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Abstract:

In this study, synthesis, characterization and X<cgystal structural characterization of trans
[PACL(PPh),] complex are described. This compound has be&ndhbaracterized by elemental
analysis (CHN), FT-IRM, *C and®'P-NMR and also X-ray crystallographic. In this sture,
the geometry around palladium atom is a slightstatied square-planar. It was found that this
compound can act as an efficient catalyst for atiwnaof aryl halides to afford primary amines
and has also been successfully employed in thdytatatille cross-coupling reaction with
satisfactory results. The catalyst showed recylitgand it can be reused without essentially
losing its catalytic activity frequently.

Keywords: Phosphonium; Palladium(ll) Chloride; X-ray crystaéAmination; Stille cross-

coupling.

1. Introduction

Synthetic chemists' arylation of amines using Blalla as a catalyzer is a powerful technique
which serves as a useful tool for them in the sgsithof essential intermediates. It is also widely
used as an integral part of photographic mater@isrmaceuticals, conducting polymers and
fine chemicals [1-4]. Topics which still attracsearchers' attention in the field of designing new
ligands are improving the scope of substrate akagegfficiency [5,6]. A significant contribution

in this regard, comes from large phosphine ligancis in electrons [7,8] and carbine ligands
which are N-heterocyclic [9-11]. Such ligands faate Pd-catalyzed aminations to a great
extent. Yet, these ligands are not easily syntadtdue to the high cost of materials used and the
cumbersome procedure applied. So, there seems t reed for more easily available and
cheaper systems of catalysis to be adopted in indu].
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An inexpensive and readily accessible phosphiné llha been widely used in Pd-catalyzed

coupling reactions is Triphenylphosphine {Ph But the problem is that this phosphine is not
considered as effective when applied to intermdécamination reactions, perhaps because its
steric hindrance is smaller and it is not as rickelectrons [13-15]. Despite this, researchers are
still interested in P4P due to its low cost, air stability and commereietessibility [16].

In this paper, we report the synthesis, charaetgom and crystal structure determination a novel
triclinic polymorph of the Trans-dichlorobis (triphylphosphine) palladium (1) complex with
two independent molecules. Accordingly, as a p&rbur ongoing attempt to examine this
phenomenon in molecular crystals, we have alsostiyeted polymorphism in transition metal
complexes. Based on our knowledge, this complexnibadeen examined for the amination of
aryl halides with agueous ammonia. Therefore, tterek our previous work as to catalytic
reactions [17,18], to obtain primary amines, agqsesnmmonia is applied successfully as a green
direct nitrogen source under air atmosphere andesblfree conditions. Thus, we report the
catalytic activity of this trans-dichlorobis (triphylphosphine) palladium (I1) compound for C-C
bond formation by the Stille cross-coupling reattiasing triphenyltin chloride under green
medium to obtain biphenyl derivatives. Biphenyl idatives have wide range of activities,
including anti-diabetic, antimicrobial, anti-praifative, antifungal, anti-inflammatory,
immunosuppressant, etc. [19- 21].

2. Experimental
2.1. Materials and physical measurements

All reactants and solvents were obtained from Mem#t Aldrich Chemical Companies and used
without further purification. Melting points wereeasured on a Stuart SMRpparatus. IR
spectra in the range 4000-400 tmvere recorded on a Shimadzu 435-U-04 spectropheitm
and samples were prepared as KBr pellets. NMR spéét, **Cand>'P- NMR) recorded on a
400 MHz Bruker spectrometer in CDCls the solvent at room temperature. Elementalysisal
was carried out with a CHNS-O Costech ECS 4010yaeal Thin-layer chromatography (TLC)
was performed using Merck silica gel 60 F254 presdalates (0.25 mm) and visualized by a
UV fluorescence lamp.

2.2. X-ray crystallography

The single crystal X-ray diffraction data of suilerystals was collected on a STOE IPDS-II
diffractometer at 120(2) K, using graphite monochated Mo Ka radiation (@.71073 A). The
data collection was performed using tlescan technique and using the STOE X-AREA
software package [22], whereas data diminution egased out using the program X-RED [23].
The structure was solved by direct methods andesulent difference Fourier maps and then
refined on B by full-matrix least-squares procedures usingptograms SHELX and SHELXL
respectively [24], and all refinements were perfedmusing the XSTEP32 crystallographic
software package [25]. All hydrogen atoms were dddegeometrically idealized positions.
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2.3. Synthesis of trans-dichlorobis (triphenyl phosphine) palladium (1)

Palladium(ll) chloride (0.088 g, 0.50 mmol) and ismal chloride (0.0876 g, 1.50 mmol) were
dissolved in methanol (15 ml). Then, n-methyl béamyne (0.121 gr, 1.0 mmol) was added to
the solution and the mixture was stirred at roomperature for 12 h. The separated solid was
filtered off and washed with diethyl ethey give [Pd{CHNHCH;(CsH4)(1-CD} 2 (1) as a
yellow powder.Yield: 0.147 g (87%).

To a solution of the compound [Pd{GNHCH;3(C¢Hs)(-Ch}]2 (0.521g, 1 mmol) in
dichloromethane (15 mL), triphenylphosphine (0.5242 mmol) was added, and the resulting
solution was stirred at room temperature for 6 he Buspension that formed was filtered off,
washed with diethyl ether and dried to give trardL(PPh),] (2) as an yellow powder. Yield:
0.057 g (92%), m.p: 17C. Anal Calc. for GgH3,Cl,PPd (701.84 g/mol): C, 61.60; H, 4.31.
Found C, 60.96; H, 4.11%. IR (KBr dishy c¢ht 1485-1587 (C=C), 670-850 (C-H in Ph), 1435
(P-C). '"H NMR (400 MHz, CDC}, ppm)5: 7.11-7.76 (m, 30H, Ph}3*C NMR (100 MHz,
CDCls, ppm)&: 128.04, 130.12, 131.44, 134.01 (m, Pfp{*H} NMR (162 MHz, CDCk, ppm)

d: 23.28 (s, PP).

2.4. General procedure for amination of aryl halides

To a solution of the aryl halide (1 mmol), ammonitydroxide (28%) (1 mL, 0.003 mmol),
NaCO; (1.5 mmol) and 0.010 g (0.014 mmol) of trans-[R@EPh),] as a catalyst were added
and the reaction mixture was stirred at 80 °C foappropriate time. The progress of the reaction
was monitored by TLC. After completion of the reant the product was extracted with ethyl
acetate. The combined ethyl acetate extracts weee dver anhydrous MgSQfiltered and
evaporated to give the pure product. The produete wharacterized by comparing their spectral
and physical data with those of the credible sample

2.5. General procedure for the Stille cross-coupling reaction

A mixture of the aryl halide (1 mmol), triphenyltchloride (0.5 mmol), N&£O; (1.5 mmol),
0.007 g (0.001 mmol) of trans-[Pd(RPh),] as a catalyst and 2 mL polyethylene glycol (PEG)
as the solvent was heated at 90 °C and the progféke reaction was monitored by TLC. After
cooling the reaction mixture, the reaction mixtwas added to water, filtered (to remove the
catalyst) and extracted three times with diethileet The organic layer was dried over MgSO
and the solvent was evaporated. The products wemacterized by comparing their spectral and
physical data with those of the credible samples.



2.6. Slected Spectral data

4-Nitroaniline (Table 4, entry 9fH NMR (400 MHz, CDCJ. ppm):5 = 8.08-8.12 (d, J=9.3 Hz,
2H); 6.65-6.67 (d, J= 8.8 Hz, 2H); 4.43 (br, 2H} (v, cmi’): 3419, 3391, 3096, 3060, 2958,
2927, 2856, 1921, 1732, 1603, 1568, 1517, 14746,14397, 1354, 1345, 1308, 1278, 1173,
1122, 1106, 1067, 1013, 958, 855, 839, 738, 725, 688, 623, 544, 522.

4-Cyanoaniline (Table 4, entry 1014 NMR (400 MHz, CDCJ. ppm):8 = 7.67-7.69 (m, 2H);
7.54-7.58 (m, 2H); 4.28 (br, 2H). IR,(cmi*): 3087, 3035, 2966, 2929, 2863, 2286, 2224, 1916,
1725, 1657, 1584, 1475, 1397, 1277, 1176, 11243,10813, 962, 826, 769, 748, 724, 696, 545,
433.

[1,1'-biphenyl]-4-carbonitrile (Table 6, entry 6}4 NMR (400 MHz, CDC{, ppm): 8 = 7.76-
7.79 (m, 2H); 7.69-7.72 (m, 2H); 7.64 -7.66 (m, 2AH2-7.56 (m, 2H); 7.46-7.48 (m, 1H). IR
(v, cmi'): 3432, 3065, 2923, 2351, 2216, 1927, 1638, 15885, 1398, 1275, 1108, 953, 844,
767,692, 558, 511.

4-Nitro-1,1"-biphenyl (Table 6, entry 9% NMR (400 MHz, CDC}, ppm):8 = 8.34 (d, J= 8.7
Hz, 2H , 2H); 7.78 (d, J= 8.9 Hz, 2H); 7.64-7.67, @Rl); 7.52-7.56 (m, 2H); 7.47-7.52 (m, 1H).
IR (v, crit): 3445, 3074, 2926, 2842, 1923, 1674, 1591, 15399, 1343, 1105, 926, 854, 738,
691, 534, 468.

3. Results and discussion
3.1. Catalyst characterization

This palladium dimmer complex was easily synthekibg reaction of sodium chloride with
Palladium (1) chloride and N-methyl benzylamineainmolar ratio of 3:1:2 in methanol at room
temperature for 12 h. The resulting suspensionfitased off and the obtained precipitate was
washed with diethyl either and then methanol, anddsequently dried to give the related
[PA{CH,NHCH3(CsH4)(u-CD}]2 (1) as vyellow powder. Dichloromethane with ligand
triphenylphosphine was added to a solution of campol, resulting in the immediate
precipitation of NaCl. This solution further stidréor 6 h at room temperature and then filtered.
The clear yellow solution was evaporated and restdeated with diethyl ether to give a yellow
solid of complexX2. Scheme 1 shows the procedure for preparing ticalted compound.

Scheme 1 here

Compound is a coordination compound of palladiumta@ming two triphenylphosphine and two
chloride ligands. As mentioned in experimental afsb in scheme 1, these reactions led to the
easy synthesis of the palladium phosphine comflbe. observed sharp and singlet peak=at
23.28 ppm by*’P NMR confirmed the purity of the product. Evenlyathe structure was

4



established by single crystal X-ray diffractiondgtuWe report here a new triclinic polymorph of
the asymmetric unit of the title compoundseldsoCl.P,Pd, contains two independent molecules
(molecule 1 and molecule 2, Fig. 1). The molecstancture of complex was determined by X-
ray diffraction. Yellow crystals of comple2 were obtained from a methanol /chloroform
solution by slow evaporation of the solvent ovaresal days and its structure was determined by
single-crystal X-ray diffraction. The title compadirtrans-[PdCG(PPh),], has a slightly distorted
square-planar geometry, with the chloride ligandgrdinated in a Trans configuration. Table 1
provides the crystallographic result and parametenscerning data, structure solution and
refinement information for complex. Tables 2, shihe selected bond lengths and angles for
complex ().

Figure 1 here
Table 1 here
Table 2 here

3.2. Catalytic study

The activity of the described catalyst was invedgd through a reaction of aryl halides with
agueous ammonia and triphenyltin chloride for th&lsesis of aniline and biphenyl derivatives,
respectively. Initially, we examined the reactioh iodobenzene with agueous ammonia in
different solvents, bases, temperature and vagataytic amounts of trans-[Pd(PPh),]. The
results are shown in Table 3. For this reactioffedint amounts of catalyst between 5 and 15
mg were further examined, moreover, 10 mg catalyat found to be optimal (Table 3, entry
11). In addition, the desired product was obtaiimed nearly quantitative yield for the higher
amounts of catalyst (Table 3, entry 12). Our néxtlies focused on the influence of solvent in
the model reaction. The comparison of the residtmahstrated that the reaction in the presence
of NH3.H,O as solvent proceeded much better than other r#siweith a good yield in short
reaction time (Table 3, entry 4). After selectingld\H,O as the optimal solvent, we examined
the influence of various bases on aqueous ammionibe presence of N@O;, NaOAc, KHCQ

and EtN bases, the yield of 82 %, 72 %, 65 % and 78 %ewdtained, respectively (Table 3,
entries 4-7). It has been proved that@Gl@; was the most efficient and gave the good isolated
yield (Table 3, entry 4). The reaction was promataghificantly by increasing the temperature
from 60 to 80 °C (Table 3, entry 4 and 9). For \attd aryl halides, the reaction was
conveniently carried out at 80 °C. However, a higieenperature at about 100 °C is required for
activation of bromobenzene. Incomplete conversiothe starting materials is often resulted by
lowering the temperature (Table 3, entry 10).

Table 3 here



Optimal conditions for the reaction were determiasdollows: 1 mmol of iodobenzene, 1 mL of
aqueous ammonia, 1.5 mmol of J4&®; as base and 0.001 g of catalyst in at 80 °C (Table
entry 4). The coupling reaction proceeds easilyhvaityl bromides and iodides with aqueous
ammonia after optimizing the reaction conditionse Tesults have been summarized in Table 4.
As shown in Table 4, in order to afford the coregging anilines with good vyields, all of the
examined aryl halides such as bromides and iod@bted with aqueous ammonia.

Table 4 here

After successful synthesis of a wide range of aailn good yields, we explored the use of the so
called catalytic system for the synthesis of bipheerivatives from aryl halides and triphenyltin
chloride. In our preliminary experiments, the reacttbetween iodobenzene and triphenyltin
chloride was examined to optimize the reaction @@ such as solvent, base, catalyst amount
and temperature. The results are summarized ireTabAt first, we found that the reaction did
not proceed in the absence of trans-[B(RRh),] (Table 5, entryl). Then, the optimum
temperature for the reaction was 90 °C based ondhation of temperature in the range 25-90
°C. In the case of 70 °C, the yield of the desjpeatluct was lower than the one at 90 °C (Table
5, entries 3 and 6). However, the yield of the mesproduct did not increase obviously when the
temperature increased to 110 °C (Table5, entrpjimizing the conditions so as to select the
best solvent from the commonly used ones was thestep. Among the tested solvents, DMSO
and DMF led to corresponding biphenyl product in%82and 75 % yields (Table5, entries 8 and
9) in the presence of 5 mg of trans-[P4EPh),]. While in solvents such as,8 and EtOH,
trace amounts of product were obtained (Table Biesnl0 and 11). The product was isolated 94
% yield in the case of PEG-400 solvent (Table 3rye@). The results demonstrated that PEG-
400 was the best solvent for the reaction. Our sexdies paid attention to the influence of base
in the model reaction. Among the bases testegypeared that N&O; act as an excellent base
for this reaction (Table 5, entry 6). Organic baseduding KHCQ, NaOAc and EN were
substantially less effective (Table 5, entries 148) -

Table 5 here

The generality of this reaction was investigatemhgiseveral types of various aryl halides, such
as chlorides, bromides and iodides, having electimmating and electron withdrawing groups.
The results have been summarized in Table 6. Awrsho Table 6, all of the examined aryl
iodides and bromides reacted with triphenyltin dile in good yields but the ideal substrates are
aryl bromides and iodides since aryl chlorides geeerally less reactive resulting in longer
reaction time and lower conversion.

Table 6 here



3.3. Reusability of the catalyst

Reusability is an advantage of catalysts that m#kes significant from a commercial point of
view. Therefore, the recyclability of the catalysds investigated for the reaction of iodobenzene
with aqueous ammonia and triphenyltin chloride urttle optimal conditions. After completion
of the reaction based on TLC, the reaction mixtuas cooled to room temperature. Then water
and the organic phase of the reaction, ethyl aza@tathe amination reaction or diethyl ether in
the Stille reaction, were added and the mixture filteved off to separate the catalyst. The
catalyst was dried at 120 °C and directly usedlHerrepeated reactions. As shown in Figure 2,
the heterogeneous catalyst can be recycled uputoctmsecutive runs in the amination reaction
and synthesis of biaryl compounds without any sicgunt loss of its catalytic activity.

Figure 2 here

4. Conclusion

We used palladium compleX containing two triphenyl phosphine ligands as #Hitient and
well defined catalyst for the amination and bipHergactions of various aryl halides. This
complex is highly active and efficient catalyst fmomoting the amination and Stille cross-
coupling reactions of various aryl halides to proglthe corresponding products in moderate to
excellent yields. The performance of amination tieacunder solvent-free condition makes this
synthetic strategy fascinating from the environrakpérspective. Also the catalyst can be reused
for 4 times without essentially losing its catatyfctivity frequently. The facility of catalyst
precursors’ preparation, low catalyst loading hitgh solubility in organic solvents and stability
toward air make the complex ideal starting matdédathe above transformations.

Appendix A. Supplementary data

CCDC No. 965011 contains the Supplementary crygedbhic data for the compound. These
data can be obtained free of charge via http://vaedc.ac.uk/conts/retriving.html, or from the

Cambridge crystallographic Data Center, 12 UniomdRd&ambridge CB2 1EZ, UK; fax: (+44)

1223-336-033; or email: deposit@ccdc.cam.ac.uk
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Table 1 Crystal data and structure refinement for compd2ind

Identification code [(CeH5)3P].PdCI,
Empirical formula C36H30ClLP,Pd
Formula weight 701.84
Temperature (K) 120(2)
Wavelength (A) 0.71073
Crystal system Triclinic
Space group P-1

Unit cell dimensions

a(A) 9.1193 (18)

b (A) 9.6487 (19)
c(A) 29.379 (6)
a(®) 84.12 (3)
B(°) 89.23 (3)

v(°) 67.79 (3)
Volume (A3) 2379.8 (10)
z 3

Calculated density, Mg/t 1.469

F(000) 1068

Theta range for data collection, (°) 2.411t029.16

Limiting indices

Completeness to theta = 29.160
Absorption correction
Absorption coefficient (m)
Crystal size (mr)

Reflections collected/ unique
Max. and min. transmission
Refinement method
Data/restraints/ parameters
Goodness-of-fit on ¥

Final R indices [I1>3 (1)]

R indices (all data)

Largest diff. peak and hole, e°A

-12<h<12, -1%k<13, -4& <35

98.2 %

Numerical

0.879
0.32x0.12 x 0.10
25496/12639R(int) = 0.0856]
0.9173 and 0.7663
Full-matrix least-squares orf F
12639/30/544

1.019

R; = 0.0588, WR=0.0901

R; =0.1074, WR=0.1020

0.88 and -0.87

12



Table2 Selected bond lengths (A°) and bond andiefof compound.

Bond Lengths

Bond Angles

Pd(1)-CI(1) 2.2954(14) CI(2)-Pd(1)-CI(1) 179.61(5)
Pd(1)-CI(2) 2.2940(14) CI(2)-Pd(1)-P(2) 88.13(5)
Pd(1)-P(2) 2.3355(13) CI(1)-Pd(1)-P(2) 91.51(5)
Pd(1)-P(1) 2.3363(13) CI(2)-Pd(1)-P(1) 92.14(5)
Pd(2)-CI(3) 2.2923(15) CI(1)-Pd(1)-P(1) 88.23(5)
Pd(2)-P(3) 2.3389(12) P(2)-Pd(1)-P(1) 177.29(4)
P(1)-C(1) 1.819(5) CI(3)-Pd(2)-CI(3) 180.00(6)
P(1)-C(7) 1.822(4) CI(3)-Pd(2)-P(3) 88.43(5)
P(1)-C(13) 1.817(5) CI(3)-Pd(2)-P(3) 91.57(5)
P(2)-C(19) 1.827(4) P(3)-Pd(1)-P(3) 180.00(3)
P(2)-C(25) 1.814(4) C(13)-P(1)-Pd(1) 112.53(14)
P(2)-C(31) 1.821(4) C(1)-P(1)-Pd(1) 118.00(16)
P(3)-C(37) 1.820(5) C(7)-P(1)-Pd(1) 110.11(14)
P(3)-C(43) 1.826(5) C(49)-P(3)-Pd(2) 112.03(16)
P(3)-C(49) 1.815(4) C(43)-P(3)-Pd(2) 118.13(19)
C(1)-C(6) 1.391(7) C(37)-P(3)-Pd(2) 111.34(16)

Table 3 Optimization of various parameters for the amoraf iodobenzene with NJOH.

[ NH,
trans-[PdCJ(PPh),] (Cat.)
+ NH,OH »-
Solvent, Base, temperture

Entry Cat(mg)  Solvent Base Temp (°C) Time (h) Yield (%)?
1 5 DMF Na,CO; 60 7 44
2 5 EtOH Na,CO; 60 7 58
3 5 H,O Na,CO; 60 7 65
4 5 NH3.H,O Na,CO; 60 7 82
5 5 NHz.H,O NaOAC 60 7 72
6 5 NH3.H,O KHCO; 60 7 65
7 5 NHz.H,O EtsN 60 7 78
8 5 NH3.H,O Na,CO; r.t 7
9 5 NHz.H,O Na,CO; 80 7 86
10 5 NH3.H,O Na,CO; 100 7 87
11 10 NH3.H,O Na,CO; 80 7 92
12 15 NHz.H,O Na,CO; 80 7 93

?|solated yield
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Table 4 Preparation of aniline derivatives from aryl hatide the presence of catalyfic.

I NH,
Z | trans-[PdCJ(PPhy),] (Cat.) Z
+ NH4OH >
IJ\ Solvent free, NgCOs, 80 °C I%
Entry Aryl halide product Time (h) Yield (%) ° M.P. ('C)
| NH,
1 ©/ O/ 7 92 yellow 0il?®]
Br NHZ
2 ©/ ©/ 12 89 yellow oil*®
| NH,
3 /@ e/©/ 10 90 42-457
Me M
Br NH2
4 /@ E/O 13 87 42-4577]
Me M

| NH,
5 O/O/ O 8 91 57-59*"1
Me MeO
Br NH,
6 o/©/ O 10 88 57-59°
Me MeO
Br NH,
7 /©/ /@ 6 90 6977
OHC OHC
Br NH,
8 /@ O 7 93 135-13F7°
H,N H,N
Br NH,
9 O /©/ 5 92 147-14%"
O,N O,N
Br NH,
10 /@ /O 8 90 84-86%

NC NC

®Reaction conditions: 1 mmol of aryl halide, 1 mmbhqueous ammonia, 1.5 mmol of &, and 0.01 g of catalyst at 80 °C.
b .
Isolated yield.
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Table 5 The optimization of reaction parameters for theleétcross-coupling reaction of
iodobenzene with RBnCI.

I
, PhsnCl trans-[PdC}(PPhy),] (Cat.) Ph
Solvent, Base, temperture
Entry Cat (mg) Solvent Base Temp (°C)  Time (min)  Yeld (%)?

1 -- PEG NaCO;, 70 120 --
2 5 PEG NaCO, 70 120 83
3 7 PEG NaCO, 70 25 88
4 10 PEG NzCOs 70 20 89
5 7 PEG NaCOs r.t. 25 --
6 7 PEG NaCOs 90 25 94
7 7 PEG NaCO, 110 25 95
8 7 DMSO NaCO, 90 25 82
9 7 DMF NaCOs; 90 25 75
10 7 EtOH NaCO; 90 25 42
11 7 HO NaCO; 90 25 38
12 7 PEG NaOAC 90 25 85
13 7 PEG KHC@ 90 25 81
14 7 PEG EN 90 25 91

¥solated yield
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Table 6 Stille cross-coupling for the synthesis of biarfytsm aryl halide$.

- | P Ph
‘ Ph,SNCI trans-[PdCJ(PPh),] (Cat.) ‘
+ > NS
FZ\ PEG, NaCOs, 90 °C R/\
Entry Aryl halide Produc Time (min  Yield (%)° Mp (°C)
[ Ph
1 O/ ©/ 25 94 68
Br Ph
2 O ©/ 35 91 68
Cl Ph
3 O ©/ 50 88 68
| Ph
4 O /O/ 30 90 45-47)
HsC HsC
Br Ph
5 /O/ /O/ 25 88 45-47%)
HsC HsC
Br Ph
6 /@ /©/ 30 90 84-86°"
NC NC
cl Ph
7 /©/ /©/ 65 84 84-87
NC NC
Br Ph
8 /©/ /©/ 45 85 76-77%
cl Cl
Br Ph
9 /@ /©/ 25 92 111-1189
O,N O,N
Cl Ph
10 /@ /O/ 55 86 111-118Y
O,N O,N
| Ph
11 O/Q/ O/O/ 35 88 83-84%!
HyC HsC
Br Ph
12 O/O o/©/ 40 87 83-85%!
HsC HsC

®Reaction conditions: 1 mmol of aryl halide,0.5 mrabPhSnCl, 1.5 mmol of N&COs, and 0.007 g of catalyst in 2 mL of
PEG solvent at 90 °C.
Plsolated yield.

=
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Highlights:

1. trans[PdCl,(PPhs);] complex was prepared
2. trans[PdCI,(PPhs),] complex characterized by X-Ray crystallography
3. trans[PdCIl,(PPhs),] complex catalyzed amination and C-C coupling reaction



