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ARTICLE INFO ABSTRACT

Article history: A moisture- and air-stable palladium(ll)-Schiff kasomplex supported onBN was simpl

Received prepared by using commercially available reageftis nanomaterial was applied as

Received in revised form excellent and recyclable heterogeneous catalysttier Suzuki and Heck crossupling

Accepted reactions. And it has been characterized by FTAXRD, SEM, XPS, TG and ICRES

Available online techniques. High yields, ligand-free, low reactithme, water as solvent, ndoxicity anc
recyclability of the catalyst are the main merifstloese potocols. In addition, a series

Keywords: pharmacologically relevant products were succedygsfyinthesized using this catalyst. Ab

hexagonal boron nitride all, this work opens up an interesting and attvacéivenue for the use ofBN as an efficier

heterogeneous catalysis support for heterogeneous catalysts.

C-C cross coupling 2009 Elsevier Ltd. All rights reserved

ligand-free

water

1. Introduction of most reported ligands seems rather laborious tme-

. ) . consuming. Therefore, based on the concerns ofoacicnand
Transition-metal catalyzed cro;s-couplmg reacuknam\%_e been ‘green chemistry, the development of mild, simpld afficient
used as a powerful method in modern synthetic oeganin ocedures, using heterogeneous phosphorus-fredystat is

chemistry for the preparation of natural produassivanced | 4 topic of considerable interest in organinthesis and
materials, agrochemicals, pharmaceuticals, herbscid industry.

biologically active compounds, polymers, UV screens,

hydrocarbons and liquid crystal materialdmong the various On the other hand, Schiff bases are an importarss ctd
transition-metal catalyzed cross-coupling reactioifie Heck— organic ligands in coordination chemistry and haveen
Mizoroki* and Suzuki—Miyaura reactiohare the most important extensively used as metal Schiff base complexesatalyze
and highly effective protocols for the constructioh carbon— organic reactions due to the advantages such as ¢bst-
carbon bond&.In the past few years, numerous effective anceffective, ease of synthesis, availability and itiedrand chemical
selective homogeneous palladium catalytic systems theen stability.g However, the use of metal Schiff base complexes as
developed for such reactions, but they have disstdgas such catalyst in homogeneous solution suffers from deatibn

as tedious separation and contamination of theledyproducts ~ because of formation ofi-oxo and dimeric peroxo- species,
with Pd specie.Alternatively, metal catalysts anchored on awhich have been demonstrated to be inactive in wario
heterogeneous support have received tremendoustiatte reactions’ Moreover, difficulties in separation and reusapitf
recently in C—C cross-couplirigHeterogeneous processes havehomogeneous metal (particularly expensive metatlfSbase
advantages such as ease of separation of the produsability =~ complexes have limited the applications of thesalysts. For

of the catalyst, better steric control of the reactntermediate overcoming the aforementioned drawbacks, metal Sdizte
and so or. Notably, although C-C cross-coupling reactionscomplexes can be immobilized on suitable solid susp

catalyzed by palladium-phosphine systems have eetiigreat
success over the last dec&degwever, phosphine ligands are fre
often quite expensive, air-sensitive, and virulenhich limit
their wide use in large-scale application. Besid®s,preparation

Hexagonal boron nitride (h-BN) is defined as matesinose
e charges are immobile in one spatial dimendiahmobile in
another two. This property enables h-BN to haveeabawr

OCorresponding author. Tel.: +028-85503235; e-madliguan92@163.com; wyong@scu.edu.cn
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Scheme 1. The synthetic strategy for the synthesis of h-BN@@BPd(OAC).

superior functions, distinct from traditional butkaterials" It is propyl trimethoxy silane (APTMS) to synthesize amino

similar in many ways to graphene: it has a stackedets
morphology, high thermal conductivity, and excellerechanical

functionalized boron nitride. Thirdlyh-BN@Fur wasformed by
the condensation of furfural with-BN@APTMS. Ultimately,

strengtht? However, it is an electrical insulator and is morethe complexation of Pd(OAg)onto schiff base generate the

chemically inert and temperature stable than gnaph8&tarting
from reported applications, h-BN have been widelyliedpin
hydrogen storag¥€, adsorption of pollutant$, drug delivery’

heterogeneous Pd(ll) catalyst.
2.2 Catalyst characterization

and water cleanu’p?.ln addition, h-BN can be used as very good The synthesized nanocatalyst was characterized ssweyal

catalyst supports because of their high surfacea amad
insolubility in most solvents. For example, Pt/BNshbheen
applied in deep oxidation of methanol and benZéiastoleet
al. studied the influence of the preparation method®a&/BN
catalysts on the activity for methane oxidattdn.

The introduction of metal nanopatrticles into pristh-BN has
been widely reported during the past few years, #mar
application in organic synthesis have also beerestigated’
However, these catalysts often show a broad sizeldistm and,
in many cases, suffer from severe leaching phenameéhis is
probably due to the lack of sufficient binding siten the pristine

different microscopic and spectroscopic techniqoekiding FT-
IR, SEM, TGA, ICP, XRD and XPS analysis.

Scanning electron microscopy (SEM) has been usexdar
to shed light on the presence, distribution, armdedision of the
prepared hybrid nanomaterials. As shown Fig. la-b, no
obvious morphology difference can been found betwe&N
andh-BN@OH. They all exhibit schistose structures with sthoo
edge and flat surface. And it can be clearly seanttre size of
palladium(ll) loaded nanocatalyst is in range of5&D nm.
Notably, after functionalization, théh-BN nanosheets still
arranged in schistose structures and appeared lonoken and

h-BN surface and the only existent weak non-covalenhggregatedrig. 1c).

interactions between pristine BN and metal nanopart@n the
other hand, despite several studies on the morghpfroperties

and preparation of organic modified h-BNno metal has been
immobilized onto functionalized boron nitride abeterogeneous

catalyst. Herein, we report the production of Pdlgatdased on
Schiff-base modified h-BN, as a separable and rabjelcatalyst
for Suzuki and Heck coupling reactions. All thesectiems were
performed in water with high efficiency and excellgiglds. To
the best of our knowledge, this is the first report the
immobilization of palladium(ll) on BN for catalytiapplication
purpose. And, it's the first time to synthesize a -B&sed
heterogeneous catalyst for C-C coupling reactions.

2. Results and discussion

2.1 Catalyst preparation

As shown in Scheme 1, the immobilization of Pd(Ihtem
furfural-functionalized hexagonal boron nitride waesformed in

four steps. Firstly, pristind-BN was treated with hydroxide

anions, resulting in the formation of free hydrogybup on the

edge of BN sheets. SecondlsBN@OH reacted with amino

Figure 1. SEM of (a) pristine h-BN, (b) h-BN@OH and (c) h-BN@@
Pd(OAC).
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groups. Besides, the weight loss of about 3.6% abi% Svere
a observed for h-BN@APTMS and h-BN@Fur, respectively.

1007 These should be mainly attributed to the thermaratdation of
€ o Liiom organic components on the BN complex. Moreoven/adol.9%
Py 200 weight loss was observed when comparing these two esanipl
g % suggests that furfural was successfully conjugated ht
N BN@APTMS particles. In the curve bfBN@Fur, the first step
g 40 799 B-N . ; i .

s in the curve is associated with the loss of watereaudes (below

207 200 °C). The second weight loss, starting at 20@ishtegrates

ol BN 1305 the supported organic parts with a calculated |dsS8.63%.
———————————— Notably, the amount of palladium (1.7%) ofh-
4000 35003000 2500 2;)00 15001000500 BN@Fur@Pd(OAc) was determined by inductively coupled
Wavenumber (em ) plasma (ICP) analysis. In all, these results caate the FT-IR
datas.
b
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Figure 2. FT-IR spectra of (a) h-BN@OH, (b) h-BN@APTMS, (éBN@ L

Infra-red spectroscopy was used to characterizeotbanic 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72
components bound to the surface BN (Fig. 2). The 26

characteristic absorption band of B-N bonds was obseat i

1395 cmt and 799 cit (Fig. 2 a), which was slightly shifted to F19ure4. XRD pattems of h-BN@APTMS and h-BN@Fur@Pd(OAc)
1391 cm' and 806 cril after the conjugations with APTMEi@. _ .

2 avsh). And all the functionalizet-BN showed a strong band ~ Fi9- 4 shows the wide angle XRD patternsheBN@APTMS
at around 3420 cih which was attributed to the stretching @nd h-BN@Fur@Pd(OAg) nanomaterials. These two samples
vibrations of O-H bondsFig. 2 a-b and c). Comparison studies show the same diffraction peaks &t 2 26.7, 41.6, 43.9, 50.1
on h-BN@OH and h-BN@APTMS reveal additional strong and 55.1, which correspond to the (002), (100), Y1AD2) and
bands at 1120 and 1033 éncorresponding to characteristic (004) lattice planes of a typical hexagonal bordride structure
absorption of Si-O bonds formed through the silplatprocess. (JCPDS no. 34-0421). It suggests that the crystattsre of the
Besides, for thé-BN@APTMS peak at 2928 chwas assigned BN has not been compromised by the reaction. Andhén
to stretching vibration of C-H bonds of the propgtiee groups Process of the coordination between theBN@Fur and
(Fig. 2 b). Unfortunately, the stretching vibrations of C=Nntla, ~ Palladium ions, the formation of Pd nanoparticles wampletely
at near 1625 cifi?* was concealed under the broad absorptiorgvoided. No characteristic peaks of palladium plasicwere
peak of B-N bonds. But the condensationreBN@APTMS  found in the XRD pattern oh-BN@Fur@Pd(OAc) which
with furfural can be confirmed by other techniques. implies that all of the catalytic activity is afitited to divalent

palladium. Moreover, no peaks corresponding to atlyer
For the quantitative analysis, the as-prepdr&N@OH, h- impurity were observed.

BN@APTMS andh-BN@Fur were further observed via TGA, ) ) ]

and these results are shown Rig. 3. The experiments were Detailed surface information oh-BN@APTMS and h-
performed at up to 76%C in an N atmosphere at a heating rate BN@Fur@Pd(OAg) was collected by X-ray photoelectron
of 10 °C min*. Under these conditions, a weight loss of abouSPectroscopy (XPS) and the corresponding resultpresented
1.72% was observed fokBN@OH, it should be ascribed to the in Fig- 5. The new peaks of O 1s, C 1s and Si 2p can be assign
removal of physically adsorbed solvents and surfaggroxyl in Fig. 5a, indicating that (3-Aminopropyl)-trimethoxysilane
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(APTMS) has successfully attached to the surfaceeaiges of evidence of chemical bonding between the BN pasieled the
pristine BN particles. And the spectrum of the- silane curing agent, the Si 2p peak can be fitted lourve with
BN@Fur@Pd(OAg) shows a large increase in the signalseveral component peakBig. 5c). In the de-convoluted Si 2p
intensity of the O 1s and C 1s peaks, which istattéd to spectra, the strong peak at the binding energy #.11 eV
furfural covalently grafted to the h-BN@APTMS. represents the bond between silicon and oxygennatigig from
the BN particles (B-O-Si), indicating that the sugfacuring

a) [——hen@arTHS] @ agent and BN particles are connected through theokytl
[~ h-BN@Fur@Pd(OAC) | z groups. The peak at 103.3 eV is attributed to sihex (Si-O-Si)
& resulting from the partial hydrolysis of the silanering agent
g molecules during the silanization reaction. Moreotiee peak at
> 100.8 eV is attributed to Si-C bonding in the s#lauring agent
é molecules. These results are in agreement with #aetion
:; mechanism of silane, including the hydrolysis of HC
5 condensation to oligomers, hydrogen bonds betweioroér
® and hydroxyl groups on the substrate, and the foomaof the
) covalent linkage between silane and the substrdte. peak at
P S o P 102.5 eV is attributed to Si-OH bonding, indicatiriatt some
Binding Energy (eV) hydroxyl groups did not hydrolyze and a small antooh
hydroxyl group remainetf.
b) B-N 190.1 eV .
120004 B1s The XPS spectrum of the Pd 3d core level regiontterh-
@ 10000 BN@Sal@Pd(OAg) nal_wocomposite _displays ma_lin_ peaks at
2 ao0ol 338.2 and 343.4 eV which can be attributed to thdibinenergy
g of Pd 3d,, and Pd 3¢, respectively Fig. 5d). These values
g 60007 correspond to the Pd(ll) binding energies of Pd(QAc)
= ] B-O
§, 4000 192.0 eV 2.3 Investigation of the catalytic activity of h-BN@Fur @
¥ 20007 Pd(OAC), in the Suzuki reaction.
o] ‘ ‘ ‘ ‘ ‘ ‘ Table 1. Optimization of the Suzuki reaction between 4-bvageto-
194 193 192 191 190 189 188 phenone and phenylboronic acid using h-BN@ Fur@ PdjOesc
Binding Energy (eV) catalysﬁ
o 0
€) 22001 sj2p B(OH),
2000 Si-0-B 102.1 eV + ©/ h-BN@Fur@Pd(OAc), O
o Bi
g 18004 r 1a 2a base, H,O O 1a
= 1600+
2 1025 eV
@ 1400 : - —
2 00l Si-OH Entry Base Pd (.equiv)  Temp (C) Yield® (%)
‘E 1000103.3 eV Si-C 1 CsCO;s 0.05 70 85
(=2} " .
@ goo{ SFO-Si 2 KOH 0.05 70 920
6007 3 t-BuOK 0.05 70 87
400 T T T T T T T 1
106 105 104 103 102 101 100 99 98 4 K2COs 0.05 70 97
Binding Energy (eV) 5 EtN 0.05 70 88
d) 6 NaHCQ, 0.05 70 89
5500 Pd 3d Y g 7 K.COs 0.05 70 70
§' 5000 g KoCOs 0.05 70 85
O
> 45007 9° K.COs 0.05 70 97
g 4000 10 KoCOs 0.05 25 22
= 35001 11 K.CO 0.05 50 73
& 30004 w 12 K.COs 0.05 100 82
2500 13 KoCO; 0.01 70 70
000 T T T T T T T T 1
350 348 346 344 342 340 338 336 334 332 14 Kz2COs 0.1 70 98
Binding Energy (eV) 15 K2CO; 0.2 70 98
16° K.COs 0.05 70 N.R
Figure5. Full range XPS spectrum of h-BN@APTMS and h-BN@®ur 17 K2CO; 0.05 70 N.R
Pd(OAc} (a), and the B 1s (b), Si 2p (c), Pd 3d (d) cewel region XPS 18 K,CO, 0.05 70 N.Rf
spectra of the h-BN@Fur@Pd(OAcjanocomposite. 19 K,COs 0.05 70 NR
20 KoCOs 0.05 70 96

The B 1s spectra di-BN@Fur@Pd(OAg) showed a strong ‘ }
binding energy peak for the B-N bond and a weak bipénergy 2% KoCOs / 70 N.R
peak for the B-OH bond at 190.1 eV and 192.0 eV, @y ) L i
(Fig. 5b).?” The B-OH peak resulted from the introduction of a(oeggfﬂ;”og?gggf?f g ﬁ%‘;g&fﬁ ﬁj’};{?g‘?{;ﬁ BN@Fur@Pd(OAc)
hydroxyl group by the base treatment. In orderrtuvjgle clearer

® |solated yield.



K2CO; (0.5 mmol). 15 2-OCH-Ph Ph 35 3p 87
4K,CO;5 (1.0 mmol). 16 2-NH,-5- Ph 9 3q 76
¢ K,CO; (2.0 mmol) pyridy!
f ’ ' ' 17 2-CHO-Ph Ph 15 3r 85
N.R. =N tion.
o reaction 18 3-NO»-Ph Ph 25 3s 85
9 h-BN@Fur@Pd(OAg)was replaced by 300mg h-BN. 19 3-COCH-Ph  Ph 5 3t 88

" h-BN@Fur@Pd(OAg)was replaced by 300mg h-BN@OH.
, # Reaction conditionst (1 mmol),2 (1.5 mmol), h-BN@Fur@Pd(OAc)
h-BN@Fur@Pd(OAg)was replaced by 300mg h-BN@APTMS. (0.05 mmol), KCOs (1.5 mmol), HO (1 mL), Ar.

I h-BN@Fur@Pd(OAg)was replaced by 300mg h-BN@Fur. b |solated yield

“ h-BN@Fur@Pd(OAg)was replaced by 11.3mg Pd(OAc) After the optimization of the reaction conditions, @@amined
' No catalyst. the catalytic activity of h-BN@Fur@Pd(OAcjor various aryl
halides and phenylboronic acids. As shown in Tablal2the
substrates including electron-donating or electrithrdrawing
functional groups were successfully converted to the
corresponding biphenyls in good to excellent yielBgsides,
synthetically useful naphthyl and pyridyl were wellerated in
this transformation, giving3k and 3g in good vyields.
Furthermore, the experimental procedure is verypkmand
convenient, and has the ability to tolerate a wardd different
functional groups such as OH, OGHCN, CHO, NQ, NH, and
halogen.

Cross-coupling reactions such as Suzuki and Headktioes
are powerful tools for the preparation of naturabdurcts,
advanced materials and biologically active compsund
Therefore, h-BN@Fur@Pd(OAc)vas primarily used as a novel
heterogeneous and highly reusable nanocatalysheénStuzuki
reaction. For this purpose, the coupling of 4-branetophenone
(1a) with phenylboronic acid2g) was selected as a simple model
reaction to optimize the reaction conditions, ahe tesults are
summarized in Table 1. First, a range of based) ascCgCG;,
KOH, t-BuOK, K,CO,;, EtN and NaHCQ@ were used in this
transformation, however, all of them were unsatisfigcexcept 2.4 Investigation of the catalytic activity of h-BN@Fur @
for K,CO; (Table 1, entries 1-6). With respect to the amafnt Pd(OAc), in the Heck reactions.

K,COs;, 1.5 equivalents was found to be adequate, asemeith
bigger nor smaller amount showed better yields @4ablentries
7-9). When the reaction was allowed to proceed ifedint
temperatures, an optimal yield of 97% was obtained0a’C

|
(Table 1, entries 4, 10-12). For the optimizatiérthe amount of ©/+ ©/\ h-BN@Fur@Pd(OAc), O S O
4a 5a

Table 3. Optimization of the Heck reaction between iodobeeze
and styrene using h-BN@Fur@Pd(OAa} catalysi.

Pd used in the model reaction, less than 0.05 atgrivled to the base, H,0
incompletion of the reaction (Table 1, entry 13)dArp to 0.1 or

0.2 equiv. of Pd did not increase the yield 6af significantly Entry Base Pd (equiv)  Temp. (C) Yield ® (%)
(Table 1, entries 14-15). Above all, aryl haliddés I mmol) in

6a

the presence of a catalytic amount of h-BN@Fur@PdjpAc 1 CsCOs 0.05 %0 65
(0.05 mmol) and KCO; (1.5 mmol) with phenylboronic acidg,( 2 KOH 0.05 90 81
1.5 mmol) in water at 76C was considered to be the ideal 3 t-BuOK 0.05 90 84
reaction conditions. 4 K,COs 0.05 20 91
Table 2. Investigation of the substrate scope for Suzukitiea 5 EtsN 0.05 90 70
catalyzed by h-BN@Fur@Pd(OAJ) 6 NaHCO, 0.05 90 72
OH  h-BN@FUr@Pd(OAc), 7 KoCOs 0.05 90 32
R{—Br + é R{—R, ’
RyBOH KGOy, Hy0, 70°C 8 K.COs 0.05 90 73
1 2 3 o K.COs 0.05 90 87
Entry Ry R, Time Products Yield® 10 KOs 0.05 o0 23
(h) (%) 11 K2COs 0.05 70 77
1 Ph Ph 1 30 85 12 K.COs 0.05 100 79
2 Ph 2-CHs-Ph 05 3 90 13 KLGs 0.01 90 37
3 Ph 3-CHs-Ph 05 ad 89 14 KL 0.02 90 56
4 Ph 3-OH-Ph 05 3e 81 15 K:LOs 01 90 91
5 Ph 4-OCH;-Ph 05 3 90 16° K2CO; 0.05 90 N.R
6 Ph 4-C(CH)sPh 05 3g 90 17 K:COs 0.05 90 N.R
7 Ph 35-C(CH)» 05 3h 82 18 K2CO; 0.05 90 N.R
Ph 19 K.COs 0.05 90 N.R'
8 Ph 4-F-Ph 0.5 3i 79 20¢ K,COs 0.05 90 92
9 Ph 3-CN-Ph 05 3 83 21 K,COs / 90 N.R'
10 Ph 1-naphthyl 0.5 3k 87 d ( 0.5 ), h-BN@FUr@Pd( )
#Reaction conditionsta (1 mmol),5a (1.5 mmol), h-BN@Fur@Pd(OAc
1 4-NHxPh Ph 3.5 3l 81 (0.05 mmol), base (2 mmol),.8 (1 mL), 3.5h.
12 3-NH,-Ph Ph 2 3m 93 " isolated yield.
13 3-NH4-CHs-  Ph 2 3n 82
Ph ¢ K2CO; (0.5 mmol).

14 4-OH-Ph Ph 2 30 99 4 K,CO; (1.0 mmol).




6

€ K2COs (3.0 mmol).
"N.R. = No reaction.
9h-BN@Fur@Pd(OAg)was replaced by 300mg h-BN.
" h-BN@Fur@Pd(OAg)was replaced by 300mg h-BN@OH.
"h-BN@Fur@Pd(OAg)was replaced by 300mg h-BN@APTMS.
I h-BN@Fur@Pd(OAg)was replaced by 300mg h-BN@Fur.
¥ h-BN@Fur@Pd(OAc)was replaced by 11.3mg Pd(O4c)
' No catalyst.

In order to extend the catalytic applications of

h-

Tetrahedron

® |solated yield.
¢70°C.

To further define the scope of this new catalysttfm Heck
reaction, a wide range of aryl halides, styrenesaamgdates were
reacted under the optimized conditions. And theulteswere
summarized in Table 4. A host of aryl halides begegither the
electron-donating groups or electron-withdrawing gowere
well tolerated during the course of the reactiomvjling the
desired compound@b-h in good to excellent yields. Besides, in
addition to stilbenes, the acrylate derivatiée$ and 6l-p could
also be obtained in excellent yields. Notably, sgtitdally useful

BN@Fur@Pd(OAg) it was then applied for another C-C cross heterocyclic groups, such as thiengp), were well tolerated in

coupling reaction. At the beginning of our investiga,
experiments were carried out using iodobenzdaggnd styrene
(5a) as the model substrates. Among various bases Bgdmi
K,CO; turned out to be the best choice, while others sagh
Cs,CO;, KOH, t-BuOK, EtN and NaHCQ were less effective
(Table 3, entries 1-6). For the optimization of thmount of
K,COs; used in the model reaction, two equivalent was faand
be adequate, as neither larger nor smaller amdwwed better
yields (Table 3, entries 7-9). Further investigatindicated that
temperature was important for this transformation. ekeellent
yield has been obtained when the reaction was caotiect 90
°C (Table 3, entry 4). However, with the temperaturdasing
to 100°C, the yield of6a dropped to 79% (Table 3, entry 12).
Only 23% and 77% yields & were obtained when the reaction
were conducted at 50 and PC (Table 3, entries 10-11).
Moreover, after extensive screenings, we were ple&sdihd
that 0.05 mmol of Pd was enough to catalyze thisti@a (Table
3, entries 4, 13-15). Therefore, as observed ia #idy, the
optimized conditions for the synthesis @& tend to be:

this transformation. What's more, a variety of fiiswal groups
such as carbonyl, ether, halogen, amino, nitro alhyde
group were well-suited for this reaction.

2.5 Recycling of the catalyst

For practical applications of catalytic systemg lifietime of
the catalyst and its level of reusability are digant factors. To
clarify this issue, the feasibility of recyclingettPd catalyst was
then examined. After the reaction, the catalyst wmsply
separated by filtration and successively washed witter,
dichlormethane and acetone. And in the recyclingegrgent,
the recovered dry catalyst was recharged with a feedistrate
for the next run under the same reaction conditiohs
BN@Fur@Pd(OAg) has been reused ten times in the reaction of
4-bromoacetophenone and phenylboronic acid  without
significant loss of its catalytic activityF{g. 6a). Besides, the
catalyst still remained catalytically active aftezing reused nine
times in the reaction of 1-iodo-2-nitrobenzene amethyl
acrylate. The Heck reaction at the 8th and 9th mmee the

iodobenzene (1 mmol), styrene (1.5 mmol), h-BN@Fur@desired product in 94% and 92% yieldsg, 6b). Thus, it is

Pd(OAc) (0.05 mmol) and KCO; (2.0 mmol) in water at 9fC.

Table 4. Investigation of the substrate scope for Heck feact
catalyzed by h-BN@Fur@Pd(OAJ

h-BN@Fur@Pd(OAc),

Ri-X + Ry X R R
4 5 K,CO3, HO 6
Entry R: X R, Tim  Products Yield
e (h) ® (%)

1 2-NHx-Ph | Ph 5 6b 85
2 4-CI-Ph | Ph 5 6c 90
3 2-CHO-Ph Br Ph 5 6d 84
4 4-CHCO- Br Ph 5 6e 90

Ph

3-CHO-Ph Br Ph 6f 87
6 3-CHCO- Br Ph 5 69 85

Ph
7 3-NO-Ph  Br Ph 6h 95
8 Ph | COOCH 4 6i 95
9 Ph | CONH;, 45 6j 97
10 Ph | CN 5 6k 70
11 4-CI-Ph | COOGHs 2 6l 90
12 4-CI-Ph | COOC(CH)s 2 6m 91
13 3-OCHs- | COOCH 25 6n 95

Ph
14 2-NO-Ph | COOCH 2 60 95
15 2-thienyl | COOCH3 4 6p 92

# Reaction conditionst (1 mmol),5 (1.5 mmol), h-BN@Fur@Pd(OAc)
(0.05 mmol) and KCO; (2 mmol) in water (1 mL) at 9G.

reasonable to believe that the immobilized catalygah be
repeatedly used for large-scale production withosigaificant
loss of its catalytic activity.

Isolated vyield (%)

12 3 4 5 6 7 8 9 10
Run number

Figure 6. Reusability of h-BN@Fur@Pd(OAc)or the synthesis da (a)
and6o (b).

2.6 Synthesis of phar macologically relevant compoundsvia
Suzuki and Heck reactions

The synthesis of pharmacologically interesting compls is
one of the most important applications of C-C covpteactions.
Inspired by its high efficiency, excellent recydlap and wide
scope of substrates, h-BN@Fur@Pd(QAepRs utilized in the
synthesis of pharmacologically important productsotigh
Suzuki and Heck reactionki. 7).
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chromatography characterization was performed witbasgel
(100-200mesh):H NMR spectra were recorded at 400 or 600
MHz and**C NMR spectra were recorded at 100 MHz. Fourier
transform infrared (FT-IR) spectra were performedaoNicolet
6700 FI-IR spectrometer (Nicolet), using KBr pellets-ray
photoelectron spectroscopy (XPS) measurements wemrged
out on AXIS Ultra °° spectrometer (KRATOS). X-ray
diffractometer (XRD) spectra were recorded with EMPYREAN
spectrometer (Panalytical). The morphologieshé8N catalyst
were observed by using scanning electron microsd&BM,
JSM-7500F). Thermal gravitational analysis (TGA) was
performed with a thermal analyzer (TGA/DSC2, METTLER
TOLEDO) at rate of 16C/min under N protection. The loading
content of Pd was determinded by inductively coupiebma
optical emission spectroscopy (ICP-OES, SPECTRO ARCOS).

6r, 90%, 5h

Figure 7. Pharmacologically relevant compounds synthesizeasing h-BN
@Fur@Pd(OAg)as catalyst.

Felbinac3u, a non-steroidal anti-inflammatory drug (NSAID),
was first launched in 1993 by Takeda and Wyeth
Pharmaceuticals (now Pfizer) for the treatment elurhatic and
mild arthritic pain, sprains, strains and othett $sisbue injuries?
Felbinac acts as a non-selective inhibitor of thezyene
cyclooxygenase (COX), and is characterized as nlauise

4.2 Preparation of the catalyst

Preparation of hydroxy functionalised h-BN (h-BN@ OH).
First,h-BN (4 g) was dispersed in 5M sodium hydroxide soluti

because it inhibits both the cyclooxygenase-1 (CQXahd
cyclooxygenase-2 (COX-2) isoenzymes. The Suzukiti@aof
4-bromophenylacetic acid with phenylboronic acid wamothly
conducted, using h-BN@Fur@Pd(OA@s catalyst under the
optimized conditions, providing Felbinac in 93% lgieOn the

(500 mL) at 120C for 24 h. Then the particles were filtered and
washed with D.l. water (3 x 150 mL) to adjust the pHrfrieasic

to neutral. Finally, the obtained white solid (3.§0was dried
under reduced pressure at’80for 6 h, and stored in a desiccator
at room temperature.

other hand, diverse derivatives of cinnamic acidsgess various . ) . .

pharmacological activities. For example, Zdtwal. reported that Preparation of amino functionalised h-BN (h-BN@
compound6éq showed strong antifungal activity by altering the APTMS). The h-BN@OH particles (3 g) were dispersed in dry
permeability of fungal cell membrafieAnd good antibacterial toluene (120 mL) and stirred at 26 for 20 mins. Then, to the
activity of compoundér had been exhibited by Davis and co- resulting solution, 1.6 mL (3-Aminopropyl)trimethoxylane
works?® These two compounds can be easily obtained in 94%APTMS) was added drop wise. And the mixture was stifoe
and 90% vyieldsvia h-BN@Fur@Pd(OAg) catalyzed Heck 24 h at 120C under argon protection. The resulting partictes (

reactions. BN@APTMS) were filtered and wished several times with
toluene. Finally, the obtained white solid (3.05 was dried
3. Conclusion under reduced pressure at°g0for 6 h.

In conclusion, a novel covalently immobilized pdilam(ll)-
Schiff base complex on hexagonal boron nitride (h-
BN@Fur@Pd(ll)) has been synthesized. After its
characterization using various methods, it was @ased new air-
and moisture-stable catalyst for Suzuki and Heck Cr@ss
coupling reactions. A wide range of aryl halides were
successfully coupled with aryl-boronic acids, stg®nand
acrylates to generate high yields of the correspmngroducts in
water. And a series of pharmacologically relevantpots have
been successfully synthesized using this catafustthermore,
the catakyst can be separated easily by filtrasiod recycled at
least nine runs without appreciable loss of its lgtaactivity.
The continued study on the broader scope of thadyst to other
reaction substrates and other types of chemicatioees will be
on the way.

4, Experimental section

4.1 General

The h-BN powder (99.9%) was obtained from Micxy Regent
Co. Ltd. (Chengdu, China). (3-Aminopropyl) trimetlysitane
(APTMS, 97%) was purchased from Aladdin Reagent Co.Ltd
(Shanghai, China). Sodium hydroxide (NaOH, 96%) wa
collected from Tianjin Ruijinte Chemicals Co. Lt@Tianjin,
China). 2-furfuraldehyde (99.0%) was provided bynjira Bodi
Chemicals Co. Ltd. (Tianjin, China). Palladous atmet
(Pd(OAc), 99.0%) was supplied by Xian Catalyst Chemicals Co
Ltd. (Xian, China). All other materials were commeligia
available and used without further purification. Thiayer
chromatography (TLC) characterization was perfornveith
precoated silica gel GF254 (0.2mm), while column

Preparation of h-BN@Fur @Pd(OACc),. First, the prepared
h-BN@APTMS particles (500 mg) were dispersed in 40 L o
absolute ethanol. Then 2-furfuraldehyde (218.3 2087 mmol )
and four drops of acetic acid were added into thepeusion.
After refluxing for 5 h. Pale brown solid was got hiyefing the
mixture and washing with methanol and DCM each foints.
Then, the particles were mixed with Pd(OAG08 mg, 1.8
mmol) in DCM (50 mL) and stirred for 24 h under amgo
protection at room temperature. The resulting m&twas
filtered and washed with DCM for 5 times to removeeaated
Pd(OAY),. Finally, the brown solid (417 mg) was dried under
vacuum at room temperature for 5 h.

4.3 General procedurefor the Suzuki reaction

In a typical run, h-BN@Fur@Pd(OAc)0.05 mmol) was
added to a mixture of arylboronic acitd (1.0 mmol), aryl
bromide2 (1.5 mmol) and KCO; (1.5 mmol) in water (1 mL).
The resulting mixture was stirred at 70 under Ar protection,
and the progress of the reaction was monitored b§.TAfter
completion of the reaction, ethyl acetate was adtedhe
reaction mixture and the catalyst was separated. driganic

hase was washed with water, dried over anhydroyS@jand
he solvent was evaporated under reduced pressoalyfthe
residue was isolated by chromatography on a colofsilica gel
to afford the corresponding produg:t

4.4 General procedure for the Heck reaction

A mixture of aryl halogert (1.0 mmol), substituted alkerte
(2.5 mmol), KCO; (2.0 mmol) and h-BN@Fur@Pd(OAdp.05
mmol) was stirred in water at 9Q (progress of the reaction was
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monitored using TLC). After completion of the reaati the
mixture was cooled to room temperature and thenysataas
separated and washed with ethyl acetate three tilten the
filtrate was diluted with water and extracted with éthgetate.
The organic layer was dried over anhydrous sodiulfiatsuand
the solvent was removed under vacuum. Finally, thede
residue was purified by flash chromatography orcailgel to
give the final producs.

Supplementary Material

General reaction procedure for the synthesis3ofnd 6,
spectroscopic characterization data of new compounds
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