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A nitrogen-rich of a melamine-based mesopor6@-s material was synthesized and usec
carrier to support Pd(OAg) The catalyst PA@OG®HA revealed an efficient catalytic activ
and selectivity for SuzulMiyaura coupling reactions in an environmental rfdly wate
medium at room temperature. It has moderate tollerteconversion for inactive chlorinai
aromatic hydrocarbons. The catalyst was synthesimegly, high stability, good selectivity a
easy to recycle. Excellent catalytic activity ofetiPd@OC-MA wasobserved after fiv

2009 Elsevier Ltd. All rights reserved

1. Introduction

Covalent organic frameworks (COFs) are rising clesde2D

with highly stable and the catalyst are more stahle to the
coordination between metal particles and nitrogemat®

or 3D porous crystalline polymers, they are linkgddovalent The establishment of the carbon—carbon bonds is an
bonds'® These materials have stable structure and pre-séxtraordinary and significant method in organic tgsis and
porosity®. Various of COF materials have been synthesized aftenedical chemistry®* Transition metal palladium catalyzes
Yaghi first discovered them in 2063n these COFs materials, a Cross-reaction of Suzuki—Miyaura, which was providegeneral

variety of two-dimensional (2D) and three-dimensioifaD)
COFs have been reported and shown excellent pregeirti
various applications such as gas adsorption andagef®
optoelectronics? ™ catalysis,"""*? etc. The COFs materials are
comprised of some lightweight elements like C, Blinked by
covalent bonds such as amide link&4€,imine linkagé® into a
predictable structural 2D or 3D porous polymer. They found
to be admirable carrier of heterogeneous cataly@&igto their
high surface areas, low density, large porosity amdellent
stability. Some carriers are unstable when combimitl metal
particles through physical adsorptibnin order to solve these
difficulties, novel nitrogen-rich triazine COFs wesgnthesized

OShang Wu. e-mail: chwush84@163.com
OLan Wu. e-mail: 945934161@qqg.com
OQuanlu Yang. e-mail: yangquanlu2002@163.com

method for the formation of various organic compasf1® Due

to its excellent functional group tolerance of tagalytic process,
it was widely used to prepare asymmetric diaryl deies®’ >
Palladium catalysts are also diffusely used in tHeck?

Sonogashiri and carbonylativ reactions.

In the beginning, homogeneous palladium compound® we
used as catalysts. Nevertheless, they have mangvdistages,
such as high cost of ligands, difficult to sepamati low
recyclability and lead to environmental pollutiomo resolve
these disadvantages, heterogeneous catalysts weskopled. In
recent years, a variety of carriers were emergednirendless
stream. For example, inorganic carriers (Sfi0,,> Cu0
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Scheme 1. Synthesis of Pd@OC-MA

Ce0,*® 7r0,*), natural carriers (wod, palygorskite®®
halloysité®) and organic polymer carriers (chitosarSNW1*
COFs? MOF®).

Nowadays, using of water as a solvent has develogzdlya
in organic reactions. It is a non-toxic propertyheap,
environment friendly solvent, therefore, regardedan excellent
substitute for expensive organic solvent.

Melamine is a chemical material with abundant nigog
atoms and widely used in the synthesis of porous COFhis
work, we have reported a novel covalent organic fiaonks
OC-MA was synthesized by one-step condensation reawatiih
melamine (MA) and 4,4' - oxybisbenzoyl chloride (O#3) raw
materials. Further, OC-MA was used as a carrier taiobt
Pd@OC-MA (to seeScheme 1). The catalyst has excellent
catalytic activity and high stability towards thezki - Miyaura
cross-coupling reaction in water, and the catabtidvity did not
decrease significantly after five consecutive cycle

2. Results and Discussion
2.1.Synthesis and characterization of the catalyst Pd@0OC

A 100 mL round-bottomed flask was charged with melamin
(0.2 mmol, 25.2 mg), 10 mL of THF and fully stircethen drop-
wise added 4,4' - oxybisbenzoyl chloride (0.3 mn&8,1 mg)
dissolved in THF (10 mL) and M@0, (0.3 mmol, 31.8 mg). The
mix was stirred at 40C for 24 h. After the reaction, the solvent
was removed by high speed centrifugation. Subselyyethie
solid was washed with THF and hot water to get rid hef t
unreacted reactant. Finally, the product was driedD& for 12
h to get white solid OC-MA in 74% yield.

OC-MA (200 mg) was added to solution of Pd(CA@O mg)
in CH,CN (15 mL), followed by agitation at r.t. for 24 hsu
After that,
centrifugation. And then, the solid was washed witboedary
water (3x5mL) and CECN (3x5mL), dried overnight at 7Q to
get light yellow powder PA@OC-MA. The palladium contant
the PdA@OC-MA was 0.816 wt% (0.077 mmidldpy ICP-AES.

The peak at 3077 chcan vest in C-N coupled vibration and
3409 cmit to N-H stretching vibration. Therefore, it can be
proved that the COFs was formed. The FT-IR absorption
spectrum of the catalyst PA@OC-MA is similar to ®€-MA,

but there are several weak characteristic absorpgats at 3100
cm' ~ 2500 crit. The peak at 2986 chis attributed to the
stretching vibration of methyl, asymmetric deforioatvibration

of methyl group has shifted to a wave number (1420d)cand

the band at 2859 chis attributed to the stretching vibration of
methylene. The band at 2669 trand 2550 cm can be indexed

to the -OH in the carboxyl group. The absorption paadwed a
slight red shift at 1685 cmbecause a coordination bond is
formed between palladium acetate and C=0. Theretocan be
proved that palladium acetate was supported on OC-MA
successfully and obtained the catalyst Pd@OC-MA.

(a) OC-MA

hago 3140

(b) Pd@OC-MA

Transmittance (%)

1685 1594

2500 2000 1500 1000
Wavenumber (cm'])
Figure 1. FT-IR spectra of compounds (a) OC-MA and (b) Pd@E

3500 3000 500

The crystal structure and properties of the OC-MA and

a yellow solid was obtained by high-speedcatalyst PA@OC-MA were confirmed by the powder X-rays
diffraction analysis and the results were shown gufé 2. The
peaks at 17.53, 19.52, 21.50, 23.53 and 27.46cauld be
assigned to the (010), (011), (102), (012) and \Brgg peaks
of P1/1 respectively. The experiment data is bdgicansistent

The prepared covalent organic frameworks OC-MA WasW|th the XRD of the OC-MA using Material Studio simudet. It

confirmed by FT-IR spectrum (Figure 1 (a)Jhe characteristic was shown that OC-MA was ticlinic system and the cel

. . . parameters was a = 7.41%9b = 6.1916}, ¢ = 11.9510}, anda
absorption peaks of QC'MA at 1594 ¢rand 1254 crft were put B =90°y = 120°. The structure of the OC-MA was reserved still
down to the absorptiodl andIIl band of amide respectively.
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of palladium acetate was so less that It was belowdétection
limit of the instrument on the power XRD pattern o iatalyst
Pd@OC-MA. Therefore, it is needed to use X-ray pHetiieon
spectroscopy (XPS) to confirmed further the Pd(Q/Acichor on

Pd@OC-MA.
——O0OC-MA
—— Pd@OC-MA
— (011) —— Sumulated
=
<
S
£
W
=
)
-
=
o

10 15

the chemical valence of Pd were further analyzed X3S
spectral analysis (Figure 3). The survey scan @PC-MA
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20 (degree)

Figure 2. Powder XRD pattern and simulated structures ofNDand

Pd@OC-MA.

The elemental composition of the catalyst PA@OC-MA an calculation is 5.24 nm. Additionally, the elementamposition

3
-

Figure 3 (a). It can be seen trom Figure 3 (b) that binding
energy of the N1s in the synthesized OC-MA was charfrgeal
399.67 eV to 399.04 eV after loading Pd(OAckhich was
indicated that the coordination bond between PBH) (and N
atoms generated the Pd@OC-MA rather than simple iitsior
There are two peaks at 338.1 eV and 343.5 eV corrdsptan
Pd3d,, and Pd3g,for the catalyst, therefore, it can be stated that
the Pd particles were bivalerft@&igure 3 (c)).

The morphologies of the OC-MA and catalyst PA@OC-MA
were confirmed by SEM and TEM further (Figure 4)Hgure 4
(a), the OC-MA was shown a porous cross-networkingcgire,
which was confirmed the preparation of the covalemanic
frameworks successfully. However, the morphology oé th
Pd@OC-MA was flower-like structure (Figure 4 b). It was
changed from a network structure to a flower-likeicire may
be the reason for Pd(OAc)t can be seen from Figure 4 (C) that
some of the sheet-like morphology of the reusealysit was
corroded leading to a reduction in catalytic agivFigure 4 (d,

e, f) shows the TEM at different magnifications loé tPd@OC-
MA, and the TEM images clearly showed that the Afl)(
particles were symmetrical distribution on OC-MA. Ang i
partical sizes were mainly distributed in 4-6 nng(Fe 4 g). The
average partical size of PdIl() was obtained by statistical

of OC-MA and catalyst Pd@OC-MA were confirmed by EDS,
shown in Fig. SandFig. S2.
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Figure 3. XPS analysis of (a) survey scan for Pd@OC-MA, (ds\tomparison chart of OC-MA and PA@OC-MA (c) Bd@ Pd@OC-MA.

Figure 4. SEM images of OC-MA (a),Pd- , Pd@-A ley(c), TE images of PdOC-M (d, , and paeticsize distrlbutio in (9).
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MA were characterized by the ,Nadsorption desorption
isotherms measurement at 77K. From the Figure &¢adan get

Tetrahedron

natbde
In  Suzuki-Miyaura coupling reaction. The effects
miscellaneous contributing factors on the reagtivitirther.

of

it belongs tolll model nitrogen adsorption desorption isotherm.Firstly, the reactivity time was studied in couplireaction. And

The application of the BET accounted in the poyoaitd specific

the optimal reaction time was 5 h. (Table 1, entri&8).

surface area of the material PA@OC-MA were found @¢o b Secondly, the reaction was investigated with diffetsses such

0.03975 crig™ and 8.5929 Ay respectively (P/R20.994). The
pore-size of PA@OC-MA was calculated by nonlocal itiens
functional theory methods applied to the, Nidsorption
desorption isotherms at Figure 5 (b) and the p@eis 3.3 nm
and it is a mesoporous material.

B 0.08
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5} (a) —=— Pd@OC-MA ) (b) Pd@OC-MA
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& 20 s 0.06
o o
g 15 £ 0.05
= 2
) S 0.044
£ 104 >
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Relative pressure P/P,
Figure5. (a) N, adsorption (square symbol) / desorption (circlalsgl) and
(b) pore size distribution of PdA@OC-MA.

0.0 6 8 10 1
Pore width (nm)

The thermostability of the synthesized OC-MA and Pd@O0C

MA were performed by TGA under ;N ambience, the
temperature range from room temperature (r.t.0®8 and the
heating rate was 10 K/min as shown in Figure 6. Eo@tMA

and Pd@OC-MA exhibits 4.38 % of weight loss fromtnt280

‘C, it was attributed to the evaporation of water antvent

molecules entrapped in
decomposition of PA@OC-MA starts at near 300 it can be

clearly shown that the catalyst has high thermdliléta And the

difference was appeared between 38to the end, which was
authorized the Pd(OAg¥uccessful supporting on OC-MA.

——O0C-MA
——Pd@OC-MA

100

[
=
1

Weight loss (%)

0

0 100 200 300 400 500 600 700 800
Temperature (°C)

Figure 6. TGA of synthesized OC-MA and Pd@OC-MA.

2.2.Catalytic studies of PA@OC-MA in Suzuki-Miyaura
coupling reaction

In succession, we researched the catalytic acfifd@OC-

MA complex inSuzuki - Miyaura coupling reaction. Water is the

best solvent in organic reactions due to its greeeap and non-
toxic properties. Hence, we selected water insteadrgénic
solvent in the optimization of reaction conditiomd the
consequences were shown in Table 1. Furthermoréeimlank
control experiment, no biphenyl product was obtairegther
without catalyst PA@OC-MA or only with OC-MA (Table 1,
entries land 2). However, the biphenyl in 99 % yields

the synthesized materialbe T

as NaHCQ, NaOAc, TEA, CgC0O; NaCO; NaOH ( Table 1,
entries 3, 8-12). Among them only NaHg@nd NaOH have the
highest yield and other bases have a middle yd&DH has a
strong alkalinity to corrode the catalyst, whichdisadvantage to
the recyclability of catalyst PA@OC-MA. So NaHC®as the
optimum base. Finally, the amount of catalyst wasnuped in
the reactivity (Table 1, entries 3, 13, 14): byngsiL mg, 2 mg
and 3 mg of PA@OC-MA (Pd 0.816 wt%), the yield of leipyi
were 24 %, 82 % and 99 % severally. In summarynagtof the
reaction conditions were bromobenzene (0.1 mmathzbne
boricacid (0.15 mmol), NaHC{(0.15 mmol), PA@OC-MA (3
mg), water as solvent in r.t. for 5 h.

Table 1.Optimization of Suzuki - Miyaura coupling reaction

condition§

Br B(OH),

PA@OC-MA

Entry Catalyst Solvent Base Time (h) Yield %
1 - H0O NaHCQ 5
2 OC-MA HO NaHCQ 5
3 Pd@OC-MA HO NaHCQ 5 99
4 Pd@OC-MA HO NaHCQ 1 34
5 Pd@OC-MA HO NaHCQ 2 51
6 Pd@OC-MA HO NaHCQ 3 76
7 Pd@OC-MA HO NaHCQ 4 87
8 Pd@OC-MA HO NaOAc 5 88
9 Pd@OC-MA HO TEA 5 78
10 Pd@OC-MA HO CsCOs 5 90
11 Pd@OC-MA HO NaCOs 5 93
12 Pd@OC-MA HO NaOH 5 100
13 Pd@OC-MA HO NaHCQ 5 24
14 Pd@OC-MA HO NaHCQ 5 82
15 Pd(OAc) HO NaHCQ 5 100

*Reaction condition: bromobenzene (0.1 mmol), beazbaricacid (0.15
mmol), base (0.15 mmol), B (3 mL), catalyst (3 mgfcatalyst (1 mg),
‘catalyst (2 mg)

With the optimal coupling reaction conditions, treactivity
was investigated with different substituted aryl thedi (X= Br,
Cl) with different substituted boric acid and thesults were
shown in Table 2. It's worth noting that the electcbaracter has
no obvious affect on the conversions of the broieicharomatic
hydrocarbon coupling reaction (Table 2, entries).l-Bhese
results were indicated that PA@OC-MA was a high-efiigje
catalyst for Suzuki cross-coupling reactions. Neéhaldss, the
ortho-substituted bromoaryl and phenyl boronicac#te reacted
hardly in the reactivity (Table 2, entry 19). Thesult shows that
the steric-hindrance effect has a significant éffec the C-C
coupling reaction. Chlorinated aromatic hydrocagare less

acquired with Pd@OC-MA catalyst in the with Pd@OC-MA active than brominated aromatics, because thegareonducive

catalyst in the coupling reaction (Table 1, entry).3It is

to the oxidative addition of palladium, which wasded to a low
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con e
electronic-ettect also has a significant attect tie coupling more conversion than chlorinated aromatic hydramasbwith
reaction of chlorinated aromatic hydrocarbons. @hiied electron acceptor (N@ Cl-) (Table 2, entries 10-14).

Table 2. Suzuki-Miyaura coupling reaction catalyzed by Pd@KJA with various substituents

Br B(OH),
R —
AN + x Pd@OC-MA /\’ \
> /
| | NaHCO; H,O RT _ \ ,\R]
PN PN
R Ry

Entry Aryl halides Arylboronic acid Product Product Yield (%) TON

B(OH),
O - e
B(OH),
0 Y0 R
N
B(OH),
o Yo
Br B(OH), -_— -_—
Me 3d 96 415
<\ /> <\ />

3e 91 394
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WatWs

NO,

Me!
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o
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Cl

Q
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Br
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8 ©/ 3h 95 411
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e
o




6 Tetrahedron

10 N Me 3j 84 364
P \ 7\ 4
Me
Cl B(OH), —
11 /©/ MeO \ / 3k 90 390
MeO
Cl B(OH),
12 /©/ O,N 3l 63 272
O,N
Cl B(OH),
13 3m 65 281
O,N
O,N
cl B(OH),
14 Q/ | O O 3n 80 347
Me Me
OHC
16 OHc—O—BT MeO—Q—B(OHb OMe 3p 99 428
18 OZN_Q_CI \ _Q_ B(OH)2 OEN Cl 3 % 238
Me B(OH),
19 @E 3s Trace
Br

2.3.Thermal filtration experiment of catalysts PA@OC-MA %100
N
Generally speaking, thermal filtration experimentn che 5 —=—with catalyst
judged whether the catalysis was concluded from th@®C- S 807 —=— without catalyst
MA or from the leached palladium. It was carried a@sing E 60
bromobenzene and phenylboronic acid as reactarteiSuzuki H
reaction (Figure 7). The reactivity was conductediainthe S 404
optimal conditions for 3 h and it had a conversafrv6 %; the g
catalyst Pd@OC-MA was separated from the reactionumgxt 7 201
and further stirred under the preceding conditifan2 h. There 2
is no change in the conversion of the reaction uméxtby GC g 01
analysis. It can be seen that Pd@OC-MA catalyst plays © 0 1 N 3 1 5
catalytic role in the reaction rather than the teat Pd in the Time (h)

solution. ) ] o ]
Figure 7. The influence of reaction time on thevasion of bromobenzene

in Suzuki reactions and thermal filtration expeninfor Pd@OC-MA.



2.4,

The active-life and recyclability of catalysts aobvious
chanracteristics of heterogeneous catalysts. Hentte
recyclability of the PA@OC-MA was studied under thxiroal
conditions for the reactions and the results we@wshin the
Figure 8. (a). After the reaction, the catalyst PG was
separated by high-speed centrifugation and then edastith
water (3 x 10 mL) and C¥€OOGH; (3 x 10 mL) and the
reclaimed catalyst was dried at'60for 8 hrs. Under the same
reaction conditions, the catalyst was continuousiyycled for
five times and the catalytic activity of the catdlywas not
significantly reduced (in 99%, 99%, 98%, 98%, 98#d). XPS
analysis was again used to detect the reused daRdy@OC-
MA. In the Figure 8. (b), there are two differenterates of Pd,
with the peaks at 335.5 eV (Pdsgj] 341.2 eV (Pd 3gb) that can
be confirmed the existence of Pd (0) in the relRe@OC-MA
catalyst" It was shown that a small amount of PH X was
reduced to Pd (0) during the coupling reactions.

®)

(a) T
100 Pa3d

Pd"3d,,

(/o) PRIA
Intensity (a.u.)

352 3;4 33'6 33|8 3;0 3:12 334 356
Binding Energy (eV)

Figure 8. (a) the recyclability of the PdA@OC-MA, (b) XPSRdi3d in reused

Pd@OC-MA.

3. Conclusions

In summary, we have obtained a melamine-based mesgpo
COFs material OC-MA for anchoring Pd(OAc) The
heterogeneous catalyst Pd@OC-MA has a high-effigienc
recyclable for Suzuki Miyaura cross-coupling Itéam,
NaHCGQG; as base and @ as solvent, to obtain the product in 99
% vyield. With a low catalyst loading, Pd@OC-MA alsash
moderate to excellent conversion for inactive dhimted
aromatic hydrocarbons in eco-friendly water. Thealgéic
activity of the heterogeneous catalyst Pd@OC-MA diok
decrease significantly after five consecutive cyclEhe catalyst
Pd@OC-MA has stable chemical properties, simple sgigh
process, low cost of raw materials, easy separaiichrecycling
and has potential applications in industrial prdaturc

4, Experimental section
4.1.Materials and methods

If not specified, all chemicals and reactants can used
directly without further processing. The chemicagents were
analytically pure. The FT-IR spectra analysis watioled on a
JASCO FT/IR-660 Plus spectrometer. Powder
diffractometer was obtained on a Rigaku using €k=1.5404
A) source with a scan rate of 0.5° MiThe micromorphology of
OC-MA and Pd@OC-MA were surveyed by SEM (ULTRA Plus,
Zaiss) and TEM(TECNAI &,,STWIN D2278, FEI). Elemental
analysis of the catalyst PA@OC-MA was performed on
scanning electron microscope using an energy disgex-ray
spectrometer (EDX). The JNadsorption-desorption isotherms
was measured on a BEL sorp-Max (BEL, Japan) at 7TH&
specific surface area and pore size of the catalgst calculated
by using the BET method. The thermal stability lnd Pd@OC-

7

CINCO
thermal gravimeter S-1000, Japan) under nitrogeteption, and
the heating rate from r.t. to 8@D was 10 K/min. All NMR
spectra were recorded on MERCURY (400 MHz for NMR)
spectrometers; chemical shifts are expressed in ppmanits)
relative to TMS signal as internal reference in CDO{PS
measurement of the OC-MA and Pd@OC-MA were conducted
by the ESCALAB 250 Xi Mg X-ray resource (Thermo
Scientific).

4.2.General procedure for PA@OC-MA catalysted Suzuki-
Miyaura coupling reactions

In a representativexperiment, PA@OC-MA catalyst (3 mg)
was added to mixture of bromobenzene (0.1 mmol)bargnic
acid (0.15 mmol), NaHC£X0.15 mmol) in HO (3 mL), and the
reaction mixture stirred violently at r.t. for 5After the reaction,
it was extracted with C¥OOGHs and monitored by TLC
analysis. The catalyst was detached by high spewdfagation
and then washed with B (3x3 mL) and CEHCOOGHs (3x3
mL) and dried at 60C for 8 h for the next run. Furthermore, the
organic components were concentrated on a rotanyoestor to
give the desired biaryl group. The homologous pebdwas
obtained by flash chromatography. The product wadyaad by
NMR.

4.3. Characterization

4.3.1 Biphenyl (3a, 3i)'H NMR (400 MHz, CDCJ): = 7.51-
7.48 (m, 4H), 7.35-7.32 (m, 4H), 7.26-7.22 (m, 2H) ppia
NMR (100 MHz, CDCJ): § = 141.32, 128.83, 127.33, 127.25
ppm.

4.3.2 3-nitro-1,1'-biphenyl (3b, 3mji NMR (400 MHz, CDCJ):

8 = 7.55-7.50 (m, 2H), 7.45-7.32 (m, 6H), 7.15-7.00 2id) ppm.
*C NMR (100 MHz, CDGJ)): & = 143.6, 140.0, 130.3, 130.2,
128.9,127.9, 127.1, 122.8, 114.2, 114.0 ppm.

4.3.3 4-methoxy-1,1-biphenyl (3c, 3kH NMR (400 MHz,
CDCly): & = 7.70-7.63 (m, 4H), 7.55-7.43 (m, 5H), 3.80 (s, 3H)
ppm. *C NMR (100 MHz, CDGJ)): 8 = 140.62, 138.07, 137.80,
128.97, 127.60, 127.35, 127.05, 126.95, 15.95 ppm.

4.3.4 4-methylbiphenyl (3d, 3f NMR (400 MHz, CDC)): & =
7.62-7.60 (m, 2H), 7.53-7.44 (m, 4H), 7.36-7.26 (i) 2.42 (s,
3H) ppm. ®C NMR (100 MHz, CDGC): 6 = 141.17, 138.37,
137.01, 129.48, 128.71, 127.00, 126.97, 126.971,@24pm.

4.3.5 4-chlorobiphenyl (3efH NMR (400 MHz, CDCJ)): 6 =
7.57-7.52 (m, 4H), 7.47-7.42 (m, 4H), 7.39-7.36 (H) ppm.
*C NMR (100 MHz, CDGJ)): & = 139.99, 139.66, 133.37, 128.90,
128.87, 128.38, 127.57, 126.97 ppm.

4.3.6 4-nitrobiphenyl (3f, 3% NMR (400 MHz, CDCJ): § =
8.43 (s, 1H), 8.19-8.18 (m, 1H), 7.91-7.90 (m, 1H§277.58 (m,
3H), 7.51-7.48 (m, 2H), 7.45-7.42 (m, 1H) ppHC NMR (100
MHz, CDCL): & = 142.81, 138.59, 132.98, 129.70, 129.15,
128.54, 127.11, 121.99 ppm.

X-ray4.3.7 4-bromobiphenyl (3g, 3dH NMR (400 MHz, CDC)): § =

7.58-7.56 (m, 4H), 7.47-7.44 (m, 4H), 7.39-7.36 (H) ppm.
¥C NMR (100 MHz, CDCJ): & = 139.94, 139.63, 133.32, 128.78,
128.87, 128.34, 127.51, 126.98 ppm.

4.3.8 3-methylbiphenyl (3h, 3 NMR (400 MHz, CDC)): &

& 7.66-7.65 (m, 2H), 7.51-7.46 (m, 4H), 7.41-7.38 Bi), 7.24-

7.22 (m, 1H), 2.49 (s, 3H) ppiiC NMR (100 MHz, CDG)): &
=141.41, 141.29, 138.35, 128.73, 128.71, 128.98,0, 127.22,
127.20, 124.32, 21.59 ppm.
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7.57-1.55 (M, 2H), (.45-7.2b (M, bH), /.U4-/.0U (M, Hpm.
¥C NMR (100 MHz, CDCJ): = 164.47, 162.03, 143.56, 139.99
(d, J =2.0 MHz), 128.93, 127.89, 127.15, 122.82.12, 114.17,
113.97 ppm.

4.3.10 4'-methoxy-[1,1'-biphenyl]-4-carbaldehyde)(3pi NMR
(400 MHz, CDC}): 6 = 10.03 (m, 1H), 7.93-7.91 (m, 2H), 7.72-
7.70 (m, 2H), 7.60-7.58 (m, 2H), 7.02-6.99 (m, 2HR633.84 (s,
3H) ppm.°*C NMR (100 MHz, CDG)): 6 = 191.83, 160.10,
146.74, 134.66, 132.02, 130.28, 128.47, 127.02,46145.37

ppm.

4.3.11 4-chloro-4'-nitro-1,1"-biphenyl (3rjH NMR (400 MHz,
CDCly): 6 = 7.48-7.47 (m, 2H), 7.47-7.46 (m, 2H), 7.41-7.4Q (m
2H), 7.40-7.39 (m, 2H) ppn1°C NMR (100 MHz, CDG)): &
=138.40, 133.73, 129.02, 128.19, 128.18 ppm.
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A stable heterogeneous palladium catalysts, the porous COFs anchored Pd complex, was
synthesized by a simple technique.

Pd@OC-MA complex has been developed an efficient and stable catalyst for Suzuki -
Miyaura coupling reactions in an environmental friendly water medium at room
temperature.

The catalyst shows outstanding stability and reusability, it can be separated simply,
effectively and reused five times without any activity decrease.
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