 6-positf the
pyridine ring inL, resulted in a significant decrease in activity
(entry 9). This result is contrary to those reportesing P,N
palladium catalyst&, but similar to that observed using other
pyridine-based ligand®. The reason may be attributed to the
weak axial steric hindrance of pyridine and the oedubasicity
of the pyridine nitogef’ Thus, these P,N-donor ligands possess
one weakly coordinating group that may yield an tursdéion at
the Pd(Il) center via Cl dissociation.

Table 1 The effect of different phosphine ligands on the
Suzuki-Miyaura cross-coupling reaction.

Q, catalyst, base Q)
>—< >— + —< — —_ >—.—.—O
< /0 BOH solvent O Q AN
2a 3a

4aa

Fig. 1. View of the crystal structure df All H atoms are omitted for clarity.
Selected bond lengths (A): Pd(1)-Cl(1) 2.3844(6)(1H-Cl(2) 2.2801(6),
Pd(1)-N(1) 2.0543(18), Pd(1)-P(1) 2.1802(6).

Entry Catalyst system Yield (%)
1 PdChb 36
2 PdCL / PPh 9
3 PdCL / dppni 35
4 PdCL/ dppé 31



5 PdCb / dppp 13

6 PdCL / dppf' 43
7 PdCL / Xantpho§ 62
8 PdCL /L, 78
9 PdCL/L, 31

5 THF 65 6
6 DMF 60 34
7 DMF 80 51
8 DMF 100 55
9 DMF 120 52

Reaction conditions2a (1 mmol), & (1.5 mmol), KPO,-3H,O (3 mmol),

Reaction conditions:2a (1 mmol), 3a (1.5 mmol), Solvent (3mL),

DMF (5 mL), PdCy/L = 1/1, catalyst loading (2 mol% Pd), 18 h, 100 °C, KsPOs3H,O (3 mmol), PdGIL; = 1/1, catalyst loading (2 mol% Pd), 24 h,
analyzed by GC, average of two ruftpppm = bisdiphenylphosphinomethane; analyzed by GC, average of two runs.

Pdppe = 1,2-bis(diphenylphosphino)ethane; ‘dppp = 1,3-
bis(diphenylphosphino) propane; Ydppf = 1,1
bis(diphenylphosphino)ferrocene; ®Xantphos =
dimethylbisdiphenylphosphinoxanthene

The influences of bases, solvents and temperatomeshis
coupling reaction were then investigated (Table PQ)tassium
phosphate (2 mmol) had a better effect on the wélthe desired
product (entry 3) than KOH and,8O; (entries 1 and 2), and
exhibited a slight improvement with an increased @amo(3
mmol, entry 4). The yields were surprisingly poortaiuene,
water, ethanol or THF as a solvent at each boilioigitp(EtOH

Interestingly the concentration of substrate cdtuémce the
yields of the desired products. As listed in Tableh& highest
yield of 83% was found at a concentration of 0.2/m@ntry 3)
for 4-chloroacetophenon@d) when it was adjusted from 0.10 to
0.30 mol/L (entries 1-5). Enlarged reaction by dowgp all
reactants and solvent to keep the concentratiomgb&2 mol/L
gave a similar yield (entry 6). This result mighg baused by a
balance between speeding up the main and side apactt
higher concentrations and slowing down the reactéresto the
insolubility of excess inorganic base.

and THF) or as high as 100 (entries 1-5 in Table 3), but got Table 4 The effect of substrate concentrations on the Euzu
increased in DMF at 66C or above (entries 6-9). However, Miyaura cross-coupling reaction.

reactions in DMF reached the best yield at AD@entry 8), but
did not go well at higher temperature (entry 9).sTiilenomenon
was probably due to the partly decompositionLefafter the
long-term reaction®

Table 2 The effect of different bases on the Suzuki-Miygaur

cross-coupling reaction.

O,

catalyst, base

solvent

2a 3a 4aa
Entry Base / amount Yield (%)
1 KOH / 2 mmol 23
2 K.CO;/ 2 mmol 22
3 KsPOy- 3H,O / 2 mmol 41
4 KsPOy-3H,O / 3 mmol 52

Reaction condition2a (1 mmol),3a (1.5 mmol), DMF (3 mL), PdGL ; =
1/1, catalyst loading (2 mol% Pd), 120 °C, 24 tglgred by GC, average of
two runs.

catalyst, base

o>_©_0| + /0—@—8(0H)2 00\

solvent

2a 3a 4aa
Entry Ar-Cl (mol/L) Yield (%)

1 0.10 60

2 0.15 63

3 0.20 83

4 0.25 60

5 0.30 55

6% 0.20 82

Reaction conditions2a (1 mmol), 3a (1.5 mmol), KPO;3H,O (3 mmol),
DMF (5 mL), PdCJ/L,= 1/1, catalyst loading (1.5 mol% Pd), 100 °C, 15 h
analyzed by GC, average of two rufatyl halide (2 mmol), arylboronic acid
(3 mmol), KPO,-3HO (6 mmol), DMF (10 mL), catalyst loading (3 mol%
Pd).

Investigation on the lower limit of the catalyst dieg and

Table 3 The effect of solvents and temperatures on theeaction time revealed that the majority of electpmor substrate

Suzuki-Miyaura cross-coupling reaction.

O,

catalyst, base

solvent

2a 3a 4aa
Entry Solvent Temperature (°C) Yield (%)
1 Dioxane 100 18
2 Toluene 100 9
3 HO 100 8
4 EtOH 78 7

4-chloroacetophenone2d) was converted into the desired
product using 2 mol% palladium catalyst for 24 hi8D °C
(Table 5, entry 1), and no starting materials weetected.
Decreasing the catalyst loading and the reactioa torl.5 mol%
and 18 h, respectively, made no difference (entngsinilarly, a
yield of 83% was still obtained in the presence & tnol%
catalyst after 15 h (entry 3), but reduced to 53% @action time
of 12 h (entry 4). Returning the time to 15 h aeducing the
loading to 1 mol% improved the yield (74%) (entjy Bhus, the
reaction conditions were optimized as follows: 5 DMF, 1
mmol aryl halides, 1.5 mmol arylboronic acid, 3 nimo
KsPQy-3H,0, PACH/L ; = 1/1 with 1.5 mol% Pd loading, 100 °C
and 15 h.

Table 5 The effect of reaction time and catalyst loadings
the Suzuki-Miyaura cross-coupling reaction.



catalyst, base o‘j . . 0\

4aa

solvent

Q
>—©—CI + /O—@—B(OH)2

2a 3a

catalytic . system generally acquired comparable liogip
efficiency® ¥ Nevertheless, our catalytic efficiency appears to
exhibit higher yields and wider scope of substratem other
catalytic system&* 24!

Ent talyst loadi 1% Pd Time (h Yield (% - .
i catalyst loading (mo% Pd) me () leld (%) Table 6 Substrate scope of the Suzuki-Miyaura coupling of
1 20 24 81 aryl chlorides with arylboronic acids
Ris= Rod= Catalyst, KsPOs3H,0  Rin/= =\ R,
2 15 18 82 @_X + ®_B(OH)2 ——= ")
3 15 15 83
Entry ArX Ar'B(OH), Product Yield
4 15 12 59 (%)
' 1 Q Q 85
5 1.0 15 74 2a a 42a
Reaction conditions2a (1 mmol), 3a (1.5 mmol), kKPQ,-3H,0 (3 mmol), 2 o el /0—©—B(OH)2 ° 86
DMF (5 mL), PdCJ/L, = 1/1, 100 °C, analyzed by GC, average of two.runs )‘—@ 3a & ) ) o,
Under the optimized conditions, the reactions of dewiange b 4ba
of electronically diverse substrates were examinkable 6). 3 Q o~ H-s(oH, o 82
Aryl chlorides with electron-withdrawing substitueritgluding >CIQ "L o\
4-chloroacetophenone 2d4), 3-chloroacetophenone 2), 2- 2c 4ca
chloroacetophenone2g), p-chlorotrifluoromethylbenzene2d),
m-chlorotrifluoromethylbenzene 2¢), p-chlorobenzyl cyanide rel-a o s, F3°°\ =
(2f), p-chlorobenzaldehyde2g¢) and p-chloronitrobenzene2h) 2 3a 4da
underwent coupling with 4-methoxyphenylboronic acd)(to 5 FiG N D son FiC 96
afford the desired biaryls in good yields (82-988afries 1-8). al / oz o
Substituted aryl chlorides exerted steric effect tha desired % %a 4 N
products. Thenetasubstituted aryl chloridezb and2e (entries 3 ea
and 5) gave similar yields to those obtained frdme para- 6 ned Yot o Hmom:  ne )0 B
substituted onea and 2d (entries 1 and 4), whilertho- f 2a 4fa
substituted on@c produced a slightly lower yield (entry 3). On
the other hand, by comparing thara-substituted aryl chlorides, 7 oel Y-ci o~ N-som, omc< )< po 86
it seems that the electron-withdrawing capacity dissituents 2g 3a 4ga
was positive correlated to the yields in the follogviorder — 08
NO, > —-CR > —CN > —CHO~ ~COCH, (entries 8, 4, 6, 7 and 1, oo p-{D-mon: °’”°\
respectively). This phenomenon was consistent wihréported z %a
in other Suzuki-Miyaura reactioftsIn contrary, the reactions of 9 D o~ Dsom, ) )-o 10
the electron-neutral chlorobenzer2t) @nd 2-chloropyridine?f) 2i 3a sia
(entries 9 and 10) and the electron-donagirahloroanisole Zk) _
(entry 11) afforded the related products in lesddgi (10-53%). 0  {-¢ o~ -som, Q‘@‘Q 23
The reactions betweemp-chloroanisole (2k) and electron- 2j 3a 4ja
neutral/donating phenylboronic acids produced traseno C 53
product (entries 12 and 13). Steric effects of ghenylboronic /o@_c' P B(Ore '°°\
acids did not work well in this system (entries 18, 18 and 19). % s tha
Strong electron-withdrawing@-chloronitrobenzene2g) showed 12 o—<:>—cn @‘3‘0”’2 o\ trace
excellent reactivity (85-98% yields) despite therdmic acids ! 2 3 dia
were substituted by electron-donating (entries 8,ahd 15),
electron-neutral (entry 16) and even electron-wilkadng (entry 13 ,0-©-C' o~ -siom, °zN°\ NR
17) groups. Therefore we selected the medium electro 2k 3¢ 4ea
withdrawing p-chloroacetophenone2d) to intensively explore 1, -0 o— 92
the electron effects of the boronic acids. Theldgieof the oo @-B(OH)Z o,N
corresponding products were acceptable in the afselectron- zh 2 4hd
donating (entries 1, 18, 19) and electron-neutatries 20 and . ,
21) phenylbronic acids, but gradually dropped wheroducing 15 ond Do o O 9%
a series of electron-withdrawing —F, —-C&nd —NQ groups 2h @-B(OH)z °zN
(entries 22-24). The reactions also gave good yidlt the 3e 4he
naphtylboronic acid and benzoheteroaromatic boromiids 14 a 95
(entries 25-27), but went inactive when using single ot =~ “ CZ;B(OH)Z -0
heteroaromatic boronic acids (entries 28-29) and 4- 4nb
ethylphenylboronic acid pinacol ester (entry 30).wdwver, as 17 ozN@_c. e~ )-si0m ocha 85
chloride is electron-donating, double arylation ngsip- 2h * " i anf
dichlorobenzene 2{) with 4-methoxyphenylboronic acid3d) 18 o o o .
resulted the 4,4"-dimethoxy-1,1":4',1"-terphefid) in relatively e 0 -
low but reasonable yield (46%, entry 31). Compatedthe 2a @'Bm“’z
3d

reported results using N-heterocyclic carbene aandg this



19 °> () & % J 81
wo oeon:
se lae
2a 3b 4ab
2a 3g dag
2a 3h 4ah
23 o}_O_C' F@—@—B(OH): CFJ 56
2a 3f 4af
2a 3¢ 4ac
25 Q B(OH) o 63
e ’ OO0
2a 3i 4ai
2a 3j 4aj
2a 3k 4ak
28 Q B(OH), Q x trace
a s 4al
3l
2a 3’:“ 4am
SIS Y SRR e v
2a 3n 4an
31 q—@—q /0—©—B(OH)2 oAl DLT)o 46
2i 3a dia

Reaction conditions: aryl chlorides (1 mmol), apynic acid (1.5 mmol),
K3POs-3H,O (3 mmol), DMF (5 mL), PdGIL, = 1/1, catalyst loading (1.5
mol% Pd), 100 °C, 15 h, isolated yield, averageuf runs.2 GC yield."aryl
halides (1 mmol), arylboronic acid (3 mmol);RQs- 3H,0 (6 mmol), DMF
(10 mL), catalyst loading (3 mol% Pd).

3. Conclusions

In summary, we have synthesized one mononucleapleort
from reaction of PdGlwith a P,N bidentate ligand; and
employedl as a catalyst for the Suzuki-Miyaura cross-couplin
reaction of aryl chlorides and aryl boronic acidibis catalytic
system is suitable for a wide scope of substratdsreamarkably
better than mono- and bi-dentate phosphines urftersame
conditions. Relative to the similar catalytic systaising the
bulky analoguel,, complex1 proved very effective for the
coupling reactions of the relatively unreactive |achlorides

GC analyses were performed on an Agilent 7820A Gas
Chromatograph with an Agilent HP-5 chromatographicicwi
and N as mobile phase. Thermogravimetric analysis (TGA wa
performed on a TASDT Q600 System (heating rate ofQ0
min"', under an air stream of 100 mL rfip The LC-MS
analyses were recorded in a Rapid Resolution HT-3
chromatographic column on an Agilent 1260 Infinityquid
Chromatograph with 6120 Quadrupole Mass Spectronsetdr
MeCN as the mobile phaséd and *C NMR spectra were
recorded at ambient temperature on Varian UNITYplu3-300
and 600 spectrometers with chemical shifts refemeeesidual
solvent signal. The powder X-ray diffraction (PXRD)
measurements were carried out on a PANalytical X'PROP
MPD system (PW3040/60). Electrospray ion mass spgEisI-
MS) were performed on micrOTOF-Q Il mass spectromete

4.2. Synthesis of compound 1

PdC} (0.0089 g, 0.05 mmol) and; (0.0139 g, 0.05 mmol)
were added to a Schlenk tube containing a magnitiersbar,
and then DMF (5 mL) was added. The mixture was stifoed 2
h at room temperature to provide a yellow soluti®ome yellow
block crystals ofl were obtained by volatilization from the
yellow solution at room temperature after severajsdavhich
were collected by filtration, washed with,&tand driedn vacuo
Yield: 0.0171 g, 75%. Anal. Calcd. for,#;sClLN,PPd (%): C,
44.81; H, 3.32; N, 6.15; Found (%): C, 44.77; H, 3866.16.
IR (KBr disk, cm'): 3462(m), 3078(m), 2919(w), 2839(w),
2768(w), 1610(vs), 1477(vs), 1466(vs), 1435(s), 1885
1307(w), 1275(w), 1234(w), 1157(m), 1105(s), 1023(@B(®),
902(s), 880(w), 783(m), 745(m), 705(s), 687(s), 635634(s),
488(s), 479(s)*H NMR (400 MHz, DMSO#d;, ppm):6 10.13 (s,
1H), 9.04 (d,J = 5.9 Hz, 1H), 7.88 (dd] = 13.3, 7.7 Hz, 5H),
7.68 (dd,J = 28.6, 6.1 Hz, 6H), 7.15 (d,= 8.3 Hz, 1H), 7.05 (t,
J = 6.6 Hz, 1H)."*C NMR (151 MHz, DMSOds, ppm): 161.9,
161.8, 149.0, 142.1, 133.4, 133.0, 132.9, 129.8.5,2116.7,
111.7, 111.6P{*H} NMR (243 MHz, DMSO#d;, ppm):5 77.8.

4.3. X-ray structure determination

Single crystals suitable for X-ray analysis wer¢agied from
the above preparation and mounted in a capillaryfrdation
intensities were collected on a Bruker D8-Quest ugiraphite
monochromated Mo-& (A = 0.71073 A) radiation. The program
APEX2v2012.4-3 (Bruker, AXS) was used for the refinemédnt o
cell parameters and the reduction of collected ,dathile
absorption corrections (multi-scan) were appliede Tdrystal
structure ofl was solved by direct methods and refined=oiby
full-matrix least-squares methods with the SHELXL-201
program packag®&.All non-H atoms were refined anisotropically.
All H atoms were placed in geometrically idealizediposs. A
summary of key crystallographic information is givie Table 7.

Table 7 Crystal data and structure refinement parametars f
compoundl

containing strong and medium electron-withdrawingugrs. The
results demonstrate the importance of ligand desfgn
stabilizing low-valence Pd intermediates and thgaathge in
incorporating both arracceptor P ando-donor N into the
chelating ligands.

4, Experimental
4.1. General procedures

All manipulations were carried out using standard I&dh
techniques. The ligands; and L, were prepared according to
literature procedure8.The substrateand other chemicals used
for the experiments were purchased from commercippléers.

Formula G7H1:Cl.N,PPd
Formula weight 455.58
Crystal system Monoclinic
Space group P2,/c

alA 12.6676(15)
b/A 11.6312(14)
oA 24.346(3)
BI° 103.503(3)



VIA® 3488.0(7)
DJg.cni® 1.735
z 8
u(Mo-K)/mm™* 1.461
F(000) 1808
Total Reflections 85023
Unique Reflections 8681
No. observations 6607
No. parameters 415
Rint 0.0359
R 0.0259
wR’ 0.0636
GOF 1.067

R = |Fol-Fel/[Fol. "WR = {W(F~F2A)*W(F?)% 2 ‘GOF= {w((F.>-F2)?)/(n-
p)} Y2 wheren = number of reflections anp = total number of parameters
refined.

4.4, General procedure for the Suzuki-Miyaura cross-
coupling reaction of aryl chlorideswith aryl boronic acids

In a 25 mL Schlenk tube containing a magnetic estitrar, 4-
chloroacetophenoned) (155 mg, 1 mmol) was mixed with 4-
methoxyphenylboronic acid34) (228 mg, 1.5 mmol). Then
trihnydrate potassium phosphate (798 mg, 3 mmol) BNF (5
mL) were added. The dissolved mixture bf1.50 mL, 0.015
mmol) was transferred into the tube by a pipettee Tube was

placed in a 100C oil bath and stirred for 15 h. At the end of the

reaction, the mixture was cooled to room temperatgded with
water (5 mL), and then extracted with ethyl acet&be5(mL).
The organic layer was dried over anhydrous,9@. After
evaporation of the solvent, the residue was sulgjecisilica gel
column chromatography to give the cross-couplingdpct.
Finally, the resulting products were characterizeithgi'H NMR
and ®*C NMR. See Supplementary data for fEBI-MS data of
the catalysts ancharacterization data for the isolated products.

4.41. 1-(4-methoxy-[1,1'-biphenyl]-4-yl)ethanonedad).*®
White solid,"H NMR (400 MHz, CDCJ, ppm):& 8.00 (d,J = 8.0
Hz, 2H), 7.64 (d,J = 8.0 Hz, 2H), 7.58 (d] = 8.0 Hz, 2H), 7.00
(d, J = 8.0 Hz, 2H), 3.86 (s, 3H), 2.62 (s, 3HIC NMR (151

127.8, 126.9, 125.8 (dgr = 3.7 Hz), 124.5 (dJer = 271.8 Hz),
1145, 55.5.

4.45. 3-trifluoromethyl-4'-methoxy-1,1'-biphenyl 4eg).%’
White solid,"H NMR (400 MHz, CDCJ, ppm):5 7.78 (s, 1H),
7.71 (d,J = 7.1 Hz, 1H), 7.61 — 7.46 (m, 4H), 6.99 J&; 8.3 Hz,
2H), 3.85 (s, 3H)**C NMR (151 MHz, CDGJ, ppm):8 159.8,
141.7, 132.3, 131.2 (d¢e = 32.0 Hz), 130.0, 129.3, 128.4, 125.3,
123.5 (mJcr = 3.7 Hz), 114.5, 55.5.

4.4.6. 4-cyano-4'-methoxy-1,1'-biphenifa).** White solid,
'"H NMR (400 MHz, DMSOds, ppm):& 7.86 (q,J = 8.3 Hz, 4H),
7.72 (d,d = 8.5 Hz, 2H), 7.06 (dJ = 8.5 Hz, 2H), 3.81 (s, 3H).
3C NMR (151 MHz, CDCJ, ppm):5 160.3, 145.3, 132.6, 131.6,
128.4,127.2,119.1, 114.6, 110.2, 55.5.

4.47. 4-methoxy-[1,1'-biphenyl]-4-carbaldehyde 4gd).*°
White solid,"H NMR (400 MHz, CDC}, ppm):& 10.03 (s, 1H),
7.92 (d,J = 8.1 Hz, 2H), 7.71 (d] = 8.1 Hz, 2H), 7.59 (d] = 8.6
Hz, 2H), 7.01 (dJ = 8.6 Hz, 2H), 3.87 (s, 3H}*C NMR (100
MHz, CDCL, ppm): 6 191.7, 160.0, 146.6, 134.5, 131.9, 130.2,
128.4, 126.9, 114.3, 55.3.

4.4.8. 4-methoxy-4'-nitro-1,1'-biphenydh@).** Yellow solid,
'H NMR (400 MHz, DMSOds, ppm)3 8.26 (d,J = 8.6 Hz, 2H),
7.92 (d,J = 8.6 Hz, 2H), 7.76 (d] = 8.6 Hz, 2H), 7.09 (d] = 8.6
Hz, 2H), 3.82 (s, 3H)°C NMR (151 MHz, CDGJ, ppm):5 160.5,
147.3, 146.6, 131.1, 128.6, 127.2, 124.2, 114.5.55

4.4.9. 2-(4-methoxyphenyl)-pyridindjd).*® White solid, *H
NMR (400 MHz, CDCY, ppm): 8 8.66 (s, 1H), 7.96 (s, 2H),
7.74-7.65 (m, 2H), 7.18 (d,= 4.0 Hz, 1H), 7.00 (s, 2H), 3.87 (s,
3H). *C NMR (151 MHz, CDGCJ, ppm): 8 160.5, 157.2, 149.6,
136.7,132.1, 128.2, 121.5, 119.9, 114.2, 55.4.

4.4.10. 4,4'-Dimethoxy-1,1"-biphenytka).** White solid, *H
NMR (400 MHz, CDC}, ppm):5 7.47 (d,J = 8.6 Hz, 4H), 6.96
(d, J = 8.6 Hz, 4H), 3.84 (s, 6H}*C NMR (100 MHz, CDG],
ppm): & 159.1, 140.8, 133.8, 128.7, 128.1, 126.7, 1261&,2,
55.3.

4.4.11. 3-methoxy-4"-nitro-1,1'-biphenyih¢l).** Yellow solid,
'H NMR (400 MHz, CDCJ, ppm): & 8.29 (d,J = 8.6 Hz, 2H),
7.73 (d,J = 8.6 Hz, 2H), 7.41 ( = 7.9 Hz, 1H), 7.20 (d] = 7.6
Hz, 1H), 7.14 (s, 1H), 6.99 (d,= 6.8 Hz, 1H), 3.89 (s, 3HYC
NMR (151 MHz, CDC}, ppm): 160.1, 147.5, 147.1, 140.2, 130.2,
127.8,124.0,119.8, 114.1, 113.2, 55.4.

4.4.12. 2-methoxy-4"-nitro-1,1'-biphenylhg).* Yellow solid,

MHz, CDCk, ppm):5 197.8, 160.0, 145.5, 135.4, 132.4, 129.1,"H NMR (400 MHz, CDC}, ppm): 5 8.25 (d,J = 8.4 Hz, 2H),

128.4,126.7, 114.5, 55.5, 26.7.

4.4.2. 1-(4-methyl-[1,1"-biphenyl]-3-yl)ethan-1-onélba).**
Yellow solid,"H NMR (400 MHz, CDC}, ppm):& 8.14 (s, 1H),
7.88 (d,J = 7.6 Hz, 1H), 7.75 (d] = 7.6 Hz, 1H), 7.65 — 7.42 (m,
3H), 7.00 (d,J = 8.3 Hz, 2H), 3.86 (s, 3H), 2.65 (s, 3HC
NMR (151 MHz, CDC}, ppm): § 198.3, 159.7, 141.4, 137.7,
132.8, 131.4, 129.1, 128.3, 126.7, 126.6, 114.%,5%5.9.

4.4.3. 1-(4-methyl-[1,1-biphenyl]-2-yl)ethan-1-on@ca).**
Colorless oil;H NMR (400 MHz, CDC}, ppm):5 7.50 (dd,J =
15.9, 7.6 Hz, 2H), 7.38 (8 = 7.2 Hz, 2H), 7.27 (4 = 7.6 Hz,
2H), 6.96 (d,J = 8.3 Hz, 2H), 3.85 (s, 3H), 2.01 (s, 3HC

7.69 (d,J = 8.4 Hz, 2H), 7.40 (1) = 7.8 Hz, 1H), 7.33 (d] = 7.4

Hz, 1H), 7.01 — 7.09 (m, 2H), 3.84 (s, 3HC NMR (151 MHz,

CDCl,, ppm): 156.4, 146.6, 145.4, 130.6, 130.3, 1308.2,2
123.2,121.1, 111.4, 55.5.

4.4.13. 4-nitro-1,1'-biphenyléb).*® Yellow solid, '"H NMR
(400 MHz, CDC4, ppm): 8.30 (d,J = 8.6 Hz, 2H), 7.74 (d] =
8.6 Hz, 2H), 7.63 (dJ = 7.4 Hz, 2H), 7.48 (df] = 14.4, 7.1 Hz,
3H).*C NMR (151 MHz, CDGJ, ppm): & 147.8, 147.2, 138.9,
129.3,129.1, 128.0, 127.5, 124.3.

4.4.14. 4-trifluoromethyl-4'-nitro-1,1'-biphenydt{f).>” Yellow
solid, 'H NMR (400 MHz, CDC}, ppm):8 8.34 (d,J = 8.6 Hz,

NMR (151 MHz, CDC}, ppm): 205.4, 159.7, 141.0, 140.2, 133.12H), 7.75 (dd,J = 11.2, 7.6 Hz, 6H)3C NMR (151 MHz,

130.8, 130.1, 127.9, 127.2, 114.3, 55.4, 30.5.

4.4.4. A-trifluoromethyl-4'-methoxy-1,1'-biphenyl 4dg).%
White solid,"H NMR (400 MHz, CDCJ, ppm): 8 7.65 (s, 4H),
7.54 (d,J = 8.5 Hz, 2H), 7.00 (dJ = 8.5 Hz, 2H), 3.86 (s, 3H).
13C NMR (151 MHz, CDCJ, ppm):5 159.9, 144.4, 132.3, 128.4,

DMSO-dg, ppm): 6 147.7, 146.0, 142.2, 128.1, 127.8, 126.1 (d,
‘]CF =3.6 HZ), 1242, 123.9 (d@p =273.3 HZ)

4.4.15. 1-(3-methoxy-[1,1'-biphenyl]-4-yl)ethanor{dad).®®
White solid,"H NMR (400 MHz, CDCJ, ppm):$ 8.02 (d,J =
7.9 Hz, 2H), 7.68 (dJ = 7.9 Hz, 2H), 7.39 (t) = 7.8 Hz, 1H),
7.22 — 7.15 (m, 2H), 6.95 (d,= 7.7 Hz, 1H), 3.88 (s, 3H), 2.64



(s, 3H).”®C NMR (151 MHz, CDGJ, ppm): & 197.7, 160.0,
145.6, 141.3, 136.0, 130.0, 128.8, 127.2, 119.3.511113.1,
55.3, 26.6.

4.4.16. 1-(2'-methoxy-[1,1-biphenyl]-4-yl)ethanor(dae).*
White solid,"H NMR (400 MHz, CDCJ, ppm):5 8.00 (d,J = 8.0
Hz, 2H), 7.63 (dJ = 8.0 Hz, 2H), 7.38-7.32 (q, 2H), 7.07-6.99
(m, 2H), 3.82 (s, 3H), 2.63 (s, 3HJC NMR (151 MHz, CDGJ,
ppm): & 197.8, 156.4, 143.6, 135.5, 130.7, 129.7, 1298.0,
120.9, 111.3, 55.5, 26.6.

4.417. 1-([1,1'-Biphenyl]-4-yl)ethan-1-onedap).** White
solid, *H NMR (400 MHz, CDC}, ppm):5 8.03 (d,J = 8.1 Hz,
2H), 7.66 (ddJ = 23.0, 7.8 Hz, 4H), 7.47 (f, = 7.4 Hz, 2H),
7.41 (d,J = 7.2 Hz, 1H), 2.64 (s, 3H)*C NMR (151 MHz,

Acknowledgments

The authors thank the National Natural Science Fdiomdaf
China (21271134, 21373142, 21531006 and 21671t Btate
Key Laboratory of Organometallic Chemistry, Shandhatitute
of Organic Chemistry, Chinese Academy of Scienced 5RO
07) for financial support. J. P. Lang also highppeeciates the
financial support of the "Qing-Lan" Project of JiangProvince,
the Priority Academic Program Development of Jiangsgher
Education Institutions, and tH&oochow Scholat Program of
Suzhou University.

Supplementary data

CDCl,, ppm):§ 197.8, 145.9, 140.0, 136.0, 129.1, 129.0, 127.4, The'H and®*C NMR spectra for the isolated products can be

26.8.

4.4.18. 1-(4'-methyl-[1,1"-biphenyl]-4-yl)ethan-1endag).*
White solid,"H NMR (400 MHz, DMSOg, ppm):5 8.02 (d,J =
8.2 Hz, 2H), 7.79 (dJ = 8.2 Hz, 2H), 7.64 (d] = 7.9 Hz, 2H),
7.31 (d,J = 7.8 Hz, 2H), 2.60 (s, 3H), 2.35 (s, 3HIC NMR
(151 MHz, CDC}, ppm): & 196.9, 144.9, 137.4, 136.1, 134.8,
128.8, 128.1, 126.2, 126.1, 25.8, 20.3.

4.4.19. 1-(4'-fluoro-[1,1-biphenyl]-4-yl)ethan-lne @ah).*’
White solid,"H NMR (400 MHz, CDCJ, ppm):5 8.03 (d,J = 8.0
Hz, 2H), 7.66 — 7.57 (m, 4H), 7.16 &= 8.5 Hz, 2H), 2.64 (s,
3H). **C NMR (151 MHz, CDGJ, ppm):& 197.7, 163.1 (dJcr =
248.1 Hz), 144.8, 136.1 (d¢r = 3.1 Hz), 135.9, 129.1 (der =
2.8 Hz), 127.2, 116.0 (der = 21.6 Hz), 26.7.

4.4.20. 1-(4'-(trifluoromethyl)-[1,1'-biphenyl]-4)}dthan-1-one
(4af).¥” White solid,"H NMR (400 MHz, DMSOds, ppm): &
8.08 (d,J = 8.2 Hz, 2H), 7.97 (d] = 8.0 Hz, 2H), 7.88 (dd] =
16.7, 8.1 Hz, 4H), 2.63 (s, 3H)'C NMR (101 MHz, DMSOd,
ppm):3 197.5, 142.8, 136.4, 129.0, 127.9, 127.3, 125.9.(d
= 3.8 Hz), 124.2 (djer = 272.0 Hz), 26.8.

4.4.21. 1-(4-nitro-[1,1-biphenyl]-4-yl)ethan-1-en (ac).”
Yellow solid, *H NMR (400 MHz, CDC}, ppm)5 8.34 (d,J =
7.3 Hz, 2H), 8.09 (dJ = 7.0 Hz, 2H), 7.76 (dd] = 21.9, 7.3 Hz,
4H), 2.67 (s, 3H)*C NMR (75 MHz, CDCJ, ppm): & 197.9,
147.9, 146.5, 143.4, 137.3, 129.4, 128.4, 124.6,0.27.0.

4.4.22. 1-(4-(Naphthalen-1-yl)phenyl)ethan-1-onedai)**
White solid,"H NMR (400 MHz, CDC}, ppm):& 8.08 (d,J = 8.7
Hz, 3H), 7.96-7.86 (m, 3H), 7.79 (dii= 22.8, 7.8 Hz, 3H), 7.52
(d, J = 3.6 Hz, 2H), 2.66 (s, 3H}*C NMR (151 MHz, CDG),
ppm): & 197.9, 145.8, 137.3, 136.0, 133.7, 133.1, 1298.8,
128.5,127.8, 127.6, 126.7, 126.6, 126.5, 125.8.26

4.4.23. 1-(4-(Benzofuran-2-yl)phenyl)ethan-1-onedaj)(**
White solid,"H NMR (400 MHz, CDC}, ppm):& 8.06—8.00 (m,
2H), 7.94 (tJ = 6.0 Hz, 2H), 7.66-7.50 (m, 2H), 7.38-7.22 (m,
2H), 7.17 (dJ = 5.2 Hz, 1H), 2.64 (d] = 5.6 Hz, 3H)*C NMR
(151 MHz, CDC}, ppm): & 197.4, 155.3, 154.6, 136.6, 134.7,
129.0, 125.3, 124.9, 123.4, 121.4, 111.5, 103.8,.26

4.4.24. 1-(4-(Benzo[b]thiophen-2-yl)phenyl)ethawoie
(4ak).* White solid,"H NMR (400 MHz, CDC}, ppm):& 8.01
(d,J = 8.2 Hz, 2H), 7.83 (ddl = 19.6, 7.9 Hz, 4H), 7.67 (s, 1H),
7.37 (t,J = 5.5 Hz, 2H), 2.64 (s, 3H)°C NMR (151 MHz,

found in online version at http://dx.doi.org/10. Bp*++*
CCDC **** contain the supplementary crystallograpldata of
compound 1 can be obtained free of charge via
www.ccdc.cam.ac.uk/data_request/cif, or by emailing
data_request@ccdc.cam.ac.uk, or by contacting Tdrab@dge
Crystallographic Data Centre, 12, Union Road, Cangeri@B2
1EZ, UK; fax: +44 1223 336033.
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Research Highlights

» Compound 1 isaPdCl, adduct of N-diphenylphosphanyl-2-aminopyridine.
» Compound 1 can catalyze the reactions of aryl chlorides with aryl boronic acids.

» This catalytic system is suitable for a wide scope of substrates.



