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Summary 

New routes for the preparation of the bmuclear complexes C14PdzLz and 
X2(Arx)2Pd,L, (X = hahde or pseudohahde, (Ar,) = C,F5 or C&I,, and L = 
phosphme or arsme) are described Cleavage of the halogen-bndge by hgands 
leads to mononuclear complexes of the X(Arx)PdL, and X(Ar,)PdLL’-type 

Introduction 

We have recently shown [l] that the reactions of compounds of the C12PdLz 
type w&h BrTl(C,F5)z lead to mixtures of neutral mononuclear and bmuclear 
halogen-bndged pentafluorophenyl palladlum(I1) complexes, which, since the 
bmuclear complexes are less soluble, can be resolved by fractional crystalhzatlon 
The reaction unfortunately 1s not general, and does not, for example, take place 
when L = PEtI, PBu, , PPh,Et, py or qum 

In the present paper we describe the preparation of bmuclear organopalladmm 
(II) complexes and their arylatlon to @ve complexes of the XZ(ArX)2Pd2L2 
type- Fmally, the cleavage of the halogen-bridge leads to monomeric complexes 
of the X(Arx)PdLI or X(Arx)PdLL’ type (Arx = C6F5 or C&l5 , L or L’ are 
neutral hgands w&h N, P or As as donor atoms). 

Results and discussion 

Preparatron of chloro-brzdged palladxun(II) complexes 
Complexes of this type are usually prepared by refluxmg C!12PdL2 wth am- 

momum [2] or, better, sodmm [3] tetrachloropalladate(I1) m aqueous- 
alcohohc solu~on However, we made the bmuclear complexes CI,Pd,Ln_ (L = 
PEt3, PBu3, PPh3 or AsPh, ) m 80-90% yield by lefluxmg for 30 mm mixtures 
of the correspondmg C12PdL2 m ethanol or acetone solution mth PdC12 (90% 
of the theoretic amount) m 2 IV HCl solution 

Cl,PdL, + PdC12 --, Cl,Pd,L, (1) 
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Process (1) can, of course, not be used m this form when L IS an easily proton- 
ated hgand, e g a mtrogen hgand. 

Syntheses of chloro-brrdged perhalophenyl pallczdrum(Ii) complexes 
The only prevrous direct alkylztion or arylation of bmuclear palladium(II) 

complexes appears to be that by Calvm and Coates 143. who reported the 
alkylation of (@Et)&lzPd7(PBu& with IJCH~, leadmg to (,u-SEt2)2(CH3)2 - 
Pdz(PBu,), . The Cl-bridged bmuclear palladium(H) complex (lr-C12)C12Pdz - 
(PBu& reacted with LiCHs to @ve metalhc palladium even at -45°C 

We have studied the mtroduction of C6F5 and C&l, groups mto the bmuclear 
complexes, according to eqs (2) and (3), 

Cl,Pd,L, -L BrMg&F, + &(C,F,),Pd,L, + MgXt 

(L = PEt3, PBu, , PPh3 or AsPh, ) 

(2) 

C14Pd2(PEt& + C&l6 i- Mg + C12(C6C1&Pd2(PEt3), + MgClz (3) 

Process (2) normally leads to a mixture of Clz(C6Fs)tPdzLz and Br2(C6F5)t - 
PdzL2 The termmal halogens are replaced by CbF5 groups and the chlonne- 
bndgmg atoms are partially replaced by bromme atoms On treatmg the mix- 
ture with LrBr, only the bromine denvative 1s obtained as the end-product When 
L = AsPh, , partral cleavage of the chlorme-bridges takes place during process 
(2), leading to mixtures which were not studied further Process (3) was only 
studied with L = PEt3. 

The other bmuclear C.&l5 complexes were prepared by substitution reactions 
(see below). 

Analytical data for the new complexes are listed m Table 1 

Synihesrs of other brnuclear complexes X2(C6ClS)ZPdZ(PEt3)2 
Other bmuclear complexes were prepared by substitution reactions according 

to eq 4 starting from C12( C6C15)2PdZ(PEt3)2 The ease of substitution increases 

C12(C6C&Pd2(PEt& + 2 MX + 2 MC1 + X2(C6Cl&Pd2(PEt3)2 (4) 

(MX = LiBr, NaI or KSCN) 

m the sequence LiBr < NaI < KSCN, 1 e wrth the IncreasIng nucleophlhc 
character of the anion X, agreeing with results obtamed [l] with Cl,(C,F5), - 
Pd2(PPh3)2 (Analytical data are listed m Table 1) 

Budge-cleavage reactrons 
A maJor application of the halogen-bridged organ0 complexes is m reactions 

in which the bndge is cleaved to g-ive monomenc complexes The cleavage can 

L\ i’\ /*’ 
*r/pd\c,/pd\L 

7 

2 X(Ar1 PdL, 

- 2XtAr)PdLL’ (6) 

(5) 
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obviously be brought about by the same hgand L which IS already present m 
the binuclear complex to afford colmplexes of the X(Ar)PdL* type (eq 5), or 
by a different ligand L’ which leads to complexes of the X(Ar)PdLL’ type 
(eq 6). Processes (5) and (6) take place under mild conditions The addition of 
L or L’ in some cases does not require any special precautions, but m other 
cases it is best carried out below room temperature to prevent decomposition 
and precipitation of metalhc palladium These complications were never ob- 
served when working at 0°C 

Data for the complexes obtained accordmg to eqs 5 and 6 are hsted m 
Table 2. 

Subsrrtution reactrons of mononuclear complexes 
The ligand X of the mononuclear complexes obtamed as described above, 

may be replaced by other amomc hgands Thus the complexes (SCN)(C,F,)- 
Pd(PEt& and Y(C,ClS)Pd(PEt3)2 (Y = Br, I, SCN) were obtained (For analytical 
data see Table II) 

The preparation of (C,Cl,)(C,F,)Pd(PEt& accordmg to eq 7 1s noteworthy 

Cl(C&+&)Pd(PEt& + LlCgF5 + LiCl + (C6FS)(C&l~)Pd(PEt& 

It is mterestmg that a second C&l, group cannot be introduced mto 

(7) 

Cl(C&15)Pd(PEt& by using LrC&lS . &Cl,- could not be mtroduced mto 
Cl(C6F5)Pd(PEt&, by use of either LiC,#& or ClMgC,Cl, Furthermore, It 
was not possrble to brmg about process (7) with IheGngnard compound 
XMgCbFS, whatever excess was used Although the faAn-e of some of the 
attempts could arise from stenc factors. the mam reason must be kinetic effects, 
since even Cl(C6ClS)Pd(PEt3)2 does not undergo reaction with XMgC,Hs or 
with LlCgH5. 

Cnly one complex (C6FS)(C&lS)Nl(PPh2Me)Z contammg both a C6FS and a 
C&l5 group attached [5] to the same metal was previously known In this 
complex the M-C distance 1s shorter for Ni--C&Is than for Nl-C6FS (1 905 + 
0.010 and 1.978 = 0 009 A respectively) Thus could mdxcate a stronger bond 
m the case of _M--C&l5 _ 

Condzrc twl tres and meltrng porn ts 
All the complexes are essentially non-conductmg, their conductivltles (m 

acetone or chloroform solution, dependmg on the solublhty) are very low 
(AU - O-l ohm-’ cm2 mol-’ ) 

As wrll be seen from Table 1, the bmuclear complexes show a good thermal 
stablilly All except two melt at high temperature (>28O”C) with decomposition, 
Aule the two complexes which melt at lower temperatures, do so wn?hout 
decomposition 

The mononuclear complexes (see Table 2) generally melt mthout decompo- 
srtion. 

i’R spectra 
Both the binuclear and mononuclear complexes exhibit the bands due to the 

CGFS group [6] (at 1635,1505,950 and 800 cm-’ ) or the C&& group [7] (at 
1320,1295,1230 and 675 cm-’ )_ The complex (CeFS)(C,&lS )Pd(PEt3)2 shows 



both senes of vibrations. All the complexes exhibit the bands characteristic of 
the varrous ancillary hgands. 

The bmuclear complex (SCN)2(C6~5)2Pd2(PEt3)2 shows a very clear band 
at 2145 cm-’ , 1 e m a zone which is free from other bands and the location of 
which practically comcides with that found for (SCN)i(CsF5)*Pd*(PEt9)2 [l] 
at 2145 cm-’ _ This is to be accepted as a rehable m&cation of the symmetrical 
arrangement of the thiocyanato-bridging groups [S J _ 

The mononuclear complexes (SCN)(C,F,)Pd(PEt& and (SCN)(C,Cl,)Pd- 
(PEt,), , obtamed from the correspondmg chlorocompleses by substrtution 
reaccic:_s, show the v(CN) vibration below 2100 cm-’ . Thx indicates that the 
SCN group IS attached to the metal via the N atom [ 7 ] _ The same type of 
bmdmg ;vas also found for (SCN)(C6Cl,-)N1(PPh3)2 [7] and (SCN)(C6Cls)- 
Pd(PPh3)t [7] as well as for (SCN)(C,F,-)Pd(PPh3)2 [lo] 

(SCN)(C,Cl,)Pd(PEt,)2 can also be prepared by adding PEt3 to acetone 
solu;rons of the bmclclear complex (SCN)2(C,ClS)ZPdt(PEt& The IR spectrum 
of the resulting compfes completely comcides with that prepared by substltu- 
tion 

Experimental 

IR spectra were recorded on a Beckman IR 2OA spectrophotometer (over the 
range 4000-250 cm-’ ) using Nu~ol mulls between polyethylene sheers Con- 
ductivitres Jvere measured m approx 5 X lo-” AT solut:ons with a Philips PW 
9501/01 conductrmeter 

Tne C, H <and N analyses were made with a Perkm-Elmer 240 mlcroanalyzer 
Halogen analyses were performed as described by Whit-e [II], a few milhgrams 
of sucrose being added to the sample to faclhtate its combustron 

For deterrmnation of Pd the samples were dissolved first in fummg mtrlc 
acid and rhen m perchlonc acid, and the metal was precipitated with dlmethyl- 
glyoxime 1121 

Preparafroit of C&PdLz (L = PPh3, PBu,. AsPh, or PEt3) 
&I ethanol sol&ion of the hganc? \vas added dropwrse to an aqueous solution 

of K2PdCl, The resulting yellow preclpltates were recrystalhzed from drchloro- 
methane (L = PPhj or AsPh, ) or acetone (L = PBu,) In the case of L = PEt3. 
the initially formed reddish precrpltate redissolved after completion of the addr- 
tlon of the hgand 

Upon adding 6 N HCl, a yellow solid precrpltated The mixture was stirred for 
24 h. and the solid recrystalhzed from ethanol/water. (approx 90% yield) 

Pleporatron of CI,Pd2L, (L = P?h,, PEt3, PBu, or AsPh3) 
An ethanol solution of C12PdL2 was reflused for 30 mm with 90% of the 

calculated amount (according to eq 1) of PdCIZ m 2N HCl solution The result- 
mg dark-red solution was filtered to remove a small quantity of precipitated 
mei‘alhc Pd Tine filtrate was concentrated, and the bmuclear complexes 
separated m 90% or even higher yzelds. 

Preparation of Br,(C, F5j2Pd2L, (I-III) (L = PPh,, PEL,. PBu3 j 
-4n (3 5 1) escess of the Gngnard compound BrMg(&F,) was added to an 
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ether solution or suspension of C13Pd2L, The mixture was stirred for 30 mm 
at room temperature and then refluxed for 1 h. After evaporation of the solu- 
tion to dryness, warm water was added to destroy the Grlgnard compound The 
residue was extracted \ilth acetone, and water was added to gve a brown prod- 
uct This was extracted w&h ether After partial evaporation of the ether, yellow 
crystals were obtamed, these were, m every case, a mixture of Cll(C6F5)2Pd2LZ 
and Br2(C6FS),Pd2L, Tine mixture was quantltatlvely transformed mto the 
bromo-denvat:ve by treatment ltlth an acetone solution of LlBr The solution 
was evaporated to dryness and repeatedly washed with water to remove all the 
soluble halide (40-50% yields). 

For L = AsPh3 the reaction with the Grlgnard compound resulted m the 
cleavage of the halogen-bridge and m the formation of mixtures which \\ere not 
further studled 

Preparatron of CE~(CgC15)1PdL(PEf~)z (IV) 
Dry N2 was passed through a 250 ml flask contammg 2 5 g (4 4 mmol) of 

C14Pd2(PEt3)2, 0.82 g of Mg and 9.64 g (33 S mmol) of &Cl6 and 40 ml of 
tetrahydrofuran and 40 ml of benzene were added with stlrrmg The mixture 
was heated to the reflux temperature, and 2 ml of benzyl chloride wele added 
as mltlator The refluxmg was continued until the magnesium was completely 
dissolved The solutron was evaporated to dryness and the resldLe hydrolyzed 
to destroy the Gngnard compound The precipitate was filtered off and washed 
with n-hexane and then ether The residue was extracted with dlchloromethane 
and the resulting solution was filtered and evaporated Pale-yellow crystals of 
C12(C6Cl&Pd2(PEt& were obtamed upon addition of benzene (41 2% yield) 

Preparatron of X2(C,C15)2Pd2(PEts)2 (V-VII) 
To a dlchloromethane solution of 0 5 mmol of Clt(C6Cli)2Pdz(PEt-i)a were 

added 1 1 mmol of MX (LrBr. NaI or KSCN) m 10 ml of acetone The resulting 
complex was m every case less soluble than the starting complex, so part& 
preclpltatlon of the former was observed The mixture was evaporated to dry- 
ness, the residue was washed lvlth water to remove the halogen 01 pseudohalogen 
and the complex was recrystalhzed from CH,Cl, /ether (-90% yield) 

Preparation of Br(C, F5)PdLz and Br(C6F5)PdLL’ (VIII-XIV) 
The condltlons for each synthesis are summmzed m Table 3 The startmg 

complex dissolved m 20 ml of the appropriate solvent After the reaction time 
shown, the solution was vacuum-concentrated until crystals of the end product 
were observed. The mononuclear complexes were generally soluble m ether, 
benzene, acetone, or chloroform, and msoluble m water and, m some cases, m 
ethanol 

Preparaflon of Cl(C,CI,)PdL, and Cl(C,C15)PdLL’ (XVI, XX-XXIII) 
The syntheses were camed out as summarrzed m Table 3 Suspensions of the 

starting complex Clz(C&!iS)2Pd2(PEt& m 20-40 ml of the appropriate solvent 
were completely dissolved durmg the reactlon The resulting solution was finally 
vacuum-concentrated to cause crystalhzatlon of the mononuclear complexes 
These are soluble m benzene, chloroform anti acetone, and insoluble m ethanol 
and water 
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Preparatron of X(C,ClS)Pd(PEf3)2 (XVII-XIX) 
To a solutron of 0.8 mm01 of Ci(C,&)Pd(PEt& m 20 ml of acetone were 

added 0.9 mmol of MX (LrBr, NaI, KSCN), and the mrxture was stured for I h 
at room temperature- After evaporatron to dryness, the resrdue was washed w&h 
water to remove the halogen or pseudohalogen and the resultmg resrdue was 
recrystallized from benzene/ethanol or ether/ethanol (-100% yield) 

(SCN)(C,F,)Pd(PEt,), was obtamed m the same way (60% yreld) startmg 
from cf( C6FS)Pd(PEt3)2. 

(SCN)(C,C15)Pd(PEt& was also prepared by bndge-cleavage of (SCN),? - 
(C&i5),Pd2(PEt& wrth an excess of PEtJ To 0 10 mmol of the bmuclear com- 
plex m 10 ml of acetone were added 0 22 mmol of PEt3 The suspension was 
stirred at room temperature untrl the complex completely dissolved After 
part& evaporatron and addition of ethanol, white crystals formed, and were 
filtered off (50 0% yield) 

Preparation of (ChFS)(C~C15)Pd(PEt3)z (XXIV) 
2 mmol of C1(C&L5)Pd(PEt3)2 were added to a solution of 6 mmol of l;lCsFs 

m 25 ml of ether at -78”C!, and the mixture was stured for 30 mm at this 
temperature and for another 3 h at room temperature The preclpltate of 
hthmm hahde was separated from the off-white solutron by centnfugmg The 
solutron was evaporated to dryness, the residue was extracted w&h benzene, 
and the solution filtered White crystals of the complex were obtained by 
pa-&ally evaporatmg the solution and adchng ethanol (52 9% yreld) They are 
soluble m chloroform, benzene and acetone, and msoluble m ethanol, water, 
and mtromethane 
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