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Abstract

For the first time the new 32-membered macrocydlituclear palladium complex of two aza-crown
macrocycles, bearing two pyridine arms,JIP€l, was synthesized and characterized by elemental
analysis, IR, NMR spectroscopy and single crystab¥ diffraction methods. Bd,Cl,; was investigated

as a moisture/air-stable catalyst for Sonogashioasecoupling reaction in the absence of copper and
phosphine ligand in DMSO. Thermal stability, possilmccurrence of tandem reactions, promoted
catalytic performance as well as synergistic effeate of advantageous features otlLB@Gl,. By
employing Taguchi method, optimum conditions (@ 6h, KOAc, 2 mol% cat.) were determined.
Moreover, the homogenous catalyst represented geosability up to four cycles. Comparing the
catalytic activity of several other previously retgal Pd(Il) dinuclear complexes, JRdCl, enjoys the
advantages of short time of reaction and thernadlilgty.

Keywords: dinuclear, macrocyclic, Sonogashira,gohllm.

1. Introduction

Due to the applicability in the formation of carba@arbon bonds, alkynylatioria Sonogashira
cross-coupling is one of the key reactions in oigagnthesis'. Moreover, Pd(ll) complexes
are exceedingly effective and eminent catalystdieadge in the syntheses of the polyfunctional
alkynes by combination of the corresponding alkysued aryl halides, whereby the development
of new catalysts is of vital research inter&st..

Historically, Sonogashira employed [Pd®Ph),] for alkynylation reaction along with Cu(l)
salt as co-catalyst in the presence of diethylaraméase and solvent in inert atmosph€te
The catalytic reaction suffers from two drawbadkisstly, the formation of a diyne due to the
oxidative coupling of terminal acetylene (also kmoas Glaser—Hay type reaction) resulted in
unwanted byproduct®. Again, owing to humidity and air sensitivity oh@sphine ligands,
researchers are encouraged to look for new alteenligands to eliminate the necessity for inert
g:l?ndition in this catalytic reaction by developicapper- and phosphine-free Pd(l1) cataly&ts

Development of macrocyclic dinucle&d(ll) (MDP) complexes are of significant research
interests which had high contribution on developmeihnew catalysts in modern synthetic
organic chemistry?®??. Basically, MDP catalysts enjoy from two main feas as having two
metal cores and encompassing of the metal iongniitie cyclic structure. From a mechanistic
point of view, the presence of two metal cores iDMcatalysts results in synergistic effects
which consecutively give rise to possible occureed tandem reaction$®. Hence, these
catalysts exhibit better catalytic activity and esivity together with higher efficiencies in
comparison with corresponding monometallic catal{ét Another distinctive feature of MDP
catalysts is their thermal stability which leadstie catalytic reactionat temperatures above
100°C.



The coordination chemistry of bridging ligands amr&d with pyridine side arms has been
shown to have prominent complex ability towardsisraon metal ions, leading to the formation
of coordination polymer%>2®! coordination spherdd =2 notable collection of macrocycles as
well as interlocked molecules potentially applieabi formation of molecular machin€¥. In
1993, Fujita reported bis(4-pyridyl)-substitutedainds as new flexible dinuclear macrocyclic
ligands to formcis-enthylenediamine Pd(ll) complexé8!. Later, he also published several
reports on a group of functional macrocyclic compke®>2®l Since pyridine and pyrimidine
moieties demonstrated appropriate complexationgstigs for Pd(Il) cation, they were reputed
as the suitable catalytic candidates for Sonogastoupling reactions. In the meantime, the
dipyrimidyl-Pd(Il) complexes were employed in theopper-free coupling of different
halobenzene with phenylacetylene using N-butylarambase in THF solvent at 65 B¢,
Recently, we reportef” the synthesis of a tectdn (Scheme 1) constructed from aza-crown
macrocycle decorated with two pyridine side arnapable to yield several new 1D coordination
polymers (CPs) with Mn(ll), Ni(Il), Cu(ll), Cd(Iiand Pb(ll) cations.

Scheme 1 is here

In the course of preparation more new CPs, howewverstrikingly found that was capable to
produce a new MDP in the presence of Pd(Il) (SchemimsteadTo the best of our knowledge,
no report on the synthesis nor catalytic activityMdDP complexes cyclized through aza-crown
macrocycle linkers has been reported before. Thus, undertook the synthesis, full
characterization and catalytic activity of the niange 32-membered MDP complex,,PgCl,,
comprising two aza-crown macrocycles bearing twodaye linkers, coordinating Pd(ll) in the
transform (Scheme 1).

2. Results and discussion

2.1. Syntheses and characterizations

The macrocyclic ligandl was synthesizé®’ through the reaction of the precursor macrocgcle
with two equivalents of 4-(chloromethyl) pyriding/drochloride in the present of potassium
carbonate and potassium iodide in DMF as solvechd®e 1). The purity of the sample was
checked by employintH and**C{*H}NMR spectroscopy (Fig. S1).

The dinuclear complex, Rd,Cls, was quantitatively prepared by admixing af and
bis(acetonitrile) dichloropalladium(lih DMF (see also Scheme 1).

2.2. Single Crystal X-ray Diffraction Studies

Some appropriate crystals of dCl, applicable in X-ray crystallography were obtaingyl
slow layering ofL on DMF solution of bis(acetonitrile)dichloropallach(ll) complex without
stirring and keeping the solution at room tempemtior several days. Some selected
crystallographic data for Rd,Cl, complex were summarized in Table S1.

The molecular structure of RA,Cl, was shown in Figure 1, together with the pertireomic
notations.

Figure 1 is here



The dimeric complex molecule -symmetrical (it lies across the inversion centethie space
group P2/n); in consequencehe asymmetric unit for Bd,Cl, encompasses one macrocyclic
ligand (), two Cl atoms and one Pd(ll) center together witke DMF molecules (Figure 1b).
Table S1 andrigure 1b show some selected bond lengths andsafaié€dL ,Cl,complex. The
crystal structure of B ,Cl, exhibited a dinuclear architecture, resemblindh@mbus having
two Pd(Il) centers on each parallel sides, whergfiggedvia two flexible L units. Pd atoms
were coordinated with two nitrogen donors of theigyy side arms o alongside two chlorine
atoms that brought about a square planar geombtytdahe Pd(Il) metal center (see also the
bond angles for the abovementioned square plamengfey in Table S2). The resulted,PeCl,
complex demonstrated &ans stereochemistry, i.etrans[Pdy(u-L).Cls] Meanwhile, the
macrocycle moieties on Rd,Cl, accepted drawn-out chair conformations. The moéecul
dimensions of P4l ,Cl, were ~13.7 x 5.6 A, whereas two Pd(ll) atoms veegarated from each
other by ~5.41A. Three molecules of DMF were sidatn one side of the aromatic ring (Figure
S2) and connected through CH...O type hydrogen bgnidieractions between C(10)-H(10A),
C(27)-H(27) of PglL,Cl, and O(1A), O(1B) of DMF with a distance of 2.564& A (Table S3).
Additionally, C-H"Cg (it ring) interactions are perceptible between C(1Q}&) of DMF and
Cg(3) of PdL.Cl, through a distance of 2.93 A (Figure S2). Mompwome selected weak

interaction data were collected in Table S3.

2.3. Thermal experimentsand FTIR spectra of Pd,L ,Cl,4

Thermogravimetric behavior of Rd,Cl, complex was surveyed under a nitrogen atmosphere i
the temperature range of 25-900°C. TGA and DTGAesilare=xhibited in Figure S3.

Figure S3 addressed a typical weight loss up té861ld&i ~200 °C, corresponding to the
evaporation of the entrapped solvent molecules imvithe crystal structure. Immediately,
Pd.L ,Cl, commenced to decompose at about >225 °C and conigty lose weight to achieve
balance at 744°C. As a final point, amount of tegidual was found ~15% corresponding to 2
mol of Pd per one mole of RdCl,.

The FTIR spectra df and PeL,Cls complex were run in the spectral range of 400-4Q00.
The spectra accompanied by the probable assignni@ntbe main bands belong to various
functional groups were shown in Figure 2.

Figure 2 is here

In the spectra, weaker bands at 2850-3000" evere assigned to $gC—H bond stretching
modes, whereas the respective band at 3050 wmas attributed to $pC-H stretching.
Meanwhile, the band at ~1412 ¢rwas assigned to the stretching vibration of thediye ring
B¢l in ligand L, wherein this band was shifted to 1443cin the PdL,Cl, comparing toL
spectra (Figure 2). The ring breathing band ofgiiiedine moieties®*® was found at shifted
from ~991 crit in L to the above mentioned band in,PsCl,. Moreover, thanks to the
coordination of Pd(ll) with pyridine side arms, t8eC and C=N bonds shifted from 1595tm
B9%in L to new bands at 1610 and 1662 t®wing to coordination of Pd(ll) with N atoms of
pyridine ring in PgL,Cl; determined by single crystal X-ray diffractionwbuld be reasonable
to assume that the observed blue shift in thecstire vibration of the pyridine ring from 1412



(in L) to 1443 crit (PdL ,Cly) was another supportive indication on the coottitimaof Pd(ll)
with the pyridine moieties ih.

2.4."H NMR study of Pd,L,Cls in DMSO-ds
The'H NMR spectra of P4l ,Cl, andL were displayed in Figure 3 alongside the assignmient

the protons irL.
Figure 3 is here

The aliphatic region of the spectrum exhibited fsignals, three of which were composed of
singlets (at 3.48 ppm for H3.56 ppm for | and 4.39 ppm for §J and the other two signals
were a triplet at 2.42 ppm and a quintet 1.59 ppsigaed to kland H, respectively. Moreover,
the other five signals were assigned to the aranpabtons at 6.9 ppm forpyH7.1 ppm for H
7.22 ppm for H, 7.26 ppm for Hand 8.43 ppm for Hin DMSO-d. Comparing remarkable
downfield chemical shifts for the protons in,PgCl, with the parent free liganddicated on the
stability of PdL ,Cls in the DMSO (Table 1).

Table 1 is here

Some practical features of RdCl,sas air/moisture and thermal stability together vatdtential
existence of promoted s?/nergistic effects and péssaccurrence of tandem reactions for N-
donor pyridine ligand€*” as well as the large ring system encouraged uexfore the
employment of P4d.,Cl,in popular Sonogashira catalytic cross-couplingtiea.

2.5. Catalytic activity

Hereinafter, the study on catalytic activity of,PgCl, in Sonogashira coupling reaction were
executed under phosphine- and copper-free andiaarahdition, owing to the rich chemistry of
Pd(ll) complexes. For this purpose, the copper-ttatalytic reaction of iodo benzene (0.6
equiv.) with phenyl acetylene (1 equiv.) was emphbyas the model reaction. DMSO was
employed as the solvent because of the solubifith@® reaction components as well as its high
boiling point. Primarily, in order to determine tbptimum reaction conditions for the synthesis
of 1,2-diphenyl acetylene, the impacts of varioasgmeters (e.g., type of the solvent and base as
well as the reaction time) were considerdthe results for choosing of appropriate solvent
alongside with the reaction time in this reactiogrgvsummarized in Table 2.

Table 2 is here

A series of the experiments were proceeded to sagbeseffect of some common bases viz.
KOAc, NaOAc, KOH and NEt The results together with the catalyst amounewabulated in
Table 3, whereas the best efficiency was foundKfAc.

Table 3 is here

2.5.1. Determination of the optimal conditions by using Taguchi method

In order to acquire sufficient and pertinent datauhderstand the science behind a scientific
phenomenon, Taguchi has established a techniqeel loas"orthogonal arrays” experiments. By
employing this method to engineering experimétitsthe number of "variance" in the process

4



could be considerably reduced, giving rise to reuyithe number of the experiments needed to
attain "optimum settings" for critical parameters.

Herein, we applied the Taguchi approach to optirn@editions and to select the most influential
parameters on conversion of the phenylacetylendigbenylacetylene. In our experiments,
Taguchi’s orthogonal array table was set up by shngpfour parameters at three levels for each
of them (Table S4).

By this condition, the number of arrangements Wil 3=81, whereby employing Taguchi
method the number of the required experiments dsiges to nine. The Taguchi's ldesign
together with the results for the corresponding sueaments were summarized in Table S5
(each experiment was repetitively performed thimes).

One of the most important parameters is S/N ratidaguchi method (see also Table S5) in

which S (signal) and N (noise) signify the desieadhd undesirable characteristic output values,
respectively. Although, the S/N ratios in Table S5 are differemcording to the type of
characteristics, but the greater S/N ratio is theremdesirable one. In the case that bigger
characteristics are required, the S/N ratio isndefiby the Eq (12

7'1—1 1 2
% = —10 logyo[—2 <n/ = >] Eq (1)

In the Eq (1), ysignifies the result of the experiment amds the replication number of the
experiment. Table S5 represents the S/N ratio fehehylacetylene conversion calculated by
using Eq. (2).

Table S6 presented the mean S/N ratio calculateddch level of the parameters as well as the
relative significance of each parameter which weass in the last column of Table S6.
Moreover, Figure S4 exhibits the S/N response gfaptiphenyl acetylene conversion.

The best operational settings for this catalytacten were found corresponding to A3, B3, C3
and D2 levels in Table S6. Accordingly, the be# &itio exhibited in Figure S4 established the
optimal conditions as follow: the best temperati#et level 3), catalyst content (B at level 3),
the shortest reaction time (C at level 3) and tlestrefficient base (D at level 2) were 1710, 2
mol%, 8 h and KOAc, respectivelyncidentally, the reaction proceeding at tempeestiabove
110 °C makes the catalyst susceptible to solvolysis gg®cand/or solvent decomposition,
though, the reaction conversion was close to 100%is temperature. In case of the reaction
time, since >99% yields were obtained for the lieadimes of 6 (C at level 2) and 8 (C at level
3) hours,the former reaction time was selected. Likewise,datalyst value 2 mol% was chosen
because of the conversion >99%.

2.5.2. Substrate scope for the Sonogashira cross-coupling reaction
In order to evaluate the applicability of 2dCl, in Sonogashira cross coupling reaction, the
optimized conditions (i.e. with 2 mol% RA.Cl,, aryl halides (0.6 mmol), phenyl acetylene (1
mmol), KOAc (1.5 mmol), T = 110C, t = 6h and solvent = DMSO) were employed inditess
coupling reaction of phenyl acetylene with a numbéraryl halides represented in Table 4
(entries 1-6).

Table 4 is here



The experimental results in Table 4 disclosed that reaction of aryl bromide containing
electron withdrawing substituents such as acetgugr(Table 4, entry 3 and 4) afforded the
corresponding coupled products in high yields (Has® GC yield).Furthermore, the employing
1-bromo naphthalene led to good reaction yield cmexbto aryl bromide (Table 4, entry 5 and
3). In the course of these experiments, aryl iodideitetdd much more reactivity than the
corresponding aryl bromide (Table 4, entry 5 and NMganwhile, the dinitro-substituted aryl
chloride exhibited better reaction yield than dgdmide (Table 4, entry 3 and 6). The catalytic
reaction represented far better yield in the cddeozyl chloride (Table 4, entry 2).

The probability of Glaser homocoupling reactionswhecked by applying phenyl acetylene as
the only reagent in the catalytic reaction (seel@ah entry 7), wherein no homocoupling
product was obtained®. From the mechanistic point of view, Sonogashésction is generally
involved in the formation of a Pd(0) species (eby.reductive elimination of the product from
an Ar-Pd-GC-Ar" intermediate) prior to the subsequent oxidgatiaddition of Ar-X,
regenerating Pd(Il) species which is the key stethé catalytic cyclé?.

2.5.3. Reusability

The reusability of Pdl,Cl, as the catalyst was explored and the results wememarized in
Figure S5.

As evident from Figure S5, the accomplishment @ finst cycle resulted 99% yield of the
corresponding product while the yield was decregsedressively in subsequent cycles to 96%,
80% and finally 58% (Figure S5More experimental studies are required in futurientmobilize
Pa.L ,Cl, on the surface of a catalytic support to imprdwereusability of the catalyst.

2.6. Comparison of Pd,L,Cl,with the other MDP catalysts

There are several repoffd**=>°lin the literatures on the catalytic activity oftother MDP
complexes in coupling reactions. Some of these piesrare comparable with 2dCl, in terms

of the overall yield as well as the reaction condi in Table S7.

In order to explain the scope of dCl, application in catalytic cross-coupling reactions,
several examples of MDP complexes are given inTdid@de S7. Considering Sonogashira cross-
coupling reaction, Pl .Cl, exhibited higher yield of the product alongsiddehwliess reaction
time, comparing with the complexes in the entri8sahd 14 in Table S7. Rd,Cl, was also
superior to complex 11 in Table S7 regarding theetof reaction.

Some practical features of RdCl, as air/moisture, thermal stability, good catalytic
performance, promoted synergistic effects and plessiccurrence of tandem reactions were
attributed to the presence of N-donor pyridineridst*” as well as the large ring system.

3. Experimental

3.1. Materials and instrumentations

The chemicals applied in this work were purchasechfcommercial suppliers. IR spectra were
recorded on a FT-IR ABB Bomem MB-100 as KBr diskishim the range of 400-4000 ¢
Thermogravimetric measurements were executed throtlgermogravimetry runs at a
temperature ramp of 10 °C mitnup to 900°C under a continuous flow of dry nitrog&he
thermal analysis instrument was a METTLER/TOLEDQha TG mode.Gas chromatography



(GC) analyses were accomplished on an Agilent Teloigires 6890N, equipped with a 19, 019
J-413 HP-5, 5% phenyl methyl siloxane, capillarfuom (60.0 m x25@m x 1.00pm).*H and
13C NMR spectra were run in CDGind DMSO-¢ at room temperature on a Bruker-ARX500
instrument.

Diffraction data were collected at 120 (1) K, b th-scan technique on Agilent Technologies
Xcalibur four-circle diffractometer with Eos CCDtdetor and graphite-monochromated MoK
radiation §£=0.71069 A). The data were corrected for Lorentayiwation as well as for
absorption effects. The structures were resolvatd WHELXT-2013 and refined with the full-
matrix least-squares procedure dnbly SHELXL-2013. All non-hydrogen atoms were refine
anisotropically, all hydrogen atoms were placeddealized positions and refined as ‘riding
model’ with isotropic displacement parameters $et.2 (1.5 for methyl groups) timesg4Jof
appropriate carrier atoms. Analysis of the struetaind presentation of the results were carried
out by PLATON software. Crystallographic data (exithg structure factors) for the structural
analysis has been deposited with the Cambridget&iygraphic Data Centre, Nos. CCDC
1542745 (PgL ,Cls- 6DMF).

3.2. Synthesis of the precursor dialdehyde, 1 and L

The precursor dialdehyde as well as the macrocyelere prepared according to the procedure
illustrated in Scheme 1, employing previous repBfts”. The diaza-crown macrocycle bearing
pyridine unit,L was also synthesized by employing a new methodwaa less complicated
(Scheme 1) than the recently reported meffibes follow: the parent macrocyclg(1.00 g) was
dissolve in DMF (10 crl), potassium carbonate (1.12 g) and potassium éo¢0d03 g) was
added to the above solution. By stirring the migtur the presence of 4-chloromethyl pyridine
hydrochloride (0.5 g) for one week undeg Btmosphere (without heating), a cream-colored
precipitate was obtained after adding water (306)cfthe solid was filtered and washed with
distilled water prior to drying in air. The produetas purified by recrystallization from
acetonitrile. Yield: 35 mg, 57%, Anal. Calc. fog:834N4O,: C, 75.28; H, 6.93; N, 11.33. Found:
C,75.4;H,6.9; N, 11.2%mn. p. 165C.

'H NMR (500 MHz, CDC}, TMS) 8 (ppm):1.64 (g, 2H, NCbCH,CH,N); 2.56 (t, 4H,
NCH2CH2CH2N); 3.49, 3.63 (S, 8H, Arg,, CHzC5H4N); 4.38 (S, 4H, OEzCHzO); 6.90-
6.93,7.08-7.10, 7.25-7.28 (m, 8HgHT); 7.19, 8.47 (8H, €H4N).

3¢ NMR (500 MHz, CDC3, TMS) & (ppm): 24.55 (NCHCH,CH,N); 51.19
(NCH,CH,CH,N); 52.73 CH.CsH4N); 56.53 (ACH,); 66.27 (QCH,CH,0); 110.73, 120.31,
123.59, 125.98, 128.58, 132.57, 149.52, 150.01,1B5€eH4, CsHaN).

FT-IR (KBr, cm™) bands: 2798-3065 (m), 1595 (s), 1491 (s), 1445.482(w), 1373 (w),
1339(w), 1290(w), 1232(s), 1114(m), 1053(m), 990, ®B6 (s), 835(w), 803(w), 763 (s), 616
(m), 489 (m).

3.3. Preparation of the dinuclearPd(I1) complex

Bis(acetonitrile)dichloropalladium(ll) was preparéy recrystallization of Pd(ll) chloride in
acetonitrile. Layering of a DMF solution (1 mL) &f (50 mg, 0.100 mmol) over an DMF
solution (0.5 mL) of bis(acetonitrile)dichloropaliam(ll) (16.5 mg, 0.130 mmol) in narrow tube



in room temperature for 1 weak, resulted singlestaig of Pel ,Cl,. Yield: 40.8%. Elemental
analysis (%) calculated fore@1ssClaNsOsPb, 6(CGH7NO) (1115.141g/mol): C, 66.78, H, 6.15,
N, 10.05; found C, 66.7, H, 5.93, N, 10.1.

IH NMR (500 MHz, DMSO-¢, TMS) 3 (ppm): 1.70 (g, 2H, NCKCH,CH,N): 3.58, 3.72 (s, 8H,
ArCH,, CH,CsH4N); 4.40 (s, 4H, OB ,CH,0); 6.96, 7.29, 7.32 (m, 8H,s84); 7.13, 8.80 (8H,
CsHaN).

13C NMR. The acquisitionof the spectra was unsuccessful due to insufficient sbiybof
Pa.L oCls in any deuterated solvent.

FT-IR (KBr, cm?) bands: 2801-3027 (m), 1602(s), 1610 (s), 1495 1443 (s), 1378 (w),
1237(s), 1112 (m), 1057 (m), 936 (m), 814(w), 78365 (w), 508 (w).

3.4. General procedure for the Sonogashira cross-coupling reaction

A solution of phenyl acetylene (0.5 mmol), arylitdal (0.3 mmol), P& ,Cl, (2 mol%), 2 mL
solvent and 1.5 mmol base was mixed and stirrecuan atmosphere at 1%X0 for the fixed
time. During the reaction proceeding, the consumptiostafting material was checked by TLC.
After elapsing of the chosen time, water (2 mL) vaalsled to the reaction mixture, extracted
with ethyl acetate (2 x 5 mL) (products and startmaterials are soluble in ethyl acetate), dried
over MgSQ, and injected to the GC chromatography. All of poends have been characterized
by 'H NMR spectra (Figure S3).

3.5. Reusahility test

0.6 mmol iodo benzene was charged into a reactessel together with 1 mmol phenyl
acetylene and 3 mmol KOAc in DMSO (2 ml). 2 mol% B&L.Cl, was added to the
abovementioned mixture at 1XC. After 6 h the mixture was cooled to room tempesy
wherein enough water was delivered to the flastotm a biphasic mixture for extraction with
ethyl acetate (2 mL) for three times. After coliegtof the organic phase aliquots (ethyl acetate),
they were sampling for injection to the GC chrongaphy for more analysis. In order to
recover, the remaining phase of the previous stg@peous solution (DMSO+water) was washed
with ethyl acetate for several times to accomptisbtrough removal of the products as well as
starting materials. The extracted DMSO solution whsecked with GC chromatography to
monitor the presence of any unreacted starting nmhteFinally, the aforesaid solution
(DMSO+water) was evaporated atite remaining catalyst utilized as the next cakalgycle
under the same reaction conditions.

4. Conclusions

We successfully prepared and characterized a neucldiar Pd(Il) complex with pyridine-based
aza-crown macrocyclic ligand. The X-ray analysisi@sed the presence of large macrocyclic
structure for Pgl,Cl, complex. Diagnosis of the complex by TGA resertgoical thermal
stability up to 200 °C, whereas the application RibL ,Cl, in solution as a catalyst was
permitted. Moreover*H NMR and FTIR spectra concisely exhibited the iséesce of the solid



state structure in DMSOsd Thus, the complex showed strong performance apere and
phosphine-free Sonogashira cross coupling reacaticgerobic condition between aryl halides
and phenyl acetylene in DMSO. RdCl; unveiled much better catalytic performance in
Sonogashira cross-coupling reactions than sevehedr @reviously reported Pd(Il) dinuclear
complexes which is attributed to the presence doNer ligands alongside with having the large
ring system in the complex.
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Tables

Table 1.'H NMR chemical shift assignment i ppm) together wittA for theL and PélL ,Cl, and their displacement in
DMSO-g; at 25C.

H, H, H. Hs  H,  H, Hi H; H Hr
L 159 242 348 356 439 690 7.26 710 722 843
PdL,Cl, 170 - 358 372 440 696 729 713 732 880
AS(ppm) 011 - 008 016 001 006 003 003 0.0 370.
AS (Hz) 55 - 40 80 5 30 15 15 50 185

Table 2. The effect of time and solvent in Sonogastross coupling

reaction.
1 =z
O Oe-O="0
KOAc¢
110°C
solvent
GC yield(?
Entry Solvent yield(%)
3h 6h 12h 24h
1 DMSO/H,0 - - - 2
2 DMSO 60 >99 100 -
3 H,O - - - -
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Table 3. Effect of common base and catalyst amdnnSonogashira cross
coupling iodo benzene (0.6 mmol), phenyl acetylénenmol), base (3 mmol), T
=110°C and solvent: DMSO.

Entry base GCyield(%) cat. amount
3h 6h (mmol)
1 KOAc 6C >0¢ 0.01
2 NaOAc 50 95 0.01
3 KOH 63 80 0.01
4 NEg 40 87 0.01
5 KOAc 75 >0¢ 0.0z

Table 4. Sonogashira coupling reaction conditidrsome aryl
halides with phenyl acetylene in the presence ¢if fl,.
R

R
x Z
O =0
Cat. (2mol %)

0.3 mol 0.5mmol DMSO, 110°C, 6 h
KOAc (1.5 mmol)
Entry substrate GC yield %
1 Q_] >99
SRS S
Cl
o v w
(0)
Br
NO,
6 96
O,N Cl
—_— 0

7 Qi
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Scheme 1. The synthetic route for the preparatidnand PdL ,Cl, complex.



DMF molecules
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Figure 1. (a) The X-ray crystal structure obPCl,, the solvent molecules are omitted for simplic{tyy asymmetric unit
of the complex; (thermal ellipsoid plot at 30%).
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Highlights
* A new large dinuclear macrocyclic Pd(Il) complexsweynthesized.
* The linker was made from aza-crown macrocycle bgaivo pyridine moieties.
» The TGA exhibited thermal stability up to 200 °C.
» The complex showed strong performance as Sonogasiniss-coupling catalyst.

* The catalyst was moisture/air-statdepper and phosphine free.



