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Graphical Abstract
A convenient and environmental benign synthesis of biaryls has been demonstrated by a straightforward reaction catalyzed
by the palladium-containing metal -organic framework (Pd-MOF) [Pd(2-pymo),], (2-pymo=2-pyrimidinolate).
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A convenient and environmental beniggnthesis of biaryls has been demonstrated
straightforward reaction catalyzed by the palladitontaining metal-organic framework (Pd-
MOF) [Pd (2-pyma)], (2-pymo=2-pyrimidinolate). A series of functiormdd biaryl derivatives
have been synthesized in good to excellent yieldshe Suzuki-miyaura crossuplings o
sustainable arenediazonium salts with a varietaryfboronic acidsand the reactions we
catalyzed by the Pd-MOF using methanol as a besijvent. Those base- and additfvee

catalytic reactions proceeded smoothly under ndny@dmus and non-degassed condition. Such
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transformation avoided high reaction temperatumderated many functional groupanc
presented a wide substrate scope. The catalysd d@recovered by filtration and reused
four successive cycles before collapse of the MiDiewure.

2009 Elsevier Ltd. All rights reserved

1. Introduction

The palladium catalyzed Suzuki-Miyaura cross-caupli
reaction is one of the most reliable and powerfulhoés to form
C-C bonds for the synthesis of biaryls [1], whiobnstitute a
class of key structural motifs present in numerdbimogical
important compounds [2], and advanced functionakenels [3].
The vast majority of traditional Suzuki-Miyaura cdans have
used costly halogenated or sulfonated electroplaitimponent
[4]. Moreover, such methodologies that are basedirmmatic
halides require a base and an elevated temperathieh limited
the scope of these protocols. Thus, in order t@aedpghe scope
of the Suzuki-type coupling reaction, more and mattentions
have been paid to the generation of suitable elphbilic
coupling partners in recent years. Among the elpbitic
coupling components, aromatic diazonium salts (AD8)faund
to be good choices due to their high reactivity amasy
preparation [5]. In addition, ADS can be consideredsaper
electrophiles since they are armed with diazoniunction (N,)
as nucleophile, which allows the cross-coupling ieast to
proceed efficiently under a simple and mild experital
procedure. Comparison to the typical

* Corresponding author.

E-mail address: pangwan@sit.edu.cn (W. Pang).

Suzuki-Miyaura reaction, employing arenediazonium
tetrafluoroborate salts as a coupling componentiges a base-
free, energy and cost-saving protocol. Although guillm-
catalyzed  cross-coupling reaction of arenediazonium
tetrafluoroborate salts (ARBF,) and arylboronic acids had
been successful by employing diverse homogeneolisof6
heterogeneous catalyst [7], there is a resurgdstest in the
development of more efficient methods for this sfanmation.

Among the growing list of organometallic commex metal-
organic frameworks (MOFs) have been investigate@resively
because of their high surface areas, well-definadgiiies, and
chemical tenability [8]. In recent years, MOFs habeen
extensively demonstrated in their potential andnpsing
applications as heterogeneous catalysts [9], eshettiose using
MOFs as a supporting matrix for metal nanoparti¢lesown as
metal@MOFs) [10]. However, few studies have been ottedu
on Pd-MOF that can be used as a new heterogenetalgsta
Xamena et al. reported [Pd(2-pyrlQ) (2-pymo=2-
pyrimidinolate) as active catalyst for alcohol adidn, Suzuki
C-C coupling, and olefin hydrogenation[11]. Klemm al.
reported on the stability and reusability of thasFOF in liquid-
phase hydrogenation reaction [12], and the rol@df/Pd in
hydrogenation by X-ray absorption and IR spectrpacatudy
[13].

For our investigations, the well studied Pd-MOF PRd(
pymo)], reported by Navarro et al. [14] was chosen to be the
catalyst, which is an outstanding example of MOF emal
design for catalytic application. It was reportedttithe P&
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nodes of the MOF [Pd(2-pym@) could be active centers in__Entry Additive Solvent Yield% °
hydrogenation of 1-octene [14]. Although its catalyt
performance has been tested by Xamena et al. [1Suiruki- 1 nothing MeOH N.R
Miyaura coupling between aryl halides and arylbozoacids.
The methodology was base on costly aromatic haliddsxic
organic solvent (o-xylene), required a baseQ®&) and an KePdcl, MeOH N-R
elevated temperature (159 In addition, no detailed scopes and
limitations studies have been reported so far. j’\“

In the present work, Pd-MOF complex was employed to 3 NTSN g MeOH N.R
catalyze the coupling of functionalized aromaticazdinium U
tetrafluoroborate salts with diverse arylboronic daciunder
additive- and base-free condition, methanol asstiteent and a A Pd(CaHaN20).Cl, MeOH 16
mind temperature about 40 intermediate 1
2. Result and discussion Pd-MOF ([Pd(C 4H3N20)5], - 2nH,0) MeOh 9

The Pd-MOF [Pd(2-pymg])..2nH,O catalyst 1 was prepared catalyst1
and purified according to Jorge A. R. Navarro's régobr PA-MOF ([Pd(C4HaN20)s]n - 2nH,0) \eoH R

procedure (Scheme 1) [14hd its structure was confirmed by X-
ray diffraction using a PANalytical X'Pert Pro powder

catalyst 1

diffractometer and compared with literatures (se&'ES

KoPdCly
+ O,
25C T, M py(C4HN0)2Cl 2
N._ _OH air X ¢
N
QY . HCI intermediate 1
_N
1)NaOH
“2pH=s . PU-MOF (IPd(C4HaN0)oly - 20H20)

3)80°C,5d catalyst 1

Scheme 1 Preparation o€atalyst 1

As a starting point in the investigation of the begerating
experimental conditions, the Suzuki-Miyaura crossgting
reaction between
tetrafluoroborate and phenylboronic acid was seteae the
representative substrate.

Firstly, the catalytic activity of theatalyst 1 was tested, and
the results are summarized in Table 1. Without lgsitathe
treatment of 2-(carboxyethyl)benzendiazonium tkiabborate
(1d) and phenylboronic aci®) using MeOH as solvent resulted
in no reaction (Table 1, entry 1). Similarly, nglbényl product
was detected when,RdCl, or 2-pyrimidinol hydrochloride was
used as the catalyst under same reaction condffiable 1,
entries 2 and 3). Excellent yields were observedhercoupling
reaction when using theatalyst 1 without base for 4 hours
(Table 1, entry 5), where in the presencéntér mediate 1, 46%
yield was obtained (Table 1, entry 4). The syntheti@alyst 1
(Pd-MOF) proved to be exceptionally active for Skizadiyaura
reaction in base-free condition. Note that biphéhgt may come
from homocoupling of phenylboronic acid has beémiekted as
supported by the fact that no biphenyl producthsesved under
the same experimental conditions except for theerad®s of 2-
(carboxyethyl)benzenediazonium tetrfluoroborateb(@dl, entry
6).

Tablel
Palladium-Catalyzed Suzuki-Miyaura cross-coupliegatior

0, Ve o}

o
NoBF, + @‘B(OH)Q
2

—
0]

3d

additive, T

—adaitive. 1,
olvent

1d

#Reaction conditions: 2-(carboxyethyl)benzenedianonietrafluoroborate
salt (0.2 mmol), phenylboronic acid (0.3 mmol) &whol% additive in
solvent (1.0 ml) at 4Q (oil temperature) for 4 hours.

®The yield was determined b4 NMR spectroscopy using 1,3,5-
Trimethoxybenzene as an internal standard.

°Reaction was performed without 2-(carboxyethyhsmediazonium
tetrafluoroborate salt

Subsequently, the effect of catalyst loading on thess-
coupling reaction was investigated under air atmesplat 4@
and the results are shown in Table 2. The yieldeweaproved
apparently with the increase of the catalyst, 99%yield was
obtained when as low as 3 mol% Pd-MOF was utilizedl@ a,
entry 3). The investigation of some solvents usuaked in
Suzuki-Miyaura cross-coupling, such as MeOH, EtOLOH
revealed that MeOH was the best solvent (Table 2y é)trin
sharp contrast, the yield of the model reaction drasnatically

2-(carboxyethyl)benzenediazoniungecreased when EtOH was used as solvent (Table 2,6n®n

the other hand, when water was employed as the raamloent,
the yield was relatively lower than MeOH (Table 2, eri.
Comparatively, the yield of the model reaction wagprioved
when a mixture of MeOH: }0 was used (Table 2, entries 8-11).
Temperature obviously influenced the reaction Weido. 40C
was found to be suitable temperature (Table 2, é)trirReducing
the reaction temperature form @0to 25C, the product yield
was dramatically decreased (Table 2, entry 12). Aflstirvey of
the bases revealed that the addition of base Hasfisantly
reduced the product formation (Table 2, entrie13-The loss
of catalytic activity presumably resulted from timstability of
Pd-MOF under alkaline conditions. After all theseteesive
experiments, it was discovered that the optimal i
employed 3mol% Pd-MOF and no base in MeOH &40 , which
provide biphenyl in 98% isolated yield.

To ascertain the scope and limitations of this tieac a
variety of arenediazonium tetrafluoroborate saltserew
investigated (Table 3). As described in Table 3,rthrire of the
substituents on the diazonium salt does not seaffdéot greatly
the reaction yields. Arenediazonium fluoroboraterinegeither
electron withdrawing functional groups or donatingugrs react
smoothly giving moderate to excellent yields (468498
Additionally, compared with the corresponding metad para-
substituted arenendiazonium tetrafluoroborate stits yields of
the orhto-substituted derivatives gave higher wieid shorter
reaction times (Table 3, entries 4, 6 and 9), pgobbbecause of
the ortho-effect. Halogen atoms such as F, Cl, Brlamere also
tolerated under the reaction conditions in modeyadkls (Table
3, entries 11-14).
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Table2
Optimization of the cross-coupling reaction with-RA@F catalyst
o) 0
oﬁ oﬁ
oy + (Yoo TR (T ()
1d 2 3d
Entry Pd-MOF(mol%) Solvent Bases T Yield °(%)
1 2 MeOH — 40 70
2 25 MeOH — 40 85
3 3 MeOH — 40 99
4 5 MeOH — 40 98
5 3 H,0 — 40 64
6 3 EtOH — 40 42
7 3 EtOH /H,0(1/1) — 40 52
8 3 MeOH /H,0(1/1) — 40 70
9 3 MeOH /H,0(2/1) — 40 76
10 3 MeOH /H,0(5/1) — 40 80
11 3 MeOH /H,0(9/1) — 40 80
12 3 MeOH — 25 15
13 3 MeOH — 30 46
14 3 MeOH K,CO3 40 Trace
15 3 MeOH K3PO4 40 Trace
16 3 MeOH NaOH 40 Trace
17 3 MeOH NaHCOs; 40 Trace
18 3 MeOH AcONa 40 Trace
19 3 MeOH NHs-H,0 40 Trace
20 3 MeOH EtsN 40 Trace
21 3 MeOH Py 40 Trace

? Reaction conditions: to the reaction mixture of 2-(carboxyethyl)benzendiazonium tetrafluoroboratéisl (0.2 mmol) and Phenylboronic acid 2 (0.3 mmol) in solvent

(1.0 ml).
® The yield was determined by 1H NMR spectroscopiygus,3,5-Trimethoxybenzene as an internal standard

°Qil temperature

Table3
Pd-MOF catalyzed Suzuki-Miyaura cross-coupling tieacof arenediazonium tetrafluoroborate salts\a@gives with

arylboronic acid$
MeOH 40°C RAA=
1
1a-n

3a-n

) 3a, 98%, 3.5h (2) 3b, 70%, 5h (3) 3¢, 75%, 4h 4) 3d, 98%, 2h 5) 3e, 70%, 4h
(6) 3f, 96%, 3h (7) 39, 82%, 4.5h 8) 3h, 74%, 5h (9) 3i, 70%, 4h (10) 3], 46%, 8h

FH O~ OO

(11) 3k, 70%, 5h (12) 31, 69%, 5h (13) 3m, 58%, 5h (14) 3n, 60%, 5.5h
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@ Reaction conditions: arenediazonium tetrafluorabmsaltda-n (1.0 mmol) and Phenylboronic add1.5 mmol) in methanol solution (5.0 ml), Pd-MCH (

mol%), 401 oil temperature

In the meantime,
substituents were examined and the results arel listdable 4.
As shown in Table 4, a series of substituted arylbicracids
bearing either electron-donating (entries 1-4) decteon-
withdrawing (entries 5-6) functional groups affordée desired

products 4a-€) in fair to excellent yields. However, boronic acid

substrates bearing electron donating groups, ssgh-@Me, p-
Me gave high vyields of the corresponding adductsshorter
reaction times (Table 4, entries 1 and 4). Thdcstdfect on the
reaction was also investigated. When 1-naphthylboranid or
4-Triphenylamine was employed in the cross-couptieaction,
the product yields were dramatically decreased, deinating
that steric effect of boronic acid was sensitivethie reaction
(Table 4, entries 7-8). It is possible tRgtand2h are too large to
fit the pore in the Pd-MOF. Further research alibatPd-MOF
catalytic mechanism is undergoing in our laboratory

Table4

Pd-MOF catalyzed Suzuki-Miyaura cross-coupling tieacof
2-(carboxyethyl) benzendiazonium tetrafluorobosstiwith
arylboronic acids derivativés

O, Y
o]

1\12|3|E4 - HO)QB@

1d 2a-

h

(1) 4a, 98%, 4h 2) 4b, 79%, 4.5h (3) 4c, 82%, 3h

6) 4f, 40%, 23h

_Pd-MOF
MeOH, 40°C

4) 4d, 86%, 3.5h (5) 4e, 62%, 22h

5

(7) 49, 53%, 6h (8) 4h, 37%, 10h

#Reaction conditions: 2-(carboxyethyl)benzendiazontatrafluoroborate
saltid (1.0 mmol) and Phenylboronic acdd-h (1.5 mmol) in methanol
solution (5.0 ml), Pd-MOF (3 mol%), 40oil temperature.

The reusability of heterogeneous catalysts is wenyortant,
especially for commercial application. Thus, we Hertexplored
the catalyst recycling through the Suzuki-Miyaurass-coupling
of 2-(carboxyethyl) benzenediazonium tetrafluoraier and
phenylboronic acid under the optimized conditiofisible 5).
The catalyst could be recovered and reused aftgaraton,
washing with MeOH, and drying under vacuum under timeesa
reaction conditions. Although it could be recycletd areused
three times without a significant reduction in thelg, the
catalyst activity obviously decreased after thertfowonsecutive

arylboronic acids having differentcycles. The significant decrease of the catalyttivily was

probably due to the reduction of Pchodes of MOF [Pd(2-
pymo)], and collapse of the MOF structure [11,12,13], el
decrease of the recovery percent of this catalysing the
recovery process.

Table5
Recycling and reuse of the Pd-MOF
(@) Vo —
e} (¢}
+ - Pd-MOF, 40°C
B(OH), —————»
NP @ 2 Zyieom, an O O
1d 2 3d
Entry Catalyst Yield ® (%)
1 Fresh 99
2 First Reuse 95
3 Second Reuse 90
4 Third Reuse 82
5 Fourth Reuse 64

# Reaction conditions: 2-(carboxyethyl)benzendiazontetrafluoroborate
saltid (0.2 mmol) phenylboronic aci@ (0.3 mmol) and 3 mol% catalyst in
Methanol solvent (1.0 ml) at 4ZD(oil temperature) for 4 hours.

The yield was determined B NMR spectroscopy using 1,3,5-
Trimethoxybenzene as an internal standard.

3. Conclusions

In summary we have demonstrated a green and sustainable
method to prepare a series of functionalized bsaiyl good to
excellent yields by the Suzuki-Miyaura cross-cooglreaction
of arenediazonium tetrafluoroborate salts and arghic acids in
the presence of highly active and easily synthdsid-MOF
complex. Reactions were preformed in an open flaskowt the
aid of any base or additive and using methanolgreen solvent.
This protocol offers a practical, efficient and tairsable catalyst
for Suzuki-Miyaura cross-coupling reaction with thévantages
of good substrate generality, ease of experimagatation and
mild alcoholic reaction conditions without inert-gpsotection
and any additional additives (base and ligand).eMomortantly,
this palladium catalyst shows good to excellentdgabwards a
series of arenediazonium tetrafluoroborated saftd ean be
simply recovered and reused up to four cycles. Ttisdy
indicates that the strategy can serve as a geagpabach for the
development of Pd-MOF heterogeneous catalyst factmal
catalytic applications. To our delight, this castlynay find wide
applications in synthetic and medicinal chemistrynidustry and
academia. Further work on exploring Pd-MOFs as hgtreous
catalysts to catalyze more significant cross-cagplieaction is
currently underway.

4. Experimental section

4.1. General information

Unless otherwise noted, solvents and reagents welgieala
grade and used without further purification. Flash
chromatography was carried out on silica gel (200-8sh).
XRD were obtained on a D/max 2200PC X-ray diffractitih-
NMR and™C-NMR spectra were recorded on Bruker AVANCE
Il (500 MHz for *H-NMR and 125 MHz for*C-NMR ), and
chemical shifts were reported in parts per milligrpr(, 8)
downfield from internal standard tetramethylsilalteltiplicities
of signals are described as follows: s --- singlet- doublet, dd
--- doublet d, t --- triplet, m --- multiplet. HRM@&ere recorded
on solanX 70 FT-MS spectrometer with Methanol asestlv
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4.2. General procedure for the synthesis of Biphenyls methyl [1, 1'-biphenyl]-3-carboxylatég: Purified by column
chromatography (petroleum ether/EtOAc, 150/1) as &whi
N _ BAMOF _ liquid, 82% vyield;"H NMR (500 MHz, Chloroform-dy 8.27 (s,
RQNZBFA R (Ho>25@ STyt @@ 1H), 8.00 (d, J = 7.5 Hz, 1H), 7.75 (d, J = 7.5 Hz, THBD (d, J
' R Ri Re =75Hz 2H), 7.48 (t, J = 8.0 Hz, 1H), 7.43 (d, 8.8 Hz, 2H),
7.35 (t, J = 8.0 Hz, 1H), 3.92 (s, 3HIC{'"H} NMR (125 MHz,
To an Aryl diazonium salt derivative (1 mmol) and Chloroform-d)s 167.34, 141.76, 140.40, 131.82, 130.99, 129.18,
Phenylboronic acid derivative (1.5 mmol) at2%as added Pd- 129.15, 128.64, 128.56, 128.04, 127.45, 52.48.
MOF (3% mmol) and Methanol (5 ml). The reaction tuie was methyl [1, 1'-biphenyl]-4-carboxylah: Purified by column
stirred at 40! (oil temperature) for 2h-23h. After cooling to mo  chromatography (petroleum ether/EtOAc, 150/1) as seveuilid,
temperature, the mixture was evaporated under redu@ssure.  74% yield;"H NMR (500 MHz, Chloroform-dy 8.12 (s, 1H),
The residue was purified by silica gel column chrtogeaphy to 8,10 (s, 1H), 7.67 (d, J = 8.5 Hz, 2H), 7.65 — 7.612H), 7.47
3a-n, 4a-h. The analytical data of the products are summdrize (t, J = 7.5 Hz, 2H), 7.40 (t, J = 7.5 Hz, 1H), 3.943(4). *C{*H}
below. NMR (125 MHz, Chloroform-dp 167.34, 145.99, 140.36,
1, 1'-biphenyBa: Purified by column chromatography 130.44,129.26, 129.08, 128.47, 127.62, 127.3%2.

(petroleum ether/EtOAc, 300/1) as a white solid, 988idy™H 2-nitro-1, 1'-biphenyBi: Purified by column chromatography

NMR (500 MHz, Chloroform-dp 7.60 (d, J = 7.0 Hz, 4H), 7.45  (Petroleum ether/EtOAc, 100/1) as a pale yellow soli
(t, J = 7.5Hz, 4H), 7.35 (t, J = 7.5 Hz, 2HL {*H} NMR (125 yield; *H NMR (500 MHz, Chloroform-d} 7.86 (d, J = 8.0 Hz,

MHz, Chioroform-d)s 141,57, 129.08, 127.58, 127.49, 1H), 7.62 (t, 3=7.5 Hz, 1H), 7.51 — 7.39 (m, 5H)318, J=6.5
4-methyl-1, 1*-biphenygb: Purified by column Hz, 2H).”C{"H} NMR (125 MHz, Chloroform-d) 149.58,

chromatography (petroleum ether/EtOAc, 300/1) as devdualid, 137.67,136.59, 132.56, 132.23, 128.96, 128.50452828.17,

Compounds3a-n, 4a-h

70% yield;*H NMR (500 MHz, Chloroform-dp 7.63 — 7.55 (m, ~ 124-33. _ o
2H), 7.51 — 7.40 (m, 4H), 7.37 — 7.30 (M, 1H), 7.2522 (m 4-nitro-1, 1'-biphenyBj: Purified by column chromatography
2H), 2.39 (s, 3H)°C{'H} NMR (125 MHz, Chloroform-d) (petroleum ether/EtOAc, 150/1) as a pale yellow sdl&o

yield; '"H NMR (500 MHz, Chloroform-d} 8.30 (d, J = 8.5 Hz,
2H), 7.74 (d, J = 8.5 Hz, 2H), 7.63 (d, J = 7.5 Hz, ZHH3 —
7.43 (m, 3H)C{*H} NMR (125 MHz, Chloroform-d 147.94,
147.40, 139.08, 129.47, 129.23, 128.11, 127.69.4124

4-fluoro-1, 1'-biphenyBk: Purified by column
chromatography (petroleum ether/EtOAc, 300/1) as devdualid,
70% yield;"H NMR (500 MHz, Chloroform-d$ 7.56 (d, J = 7.0
Hz, 4H), 7.45 (t, J = 7.5 Hz, 2H), 7.37 (t, J = 7.5H4), 7.15 (t,
J = 8.5Hz, 2H)™*C{'H} NMR (125 MHz, Chloroform-d)

141.48, 138.68, 137.32, 129.80, 129.03, 127.348221.

4-ethyl-1, 1'-biphenyBc: Purified by column chromatography
(petroleum ether/EtOAc, 300/1) as a white liquid, Azétd; 1H
NMR (500 MHz, Chloroform-d$ 7.61 — 7.39 (m, 5H), 7.33 (q, J
=10.0, 7.3 Hz, 1H), 7.29 — 7.22 (m, 3H), 2.70 (d,&15=Hz,
2H), 1.27 (t, J = 7.5 Hz, 3H)’C{*H} NMR (125 MHz,
Chloroform-d)s 143.71, 141.52, 138.94, 129.03, 128.62, 127.41,
127.34, 127.29, 28.86, 15.93.

ethyl [1, 1'-biphenyl]-2-carboxylat&d: Purified by column
chromatography (petroleum ether/EtOAc, 150/1) as gt li 8162.82 (d, J =243.75 Hz) 140.61, 137.68, 129.05.48,7
yellow liquid, 98% vield;'H NMR (500 MHz, Chioroform-dp ~ +1°-94- _ 3
7.83 (d, J = 7.5Hz, 1H), 7.52 (t, J = 7.0 Hz, 1H), 7-4A28 (m, 4-chloro-1, 1'-bipheny8l: Purified by column B
7H), 4.12 — 4.03 (m, 2H), 0.99 (t, J = 7.0 Hz, 3HE{*H} NMR chromf';\toglraphy (petroleum ether/EtOAc, 300/1) as devdailid,
(125 MHz, Chloroform-d)s 169.04, 142.64, 141.77, 131.60, 09% YieldiH NMR (500 MHz, Chioroform-dy 7.57-7.51 (m,
130.82, 129.93, 128.63, 128.21, 127.38, 61.11813.8 4H), 7.47 = 7.39 (m, 4H), 7.36 (t, J = 7.5 Hz, TF.{HINMR

ethyl [1, 1"-biphenyi]-3-carboxylatée: Purified by column (125 MHz, Chloroform-dp 140.14, 139.83, 133.61, 129.16,

chromatography (petroleum ether/EtOAc, 150/1) adlawe 129.13, 128.60, 127.84, 127.20.

liquid, 70% yield:'H NMR (500 MHz, Chloroform-dj 8.29 (s, 4-bromo-1, 1*-biphenym: Purified by column 3
1H), 8.04 (d, J = 7.5 Hz, 1H), 7.78 (d, J = 7.5 Hz, TH3 (d, J chromatography (petroleum ether/EtOAc, 300/1) as devdualid,

= 7.5 Hz, 2H), 7.49-7.42(m, 3H), 7.39 (t, J = 7.0 Hd),14.42 58% yield;lH NMR (500 MHz, Chloroform-dp 7.58 — 7.53 (m,
, 2H), 7.49-7.42(m, 3H), 7.39 (t, J = 7.0 Hd), 1. 0 S

(3= 7.0 H, 2H) 1.42 (4 3 = 7.0 Hz, SHCCH) NMR (125 4D, 7:47-743 (m, 4H), 7.36 (1, 3 = 7.0 Hz, TRR{H} NMR

MHz, Chloroform-d)s 166.93, 141.79, 140.55, 131.77, 131.40, (125 MHz, Chloroform-d} 140.22, 140.08, 132.08, 129.12,

129.21, 129.13, 128.66, 128.57, 128.05, 127.52514.71. 128.90, 127.87,127.12, 121.79.
methyl [1, 1"-biphenyi]-2-carboxylagf: Purified by column 4-iodo-1, 1'-biphenyBn: Purified by column chromatography

chromatography (petroleum ether/EtOAc, 150/1) agtd li (petroleum ether/EtOAc, 300/1) as a white solid, 6ftd; *H
yellow liquid, 96% yield;'H NMR (500 MHz, Chloroform-d} NMR (500 MHz, Chloroform-dp 7.77 (d, J = 8.5 Hz, 2H), 7.55
7.81(d, 3= 7.5 Hz, 1H), 7.50 (t, 3 = 7.5 Hz, 1H)27-47.27 (m, (& I = 7.5 H2z, 2H), 7.44 (t, J =7.5Hz, 2H), 7.35 (@d; 7.5, J
7H), 3.61 (5, 3H)MC{H) NMR (125 MHz, Chloroform-d =8.5 Hz, 3H)“C{*H} NMR (125 MHz, Chloroform-d) 140.99,
169.37, 142.72, 141,57, 131.50, 131.13, 130.95023028.56,  140-33,138.14, 129.30, 129.21, 128.00, 127.1383.

128.29, 127.48, 127.41, 52.15.
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ethyl 4'-methoxy-[1, 1'-biphenyl]-2-carboxylada: Purified
by column chromatography (petroleum ether/EtOAc, pasla
light yellow liquid, 98% yieldH NMR (500 MHz, Chloroform-
d)57.79 (d, J = 7.5 Hz, 1H), 7.49 (t, J = 8.0 Hz, 1H)17 7.32
(m, 2H), 7.25 (d, J = 8.5 Hz, 2H), 6.93 (d, J = 8.5 1), 4.12
(9, J = 7.0 Hz, 2H), 3.84 (s, 3H), 1.06 (t, J = 7.58H).°C
{*H}NMR (125 MHz, Chloroform-d)% 169.14, 159.19, 142.10,
133.98, 131.54, 131.20, 130.80, 129.79, 129.69.912813.67,
61.04, 55.40, 14.01.

ethyl 2'-methyl-[1, 1'-biphenyl]-2-carboxylatib: Purified
by column chromatography (petroleum ether/EtOAc, pasla
white liquid, 79% yield*H NMR (500 MHz, Chloroform-dy
7.98 (d, J = 8.5 Hz, 1H), 7.55 (t, J = 8.0 Hz, 1H)57#4J = 6.5
Hz, 1H), 7.30 — 7.21 (m, 4H), 7.10 (d, J = 7.5 Hz, %06 (q, J
=7.0 Hz, 2H), 2.10 (s, 3H), 0.97 (t, J = 7.0 Hz, 3fQ{'H}
NMR (125MHz, Chloroform-dp 168.13, 142.94, 142.02,
135.74, 131.70, 131.26, 131.10, 130.27, 129.71,902827.51,
127.45, 125.51, 61.01, 20.35, 13.91.

ethyl 3'-methyl-[1, 1'-biphenyl]-2-carboxylade: Purified by
column chromatography (petroleum ether/EtOAc, 60¢13 ght
yellow liquid, 82% yield;H NMR (500 MHz, Chloroform-d
7.83(d, J = 7.5 Hz, 1H), 7.53 (t, J = 7.5 Hz, 1H)4747.37 (m,
2H), 7.32 — 7.28 (m, 1H), 7.20-7.14 (m, 3H), 4.12)(g,7.5 Hz,
2H), 2.41 (s, 3H), 1.03 (t, J = 7.0 Hz, 3HC{*H} NMR
(125MHz, Chloroform-dp 169.17, 142.69, 141.65, 137.73,
131.68, 131.24, 130.77, 129.83, 129.37, 128.15,1128 27.27,
125.75, 61.09, 21.65, 13.92.

ethyl 4'-methyl-[1, 1'-biphenyl]-2-carboxylatéd: Purified
by column chromatography (petroleum ether/EtOAc, pasla
white liquid, 86% yield*H NMR (500 MHz, Chloroform-dy
7.80(d, J=7.5Hz, 1H), 7.51 (t, J = 7.5 Hz, 1H)17%47.35 (m,
2H), 7.21 (s, 4H), 4.12 (q, J = 7.0 Hz, 2H), 2.40 4),3.04 (t, J
= 7.0 Hz, 3H)"*C{'H} NMR (125 MHz, Chloroform-d)
169.19, 142.69, 138.82, 137.12, 131.63, 131.33,9230129.90,
129.01, 128.57, 127.21, 61.18, 21.47, 14.03.

ethyl 4'-hydroxy-[1, 1'-biphenyl]-2-carboxylade: Purified by
column chromatography (petroleum ether/EtOAc, 40¢1a a
yellow liquid, 62% yield;H NMR (500 MHz, Chloroform-d}
7.78 (d, J = 7.5Hz, 1H), 7.50 (t, J = 7.5 Hz, 1H), #4033 (m,
2H), 7.19 (d, J = 6.5 Hz, 2H), 6.84 (d, J = 8.5 Hz, B3 (s,
1H), 4.13 (q, J = 7.0 Hz, 2H), 1.08 (t, J = 7.5 Hz, 3fQ){'H}
NMR (125 MHz, Chloroform-dp 170.06, 155.83, 142.45,
133.63, 131.51, 131.39, 131.01, 129.90, 129.86,0627.15.45,
61.61, 14.12. HRMS for £H,,0; [M + Na] * calcd:
265.083515, found: 265.084025.

ethyl 4'-cyano-[1, 1'-biphenyl]-2-carboxylat: Purified by
column chromatography (petroleum ether/EtOAc, 6@itYas a
white liquid, 40% yield;"H NMR (500 MHz, Chloroform-d%
7.93 (d,J =7.5Hz, 1H), 7.68 (d, J = 8.0 Hz, 2H)7 {53 = 7.5
Hz, 1H), 7.48 (t, J = 7.5 Hz, 1H), 7.41 (d, J = 8.0 BH), 7.31
(d, J = 7.5 Hz, 1H), 4.11 (q, J = 7.0 Hz, 2H), 1.09 ¢, 7.0 Hz,
3H). “C{*"H}INMR (125 MHz, Chloroform-d)s 167.90, 146.89,
141.22, 133.62, 132.02, 131.93, 131.76, 130.83,683029.56,
128.56, 120.40, 119.17, 111.28, 61.43, 14.06.

ethyl 2-(naphthalen-1-yl)benzoatg: Purified by column
chromatography (petroleum ether/EtOAc, 120/1-60/19 bght
yellow liquid, 53% yield;H NMR (500 MHz, Chloroform-d}
8.04 (d, J = 8.0 Hz, 1H), 7.90 — 7.84 (m, 2H), 7.61 & 7.0 Hz,
1H), 7.55 - 7.43 (m, 4H), 7.43 — 7.30 (m, 3H), 3.7d, ®= 7.0,
7.5 Hz, 2H), 0.53 (t, J = 7.0 Hz, 3HJC {"H}NMR (125 MHz,
Chloroform-d)3 168.09, 141.43, 140.24, 133.55, 132.56, 132.34,
132.03, 131.80, 130.38, 128.39, 127.89, 127.74,2828.26.23,
125.98, 125.92, 125.41, 60.83, 13.41.

ethyl 4'-(diphenylamino)-[1, 1'-biphenyl]-2-carbdate 4h:
Purified by column chromatography (petroleum et&BEDAcC,
60/1) as a yellow liquid, 37% vyield*H NMR (500 MHz,
Chloroform-d)$ 7.79 (d, J = 9.0 Hz, 3H), 7.58 (dd, J = 7.0, J
=7.5 Hz, 2H), 7.45 — 7.41 (m, 1H), 7.35 — 7.29 (m, 4H)8 (d, J
= 7.5 Hz, 4H), 7.15 - 7.08 (m, 4H), 4.36 (dd, J = 6.57.0Hz,
2H), 1.34 — 1.30 (m, 3H)**C{*H}NMR (125 MHz, Chloroform-
d) 6 152.56 , 147.19, 132.02, 129.93 , 129.89 , I?91®¥6.05 ,
125.01, 124.66 , 121.55, 119.08 , 61.62 , 14HRMS for G-
H,aNO, [M + Na] * calcd: 416. 162100, found: 416.162309.
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Highlights

® A convenient and environmental benign synthesis of a series of functionalized
biaryl derivatives has been demonstrated by a straightforward reaction catalyzed
by the paladium-containing meta-organic framework (Pd-MOF) [Pd
(2-pymo)2]n (2-pymo=2-pyrimidinolate) using methanol as a benign solvent.

® The present base- and additive-free catalytic reactions proceeded smoothly under
non-anhydrous and non-degassed condition. Such transformation avoided high
reaction temperature, tolerated many functional groups and presented a wide
substrate scope.

® The palladium catalyst (Pd-MOF) shows good to excellent yields towards a series
of arenediazonium tetrafluoroborated salts and can be simply recovered and
reused up to four cycles.

® This study indicates that the strategy can serve as a general approach for the
development of Pd-MOF heterogeneous catalyst for practical catalytic
applications. This catalyst may find wide applications in synthetic and medicina

chemistry in industry and academia.



