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INTRODUCTION 

The coonkation chemistry of palladium mported during 1991 has been reviewed. The main 

source of information has been “CAS Selects:- Platinum and Palladium Chemistry” which has been 
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surveyed up to issue 22, 1992. Compounds containing only palladium-carbon bonds, 

nonstoichiometric solid state complexes and alloys have been excluded. Complexes have been 

classified according to the oxidation state of the palladium and the nature of the ligand donor atoms. 

Where a complex contains mixed ligands or donor sets, it is treated under the donor atom nearest 

the top left of the periodic table. A separate section is included on the use of coordination chemistry 

to exnact palladium_ 

A review of the chemistry of the platinum group metals has appeared [ 11. Isomerisation of 

palladium@) complexes has been reviewed in terms of the ligand tram effect [2]. 

4.1 PALULNJM(IV) 

The oxidation of sulphite and chloride complexes has been studied using various aqueous 

oxidants [3]. IpdChj]2 has been reacted with I-hjTeO6 in aqueous NaOH or KOH to give 

palladium(IV) telhnide complexes [4]. The crystal structure of Na&I-Q[~Te4~7.j has been 

determined. The palladium atom is coordinated octahedrally to six oxygen atoms. [PdCl& has 

also been reacted with [IO& in aqueous alkaline solution [S] to give ~[Pd(OH&HIOs)~.nH~O 

(M = Na or K). 

The tedox chemistry of some palladium chlom ammine complexes has been studied [6] and 

thendoxpotentialof[Pd(RNHihC14Y[Pdo2QZ1 foundtobe l.lOV(R=Me)and 1.11 V 

(R = Et). Oxidative addition of methyl iodide or benxyl bromide to [pdMePh(bpy)] gives the fmt 

arylpalladium(IV) complexes [PdXMePhR(bpy)] PI. These decompose by mductive elimination of 

organic tkagments to give ethane and tohrene. 

Mixed IV-II oxidation state complexes of palladium have been prepared using various 

tetradentate nitrogen ligands [8]. These have the formula [PdL][PdLX2]Z4 (X = Cl, Br; Z = BF4, 

Cl04 or PF6) and have a linear chain structure. Their electronic properties wem investigated. The 

crystal structure of another mixed oxidation state compound, [PdL2Brd[PdL2]By (L = (-)-1,2- 

cyclohexanediamk) has also been mported [9]. Thermal decomposition of (NH&[PdClel occurs 

via the intermediate (NI%&fPdCl4] [lo]. ‘Ihe 35Cl NQR spectrum of [PdCl& was investigated 

[l l] and the [NMe4]+ salt found to he a clathmte, [NIvle&[RiCl6].Cl2 whose crystal structure has 

beendetermmed. 

4.2 PALL-mIuM(II) 

42.1 Compkxes with boron ligands 

The reaction of (Ph2P(CH&PPhZ)PdC12 with [B3Ha]- results [12] in substitution of the 

chloride ligands by [B3H7]2- for n =l-4. No reaction occurs with higher values of n as the 

starting compounds are dimeric with frans chloride ligands. The structure of the palladaborane 
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[PhC!H3NMe3]~[(Bt~lz)zpdlPd] has been reported [13]. Phosphine migration from palladium to 

carbomneuuresplace[141: 

pUMe4l~-SR-8-Me-7,8-C&H~()l + FU(PPh3)@2 + pdpph3C1[7-SR-8-Me-ll-PPh2-7,8-C2BgH91 + 

C&j + [NMe41CI 

A similar reaction [15] with the [xido-7,8-A@gHt& anion gives clusters with a pdAs$g- 

core. Palladium(II) chloride has been reacted with a variety of exe-dithio-7,8-dicarbrba-nido- 

undecaborane derivatives to form WCld-, [M&Cl3j and [MLZI compounds [ 161. 

42.2 Complere with tin ligands 

The complex (FTh3)4Pd was reacted with Ph2PCH$HzSnR3 (R = Ph. Me) to give a tram 

Pd(II) stannyl complex (1) [ 171. 

(1) 

The [pdQ_n(SnCl3),J system has been investigated spectrophotometrically in hydrochloric 

acid/water [18]. Stability constants were: log K3 = 4.41, log K4 = 4.12, log KS = 3.88. Oxidation 

occurs and Pd-Sn bonds are ruptured when (M@)#d(SnClg)&l] reacts [ 191 with [S203]2 and 

[S03]2-. Processes occurring in isopropyl alcohol [20] and nitromethane [21] solutions of 

palladium@) tin chloro complexes have been investigated by * t%n NMR and M&batter 

spectro=oPY* 

42.3 Con&u-es wirk nitrogen ligands 

42.3.1 Wn~&ntate ligandv 

Patents have appeared for the manufacture ofPd(NH3)#2 [22], [Pd(NI-l3)4]C13 [23] and 

[Pd(m3)4](HC03)3 [24]. The preparation Of [Pd(m3)‘.&04] has been reported [25]. Patents 
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have also appeared for the manufacture of [Pd(NH$z(NQ&] [26,27]. The crystal structure [28] 

of ptrans dichlomdiammin epalladium has been determined and the thermal decomposition [29] of 

[Pd(NH3)2C12] has been studied. The stability constants for [Pd(NI-&,(H20)4_&+ have been 

determined [30] as 9.56 f 0.12. 8.87 f 0.07, 7.52 f 0.03 and 6.79 f 0.03 for m = 1-4. The 

oxidation of palladium ammine thiosulphate complexes has also been studied [3 I]. 

The reaction of &liketonatopalladium(II) with Csubstituted pyridines has been studied 

[32]. Reaction of PdClz(PhCN)z with 2&h-j%ketoester substituted pyridines (HzQ) gave trans 

Pd(H2QhC12 [33]. The ligand substituents formed O-O-chelates with Cu(II). The reaction of 1,4 

substituted benxodiaxepines with Pd2X4(PPr3)2 cleaves the halide bridge to give monomeric 

complexes [34]. The stability of the complex depends on the substituents with the 2-keto-form 

being less stable. The [PdCl& ion reacts [35] with creatinine (L) to give [PdL412-. The ligand 

azkidine of PdL2C12 macts with NH&l to form ligated 2chloroetbylamine. Similar reactions [36] 

occur with the [PdL& ion to give 2-aminoethylaxiridine and N-( 2-chloroethyl)ethylenediamine 

with HCl. The monodentate azide in PdL(N3) (HL = 2-(((2diethylamino)hyl)amino)cyclopent- 

1-enedithiocarboxylate) reacts [37] with p-MeOCgKqCN to give a tetrazole ligand N4CCeH4-p- 

OMe bound through the *atom. 

Several palladium(U) amido complexes have been prepared and these include the 

compounds (PPh4)2[Pd2C14(NH2)2], PPh4[PhC(NH2)(NH)PdC13] [38], 

(Me3P)~d(C&k$(H)=NCHMe2)(NHPh) [391 and PdH(NHPh)L2 (L = P(CHMe2)3 or PCy3) 

[40]. A number of PdLzX2 complexes have been prepared and are presented in Table 1. 

Table I PdLaXd complexes with N-donor ligands 

L 

cvinylpylidine 

1-vinylmndamk 

4-metllyl-5-vinyl-t 

N-metbylpiperazine 

cl I ~421 
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42.32 Bide- ligands 

The IR spectra of dimethylglyoxime chelates of palladium have been measured [46] and 

hydrogen bond distances calculated. The kinetics of substitution of N,N,N’N’-R4en (R = Me, Et) 

with chloride ion on palladium(B) have been studied [47]. The data support an associative 

mechanism The intramolecular aromatic ring stacking has been studied by lH NMR spectmsqy 

in Pd(L)(UTP)n- (L = phen, bpy, n = 2; L = DL-tryptophan, n = 3; UTP = uridmu Qriphosphate) 

[48]. The degree of interaction is greatest for L = phen and least for L = DL-tryptophan. The 

cytotoxicity of Pd~)(XO$ (L = bpy, phen, 2,2 dipyridylamine, en, fnanr-1,2-diaminocyclohexan~ 

X = Se,Te) has been studied [49]. The tellurite complexes am more effective cell inhibitors than the 

selenite ones. The complex [(en)Pd(4.4’ bpy)]4(NO3)s shows the ability to recognise aromatic 

compounds in D20 [50]. 

In the palladium(II) complex [PdL&!l]BF4 (L = 6-methyl-2,2’-bipyridine), one of the 

ligands is only monodentate with the nitrogen atom on the methyl substituted ring being 

uncoordinated [51]. Several complexes ofpalladium with 1-methylcytosine have been prepamd 

[52]. This ligand can also be either mono or bidentate. In the complex (PPh3)#tLPdCl2 & = 1,lO 

phenanthrolineJ,6 dithiolate) the ligand bridges the two metal atoms [53] and bonds to the 

palladium atom as a bpy type ligand. Bidentate nitrogen ligands also act as bridging groups in 

[Pd3L4X4]X2nH20 (X = Cl, n =3; X = Br, n = 2; L = 3,5-diamino-1,2,4triazole) [54] which has the 

structure. shown in (2). 

2-k 

A pyrazolate ligand has been used to bridge between palladium and rhodium in the 

heterometallic complex Pd( Rh(P-pz)(p-SCMq)b)2 where L2 = COD, (CO)z. CO(PPhs), or 

Co(p(OMe)3 [551. 

A number of PdLX2 complexes have been prepared and these are listed in Table2. 

Arangeof~~ofgeneraltypeWLZhasalr#,beurIweparedandthe~~undsaregivenin 

Table 3. 
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Table 2: Some PdLX2 complexes 

L X RefelWlCe 

Dime&ylaminoferrocene Cl [561 

2-(2-N&d&2,2- cl 1571 

PropenYl I 
atninoethyl)pyridine 

2J-biquiIloline 

22-m 

Phen 

MY 

morpholinobiguallide 
pipuidino~e 

3,3,5,s, and 7,7’- 

dimethyl-2Jdiindamle 

Cl, Br 

cl 

succinanride 

halide,thiocyanate, 
hydroxide 

Q, Br, Cd? 

WI 

WI 

[a 

[611 

WI 

isopropylphosphonato 1631 

Table 3: Some PdL2 complexes. 

4,4’diisocyanobiphenyl 

R:C(Me)C(CO$t):NOH (R = H, Me, Et, Pr, Bu, 

CH2W W51 

2g-bis(hydmxyimino)-12,3,Qtetrahyb 

pyrido[2.3blpyrazine 

3.5-R-pyrazole 
3,5-R- 1 -methyl-pymzole 

(R = NCO, N(Wkz, C(cN)3) 

W71 
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4 2 3 3 Carbon and nitrogen bidentate ligatuh 

Them is a large number of complexes whem the ligand is bonded through both carbon and 

nitrogen. In many of these, the ligand has undergone orthometallation. With N,N’- 

diarylformamidines and N,N’-disrylacetamidiis [PdC!l& reacts [68] to form a six membered 

metallocycle whereas with N,N’-diarylbenxamSne a five membered metallocycle is formed. These 

FdLCl]n complexes can be cleaved by a variety of monodentate ligands. 2-phenylpyridine can give 

either monodentate N-bonded complexes or cyclometallated ones depending on the reaction 

conditions [a]. A four men&red metallocycle ring, (3), has been prepated [70]. 

The agostic interaction of pendant C-H substituents on cyclopalladated complexes has been 

studied [71] using phase sensitive 1H 2D NOSY. The C-H bond lies above the square plane of 

the complex. Allcyne &agmen~ have been inserted 1721 into the Pd-C bond in (4). 

Cyclometallating ligands can also be used to bridge between metal atoms. The complexes 

Pd2Y(H20)3Cl and PtPd(YH2)(H20)$12 (YH3 = 4,6-diphenyl-5-phenoxy-1,2- 

dihydmpykmidme-2-one) have been prepared [73] and the water ligands replaced by en and py. A 

cyclopalladated polymer (5) has been prepared [74]. 

(3) 

(4) 
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n 

R=R’=MeO,R=R’=OCH20;X=t.J,OAc 

(5) 

Other ligands can also give bridges in cyclometallated complexes. Palladium(I1) acetate 

reacts with N-(3-methoxy)benzylidenecyclohexyhunine to give an acetato-bridged dimer. The 

acetato bridge can be replaced by halides and then dppm or Ph$C(=CH2)PPh2 to give a dimer with 

a halide and a diphosphine bridging 1751. A complex has been prepared [76] where the ligand 

bridges through both C and N atoms (6) (R = Me, 4-Mew; X = Br, Cl). 

\ 

(6) 



Table 4 Cyclopalladated complexes of geneml type [PdLX21n 

L 

N-(3-methoxybenzylide.ne)- 

and N-(4- 

methoxybenzylidene)- 

cyclohexylarnin~ N-(4- 

rnerhoxylJenzylidene)-&4,6- 

tlimethylaniline 

dimethybmzylamine 

8quinolylmethyl 

NiV-diethyl-2,6- 

dimmne 

l-methyl-22’~bipyridin-3- 

yliUUl 

X n 

~&loro 2 

p-acetato 2 

~-halide 2 

PPh3, PBu3. pcY3 1 

C&&NCMe, 1 

m3, PP@&T, Br 

C& 8c C(-Br 2 

P-Cl 4 

NCMe & Cl04 2 

pyv bpy, 
various donor 

ligands 

W. Hz0 1 

RCferenCe 

WI 

r7fu 

[791 

P301 

WI 

dicarbaldimines. R = Et, Bu, 

WL benzyl 

dimehoxybenzylidene) 

cyclolle!xylamine 

2-ato 

107 
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Dioximes of 1.3 and 1.4 diacetylbenzene undergo double cyclopalladation to bridge two 

palladium atoms. 1,5 bis(dimethylamino)naphthalene can be singly and doubly cyclopalladated 

rw. 
A number of other cyclopalladated complexes of general type jPdLX& have been prepared 

and ate listed in Table 4. 

4.2.3.4 Complexes with nitrogen and oxygen or phosphorus donors 

The bimetallic titanium-palladium complex (7) can be made 1871 with the nitrogen- 

phosphine or arsine ligand starting on either the titanium or palladium atom (X = P, As). 

X=PorAs 

(7) 

The thermal decomposition of PdL2 (I-IL = 2-hydroxy-4-n-propoxyacetophenone oxime) 

has been studied [SS]. Palladium(II) complexes of 2.3~disubstituted quinaaolin-(3~4-ones have 

been prepamd and their thermal analysis [89] shows loss of ligand. Complexes of palladium@) 

with 2-aminoniootinaldehyde acetylhydrazone and phenylacetylhydrazone have been ptepamd [90] 

and the ligand found to be bidentate. When phen reacts [91] with Pd(HL*)2, (H2L = 

Mc2C(N=O)C(Me)=NOH) an intermtdiatc radical is formedz [Pd(phen)W-)I. The reaction of 

W(Ph2PQ-I2)3PPh2)Cl2 with u-acetamido&namic acid and silver(I) oxide gives (8) whereas the 

reaction [921 of PdLgC12 (L = PPh3, PMePhz, PMezPh. L2 = Ph2P(CH2)4PPh2 with 2- 

acetamuk~@ acid gives (9). 

(9) 
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The complexation of palladium with aliphatic ammo acids has been studied [93]. The 

stability is dependent on the aliphatic chain length. In PdLgXg (L = diethyl-2- 

quinolylmethylphosphonate, X = Cl, Br) the ligand is monodentate but in cis PdLX2 it is bidentate, 

bonding through nitmgen and oxygen atoms [94]. The complexes have been screened for antitumor 

proper& but only PdLzBrg shows activity. A pdLz complex has been obtained 1951 for HL = L- 

citrulline which from spectroscopic evidence contains ligand bonded through carboxylic acid and 

amine groups. The complexes [pdClL@-Cl)]2 and PdCl& (L = 4-amino2,6-dimethyl-5-0x0-3- 

thiox~2,3,4$-tetrahydro-l,24_triazine) have been formed [96] from PdCh(PhCNh and L. The 

corresponding bromo complexes have also been prepared PdL2 complexes have been prepared 

where L = substituted triaxene+l-oxide [97J 

The thermal decomposition of pdLz (L = fluomnone thiosemicarbaxone [98], thiophene-2- 

catk&khyde thioseW W]) has been studied. The stability constants of palladium(II)- 

N-acyl-thiourea complexes have been detemnned and compared with those for Au(III) and Hg(II) 

[RIO]. The interaction of pdLz (L = 8mercaptooxinate) with donor solvents has been studied 

[ 1011. 

The ligand pymmidk-2-thione acts as a monodentate S-bonded ligand to palladium(R) in 

acid media or methanol but in neutral or basic media also bonds through the ring nitrogen atom 

[ 1021. similarly, maction [ 1031 of palladium(R) with ammatic thiosemicarbakie derivatives gives a 

variety of complexes where the ligands can be bidentate or bridging teuadentate. Mixed ligand 

complexes of palladium with methionine (bonded through ammo nitrogen andsulphur atoms) and 

pyknkke ligands have been prepared [ 1041 and found to have andmicmbial activity. The complex 

PdLQ (L = 6-ethoxybenxothiaxole-2-sulfonamide) has been prepared and found [lOS] to be a 

suonginhibitorofredcellbovineaubonicanhydrase. 

The technique of NMR spectroscopy has been used to examine [ 1061 PdL2 (L = 

pamsubstituted N,&liallyl-IV’-benxoyl-thiourea) and the thiocarbonyl carbon atom has been 

assigned using 195Pt-t3C coupling satellites. The complex Pd2L#l2(PMe3)2 (HL = pyridine-2- 

tbiol) has been studied [ 1071 using a variety of NMR SW techniques. 

A new fermcenyl derivative has been pmpared [108] and complexes with palladium(JI) to 

give (10). The complex has non-linear optical pmperties. 

Me 

X=&SO 

Fc = fetrocenyl / 
Ph 
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In addition, PdLCl2 complexes have been pmpamd and chamcterised for L = iV,Wdiethyl-2- 

octylthioacetamide [ 109],2-mercaptopyrimidine and 2-thiocytosine [ 1 lo]. PdL2 (L = 4-amino-3- 

memapto- 1,2&riazole) has been pmpared [l 111 and Pd2L2 (I+$ = 2-(2mercaptophenyl)imin& 

pentanone) has been prepared in situ [ 1121 from 2,4-pentanedione, 2-aminobenzenethiol and 

palladium(II). Complexes with bridging S2N2 and [S3N@- ligands have been prepared [ 1133 by 

the reaction of S4N4 with [Pd$l,@-. The crystal structures of pdLL complexes with SWchelates 

have been demtmined for L = thiophene-2-carboxaldehyde-4-phenyhhiosemicarbazonato [ 1141 and 

l-isopropyl-3-methyl-4-cyclohexylaldimine-5-thiopyrazolato [115]. The latter is unusual in that the 

sulphur atoms sre zruns to each other. 

4.2.3 5 Terkntate nitrogen ligatuir 

The reaction of binary and ternary diethylenetriamine(dien) palladium complexes with other 

amines has been investigated [ 1161. The binding of [Pd(dien)]z+ with 8-azapurines and 7-deaza-8- 

azapurines has been studied [ 1171 using 1H NMR spectroscopy. The terdentate ligand complexes 

PdLCl have been prepared [ 1181 by the condensation of isonitrosoenzoylacetone and either 

ethylenediamine or trimethylenediamine in the presence of palladium(R). The complex [pdLCl]+ 

has been prepared [ 1193 for L = 2,6-di(benzimidazol-2-yl)pyridine and other derivatives. The 

potentially pentadentate ligand N,N’-di(2-picolyl)-N-(2-pyridinecarboxamide)-l,2- 

diaminocyclohexane coordinates [ 1201 to palladium as a tenlentate ligand through the two picolyl 

pyridine nitrogen atoms and the secondary amine group. 

42.3.6 Tedentate ligan& with nitrogen and other donor atom 

The binding of the terdentate l&and 2,6-bis(methylthiomethyl)pyridine has been studied 

[121] by potentiometric and spectmphotomenic techniques. Its acidity constant was log K = 4.04 f 

0.04. The rate of substitution of the chloride ligand in PdLCl (L = N-(3-dimethylamino-l- 

propyl)salicylaldimine) has been studied [ 1221 and an associative mechanism is supported. The 

ligand pyridine-26dicarboxylic acid becomes [ 1231 tetdentate rather than bidentate on raising the 

pH from 1.4 to 5 giving [PdLCl]-. Similarly MeC(=NOR)C(Me)=NNHCSR (HZL; R = H. R’ = 

NH2, NHPh, SMe; R = Me, R’ = NI-Iz, SMe) reacts with [PdC4]% to give bidentate complexes 

initially (bonded through S and hydrazinic N) [ 1241. On reaction with amines these complexes give 

PdLA (A = amine) where L is bonded through 0, S- and hydrazinic N-donor sets. The complex 

(11) has been obtained [ 125] by the oxidation of one ligsnd side arm to a knzoxazole. 

The reaction [ 126j of PdLCl (L = cyclometallated 2’-benzylthio-4methylazobenzene) with 

chlorine results in formation of chlorinated azobenzenes rather than palladium oxidation. 

Palladium(E) ion reacts with N-phenylsulfonyl- and N-(tosyl)-glycine to give temimerk complexes 

[127] Pd.&-Cl)& where two ligands are cyclometallated to become terdentate (0JV.C) and 

another two act as bridging carboxylates. The palladium ions are bridged by chloride and 
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carboxylate groups. Terdentate O,N,C-ligands have also been prepared using 2-substituted 8- 

quinolinols [128]. The substituent side-chain provides a carbanion to form a Pd-C bond. The 

luminescence spectrum of Pd(2,6diphenylpyridine)py has been recorded [ 1291 and involves the 

terdentate ligand although electrochemical results suggest that the LUMO is centred on the metal 

atom. Reaction of 6-(2&ienyl)-2.2’~bipyridine with [pdC!l& gives a cyclometallated N,N,C- 

complex PdLCl [Ml. 

r-Bu 

Ike 

(11) 

42.3.7 Tetradentate nitrogen ligands 

The association in solution of PdL (L = 6-t-Bu-2,3-naphthalocyanine [131]. tetra@- 

sulfophenyl)porphine and terra@-N-methylpyridyl)porphine [ 1321) has been studied. A complex of 

35pyra7~ledk~boxylic acid has been prepand [I331 where the ligand coordinates as the hianion 

giving [PdzLzlz. A six-membemd ring of four nitrogen atoms and two palladium ones is formed. 

Other PdL complexes are listed in Table 4. 

4.2.3.8 Other multid&nkate N-containing ligands 

The binding of edta with palladium@) has been studied [ 1341 spectmphommehi&ly at pH 

0.5-7.5. PdL (H2L = bis(salicylidene)-o-phenylenediamine) has been prepared 11351. Electrolysis 

of this and other complexes [KS] &I& = bis(acetylacetone)ethyle&iamine, bjs(salicylaldehyde)- 

ethylenedkmine) gave pardally oxidised polymers. PdL complexes have also @en prepared 11371 

forH& = ~6-dimeth~-5,7-dioxo-1,ll~~~,~~~l~~e aud 12,12-dimethyl-11,13- 

dioxc+1,4,7-trithia-10,14diazacyclohexadecane. 
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The crystal structure of [PdL]NCS (HL = 1-phenyl-3-( 2-[(2-aminoethyl)- 

amino]ethylimino)-1-buten-l-01) has been determined [I381 and the pahadium atom is coordinated 

by a distorted N30-square set of donor atoms. Complexes PdzLBr4 with L = [ 18]aneNe and 

[2O]aneNg have been prepared and structurally characterised [ 1391. Two palladium(n) ions each 

coordinate to three of the nitrogen atoms and the remaining coordination site is occupied by a 

bromine atom. The Pd-Br bonds are mutually frans in the [ 18]aneN6 complex but cis in the 

Table 4: Complexes PdL with tetradentate nitrogen ligands 

L 

5-amino2,3,7,8,12,13,17.18-octaethyl-21H,23H-porPhyrin 

5-(4-isothiocyanotobenxamido)-2,3,7,8,12.13,17,18-octaethyl- 

21H,23Hporphyrin 

2,3,7,8,12,13,17,18-octaethylporphyrin, octaethylchlorin, 

octaethylisobact 

Reference 

VW 

1,8,9~tetrahydm-3,6,9-trimethyl-1,8- 

diphenyldibenzo[c,m]di~3,4-f4’,3’-jj[l,2,5,8,9,12]- 

hexaazacyclotetradec 

tetraaza(l4]annulenetemzuboniuile 

N,N%is(2-pyridinecarboxamide)-1.2~diphenylethane 

N,N’-bis(2-pyridkcarboxamide)phenylethane 

N,N’-bis(aminoalkyl)oxamides 

]1421 

[I431 

V461 

42.4 Complexes with phosphorus ad arsenic ligands 

4.2.4.1 Monodentate liganak 

Intkred spectral data for pd(PR3)S@ have been reported [ 1471. PdL2Cl2 complexes have 

been prepared with several novel phosphine ligands; L = 4,6-R2-25diphenyl-1,3,2,5- 

dioxaboraphosphorinane [ 1481, IO-phenylphenoxaphosphine and N-methyl-P- 
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methylphenophosphaxine [ 1491, snd (cyclopentyl)uPPh~a; n = 1-3 [150]. The crystal structum of 

trans PdI$PPhgh.HCC!l3 has been mported [151]. 

The complex PdClz(PPh3)z has been reacted [ 1521 with I-hydroxyquiroline, oxalate and 

salicylaldehyde to give complexes where the chloride ligands are replaced by the b&chelates. 

Similarly, tram-Pd(PF%+.&hi-hioureah has been prepared [153] by the reaction of thiourea with the 

corresponding chloro complex. The pyridine ligand in trans-PdCl(C$I4N-dL)(h)3 has been 

protonated [154] with HC104 to give a 2-pyridylium ligand. Reaction of Pd(PR3h with acids 

lI-I3O+lX (X = BF4, BF3OH) leads to hydride complexes trans-[Pd(PR3)$,I-I)(I-I~O)]X (R = tert- 

Bu [ 1551, cyclohexyl[156]. However when [Pd(OAc)3(PPh3)]2 reacts [ 1571 with formic acid the 

phosphine ligand is oxidkl and a phenyl group is transferred to the palladium atom to give [Pd&- 

WPW’WW12. 
The crystal strmue ofrransPdEt(SPh)(PMe3h has been mported and its reaction with CO 

studied 11581. Insertion initially takes place in the Pd-C bond. The reaction [159] of Pdz(p- 

Cl)$l3(PMe3)3 with L = thietane gives l%Q(PMe3)L under mild conditions but with more severe 

conditions the ring is opened to give Pd3C13(~-SCH3CH3CH3Cl)(p-Cl)(PMe3)3. A number of 

dipalladium thiolato complexes have been pmpamd, including c~Pd2a2(~-a)~-SR)(PMe3h (R 

= Me, CMe3. Ph), and ~arr~-PdzQ@-SPhj3(PR3)3 (R = Et, Me) [160]. 

A number of palladium-sulphur clusters containiig phosphine ligands have been prepamd 

These are summmised in Table 5. 

Complexes ofbidentate arsenic ligands (L = PhAsRCH3(CH#CH~)&H3A~, R = Me, 

Et, Pr, Bu; n = 12) with lPdCl4]~ have been pmpared [ 1611. 

Table 5: P~lladiunt-sulpkur clusters containing phosphine ligands. 

cluster Reference 

[Pd3S2(dppe)3]1PF6] [W 

~~~~~~~~~~~~~~~~~~~~~~~~~ pdgSe8(pph3)8, 

pdgseqclqVPh3)6 [PdsSegC1(~3)8lKWrW~ 

PdgSe=tQ2(PPh3)6, Pd_rSes(SeH)C1(PPh3h, 11631 

w6se4(SeHhc12(PPh3)6,Pdgseq(SeH~(pph3) 

W&~2(pw3)6 

Pd3WW4~2G’WG.z VW 
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42.42 Complexes with multidentate phmphorus ligands 

The reaction: 

Pd(dmpe)Mq + pINRR’R”]X + Fd(dmpe)McJNRR’R”)lX + CH4 

has been carried out for a variety of amines [ 1651. The binding constants have been determined 

from 31P NMR spectroscopic data. The mass spectral fragmentation of palladium complexes of 

diphenylphosphinoacetone has been studied [166] and can be. useful in establishing whether a 

phosphinoenolate bis-chelate is present. 

A number of novel phosphines have been synthesised and coordinated to palladium. The 

phosphine NIPHOS (NIPHOS= 2-(2-pyridyl)-4.5~dimethylphosphinine) has been complexed in 

[PdCl(NIPHOS)PMe3]+ and adds water or methanol at the P-C6 double bond [ 1671. The ligand 

(RP)-(S,S)-2,2”-~s[l-(diphenylphosphino~~yl]-l,l’-bif~~e has been synthesised [168] and 

chelates to palladium in a runs orientation. The chelating ligand H2L = 1,3-(Ph$CH2CO)$&H~ 

has been synthesised and complexed as a bridging ligand in [(o-c6H4CH2NMe2)PdCl]2(~-~2) 

[169]. This can be converted into [(o-C&$H2NMe2)Pd]2(p-L) by treatment with sodium 

hydride. The ligand reacts with Pd(acacb to give a polymer. 

The potentially bidentate ligands (12) have been synthesized and monodentate PdL2C12 

complexes prepared [ 1701. Reaction of this complex with silver perchlorate gives frun3-[PdL$ll+ 

in which one ligand is OS-coonSnated. 

RzpcHz R = Ph, C-GHtt, Pr 

Similarly, cyclometallation of (13) makes it a tridentate ligand and the crystal structure of 

PdLCl has been determined [171]. / \ \ w \ / / 
iPh2 PPh2 

(13) 
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Table 6: Palladium(lI) complexes with multidentate phosphorus ligands 

cis-Pdk$Q L = 1-(thiomthyl)-2diphcnylamino~thane, l- 

(thiomuhyl)_2-diphenylphosphi.no)cthanc; X = Cl, Me 

trans-PdLfl2; L = di 

Table 7: Bridging modes adopted by multidentate phosphorus ligands 

M=Mo,W 
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A number of other palladium phosphiie complexes have been prepared and are summarised 

in Table 6. 

Multidentate phosphine ligands can also bridge between metal ions and a number of mixed 

metal compounds utilise this feature. Those prepared recently are summa&d in Table 7. 

There has also been some work on the reactivity of palladium phosphine complexes. 

Reaction of PhOH with PdMqL (L = 1,2-bis(dimethylphosphino)ethane) gives PdMe(OPh)L [38]. 

Pd2Cl&@h2P-2-pyridyl) reacts with (Phzp)$HMe) to give substitution of the phosphine ligand 

[ 1851. This complex can then react with X = CO, SO& H$ to give complexes where these groups 

also act as bridging ligands. Carbonylation of [Pd(dppm)(OOCCF3)]2 gives 

[Pd(dppm)(OOCCF~)]~(C(-CO) [186]. Reaction of PdLCl2 (L = 1,3bis(diisopropylphosphino)- 

propane) with LiBEt3H gave [ 1871 the hydride bridged compound [LW]2@.-HUiBEt4. Similarly, 

LPd(Ph)Cl reacted with methanol and NEtg to give (PdL)+&-H)(p-CO) [188]. The complexes 

PdL(Cfl4) (L = chelating diphosphine) have been protonated to give [PdL(QH5)]+, which 

contains an ago& hydrogen atom [189]. The palladium complex [(dppp)Pd(Ac)(NCMe)l+ has 

been reacted with a variety of alkenes to give alkene insertion into the acetyl group [ 1901. 

42.5 Cornp~frxes with oxygen ligandf 

A patent has appeared for the manufactum of chloride-fme palladium oxide [ 1911. The heat 

of isomerisation of palladium(II) acetylacetonoate has been determined [ 1921 and its ionization with 

various reagent gases has been studied [ 1931. The thermal decomposition of PdLQ-I20 has been 

studiedforHL=isoorodc and2thioisoomtic acid [WI]. 

The complexation of [PdC412- and 3,6dithiaoctane- 1 &ii01 has been studied 

spectrophotometricaly [195] and 1: 1 and 1:2 complexes found. Palladium(II) diacetylacetonoate 

has been reacted [ 196j with PhNNCl to give Pd(3-PhNN-acach. 

The platinum complex (14) reacts with PdC12(NCPh)2 to give a complex where it acts as a 

bidemate l&and bonding through sulphur and carbonyl oxygen to PdCl [ 1971. 

PhC 

CPh 

II 
0 

(14) 
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A series of Pd(PPh3)(Me)L complexes have been pmpared [ 1981 where L is a substituted /3- 

diltetonateormonothio-metonateligand. 

Some alkali metal pa&dams M[Pd(OH)4] (M = Ca, Sr, Ba) have been prepamd in 4-8 M 

NaOH solution but in concentrated solution, S@d(OH)lo is formed [199]. A complex with a 

bridging hydroxy ligand, [NBtt&[pd(C&H2)2(-OH)12 has been prepared and reacted with a 

variety of other ligands to give substitution of the hydroxy bridge [200]. A number of other 

palladium complexes with oxygen donor atoms have been synthesised and are summan ‘sed in Table 

8. 

Table 8: Selected pallsdium(II) complexes with oxygen donor ligands 

complex 

w(No3)2(H20)2 

lPh&s]2[( lJ-dithiooxalato)$d] 

Pd(Bquinolinol-N-ox&~ Pd(5,7,dinim%quinolinol- 

N-oxide)2 

Reference 

r2011 

ma 

PO31 

[MCl(L)]2; HL = (ZhydroxyJ- 

methylphenyl)aryltelluride; aryl = Ph, 4-MeOC&I& 4- 

RtOWQ 

w41 

The dimethylglyoximate ligand has been used to bridge between palladium and copper to 

form a Cu2pd complex species [24X5]. 

Reaction of palladium(II) acetate with (Me&H)2S in benzene gives [206] an unusual 

trinuclear compound (U). The palladium(R) acetate (Me$ZHhS system has also been studied as 

anactivatorof aromatic C-H bonds in methyl-substituted benzenes [207]. 
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The mode of attack of acetate on cis and tram [5-carbomethoxy-(1,2,3-q3)- 

cyclohexenyl)Pd(OAc)]z has been studied [208] and is external for the cis isomer but internal for 

the truns one. The thermolysis [2O9] of Pd4(p-L)4(cL-O$ZR)4 (L = CPh2, CO; R = Me, CMe3, Ph, 

CH2Cl) in benzene or toluene led to oxygen transfer from the carboxylate to L and CQ insertion 

into the solvent in the case of L = CO. The carbonyl ligands in Pd4(p-CO)4(u-OAc)4 have been 

substituted[210 by diphenylcarbene groups. 

42.6 Complexes with sulphur, selenium and tellurium ligands 

A number of compounds containing palladium and chalcogen groups have been prepared. 

The crystal structures of Pdj$(S2)4Cls [211], PdS2Cl6, PdSe#e, PdTe2Cltu [212] and 

[PPh4]2[Pd(Te&j.DP [213] have been determined and the thermal decomposition [214] of 

PdS2Q5 and PdSe& found to give PdCl2. 

4.2.6.1 Morwa’cnarte ligataak 

The thermal decomposition of a series of palladium(I1) chloride complexes with 

RSOPhCH3 and RSPhCH3 ligands has been studied [215] and found to depend on the alkyl group 

R. Some new PdL2X2 (X = Cl, Br) complexes have been pmpared with L = 2-thiocoumarin [216], 

telluracyclopentane, telhuacyclohexane, bemotehuracyclopentane [217 and (16) [218]. 

(16) 

The complexes (NBu4)2[Pd(SC6Fg)411 (NBu4)2[Pd(~-SCsFs)(CsF5)212 and 

(NBu4)2[Pd(p-SGjFs)(SGjFs)& have been obtained [219] by reacting Tl(SC@s) with 

palladium(II) halii complexes. The sulphur atom is also bridging in [pdz(SPh)#- which contains 

two bridging ligands and four terminal ones [220]. A polymeric compound [Pd(SRh]n has been 

obtained [221] for R = CgF5. p-CgHF4 and p-CgHqF. The crystal structure of (18-crown- 

6)K[Pd(SCN)4].H20 has been determined [222] and shows interaction between the K+ ion and 

thiocyanate groups. 
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42.62 Bidentate l&an& 

The new ligand HL = CH$H2TeHwR-4 (R = MeO, EtO) has been synthesised and 

found [223] to coo&rate to palladium via both telhnium and oxygen to give a [PdClL]2 complex. 

DLselenamethionine also chelates through selenium in (SeMet)PdClz [224]. The bidentate ligand 

L = (PhCH2S)2C!H2 forms a number of complexes with palladium(B) in which it can function either 

as a bridging or chelating ligand depending on the stoichiometry [225]. The ligand 1,5- 

dithiiyclocctane functions as a chelating hgand to palladium(E) and the kinetics of its substitution 

with bipy and phen have been investigated [226]. The reaction is first order in both palladium(II) 

and the incoming liga& an associative mechanism is indicated. 

Several [pdL212+ complexes have been pnpared. When L = 1,3dithiepin-2-carbodithiolate 

the dithiepin ring acts as a x-acceptor [227]. The kinetics of ligand substitution have been studied 

by 1H NMR spectroscopy for L = 1,4dithiane and an associative mechanism is again favoured 

[228]. The electronic and magnetic properties of [PdL2]2+ salts are of interest. For L = 

bis(trifluoromethyl)ethylenedithiolate, the [Mn(C$Meshl+ salt is a metamagnet [229]. For L = 1,3- 

dithio-2-thione-4,5dithioL the 2( 1,3-dithiol-2-ylidene)-5,6-dihydro 1,3dithiol@4,5-b][ 1,4]dithiin 

salt is a molecular magnet down to at least 4K [230]. The optical properties of palladium 

compounds containing this ligand have also been investigated [231]. A complex has been prepamd 

where the dith&&amate ligand bridges between palladium and zinc 12321. 

A number of complexes with chalcogen donor atoms are also cyclometallated. The reaction 

of PdCl2 with N-thiopivaloyl pyrmlidiue gives a chlorckbridged dimer where each palladium atom is 

coordinated to a ligand via both the sulphur atom and a carbon of the pyrollidine ring [233]. The 

ligand N,N&nethylferrocenecarbothioamide bonds to palladium via the sulphur atom and one 

carbon of the cyclopentadienyl ring [234]. A selenium cyclopalladated complex, (17) (X = Cl, I; L 

= PBu3,4-tert-butylpytidine) has also been prepared [235]. 

(17) 

42.63 M&i&nate iigands 

The reaction of PdCl#‘hCN)2 with 2.2~dimethyl-3-butyn- 1-yhnethylsulfiie gives as a 

major product [7(Z)chloromthylenc-4,4,8_teaamethyl-2,lO,~~iaun~-5(Z~-~-5-y1-~,~~~ 

where the palladium is coordinated to two sulphur atoms and one carbon atom [236]. Reaction of 
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palladium@) with 1.4.7~trithiacyclodecane gives [237] a 2:l compound where each ligand is 

attached via two of its three sulphur donor atoms. Similarly, the potentially tridentate ligands L = 

2,5,8-trithia[9]+benzenophane and 2.5.8~trithia[9]-m-benzenophane react [238] with 

PdCl#%C!N)2 to give PdQL. In both cases the extra sulphur donors are thought to interact with 

the palladium atom slightly. 

42.7 Com&xes with halide ligatd 

The far IR reflectance spectrum of K2PdC4 and (NH4)9dC4 has been determined at room 

temperature and 145 K [2391. Several [WC!l&- complexes have been prepared where the cation is 

thought to be interacting with the anion. When the anion is [H-l,lO-phenanthroline-N-oxide]+. it 

hydrogen bonds to a [Pd$l&- cation [240]. Similarly in (N2H5)2[wC!4] the cation coonkues 

to the palladium [241]. When [NiL3] 2+ (L = 1,lO phenanthroline, 4,7-diphenyl-l,lO- 

phenanthrohne) is employed as cation the complex shows an irreversible colour change on heating 

which is caused by migration of the ligand L between metal ions [242]. The reaction of L = diethyl- 

8quinolyhnethylphosphate with [PdX& (X = Cl, Br) results in PdI&2 in neutral solution but 

gives (HL)#dX4] in acidic conditions [243]. 

The halide ligand’has been used to bridge a variety of metal ions in the reaction of 

PdRz(PhCN) with cL-MX~L~ (M = Ni, Pd. Pt, X = Cl, Br, I, SCN, R = C&. C&I&2,4.6; L = 

PEt3, PPhzMe, CgHgN, L2 = wCH2CH2PPh2) to give R$kl(p-X)2ML2 [244]. The crystal 

structure of cis-Pd( 2&dimethyl-CgH3NC}zClZ has been determined and shows a linear chain 

arrangement of palladium atoms [245]. Reaction of [Pd(q3-C3Hs)Cl]2 With (T16- 

PhCH$&l)cr(CO)3 gave the mixed metal complex (18) [246]. 

(18) 

Carbonylation of Ipd(R)Cl(clCl)]2~ (R = 2-methyl-6-nitrobenxene, 2,4,6-ninittobenxene) 

gives the monomeric complex Pd(R)Cl$O) which has been crystallographically characterised 

12471. 
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43 PALuDiUM(I) 

A series of [PdLL’]% complexes have been synthesized where L and L’ are chelating 

phosphine ligands with varying bite sixes. The half-wave potential for Pd(IIAl) increases with bite 

size and the palladium(I) complex [pd(l,2-(Ph$CH~CeH&j was found to be stable [248]. The 

palladium(I) complex [pdClQ.t-Me$CH2PMe$J2 reacts with MeN& to give C-H activation and 

palladium oxidation to [PdC1(CH2N02)(pL-Me2PCH2PMe2)]2 [249]. The reactivity of the 

acetylene bridged complex [Pd&-PhCCPh)(q-Cph]+ has been studied with a variety of bipy and 

phosphorus donor ligands. The acetylene bridge remains unchanged throughout and the Cp ligands 

are substituted [250]. 

4.4 PALluDIlJh.f(O) 

A patent has appeared on the manufacture of Pd(PPh3)4 by hydraxine reduction of 

palladium(I1) chloride 12511. Some mixed ligand palladium(O) complexes PdLL’ (L = 

bis(diphenylphosphino)metha.ne, 1,2bis(diphenylphosphino)ethane, l,l-bis(diphenylphosphino)- 

ferrocene; L’ = dibenzylideneacetone, 2,3,5,6-tetrachloro-1,4benxoquinone, 2,3-dichloro-1.4- 

naphthoquinone) have been synthesized [252]. 

Pmmnakm of [Pd( p-P(CMe3)2)PH(CMe3)212 leads to the protonation of a Pd-(p-P) bond 

rlccording to NMR spectroscopic data [253]. Palladium(O) phosphine complexes have also been 

protonated to give [wL3HJ+ (L = PPh3, PPhzMe, PEt3) ions whose fluxionality has been studied. 

Pd(CO)(PPh3)3 has also 12541 been protonated to give [(Ph3P)4Pd2(~-CO)(p-H)]2+. Phenol 

reacts [255] photochemically with Pd[P(C!Me3)2]2 to give transfer of hydrogen from phenol to 

phosphine ligand and q%oon%nation of phenoxide to a Pd2 framework. 

Several new palladium carbonyl phosphine clusters have been synthesized including 

Pdle(C0)13(PEt3)9 [256] and Pd23(Co)z(PR3)10 (R = Et, n-Bu) [257]. A dimeric complex with 

pendant ferrocenyl groups, PdzL3 (L = 4-ferrocenyldibenzylideneacetone) has been synthesised 

[258] and shows a ferrocenyl based oxidation at 0.50 V and a dipalladium based one at 1.21 V. 

Mixed metal aryl-palladium complexes have been prepared [259] by the reaction of (qe- 

C&3Cl)Cr(CO)3 with palladium(O) complexes such as Pd(PPh3)4 and Pd(dbah. 

45 EXTRACTION 

There is a continuing interest in coordinating ligands to palladium@) so that the complex 

can be selectively extracted from aqueous media to an organic solvent. The 

7 

hanism of solvent 

exchange in square planar palladium@) complexes has been investigated by h gh pressme NMR 

andfoundtobeassociativef~awiderrmgeof~tingsdventsr2601. Anumberofextraction 

systems have been investigated over the past year (Table 9). The ligand generally has a strong 

coordinating gmup such as nitrogen or sulphur atoms and is lipophilic. 



Table 9: Extraction systems for palladium(II). 

Weak HCl or 

HFMhloroform bis@rrolidinedithiocarbam 

Weak HCl a-aminophosphonates 

some SCNtoluene 

nonylbenmkkhyde oxime, 

octylacetophenoneoxime, 

octylhenzqhenone oxime 

A synergistic extraction effect is noticed when a primary [Ul] or tertiary [272] amine is 

used in conjunction with I-phenyl-2-methyl-4-benzoyl-pyrazol-5-one. A couple of macrocyclic 

extractants have been used; hexamek p-z-butylcalix[6]arene extracts palladium(I1) from akaline 

ammonia solution to dichlm and other organic solvents [273]. The dibenzo-18-crown-6 
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analogue (19) (X = 0. S; Y = MeC&ktS02N, 0, S, CH2; Z = 0, S, CH2) has also been used to 

extract [274] palladium(II) from aqueous solution over a range of PI-L 

(19) 

The separation of palladium(B) from other platinum group metals has been achieved using 

centrifugal partition chromatography and uioctylphosphine oxide as ligand [275]. Palladium(II) 

can be separated from platinum0 and copper(B). nickel(B) and cobalt(E) using a tertiary diamine 

exuactant [276]. Iron(III) is also carried through but can be removed by other means. 
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