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Abstract Triazinebased dendrimer assistedPd-Cu bimetallic nanoparticles(NPs) were synthesizedthrough the
sequentialoading methodfrom the dendrimerwhich was preparedby the reactionof 2,4,6triamino-1,3,5triazine with
benzoylchloridein DMF at80°C at 8 hrs. Thedendrimemwascharacterizedy IR, NMR, andelementabnalysisSEM and
EDX of Pd-Cu bimetallic NPsdemonstratethanosizedphericalsurfacemorphologyaswell asthe existenceof palladium
ions,andcopperionsin the nanoparticlesvhereasTGA andDSC confirmedgoodthermalstability of the nanoparticlesin
addition,XRD dataandtheanalysisof TEM revealedheaveragel 8.50nm nanoshape-CCstructureof the particles.These
NPswerefoundto betheeffectiveheterogeneouscatalystfor the C-C crosscouplingreactionssuchasHeck, Sonogashira
in excellentyields. The high stability, reusability,and heterogeneityof recoveredcatalystwas also observedby further
analysis'SEM, EDX, XRD, TEM andleachingstudy).
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and/oralterthe catalyticpropertieof thealternativebecause
1. Introduction of the electronicandstructuralinteractiond2]. Ontheother
hand, several metatcatalyzed crosscoupling reactions
Bimetallic nanoparticles,composedof two different requirethe presencef anothemmetaleitherasa co-catalyst
metals oftendisplaysteppedorwardcatalyticperformances or to help manipulate the general mamer such as
and applicationsin numerousindustrial processespn the Sonogashirareaction among an aryl halide and terminal
whole in fuel industries or environmental catalytic alkynescallsfor anaggregatef PdandCu asthe catalysts,
approaches,and more recently in CiC crosscoupling in which Cu+ playsa catalyticrole in shifting the alkynyl
reactions[1]. Bimetallic catalystsconstitutean interesting groupsto Pd[3]. Thesplendidredoxpropertiesof the Pd/Cu
magnificenceof catalystsdueto thefactonemetalcantune  methodaredueto theelectrondonorandacceptoindividual
of CuandPd,respectivelyf4,5]. Theprominentii C-ede c t 0
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the Sonogashiraeactionhasbeenideaaboutto rise up from

the high price of palladiumcatalystandits low reusability,
theresidualcontaminatiorof a poisonougalladiumspecies
(themaindownsidein thesynthesiof pharmaceuticalspnd

consequentlythe utilization of copper salt sensitive to

oxygen that elicited a side reaction, i.e., oxidative

homocouplingof the alkynesubstrategthe so-referredto as

Glasercoupling reaction) [15-17]. In addition, many
improved protocolsfor Suzuki Miyaura [18-20] and Heck

[21] couplingshavebeenreportedwith the useof bimetallic

Pd-CuNPs.Ourresearchas beencenteredttheeventof an

additional green, extra price, and additional simply

formulatedcatalystwhich canbe active enoughto perform
the carboncarbon coupling reaction under moderate
conditions.

Furthermore,Bimetallic DENs used as catalystshave
discovered numerous crucial applications, and research
pursuits have already progressed far beyond the
improvementof the synthetic method to synthesizethe
designeddendrimertemplatednanoparticle22]. Because
of the synthesif DENswith thedendrimerasthetemplate
hasthefollowing benefits:(1) theproductshavefor themost
componentan undistinguishablecomposition and shape
since the dendrimerstemplate themselvesand construct
properlydefinednanopatrticlereplicas;(2) the probabilities
for the nanoparticlesto agglomerateduring the catalytic
reactionsare declinedsubstantiallyasthey'restabilizedand
encapsulatedvithin the dendrimers;(3) the impact of the
catalyticactive nanoparticlesn the reactionsmay be aided
consideringthe fact that the mostportionsat the surfaceof
thenanoparticlesreunpassivatedr hatis dueto thefactthe
combinationof nanoparticlesn the dendrimerss specially
inducedby meanof stericoutcomes(4) thebranche®f the
dendrimemwill play a characteristiof beinga selectivegate
to control the entranceof the substrateto the catalytic
nanoparticlegnside the dendrimers;and (5) the periphery
functionalportionsof thedendrimercanbetailoredto adjust
themiscibility of the DENSwith thecontinuougphaseandin
additionto helpin connectingto the surfacesand different
polymers[23-37].

However to thegreatof ourknowledgethere'dessreport
to be hadinsidethe literaturefor the synthesiof bimetallic
NPs impregnatedon triazinebased dendrimer and the
exploration of their heterogeneousatalytic interest in
crosscoupling reactions Here we recordthe synthesisand
characterizatiornf a new eleganceof heterogeneouBd/Cu
bimetallic dendrimer assistedthat have proven efficient
catalytic activity for the Heck and the Sonogashira
crosscoupling reaction without using Cul as co-catalyst
under phosphindigandfree conditions with high
recyclability.

2. Materials and Methods

2.1.Materials

All reactions involving air- and moisturesensitive
conditionswere carriedout in a dry nitrogen atmosphere.
Unlessotherwisenoted,all reagentsverereagengrade,and
were usedwithout purification. DehydrateddMF, DMSO,
CH;CN and THF were used as reaction solvent. These
solventswerepurchasedrom Aldrich andusedasreceived.
De-ionizedwaterwasusedin theexperimentvhererequired.
Analytical thin layer chromatographyTLC) wassilica gel
60 F 254 coatedon 25 TCC aluminumsheetg20 x 20 cm).
Silica gel column chromatography separations were
performedon silica gel 60 N (neutral,40-100 ¢ M)2, 4,
6-triamino-1, 3, b5-triazine, benzoyl chloride and
CuCh.nH,0O, H,N-NH,.H,O, PdCL were purchasedfrom
Aldrich andweredirectly usedwithout further purification.
K,COs;, NaOH, CsCOs;, KOH, NaCO; EtN, K'OBu
(SigmaAldrich), and MgSQ, (SigmaAldrich) and alsoin
the coupling reactions, styrene, methyl acrylate
phenylacetylengvereused(SigmaAldrich).

2.2.Instrumentations

Melting points were determinedby opencapillary tubes
by ameltingpointapparatu$Model BUCHI, B-540).ThelR
spectrawere taken on a ShimadzuFTIR 8400S Fourier
Transform. Infrared Spectrophotometef400-4000 cni?)
with KBr pellets. ' NMR and **C NMR spectrawere
recordedcat500MHz and100MHz, respectivelypnaJEOL,
JNM-ECZ500MHz instrumentandalso'H NMR (400MHz,
Bruker) and**C NMR (100 MHz, Bruker). Chemicalshifts
were given relative to TMS. Mass spectra (MS) were
measuredby using AXIMA -CFR, Shimadzu/KratosTOF
MassspectrometeiElementahnalysesverecarriedoutwith
a FisonsEA 1108 CHNS O apparatusAnalytical thin layer
chromatographyTLC) wassilicagel 60 F 254 coatedon 25
TCC aluminum sheets(20 x 20 cm). Silica gel column
chromatographgeparationsvereperformedon silicagel 60
N (neutral,40-100¢ M )Thethermalbehaviorof Pd/CuNP
was determined by a thermo gravimetric analyzer
(NETZSCHSTA 449F3)from 26°C to 600°C. TG andDSC
datawere obtainedunder a nitrogen atmosphereby using
aluminumoxide crucible at a heatingrate of 10 k/min and
at a flow rate of 40 and 60 ml/min. SEM and EDX of
Pd/Cu bimetallodendrimerNPs 4 were taken by the
JEOL-JSM-7600F. Particle size and phase identification
were performed with a PANANALYTICAL x-ray
diffractometer. TEM analysis was performed by Philips
CM12 transmissiorelectronmicroscope(operatingat 200
KeV). Theleachingstudywasdoneby PerkinEImer ELAN
DRCE ICP/MS.

2.3.Synthesis
Synthesisof 2, 4, 6-Tris (di-benzamido}1, 3, 5-Triazine 3

Benzoylchloride2 (1.45g, 9.54mmol) wasin turn added
to asolutionof 2, 4, 6-triamino-1, 3, 5-Triazine1 (0.2g, 1.59
mmol) in DMF (10 ml). The solution was degassednd
stirredfor 8 hrs at 80 °C undera nitrogenatmosphereThe
advancemenof the reactionwas checkedby TLC. At the



Nanoscience and Nanotechnology 2019, 9(D11 3

startof thereaction thereactantixturewasaclearsolution
andprogressivelyit wastransformednto white solid. When
the reactionwas completed distilled water was addedand
the white solid productwas separatedwashedwith sodium
bicarbonatesolutionby usingBuchnerfunnelin additionas
finally refined by re-crystallizationwith ethyl alcoholand
wasobtainedthe preferredproduct3.

White crystalline solid, m. p. 195197 °C, odorlessand
95% of yield. IR (KBr): U max3052.19,2976.31,1712.20,
1615.69, 1415.69, 1360.20 cm™. 'H NMR (500 MHz,
CDCly): Ui 7.45(t, 12H,Ar-H, J =7.5Hz), 7.62(t, 6H, Ar-H,
J=6.5Hz), 8.15 (d, 12H, Ar-H, J=7.0 Hz).*C NMR (100
MHz, CDCly): (1128.60,129.46,130.34,133.94,144.75and
172.77ppm.Anal. Calcd.(%) for C4sNgH3006: C, 71.99;H,
4.03;N, 11.19.Found:C, 71.90;H, 4.00;N, 11.10.

Synthesisof dendrimer templated Pd-Cu bimetallic
nanoparticles4

The effective developmenbf a diversity of the synthetic
techniquesfor the preparationof bimetallic dendrimer
nanocatalystss key advancesn recentyears.Among the
various methods, mostly three routes of preparing the
bimetallic dendrimer nanocatalystsare commonly used
which includes co-complexing, partial displacement.and
sequentiakeduction[38]. Here we followed the sequential
reduction methodto synthesizeCu/Pd nanoparticlesThe
dendrimerof 0.113 g 2, 4, 6-Tris (di-benzamidoll, 3,
5-Triazine 3 (0.15 mmol), 0.00095g PdCh, NH»-NH,.H,O
(2.5mmol)wasstirredin CH3;CN (10 mL) in aroundbottom
flask at 85°C for 1 h. Then 0.025g CuCh.2H,O (Pd-Cu
weightratio of 1:26) and NH,-NH,.H,O were addedto the
reaction mixture dropwise with a little more than the
equivalenamountof coppersalt. The NaOHsolution(0.3 M)
wasslowly addedto the reactionmixture to maintainpH 10
andthesuspensiomwasstirredvigorouslyfor 2.5hoursusing
a magneticstirring bar at 100°C. After settlingthe reaction
mixture, the black residuewas obtained.The residuewas
filtered after centrifugation(4000r.p.m. for 10 min) of the
reaction mixture, washedwith double distilled water and
acetoneanddried overnightin anovenat 130°C.

Catalytic performance of Pd-Cu bimetallic nhanoparticle
4 for SonogashiraReaction

Generaimethod:A RoundBottomflask waschargedwith
1.0 mmol of aryl iodide, 1.2 mmol of phenylacetylenel.5
mol % of Pd-Cu bimetallicNP 4, Et;N (2 mL) asabaseand

CHCN (5 mL) asa solventunderthe nitrogenatmosphere.

The mixture wasthen stirred at 85°C for 3 hours,andthe
reaction was checkedby TLC. After the reaction was
completedthe mixture was extractedwith CHCl; (15 mL).
The organiclayer dried with MgSO, wasseparatedfjltered
and concentratedo supply crudeproductpurified by silica
gel columnchromatographysing ethyl acetateand hexane
(6:1) to produce preferred pure products under reduced
pressure.

Synthesisof 1-(2-p-tolylethynyl)benzene9, [38]

Solid colorlessproductwas obtained,yield: 91%, m.p.
71-73°C (lit. 71°C); *H NMR (400 MHz): U 2.32(s,3 H);
7.21(d, 2H, J=8.8Hz); 7.33(t, 3H, )= 5.6 Hz); 7.34(d, 2H,
J=8.4 Hz); 7.55(d, 2H, J= 8.0 Hz). *C NMR (100 MHz,
CDCl): U 92.52,93.14,120.21,122.24,128.28,128.49,
128.98,132.04,133.94,139.14

Synthesisof 4-(2-phenylethynyl)phenol 10, [38]

Solid productwasobtainedyield: 95%, m.p. 124126°C;
'H NMR (CDCl;, 400MHz): 115.07(s, 1 H, OH); 6.74(d, 2H,
J=8.8Hz); 7.287.36(m, 3 H); 7.44(d, J= 8.8,2H); 7.54(d,
J=8.8,2H). °C NMR (100 MHz, CDCL): 11 93.92,114.14,
115.31,123.98,128.48,129.04,133.94,134.44,159.52.

Synthesisof 1-(2-(4-methoxyphenyl)ethynyl)benzenel 1

Solid white product was obtained, yield: 97 %, m.p.
57-59°C (lit. 57°C); *H NMR (400 MHz): i 3.72 (s, 3H);
6.89(d, 2H, J=8.8Hz); 7.34(t, J=10.8Hz, 3H); 7.35(d, 2 H,
J=8.8 Hz); 7.45 (d, 2H, J=8.0 Hz), *C NMR (100 MHz,
CDCly): U 55.52,93.24,113.24,115.21,123.38,128.49,
129.49,132.04,133.94,160.98

Catalytic performance of Pd-Cu bimetallic nanoparticle
4 for Heck Reaction

In an R.B flask undernitrogenatmospherea mixture of
aryl iodide (1 mmol) with styreneor methylacrylate(1.2
mmol), Pd-Cu bimetallic nanoparticle4 (1.5 mol %) and
triethylamine (1.2 mL) was stirred in DMF (5 mL). The
solutionwas heatedfor 24 hoursat 90°C. The progressof
the reactionwas detectedwith the TLC chromatography
(n-hexane/ethylacetate 1:1). The reaction mixture was
evaporatedto drynessunder reduced pressureafter the
desiredtransformatiorof the reactionwasobtainedandthe
residue was extractedwith chloroform. The chloroform
extract was washed with distilled water, dried over
anhydrousN&SQ,, filtered, concentratedunder reduced
pressureand purified by silica gel column chromatography
using ethyl acetateand hexane(3:1) to provide the desired
products.

Synthesisof (E)-Methyl 3-o-tolylacrylate 16

White solid product, Yield: 96%, IR (KBr): 4 max
2950.32, 1722.32, 1639.35, 1267.27, 1220.20, 1172.21,
980.30,764.27."H NMR (400 MHz, CDCL), Ui 2.48(s, 3H);
3.84 (s, 3H); 6.46 (d, 1H, J=16.0 Hz); 7.357.68 (m, 3H);
7.837.98(m, 1H); 8.33(d, J=8.0 Hz, 1H). *C NMR (100
MHz, CDCL): U 19.66, 51.56, 118.46, 126.17, 126.61,
130.11,130.75,133.56,137.66,142.46,167.36.

Synthesisof trans stilbene 17, [39]

White solid product, Yield: 94%, ColourlessSolid was
foundandmeltingpointwas74-76°C, IR (KBr): Umax3027,
1600.35,1496,1452.24,1319.36,1267.27,962.35,909.25,
733.74."H NMR (400 MHz, CDCl), 1i 7.02(s, 2 H), 7.35
(dd,1H, J=1.2Hz,7.2Hz),7.43(dd,4 H, J=9.2Hz,7.2Hz),
7.63 (dd, 4H, J=1.2 Hz, 8.8 Hz). *C NMR (100 MHz,
CDCly): 1126.56,127.61,128.11,128.85,137.46.
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Synthesisof (E)-methyl 3-(4-methoxyphenyl)acrylate18

White solid product,yield: 97%, m. p. 135137 °C, IR
(KBr): imax2960.74,1601.35,1511.24,1319.351251.27,
1179.75,1031.15,966.36,812.25. '"H NMR (400 MHz,
CDCl), 113.88(s, 3H); 6.37(d, 2H, J=8.0Hz); 6.57(d, 1H,
J=16 Hz); 6.86(d, 1 H, J=16 Hz); 6.396.29 (m, 1H); 7.58
(t, 2H, J=7.2 Hz); 7.94(t, 4 H, J=9.2 Hz). **C NMR (100
MHz, CDCly): U 55.31, 114.29,126.32,126.76, 127.26,
127.86,128.33,128.77,130.22,137.34,159.40

3. Resultsand Discusson

3.1.Synthesisand Characterization

Dendrimer3 wasdirectly synthesizedby areactionof 2, 4,
6-triamino-1, 3, 5-Triazine 1 (1.59 mmol) with benzoyl
chloride2 (9.54mmol) in anhydroud®©MF at80°C for 8 hin
a nitrogen atmosphergSchemel). The movementof the
reactionwas detectedby thin layer chromatographyTLC)
and after complete transformation of the reaction, the
dendrimerizegroductwasfoundby purificationof thesolid
reaction mixture with recrystallization. The product was
analyzedy IR, 'H NMR, *C NMR (S1-S3in thesupporting
information).

IR peaks revealed the existence of required compoun

was identified ifH NMR and**C NMR spectra. There is no
NH or NH, group '"H NMR peak, which was further
established the structure of compound

The triazine based dendrimer assisted Pd/Cu bimetallic
nanoparticle 4 was synthesized by sequential loading
method (Scheme 2) and also characterized by various
physicochemical techniques including SEM, EDX, XRD,
TGA and DSC analysis. The SEM images of the Pd/Cu
bimetallic nanoparticle 4 displays the spherical size of the
particle and also dendritic leaf shapeg(Fi).

The existence of Palladium and Copper was identified
from EDX analysis, and Copper was 64.78% of mass and
Palladium was 2.54% of mass of synthesized NPs (Fig. 2).
The EDX results also indicted that the sequential loading
method is very effective fqoreparing the Pd/Cu bimetallic
nanopatrticle in which Pd/Cu ratio is almost same used Pd/Cu
ratio. The particle structures of Pd/Cu bimetallic
nanoparticle were further characterized by the XRD patterns
(Fig. 3).

The three basic peaks at 2 tff2tealuesof 43.20, 50.60,
and 74.20 degrees corresponding to (111), (200), and (220)
copper planes were found respectively, characterizing the
formation of FCC copper nanoparticles and correlated with
standard JCPDS powder diffraction card, Copper file no
{045 0836)[40], while another three basic peaks at 2 ffleta

groups. Thepresence of peaks in the range of 33200 values of 40.10 and 46.10 were observed those characterized
omit an-d 16801760 cm suggested the €, C= O groups the formation of FCC Palladium nanoparticle and compared

respectively, while the C= N group was directed by a stro

absorption band at 15800620 cnit. The peaks of 1300360
cm® and 12501335 cm' respectively cofirmed the

presence of groups of C= C andN\CHere it is noteworthy

mljth standard powder diffraction card of JCPDS, Palladium
fife no (463 1043) [41], (Fig 3). Consequently, these results
were revealed in the Rdu bimetallic nanoparticle 4 FCC
structure. PeCu bimetallic nanoparticle 4 XRD patterns

that in the region around 34CBR50 cnt there is no band for indicate the average 18.50 nm particle size calculated by

N-H specifying that 1° amino group of triaminotriazine wa

g)ebyeScherrer formula.

converted into 3° amido group. The selected dendrimer 3

AL,
A

A A A
D

NH»>
NT XN DMF, 80 °C, 8 h
)I\ /)\ + RCOCI -
H,N N NH, 2
1
2, R = p_CGH5
Schemel. Synthesiof dendrimer3
(o] (o]
L I

(i) PACl,, NH»-NH,.H,0O, CH3CN, 85 °C, 1 h

R N7 SN R
| (ii) CuCl,.2H,0, NH»>-NH5.H,O, NaOH, 100 °C,
OZ\N)\N/)\N/&O

25h

P g

3, R= p_CGHS

Pd/Cu bimetallodendrimer NPs, 4

Scheme2. Synthesiof Pd-Cu bimetallicnanoparticlet
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Figure 1. SEMimagesof thenanoparticlet
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C K* 0.277 13.42 0.26 33.19 5.2668
N K* 0.392 0.26 0.11 0.56 0.2934
O K 0.525 18.99 0.34 35.26 22.0098
Cu L 0.930 64.78 0.66 30.28 70.0941
Pd L* 2.838 2.54 0.29 0.71 2.3359
Total 100.00 100.00
Figure 2. EDX analysisof thenanoparticlet
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Figure 3. XRD of Pd-Cu bimetallicnanoparticlet
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Figure 4. DSC& TGA of Pd-Cu bimetallicnanoparticlet

TEM was used to determine the size distribution arefficiency for the various carboncarbon crosscoupling
percentage ofthe average size of the synthesizetkactiond42]. In thesynergistionechanismtheenergygap
nanoparticles. The TEM images of pure and recoverbdtweenHOMO and LUMO comescloser by two metal
bimetallic PACu NPs 4 have been shown in Figure 8 (a, bjatalyst stimulating both nucleophile and electrophile

The size distribution of the synthesized bimetallicRd
NPs 4 was found in the rangei®D nm (Figure 8.a)The

simultaneously43].
The catalytic activity of synthesizedPd-Cu bimetallic

average particle size was observed at 18.50 nm from THEMnoparticle 4 catalyst was studied in Sonogashira

analysis that supported the XRD results calculated
DebyeScherrer formula.

Thermal constancyis a key factor in maintaining the
activity of catalystdn elongatedeactiontime. Forindustrial
applications that require high thermal action, thermally
stablecatalystaresolelyimportant. TG andDSCtechniques
examinedthe thermal stability of the PdCu bimetallic
nanoparticle4 at temperaturebetween26°C and 600°C in
the nitrogenatmospheréFig. 4). The contentof a particular
nanoparticled componenthangeswith its compositionand
structureandis determinedn the thermogravimetriggraph
basedon the weight loss of thesecomponentsThe actual
weightloss of compound4 from 315°C to 360°C from the
TG curvewasrecorded.The DSC valuesof the compound
werealmostsimilar to thoseof TG values.In theDSCcurve
of Pd/ Cu bimetallic nanoparticle4, the sharpendothermic
curve above 315°C indicatedthe melting point. The final
decompositiorstephadshownashresidueof the compound
17.50%.

3.2.Catalytic Performanceof Pd/Cu Bimetallic
Nanoparticle 4 in Sonogashiraand Heck Reaction

In the caseof Pd-Cu bimetallicNPS,the synergisticeffect
between palladium and copper showed astonishing

hikynylationreactionof aryl halideswith terminalalkynes.
A typical reactionbetweenthe reactionof 4-iodotoluene
andphenylacetylenandtheimpactof variousfactorsalong
with the solvent,reactiontemperatureand catalystloading
was studieddueto the determinationof optimizedreaction
conditions.This reactiongavevery low yieldswith wateras
the solvent and distinctive basestogetherwith NaCO;,
K,CQO;, t-BuOK, EtzN, andK3;POy, (Tablel, entriesli 5) in
thepresencef 0.5mol % Pd-CubimetallicNP 4. Theyields
wereadvanceavith thehelpof changinghesolventto DMF
and using different bases(Table 1, entries 6i 10) in the
presencef a1l mol % catalyst.Curiously,by increasinghe
temperaturef thereactionto 85°C andcatalysto 1.5mol %,
the bestresultswith ayield of 91% wereobtainedby using
Et;N asa base,CH;CN as a solvent(Table 1, entry 11).
However,with aview to confirming approximatelycatalyst
loading, this reactionwas performedin the presenceof 2.0
mol % and 1.0 mol % of catalyst4 andresultsshowedthe
formation of preferred productsin 92% and 80% Yyield
respectivelyTablel, entries12 and13). For thisreasonwe
selectedl.5 mol % of catalyst,EtsN asbaseand CH;CN as
solventat85 °C at3hfor maximumefficiencyandoptimized
reactionconditions(Tablel, Entry 11).
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Catalyst, Base
" Solvent, Temp., 3h —

Scheme 3. Optimization of PeCu bimetallic nanoparticle 4 catalyzed betwedndbtoluene and phenylacetylene

Table 1. Optimization of reaction condition for the Sonogashiracoupling of 4-iodotoloueneand phenylacetylenecatalyzedby Pd-Cu bimetallic
nanoparticlet

Entry Cat (mol%) Base Solvent Temp. (°C) Yield (%)
1 0.5 K2COs HO 60 10
2 0.5 K.CO; H,O 60 8
3 0.5 t-BuOK HO 60 11
4 0.5 N(Et)s H,0 60 10
5 0.5 K3PO,3H 0 H,O 60 8
7 1.0 K.COs DMF 60 20
8 1.0 t-BuOK DMF 60 30
9 1.0 Et:N DMF 60 40
10 1.0 K3sPO,3H,,0 DMF 60 36
11 1.5 Et;:N CH:CN 85 91
12 2.0 Et;N CH:CN 85 92
13 1.0 Et;N CH:CN 85 80

Reactionconditions:4-iodotoloueng1mmol), phenylacetylenél.2 mmol), catalyst(1.5 mol%), base(1.2 mmol), solvent(5 mL),
85°C, 3h,undernitrogenatmosphereYield% wascalculatecbasedon aryl halide.

Schemed. Sonogashiraouplingbetweerdifferentsaryl halidesandphenylacetyleneatalyzedoy Pd-Cu NPs4.
1.5 mol% Pd-Cu-

bimetallic NP 4
—O—=-C - -O—C
DMF, 85°C
Et3N, 3 hour
5-7 8 9-11
Scheme 4

Table 2. Sonogashiraouplingreactionof differentaryl chlorideswith phenylacetyleneatalyzedoy Pd-Cu bimetallicNP 4

Entry R Product Yield%
1 4,CHs 8 =SS 91
2 5,0H 9 HO — 95
3 6, 0CH, 10 H5;CO — 97
Yield% wascalculatecbasecdbn aryl halide. purity of catalytic systemproducts.It was not found the

We tend to explore the overall activity of the catalytic formationof Glasertypealkynehomao-couplingproducts.
systemusedto catalyzethe reactionswith three different Likewise, due to optimization the Heck reaction
typesof aryl iodide andsundryterminalacetylengTable2) conditions,a seriesof reactionsundervariouscombinations
in additionto studies.The selectivity of the catalyst4 was of basessolventsandtemperaturegjsingPd-Cu bimetallic
anothervital advantage NMR spectrashowed excessive NP 4 ascatalyst.
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The coupling product was not produced when the couplingethanol, toluene or DMF at 8D, the coupling products
reaction was occurred using 1.5 mol%®ud bimetallic NP were found above 60% yield (Table 3, entrie®).7The best
4 as a catalyst, methyl acrylate (1.2 mmol) antbd® result wasobserved whilst 1.5 mol% of the catalytic system
toluene (1 mmol) in CECN, DMF or DMSO (5 mL) and at 4 and E{N, as a base, and solvent DMF was used under the
temperature (ram temperature to 4Q) in the presence of nitrogen atmosphere at @ at 24 h for Heck coupling
NaOH, NaCO; or KOH, K,CO; (1.2 equivalent) at 24 h reaction (Table 3, entry 10). A wide variety of olefins and
(Scheme 5, Table 3, entries5). Fascinatingly, in the different aryl iodides were selected for cressipling to
presence of BN and DMF at 68C at 20 h, the reaction produce the corresponding 1.dBubstituted olefins under
showed the progress of 50 % yield with 2.0 mol %atélyst theseoptimized Heck reaction conditions. (Tableefries
4. (Table 3, entry 6). Furthermore, the use of other bage8)
containing KCO,;, KO'Bu and in the presence of the solvents,

(mol%o)

CO,Me
I+ / Base, Solvent, Temp.,
Time

Pd-Cu bimetallic NP 4 / CcO,Me

Schemes. Optimizationof the Pd-Cu bimetallicNP 4 catalyzedHeckreactionbetweero-iodo tolueneandmethylacrylate

Table 3. Optimizationof the Pd-Cu bimetallicNP 4 catalyzedHeckreactionbetweern-iodo tolueneandmethylacrylate

Entry Time (h) Base Temp (°C) Solvent Catalyst, 3 (mol%) Yield (%)
1 24 NaOH RT CH:CN 1.5 -
2 24 N&,COs RT DMSO 1.5 -
3 24 KOH RT DMF 1.5 -
4 24 KOH 40 CH:CN 1.5 -
5 24 K.CO;s 40 DMSO 1.5 -
6 20 Et:;N 60 DMF 2.0 50
7 24 K2COs 90 CH;OH 1.5 60
8 26 KO'Bu 90 CHsCeHs 15 70
9 24 K,COs 90 DMF 1.5 75
10 24 Et:N 90 DMF 1.5 90

Reactionconditions:o-iodo toluene(1 mmol) andmethylacrylate(1.2 mmol), basg(1.2 mmol), 24 hours, Temp.90 °C, Yields%
wascalculatedbn the basisof o-iodo toluene.

Table 4. Heckcouplingreactionof differentaryl chlorideswith differentolefinscatalyzedoy Pd-Cu bimetallicNP 4

Entry Aryl halides Olefins products Yield%
CO,Me
1 | = CO,Me N 96
14
11 15
=
2 ' AN 94
12 15
16
I N C02Me
3 /\COZMe 97
H3CO 14 HsCO
13 17
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Yield% wascalculatechasedn aryl iodides.

The SonoghasirandHeck productswereanalyzedy IR,
HNMR, *CNMR aswell asalsoall datawere compared
with authentiditeraturevalues[38, 39], (FiguresS4S17in
thesupportingnformation).

3.3.Reusability and Stability of RemveredPd-Cu
Bimetallic NPs4

The recyclability of PdCu bimetallic NPs 4 to the
coupling reaction between 4-iodotoluene and
phenylacetylenewas also studied (Table 5). After the
reaction blackPd-Cu bimetallicNP 4 wassimply recovered
from the reaction mixture after each catalytic run by
centrifugation, filtration, thoroughly washed with water
followed by acetoneandthendriedundervacuum.

Table 5. Recyclabilityof Pd-Cu bimetallicNPs4 of the couplingreaction
betweend-iodotolueneandphenylacetylene

Entry Run Time (h) Yield %
1 Fresh 3 98
2 1 3 96
3 2 3 94
4 3 3 90
5 4 3 88

The stability of structure and shapeof the recovered
PdCu bimetallicNP 4 afterfive catalyticrun wasexamined
by SEM, EDX XRD and TEM analysis. Catalyst SEM
imagesshowedretainedsurfacemorphology(Fig. 5) aswell
asPd(2.42%)andCu (63.17%)from EDX analysis(Fig. 6)
werefound.

SCE-BUET 10-D
WD 8. 2om 15:

100nm
SEM

Figure 5. SEMimageof therecovered\P 4

VES = 2564 count

Acquisition Parameter

Instrument : 7600F

Acc. Voltage : 10.0 kv
Probe Current: 1.00000 nA
PHA mode & 13

Real Time : 30.27 sec
Live Time : 30.00 sec
Dead Time 0%

L
PdLr

Counting Rate: 1103 cps

Energy Range : 0 - 20 kel

Tz
D

¢
PdLI

ZAF Method Standardless Quantitative Analysis

Fitting Coefficient : 0.0801

Element {keV) Mass$ Sigma Atom$% Compound Mass% Cation K
C K* 0.277 14.00 0.25 33.82 5.5958
N K* 0.392 0.67 0.12 137 0.7409
0K 0.525 19.66 0.32 35.46 22.6248
Cu L 0.930 63.17 0.62 28.69 68.8115
Pd L* 2.838 2.42 0.27 0.66 2.2271
Total 100.00 100.00

Figure 6. EDX analysisof therecovered\NP 4



10 Md. Sayedul Islam and Md. Wahab Khan:

Synthesis of TriaBamed Dendrimer Assisted

Pd-Cu Bimetallic Nanoparticles and Catalytic Activity for@Coupling Reactions

Intenny (counts)

T T T
10 2 30 40

©
o
|

(o))
o

w
o

Number Of Particles

0
17 181920212223

Diameter (nm)

34
8-

T T
50 0

2Theta (')

90 |

w
Ay
o

g 60
<
1
-
=}

| 5 30
2
=
=
4

0

17 181920212223
Diameter (nm)

Figure 8. TEM analysisof thepurePd-Cu bimetallicNPs4 (Fig. 8a)andrecovered\P 4 (Fig. 8b)

Thepeaks at 2 thefavalues of 42.50, and 50.00 degreewith bimetallic nanocatalystand fantastically valuable,
corresponding to (111), and (200) planes of copper as welrecoverablereusablea smallamountof palladiumsaltwas
2 thet® values of 40.40, and 45.00 degrees correspondincusedascoppersalt. All analyticalconsequencegSEM, EDX,
(111), (200) planes of Palladium were observed respectivXRD, TG&DSC, TEM and leaching study) verify their
and those confined that the FCC structure of the recovereheterogeneouscatalytic activity in the carboncarbon
nanoparticles 4 (Fig 7) and the TEM analysis resulcrosscoupling reactionsuchasHeck, Sonogashirandthe
indicated the average patrticle size of the recovered catalysyntheticroute usedto be also discoveredo be phosphine

(Fig 8.b).

In addition, the catalyst'sleachingstudy was performed
due to checking heterogeneity The reaction mixture was
analyzedby ICP-MS afterisolationof the catalystandonly
0.14ppmof coppemwasobservedn thereactionmixture.All
the results of analysis proved the high stability and
reusabilityof the catalyst4.

4. Conclusiors

In summary, we have synthesized triazinebased
dendrimer assisted heterogeneous PalladiumCopper
bimetallic nanoparticlesby sequential loading method.
Becauseof its low rate, however,mosteffective palladium

ligandfree. Further applications of this heterogeneous
catalyticactivity in anumberof Ci C couplingreactionssuch
asStile, Suzukicouplingarebeinginvestigated.
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Supporting Information
IR spectreof 2, 4, 6-Tris (di-benzamidoll, 3, 5-triazine3
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13C NMR of 2, 4, 6-Tris (di-benzamidoll, 3, 5-triazine3
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3C NMR of 1-(2-p-tolylethynyl)benzen®
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Figure S5
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3C NMR of 4-(2-phenylethynyl)phendl0

Figure S7

H nmr of 1-(2-(4-methoxyphenyl)ethynyl)benzend

Figure S8



