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Abstract

The present article describes the synthesis of & neagnetic polyacrylonitrile-based Pd catalyst irirg
polyacrylonitrile modified via 2-aminopyridine a® &fficient support to immobilize Pd nanoparticl&he simple
reusability, easy separation and high stabilityhig Pd complex make it an excellent candidatesteegate a C-O bond
via Ph-X activation which is a really important gadi in achieving biologically active compoundsisltworth to note
access to good and high yields as well as broastrsie scope have resulted from superior reactofithis catalyst
complex. Furthermore, the structure of the magraiyacrylonitrile-based heterogeneous catalyst efesacterized
by fourier transmission infrared (FT-IR) spectrgsgofield emission scanning electron microscopy §HMW) and
transmission electron microscopy (TEM), X-ray difftion (XRD). Also, its thermal properties were dstl by
thermogravimetric analysis (TGA).
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stability, as well as high catalytic efficiency fege

. large in applying it as a proper starting compotmd
1. Introduction prepare heterogeneous catalysts [13, Adithermore,

. : .. PAN has abundant modifiable nitrile functional
or gg}’(‘:’aggﬁ’Oct?ggg’t'grztr;te%gjsfoktgir?yné?f?es;znﬁroups that can be simply transformed into carboxyl

9 P ' 9 ino-carbonyl and other functional groups which
types of catalysts, W€lerogeneous catalysts play %nbsequently can be modified to attain ligands [15-
crucial role in many organic reactions due to thelﬁ7]

recyclability, insolubility in solvents and longrte
stability [1, 2]. In this category, designing appriate
supports and development of their synthesis t
stabilize various metals have attracted chemist
interest because solid supports’ properties c

directly influence the catalytic behavior [3, 41.TFO 0 naqdition reaction and aldehyde, alkyne, amine
this aim, there have been many efforts to utiizersin " reaction [18]. In addition to this restit,
polymers as efficient supports like polystyrene,nqq "\ et al. designed a series of new prolinamid
polyaniline, ~polyacrylonitrile [5,6],cellulose [7], ) tionalized polyacrylonitrile fiber catalysts to

chitosan [8],starch [9] and so on. Their uniform . : ;
' e . v investigate Knoevenagel condensation and one-pot
structures, high reusability, chemical stabilitygt noevenagel-Michael ~ multi-component tandem

porosity, and high surface area make them suitab actions in a green solvent and efficiency of ¢hes

candidates for immobilization of various transition
. , talysts have been proved [19]. In other words, th
mz:glr?él S”Egi[al oxides, and different nanostructure@?oup paid attention to produce novel sulfonic acid
e , functionalized polyacrylonitrile fibers as a solid
Considering the following aOIVantages'support to synthesize quinoline derivatives,

polyacrylonitrile (PAN) is the most attractive gquinazolinone, and 4-hydroxycoumarin with high

polymer in organic 'synth'esis as a i'mmobilizatio ields and broad substrate scope in ethanol orrwate
support [10-12]. Having unique properties of [ovet;o I}/20]. Besides their advantagesl? there are stillesom

light density, simple production, high thermallimitations like low activity, complicated sepaati
1

. In these regards, PAN has recently become a
source of interest; Tao et al. prepared various
opper(I)-Schiff bases-functionalized
olyacrylonitrile fiber catalysts and their catédyt
ctivities have been explored in one-pot
ulticomponent  copper-catalyzed azide-alkyne



and reusability of the catalyst which should bémmobilization of Pd nanoparticles, first of all,
improved. , _ acrylonitrile  was polymerized on the modified
On the other hand, during the previous years, thefgagnetite nanoparticles' surface (PAN) and then

has been growing interest in C-C, C-O, and C-N; i i -ami idi
bond formation. Among them, diaryl ether structure%'mply functionalized by 2-aminopyridine (AP)

with C-O bond are one of the most importan ecause of its mod_lflable nitrile functional groups
intermediates for pharmaceuticals, biochemical inally, Pd nanopgrncles were held onto.the magnet
agrochemicals and other biologically active scafol PAN/AP by applying KPdCl, as a palladium source
such as Fenoprofe, Sorafenib, XK469, TafenoquindScheme 2). The prepared catalyst was investigated
AMG900 that make them interesting synthesi®y fourier transmission infrared (FT-IR) spectrgsgo
molecules [21-24]. Although versatile coppertransmission electron microscopy (TEM), field
catalyst's systems have been designed for the#mission scanning electron microscopy (FE-SEM)
synthesis under different conditions, they arerofteand X-ray diffraction (XRD). Also, its thermal
complicated by the formation of byproducts and alsgroperties were studied by thermogravimetric
high reaction temperatures (125-22)) high boiling analysis (TGA)

polar solvents, and the stoichiometric amounts r )
copper reagents are their drawbacks [25-27].
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Figure 1. Some biological active compounds containing
diaryl ether scaffolds. The FT-IR spectra of samples are given in Fig. 1.
_ As shown in Figure 1, Fe-O and Si-O stretching
Encouraged by this, we have made a newibration illustrated peaks at 585 and 1093'cifhe

magnetic polyacrylonitrile-based catalyst to embegands at 1408 and 1714 ¢rare related to C=C and
P’ with high metal loading, reusability, and stalyilit C=0

. ¢ ! stretching bonds of 3-
To deal with separation problems and metal residygimethoxysilyl)propylmethacrylate (MPS),
In products, a magnetic catalyst has been preparef‘ispectively [31]. For PAN, the absorption band at

After characterization, our research effort was37g oyl is assigned to nitrile stretching vibrations
devoted to developing €0 bond formation as one which disappeared after substitution with 2-

of the Ullmann-type condensations from the reaCtic%minopyridine. The new bands at 1664, 1165, 630,
r

of aryl halides and different phenols under mil - . :
reaction conditions and satisfactory results wer@oc0 and 2959 chare CN_of amino stretching

- vibration peak (N-sp), N-sp C bond, bending
obtained (Scheme 1). vibration of G-H in pyridine heterocyclic ring and

PP CH, of the 2-aminopyridine, respectively [32, 33].

Ni O
X HO g/'k N o
N
-+ d
" 3 KsPO,, DMF .80 °C , 4h RS
R
1a 2a 3a

Scheme 1Pd-catalyzed C-O coupling between
aryl halide 1a) and phenols2a).

b
2. Results and Discussion /\/\/\

Synthesis and characterization of catalyst a

A reusable Pd-based complex was designed for
Ullmann type reaction due to the fundamental —
importance of C-O bond construction in organic - 2ie 2 “2‘“‘]']1”""(“1‘;“” e
synthesis [28-30]To make a proper support for
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Figure 2. FT-IR spectra of (a) R®,@SIO, (b)
Fe,0,@SiIG@MPS, (c) The magnetic PAN, (d) The
magnetic PAN/AP support.

The XRD pattern was investigated with a copper

target £ = 1.54 A) for D in the range of 0-80°
(Figure 3). This pattern exhibits the crystallireture
of FeO, didn't change after completion of catalyst’s

synthesis and this result is confirmed based or

comparing B= 30, 36, 43, 54, 57, 63 with related
JCPDS Card (N0.98-011-1284).
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Figure 3. XRD patterns of the magnetic PAN/AP support.

FE-SEM and TEM analysis were performed tc
investigate morphological properties. The relatéd F
SEM image of the fresh catalyst showed a smoo
surface of the catalyst (Figure 4a) and it didn’
significantly change after 8 runs (Figure 4b)
Elemental mapping and EDX of prepared catalys
are shown in Figures 5a and b, EDX analysi
confirmed the presence of different components «
the catalyst and according to the elemental mappil
images, Pd nanoparticles were distribute
homogeneously onto the prepared support. The TE
image depicts nanoparticles that have mean diame
of 34 nm and core-shell structure can be seen af
modifying of magnetite’s surface with organic lager
in both the fresh and recovered catalyst as well i
there is no significant change in the particle sfe
the recovered catalyst (Figure 6a and b).
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Figure 5. (a) Elemental mapping and (b) EDX of
Pd@magnetic PAN/AP catalyst.

.

Figure 6. TEM micrographs of P@magnetic PAN/AP
catalyst (a) The fresh catalyst and (b) The reaxver
catalyst after 8 runs.
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TGA analysis was used to measure thermal weight

loss of the catalyst under an argon atmosphere to
measure the amount of organic phase which
immobilized on the F©,. This weight loss around
100 °C is attributable to the elimination of adsath
water and others are related to the burning ofmety
chains and organic groups. As seen in Figure 7, the

catalyst shows good thermal stability and abou¥@20

Figure 4. FE-SEM micrographsof PP@magnetic
PAN/AP catalyst (a) The fresh catalyst and (b) The
recovered catalyst after 8 runs.

of ligand immobilized on the magnetic PAN/AP
support.



the reaction rate and subsequently products’ yield
(entry 7-11). Moreover, applying 2 mmol of;KO,
100 instead of 1 mmol increased the product yield. The
reaction efficiency was increased when@O0wvas
9 applied rather than room temperature. To access the
optimal amount of catalyst, different amounts of
PP@magnetic PAN/AP were performed (entry 1, 12-
85 16). As mentioned in Table 1, using 5 mol% of
catalyst was sufficient to provide excellent yielod
80 increasing the amount of catalyst has no remarkable
effect on the product's yield, finally, only a teac
100 200 300 400 500 600 700 800 amount of the favorite product was created by dse o
Temperature (C) catalyst without a transition metal (entry 17-19).
Our optimal approach is to use phenol (1 mmol),
aryl halide (Immmol), P@®magnetic PAN/AP
Figure 7. TGA thermogram of the magnetic catalyst (5 mol%) and 0, (2 mmol) in DMF at
PAN/AP support. 80T for 2h. These conditions were applied to obtain
different diaryl ether derivatives and the reshldwe
been summarized in Table 2. The substitution
According to the CHN analysis of the magneticvariation on starting substrates was investigailesl |
PAN/AP support, the contents of various componentseveral electron-donating and -withdrawing groups
in the support were examined and the results wemn aryl halide (1a-h), phenol (2a-e), 1-naphthd) (2
summarized as follows: %C= 22.15, %H=and 2-naphthol (2g) to study electronic effectsstri
3.09 ,and %N= 5.95 in comparison with its previoughe scope of phenols was investigated, with elaetro
step: %C= 11.43, %H= 2.60 ,and %N= 4.10. Thiglonating groups on phenol substrates such as
result is momentous evidence to confirm that PANnethoxy and methyl, diaryl ethers are formed im fai
and 2-aminopyridine were loaded onto the magneti® good yield (entry 4 and 5) and on the contrary,
core as confirmed by TGA analysis. Besides, the Pglectron-withdrawing groups on it like a nitro gpou
content was investigated by ICPOES and the show lower yield (entry 24) because such groups can
loading of palladium revealed that the high loadifig reduce the nucleophilicity of phenols. The reaction
metal on the surface of the support (0.69 mmd). g between 1-naphthol and electron-withdrawing aryl
halides required a longer reaction time to attagh h
yields (entry 33). In aryl halides scope, different
) i Vi groups were examined (la-h) and the best results
3 Catalyt|c activity were obtained when aryl iodides and bromides
In the past few years, the continuous effort§ubstrates were used rather than unactivated aryl

toward the construction of the C-O bond havéhlorides. It is worth to note aryl chlorides aesd
Yﬁ rious cg per and tpalggﬁm; atalyst? ([134(_137]' Sc%/'veak F(;Iectron?poor gr'oups on aryl halides have
e new magnetic was studied as anVeak n-poor. j
et et moroe e st conase oWt syl of e s prodic
e O-arylation of phenols with aryl halides. . . , . .
model reaction involves the reaction of the pheno?ﬁ/'.eIOI despite using aryl chloride (entry 6) butiers
bromobenzene, and 3RO, by varying the catalyst indrance in 1-chloro-2-nitro benzene can reduce
precursor, temperature, solvent and reaction time @rogggtte()jn%lg 'Eﬁgtlri}[leZaatlSSezrg)\}iew a catalytic cysle i
seen in Tablel. According to this table, no reactio rated i Seb 3 It yt ! % s th
took place without a transition metal catalyst eveflémonstrated in Scheme 3. It is suggested that the
under harsh conditions and in the presence of g;trorg%?git:]oen Y bggm(SO)WI;[:thIn s?x't%at'fﬁgrdé{fnaft?_g dOf )
|nq[rgljantlc5base|§/(enl§tlg)617é19). Tre_ CODm,Vﬂl:na?%rgf F)intermediate I SubsquJ/ently i%sertion of [))/henol o]
catalyst (5 mol%), mmol) in a - ' . .
for 2¥1 V\(/as opt?r)nal afffgrding p)roduct 3a in 90%1-naphthol, 2-naphthol produces intermediate II.
isolated yield (entry’12). Both DMF and NMP haveAfter reductive elimination of intermediate Il, the
been optimalsolvents as aprotic polar onbst since €xpected product is made and active Pd (0) catislyst
DMF is a more common solvent for organic reactionﬁ?t%rges?utg ”t‘ﬁen?é(é r(ej%%[i'ﬁn ?ﬁlﬁé catalvst. a serie
it has bek:)en Choéz%\ as daégg&m (_?hntr}[/ L, 2)5 A_morbq the mgdel rea)(/:tion v)\;as performgd ‘and the
various bases, 20, an with strong basic . .
properties were found to be optimal but©S; is a prepr?rgd Ptﬂ cat?rl]yst Yva:?xlfglatﬁd gft_ea ea;cgoo?gcfn
moisture-sensitive and more expensive base; on tq\?i eanglprenggregnf%r(the neTt Z(’ea(rzlt(iaona;o oroe ?r
other hand, KPQ, is a cost-effective base which a erh : ’
variety of pollg{:r solvent such as NMP can be usefusability of the catalyst (Figure 8). Interesling
with it [38]. In addition, other bases such as KOHW%Ssedoggelr(v:gd regf]UHt,hQO erizrr?t?\rkerlgf r%(:[sail dleesacqwg
NaOH, K,CO;, and NaHCQ® decreased the product o '
yield. Fif)zr Oiilstance, K;(% can be applil?ed to recovered catalyst reused several times without
deprotonated phenols but it acts moderately. Aad,al Significantly change in the products’ yield.
NaHCG; with weak basic properties can be decreased
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The synthesis procedure includes several steps: (1)
immobilization of (3-
Mercaptopropyl)trimethoxysilane (MPS) on
Fe,0,@Si0; (2) polymerization of acrylonitrile on
Fe,0,@SiIO@MPS microspheres; 3)
immobilization of 2-aminopyridine (AP) on it; and
(4) preparation of P@Magnetic PAN/AP. In the
following, the synthesis details will be described:

5.1.1. Immobilization of MPS on FgO,@SiO,

The magnetic nanoparticles were synthesized by the
co-precipitation method. First, Fe@H,O (10 mmol,

2 g) and FeGI6H,0O (20 mmol, 5.4 g) were dissolved

in 50 ml of deionized water in a three-necked flask
Subsequently, ammonium hydroxide (28% v/v) was
Scheme 3Proposed Mechanism. added slowly into the mixture, with the solution pH
held in 10. The reaction was performed under an
argon atmosphere and mechanical stirrer at room
temperature for 30 min. The resulting magnetite
nanoparticles were collected by a magnet and washed

=% with deionized water (30 ml) and methanol (3 x 30
2 ml), and then dried in a vacuum oven at 60 °C fr.1
e In the following step, 1.0 g of obtained ;g was

dispersed in dry ethanol (20 ml) and 2 ml of
ammonium hydroxide (28% v/v) by ultrasonication
TR R T for 30 min. Then, 10 mmol of tetraethylorthosilieat
Run (TEOS) was added dropwise to the flask and the
mixture was stirred at 60 °C for 24 h. In the ethd,
Fe,0,@Si0, nanoparticles were separated using an
external magnet, washed with deionized water and
methanol three times, and finally dried in a vacuum
oven at 60 °C for 24 h. After dispersing 1.0 g of
i N\ Fe0,@Si0, by ultrasonic waves in 20 mL dr
To compare the efficiency and activity of theet%\a?gl, ZOZmLyof Nk was added to the flask. The)rq,
synthesized catalyst, several methods have begf(trimethoxysiIyI)propyImethacrylate (MPS) (10
collected in Table 3. The use of complex and bulkyymol, 3 mL) was added dropwise during 10 min to
ligands and expensive bases like ,@3; long  the previous mixture and it was stirred at 60 °C4®
reaction time, low yield and low scope of reacttma |, The Fe0,@SiO@MPS nanoparticle was isolated

understood from these results, we have tried Wdin {hem thoroughly with methanol and dried in a

new catalytic system that can develop reaction,timgscuum oven at 60 °C for 12 h.
product yield, as well as catalyst loading an

reusability. 5.1.2. Polymerization of acrylonitrile  on
Fe;0,@SiO.@MPS Microspheres
Polyacrylonitrile-coated R®,@SIGC@MPS was
synthesized as follows. 0.50 g of;:Ee@SIG@MPS
. in 30 mL deionized water, 3 mL of acrylonitrile and
4. Conclusion 10 mg of AIBN were mixed in a single-necked flask,
_ completely degassed under, Natmosphere and
To sum up, an effective procedure for theefluxed “for 24h. The resulting magnetite
construction of a magnetic polyacrylonitrile-bas&il npanoparticles were separated by an external magnet
catalyst has been described to synthesis C-O bo%&d washed with deionized water and methanol (3 x

formation. The importance of the diaryl ether3p m|) and then dried in a vacuum oven at 60 %C fo
derivative scaffolds in pharmacologically active]ph tg give the Magnetic PAN.

compounds encouraged us to design a new catalyst

analog for the synthesis of such substrates toampr 5 1 3. |mmobilization of 2-aminopyridine (AP) on

reaction conditions. In the following, the scope Ofynctionalized magnetite nanoparticles

various aryl halide and phenol was studied whichrhe magnetic PANs (0.50 g) in deionized water (25

have demonstrated high yield even in less reacti|) and 2-aminopyridine (10 mmol) were heated to

starting materials. reflux for 5h. Then, the nanoparticles were sepalat

washed with deionized water and methanol (3 x 30

) } ml), and dried in a vacuum oven at 60 °C for 12h to

5. Experlmental Section give the Magnetic PAN/AP.

Figure 8. The recyclability of catalyst.

5.1. Synthesis of Pti@magnetic PAN/AP catalyst



5.1.4. Preparation of Pd@Magnetic PAN/AP [10] X.-L. Shi, M. Tao, H. Lin, W. Zhang, RSC Adv.,
4 (2014) 64347-64353.
At the final step, 0.25 mmol of RdCl, and 0.50 g of [11] J. Du, M. Tao, W. Zhang, ACS Sustain. Chem.
magnetic PAN/AP in 10 mL methanol were added tdcng., 4 (2016) 4296-4304.
a round bottom flask and stirred at room tempeeatuf12] L. Shao, G. Xing, L. He, J. Chen, H. Xie, X.
for 48h. After that, the obtained catalyst chargétth  Liang, C. Qi, Appl. Catal. A: Gen., 443 (2012) 133-
NaBH, (15 mg) to give P@®magnetic PAN/AP. The 137.
catalyst was separated by a magnet, washed with3] G. Xu, M. Jin, Y.K. Kalkhajeh, L. Wang, M.
methanol three times (3x20 mL), and dried undefao, W. Zhang, J. Clean. Prod., 231 (2019) 77-86.
reduced pressure. [14] L. Shao, C. Qi, Appl. Catal. A: Gen., 468 (201
26-31.
[15] J. Du, B. Shuai, M. Tao, G. Wang, W. Zhang,
5.2. Application in Ullmann Cross-coupling Green Chem., 18 (2016) 2625-2631.
Reactions; [16] X.L. Shi, X. Xing, H. Lin, W. Zhang, Adv.
Synth. Catal., 356 (2014) 2349-2354.
The catalytic efficiency of P@magnetic [17] J. Liu, C. Jin, C. Wang, J. Colloid Interf.iSc
PAN/AP was investigated in the Ullmann Cross (2019).
coupling reaction. Briefly, 1 mmol of aryl halides, [18] P. Li, Y. Liu, L. Wang, J. Xiao, M. Tao, Adv.
mmol of phenols, 2 mmol of Tripotassium phosphat&ynth. Catal., 360 (2018) 1673-1684.
and catalyst (5 mol%) in solvent (2 ml) were added19] H. Zhu, G. Xu, H. Du, C. Zhang, N. Ma, W.
into a round- bottom flask at 80 C. The progress Zhang, J. Catal., 374 (2019) 217-229.
of the reactions was monitored by thin-layef20] J. Xiao, G. Xu, L. Wang, P. Li, W. Zhang, N.
chromatography (TLC) (EtOAc/n Hexane, 1:10) Ma, M. Tao, J. Indust. Eng. Chem., 77 (2019) 65-75.
and after their completion; the catalyst was ismlat [21] K. Rohit, S. Saranya, N.A. Harry, G. Anilkumar
by an external magnet, washed with methanol an@hemistrySelect, 4 (2019) 5150-5154.
dried under vacuum oven at 60 °C for 12 h for nex22] J. Chen, J. Wang, X. Chen, Y. Huang, P.
runs. On the other hand, the mixtures were worked uShouzhi, Synth. Commun., 49 (2019) 836-843.
Purified by Blate chromatography and prepared fof23] F. Damkaci, C. Sigindere, T. Sobiech, E. \dKk,

HNMR and~CNMR analysis. Malone, Tetrahedron Lett., 58 (2017) 3559-3564.
[24] D. Maiti, Chem. Commun., 47 (2011) 8340-
8342.

Acknowledgments [25] R. Giri, A. Brusoe, K. Troshin, J.Y. Wang, M.

This work was supported by the Research Affairéont, J.F. Hartwig, J. Am. Chem. Soc., 140 (2018)
Division Sharif University of Technology (SUT), 793-806.
Islamic Republic of Iran and we acknowledge it426] C. Sambiagio, S.P. Marsden, A.J. Blacker, P.C.
support. McGowan, Chem. Soc. Rev., 43 (2014) 3525-3550.
[27] S. Paul, B.P. Joy, R. Rajendran, V.B. Gudimetl
ChemistrySelect, 4 (2019) 7181-7186.

Appendix A. Supplementary material [28] P.A. Turner, E.M. Griffin, J.L. Whatmore, M.
Supplementary data to this article can be foun&hipman, Org. Lett., 13 (2011) 1056-1059.
online at https://doi.org/............. [29] A.V. Vorogushin, X. Huang, S.L. Buchwald, J.

Am. Chem. Soc., 127 (2005) 8146-8149.

[30] E.M. Beccalli, G. Broggini, M. Martinelli, S.
References Sottocornola, Chem. Rev., 107 (2007) 5318-5365.

[31] F.M. Moghaddam, S.E. Ayati, H.R. Firouzi, S.H.

[1] F. Meemken, A. Baiker, Chem. Rev., 117 (2017}1osseini, A. Pourjavadi, Appl. Organomet. Chem.,
11522-11569. 1 (2017) e3825. _ )

[2]R. K. Mondal, Sk. Riyajuddin, A. Ghosh, S.[32] F. Erdemir, D.B. Celepci, A. AkfaY. Gok, R.
Ghosh, K. Ghosh, Sk.M. Islam., J Organomet. Chenilaya, P. Taslimi, Y. Demir]. Gulcin, , Bioorg.
880 (2019) 322-332. Chem., 91 (2019) 103134. _

[3] M. Nasrollahzadeh, M. Sajjadi, M. Shokouhimehr{33] P. Hu, Y. Dong, X. Wu, Y. Wei, Fron. Chem.
R.S. Varma, Coord. Chem. Rev., 397 (2019) 54-75. SC€i. Eng., 10 (2016) 389-395.

[4] X. Cui, K. Liang, M. Tian, Y. Zhu, J. Ma, z. [34] C.H. Burgos, T.E. Barder, X. Huang, S.L.
Dong, J. Colloid Interf. Sci., 501 (2017) 231-240.  Buchwald, Angew. Chem. Int. Ed., 45 (2006) 4321-
[5] Y.M. Yamada, S.M. Sarkar, Y. Uozumi, J. Am. 4326.

Chem. Soc., 134 (2012) 9285-9290. [35] N.R. Guha, AK. Shil, D. Sharma, P. Das,
[6] Y. Xu, M. Tognia, D. Guo, L. Shen, R. Li, H.i;i Tetrahedron Lett., 53 (2012) 5318-5322.
J. Colloid Interf. Sci., 546 (2019) 251-261. [36] M. Mondal, S.K. Bharadwaj, U. Bora, New J.

[7]1 K.R. Reddy, N.S. Kumar, B. Sreedhar, M.L.Chem., 39 (2015) 31-37.
Kantam, J. Mol. Catal. A: Chem., 252 (2006) 136{37] A.-Y. Cheng, J.-C. Hsieh, Tetrahedron Let8, 5

141. . (2012) 71-75.
[182]7'\g;1'-2689é B.-Y. Chen, W. Den, Appl. Sci., 5 (2015 [3g1 5. Niu, H. zhou, Z. Li, J. Xu, S. Hu, J. Org.

[9] D. Lu, C. Xiao, S. Xu, Express Polym. Lett., 3Chem. 73 (2008) 7814-7817.
(2009) 366-375.

6



[39] L. Salvi, N. Davis, S. Ali, S. Buchwald, Org. [43] L. Navarro, M. Dolors Pujol, Tetrahedron Lett.
Llett. 14 (2012) 170-173. 56 (2015) 1812-1815.

[40] S. Yang, C. Wu, H. Zhou, Y. Yang, Y. Zhao, C.[44] M. Hosseini-Sarvari, Z. Razmi, RSC Adv. 4
Wang, W. Yang, J. Xu, Adv, Syn. Catal. 355 (2013)2014) 44105-44116.

53-58. [45] S. A. Singh, S. S. Shendage, J. M. Nagarkar,
[41] D. Maiti, Commun. 47 (2011) 8340-8342. Tetrahedron Lett. 54 (2013) 6319-6323.

[42] S. Sadeghi, M. Jafarzadeh, A. R. Abbasi, K.

Daasbjerg, New J. Chem. 41 (2017) 12014-12027.



Captions for Schemes:

Scheme 1Pd-catalyzed C-O coupling between aryl halide)(and phenols2a).
Scheme 2Synthesis oP@magnetic PAN/AP catalyst.
Scheme 3Proposed Mechanism.

Captions for Figures:

Figure 1. Some biological active compounds containing diatkier scaffolds.

Figure 2. FT-IR spectra of (a) E®,@SiO, (b) FeO,@SIG@MPS, (c) The magnetic PAN,

(d) The magnetic PAN/AP support.

Figure 3. XRD patterns of the magnetic PAN/AP support.

Figure 4. FE-SEM micrographs of B@magnetic PAN/AP catalyst (a) The fresh catalyst @) The
recovered catalyst after 8 runs.

Figure 5. (a) Elemental mapping and (b) EDX of’@magnetic PAN/AP catalyst.

Figure 6. TEM micrographs of P@magnetic PAN/AP catalyst (a) The fresh catalyst &) The
recovered catalyst after 8 runs.

Figure 7. TGA thermogram of the magnetic PAN/AP support.

Figure 8. The recyclability of the catalyst.



Table 1. Optimization condition for PdO@magnetic PAN/ARatgst on diaryl ether formatién

,F.’9'°
HO N)\g @/ \@
©/ \© Base, Solvent,80 °C , 4h R
1a 2a 3a
Entry Solvent Base Catalyst (mg) Temperature Time (h) Yield (%)°
°C)

1 DMF KsPO, 10 80 2 91
2 NMP K3PO, 10 80 2 91

3 CH:CN KsPOy 10 80 2 52
4 DMSO K3POy 10 80 2 73

5 1,4-Dioxane KPO, 10 80 2 65
6 Toluene K3sPOy 10 80 8 46

7 DMF KOH 10 80 2 67
8 DMF NaOH 10 80 2 71

9 DMF K.COs 10 80 8 48
10 DMF NaHCG, 10 80 8 Trace
11 DMF CsCOs; 10 80 2 89
1z DMF K3PO, 5 80 2 90
13 DMF KsPO, 2.5 80 2 70
15 DMF K3PO, 1 80 2 51
16 DMF KsPO, 7.5 80 2 91
17 DMF K3POy - 80 24 Trace
18 DMF KsPO, - 120 24 Trace
19 DMF CsCOs = 120 24 Trace

%henol (1 mmol), bromobenzene (1 mmol), base (1 proatalyst, solvent (2 ml) and temperature.
®|solated yield.
“phenol (1 mmol), bromobenzene (1 mmol), base (2 hmatalyst, solvent (2 ml).



Table 2 Reaction Scope of C-O bond formation vid@tlagnetic PAN/AP catalyst.

(B

K3PO,, DMF,80 °C , 4h

(B

RZ
1a-i 2ag 3a-u
Entry 1 2 Yield [%]!

X OH X=1 92
1-3 ©/ X=Br. 20
X=Cl 81
1a-c 2a
Br OH
4 /© ©/ 91
NC 1d
2a
Br OH
ij [j 88
5 MeO
1e 2a
o OH
. -
ON 1f 2a
cl OH
NO, ©/ 76
7 1g 2a
o OH
o 88
1h 2a
o
X OH X=1 95
X=Br 92
o1 X=Cl 85
1a-c 2b
Br
/©/ OH
12
1d /©/ %0
2b
Br OH
NS S & S
MeO
1e 26
OH 93
X 91
14-16 MeO 83
1a-c 2
/©/Br /©/OH
17 1d MeO’ 89
2c
Br OH
MeO MeQ
1e
2c
cl OH 85
19
MeO'
ON 1 2
¢l OH
o I
81
20 MeQO
19

Y

21-23
1a-c
Br
” 1y
MeQO 1e
X
25-27 ©/
1a-c
X
28-30 ©/
Br
. T
1d
Br
MeO 1e
Cl
33 /©/
OyN
: 1§
Cl
NO,
34
19
X
35-37 :
1a-c
Br
NC 1i
o
39 MeO'

OH 90
87
O,N 83
2d
OH
o ,I: j 81
’ 2d
OH
NO; 75
r 71
2 X=Cl Trace
OH
X=1 91
O X=Br 86
X=Cl 81
OH
.
2f
OH
g
2f
OH
i
2f
CH
7
2f
OH
:
86
29 77
OH
°
29
-
29 86



Table 3. Comparison of catalysts activity in C-O copling reactions of aryl halides with phenols.

Entry Catalyst(Loading) Reaction conditions Time Yield Reference
X=I/Br/Cl  X=I/Br/CI

1 [(Cinnamyl)PdCI} (0.025 Bulky biarylphosphine ligand, -/16h/- -/91/- [39]
mol%) Toluene/DME, KPQO,, r.t.
2 CuFeO, (5 mol %) 2,2,6,6-tetramethylheptane- 3,5 24/24/24 91/34/trace [40]

dione, NMP, CgCO;, 1357,
Argon atmosphere

3 Cul (5mol%) Picolonic acid, DMSOKsPQ,,  21/-/- 85/-/- [41]
801
4 UiO[1661 INH,[ DMSO,KOH, 1101, N, 18/18/24 95/93/30 [42]
MIm/CuO NPs &mol%) atmosphere
5 CuBr ACHN initiator, DMF,CsCQO;,  -/1.5/- -/55/- [43]
10071, Microwave
6 Pd/zZnO nanoparticles K>CO;, 120 5/15/20 98/80/70 [44]
(0.05 mol%)
7 Pd-ZnFgO, (10 mol%) DMSOK;PQO,, 110 4/4/3.5 84/88/90 [45]
8 PP@Magnetic PAN/AP DMF, KsPQ, 80 21214 92/90/81 This work
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Highlights

% Synthesis of Diaryl ethers via a Palladium-Magn@wlyacrylonotrile Catalyst.
* Unexpected C—-CIl Bond Activation.

« The simple reusability, easy separation and highilgty of catalyst.

% The good and high yields as well as broad subséiipe have been resulted.
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