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XBBRJZVIATIONS 

dwm bis-1,2-(diphenylphosphinojmethane OAC acetate 

dppe bis-l-2-(diphenylphosphino)ethane acac acetylacetonate 

dppp bis-1,2-(diphenylphosphinojpropane NBD norbornadiene 

dppb bis-l,l-(diphenylphosphino)butane 1,5-COD 1,5-cyclooctadiene 

py pyridine 

bipy 2,2'-bipyridyl 

phen l,lO-phenanthroline 

cP 

THF 

cyclopentadienyl 

tetrahydrofuran 

I. Yetal-carbon c complexces 

A phenyl nickel complex Xi(Ph>(OC(Ph)CHPPh2)(PPh3) has been prepared from 

Ni(COD)2, Ph3P=CHCOPh and triphenglphosphine. The structure (1) has been solved [l] 

Reprinted with permission 

from Ref. 1. 
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- The crystal and molecular structures of cis-p_-tolylbis(triethylphosphine)platinum(II) 

and cis-chloroperfluorophenylbis(triethylphosphine)platinum(I~I) have been solved [Z]. 

No significant difference is found in the Pt-C bond lengths which are 2.05(3) and 

2.08(2)x, respectively. The kinetics of displacement of X- from the complexes 

trans-Ni(PEt3)2(C6HzMe3-2.4,6)5 by various nucleophiles Y- (X = Cl, Br, I, X3, NO,; 

Y = Cl, Br, 1, NO2, SCN. X3) at 25O _ m ethanol suggest a mechanism involving 

competitive associative and solvolytic pathways. Comparisons to other studies are 

made [3]. Cationic aryl complexes [PtAr(COD)(P?le2Ph)]BF4 (2) have been prepared 

[PtC1(COD)PXe2Ph]BF4 + SnXrXe3 y- [PtXr(COD)P?k,Ph]BF, f SnClXe, 
L 4 3 

(2) 

from SnAr>Ie3 (Ar = 2-thienyl, 2-benzo[b]thienyl 

takes place when R = Ph. The COD ligand can be 

or 2-benzo[b]furyl). So reaction 

replaced by ligands such as PXe,Ph, 
i 

dppe or 4-Ye2Spy [4]. Treatment of Si(acac)2 with AlPh_,_Et20 in the presence of 

PR3 (R = Et, Ph, Cy) gives complexes NiPh(acac)(PR3)n (3) [5]. The kinetics of 

the elimination of PhCX in the reaction of SiPh(CS)(PEt3)2 with P(OEt)3 show that 

Si(acac) i- 
2 

AlPh -I- 
3 

nPR 
3 

-+ SiPh(acac)(PR3)n f "AlPh,acac" 

(3) 

the elimination mainly takes place by intramolecular decomposition of SiPh(CS) 

[P(OEt)3]2 formed in initial substitution steps. X minor contribution to PhCN 

formation comes from the 5-coordinate species XiPh(CX)PEt3[P(OEt),]2 [6]. The 

phosphorus ligand exchange of trans-?l(g-:IeC6H4)S(PPh3)2(?I = Xi, Pd, Pt; X = Br, I> 

has been investigated by "P XYR spectroscopy. On addition of tertiary phosphine 

ligands PPh3 is readily displaced, and in chlorobenzene solvent the displacement 

follows the sequence PPhXe2 1 PPh Ye 
2 

>> P(E-C~H~O>I~)~ > P(E-C~H~X~)~ > P(p-C6H4F)3 Z 

P(p.-C6H4Cl)3 >>> P(o-C H 0>ie)3 
- 64 

1 P(~-C6H4:fe)3_ For phosphite ligands the order is 

P(0>11e)~ > P(OEt)3 > P(O-L-Pr) 3 >>P(OPh)3. Steric factors are considered to pre- 

dominate over electronic factors [7]. A series of phenylplatinum(I1) and phenyl- 

palladium(I1) complexes have been prepared from (4). The structure of one of these 



178 

(2 
ale, 

0 
Li 

X?fe2 

(4) 

compounds (5) has been solved. A series of reactions and transformations involving 

(5) 

;JC(4) &J 

F(1) F+-(9) 

Reprinted 

with 

permission 

from Ref. 8. 

C(7) 

(5) 
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these compounds is given [S]. The thermal decomposition of XiPh(CN)(PCy3), in 

decalin gives only minor amounts of PhCN 191. Reaction with P(OEt)3 gives PhCN 

quantitatively. The mechanism involves a bimolecular attack of P(OEt), at the 

metal center before reductive elimination of PhCN. Xnodic oxidation of NiR(Ar)(PEt3)? 

(R = aryl or methyl) leads to the coupling products hr-R and/or to radical formation 

[lOI- The reductive coupling of organometals has been induced by oxidation with 

IrClz- and other oxidants. Thus, NiEt 
2 
(bipy) gives n-butane, and the aryl complex 

will give biaryls [ll]. Similarly, a series of monoarylnickel(I1) complexes trans- 

NiX(Ar>(PEt,)2 (S = Br, Cl, I, NCS, N02, NCO) give arylphosphoniums (6). Detection 

trans+iBr(Ar)(PEt3), + ZIrClz- -- NiBr(PEt3)+ 
f 

+ ArPEt3 + 

(6) 

of metastable paramagnetic intermediates is also reported_ The voltammetric behavior 

of cis-Pt(YC6H4)7(PEt3>2 in XeCN has been studied by cyclic voltammetrv and con- 

trolled potential coulometry- The oxidation potential increases linearly with 

increasing electron-withdrawing ability of the Y substituent in the aryl ligand [12]. 

Plots have been made of the potential against the Hammett u value. A kinetic study 

of the electrophilic proton cleavage of one Pt-C o bond in complexes cis-Pt(YC6H4)2 

(PEt3)2 (Y = P-Zle2, P-Xe, P-OXe. H. I-OZle. P-F, e-Cl. X-F. 9-Jle, E-Et, x-CF3) 

shows the rate to increase with electron-releasing substituents. .A mechanism 

good LFER is found on plotting log krel vs the Hammett o parameter T. h mechanism 

is proposed involving rate-determining direct attack of the proton on the Pt-C bond 

with release of YC6H5 in a three-center transition state [13]. 

Carbon monoxide readily inserts into the Xi-Ph bond in NiPh(acac)(PR3)n to give 

benzoylnickel complexes (7) 1141. Reacting complexes (7) with \!eI and alcohols give 

NiPh(acac)(PR_Jn + CO -+ PhCONi(acac)PR3 

(7) 

n = 1, R = Ph, Cy. n = 2, R = Et. 

acetophenone and benzoates, respectively. The dynamic behavior of the acac ligand 

is studied and the activation parameters for acac exchange are given. The equili- 

Reierencesp. 271 
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bration of chloride bridged acyl complexes Pt2(ti-C1)7(COR)7(PPIePh2)2 (8) with one 

isomer of Pt-ClR(CO)PXePh2 (9) _ II-I solution is dependent on R [15]. Insertion of 

cis-PtC12(CO)L Pt2(v-Cl)2Ph2L2 

CO 

L Cl L Ph 
//( 

L Ph 

\t' 
\/ \/ 

(9) 

/\ /p', 
oc 

J 

Ph OC Cl Cl co 

P t2 (u-cl) 2 CCOPh) *L2 

(8) 

L = P21ePh3 

CO into the Xi-R bond of [??iR(L)]BPh4 (R = Xe, Et, benzyl; L = tris(.Z-diphenylarsino 

ethyl)amine or tris(2-diphenylphosphinoethyl)arsine) gives [:ci(COR)LISPh4 [lb]- 

The structtire of the phosphine complex (10) has been solved. Cationic palladium 

Reprinted with permission from 

Ref. 16. 



acyl complexes (11) have been prepared from Pd(PNe3)4 1171. Anions [PtC12R(CO)]- 

(R = Pie, Et, G-Pr. i_Pr, s-Bu. Ph) have been prepared by reacting Pt,Cl,(CO)2 with 
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HgR2 - The , 1H 13C and lH-{lg5 Pt1 IhJOR spectra are discussed [Ml. Xroylnickel(II) 

complexes trans-Xi(C6Cl_,)(COC6H4X-P)(PPhXe2)2 (S = XXe2, OXe, Xe) have been prepared 

Pd(PMe3)4 --%wtrans-Pd(R)I(P>Ie3)2 co, "le3 L 

SaBPh4 

[Pd(COR)(PXe3)3]BPh4 

(11) 

from CO and the arylnickel compound [19]. Nethylation with methyl fluorosulfonate 

occurs at the aryl oxygen atom and the aryl(methoxy)carbene nickel complexes are 

formed. The rates of carbonylation of a series of PtI(aryl)(PPh3)2 complexes have 

been measured [20]. The data are interpreted in terms of a Scoordinate car-bony1 

intermediate which forms the acyl comples by two paths, a migratory route and a 

dissociative one. The former is much more sensitive to electronic effects in the 

migrating group than the latter. CO insertion is not rate limiting. 

Thermally stable alkpl(imido)nickel(II) complexes (12) have been prepared from 

reacting dialkylnickel(I1) complexes with succinimide and phthalimide [21]. In 

NiEt,(bipy) -+ HNCO)2(CR2)7 - SiEt(N(CO)2(CH2)7bipy + C2H6 

(12) 

the isomerization of complexes PtRX(PEt3)? it is emphasized that the solvolysis 

step is not rate determining for the isonerization. These authors also point out 

that this is contrary to the work of Louw [22]. 

Optically active germyl-lithium compounds can be used to prepare transition metal 

complexes such as (13) which contain a bonded optically active germyl ligand 1231. 

PtHC 
4 

l(PR3)2 + R1R2R3Ge*H + PtC1(Ge*R1R2R3)(PRz)., •t B2 

(13) 

R1 = Et or Pie; R2 = Ph; R3 = u-naphthyl 

Referencesp.277 
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Unsymmetrical dialkylbis(triphenylphosphine)platinum(II) complexes PtR1R2(PPh3)2 

have been prepared by treating the complex PtR'X(PPh3)2 with R%gX or R'Li [24]. T 

ccnpound NiEt2(bipy) reacts with CO2 to give diethyl ketone and nickel propionate [ 

The ketone is considered formed through an intramolecular rearrangement in an inter 

mediate NiEt(OCOEt)bipy compound. 

The reaction of squaric acid with Pt(0) complexes gives a series of complexes. 

With Pt(PPh3)4 the salt [PtH(PPh3>3][HC404] is formed. From Pt(C2H4)(PPh3>2 the 

complex (14) is obtained. Heating this compound gives the ring-opened complex (15)' 

[261. New complexes Pt?Ie,X(GeRnX3_,)(L-L) (X = Cl, R = Me, n = 1,2,3; X = Cl, 

R = Ph, n = 2,3; X = Br, R = Ele, Ph, n = 3) (L-L = bipyridine,l,lO-phenanthroline, 

2,9-dimethyl-4,7-diphenyl-l,lO-phenanthroline) have been prepared from GeR X n 4-n 

HO 

p 

0 

HO 

0 

Pt 

(PPh3)2 

(14) 

HO OH 

w 

0 

Pt 

(PPh3)', 

Pt 

Wh3) 2 

(15) 

and PtPIe?(L-L) [27]. Solution stabilities are compared. The monomeric complex 

Pt"le(OH)dppe has been obtained by heating [Pt?Ie(IIeOH)dppe]f with NaOH [28]. Anatic 

cnn be used to prepare complexes Pt>fe(CH2CO>:e)dppe and PWe(CH2CN)dppe. The com- 

plexes have been used to assign trans influences to ligands such as C(Cx)3, C(CoNe) 

and CF 
3- 
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Binuclear complexes PtMe2X(HgX)(L-L) (X = Cl, Br, I, 02CPle, 02CCF3) are obtained 

from P&I$ea(L-L) and HgX2 in equiznolar amounts [29]. Treating Ptile2(bipy) with 

4 moles of Hg(02CCF3)2 gives the compound Pt4, 3 2 Ye (0 CCF,>(HgO2CCF,)(bipy>4. Other 

similar synthetic reactions are described. Complexes :-cpNi?le<P(OR)3) (R = &z, 

Ph) (16) are obtained in good yield from r-cpNiCl(P(OR)3) and EfeLi [30]. The 

Ni-Me bond is cleaved by HCl, CC14 or I2 to form the halo complexes. 

r-cpNiC1(P(OR)3) -!- PIeLi + x-cpxiZle(P(OR)3) + LiCl 

(16) 

Two geometric isomers of PtZie2(sal)2(A and B) (17) have been prepared and 

'-'3C, 

H3C' 

(17) 

identified by 1H miR spectroscopy 1311. Isomer B reacts with CSDSN to produce 

species containing unidentate sal in solution, while isomer _A tends to lose sal 

with formation of hydroxo compounds. (c-Bu4N)2PtC16 reacts with >leLi/LiI to give 

a solution containing Li2Ptile6 (321. Solid (n-Bu4N)2PtPle6 is stable under nitrogen 

at room temperature, but ether solutions of Ptile 
2- 
6 decompose in the absence of 

HeLi. A single crystal study of PtMe2(1,1,1-tris(diphenylphosphinomethyl)ethane) 

(18) shows a square planar platinum with the triphosphine functioning as a bidentzte 

ligand 1331. Adducts of type Ptmle3L (S = Cl, Br, I; L = >leSCH2CH2S>le) show pyra- 

midal inversion at individual sulfur atoms, whereas the compounds (PtJMe3)2L1 
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(S = Cl, Br, I; Ll = XeSCH We) 
2 

show both ring inversion and synchronous inversion 

about both sulfur atoms 1341. The reaction between PtXe3(H20); and sodium glycinat 

gives a series of glycinato complexes PtNe3(gly)(H20), [PtiIe3glyl2, IPtXe3(gly)2]- 

and [PtXe3(gly)3]2-. Intramolecular exchange reactions have been studied [35]. 

(18) 

Nickel(I) complexes of X,X1-ethylenebis(salicylideneiminato) are formed electro- 

chemically and reacted with alkyl bromides and iodides. The product is the nickel(: 

complex and an alkyl radical 1361. Xethyl-palladium and platinum complexes con- 

caining pentaborane have been prepared [37]- 'H, llB, 31P and 1g5Pt h?fR for comple? 
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such as PtMe(B H )(P>le Ph) are reported and discussed. 
58 2 2 

Photoelectron spectra have 

been measured for a series of methyl(tertiaryphosphine)platinum(II) complexes [383- 

The data are in the opposite order from that anticipated for electronic effects in 

the substituted phosphines, and it is concluded that steric effects are dominant in 

the oxidative addition reaction. Emphasis is laid on solvent effects in oxidative 

addition reactions. Thus, the addition of FfeI to Pt(PPh3)j, with elimination of 

[PPh3NefelI, leads to PtXeI(PPh3)2 (19) as sole product in benzene solvent, but in 

THF the predominant product is PtL2(PPh3)2 (20) 1391. In a communication the 

Pt(PPh3)3 + XeI 

Pt(>fe)I(PPh3)2 

(19) 

Pt(Ye)I(PPh5)2 -t Pt12(PPh3)2 

cl >19 

isomerization, exchange, and ring-closure of glycinate complexes of cis-dimethvl- 

platinum(W) are described 1401. 

In the reaction of alkylplatinum(I1) compounds PtXe2L2 with electrophiles such 

as \Ie3PbC1, 1IeHgCl or PbPIe 
4' 

the mechansim is dependent on both the electrophile 

and on L 1411. 

The molecular structures of trans-PtC1(CH2CN)(PPh3)2 (21) and trans-PtH(CH,CN) 

(PPh5)2 (22) show Pt-C distances of 2.08(l) and 2.15(l), respectively; the longer 

distance in the latter being due to the greater trans influence of the hydride 

ligand 1421. 
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0 Pt 

0 OP 
0 Cl 

oc 

@N 

0 H 

Reprinted with permission from Ref. 42. 



187 

The absolute configurations of the products of nxidative addition of optically 

active benzyl-a-d chloride and bromide to Pd(PEt3)3 have been determined by carbony- 

lation and cleavage to the methyl esters. Possible pathways for racemization are 

discussed [43]. The platinum(I1) hydrides trans-[PtH(S)(PEt3)3]PF6 and trans- 

PtHX(PEt3)2 (X = Cl, N03) react with the dimethyl ester of Feist's acid stereo- 

specifically with cleavage of the 1,2 bond of the cyclopropane ring and formation 

of the but-3-enyl complexes (23) [44]. In some cases the but-2-enyl complex is 

formed, and 3 to 2 isomerization is discussed. 

In matris isolation studies it has been found that nickel clusters will cleave 

pentane at very low temperatures with retention of organic fragments to produce 

EIeO R R 

,CO$le 

[PtH(S)(PEt3)2] 
+ 

i 

<- 

% 

CO,%? 
L 

Et3P ' " ' PEt 
3 

(R = CO,Ffe) 

(23) 

thermally stable catalytically active "organometallic" powders. Alkyl and carbenoid 

nickel binding is proposed [45]. 

Organopalladium intermediates have been prepared in situ from C-5 nercurated 

uridine or 2l-deosyiridine and LizPdC14 in methanol. These compounds react with 

olefins to produce nucleosides substituted at C-5 by carbon chains 1461. Deuteration 

studies suggest a palladium facilitated hydride shift. h mechanism involving 

alkylpalladium intermediate is proposed. A stable palladium complex [Pd(CH2SPh)2]4 

has been obtained from PdC12(PhCN)2 and LiCH2SPh [47]. The structure (24) shows 

a tetramer with palladiums at the corners of a distorted rectangle and two averaged 

Referencesp.277 
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Pd... Pd distances of 4.051 and 3.3042. The CH2SPh groups bridge four palladium 

atoms. Neophylnickel complexes (25) are formed from neophylmagnesium chloride 

and nickel chloride in the presence of ligands such as phosphines orbipyridyl [48]. 
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Decomposition gives t-butylbenzene and both saturated and unsaturated dimers. 

Ph 
Y- NiL,X 

Ph 

Ph-t 

Ph 

Ph 

Ph 

(25) 

Solutions claimed to contain Ni(C6FS)2 are obtained from anhydrous NiBr, and 

C6F5XgBr in THF. Addition of L (L = PEt 3, PBu3. PPh3. XsPh3. SbPh3, 0PPh3, OAsPh3, 

p-diosane) gives Xi<C6F5)2L2 1491. The complex Ni(C6F5)2(P-diosane)2 has been 

used as a precursor to prepare a wide range of compounds Xi(C6Fg),,L2 [50]. Using 

1H and 31 F AXR parameters for cis-Pt:<2L7 and ]Pt?lL3] 
t 

complexes where L is P(CgF5)Fle2, 

it is concluded chat electron-withdrawal has only a limited effect on metal-ligand 

bonding, and that the trans influence of Ne and CF3 are closely similar [51]. The 

complex trans-Pt(C6F5)2py, has been prepared from TlO,CC6F5 [52]. Single crystal 

structural work show that the complex CF3HgPt(CF3(PPh3)7 has the cis configuration 

and that the Hg-Pt bond length is 2.569(2)x [53]. Crucible effects have been noted 

in the reactions of Xi and Pd with benzyl chloride 1541. The reaction between 

Pt(PPh3)3 and diastereoisomeric L-menthyl esters of u-bromomercuriphenylacetic acid 

References p. 271 
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or related HgR2 compounds has been studied 1551. It is suggested that organomercur 

undergo Pt(PPh,), insertion into both the Hg-Sr and Hg-C bonds, the latter being 

a stereoselective process. Insertion into the Hg-C bond proceeds with retention. 

The possible mechanisms are showo below (26). The oxidative addition of diorgano- 

ditellurides to Pd(PPh3)& has been observed [56]. Dimeric compounds (27) containinj 

both bridging and terminal TeR groups are formed. 

R-Hg-X 

t 

R,-- -,Hg -X 
‘\ ,’ 

L2Pi 

t 

R\Hs/ 

x v 

= R-H\g--F 

J ___I____ i 
R-LL2Pt-Hg-X R-Hg-LL2Pt-X 

(26) 

R 
Ph,P 

lpJTe\ Pd/ 
TeR 

RTe / ‘Te/ ‘PPh3 
R 

(27) 

In a study of the catalysis of olefin reactions, a deuterium labelling experimen 

has shown that there is an equilibrium between metallacyclopentanes and bis(olefin) 

metal coinplexes (18) [57]. In a following paper these authors describe the 

3 
A SlOW 

(Ph3Pj3Ni = Ph3P f (Ph3P)2Ni' 
-y$ 

(28) 
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- preparation of seven phosphine nickelmetallacyclopentanes from 1,4_dilithiobutane 

and the appropriate complex NiC12L2. Analysis of the thermal decomposition of 

these compounds to give ethylene, cyclobutane and butenes is presented [SS]. The 

Woik has been extended to use complexes NiCH2CH2CH2CH2(PPh3)3 to catalytically 

dimerize ethylene to butane [SS]. Details of temperature and pressure are given, 

and work with acrylonitrile is described_ Further work shows that C-C cleavage 

leading to metathesis is also involved in the process, and it is stressed that 

C-C cleavage can occur on a single metal center and does not require multimetallic 

centers 1601. The cis and trans isomers of 2-nickelahydrindane have been prepared. 

The more stable trans isomer (29) is obtained from 1,7-octadiene and tris(trip‘nenyl- 

phosphine)nickelacyclopentar.e. The cis isomer (30) is.obtained from KiC12(PPh3), 

(Ph,P&Ni(C,H,I + ___f ( Ph3PJNi + c2H4 

3 2 % 

(29) 

H H 

cc 

Li et her 

Li 
+ NiCI,(Ph,P), - 

-10°C 
c Ni(PPh31a 

H H 

48 % 

(30) 

and cis-1,2-dilithiomethylcyclohexane [61]. Cis-trans isomerization occurs under 

the influence of light or added triphenylphosphine. 

The reaction of arylcyclopropanes with either [Pt2C12(u-C1)2(C2H4)2] or 

[PtC12(CH2CH2CH2)], to give [PtC12(CHArCH2CH2)]4 and ethylene or cyclopropane, 

respectively, are first order in each reactant [62]. The order of reactivity is 

X = Et0 >> Me > H for 4-XC6H4C3B5 compounds. The photolysis of 12PtCH2CH2CH2CH2 

(PHe2Ph)2 gives ethylene and butene-1; the latter being proposed to arise from a 

five coordinate intermediate 1633. The formation of propene from the photolysis 

of Cl PtCH CH CH (phen) is considered to involve direct hydrogen transfer of a 
2 2 2 2 

Referencesp.277 
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hydrogen atom between neighboring CH2 groups in the ring. The platinacyclobutare i 

complexes PtC12L2(C3H5>le) (L = py, CD3CN, THF) exist as a mixture of isomers con- 

taining PtCH2CHXeCH2 

Cl 

(31) or PtCHXeCH2CH2 (32) g roups in rapid equilibrium i64]. 

hle Cl I 

“4, 
L’ I 3 

Cl 

(31) 

"\P! 
D- 

Xe 

L' I 
Cl 

(32) 

The ratio of the mixture is dependent on the ligand L. The cyclopropylplatinum 

complex cis--Pt(CHCH2CH,)o(PXe2Ph)Z has been prepared from cis-PtC1,(P>Ie2Ph)2 and 

cyclopropyllithium. The compound adds HeI. forms the dibromo compound with ally1 

bromide, and reacts with HC1 to give trans-Pt(CHCH2CH2)C1(PXe2Ph)2. The products 

of thermal decomposition are reported [651. The complex dichloro-2.3,3-trimethyl- 

1-platinacyclobutane (33) has been prepared by the reaction of Zeise's dimer with 

1,1,2-trimethylcyclopropane [66]. The reaction with pyridine and thermal isomeri- 

zation is reported and discussed. Xono-, di-, and tri-alkyl- substituted cyclo- 

propanes react with Pt complexes to form platinacyclobutanes. The products result 

PtC12(C,H4) I2 f & -~~2ptg4 
(33) 

from insertion of Pt into the least-substituted C-C bond of the cyclopropane ring 

[67]. ,,a1 - -b~pyridyl-5-niclcela-3,3,7,7-tetramethyl-trans-tricyclo[4.1.0.0] heptan -- 

undergoes reductive elimination on treatment with maleic anhydride, tetracyanoethy: 

or triphenyl phosphite to give 3,3,6,6-tetramethyl-trans-tricyclo[3_1_0.0] hesane. 

With triphenyl phosphite bi(2,2-dinethylcyclopropyl) and l-(_ 7,2-dimethylcyclopropy- 

3-methylbutadiene-1,3 are also formed. Evidence is presented for the intermediacy 

of metallacyclopentanes in transition metal catalyzed [2n + 2x1 cycloadditions [68 

The reactions of the palladacyclopentane complex PdCH2CH2CH2CH2(dppe) 

HCl, L, CO, SO2 and Ph3Ci have been studied 1691. The latter reagent 

compound into the methallyl compound (34). The thermal decomposition 

with Br 
2' 

converts the 

of platinacyc 



alkanes L2Pt(CH2)cCHR (L = IJ-BugP, Et3P; L, = Ne2PCH2CH2PFle2. bipy; R = H, n = 3,4; 

R = Me, n = 3) in CH2C12 or CH2Br2 give cycloalkanes and alkenes from the metallacycle, 

dppePd 

3 

+ 
i- Ph C 

-I- 

3 
- dppePd- -I- Ph3CH 

(34) 

and homologous cycloalkanes and alkenes formed by incorporation of a solvent derived 

methylene group [70]. A series of possible reactions are outlined in the scheme 

shown below. Activated cyclopropanes react with Pt (C2fi4)(p~h3)2 by cleavage of 

L 
\Pt 

L’ 3 

--c butenes + [L,Pt(O)] 

Cl 

L\Pt i=s, 

L’ ‘Cl 

i 

CH2C12 

CH2C12 

\ 
CH2CI 

l>f/‘ta --) [7 -t- butenes + cl>Pt<“c’ 

Cl 
L 

t 

‘3 pt-_H” 

/ 

L\ iCH3 1 - “CH.2” 

Cl /Pf\ 
L 

L 

CL I 
Cl’ 377 -0 

L 

‘Pt + pentenes + 
\pt/C’ 

I L’ ‘Cl 
L 

Reprinted 

with 

permission 

from Ref. 70. 
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the C-C bond having the most cyano groups in substitution 1711. Crystal structures 

of pt[C_H(ph)(CN>.](PPh,)7 (35) and Pt[C,H<Ph)(CN),CO,Et](PPh3)2 x CHC13(x 1 0.8) (31 
3 4- 

(35) 

(36) 

Reprinted with permission from Ref. 71. 
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have been solved. Complexes of platinum(II) containing the 4-membered ring 

Pt-C-C-N have been prepared by the aminoplatination of olefins 1721. Both the 

neutral complexes Pt(CH2CHRNXe2)Cl(L) (R = H, alkyl; L = PPh3, DXSO) and the cationic 

complexes [Pt(CH2CHRMe2)(PPh3)(L1)]BF4 (R = H, Me: L1 = >leCN, PhCN, iWXe2, py, DMso, 

PPh3, CO) have been formed. Treating Pt(C2H4)(PPh3>2 with 2,2,3-tricyano-osacyclo 

propane gives 3,3,4-tricyano-2,2-bis(triphen~lphosphine)-l-oxa-Z-platinacyclobut;me 

(37) r731. The compound results from insertion of platinum into the C-o bond. The 

C(36) c 
-u Reprinted with 

(37) from Ref. 73. 

permission 

molecular structure of osydi(carbo~~methyl)bis(triphenylphosphine)palladium(II) (38) 
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(38: 

1 C24 

Reprinted with permission 

from Ref. 74. 

has p.zlladium chelated by an acetic anhydride to form a g-membered ring with 

Pd-C of Z-141(13) and 2.X24(11) 8 i74]. Dinethyl-3-oxoglutarate reacts with 

YL4 <M = Pd, L = PPh3; $1 = Pt, L = PPh3, PYePh,, PMe2Ph) to give the metallacyclo 

butan-3-one complexes. The-structure of one of these complexes Pt(CH(C02>le)COCH 

(C02Ne))(PPh3)2 (39) is shown [75]. 
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(39) 

Me 

Reprinted with permission 

from Ref. 75. 

PdCl,(PhCX)2 reacts with acacH to give [PdCl(acac-0,01)]2. An alkyl complex of 

Pd is reported which exhibits the keto-enol tautomerism of the terminal C-bonded 

acac [76]. The terminal proton on this ligand has been removed by base and bonded 

to a second metal [77]. 

The compounds P~(CO$I~)(OAC)(PP~~)~ (40) and Pd(CO2Ye)2(PPh3)2 (41) have been 

isolated and characterized in an investigation of the behavior of phosphinepalladium(1 

complexes in XeOH/CO [76]. The compound trans-PdCl(C02Xe)(PPh3)2 has been prepared 

Pd(OAc)2(PPh3)2 
co, MeOH 
-AcOH 

- Pd(OXc) (CO2Xe)(PPh3)2 CO, '1eoH~Pd(COg?fe)2(PPh3)2 
-AcOH 

(40) (41) 

from PdC12 and AcOHgCO Xe 
2 

and PPh 
3 

in methanol. The crystal structure has been 

solved [79]. The cleavage of Si-C bonds in tetraalkyl- and trialkylsilanes by 

chloro complexes of Pt(IV) and Pd(II) has been observed [80]. The complex 

Ni(CH2SiJle3)2(bipy) has been obtained from Ni(acac)2 and either (>le3SiCH3)3Al or 

(Ne3SiCH2) #lOEt [ 811. 

References p_ 277 
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The complexes cis-PtC12(C2Hq)L react with SnRXe3 (R = aryl) (1 mol) to give 

chloro bridged compounds [PtClRL]2 (42) 1821. Mononuclear compounds are obtained 

cis-PtC12(C2H4)L f SnFUe 

L 

on treating with lfeCN, t_-Bu2S, py, E-BuH2N, 

The compound SnEDIe3 is also used to produce 

platinum compounds. 

'L Cl 

(42) 

AsPh3, PEt3, z-Bu3P, PPh3, 

benzoyl complexes from the 

P(OPh)3_ 

carbonyl 

The first diplatinum compounds containing a bridging CH2 group are reported [83]. 

The compound Pt2C12(p-CH2)(p-dppm)2 (43) has been prepared from Pt2C12(p-dppm)2 

-P P P P 

I I 
Cl-Pt--Pt-Cl 

CH2N2 

I I 
- cl-~~H+-cl 

‘wP (43) 'w' 

II. ?letal carbenes and ylides 

(Chloromethylene)dimethylammonium chloride [XXe2(CHC1)]C1 is a convenient source 

of secondary carbene metal complexes M{CH(NYe2)]Ln. Using this reagent with 

a-PtC12(C2H4)(PEt3) or [PtC12(C2H4)],, the carbene complex (44) has been prepared 

1841. Carbene complexes of nickel (45) have been prepared from Ki(NO)(PPh3)2C1 and 

PEt 

Cl\ I 3 
-Cl2 (C2H4)PEt3 f [XXe2(CHCl)]C1 

NC1 

-CIAPt\CH(NXe > I 
Cl 

2 

(44) 
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Ni<NO)<PPh3)2C1 i- 

Et Et Et Cl Et 

(45) 

(CH2NEt)2C=C(CH2NEt)2 [85]. Treatment of the halogen bridged dimer Pt2X4L2 

(L = P?le?Ph, PEt9; X = Cl, Br, I> with monosubstituted acetylenes RC:CH (R = Ph, 

He, Et) and alcohols R'OH (Rl = Pie, Et, E-Pr) yields carbene complexes B-PtX?L 

{C(OR')CH,R]. The structure of e-PtC1,(PNe,Ph)iC(OEt)CH2Ph} has been solved 1861. 

Similarly treatment of trans-C6C15Ni(PPh21e2),CsCH with alcohols yields carbene 

complexes trans-[C6C15Ni(PPMie2)2(C(OR1)>fe?]C104 (46) [87]. Cyclic carbene 

PPtile2 

I 
C6C15Ni-CsCH 

I 
PPh?le 

2 

(46) 

complexes (47) have been obtained by reacting nitrilimines with cis-[PdC12(PPh2R) 

(CNC6H4Ne-!J)].(R = Ph, Et) [SS]. An imidazolindinylidene palladium(I1) complex (48) 

PdC12(PPh2R)(CNC6H4Ne-E) +- P-R1C6H4if=N-!?Ph 

Cl,Pd,PPh2R 

has been obtained by the intramolecular cyclization of a diaminocarbene palladium 

intermediate [89]. The compounds have been prepared from both cyclohesyl and 
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Pd (II)C12(RNC)2 

1 
Cl 

- =,,:I 
,CNR Ho c’\ ,.CNR R 

NHz~H~(OC2H& Cl ‘:c 
,NHR -2 C2H50H c,/ 

Pd:_ 

R’ R” 
‘NHCHC(OC,H,), 

;a k,, 

(48 1 

Reprinted with permission from 

Ref. 89. 

t-butyl isocyanidt. The structure of trans.-chloro(3-hydrosypropyl-X,X-dimethylaminol 

carbene)bis(dimethylphenylphosphine) platinum(I1) hesafluorophosphate shows the 

carbene ligand lying close to perpendicular to the plane of the platinum coordinatiol 

The Pt-C(carbene) distance is l-978(12)4 and the C(carbene)-N distance is 1.293(16) 

-2 [VO]. The complex frans-[PtCliC(0>Ie)CH2C5H4Fecp](PZle~Ph)_,]PF6 has been prepared 
- _ 

from trans-PtCl(ethynylferrocene)(P!e,Ph), 2nd HPF6 in methznol [91]_ The complexes 

are viewed as a stabilized carbonium ion. Traces of (~3_benzylidine)(tris(--cp) 

nickel) have been identified from the reaction of cp Xi with trans-bromotetracarbony 
2 

(phenylcarbyne)chromium [92]. The major product is (cpSi),PhCzC?h. Carbenoid 

decomposition of ethyl diazoacetate in the presence of various palladium complexes 

as catalysts is kinetically dependent on the nature of the halide ions [93]. 

Boratobis(trimethplphosphonium)bromide reacts with two equivalents of butyllithil 

to give the J-lids anion. Reaction with nickel halides gives the chelate complexes 

(49) in good yield. The structure of (49) has been solved 1941. Polpspirocyclic 

diners [R2P(CH,),Pd--zl- LR2P(CH2)232-Pd(CH2)7PR2] (50) (R2 = (CH3)2, -(CH,)4-, 

-(CH?)5-) have been prepared [95]. New palladium ally1 ylide complexes [(n-)-R$'CH 

CR2CBR3)2Pd2S,]Y, (R1 = Et, Ph; R2 = H, Pie; R3= H, He; S = Cl, Br; Y = PF 6' BF6, 

CF3SO3) have been prepared from (n3R3CHCR"CHR3)PdX2 and the silver salt of Y 1961. 

The phosphonium ally1 ylide is coordinated as a n 3 -1igand. Nitrilylides react with 

cis-PdC12(PPh2Et)(P-CNC6H4Ple) and triethylamine to give cyclic carbene palladium(I1: 

complexes cis-PdCl2(PPh2Et)C(E-CNC6H4~le)C(E-RC6H4)=~CH(E-NO2C6H4)] 1971. The 13C 

chemical shifts, the 13 31 
C- P coupling constants, and some one-bond 

13 1 
C- H coupling 

constants have been measured for some phosphonium, arsonium, sulfonium and pyridinix 

keto-stabilized salts, and ylides of their palladium(I1) complexes [98]. 
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LiR_ 2 

H2 

/e\ 

Me27 ye2 NiXZ 
- 

H2C CH2 

'Li' 

Me2 

/ 
P-CH2 

H2* \Ni' 

CH,--Mpe2 
\ 

BH2 
\ 

P-C< 'CH-P' 
Me2 2 2 Me2 

Reprinted with permission from 

Ref. 94_ 

(49) 

Reprinted with 

permission from 

Ref. 95. 

(50) 

I +e ~c: 2 uCH,),p]2PdC,2 +8 -QpGZZ 1 
-4(CH,),P 

-4~CH2,,P(CH,@I- 
-4(CH313P 

-4[KH2& P(CH3) ‘cl- 
21 

References p_ 277 



202 

III. Internal metalation reactions 

Palladation with PdC12 of substituted aaobenzenes shows that this compound behavd 

as an electrophilic reagent 1991. Eletallation of the 2- and 4- substituted azo- 

benzenes XC6H4X=XPh may give products metallated in either ring. Using XC6H4N=XC6F~~ 

the C6F5 group is not metallated. Electron donating substituents activate the ring 

towards electrophilic attack by PdC$. Palladium(I1) complexes of biacetylmonoxime 

arylhydrazones (HL. aryl=phenyl, c-, g-, E-tolyl, E-chloro- and e-nitrophenyl) and 

biacetl;lmonoskne Xl-methyl-phenylhydrazone (HL1) have been isolated (51) [loo]. 

Under basic conditions deprotonation occurs at the oxime group of HLl- The azobenzd 

nickel complex (52) can be reduced to PhS=S'h, and reaction with Hg(O_Ac)2 followed 

by iodine gives ~-IC6H4X:=XC6H41-~ [loll. Xetallation of g-hydroxydiarylazo compoun{ 

with Pd(I1) or Pt(I1) gives compounds containing a metal-carbon bond [102]. The 

compounds will insert CO, leading to the reductive elimination of heterocyclic 

products. When benzo[hl quinoline is added to [Pd(dmp>C1]2 (dmp = 2-dimethylamino 

methyl)phenyl-N) follow-ed by XgC104, the complex [Pd(dmp)(benzo[h]quinoline)H20]C10A 

(53) is formed [103]_ The structure has been confirmed by X-ray crystallography. 

In the following paper the dynamic behavior of this compound is described [104]. 
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(53) 

Reprinted xi:h permission 

froia Ref. 103. 

Cyclometallation of 2-ar::l-4,5-dinethyl-1,2,3-triazoles occurs rsich Pd(I1) [lOS]. 

The dimers can be cleaved width pyridine and PBu3_ The corresponding brono and iodo 

analogs have b&en prepared by netathctical replacement. The r.zaction of the oxine 

of isopropyl phenyl ketone with Sa PdCl 
2 4 

/XaO.\c gives Pd 
3 
(OS=C-i-PrPh) 

6' 
Pinocolon-r 

oximc- carbopalladates regiospecipically on the I-EU group, and the ditxthylh:_-drazonc 

carbopalladates only on the methyl group [106]. Sew carbcnr complc:;cs (54) have 

Ph 

(54) 

been prepared which also contain a cyclonetallated aryl group [lo:]. Stereoctlen- 

istries and reactivities are discussed. New (acetophenone oximato, 2X,X)- and 
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(benzophenone osimato, Z-C,N) palladium(I1) complexes (55) containing poly(l- 

pyrazolyl)borato ligands or polv(l-pyrazolyl)methane have been prepared. For the 

Reprinted with permission from 

Ref. 108. 

OH 3 

(551 

BPz 4 complexes the tumbling motion of this ligand averages all four pyra~olyl groups 

to give spectroscopic equivalence above 6V°C, and is frozen at ca -V°C [108]. The - 

proposed geometric arrangement is shop.. The hydrazone derived from 2-acetylppridin 

and R-rolylhydrzzine acts es an anionic terdentate ligand involving a Pd-C bond in 

the complex (56) [lOV]. Cgclopalladation will also occur with acetplthiophene 

acetylhydrazone to give complex (57) [110]. S-:!ethylquinoline reacts with Pd(Ohc), 

give palladation at the S-methyl group [ill]. Evidence is presented for metallation 

occurring when the ligand plane and the coordination plane are coincident. An 

Reprinted with permission from Ref. 110. 

(57) 
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o-metallated carbene ligand complex [PtiC(NHPhXe)(NHPh\e)]dppe]ClO4 has been prepared 

and characterized [112]. A number of metallated ether and crown ether substituted 

phenyl complexes have been prepared (58) [113]. Examples are shown where R = t-Bu 

and $1 = Pd. Similar results have been reported with 

phines [114]. 0-metallation has not been successful 

tertiary dimethosyphenylphos- 

with palladium. 0-metallation 

c 0 

Hb 

Me0 

Me0 

t I Repri_nted with permission 

from Ref. 113. 

(58) 

is favored by a polar solvent, but in xylene the platinum complex Pt2C12iCH20C6H3 

(OXe-3)(PPh2-2)5? is formed from PtCl,(NCPh)2 and PPh2[C6H3(0Ne)7-2,6]. When NiCl 
2 

clxEDx) ) PdC12(SEt2),, or PtCl,(SEt,), is treated with (o-1ithiobenzyl)diphenyl 

phosphine, the cyclometallated compounds (59) are obtained [115]. The Pd and Pt 

a 0 
CH2PPh2 

XClzL2 -t 

Li 

compounds appear as cis-trans isomers_ The structure of Ph3P(Ph,P(C6H4))Pt-e- 

Referencesp. 277 
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(C02XeC=CHC3,Ple) (60) shows the two phosphorus mutually cis. The o-bonded vinyl 

has cis stereochemistry [116]. The vinyl group in trans-PtBr4[2-(CH2=CH)py]PEt3 

undergoes osidation/metallation in damp solvents to give PtBr3[2-(CH2CO)py]PEt3 

[117]. In the preparation of [PtP-~-BuxC(?le)2CH7C1]2 and [PdP-~-Bu2C(>le)2CH2C1]7 

a marked solvent dependence has been noted [118]_ There has also been a report 

in the organic literature of the reactions of cyclonetallated palladium compounds 

[119]. Treating g-palladation products of (dimethylaminoethyl)ferrocene and 

2-pyridylferrocene with olefins under mild conditions leads to 1,2-disubstituted 

ferrocene derivatives [120]. 

IV. Xetal carbonyls and thiocarbonyls 

The interaction of the diatonic ligands N, and CO with nickel has been investi- , 

gated through ab initio LCAO-NO-SCF calculations for the systems NiN2 and NiCO [121] -___ / 



The sequence of electronic states is largely determined by the u-acceptor and z- 

donor character at the level of the metal. Isocarbonyl coordination NiOC appears 

coordina- 

formation 

rate has 

energetically unfavorable, and comparatively much more so than isocyanide 

tion NNC. 1n contrast to the recently reported strong oscillation in the 

rate of Ni(CO)4 in an esternal field, no field dependence of the reaction 
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been found in fields up to 7 Tesla 11221. In the mass spectrum of Ni(CO)4, the 

ratio of the intensities Ni(CO)3+/Xi(CO)qf decreases with increasing pressure, with 

increasing CO pressure, and decreasing temperature [123]. The ratio of the inten- 

sities Ni(CO)2+/Xi(CO)3+ . 1s independent of the reaction conditions. The first stage 

of thermal decomposition of Xi(CO), is the formation of Xi(CO)3 and its aggregation 

into a binuclear subcarbonyl Xi2(CO)z (z 5 2). 

When Si(CO>4 is treated with a rhoditim(I) olefin complex in DYF, complete de- 

carbonylation occurs with the formation of a rhodium(I) carbonyl [124]. Complexes 

have been obtained from the reaction of cycle-(RB CH=CH)2 with nickel carbonyl [125]. 

Sickel carbonyl has been used as a reducing agent in diene dimerization catalysis 

[126]. High substrate conversion has been found for butadiene using the complexes 

Fe(N0)2S (X = Cl, Br. I), Co(SO)2S (S = Cl, Br, I), Fe(XO),Cl, and ii-C3H_,XiBr in 

the presence of Si(CO)4. The authors suggest the formation of a bimetallic catalyst. 

Iodine azide reacts with nickel carbonyl to give nickel azide (61) and nickel iodide 

[127]. The negative ion mass spectrum of the complex [cpSi(CO) 12 and others has 

been measured [128]. 

ZNi(CO) t 
4 

2IN 
3 

- Ni(X3)2 P Xi12 i- SC0 

(61) 

The compound [(CF3)2PO]20 reacts with ?Ii(CO>4 to give [(CF3)2PO]20.Si(CO)3 [129]. 

A new synthetic procedure to Ni(C0)2(PPh3)2 (62) has been described. The method 

involves treating NiBr2(PPh3), with a lo-fold excess of Fe(CO)5 at room temperature 

NiBr2(PPh3)2 + Fe(CO)5 +- 2PPh3 + Ni(CO)2(PPh3)2 t Fe(CO>2(PPh3)2Br2 f CO 

(62) 

Referencesp. 2ii 
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(WX = PdCl, PdBr, PtCl, PtBr and PtI) have been calculated using a modified valence 

force field [133]. The stretching force constants to Pd are lower than to Pt. The 

difference is more marked for the XC bonds than for the NX bonds shoMng the much 

weaker x-donor ability of 4d orbitals of Pd(I1) than 5d orbitals of Pt(I1). The 

anions [PdXS(CO)]- (S = Cl, Br) have been identified in solution. The CO stretching 

frequency of [PtClj(CO)]-, 2184 cm-l, . IS the highest reported for a metal carhonyl 

complex in solution [134]. 

Carbon monoxide reacts at room temperature with surface species obtained by 

heptene-1 chemisorption on an evaporated Xi film to produce a species which from 

ir evidence is an acyl species 11351. 

The complex Pt2C12(~-CO>(~-dppm>2 (64) has been prepared from CO and Pt2C1 
2 

(=-dppm)g, and also from [?E'r4j2[Pt2C14(C0)2] with dppm. In polar solvents the 

compound isomerizes to [Pt2Cl(CO>(p-dppm>2]f (65). The ir, Raman, 
1 
H and 31P nmr 

Pn 

1 ‘I 
Cl-Pt-Pt-Cl 

I I 
P p 1 ? !p -I 
w \ 

(64) (65) 

spectra of these complexes are discussed [136]. Addition of carbon monoxide to 

Pd2(dppm)& and Ptp(dppm)S, (S = Br, I, X3, X0, SCN, SO,) results in insertion 

into the metal-metal bond to form Pd,(dppm)(p-CO)S, (X = Cl, Br, I, X3, SCO, SCN) 

and Pt2(dppm)2(p-CO)S2 (X = Cl, I). The CO can be removed by heating the solids 

under vacuum or reflusing CH,Cl, solutions [137]. The compound [PdCl(dpam)],CO (63) 

has been challenged 

tically interpreted 

bridging CO ligands 

angle of SO-S5o and 

[1381. These authors suggest the structure can be more realis- 

as a dimetallated formaldehyde derivative. It is concluded that 

are capable of two distinct bonding modes; one wit-n a >!-C-X 

-1 
v(C0) of lS50 cm , and the latter with a X-C-X angle of 120° 

is visualized as two discrete o bonds and is 

tetranuclear cluster from Pd(OAc), and CO has 

11391. Treating cis-PtC12(PPh3), with Xa?fn(CO)5 

-1 
2nd ~('20) of 1700 cm _ The latter 

compared to an organic ketone. The 

been confirmed crystallographically 

References p.211 
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gives a homopentametallic cluster Pt5(CO)(u,-CO)5(PPh3)4 (66) which crystallizes 

vith 3 molecules of toluene. The structure of the compound has been solved [140]. 

The structure of the first platinum-cobalt heteropentametallic cluster coinpound 

Pt3C02(C0)4("2 -CO)5(PEt3)2 (67) shows a slightly distorted trigonal bipyramid strucJ 

ture. Tile compound was prepared from the reaction between cis-PtC12(PEt3),, and 

Reprinted with 

perszission from 

Ref. 141. 

P(3) 

Reprinted riith permission from 
Ref. 140. 

(67) 
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SaCo(C0)4 [141]. T‘ne syntheses and structures of 0s3Pt(s-H),(C0)10(PCyj) (68) and 

C(54 

Q 
c)- 

cc551 

O(231 

(68) 

Reprinted with permission from 

Ref. 142. 

-0 
U13) O(13) 

os2Pt2(~-H)2(Co)(PPh3)7 (69) h=ve been reported [142]. The cluster [Rh_,Pt(CO)15]- (70) 

Referencesp. 277 
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Reprinted Mth permission from 

Ref. 142. 

has bets prepared 

PtC16 
2- 

and CG in 

bath from fPt,,(CO),,] '-- and [Rhl&X+$'-, anti from RhCX3, 

base rl.431. The structure aE (70) is shown. 

AEI zb initio molecular arbiral method has been used to cslculats rhe inreracrion -- 

bettwen Xr r@trix isolated NiFl with CO. The electronic structure of XiFz(CO) has 

been calculated. The presence of the dipositive nickeZ atom induces a polarization 

af the charges beading to a stxengthening af the bond.. This is consistent with the 

experimental observatZon of a 70 -' shift of v(C0) coward higher wavenumbers [1&J cm 
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V. Xetal olefins and vinyls 

_A review on platinum olefin complexes has been published in the Russian literatu 4 

[1461. Treating ethylene saturated solutions of Pt(COD)2 with tertiary phosphines 

or AsPh 3 gives complexes Pt(C,H4)2L (L = PNe3, P>le2Ph, PNePh2, PPh3, PCy3. AsPh3) 

(72). The compound Pt(C2H4)2PCy3 reacts with C3F4 to give Pt(C2H4)(C2F4)PCy3- 

Pt(COD)2 + 2C,H4 -I- L -+ Pt(C,H4)2L -I- 2COD 

(72) 

Activation energies for olefin rotation fall in the range lo-13 kcal/mol [147]. 

Reacting Pt(COD)2 with allene or butadiene-1,3 gives (n-COD)(2,3_dimethylenebutane- 

1,4-diyl)platinum and (~-COD)(1,4-trans-divinylbutane-l,4-diyl)platinum. The com- 

pound reacts with 2 no1 equivalents of PXe3 to give dt{CH(CH=CH2)CH2CH2tH(CH=CH2)! 

(PEle3)2. The structures of these two compounds, along with a variety of other 

reactions, .are described [148]. 

Condensation of nickel atoms with alkyl, fluoro, or chloro-olefins in the lo-77 K! 

range gives T-complexes Ki(olefin)n (n = l-3) [149]. Values for X(mas) are reported 

for the compounds. The transition (in the UV) is only slightly sensitive to the 

substituent(s) on the coordinated olefin, but highly sensitive to the number of 

coordinated olefins. Generalized valence bond and configuration interaction calcu- 

lations have been carried out on Ni(C,H4) and Ni2(C,H4). The ethylene is only weak1 

perturbed with the CH bonds being bent only 2O out of the ethylene molecular plane 

[150]. Similar resul:s are published by one of these authors elsewhere [151]. co- 

condensation of palladium and ethylene at 15 I; leads to the formation of Pd(C,H4), 

Pd(C2H4)7 and Pd(C,H4)3. The spectroscopy is discussed, and again the relevance to 

adsorption of ethylene on a metal surface is considered [152]. 

In the 'H &XR spectrum of PtCl(n2-cyanoethylene)(acac) the 3 ligand protons appeal 

to be equivalent. 
13 

C b?lR and IR studies indicate the metal-ligand bonding is of 

the conventional r-type [153]. 

The electronic structure of NiC2H4 and Ni2C2H4 species have been investigated 

theoretically by other workers. The Chatt-Dewar-Duncanson model is supported. The 

* 
excited electronic states of Ni(r-C,H4) show that low-lying 4s-+v and 3d-+a* (M-+L) 
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charge transfer transitions are predicted [154]. The spectral behavior of Ni(COD) 

(bipy) conpleses with htteroolefins and polar olefins (L) shows a variance on 

ligand parameters [155]. Thermochromic effects on the s>-stems NiL(bipy) f L are 

discussed and thermodynamic data determined. Reacting Si(COD)2 with <,Z-unsaturated 

esters in the presence of tertiary phosphines gives a series of complexes Xi(PR3)nL 

(L = methyl acrylate or methyl cinnamate; n = 2, L = PPh 3, PEtPh2. P>Ie,Ph, PEt3; 

n = 1, PCv3)_ The reactions of Xi(ethylmethacrylate)(PPh3)7 and Si(ethylmethacrylate) 

PCy3 with vinyl acetate at room temperature cause cleavage of the C-O bond in vinyl 

acetate to give ethylene and nickel acetate [156]. 

Treating Xi(C2H4)3 with HCl at -76OC gives Ni(C,H4)? .HCl which decomposes at 
- - 

-5OOC first to Xi(H)C1(C2H4)2 and then C,,H4, C2H6, Sic1 and NiCl(buty1). The latter 

decomposes at -3OOC to SiCl, butane and butene-1, lzhich isonerizes to butenr-2 [157] _ 

The vibrational spectra of C-C and :-I-C bonds have been studied for [PtC13(CzH4)]- 

[156]. The hydrolysis of PtC14 2- proceeds faster in the presence of [PtC13(CzRL)]-_ 

[Ptc1412- t Hz0 -- [Ptc13(oH2>1- + Cl- 

The actual catalyst is PtC12(C,H4)0Hz [159]. For the reaction of olefins with 

2- & = 
ptc14 a series of rat2 constants and i.H' and is' values have been obtained_ There 

is a small decrease in the rate constant as substiturnts are added to the olefin. 

Ionic strength effects in the reaction medium have also been measured [160]. _A ne:.: 

salt, [Ph4P][PtC13(s,s-rrans-butene-2[1,3-3H])] undergoes racemization and ligand 

isotopic exchange in acetone containing a large excess of trans-butane-2. The rates 

and activation parameters have been measured [161]. 

Complexes cis-PtCl,(T-C,H,+)L (L = 3,5_dimethylpyridine or H2SCHYePh) react in 

solution with two molecules of L, undergoing substitution of the chlorine trans to 

ethylene and nucleophilic attack on the a-bonded ethylene to yield cis-jPt[c-C,H4(L)] 

ClL2]Cl (73) [162]. Addition of a large excess of trans-butene-2 to a solution of 
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Cl 

CH, 

II I - Pt 

CH2 I 
Cl 

L i L 
- 
-L 

Cl Cl 

I 
-Pt-Cl + 2L - L+.CH CH .l? -p_t-L t cl- 

L 

(73) 

cis- or tram-(X,ethl;lene)[PtCl(L-ain)(C2H4)] 

gives first an increase, then a decrease, in 

Kineuic analysis of this CD curve shows that 

1 

(L-am is 9 kinds of L-aminocarbosylate 

CD strength in the region 
-1 =26500 cm 

the first fast increase in CD reflects 

the greater rate of substitution of the prochiral olefins for ethylene in S-configu4 

ration than that in R-configuration, and the second step see~ls to involve the eschaa 

of coordinated tram-butene-Z, catalyzed by ethylene produced in the first step 116 

Bridge cleavage of chloro-bridged amine dimers of Pt(II) by olefins leads to com- 

plexes &-PtC12(anine)(olefin) (74) [164]. Using nitrogen containing unsaturated 

Pt2C14(arnine)2 i- olefin -7 _ Zcis-PtCl,(aaine)(olefin) 

(74) 

ligands, e.g. allyla-m.ine, the nitrogen coordinates preferentially to the double bon4 

Irradiation of complexes PtCl2(amine)(olefin) leads to the reverse of the previous 

reaction and re-fomation of the chloro-bridged dimer [165]. The 
1 
H ?ZR spectrum 

of PtCl (C H )(C_D X) 
2 24 25 

has been obtained by d-coupling of the spin coupling to deu- 

terium for samples dissolved in thermotropic liquid crystals 11661. The dipolar 

couplings give the relative positions of the protons and platinum. The equilibrium 

structures have the pyridine ring inclined at an angle to the PtCl 2 plane, with 

rapid reorientation between the symmetry-related fot-zs_ 

The reaction between Pt(C2H4)(PPh3). and a wide range of compounds SnR3Y, 

Sn4rlIe3, SnR2X2 and Sfi4 has been studied. The insertion of Pt into the SE-R, 
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Sn-Ar or Sn-S bond occurs depending on the nature of the tin substrate [1671. The 

compounds Sn2Ph6 and Pb2Ph6 give products cis-PtPh(M2Ph5)(PPh3)2 (N = Sn, Pb) (75). 

Pt(C2H4)(PPh& + x2Ph6 " PtPh(M2Ph5)(pph3)z + C2H4 

(75) 

One or both chloride ligands 

by treating the complex with 

are included, and the method 

Grignard reagents [168]. 

in PdCl,(COD) can be selectively replaced by aryl groups 

aryltrimethylstannanes. Preparative and spectral details 

is advantageous over the use of aryllithiums or aryl 

The complexes ?I(diene.OXe)(L-L)Y (76) (>I = Pd(I1); diene = 1,5-COD, endo- 

dicyclopentadiene; L-L = bipy, phen; Y = PF6, - diene = dicgclopentadiene; L-L = dppe, 

‘i = PF6; diene = COD, L-L = en, ‘i = Cl; diene = SBD, L-L = bipy, phen, V = Cl. 

?I = Pt(II), diene = COD, L-L = bipv, phen, T = PF6) have been prepared (1691. 

<* L-L 
X(diene)C12~[:I(diene)(!leOH)2]2G- [Sl(diene)L-L]2t 

\leOH 
?leOH 

it 

?IeOH 

[~!(diene.O~le)(?leOH)p]+ [X(diene.O>le)L-L]+ 

(76) 

Pyrazolato bridged binuclear complexes palladium and platinum (C8H12X).,X,(~-pz,) _- 

(S = O>Ie or pyrazolato) have been obtained from treating XCl,(COD)2 (>I = Pd, Pt) with 

it l-monosubstituted pyrazole and sodium hydroxide in methanol. The infrared and 

'H ?ZIR spectra of the complexes are presented and discussed [170]. Nickel carbonyl 

reacts with tetrachlorocyclopropene to give (Xi(CO)2(>-C3C13)(~-Cl)]2 (77) [171]. 

The compound has a planar 6-membered Ni4C12 ring. Within the ring, Cl atoms bridge 

nonbonded pairs of Xi atoms, while ring-opened trichloropropenyl 1iganEs bridge 

bonded pairs of Xi atoms. The dihedral angles between the Ni4C12 plane and the 

CSC15 planes are 85 and 86O. 
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Ni(CO), + c3c14 -+ INi(C0)2(s-c3c13) (;i-cl) I2 

(77) 

(77) 

Treating PdC1,(C,H4)3 in xater/CH3CX at -70°C to -I5OC in the presence of CO(3 ai 
-- - 

gives Z-propiolactone. The stereochemistry of the hydrosypalladation step is detcr- 

zined by using b's(cis-1,2-didrutcrofthylcne)PdC1,, t;hich yields trans-2,3-dideutcr. 

E-propiol2ctone. Since CO insertion into a Pd-C u bond proceeds with retention cf 

configuration then hydroxzpalladation must proceed with tratx stereochemistry [172] 

Allylanilines havr been prepared b:z treating --allylnickel halides with 7-bromo- 

anilines. These were cyclized to Z-methylindoles by treatment Mith PdCl 
2 

under bo: 

stoicbiometric and catalytic conditions 11733. 

Palladium(I1) and platinum(I1) porphyrin complexes are efticient photosensitizer: 

for stilbene isonerization. The results suggest the intermediacy of a sensitizer- 

acceptor tags-encounter complex which may have different preferred geometry and 

altered nonradiative decay properties compared to t'ne free stilbene [174]. 

Re2ction of Pt3(t-&XC) 6 with dipheoylcyclopropenone gives the complex [Pt2(L- 

(PhC)zCO)(~-BuXC)4] (78). The molecule shows ring opening at the carbon-carbon 
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double bond of the cyclopropenone, the resulting C3 fragment symmetrically bridging 

the two platinum atoms. An analogous complex has been obtained with (COD)2 replacing 

(K-BUNG)& [175]. 

"C(612) 

i78) Reprinted with permission from 

Ref. 175. 

Treating Si(COD>2 with Ph2C=C=0 and pyridine gives Ni(Ph,CCO)ppy (79) 11761. 

Ph\C/Ph H,O+ 

II 

Ph2C=CH-O-j-CH(Fh)2 

_/-O 
0 

PyN\ I 

c-c\\ 
PhZ 0 

- 
PhzC=C,O,C=O 

Organic coupling products zzre obtained on protonation or treatment with CO. The 

complex (PPh3)2Xi(Ph2C=C=O) h as been prepared from Ph2C=C=0 and a variety of tri- 

phenylphosphine nickel(O) complexes [177]. In toluene solution decarbonylation of 

the ketene occurs and Ni(CO)(PPh ) is formed via 2 proposed diphenylcarbene inter- 
33 

mediate. The zerovalent diisopropyldibenzylideneacetone complexes of Pd and Pt have 

been prepared. The metal atoms in the dimer are -ii-bonded to the olefin. The 1H 

NMR spectra show the aryl groups to be rotating at 25OC but to be frozen out on the 
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MR time scale at low temperatures [i78]. ' H GfR studies have been 

the deuterated dibenzylideneacetone complexes Pd2[(C6D5CH=CH)2C0]3, 

carried out on 

colg and- Pd[(C6D5CH=CD)2C0]3. The three triply bridging ligands are all in the 

s-cis tr2ns conFormation [179]. ---- 

Treating f,6-di-t-butyl-4-methylpyrylium perchlorate with PdC12 gives the complej 

(80) [180]. A similar complex is obtainable from 2-methyl-4,Gdiphenylpyrylium per -1 

chlorate. The crystal structures of PtCl(o_?.Ie7XC6H4CH=CH2)(OC6F5) (81) and 

[!e3C q: C>le3 PdClj 

(80) 

2 
3 

PtCl@->!e2NC6H4CH=CH2)<SCgF5) (82) have the olefin z-bonded to platinrin, cis to the 

chloride ligand [lSl]_ The structure of methyl[hydrotris(l-pyrazolyl)borato]tetra 

Cl6 

(81) 



Cl6 

(82) 

fluoroethyleneplatinum shows the C2F4 symmetrically bonded. There is a close non- 

bonded interaction between a methyl-H atom and two of the F atoms of the C?F4 ligand 

[182]. 

The structure of [PdC12(1-2:5-6-q-cyclooctatetraene)] (83) is a monomer with the 

two Cl atoms and the centers of the 1-2 and 5-6 double bonds of the cyclooctatetraene 

ligand lying in a plane [183]. This is shown in the figure looking down the bisector 

of the Cl-Pd-Cl angle. X similar structure of di-p-chloro-bis[4,6-n-(l-chlorocyclo 

(831 Reprinted with permission from Ref. 183. 
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octatrienyl)]dipalladium(II) (84) shows allylic type ii bonds to a boat-shaped 

(84) 

Reprinted with permission from 

Ref. 184. 

cyclooctatetraene molecule which has undergone addition of a Cl atom trans to the 

allylic type bond [184]. Coordination of the olefin-like molecule t-BuS=C=NBu-t 

in PdC12(t-BuN=C=NBu-t)7 shows the ligand to be N-bonded to the metal [l&35]. The 

double bond of ethyl vinyl ether is coordinated in the complex [Et4N][PtC13(CH2=CH- 

OEt)] [186]. The mid-point of the double bond is 0.19 1 off the plane determined 

by PtCl 
3- 

The C atom or’ the double bond bearing the ether 0 atom is 0.08 8 further 

from Pt than the unsubstituted C atom, and there is no significant interaction of th 

ether oxygen with Pt in the solid state. 

Some new platinum(I1) complexes cis-[PtC12(Ele2C=C=CH2)L] (L = PPh8, AsPh3. 

H2NC6H4Xe-E or DHSO) have been isolated. Reaction with aliphatic and aromatic amine. 

gives zwitterionic alkenyl derivatives a-[PtC12(Me2C=CCHz?..lR2R3)L] (85) [X37]. 

Single crystal structural data show the o-bonded alkenyl group perpendicular to the 

coordinatXon plane. The n3-allylnickel bromide dimer reacts with NO to form a 8- 

iximinopropene complex Ni(CB2=CHCH=NOH)Br(NO) 11883. The oxime is weakly bound and 
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/R3 
+ :N-RZ - 

(85) 

25)-(2X) 

is displaced with triphenylphosphine. 

Reprinted with permission 

from Ref. 187. 

The series of vinylsilane platinum(O) com- 

plexes of formulae [(Ph3P)2PtCH2=CHSi(Me)n(OEt)3_n ] (n = 0,1,2,3) have been prepared. 

The complex (Ph3P)2Pt(CH2=CHCXe3) has also been synthesized and decomposes in 

solution much more readily than its silicon analog [189]. Detailed calculations 

have been published on the interaction of ethylene and acetylene with the nickel 

atom. Calculated Ni-C and C-C distances are given and tentatively compared with 

structural data [190]. 

VI. Metal Acetylenes and Acetylides 

A molecular orbital theory combining two-body atomic repulsion and one-electron 

molecular orbital delocalization energies has been used to examine catalytic reactions 

of acetylene on the Ni(ll1) surface and in di-Ni complexes. A high coordination 



224 

adsorption site is preferred on the surface. The results are compared for 

complexes Ni2(COD),,(RCZCR) and cp2Ni2(RCsCR) [191]- A full paper has been 

on the syntheses and reactions of Pt(0) complexes of cyclic acetylenes. A 

of reactions are shown below, and treating the complex Pt(C6Hg)(dppe) with 

the 

publisheq 

series 

weak 

protonic acids yields the vinyl compounds (86) [132]. The acetylene cluster 

Q 
L-PPt-PPt-L 

oc/ 
\ 
co 

Pt (TCNE) L, 

t-BuNC/ 

C6H6 

L 

L = PPh3 

P\ 
P’ 

Pt:$ 1 

0 

I 
+HX - P\Pt J3 

P’ ‘x 

(86) 

Reprinted with 

permission from 

Ref. 192. 
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compounds Ni2(COD)2(RCsCR) (87) (X = O>le, OH, 0C6H4Ne-~, SPh, NHCOR, CHRCN, CH2N02, 

CH2COR) react with H2 and H2 plus RCXR respectively, to form stoichiometrically and 

catalytically the cis-alkene. The coordinately saturated complex cp2Ni2(PhCECPh) 

does not react with H2. Acetylene ligand lability for the former compound is due 

to a monomer-dimer equilibrium 11931. Nickel or palladium atoms dispersed in excess 

Ni2(COD)2(RCzCR) -+ RCECR _= 2~ (~~D)(Rcz~R) 

(87) 

hexafluorobutyne-2 when treated with CO at low temperature yield :l(CO)2(CF3CsCCF3)_ 

On warming, these compounds 

Pd4(C0)4(CF3CXCF3)3 [194]. 

P(~-Bu)~(~-Bu), P(r-Bu)$le, 

spontaneously form clusters Xi4(C0)4(CF3CsCCF3) and 

The oxygen complexes Pt02(PR3)2 (PR = PCp3, P(i-Pr)3, 

PPh3) react with hexafluorobutyne-2 and acetylenedicar- 

is based on 31P SlR boxylate to give complex (88) [195]. The structural proof 

f R&CR' - 

evidence. Ab initio - calculations have also been made on the complex (x-cpNi)2CHsCH 

11961. The reaction between (Ph3P)iPt(hexyne-3) and YeI gives PtI>Ie(PPh3)2 and 

Pt12(PPh3)2- In contrast the strained cyclic alkyne complexes Pt(C6H8)(PPh3)2, 

Pt(C7Hlo) (PPh3)2, Pt(C6H8)dppe and Pt(C7H10)dppe 

2-methylcycloalkenyl platinum(II) complexes such 

react with PleI to give mainly 

as PtI(C6H811e)(PPh3)2 (89) 11971. 

0 I ::Pt(PPh3)2 f 
Me 

>leI - aL pt/PPh3 
PhP"I 

3 
(89) 

Iodine reacts similarly. 1,4-Diphenylbutadiyne-1,3 reacts with Pt(C2H4)L2 

PPh2Me) to give successively, mono- and di-platinum compounds Pt(PhC4Ph)L2 
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Pt2(PhC4Ph)LL.. In the diplatinum compounds both acetylenes are n2-bonded to Pt ato 
7 

Treating Pt3&-BuNC)6 with 1,4-diphenylbutadiyne-1,3 and hexadiyne-2,4 gives diplatd 

num compounds having diplatinacyclobutene rings [198]. A polymer Itrans, trans- 

Pt(PBu3)2-C=C-CFC-Pd(PBu3)2-C=C-CEC]n,2 has been prepared from trans-Pt(C-C-CZCH)2 

(PBu3)2 and trans-PdCl,(PBuS)2 [199]. Stable alkynyl complexes K2[N(CZCR)4] (PI = Ni 

Pd, Pt; R = CH2C(Ph)2CN, CH2C(Me)2CN) have been prepared. Assignments of w(M-C) 

has been attempted and differential thermal analysis data is given [200]. Complexes' 

cis-[Pd(CECR) 
2 
dppe] (90) and [cis-Pd(C-CC H CZCH-g)Cl(dppe)] 

64 
(91) have been prepared1 

cis-PdC12(dppe) f 2WZCR + cis-Pd(CZCR)2(dppe) •t 2NCl 

(El = Li, l"ia; R = H, Ph, Pie) (90) 

cis-PdCIZ(dppe) + HGCC6H4C-CH-2 + NH3 + cis-Pd(CsCC6HqCsCH-o)Cl(dppe: 

+ NH4c1 (91) 

Treatment with excess KCrCR gives K2[Pd(CZCR)4]. The compounds can be reduced to 

the Pd(0) complexes K2[Pd(CsCR)3] [201]. Hydrazine reduction of cis-PtC12(PPh3)2 

in the presence of PhCZCCl gives Pt(PhCECC1)(PPh3)2. Similar reactions with PhCsCX i 

(S = Br, I) give PtX(CzCPh)(PPh3)o. Treating [Pt(trans-PhHC=CHPh)(PPh3)2] with 

PhCsCX (X = Cl, Br, I) gives &-PtX(CZCPh)(PPh,>2, which isomerizes to the trans 

complex in benzene. Other similar reactions are described and discussed L2021. 

The structure of trans-PtC1(CiCPh)(PEt2Ph)2 (92) shows GZ non-linear phenylethynyl 

group. The Pt-C distance is l-98(2) 2 [203]_ Details of selective syntheses have 

been reported for the preparation of acetylide complexes Pt(CECR1)2(PR3)2 (R1 = H, 

CH=CH 
2' 

C-CH, Ph, p-C6H4C=C; R = Et, c-Bu) 12043. Nickel acetylide complexes 

Ni(C:CR1)2(PPh3), (RI = EtOCH2, BuOCH2, PhOCH2, c-C1C6H40CH2, (IiO)?leCH, (HO)Ne7C, 

1-hydroxycyclohexyl, AC, Ph; R = Bu, Cy) have been obtained from NiX2(PR3)2 and 

NaC-CR1 in liquid ammonia [205]. _XPS Photoelectron spectra have been measured for 

some nickel acetylide compounds. The respective values for the Ni 2p 312 bridging 

energies for the complexes Ni(CECPh)(NCS(PPh,),, Ni(CECPh)2(PPh3)2, and Ni(CECPh)2 

2 
(PBu~)~ are 854.0, 854.9, and 855.0 eV respectively 12061. Treating uw-dodecatriene 

diyl nickel with dimethyl acetylenedicarboxylate at O°C yields the 12- and 14-member 

ring products. Similarly treatment of a bis(x-allyl) nickel complex, from a, w- 
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C(6) 

Reprinted with permission from 

Ref. 203. (92) 

C 

j P(2) 

dodecatrienyldiylnickel and allene, with dimethyl acetylenedicarboxyalte gives di- 

methyl 14-methylenecyclohexadeca-l,4,8,l?-tetraene-l,~-dicarboxylate 12071. In the 

presence of nickel complexes, triisobutylaluminum and l-bromo-1-hexyne react to give 

predominantly 2-methyl-4-nonyne. Nickel acetylide complexes such as (93) are proposed 

LnNiBr(CECR1) + A1R3 + LnXiR2 + L,Ni -+ R-R f R2A1CXR1 

(93) 

to be involved in the reaction [208]. Similarly NiC12(PPh3)2 has been used as a 

catalyst for the addition of Grignard reagents to acetylenes [209l. 

Condensation of <-rr-cp)2Ni2(HCsCMe) with Fe3(C0)L2 gives Fe,(Co)7("-cp)"i(CEt) 
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and Fe2(C0)6(J-cp)Ni(C-CXe), based on a Fe2Ni core. Intramolecular and intermolecul! 

hydrogen shifts account respectively for the reduction of the triple bond and the 

dehydrogenation of the alkyne. Structures are proposed bzsed on IR, 1 
H NMR, and 

mass spectral evidence [ZlO]. 

VII. ?ietal 211~1s 

Treating cis-PtC12(P>le2Ph)2 with cyclopropyllithium gives cis-Pt(CHCH2CH2)2 

(P>le,Ph),,. Reaction with HCl gives trans-Pt(CHCH2CH2)C1(PNe2Ph)2. which with AgN03 : 

and KPF6 gives the l-3-77-ally1 platinum complex [Pt(a-C3H5)(P>fe2Ph)2]PF6 (94) 12111. 

&-PtC1,(PPie2Ph)2 f C3H5Li --f G-Pt(C3H5)2(PFle2Ph)2 
HCl f 

rans-Pt(C3H5)C1 

(PHe,Ph), _ 2; -[IPpPt<j] PF6 

(94) 

Ally1 compleses {[C3H3(COR)(COR1)]PdCl)2 and [C3H,(COR)(CORl)]Pd(zcac) (R = Ph; 

Rl = Ph, E-BrC6H4, p_-ClC6H4, ~-Clc6H~) have been isolated [X2]. Similar allyl- 

palladium complexes have been prepared where R = R1 = C5H4Nn(C0)3 b:rr refluxing the 

manganese substituted olronium compound with PdC12 in the presence of Na2C03 [213]. 

The allylic palladium complex (95) has been obtained by reacting Pd(z-allyl)2 with 

Et2KH. The analogous methyl compound has been synthesized by an analogous procedure 

[214]. Gel filtration and the tic methods have been used to show that [a-allylPdC11, 
L 

is indeed dineric in solution [215]. 

Et, 
2Pd(a-allyl)2 t- 2Et2NH * 

/“< 
'N 

/Pd_) 
> 

i- 2CH3CH=CH 
2 

(95) Et 
2 

The structure of I?d3(2-methylallyl)2C14 (96) shows a rippled near planar arrange- 

ment of PdCl,PdCl,Pd with the terminal Pd atoms being T-bonded to the 2-methylallyl 
_ - 

ligand [216]. In an article dealing with sulfur containing complexes the compounds 

[PdL(1,4-dithian)]DF6 (L = 1;--7-methylallyl and a-l-phenylallyl) have been synthesized 
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[217]_ A similar complex [Pd(r-2GieC3H4)(tetrvnethylthiophen)2]PF6 has also been 

prepared by this group [2X3]. 

A general procedure to prepare z-allylpalladium(I1) complexes from simple and 

complex olefins has been developed using cupric chloride to prevent reduction of 

the palladinm to the element. A wide range of ally1 complexes has been prepared 

and synthetic details of the method described 12191. In the following paper these 

authors describe the use of phosphines and phosphites for enhancing the allylic 

alkylation of alkyl substituted r-allylpalladium complexes [220]. The nature of the 

nucleophile for attack at the r-ally1 is discussed, and also these authors apply the 

project to prenylation [221]. In the final paper of the series, organopalladium 

chemistry is used for a stereocontrolled approach to steroid side chain in the parti. 

synthesis of 5a-cholestanone 1222]. 

Vinylmercuric chlorides react with PdC12, LiCl and alkenes in THF to give r-ally1 

palladium compounds (97). The method is regiospecifically useful and the stereo- 

chemistry of the compounds is determined by NNR. The mechanism is presumed to in- 

volve addition of a vinylpalladium compound to the alkene, followed by a Pd hydride 

rearrangement to the ir-allylpalladium complex [223]. The reaction of quinones with 

CH3(CH2)3,C=C/H i- i! i- LiCl -I- 
H' 'HgCl 

CH2=CH OEt PdC12 -+ CH3(CH2)3-C +C-CH 
Pd 

(97) Cl/2 

n-ally1 nickel bromide proceeds through unstable allylquinol intermediates. These 

compounds have been isolated and characterized, and their rearrangements studied 

12241. When (S)-(-)-trans-chloro(~'-~-deuteriobenzyl)bis(triethylphosphine)p~ll2diu~ 

(II) is treated with NaBPh4 the product is L.(S)-(+)-(n3-o-deuteriobenzyl)bis(tri- 

ethylphosphine)palladium(II)]tetraphenylborate (98) 12251. Regeneration of the 

1 
l-l complex with Cl- proceeds with 94% net retention of configuration. The preparatic 

of a-allylnickel complexes has been reported from the reaction between NiC12 and 

A1(CH2CBXe2)3 in the presence of dienes 12263. It is suggested that the primary 

mechanism of interaction of Ni(n-methallyl)2 and TiC14 is the ligand transfer to 



231 

PEt3 H 

I 5 

Cl 
5) D 

-Pd-C 

(.S)-c-I-6 

NaBPh4 
. 

-==-K-- 
BPh, 

(s)-(+)-7 

[aIf:,+ 2.2 * 0.2” 
Reprinted with pennisslon 

from Ref. 225. (98) 

Ti with reduction to &TiC13 and the formation of a product which can initiate the 

polymerization of isoprene [227]. 

The chloride in [Pd(n-allyl)C112 (ally1 = allyl, 2-methylallyl, 1,3-dimethylallyl) 

can be displaced with silver ion and the simultaneous addition of substituted quino- 

_+cyR 
I 
PdCl I2 

/3.+/R 
I 

Na+ acac- 

PhH e fJ 

Reprinted with 

permission from 

Ref. 229. 

(keto 1 (en01 1 
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Lines (L) gives the complexes [Pd(n-allyl)L2]ClO4 C2281. The dynamic exchange 

process in these compounds is studied by EiHR techniques. Reactions of a-allyl- 

palladium compounds with Na(acac), sodium malononitrile, and sodium ethylacetoacetad 

give diallyl subs:itution products (99) [229]. The structure of the n-allylic 

palladium(I1) complex dihapto-3,5-dimethylpyrazolido-T-allylpalladium dimer has bee11 

solved [230]. The structure of [Pt(C3H5)(PCy3)2]PF6 shows the z-ally1 group occup) 

tG;‘o discrete orientations within the coordination sphere in the solid state [231]. 

1 
H and 31 P ?r?R spectroscopy shows that Pt-Cl(n'-allyl)(PPh3)NeNC undergoes exten? 

1 
sive 7-j + n 

3 
ally1 conversion at room temperature through PPh3, Cl and XeNC ligand 

displacements [232]. _At lower temperatures this conversion only involves chloride 

displacement. A similar type study has been made for the compound PtC1(nl-allpl) 

(PPh,)(2,6-Xe2C6H3sC) [233]. 

1x1 the presence of phosphines Ni(7-methylallyl)2 reacts with CO2 to give carboLT+ 

lato complexes (100). _A further x-allylnickel complex reacts with CO2 to give the 

Bi(T-methylallyl)2 i- PR3 t CO2 -+ R p,?Ii, 

3 
0 

(R = Xe, Cy) (100) 

diner (lOl), which on heating rearranges to the tetrameric nickelalactone (102) [23r( 

+ 4CQ2 + 2[(Cy3P)NiC8H12 CO,]? -b (102) _ _ 

Cy3P 
(101) 

Allylpalladius(I1) complexes have been used in the anti->!arkownikoff 1,2-hydro- 

sulphonylation of 1,3-dienes [235]. The formation of Pd metal and propene from the 

reaction of n-allylpalladium(I1) complexes in THF with H 
2 

is discussed in terms of 

the fluxionality of the ally1 group and the stability of a proposed Pd-H internedia 

1 The reaction of allylpalladi~(II) complexes with H2 and allene results in catalytic 

selective hydrogenation to propene 12361. 

In the formation of the 4a-tk-n-PdCl complex from 2,2-dimethylcholest-4-en-3-one, 
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0 

230 

Reprinted with permission 

from Ref. 234. 

the initial n-complexation appears to be rate limiting 12371. The compound PdC12 

(PhCX)2 reacts with [62-'HI cholest-4-ene to give the z-4-6-n and 2-4-6-q PdCl 

derivatives with respective specific syn 6-H, or 6-'H elimination 12381. 

When the compound Pt(acac)2 is treated with a phosphine L (L 2 PPh3, P>lePhp, 

PXe2Ph), new complexes Pt(C5H602)L2 (103) are formed [239]. On the basis of spectral 

data these complexes are shown to have a n-oxoallyl type of bonding. An allylic 

(103) 



234 

intermediate is proposed in the catalysis by Pt(PPh3)2 of the conversion of some 

ally1 en01 ethers into C-allylated compounds (2401. Phenylhydrazones react cata- 

lyticaliy with ally1 acetates to give azo compounds (104). The complexes used in 

the reaction are XiL 4 (L=PPh3, P(OCHXe2)3) 12411. 

Pm-x==C_RR~ -t 
NiLZ, 

H2C=C&l-cH20Ac- ph~==h'-C(R)(R1)Cn2-CH=CH2 + CH~CO~H 

(104) 

The structure of bis(-p-methyl-1,3-dimethyl-h3-ailylnickel) (105) has two square 1 

planar nickels. each carrying a h3-C5Hg group linked by two methyl bridges. The 

f105) 

Reprinted with permission 

from Ref. 242. 

molecule is folded about the center leading to a close NI-Ni distance of 2.371 8. ’ 

The electronic structure of the complex has been analyzed by HO methods. The strut- 

ture also shows that the bridging methyl groups form slightly unsymmetrical two 
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electron-three center bonding systems 12421. Ally1 compounds of palladium have been 

synthesized with g- and E-fluorophenyl groups in the l- and 2- positions of the 

ally1 group. Frw the shielding of the fluoro group, the electron densicy distri- 

bution within the ally1 group is discussed [243]. 

Inelastic neutron scattering spectra (2 800 cm -1) of [s-C3H5NiBr]2, [T-C3H5PdC1]2 

and bl(;r-C3H5)2 (M = hTi, Pd) have been obtained and compared with optical data to 

assign the low frequency vibrations 12441. In agreement with previous data the 

force constants for the metal-ally1 bond have the same value for Ni and Pd compounds. 

In a similar study using infrared and Raman spectroscopy the metal-ally1 force con- 

stant increases in the series NiZPd<Pt 12451. 

Catalysts containing aluminum halides, PPh3, and x-allyl-, F-pentenyl- or :- 

crotylnickel halides are active in olefin dimerization or oligomerization. From 

EPR data it is concluded that the catalytic species contain Ni(I) [246]. The ally1 

compound (106) can be oxidized by Pb02 to give the new compound (107) [247]. 

OH 
Ffe C 

3 
We3 

t PdC12 + 
Pb02 

CYe=CH2 Xe3C Cl/2 

(106) 

Xe C 
3 

O -c+ 0 e’“\ 
Cl/2 

?Ie C 
3 

(107) 

VIII. Compleses formed by Insertion Reactions 

The reaction of NiR2(bipy) and NiR(X)bipy (R = Me, Et; X = imido. OCO>le) with 

CH2C12 or CHZIp gives RCH2CH2R, RCH2R, RNe and R(-H)=CH2, in addition to R-R, RH 
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and R<-H) [24SJ. Insertion of a carbene (:CH2) into the Ni-R bond is believed to 

occur in the reaction pathway. Work has been published on the influence of the 

organophosphine on the palladium catalyzed reaction of 4-bromophenol with methyl 

acrylate [249]. Equally good results can be obtained with an aryl iodide in the 

absence of phosphine. A mechanism is proposed involving olefin insertion into 

the Pd-Phenyl bond. _A mechanistic study has been made of the arylation of olefins 

by PPh3 in the presence of Pd(II) 

the following sequence [250]. 

compounds. The kinetic scheme is represented by 

K 
Pd(OAc),(PPh3)2W Pd(OAc)2(PPh3) + PPh3 

P~(OAC)~<PP~~) 
kl -Pd(PPh ) 0 

3n 

k2 
Pd(PPh3): d 

k 
Pd(Ph)PPh2(PPh3)n_l 

-2 

Pd(Ph)PPh2)(PPh3)n_l + ‘=F( 
f2st, ">-( 

The nickel(I) complex Nl(teta) + (teta = 5,5.7,12,12,14-hexamethyl-1,4,6,X- 

tetraazacyclotetradecane) reacts with alkyl bromides to form an unstable alkyl- 

nickel complex. In the presence of an olefin such as acrylonitrile, insertion 

occurs and the C-C coupled organic product is liberated [251]. The compounds 

trans-PdH(N03)(PCy3)2 and trans-]PdH(lleCN)(PCyS)2]PF6 insert acetylenes to give 

the alkenyl complex. It is shown that cis addition occurs and that the hydridic 

hydrogen adds to the acetylenic carbon containing the electron-withdrawing group 

[252]. The reaction of Pt(C2H4>(PPh3>2 with 5,6-dimethyl-2,1,3-benzothiadiazole 

gives [Pt,S{?i(6-p-N-4,5-Xe2C6H2))(~-PPh2)(PPh3)Ph (108). The structure shows that 

one of the Pt atoms is inserted into one of the S=S bonds [253]. A possible mechan- 

ism for the formation of (108) is presented. The reaction of the vinyl complexes 

Pt(CO)C1(RO2CC=C(Cl)CO~R) and [cis-Pt(CO)C12(R02CC=C(C1)C02R)]- (R = "le. Et) with 

primary and secondary alcohols gives specific alcoholysis at the u-alkoxy group 

[X4]. These starting compounds (109) have been synthesized by treating PtC12(CO)2 

with R02CCZCC02R, which inserts into one of the Pt-Cl bonds 12551. A study has 



(108) 

been made on the insertion of butyne-_ 7 into a metal-carbon bond in a cyclobutenyl- 

palladium complexes. Structures are proposed for the products and their relation 

to the PdCl, induced cyclotrimerization of acetylenes is discussed 12561. 

RORC 

\ /"' 
c=c 

OC\ / I 
PtC12 wo2 + R02CCXC02R 

Cl ptKo~c-oR 

(R = Xe. Et) (109) 

The o-isopropenylphenyl(diphenyl)arsine(L) compounds PtC12(L) and [Pt(acac)L]BFq 

1 
react with metal acetates to give [_kPh2C6H4-~-C(>Ie)=CH-Pt(OpCNe)]2 (110) and 

*~PhpC6~~-o-C(=CH2)C~~~t(acac) (111). The former is shown from S-ray structural 

work to have the deprotonated olefin bonded to Pt as a a-vinyl group, and in the 

latter the ligand is bonded as a a-allylic group [257]. Insertion-like reactions 

Referencesp.277 
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Reprinted with permission 

from Ref. 257. 

Me 

'Me 

Reprinted with permission 

from Ref. 257. 

occur with DCl. Ch loro(trans-3-oso-3-phenyl-l-propenyl)bis(tripheny lphosphine) 

palladium(II) and chloro(3-oxo-l-cyclohexenyl)bis(triphenylphosphine)palladium(II) 

have been prepared from Pd(PPh3)4 and linear or cyclic 2-chlorovinyl ketones [258]. 

A tetrakis(methoxycarbonyl)cyclohexadiene annelation of norbornene, cyclopentene, 

and cyclohexene with two molecules of dimethyl acetylenedicarboxylate is catalyzed 

by an equimolar mixture of triphenylphosphine and an oligomeric palladiacyciopenta- 

diene complex [Pd(C4(C02FIe)4)]n. Treatment with 2,6-lutidine gives [Pd(Cq(C02Ffe)4) 

2,6-lutidine],. The structure of this complex has been solved [259]. 

Associative and dissociative processes have been examined theoretically for the 

insertion of ethylene into a Pt-H bond. There is no easy insertion pathway from 

a five coordinate intennedizte, nor is there a facile reaction by a direct route 

from a four coordinate complex with ethylene and hydride mutually trans. The cal- 

(111) 

‘t ,Ph 
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culations indicate that the reaction is best achieved by a sequence of associative 

and, preferably, dissociative steps [260]. In a broad study of organometallic mi- 

gration reactions, reference is briefly made to some organometallic compounds of 

Xi and Pt [261]. 

The C-bonded imine, trans-Pd[C(?le)=N(E-tolyl)]C1(PEt3)2 reacts with Ne02CCSCC02Me 

to give two compounds, each having a substituted pyrrole derivative as ligand. The 

reaction proceeds by the N-H fragment of the enamine form adding across the triple 

bond of the acetylene to give an intermediate which undergoes ring closure with 

methanol elimination 12621. 

IX. Delocalized carbocyclic systems. Xetal carboranes 

Neutral and cationic diaminocyclopropenylidene complexes of Pd(I1) and Pt(II), 

trans-X2-u-X2>l,(C3(NR2)2)2 (112), G-R3PX,U(C,(NR,),), and [trans-(R3P)2AQIC3(NR2),] -- 

C104 have been prepared 12633. Stereochemistry of the peripheral dialkylamino groups 

R2N 
R2N 

2 

Y 

NR2 

+ X(11) 
s- -b- 

X 

0 
I 

M--Y 

1 i 

.r 

(M = Pd, Pt; R = i_-Pr) 

/ 
R2N 

X-X 
I 
s 

(112) 

is briefly discussed on the basis of IR and l3 C hRfR spectroscopy. 

?a* 

-Q 0 

‘R, 

This work on 

similar complexes is continued in a further article 12641. Treating Pd2(PhCH=CHCOCH= 

CHPh)(CHCl 
3 
) with [C P~(E-XeOC Y ) ]Br followed by reaction with Tlacac gives 

3 642 

Pd31C3?h(P->leOC6H4)',]2(acac)2 (113). The compound is composed predominantly (67%) 

of enantiomers of one isomer which arises from the addition of the C RIRz group to 
3 

Pd by ring opening the CR2-CR2 bond. This palladium is also O,Ol-bonded to acac, 

and two such units are linked by the second Pd atom [265]. Cyclopropenylium palladium 

complexes [PdC12(C3R2)J2 (R = t-Bu, N(i_-Pr)o) have been prepared from 2,3-R2-l,l- 

dichlorocyclopropene and Pd black. The complexes will undergo Pd-C cleavage with 

reagents such as SbC15 or H2S04 [266]. 



(113) 

Reprinted with permission 

from Ref. 265. 

Treating tetramethylcyclobutadienenickel dichloride with sodium in the presence 

bipy gives terramethylcyclobutadienenickelbis(- 7,Z1-bipyridine) (114) [267]. Fused 

0 

[(>fe4C4)NiC12]2 + 4Na 
bipy 

2[(Ne4Cq)]Ni(bipy) -I- 4NaCl 

(114) 

ring organic compounds are formed on treating (114) with CO, CH2=CHCN, PhCECPh. 

Arylation (with NaBPh4) of LPdC12(C4E-to1 )] gives the l-3-n-cyclobutenyl complex 
4 2 

IPd(C4P-tol4Ph)Ci], wJith the phenyl group entering endo to the metal. On reaction 

of [Pd(C4E-to1 Ph)X] 
4 

(X = acac, S2CNEL,) with ligands such as PPWe?, ring opening 

occurs to form the a-hutadienyl complexes Pd(C4E-tol4Ph)X(PPhYe2) (115) where the 

l-3-n-cyclobutenyl ligand has opened stereospecifically in the conrotary manner 1268 

The complex Pd(~3-C4~-ro14Ph)(S2C~--i_-Pr2) undergoes spontaneous ring opening to give 

two complexes Pd(l:3,4-n-C4E-tolPh) <S2CN-i-Pr2) (116) which differ as a disorder in - 
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the E-methyl groups of the phenyls. The structures of (116) and (117) have been 

solved [269]. Similar ring opening reactions have been found in the conversion of 

To Pll 

To 2& To 

I 
To 

0 

PPhMez_ Mbp;*h 

Me MetiM, ’ 
(115) 

PMezPh 

MeCFl) 

(116) 



“Me(E)” 

%-_’ 

“Me(D)” 

(1171 

3sprintec.I with permission from Ref. 269. 

n3-e-alkoxytetraphenylcyclobutenylpalladium chloride dimer to cis-l-trans-3- -- 

tetraphenyl-4-alkosybutadien-l-y1 complexes [270]. 

INDO-SCF calculations on s-cp-r-cyclopropenylnickel indicate a formal d 
10 

electrc 

configuration for hTi. Electron loss should occur first from the occupied closely 

grouped set of predominantly d orbitals, and then from a cp orbital. The behavior 

of the r-cyclopropenyl ligand is discussed using the calculated charge distributions 

[271]. IDNO-SCF calculations have also been carried out for Ni(a-cyclobutadiene)2. 

Bonding is mainly through milcicg of the n-ligand e 
(g) 

level and the Ni 3dxz 3d 
YZ 

orbitals [272]. 

Nickelocene reacts with bis(diphenylphosphino)maleic anhydride to give a product 

(118) resulting from insertion of the cp ligand into a P-C bond of the bis(phosphine 

ligand [273]. The structure of (118) has been confirmed crystallographically. 
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Nickelocene reacts with hexachlorocyclopentadiene to give 1,2,3,4,5-pentachloro-5- 

(2,4-cyclopentadienyl)-1,3_cyclopentadiene, which isonerizes to 1,2,3,4_tetrachloro- 

5-(4-chloro-2-cyclopentenylidene)-1,3-cyclopentadiene 

acid [274]. 

Complexes [PtXR1R2R314 (Rl = R, = >le, R3 = C(O)Me, 

~(0)Me; RI = >Ie, R, = Et, R3 = C(O)>le with X = Cl, 1) 

on addition of trifluoroacetic 

Et; Rl = R2 = Et, 
R3 

= He, 

on treatment with Tlcp give 

(Ti-cp)PtR R R _ 
123 

Conformational isomerization about the Pt-acetyl bond has been 

detected by IR spectroscopy. Treatment with HCl, HgC12 or I2 leads to the formation/ 

of [PtYe2RX14 rather than cleavage of a Pt-?Ie or Pt-C(O)>le bond. The complexes havei 

a piano stool chiral structure and they have been investigated by 
1 
H and 13C NNR 

spectroscopy. The spectra 

convert rapidly on the N?fR 

ferent orientations of the 

are very sharp and it is concluded that the isomers inter 

time scale. Three possible isomers exist using the dif- 

acetyl group about the piano stool. For the ethyl com- 

plex no E-elimination to hydride is observed [275]. 

A deteiled study has been made of the sequential alkylation of 
i- 

(a-cp)Ni by ?leBr 

in the gas phase by ICR spectroscopy. An activated complex is proposed involving 

transfer of Br to the nickel and CH3(CD3) to the ring [276]. 

I%en compound (119) is treated with Pt(PPh3)3 in toluene at -2O'C the product 

is 2 coiilpleli (120). Upon warning to 20°C the complex changes to (121) [277]. 

PPh PPh3 

-9 

I 3 I 
HgCl Hg-Pt-Cl - Pt-Cl 

I I 

'! 
i PtPPh3 

>I 
PPh3 

?I 
PPh3 

m3 

(119) (120) (121) 

The salt r-cpNi[OP(O>le)2], will form 0,01 complexes with Ni, TI, Al 2nd VO_ 1 R NMR 

of the diamagnetic complexes, and magnetic data for the paramagnetic ones, are given 

[278]. Treating cpPt(2-RC3H4) (R = H, >Ie) with PdL2 (L = P(i_Pr)3, PCy3) in a It1 

ratio gi_ves the binuclear complexes (n-cp)(n-2-RC3H4)PdPtL, (122). Based on the 

IH, 13C and 31P WR spectra the compounds have a heterometallic Pd-Pt bond [279]. 

Thermolysis of cpPd(ally1) gives Pd and a complex mixture of organic products [280]. 
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0 cs 
PdL, - L-Pd-Pt-L 

(122) 

The compound C F-NiBr is an intermediate in the synthesis of (C6F5)2Ni(x-toluene) 
63 

from Xi vapor. The ;--bonded toluene is labile and can be exchanged with other arene 

ligands at room temperature. III toluene solution at 25*C and at 100 atm pressure 

of R,, the complex catalytically converts toluene to methylcyclohesane [281]. 

Benzene, benzene-d6, and fluorobenzene react with nickel atoms to give :-complexes. 

The Ii7 spectra are shown and discussed in detail [382]. Bis(triphenylphosphine) 

<perfluoro-1,2,3.4.5.6-triethanobene) (123) has a trigonal planar structure 

about Pt with the C 12F12 bonded viz s double bond of the benzene ring. Bond lengths 

around the C12F12 benzene ring alternate, with the exception of the bond coordinated 

to Pt which is also long [283]. When Pt(C2H4)(PPh3j2 is treated with compound (124) 

F(3) 

Reprinted with permission from 

Ref. 283. (123) 

Referencesp.Z?? 



246 

the complex 4-6-r\-l-etholcyphenalenylbis(triphenylphosphine)platinum tetrafluorobora 

(125) is obtained- The structure of the product complex has been confirmed crystal 

lographically 12841. 

C(8 

(124) 

- 

BF4 
i- Pt(C2H4)(PPh3)2 

rQPt(PPh 1 

BF4 

32 

(125) 

Reprinted with permission 

from Ref. 284. (1251 



Netallacyclobutenyl compleses have been obtained from the addition 

cyclopropenium salts to zerovalent Pd and Pt compounds. A wide range 

is described. The complexes are mainly multimetallic and have either 

of triaryl- 

of compounds 

ii-cp or acac 

in the other coordination positions. The complexes exhibit dynamic behavior and 

some AGT ' values are given [285]. 

The structure of 2 substituted 1,3-diborolene nickel complex has been reported 

[286]. The synthesis is effected by treating the 1,3-diborolene with cpNi(C0) to 

give the complex (126) [267]. 

Q 
R + cpNi(C0) - Ni 

(R = Et) 

The dicarbollide r-complexes of Ni, Cs[(l,2-B9C2Hll)2Ni], (1,2-B9C2H11)7Ni and 

(1,7-B9C2Hll)2Ki have been studied by x-ray photoelectron spectroscopy. Binding 

energies are given 12881. The reaction of Nicp, with nido-(B11H13)2-, (B10H13)- 

or (Bg~17)- in the presence 

BllHll-V 
@-(cpNi)B1,,Hl,- 

of 2 catalytic amount of Na/Hg amalgam gives close-(cpNi) 

and the isomeric close-l- and 2-(cpNi)B9H9- anions respec- 

tively. Polyhedral expansion occurs through B-B oxidative addition. The reaction 

between the compounds and chlorine is described [289]. The molecular structures 

of 3-[C3E4(~Ie2)2]3.1,2-PdC B H 2 9 11 (127) and 3,3-(P'\le3)2-3.1,2-PdC2B9EI11 (128) have 

been determined by X-ray crystallography. The former compound (127) adopts a "slipped" 

configuration whereas the latter one (128) is much more symmetrical 12901. Reaction 

of Pt(PEt3)2 with nido-2,3-C B H or nido-2,3->le -2,3-C B H gives respectively 
248 - 2 246 

nido-u4 5-[trans-Pt(?Et3)2H]-p5 
-, 

6 
, 

-H-2,3-C2B4H6 (129) and e-n4,3-[trans-Pt(PEt3)2 

H1-u5,6 
-H-2,3->fe2-2,3-C2B4H4_ These compounds give close-platinacarbaboranes with 

adjacent and non-adjacent carbon atoms respectively [291]. Treating Pt(PPh3)4 with 

4-CB8H14 gives 9-e-bis(triphenylphosphine)-6-carbodecarborane platinum, 9-Pt(PPh3)2- 

6-CB8H12 [292]. The crystal structure has been solved. The structure of 3,3-bis ’ 

<triethylphosphine)-1,2-dicarba-3-platinadodecacarborane (130) has been solved. 

References p. 277 
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Elolecular orbital calculations based on the extended H&kel approximation account 

for the "slip" and "fold" distortion observed in this 2nd other carbametallaboranes 

12931. 

(129) 

Reprinted with permission from Ref. 291. 

References p_ 277 
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1 P(1 1 

(130) 

Reprinted with permission from Ref. 293. 

X. Metal hydrides 

An article hzs been written discussing the reactivity patterns in the formation 

of platinum hydrides by protonation reactions 12941. The complexes [fPtX(PEt,),& 

PH2JT (X = H, Y = Cl, Br; X = Y = Cl, Br) have been prepared and the structures of 

two isomers determined by 31 P NNR spectroscopy. The compounds are linked by single 

PH2 bridges. This bridging PH2 group is relatively stable, and it has a greater 

trans influence than PEt3 in the complexes [295]. Complexes PtH(EH)(PEt3)2 and 

Pt(EH)2(PEt3)2 (E = S, Se) have been prepared, Oxidative addition to trans-PtHX 

(PEt& (X = Cl, Br, I, SH, SeH, CN) gives 6-coordinate Pt(IV) dihydrides. Addition 



of HY (Y = Cl, I) to trans.-PtH(SH)(PEt ) gives Pt(IV) dihydrides which decompose 
32 

to Pt(EH)2(PEt3)2 (E = S, Se) 

(131) have been identified by 

products from the reaction cf 

and HCl give [PtH2C1(PEt3)3]+ 

12961. The complexes PtH2X(CN)(PEt3), (X = Cl, Br, I) 

'H and 31P I$IR spectroscopy at -80°c is the initial 

trans-PtH(CN)(PEtS)2 and EX_ Similarly [PtH(PEt3)3] 
+ 

12971. In the equilibrium of trans-PtHI(PEt8)2 with 

251 

PtH(CN)(PEt3)2 -i- HX 
-9oOc 

PtH2X(CN)(PEt3)2 
o"c 

-PtX(CS)(PEt$, i- H, 

(131) 

additional phosphine L (L = P?Ie 3_nHn(n=0-3) or PEt3) the temperature dependent 'H 

and 31P iWR spectra show the cation [PtB(PEt3)7L]I at -90°C.. These cations (except 

PH3) have been isolated as tetraphenylborate salts [298]. Well resolved spectra of 

the S-coordinate complex [PtH(PE;,)L,]+ are given. These authors have also inves- 

tigated the reaction between PtH2(PCy3)2 and >rH,X (El = Si, X= H, Cl, SiH3; >I = Ge, 

X = H) to give trans-PtHY(PCy 3 2 (P = PIH,X). The structure of trans-PtH(SiH3)(PCy3)7 ) 

has been solved [299]. The crystal structure of trans-[PtH(PQ3),(PPh3)]PF6 shows 

a very small angle of 135.2 Of or the P-Pt-P angle between the PC\* _3 ligands [300]. 

The comples PtH[Ph2P(C6H4S03)](PPh3)2 (132) h as been prepared from trans-PtHC1(PPh3), 

and the sodium salt of diphenylphosphinobenzene-E-sulfonate [301]- The complex 

PtH(SfileS)S(dppm) has been prepared from Pt?Ie2(dppm) and Sn>Ie3H [302]. 

trans-PtHCl(PPh3)2 t Ph2P(C6H4S03Sa) + PtH[Ph2P(CgHqS03)](PPh3)2 f NaCl 

(132) 

Plots of J(PtH) and -r(PtH) against o 
P 

have been made for complexes trans-PtB 

(1,3-diaryltriazenido)(PPh3)2. Good linear plots are obtained for Tie. H, F and Cl 

in the para position of the triazenido ligand 13031. 

Several cis-hydridoalkylbis(tertiary phosphine)platinum(Il) compounds have been 

synthesized and their decomposition to alkanes studied [304]. Rate data are supplied 

for the initial rate-determining intramolecular reductive elimination of alkanes. 

The qualitative sequence of decreasing reactivity for R in compounds PtH(R)(PPh3)2 

is R=Ph>Et>>le>CH2CH=CH 
2 
. Considerations about the oxidative addition of allcanes 

Referencesp.217 
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to Pt dimers with loss of H2 [310]. Conplexes trans.-PtH2L2 (L = PCy3. P-g-Pr3, 

P-n-Bu-t-Bup and PMe-t-Bu2) (136) have been prepared by reacting the peroqcarbonato 

complexes with NaBH 
4- 

A similar reaction with the diosygen complexes gives the 

products less readily. All the complexes insert highly activated acetylenes to yield 

trans-hydridovinyl complexes [311]. The hydrides trans-PtHX(P-t-Bu3)2 (S = Cl, B-r, I, 

trans-PtC12L7 -+ PtL2 -+ PtL,O, 
CO, X'aBH4 

- PtL CO - PtH L 
2 4 22 

(136) 

CF3C02> and trans-PtH,(P-t-Bu3)2 with bulky substituents will readily undergo facile 

intramolecular metallation [312]. From the reaction of trans-PtH(X03)(PEt3)2 with -- 

SaBPh4 a complex [PhPt(PEt3)2(!--H)Pt(PEt3)2H]BPh4 has been isolated. The struc- 

ture is confirmed by single crystal S-ray crystallography, and the hydride region 

by 'H iNR spectroscopy [313]. Bridged hydride complexes [Pt(;-H)(SiR3)(PCy3)]3 have 

been prepared from Pt(C2H4>2PCy3 and SiR3H (SiR3 = SiC13, SiCUle,, SiXe,Ph. Si\le2 

(CH,Ph), SiXe2Et, SiEt3, Si(OEt)3). The structure of [Pt(::-H)(SiEt3)(PCy3)12 has 

been solved [314]. .a similar gernanium compound has been prepared. -additional dis- 

cussion of these platinurs hydrides is given elsewhere [315]. A series of binuclear 

hydrides of platinum containing terminal and bridging hydrides have been prepared 

from PtC12(dppm) and NaBH4. Reactions involving Ccl4 and HCl to produce compounds 

such as complex (137) are described [316]. In a related paper the 
31 

P XlR spectra of 

these compounds are discussed and data given for J( 31P-31P) and J(31P-31Pt) [317]. 

PtCl,(dppm) + NaBH, + [Pt,H,(u-H) b-dpd,l+ a [Pt,Cl&-H)(n-dppm).,]+ 
L 4 L L 

The structure of trans-KiH(BH4)(PCy3)2 

A palladium hydride intermediate has been 

exchange reaction. These authors propose 

hydrogen bond [319]. 

L i L L 

(137) 

has an angle P-Xi-P of 1515.4(7)~ [316]. 

suggested in the palladium catalyzed amine 

the insertion of Pd(0) into the ctrbon- 
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XI. Xetal isocvanides 

An article from a symposium talk on isocyanide, carbene and related chemistry of 

Pd(II) and Pt(II) has been published. Subjects covered include formimidoyl and 

carbene complexes, _ o-metallation of carbenes, enamine-ketimine tautomerism of the 

Pd-C(Xe)=NR group, and the palladium(I1) hydride insertion reaction. The complex 

and reactions are derived from isocyanides 13201. 

Nickel vapor in a methyl isocyanide argon matrix at 20-45K gives Ni(CNMe), linear 

and angular Ni(C?Xs) 7, planar and pyramidal Ni(CN?le)3. and planar and tetrahedral 

Si(CQIe) 4, the force constants being determined from the IR spectrum. CO is a 

stronger ;--acceptor than MeNC [321]. The vibrational spectra (4,000-30 -l> for cm 

[Pd(CAXe)4](PF6)2 and [Pd2(CN?le>6](PF,)2 have been measured and assigned. From a 

Raman study of the Pd2 compound the fluxionality, bond polarizability, and bond orde 

of the Pd(I)-Pd(1) bond were estimated {322]. Linear dimetalloplatinum complexes 

ti-PtL2-X (?f = Co(CO)4, Co(C0)3PPh3. Fe(CO)SNO. Mn(CO),, n-~pMo(C0)~, n-cpW(C0)9; L 

t-SUNC, CyNC (138) have been prepared from trans-PtC1,(!z-BuNC)2 and N&f. Infrared 

CXR 

I 
trans-PtC12(t-BuSC)2 f 2NaM + M-Pt-?I + 2NaCl -- 

I 
(138) CXR 

= 

data in the CN and CO regions are given [323]. h%en K2[Pt(SCN)4] reacts with cycloh 

isocyanide the complex trans-Pt(CKCy)2(SCN)2 is formed. The complex undergoes iso- 

o.erization at 130°C to the cis isomer 13241. 1,2-bis(arylimino)propylpalladium com- 

plexes trans_PdXiC(~~)~le(NR)!L2 (X = Cl, Br; R = C6H40Me-R-or Cy; L = PPh3, PMePh2 

(139) and u-[PdCliC(KC6H40Xe-~)C?Ie(NC6H40Ne-E)jdppe], obtained from isocyanides, 

react with anhydrous metal halides >1X2 (PI = Fe, Co, Ni, Cu, Zn) to give chelate com- 

plexes (140) [325]. Another paper has been published by this group using this same 

concept [326]. 
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Me 

L \ 

I 
c=,xR 

cis-PdC12(CNR)2 
HgNe2 2L 

~[PdCl(CNR){C(Me)=NR~J2 
/ 

-cl-Pd- 
1 km 

L 

(139) 

Me 

i / 

t 
PM 

-NR 
2 

p Cl-Pd-C 

Vibrational and multinuclear magnetic resonance spectroscopy has been studied 

for methyl isocyanide compleses of Pd(II), Pt(II) and Pt(IV). The 
1 
H AYIR spectra 

show coupling to 14X, and l4 N chemical shifts have been determined from 1 H-i 14,: , 

INDOR experiments. For the Pt compounds the 195 Pt chemical shifts have been measured 

[327]. 13C RXR chemical shifts have been measured for trans-[Ptx(CSR)(PEt3).,]+ 

(x = Cl, Br; R = >ie, t-Bu, Cy, 4-C6H4Rl (R1 = H, Ye. O>fe, Cl, X02) or 2,6-C6H3C12); 

cis-PtC12(CNR)(PEt3); &-PtC12(CNCy)2; _ cis-PdC12(4->feOC6H4NC)PEt.. 
3 

Values lJ(P,-C) 

have been obtained and 2 correlation of chemical shifts of 4-R1C6H4SC lig:anda with 

+ 
the u 

P 
substituent constant for R1 presented [328]. The 14X XIR or' &-butyl isocy;anide 

complexes of palladium have been measured and discussed [329]. 

XII. Catalytic reactions involving complexes 

A short review of 37 references has been published which includes references on 

reactions of acetylenes catalyzed by metal complexes, 2nd the reactions becwrcn Xi 

or Pd complexes. and a benzene ring [330]. A silica-gel supported pd(O) compound 

provides enhanced selectivity because of steric steering. This steric steering of 

the nucleophile hss been used for allylic alkylation [331]. P2lladium and nickel 

complexes have been used to catalyze reactions of active methylene and carbonyl com- 

pounds with myrcene. The mixtures contain tri-&-butylphosphine. The reactions are 

considered to involve r-allylic intermediates [332]. 
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A polymer bound catalyst (141) has been used for the hydrogenation of nitrobenzene 

and benzonitrile. From benzonitrile at IOO°C, a 2:I ratio of N-benzylbenzamidine 

and a-(benzylideneamino)toluene are obtained. Hydrogenation of nitrobenzene at 80°C 

for 3.5 h under a pressure of 1000 lb 
-2 

in results in a 97% conversion into aniline 

[3331. The selective catalytic hydrogenation of COD to cyclooctene with PdC12(PPh3j1 

I PdC12 

Reprinted with permission 

from Ref. 333. 

(141) 

does not require SnC12 and the reactivity is similar to that of the corresponding 

heterogeneous Pd(I1) polymer catalyst. The n-allylic intermediate PdCl(n-cycloocter 

PPh3 has been isolated from the hydrogenation solution and is a much more active 

catalyst than PdC12(PPh3)2_ The catalysts are poisoned by excess triphenylphosphine 

but unaffected by chloride ion. With both H 
2 

and HCl present the hydrogenation is 

faster than with pure H 2 13341. Other results on the catalytic activity of polymer 

bound Pd(0) complexes have been published [335]. Hpdrogenation of PhCH=C(NHCOR)C02R 

(R = Ph, Rl = H; R = We, Rl = H, Xe, HOCH2CH2, Ple2CH, PhCH2) in the presence of 

palladium(I1) complexes of the styrene-(s)-phenylalanine maleimide copolymer shows 

a degree of selectivity dependent on the steric bulk and polarizability of the sub- 

stituents RCOXH and R'O2C on the prochiral carbon [336]. In an autocatalysis study 



the kinetics of the reaction of H with the acetate bridged dimer [Pd(OAc)2PPh3]2 

has been studied manometrically [337]. A polymer bonded palladium(I1) chloride 

complex with phosphinated polystyrene catalyzes the hydrogenation of alkenes and 

alkynes, and particularly the selective hydrogenation of dienes to monoenes [338]. 

The catalytic activity decreases in the order: conjugated dienes ? nonconjugated 

dienes > terminal olefins > internal olefins. A mechanism is based on kinetic studies. 

A very active hydrogenation catalyst has been prepared from Pd(--allyl), and vitreous 

materials containing surface OH groups, followed by reduction with LiH. Kinetic 

activity and rate constant data are presented and discussed [339]. It has been con- 

cluded that the yield of cis-2-pentene from 1-pentene CHD=CD(CHT)3CH3 is a measure 
-- 

of steric crowding at a catalyst site. Both homogeneous and supported nickel and 

platinum catalysts have been used, and the kinetics of isomerization measured [340]. 

A mechanistic study of the catalyzed olefin isomerization by Nil(PPh3)3, a low nickel 

(II) hydride (142) is responsible for the catalytic activity and is apparently pro- 

duced from a nickel(I) compound. This conclusion is based on mass spectral analysis 

ZNi(I) + olefineXi(II)hydride i- Ni(II)allyl 

(142) 

of the isomerization products of 1-butene-3,3-d?, and the similarity of the catalytic 

and chemical activity of hydrido species produced from Ni(PPh3)4 and HX at -78'C 

13411. Allylic rearrangements 

PtC12(PPh3)2 and SnC12 [342]. 

lytic dimerization of isoprene 

for the catalytic dimerization 

have also been reported catalyzed by mixtures of 

The complex NiC12(PPh3)2 has been used for the cata- 

13431. Palladium complexes have similarly been used 

of butadiene [344]. 

Among other materials, the compound Ni(COD)2 mixed with pp'-dichlorotetranitro- 

syldiiron has been used for the cyclodimerization of butadiene to 4-vinylcyclohesene. 

A mechanism involving olefin, then coupled vinyl complexes, is proposed [345]. The 

dimerization of 1,2,4-pentatriene on a Pd(O)/triisopropylphosphine catalyst at 35'C 

gives four 6-membered ring dimers. Intermediates of the n-allylic type are suggested 

leading to the formation of the organic products [346]. 

The Pt(COD)2 catalyzed reaction of butadiene with secondary amines (morpholine, 
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piperidine, diethylamine and dimathylamine) gives octa-2,7-dienylamines. Addition 

of PPh3 has little effect. The complex Pt(COD)2 catalyzes the addition of acetic 

acid to butadiene to give octa-2,7-dienyl acetate (143) and l-vinylhex-5-enyl acetat 

(144) in the ratio of 4:l. A mixture of Pt(COD)2 and PPh3 catalyzes the addition of 

OC (O)>le 

acetaldehyde to butadieue to give 2-methyl-3,6_divinyltetrahydropyran. Mechanisms 

involving allylic intermediates are discussed 13471. The dimerization-alkylation of 

butadiene to 1-methoxy-3,7-octadiene and 3-methoxy-1,7-octadiene has been studied 

with both Pd(PPh3)4 and resin-bound Pd(0) catalysts. Limiting rates are achieved 

on increasing the concentration of the homogeneous catalyst, but this problem is 

not encountered with the larger loading on resin-bound materials 13451. Butadiene 

oligomrrization has also been studied on polymer anchored palladium acetate [349]. 

The cyclodimerization of butadiene to 1,5-cyclooctadiene proceeds selectively in 

the presence of Xi[P(OC6H4R)3] (R = 2-Ph, Z-SiXe3) catalysts. Yields are lower 

when R='ri, and least selective when catalysts from P(OC6H3?.Ie2-2,6)3 are used [350]. 

The reectxon of 2.2,3.3-tetradeuteriomethylenecyclopropane and dimethl-1 fumarate 

has been carried out in the presence of Ni(an)2 (an = acrylonitrile). The data (145 

strongly suggest that 2 trimethylenemethane-nickel(O) complex of type (146) is 

responsible for the formation of these adducts [351]. 

CH,OCO H 
\ / Ni(an), 

+ c=c e 

D2 D2 
/ \ 

H COOCH, 

CDo.35 
CDO.08 C&.33 

n 

D 
COOCH3 

D D 
+ -2 + 

1.34 1.34 

D 1.82 O1.82 c4 
D-2 '. 0 

-. 

=COOCH3 CH,OCO “COOCH, 

Reprinted with permission 

from Ref. 351. 

(145) 
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H c /y-CH2 
2 I 

I 
I 

H2C \ 

NiL 
n 

(L = olefin) 

(146) 

The complexes trans-PtC12(C2H4)(Et2NH) and PtCl,CH,CH,hXEt,(Et$H) promote the 

conversion of acrylonitrile into propionitrile and 1,4_dicyanobutadiene 13521. The 

kinetics of osidative dimerization of styrene to 1,4_diphenylbutadiene in the presence 

of palladitin acetate in acetic acid and acetate show the most reactive species to be 

Pd3(Ohc)6. This compound does not form detectable complexes with styrene. The 

complex Na2Pd2(0hc)6 is the next most reactive and the reaction involves intermediate 

r-complex formation. The monomer Ka2Pd(OAc)4 is unreactive. The role of r-complexes 

in the reaction mechanism is discussed, especially the rate determining cc-vinyl com- 

plex formation [353]. Bis(diazadiene)nickel(O) complexes have been used for the 

catalytic tetramerization of alkynes [354]. Butadiene polymerization has been 

carried out with supported r-ally1 complexes of nickel [355]. The reaction of styrene 

and butadiene occurs in the Presence of a 3-component catalyst consisting of a polls- 

dium salt, a Lewis acid, and a tertiary phosphine. The reaction mainly gives the 

straight-chain codimer 1-phenyl-1,4-hesadiene. The proposed mechanism involves the 

addition of butadiene to a palladium hydride 13561. The complex [NiH(dppe)2]0COCF3 

has been used as a homogeneous catalyst for the oligomerization of hesyne-3 [357]. 

These authors have also reported the oligomerization of heuyne-3 by nickel(O) com- 

pounds under a CO2 atmosphere [358]. Son chelating tertiary phosphine complexes 

of Pd(0) in the absence of or in apolar solvents are effective catalysts for the 

telomerization reaction of butadiene and CO,. The products are the 6-membered lactone 

(147) and the octadienyl esters of 2-ethylidenehept-6-en-5-olide (148) 13591. In 

a similar study in polar aprotic solvents, CO 
2 

and butadiene give 2-ethy-lidene-5- 

hepten-4-olide, together with the formation of butadiene dimers. A possible mech- 

anism is discussed involving r- and a-allyls [360]. 

The polymerization of butadiene in the presence of a r-crotylnickel chloride- 

sulfuryl chloride catalyst is first order with respect to the monomer and, at low 
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CH3\ CH2 

c=c 

H/ I 

/ ‘CH2 

I 
CH-CH=CH2 

(1471 

Reprinted with permission from 

Ref. 359. 

(148) 

catalyst concentrations, second order with respect to the catalyst. At high cata- 

lyst concentrations it becomes zero order in the reaction [361]. Propionaldehyde 

has been dimerized by nickel(O) complexes [362]. A sequence of ligand insertions 

is proposed in the polymerization of isocyanides by compleses of nickel(II). The 

mechanism is related to the kinetic data and to reactivities of coordinated isc- 

cyanides [363]. One turn of the polymer helix contains approximately four repeating 

units. The entropy of activation for the reaction is low and it is unknown how the 

chain terminates [363]. in the following paper these authors present a rule which 

predicts the screw sense of the polymers. Data from ten chiral isocyanides have 

been used to develop these ideas [364]. The complex NiEt,(bipy) has been used for 

the catalyzed polymerization of aldehydes [365]. 

Palladium(O) complexes have been used as catalysts for the allylic alkylation 

of olefins [366]. Palladium allyls have been reacted with vitreous materials to 

place palladium on a support for use as a hydrogenation catalyst [367]. The com- 

plex Ni(COD) has been used in the cyclodimerization of 1,12-dibromo-2,10-dodecadiew 
2 

The reaction is carried out at 20°C and the yield is in the vicinity of 20%. The 

reaction is used as a replacement for Ni(CO>4 [36&X]. 
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The reduction of aryl bromides, catalyzed by Pd(PPh3)4, works better with sodium 

formate than with sodium methoxide. The reaction conditions for the formation of ArH 

(149) involve a temperature of 100°C in DPIF solvent [369]. The reaction has been 

Ar-Br f fiCO2xa 
Pd(PPh3)4 

ArH 

(149) 

carried out at high conversion on a series of 10 aryl bromides. The arylation of 

styrene (150) by Grignard regents hns been carried out in the presence of stoichio- 

metric or catalytic amounts of PdC12 [370]. Palladium complexes have also been used 

PIGlgBr f PhCH=CH, - PhCH=CHPh t HBr (150) 

for aryl coupling 

aryl halides with 

L 

13711 and the complex Pd(PPh3)4 used to catalyze the reaction of 

methoxide ion [372]. Zerovalent palladium complexes have also 

been used as catalysts for the conversion of aryl halides to aryl sulfides (151) 

[373]. Similarly the complexes have been used to catalyze the reaction of toluene 

PhX i RS- -- PhSR i- S- (151) 

with sulfuryl chloride to give substituted benzyl chlorides (152) [374]. In a similar 

XC6H4CH3 + SO,Cl, + SC6H4CH2Cl (152) 

type of reaction nickel complexes have been used as catalysts for the synthesis of 

vinyl bromides by halogen substitution on a vinylic position [x75]. 

Palladium complexes have been used in a new synthetic method for aromatic type 

medium and large membered lactones. The method is based on intramolecular alkylation 

of w-haloalky-l 2-phenylthiomethylbenzoate, and is applied to the synthesis of (k)- 

lasiodiplodin [376]. Palladium is involved in the synthesis of one of the reactants, 

8-chloro-6-octen-2-01. The allylation of 8-diketone, 8-ketoesters, and methine active 

hydrogen compounds by ally1 phenyl ethers or ally1 esters with palladium phosphine 



catalysts has been studied (153). The use of DIOP gives up to 10% e-e. [377]. A 

mechanism has been proposed which involves carbanion attack at a palladium ally1 

complex. Asymmetric hydroformylation has been carried out with chiral platinum corn* 

plexes [3781. 

PhOCH2CH=CH2 f MeCOCH2C02Me 
80°C 

- MeCCJCH(CH2CH=CH2) (153) 

I 
CO$le 

Telomerization of butadiene with RS02CH2C0$ie (R = ph, tolyl) using a catalyst 

containing Pd[CH(C02Me)2]2:PPh3:A1Et3. -CF3C02H in proportions 1:3:4:10 gives 90-959, 

RSo2~HR1,,2"e[R1=,H2CH= CH(CH2)3CH'CHZ-trans] and RS02CR~C02Ne. Transformations of 

these organic compounds into other products are described 13797. A terminal con- 

jugated diene system is obtained by the palladium catalyzed elimination reactions 

of allylic acetates and phenyl ethers (154). The catalyst is composed of palladium 

Rl 

-OR - + ROH (154) 

(R = Ph, CH3CO) 

acetate and triphenylphosphine [380]. ;r-Allylic complexes of nickel, palladium and 

platinum have been used to catalyze the telomerization of butadiene with Et2NH to 

form C12HlgXEt2 and C8H13NEt2_ The reaction is accelerated by the addition of tri- 

phenylphosphine 13811. The dimethylamination of duroquinone, Ni(duroquinone)S, and 

Ni(duroquinone)(COD)2 with Me,,hX or (Me2N)2CH2 gives 51% 2,3-dinethyl-5.6-bis[(di- 

methylamino)methyl]hydroquinone. h'o 2,5-dimethyl-3,6+is[(dimethylamino)methyl] 

hydroquinone is obtained [382]. 

Zerovalent phosphine complexes of palladium have been used as catalysts for the 

synthesis of conjugated dienes from the reaction of brono- and cp ClZr substituted 
2 

vinyl compounds 13833. Similarly the palladium complexes have been used in the 

reaction of tin substituted allyls with u-chloroketones. The reaction is used for 

the synthesis of epoxides 13841. Linear, fatty type, carboxylic acid esters have 

been obtained by regioselective 1-alkene carbonylation. The reaction is catalyzed b 
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dispersions of ligand-stabilized Pd(I1) chlorides in quaternary Group VB salts Of 

trichlorostannate. The dependence of alkene and catalyst composition is described. 

Also the techniques are described for multiple recycling and regeneration Of the 

catalyst [3853. 

Chiral dibenzophospholes have been used as ligands to Pd for the catalyzed 

hydroesterification of a-methylstyrene. The optical purity of the product is reported 

for a series of optically active chelating phosphines and the relative effectiveness 

of the ligands to induce enantiomeric excess compared 13861. 

The addition of cyanogen to acetylacetone is catalyzed by Ni(acac)Z under ambient 

conditions. A complex Ni(acac)2. 2<CZN2) has been isolated from the reaction mixture. 

It is proposed that cyanogen has inserted into the methino C-H bond. If the reaction 

is carried out in the presence of an excess of acetylacetone and cyanogen, cyanation 

occurs [387]. A 

tion of Grignard 

RCrCSiMe 
3 

in the synthesis of tetrasubstituted alkenes. The hydrosilylation of isoprene czta- 

mixture of Ni(acac)2 and XlXe3 has been used to catalyze the addi- 

reagents to silylacetylenes (155) 13881. The method has been used 

f MaXgBr + R(Me)C=C(SiXe3)MgBr (155) 

lyzed by a palladium complex using chlorohydrosilanes proceeds by 1,4- addition to 

give Z-2-methylbuten-2-yl-silanes. The reaction is highly regioselective and stereo- 

selective. The complex used is a mixture composed of PdC12(PhCN)2 and triphenyl- 

phosphine [389]. A new synthesis of alk-1-en-4-ynes (156) is described which is 

R1CH=CHCH20COR + R2CsCH -+ R1CH=CHCHZCXR2 + RCO,H (1563 

catalyzed by Ni(0) complexes. The complex has PPh3, PBu3, P(OEt)3, COD as stabilizing 

ligands. The reaction proceeds under mild conditions and yields are given for a 

range of substituents R, Rl and R2 [390]. 

The complex PdC12(py)2 has been used as a catalyst for the carbonylation of R- 

nitrotoluene 13911. A second similar paper has been published by these authors 13921. 

Attachment of palladium to quinone polymers gives a catalyst which can be used for 

the oxidation of ethylene to acetaldehyde 13931. 
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Palladium(I1) salts supported on Amberlyst have been used as catalysts for ester' 

interchange reactions involving vinylacetate and vinylpropionate. Results are also 

given for-the oxidative esterification of ethylene at llO°C to vinyl acetate and 

aldehyde [394]. Elethylchlorodisilanes such as 1,2-dimethyl-1,1,2.2-tetrachlorodi- 

silane, 1,1,2-trimethyl-1,2,2-trichlorodisilane and 1,1,2,2-tetramethyl-1,2-dichlor 

disilane zrc cleaved by HCl in the presence of Pd(PPh3)4 to give methylchlorohydi- 

silanes (157) in good yield [395]. The reactivity order follows the sequence 

?le Sic1 
2 4 

j >fe Si Cl 
3 2 3 

> Me4Si2C12_ Compounds such as PdC12(PPh3)2 and NiC12(PPh3)2 

C12XeSiSiXeC12 -k HCl pd(o)~NeSiHC12 f IleSiC13 (157) 

50% 5Oi: 

do not give the symrmetrical cleavage. In the presence of palladium complexes such 

as PdC12(PPh3)2 or Pd(PPn3)4, fluorinated disilanes add to 1,3-dienes, methvl vinyl 

I 
ketone, and P-benzoquinone, to give mainly 1 .4-addition products such as (156) [396]] 

FYe2SiSiYe2F i [Pdl 

FXe2Si Silk F 
2 

(ES) 

The catalytic mixture of Xi(acac)2, AlR3 and PPh3 has been used for dimethylsilane 

hydrosilylation. The interaction proceeds through only a single Si-H bond. The 

addition is reported to CH2=CHCN, CH2=CHC02>le, CH2=C(Xe)OCO>fe, 

CH2=C(Me)C0.,?Ie. Repeated reactions of dienes leads to coupled 

CH2=CHOBu, CH2=CHOCO: 

products (159) [397] 

w -I- HXe2SiWoBU _ 

Vi-/O- (15 

Ne 
2 

I 

Allylmethylsilanes (160) can be prepared from methylchlorodisilanes and allylic hali 
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using Pd<PPh3)4 as catalyst. Concentration/time profiles are plotted and details 

of competitive reactions are given 13981. 

EIe3SiSiIIe3 -I- CH2=CHCH2C1 
Pd(O) - CH2=CHCH2SiMe3 •F Ele3SiC1 

(160) 

The molecular structures of two asymmetric olefin hydrogenation catalysts, 

PdC12E(Ne2~Nen)P)2 (161) and PdC121(Ele2Xen)P~, (162) have been solved [399]. 

The neomenthyl groups in (161) are located on the same side of the coordination 

(161) 

Reprinted with permission fro-o Ref. 399. 

(162) 
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plane but the menthyl groups in (162) are located on either side of the coordinatio 

plane. 

The complex Ni(PPh5)n has been used as a catalyst for alkaloid synthesis [400]. 

Complexes Pt(PEt3)3 and Pt[P(i-Pr)3]3 have been used in the water gas shift reactio 

1 The reaction is carried out in acetone solvent between temperatures of 100° and i50° 

and turnover numbers up to 345 found. A possible mechanism is presented involving 

hydride, forxnate, carbonyl and hydroxy complexes in the cycle [401]. A platinum 

chloride-tin chloride homogeneous catalyst has been also used for the water gas shif 

reaction. Large excess of SnCl, inhibits the reaction, and no catalysis occurs in 

the absence of either strong protic acid or a chloride source. The complex ions 

[PtCl(CO)(SnCi3>2]- and [PtC12(CO)SnC13]- have been identified and isolated from the 

reacting mixture [402]. 

The complex PdC12(NeCN)2 in conjunction with AgBF 
4 

will catalyze the cyclization 

of a isoquinuclidine to the racenic ibogamine 14031. Olefinic amines of type 

2- 
CH2=CH(CH2)nNHR cyclize in acidic soiution at 60°C in the presence of PtC14 . The 

reaction is catalytic because the PtCl 2- 
4 

is regenerated. An example is shox-n (163) 

where n=3 14041. The rxchenism of the cyclization is shown leading to the protonate 

amine (164). The Pd(I1) catalyzed asynraetric cyclization of 2-(but-2-enyl)phenol tc 

optically active 2,3-dihydro-2-vinylbenzofuran (165) in 1Z optical yield occurs in 

[PtC14]2- 

H2C=CHCH2CH2CH2XH2 

o- 

Me 

N 
H 

(163) 

the presence of 2 catalytic amount of (-)-B-pinene. A x-allylic palladium inter- 

mediate is suggested [405]. Palladium acetate has again been used by these authors 

in a further article on this reaction 14061. Complexes of nickel(O) hzve been used 

to catalyze the cyclization of (166) to (167) 14073. The intermediate 
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I CH(CH2$NH3+ +H- 
Cl- +-I] 
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Reprinted with 

permission from 

Ref. 404. 

(164) 

(165) 

compound is proposed. The complex NiC12(PPh3)2 has been used as a catalyst for the 

addition of dichloromethane to olefins 14081. 

Homogeneous solutions of naphthalene and a platinum metal chloro complex in D,O 

and CH CO D 
3 2 

cause deuteration of the naphthalene. The found sequence of catalyst 

efficiency is in the sequence Na~PtC14.4H~0~~Na~IrC16.6H20~Na~OsCl6_6H~O~~RhCl3~3H~O~ 

RuC13.3H20~hTa2PdC14_4H20 [409]. 

(166) (167) 

Organotin compounds undergo a palladium catalyzed coupling reaction with acid 

halides to give ketones (168). The reaction is general both for the organotin com- 

Referencesp.277 
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pound and the acid chloride [410]. The reaction proceeds through the scheme shown 

RCOCl t SnRi + RCORl C SnClRi (168) 

and the yields are high for a good range of substituents. Zerovalent Ni or Pd phosJ 

phine complexes have been used in cross-coupling reactions, and applications to thei 

Pd(PPh3)2 
RCOCl 

PdCl(COR)(PPh3), 

Scheme 

stereo- 2nd regioselective synthesis of trisubstituted olefins made. The catalytic 

activity is promoted by zinc szits. The rezxtions involve the interaction of the 

alkenylaluminum or -zirconium compounds with alkenyl, aryl or alkynyl 

_ n solution of Ni(acac), in the presence of an aluminum reducing agent 

2s z cat=lvst for the conjugate addition of organoaluminum acetylides 

Optimal yields 2re obtained in the presence of excess dialkylaluminum 

XIII. Complexes and reactions of general interest 

halides [411]. 

has been used 

to rc,S-enones. 

acetylide [414 

A review h2s been published in the Japanese literature on the chemistry of zero- 

valent complexes of Xi, Pd and Pt [413]. Complexes of type ?lsXi(EPh3)s<THF)s ere 

formed from Xi(COD)2 and XEPh3 (>l = 

and SnPh,, 
3 

x = 4; but with SiPhi, s 

Li,Ki(COD)Ph,(THF)5 and Ph3PbPbPh 
3' 

Li, X2, R; E = Si, Ge, Sn) in THF. With GePh; I 

=2 or 3. Treating Ni(COD)2 with LiPbPh3 gives 

The 
1 
H 2nd 

29 . 
Si XXR spectra, and the N%sbauer 

spectr2 2re compared with those of YEPh3 14141. 
1 

Xodern size-exclusion chromatography has been used for the separation and identi 

fication of low-valent complexes of Ni and Fe. j The compounds contain either phosph' 

or phosphite ligands 14151. i 

The compound Ni(COD)(PPh3)o reacts with isocyanate or diphenylcarbodiimide to giv' 

lrl complexes (169) [416]. Infrared data are presented 2nd discussed 2nd the strut-- 





270 

Pt(PPhS)2(RNSNR) [418], for which N-coordination has been proposed, show from 31P 

and 1"Pt mm spectra that the compound Pt(PPh,),(Phl'NSl'NPh) has the sulfurdiimine 

side-on coordinated via one N=S bond [417]. 

The synthesis and spectroscopic properties of mixed trihalophosphine complexes 

of Ni(Oj and Pt(II) have been described. Typical compounds are Ni(PC13)3PF3, Ni(PCIS);l 

(PF3)2, Gi(PBr3)3PF3, Ni(PBr3)2(PF3)2, Ni(PBr3)(PF3)3 [419]. An electrochemical 

procedure has been published for the preparation of Ni(P(c-tolyl)3)3. The two step 

procedure involves the preparation of a very pure nickel(I1) solution by anodic 

oxidation of metallic Xi, followed by cathodic reduction of this solution on mercury 

in the presence of excess phosphite [42Cl]. 

The 1' F chemical shifts for m- and R-fluorophenylphosphines incorporated in a 

range of Group VIII complexes have been measured. The data are used to obtain values 

of the o I and oi parameters used to correlate the electron withdrawing and donating 

parameters of aromatic compounds. It is concluded that the donor or acceptor prop- 

erties of a metal ion containing moiety are determined more by the nature of the 

ligands present than by the formal oxidation state of the metal ion [421]. 

Intramolecular rearrangements of square planar 8-diketonate complexes of Pd(II) 

Reprinted with permission from Ref. 423. 
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and Pt(II) occur by a dissociative mechanism [422]. The systems studied involve 

7r-211571s and other delocalized organopalladium complexes as well as platinum-olefin 

compounds. 

The structure of Ni(NCS)NO(PPh3)2 (171) has pseudotetrahedral geometry about the 

0 
Ni atom. The nonlinear Ni-N-O angle is 161.5(S) , and the two Xi-P distances are 

significantly different [423]. Treating [NiBr(np3)]BPh4 (np3 = tris(Z-(diphenyl- 

phosphino)ethyl)amine with SOg in the presence of NaBH4 gives the complex Ni(np3)S02 

(172) 14241. The nickel is pentacoordinate with the SO2 group (Ni-S is 2.336(3) 2) 

Reprinted with permission from 

(172) from Ref. 424. 

bonded in a bent mode. The poly(tertiary phosphine) ligands bis(2_diphenylphosphino- 

ethyl)-n-propylamine. bis(2-diphenylphosphinoethyl)phenylphosphine and N,S-bis(2- 

diphenylphosphinoethyl)21-diethylaminoethylamine form stable 

nickel (II). The structure of the complex (173) formed with 

the nickel coordinated by one N and two P atoms, and also by 

X similar nickel complex has been prepared with a tridentate 

is a sole Ph3Sn ligand coordinated to the nickel atom [426]. 

thiol complexes of 

the latter ligand has 

the sulfur atom [425]. 

ligand except now there 

The compound Ni(SeH)2(dppe) (174) can be prepared by treating NiC12(dppe) with 

two moles of NaSeH. This red-brown compound is air-stable, and evolution of H2Se is 

only observed above 100°C. Bands in the 

assigned to v(Ni-Se) [427]. Substituted 

complexes 14281. 

infrared spectrum at 249 and 209 cm 
-1 

are 

phosphines have been used to prepare nickel(I) 



Reprinted with permission from Ref. 425. 

NiC12(dppe) + 2NaSeH -- Ni(SeH),dppe f 2NaCl 

(174) 

A low temperature matrix isolation study has been made of the interaction between 

PH3 and zerovalent Cu, Ni and Ci-. A band at 1004 cm -' is assigned to Ni(PH3)4 [429]. 

The new metallocylces Pd(Si221e40)(PPh3)2, Pd(Si2Xe4CH2)(PPh3)2 and Pt(Si2Xe4CH2) 

(PPh3)2 have been prepared. The new complexes act as catalysts for the dispropor- 

tionation of tetramethyldisilosane into dimethylsilane and linear polysiloxenes. 

A general method of preparation for the conpounds is shown below (175) [430]. 

>rfm(PPh3)2 t (Me2SiH)2X + (Ph,.)2?l;si;X + 

F\ 

:Si-Y i- H2 

(X = 0, CH2) (175) 

Compounds NNi(PP'n3)3(EPh3)(THF)x (E = Ge, SII, Pb) and Pf3Ni(PPh3)(EPh3)3(THF)x 
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(E = Ge, Sn) are formed from Ni(C2H4>(PPh3)2 and XEPh3 (>I = Na, Li). IH XJlR and 

llgSn Nb'ssbauer spectra are reported and discussed [431]. A range of metalate(0) 

compounds have been prepared with SnCli as ligand. Thus thermal substitution reac- 

tions of Ni(C0)4, Pd(PF3)4 and Pt(PF3)4 give [?l(SnC13)4]4- (Pl = Xi, Pd, Pt) (176) 

[432]. The preparation and chemistry of the clathrate compound [PhCX.PPh3.Ni]4.'C7HS 

Ni(CO)4 + 4SnCl; --f [Ni(SnC13)4] 4- + 4co 

Pd(PF,)4 + 4SnCl; -+ [Pd(SnC13)4]4- + 4PF3 

Pt(PF3)4 + 4SnCli + [Pt(Snc13)4]4- + 4PF3 

(176) 

are described. The crystal structure shows that each Xi atom of the tetramer is 

linked by o-bonds to a P and N atom, and by T-bonds to the S-C group of 

benzonitrile molecule. The coordination of the nickel atoms is roughly 

and the Ni and N atoms form an S-membered ring with a boat conformatlion 

P(3) 

P(4) 
P(2) - 

an0 ther 

trigon2i 

(177). Four 

Referencesp.277 
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P(4 1 

P(3) 

P( 
C (80) 

P(2) v 
(177) 

solvent molecules, 2 toluene, n-hexane, and COD are present per asymmetric unit in 

the unit cell [433]. 

The Pt(0) dimer [Pt2(u-dppm)3] has been used for the catalytic reduction of NO 

end o2 by CO under .ambient conditions (178) [4341. Addition of SO2 to PdX,(dppm), 

O2 
-I- 2co 

Pt2(L-dppm)3 

Pt2(wdppm)3 

: 2co2 

2x0 f co x20 -I- co2 (178) 

(S = Cl, Br), Pt2C12(dppm)2 or Pd Cl 
2 

(Ph A&H AsPh ) gives 111 adducts. 
22 2 22 

The crysta 

structure of Pd2(p-S02)C12(dppm)2 (179) shows two approximately planar palladium 

Pd2C12(d?pm)2 + S02e Pd2(u-S02)C12(dppm)2 

(179) 
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PO 

(179) 

centers having a bridging SO2 molecule [435]. 

The compound ~p~>lo,(CO)~ has a reactive !!o%?Io triple bond. The formation of the 

complex in refluxing xzlene occurs by odd-electron intermediates from homolysis of 

the I10410 bond in cpz>lo,(CO)6. The reactions of the compound xith PPh3, P(@le)3. 

?le2S2, CN-, 12, HCL, HgPh2, Cz(CN4 are described. cluster compounds such as 

[w-<PPh3)2PtIcpz~foZ(CO)4 (180) have been prepared from Pc(PPh314 [4361- 

Z~p~>lo~(cO)~ + Pt(PPh& + cp(CO)2~~o=>fo(c0)2cp[wPt(PPh&,] + c~~~lo~(CO)~ 

(180) (PPh& 

References&L 277 
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The hydrolysis of Pt(PPh,)202 with non-coordinating acids gives [Pt2(02)(0H)(PPh3)4 

x (Y = Cl0 4, PPb, DP4. pu'O3) (180, and then [Pt2(OH>2(PPh3>4]X2 with stepwise loss of 

H2°2- 
The structure of (181) has been confirmed by X-ray crystallography [437]. 

The interaction of two d 
10 centers in a recently prepared P2PtPtP2 dimer has been 

calculated. An admixture of metal s and p functions into X.O.‘s primarily composed 

of d functions converts, in part, bonding and antibonding interactions into more 

bonding and nonbonding ones [438]. Details of the calculation are given. 

!-I,0 
2 Pt(PPh,120, + HCLO, - 

pn3p, ,0-o\ ,PPh, 

~Pt\O/Pt~pph 
CIO, + H.0,: 

Ph,P 
H 

3 1 
I HCIO, , H,O 

,PPh3 

\ 1 PPh3 
cc IO& 

Reprinted with 

permission 

from Ref. 437. 

+ 

The asymmetric chelating ligand (R,R)-diop forms a mononuclear Pt(0) complex 

which exhibits conformational isomerism observable by 31P iWR. There is considerable 

selectivity in ligand bridging favoring the optically active bis(diop) complex over 

its meso diastereomer in solution 14391. 
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