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This article on organonietall$c derivatives 0.f Ni; Pd.-&d'iPt and ~ _ 
their reactions, is.only.~comprehen.sive if-read .in conjunction with _- 
the sumey for 1974 appearing in this journal _entitled.."Transition 
Metals-in Organic Synthesis", by LHegedus.: Duplications in . . 
these.tuo surveys have been minimised(see vol.103 (1975) 421:47411 
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1: Netal-carbon cJ-complexes 

A review on stable homoleptic metal alkyls, containing references 

to Cu, Ni and Pd complexes has appeared [l]. The structuraldetermina- 

tion of Ni(Et)(acac)Pl?h 
3 
has shown the compound to have a normal stereo- 

chetical configuration (Ni-O 1.978)_ The single sharp resonance obserrred . 
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for the ethyl protons has been attributed from 13 C NMR measurements, to 

2ccidental.proton equality and not scrambling [Z]. New cyclopentadienyliron 

all&l carbonyls and nickel alkyls have been prepared [e-g. CpNiR(PPh3), 

R=cP5,CP2CP3, CP(CP3)3] and evidence obtained,from $ and lg P NMR data, 

for restricted rotations about the metal-alkyl bond [S]- NMR studies 

showed the existence of the [NiMe(PMe3)&] f cation in solutions 'of NiMe(PMe5)5X 

(X=C1,Br,I,SCN,02PMe2) and PMe5. The cation ~2s fluxional 2nd computer 

simulation of the NiMe PMR gave an activation energy of 11.6 kc2l/mole for 

the intrvnolecular pseudorotation [a]. CpNi(CH2SPh)PPh3 is formed from 

LiCH.$iPh and the corresponding halide and tended to eliminate CH2 to give the 

metal thiophenolates 153. The carbonyl-n-cyclopentadienylnickel anion 

reacted with but-5-enyl chloride 2nd cyclopropylmethyl bromide in THP 2t 

75O to give a- and trans-($-but-2-enyl) -r;-cyclopentadienylnickei and 

(1) respectively. Photolysisof (1) effected insertion of the carbo_nyl group 

into the cyclopropylmethyl ring 161. Ni and Pd atoms have been employed 

2s synthetic reagents for the fornation of 2 series of bis(methylphosphine) 

organonickel and palladium complexes [7]. Two kinetically distinct steps 

in the mechanism of methyl transfer from methylcobalamin to Pd(II) h2ve 

been identified. The initially estnblished equilibrium involves 2 relatively 

2- 
rapid complexation between PdC14 and the benzimazole nitrogen of the 

cobalamin, followed by a slower methyl transfer to palladium [8]- 

Trimethylplatinum azide has been prepared [9] 2nd characterised 

crystallographically. The cubane structure consists of [PtMe3N514 

molecules in which each a-nitrogen of the aside groups links three 

Refeiences p- 400. 



platinum ato-ms [lo). A number of acac:complexes .of dimethylpla&iuum:(IP)~ .. -. 
I 

ha& been synthesised [ll]. R2Mg(&e,Ph) were foundto.& asiactive as. 
.’ 

organolithium compounds in.preparing PtR2L2- complexes (L = mono-'or I$= 

bidentate tertiary phcsphines j f~]. The tetramer [Me3PtI14 0; CpPtMe3 

and potassium trispyrazolylborate or tetrakispynzolylborate gave Me Pt 
3 

(c~~N~)~BR (B=M, n=3; F+O, n=4) respectively. Potassium bispyrazolylborate 

and [Me3PtI14 produced Me3Pt(C3H3N2)BH2 which contains a novel B-H-Pt 

bridge,as characterised by an IR band at 2039 -1 El+]. cm Compounds of 

type PtHeL21 were prepared by olefin displacement from PtMe(NDD)I (D2 = 

Me,N(CE2)2NMe2; L = 3,+lutidene, PhCH2NH2). Oxidative additions to some 

the 

COD, 

of- 

these products with I2 and Me1 gave mono- and dimetbylplatinum(IV) compo.unds 

Cul. Neutral and cationic cyanoalkyls of Pt(I1) have been characterised 

115,161, e-g. &- and tm- [PtCl(CH2CN)(PPh3)2] were formed from Pt(PPh3)q 

and ClCH2CN in acetone and benzene respectively [16]. In some cases [ 153 

coordination of the CN group promoted cis-trans isomerisations, as well -- 

as addition reactions of alcohols to give imino ethers. Insertion reactions 

rsith CO were also observed. 

A number of studies on the mechanistic aspects of oxidative additions 

to palladium and platinum compounds have been reported [17-241. The crystal 

structure of trans-bromo(trans-styryl)bis-(triphenylphosphine)platinum(II) 

indicated that the cxidative addition reaction of trans-B-bromostyrene to 

.Pt(PPh3)4 is stereospecific [17]. With e-alkyl and benzyl halides and 

Pt(PPb ) 
-3 4' 

only PtX2L2 products were obtained. A mechanism was proposed 

and tie importance of some new five-coordinate PtX& complexes in the_ mechanism 

of phdsphino catalysed isomerisations of square planar PtX2L2 compounds 

discussed [18]. The formation of MBr2(PEt3)2 from M(PEt3)? (M=Pd,Pt) 

and reactive alkyl halides occurred too rapidly for a radical chain 

process and with some additions a one electron process, as a 'component of 
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~th& oxidative addition reaction, has been inferred from CIDNP enhancements 

-.in'.lH .NMR spectra of the reaction mixtures [lg]. In other alkyl halide 
'. 

reactions nith M(PEt ) the evidence points to a radical chain process as 
33 

the major pathway in-the addition reaction. Part of this evidence was; 

(i) neopentyl bromide and Pt(PEt3)? in toluene produced, as well as the 

expected product, tnns- [Pt(CH C R 
265 

)Dr(PEt ) 1; 
32 

(ii) radical scavengers 

reduce the reaction rate by a factor of 5-105. (iii) optically active 

addenda molecules produce optically inactive species [20]. Similar studies 

of additions of S(+)-PhCHDCl to Pd(PPh3)e [21], and of S(-)a-phenethyl 

bromide to Pd(CO)(PPhg)3 [22] showed, by a series of carbonylation and/or 

degradation steps, that a stereospecific inversion at the asymmetric carbon 

atom centre occurred on complex formation. Kinetic behaviour observed for 

the reactions of Me1 with Pt(PPh3)n (n = 2,3) was consistent with scheme 1. 

K 
PtL3 _.= PtL2 + L 

PtL3 + Me1 kl PtMeIL2 + L 

PtL, i Me1 k, trans-PtMeIL2 

(S.cheme 1) 

A polar transition state was inferred from rate increases in polar solvents 

C2sl. The stereochemistry of the reactions of Be1 and CF51 with--PtR2L2 

(IkPh, Me: L=CNC6H4Me, AsMe3, PMe2Ph) were dependent upon R and L, and 

stereochemical rearrangements were facilitated by cation formation. 

In several instances reductive eliminations to Pt(I1) compounds occurred. 

Unetic data for Me1 additions to &-[PtMe2(CNC6H4Me)2] were given, and 

the stereochemistry of the Pt(IV) complexes formed from 12, Me1 and CF31 

and trans-[PtRI(PMe2Ph)2] (R = Ph, Me) were discussed [24]. . 
i 

A series of spectroscopic studies on platinum alkyl complexes have 

appeared [25-361. Far IR and Raman measurements on PtRlR2XL2 (R = Me, 

Referencesp.400. 
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CD ; .1 
3 

R = Me, CD 
3’ 

CF3, M&O, PhC92, CR2= CH-CH2; X.~=-Cl,-&, I; . . 

L = phosphine, -ire) have led fo an I.&JI&~~JOUS z+ssigomdnt of u(Pt-X) [25]. 

The 12'Ie2qQ values fron the 129 I Miissbauer spectra of neutral-.and cationic. 

compounds of type trans-fPt 12%XL2] (X = Me, CF3, I: L = PMe2Ph) and trans.- 

CPt ='ILlL2r (Ll = P(OMe)3, P(ClMe)2Ph, PPhs, AsPh3, EtNC, R-MeOC6E4NC). 

-xere shovn to be very sensitive to trans-ligand influence and a traps- 

influence series for these ligands wz established [26I- various factors 

affecting fragmentation paths and ion abundances have been identified in a 

mass qectkoscopic study on PtR2L2 (R = al&l. aryl; L = P$; L2 = chelating 

diphosphine). Rearrangement processes occur in which organic groups are 

transferred to and from phosphorus and platinum and a mechanism is proposed 

whereby polyphenyl ions are formed 1271. Pt 4f bond energies have been 

calculated from the X-ray photoelectron spectra of L2PtXY (L = PPhv, SbP%; 

X = Y = halogen, H, Me, C(CN)3, NCO, SCN, (NC)2C = C(CN)2, $, CN). 

Lower Pt 4f bond energies xere observed for stibine complexes compared 

with Phosphine compounds [28]. $-131Pj and $- clg5Pij INDOR spectra 

have been recorded for PtMej(acac)PPh3. The stereochemical dependence of 

the absolute signs of '2 p H for the Pt-Methyl protons was determined [29]. 

' The %, 13C and lg5 Pt NIs!R spectral parameters of the cyclopropane complexes 

PtX2(C3H6)L2 (X = Cl, Br; L = py, 4-Mepy; L2=en) suggest the presence of 

the ring fi] in thesecompounds [TO]. A comparison of the 13 C shieldings 

and i3,-ig5 Pt coupling constants of a series of trans-Pt aryl and alkyl 

complexes -was presented. A bonding model in which o-rather than n- 

interactions are dominant in the phenyl-platinum bond was suggested [31]. 

Four papers on 13 C NMR spectra of platinum-methyl complexes have appeared 

and differences beinieen the NMR cis- _ and trans-influences discussed 13;-351. 

It is of interest to note that in recent correspondence the validity of 

zany pzperti rational&sing 13 C chemical shifts for carbon atoms bound to 

transition metals has been convincingly questioned [36]. 
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Silicon-nickel 13573 and -platinum (3~1 complexes have been prepared 

from corresponding metal&lkyls and silicon hydrides. Compounds charac- _ 

teriaed were Ni(bipy)(SiX3)2 (X3.= C13, MeCl2), CpNi(SiCl3)PPh3, PtH(SiR3) 

(PMe2Ph)2 (R = Ph, E-FC H 
64 

) and e-[pt(Si $)2(PNe2Ph),] (R3 = MePh2. Ph2R). 

and some of these compounds were found to be active catalysts for hydrosily- 

lation of olefins [37]. Relevant parameters from the X-ray structure of 

Pt(CH2SiMe3) Cl(PMe2Ph)2 were Pt-C 2.08 2, Pt-Cl 2.42 8 and P-t-P 2-29 2 [39]. 

Benzenethiol reacts with methylplatinum(I1) compounds to cleave the metal-C 

bond by a free radical chain mechanism [40]. In inert solvents CF3HgX (X = 

02CCF3, Cl) and a-[PtMe2(PPh3)21 gi ve CF3HgMe and @- [PtClNe(PPh3)2] C4l1. 

The products from the thermal decomposition of [PtMe3(acac)]2 have 

been characterised [42]. Ethane, ethylbenzene and CD 
3 
COMe were the primary 

components from heating PtR2RlX(PMe2Ph)2 (X = halogen; R = Me; Rl = bemyl, 

allyl; R- CD3, Rl = acetyl; R = Et, R1 = Me). For X = Br, R = Me, Rl = CH2- 

CH = CH2 the decomposition apparently occurs via a free radical mechanism, 

and for X = I, R1 = Me, R = Et the initial step was the B-elimination of 

C2R4 [431. The reductive elimination of ethane from fat-[PtXMegL2] (X = Cl, 

Br; L=PMe2Ph;X=I, L=PMe 
3' 

PMe2Ph, PMePh2) has been studied kinetically, 

and the mechanism was inferred to proceed via an intramolecular reductive 

elimination process involving a five coordinate intermediate formed by 

ligand dissociation. Further evidence for the five-coordinate intermediate 

came from the scrambling of methyl and [2B3] methyl groups in [PtMe(CD3) 

IL21 (L = PMe2Ph, AsMe2Ph) and Pt(CD3)2MeX(PMe2Ph) (X = Cl, Br, I). 

-The pathway, involving the intermediates (2) and (3) is favoured by (i) 
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reduction in metal e~lectron~ty~fm& initial ligand dissociation and 
_.: 

(ii) stabilisation of the intermediate because of a preferred.coordination. 

number [44]. The firstestimated P-t-C bond strength for the cyclopropyl- 

platinum products PtX2C3H6 and PtX2(C5H6)L2 (X.= Cl, Bx; L = py, 4-Mepy; 

L2 = bipy, en) calculated from differential sca_nning calorimetry and theimo- 

gravinetric analysis is reported [45]- 

Oxidative additions of fluorohalobensenes and bensonitriles h%th the 

serovalent conpounds #(PEt5)4 (M = Ni, Pd, Pt) and Ni(DPB)2 gave the 

a-aryl complexes MXRL2 (H = Ni, Pd, Pt., X = Cl, Br, I, CN, F, R = C6H4F, 

L= PEtg 1461; $1 = Ni. X = CN, R = Ph. L2 = DPB [47])- Reaction of the 

bromo derivatives with PhUgBr and with EeLi provided a route to trans- 

N(R)(C6HeF)(PEt3)2 (R = Ph, He) [46]- The electronic interaction between 

nickel containing groups and the aroazztic ring inR-CNC6H4NiX(PR5)2 and 

u-EeCOC6R4NiX(PR5)2 (-9 = Ph, C6Rl,, Et; X = Cl, Br, N5, CNO, SC;) was - 

studied by IR [48]. bhen nickel core electron binding energies in trans- 

[NiXY(PEt ) ] (X = Y = alkyl, alkenyl, al@nyl, a_ryl, halide) are compared 
32 

with calculated nickel c_harges, Ni-aryl n-bonding is concluded to be 

univqportant 1491. 

. A new series of reactive intermediates of formula ArPdX, RPdX and 

RCOPSX were formed by inserting Pd atoms into aryl, al??1 and acyl carbon 

bonds at low temperatures. The stability of the species was a function 

of R and these intermediates could be trapped with ligands to form the 

corresponding species PdBXL2 [50]. Bis(pentafluorophenyl)palladiura(II) 

complexes -tith monodentate and bidentate nitrogen-donor ligands have been 

pre_pared [Sl]. Protonation of Pd(Ph)Br(PPh5)2 with FiBr in dioxane to 

give benzene has been reported to be first order.in HBr. 14 mechsnisn 

involving attack on 2 solvolysed inte&ediate formed by PPh 

wzs invoked [52]. 

3 
dissociation 





graphically (6) 1631. i&to stabilised s~lphollium ylides displace styrene 

and PhCN from palladium complexes to give stable 2:1 ylide-Pd.C12 cOnrpounds. 

An epimeric equilibtium betxeen trans square-planar structures in solution 

was described, and a 1:l ylide-Pd12 product from Me 
2 
S = CH2 was reported 

1641. Methylphenylsulphonium z-chlorophenacylide (= Sy) additions to cis- 

[pt~~(s%)~] (x = cl, Br, I; R = Me, Et) gave (71, hi& exists a~ the 

CiS- and trans-isomer in solution. 'H NMR evidence indicated restricted 

rotation about the PG.5 bond of coordinated dinethyl sulphide [65]. 

b 

(6) 
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:-Some insertion reactions into metal-aLb1 bonds with isocyanides 

c&69], .carbon monoxide 170-711, diphenylketene [72] and acetylenes [73] 

are reported and a revie-w on insertion reactions involving platinum complexes 

has appeared [74]. Palladium [66] and platinum [67] iminoalw1 complexes 

'have been prepared and.the structure of PtI{C(Me)= NC6H4C1](PEt3)2 has 

been resolved [67]. New compounds isolated were trans-[Pd$XfC(R) = ~~~11 

(R = Me, Ph, g-tolyl; Rl = C6Hll, Me3C, PhCH2, Ph; X = Br, I; L = PPh3, 

PMepPh, PMej, P(1_c4Hg)3, PPh2(C6Hll)) and with PMePh2 the bridged species 

(8) was formed. Doubly inserted products obtained were trans-[pdL$[(C = 

NC6 Hll)2Mel ] (L = PP%, PMePh2, PMe2Ph, PMe3) and triple insertions gave 

Pd(pMePh2)If(C = NC6Hll)3Mej. of structure' (9) [66]- The reaction of (10) 

with varying amounts of RNC (R = C&, Me) gave the compounds (11) and (v), 

and 

The 

the insertion product (14) was formed from (13) and C6HllNC [68,69I- 

complexes Pt4(C0)5L4 [L = PPh3, PPh2& MIeCgH4)’ PPhbe~C$4)21v 

Cl ok 0 

Q 0 

sdMe 
“._J Cl 

C' 8 
"ys 
Lz7 Pt 

Cl 
R 
I- 

(7) 

;C6HYl 

MePh2P c-C=NC~H,, 
‘Pd’ 
1 \ I 
I N=CMe. 

I 
C6H1~ 

NR 

.MePh,P EMe 

\Pc/\Pd/ 

' 'I' 
Mez 

'PPh Me 2 

NR' 

(8) 



oi4e 

8 

NL 
, J”kL 

(IO) 

- 

(13) 

.-- 

-. 
L=N-c&i,, 

c6H,,t&d--CN&H,, 

A 
-(I4 1 

prepared from a one step reduction of PdCl2, add MeI to give Pt(Me)I(CO)L and 

which further react with Ll to form Pt(COMe) inserted products. A 

balance of steric and electronic effects determined whether substitution 

or insertion occurred [?O]. A kinetic study of the reaction PtMeI(CO)PPh3 

+ L1~Pt(COMe)I(PPh3)Ll for Ll = AsP$, A&-MeC6H4)3, AsMe(g- MeCgH4)2 

and SbPh 
3 

showed that the first and largely rate controlling step involves 

neither L'norsolvent and was thought to involve the intermediate [Pt(CCMe) 

IPPh3f 1713. Treatment of NiMe,(PMe2Ph>2 with diphenylketene gave (15) 

[72]. The new olefin complexes [PtMe(olefin)DIAW]PFg (olefin=C2H4, 

C$g) do not insert whereas [PtMe(acetone)L2]PF6 <L2 = DIARS, DPE) and 

PtMeL2N03 react smoothly at 25O with the acetylenes RC s CR (R = CF3, 

CO,Me) to- give the corresponding vinylic derivatives Pt{RC = CRMe~XL2]* 

(X = NO3, n = 0; X = acetone, n = 1). The results are consistent with 

electronic effects of olefin end acetylene controlling the insertion reaction 

E733- The complex formed from trans-[PtMeXL2] (X = Cl, Br, I; L = PMe2Ph) 

and RC f CC02Me -using a radical initiator (for R = C02Me) or by HCl addition 

(for R = C02Me, Ph, Me, H) is now shown to be the ~@chlorovinylplatinum 
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0 0 - 
\\ C-C; 
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\ 
S -CC 

Ph 

I 
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F 
,!=N 

L2Pd iI 
\ c 

s’ \ Ph 
(22) 

AsMe2Ph; M = Pt, L = PET,), confirmed by structural analysis on the 

platinum compound [87],- whilst Pt(CF$F-CE%F2)L2 (L = PPh3, AsPh3) is 

formed tith hexafluorobut&l,%kene [88]. In the latter reaction, 2 small 

I . 
percentage of Pt(CF2CF=CFCF,)(AsP&3)2 was characterised from the yield 

, 
by X-ray analysis, and Pt(CF2CF-CF=CF2)L2 underwent exchange with SnCl 

4 

to give a single isomer of a vinyl-Pt(I1) species (scheme 4) 1881. 

Fur&her reactions of (24) (M =.NL, L = P(OMe)g, AsMe2Ph) with CF3C 3 CCF3 

gave (25) 1871. Cleavage of (26) by Pt(trans-stilbene)(PP~)2 produced 

(271, a crystallographic determination of which was reported. The ring 

Refelwl~p.400. 
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.F 
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/F 
F F 

;c=c, ;c=c<. 1 SnCI, FL 
c-F . _k'l F- P+ /+-F F .A 

‘F ,F L, -,c=c, 
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.-/ 'F e cl’ 
I-T 

‘L r 

(Scheme 4) 

opetin& of the cyclobutadieneone was-facilitated by electron withdrawing 

GoUPS, as the complexes characterised as (28) (M = Pd; R = Me, H; L = Pp$; 

M = Pt, R = Me, H; L = PPQ AsPhj), do not undergo ting cleavage [89]. Oxida- 



(241 

319 

eF3 

(25) 

0 
R' 0 

R2 I 

L 0 

I 
'Pi 

I_' 0 3 , Rl 

--. R& 0 

/ I 
: 0 

R2 
I.5 

L/ =‘L 

(26) _ (27) (28) 

tive additions of perfluorocarboxylic acid anhydrzdes and perfluorosucci_tic an- 

hydride to Pt(C2H4)(PPh3)2 and Pt(PPh3)3 produce (29) and (30) [go]. Eietallooxa- 

cyclobutane complexes P~J[C~(CN)~O]L~(L = PPh3, P(o_MeC6E4)3, AsPh3) have been 

synthesised from C2(CN)40 and PtLd. The structure (31) for b = AsPh 
3 

has been 

completed and relevant parazzeters reported x<ere Pt-As (mean) 2.37 8. Pt-C 2.10 2 

and Pt-0 2.05 8 [91-J. Insertion of platinum %nto the C-3 bond in (32) gave (33) 

[921. Reactions of K11eI(PPh3)2 or IX1(CH2COR)(PPh3)2 (N=Pd, Pt.) nith ZaCR(CN))2 in 

NeOH produced the complexes (34). (35) (R = Me, Ph) and PdCl[CH(CI?)22 (PFh3)* 

c933. The compound (36) -rlils synthesised by o_xidativ e addition of l-(chlorcnethyl: 

naphthalene to Pt(trans-stilbene)(PFn3)2, followed by treatment with ReLi 

and heating the Pt-Me product in toluene [94]. A series of palladium and 

0 

L !! CF 
'Pt' - \:F 
/ 1 

L 0-c' 

2 

\\ 
0 

R.ef&cesp. 400. 
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CHy-S, 

dH& 
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PtL&$ 
- 

I=-% 

L = PPh,, PMePh, 
Lz-Pt, ,CHE f 2 L 

S -CH2 

(323 (33) 

Me0 

t 

NH .--- , \ . 
‘_ M(PPh,)Me 
*-__ N’H 

Me0 

(34) 

(36) 
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pIa&numpin&.have been prepared.by metal(O) insertions into a C-Cl 

bond.in chlorovinyl substrates. .Complexes. characterised were [MX{C(Z) = 

C(Y)R]Lp] (M= Pa, Pt; -X = Y =.Z'= R = Cl; M = Pd, Pt, X = 2 = Y = Cl, R = 3; 

M = Pd, Pt; X = Cl, Z = R = H; for L = PPh 
3’ 

PMePh2 [95] M = Pd, X = Cl 

Z = Y = H, R = CN, CONH$ CO+ COPMe, M = Pd, X = Br, Z = Y = H, R = CN 

for L = PPh5 [g6]). In some cases additions of HCl cause fission of the 

M-C bond nith the exception of PtCl{C(Cl)=CHCl>(PMePh3)3 in which olefin 

iscaerisation occurs [95]. Aryl iodides or iodinated polystyrene add to 

Pt(PPhg)4 to give trans-square planar Pt-C inserted products 1971. 

Bond lengths in electroneutral monomeric chloroplatinum(I1) complexes 

containing carbon-donor ligands indicate that there is a correlation between 

the extent of Pt-C multiple bonding and the length of the Pt-Cl (trans to C) 

bond. A qualitative model is suggested to account for the trans-influence 

of both o-donor and n-acceptor ligands on Pt-Cl bonds [98]. The reactions 

of trana-[Pt(CmCMe)2(PMe2Ph&] and trans-[PtC1(CzCMe)(PMe2Ph)2] with protic 

acids is shown to be dependent on X,R and solvent (scheme 5) and evidence 

PtKCI=CHR’&L; 
R’=CF3 

2 HCl CH,CI, 
t 

PtKrCR'),L: 
HCI 

- 

1 

CH2C12 OI- THF 

HPF6 R20H 

I 
HP& 

PtCI(C=CR’)L; - 
R20H 

PtCI[C:C(OR2)CH2d]id2PF6 

NaBH4boH 
Pt(H)KXR’)~2 

cHp PtCI(CBr=CBrR’)L: 

+L* 

PtC_=CR’(l%;PF,; L’2Pt;+C=CR’PF6 

R'= &,je;~~= Me,Et,prn, pri.2 = PMe,Ph; L* = %oxacyclopentylidene. CO. PY. MeCN and dene 

(Scheme 5) 

References p. 400. 



FhHH) is a convenient and safe method for-the &epar2t~~n? of tkns-[&(C~O)p 

(FF~I?)~] VIOL].. ~n.the presence of Me2CO or Fh2&0, these-fulminate>- .,_ _. 

complexes rearrange to the isomeric isocyanato cqmpounds, [102] and reaction 

with organic thiocarbonyls (e-g. .CS2, Pb2CS) gave Pt(NCS)2(PFh3)2. Safe 

preparations of trans-[Pt(CN0)2L2] (L = FBuPh2,.PBu2Ph,-FBu3, SbPh3) frcm the 

corresponding chloro derivatives by metathetical replacement with (Ph4As) CNO 

were described [102j. Additions of Me2CHN02 or EtN02 to Pt(PPh3)4 in 

benzene gave Pt(N02)2(FFh3)3 and (H2C = NOH)3HCl formed trans-[PtCl(CN) 

(FF~~I [loll- One of the chelating acac. ligands in Pd(acac)2 is trans- 

formed into 2 Pd-C bonded group by neutral ligands.L (L = PPh3, py, HHEt2, 

NH(He)CH2Ph) [lo33 (scheme 6). The molecular structure of Fd(acac)2(PFh3). 

Me 

fL_ 

Me Me 

(Scheme 6) 

C6H6 

2.11 

(37) has beeddeterkned and bond lengths of Pd-0 2.05 4. Pd-C 

8 and Pd-P 2.26 2 were observed [lOa]_ Assignment of the stereo- 

chemistry of the products FtXY(FFb ) 
32 

for Y = X = Cl, 0, C?; X = Cl, 

Y =.H, COW, C02He from IR and Raman bands in the region 160 -1 
- 200 cm 

has been made from characteristic Pt(II)-P stretching modes. TKO bands 

were observed in the region 195 - 170 cm-1 for &-complexes and one. 

-1 in the region of 165 - 175 cm for trans. For all comPlexes examined the 

band at 5502 5 CIII-' in the Raman is very strong for cis and weak for trans 

complexes [105]. 

_: 



323 

III Netal cyanides 

A review on cyanide complexes of metals including compounds of Ni, 

Pd and Pt has been published [106]. The crystal structures of two salts 

containing the anion [Ni(CN)5]3- have been determined at -80° and -loo. 

Both contain the [Ni(CN),13- moiety in a regular square pyramid in which 

the apical Ni-C(N) bend is considerably longer than basal Ni-C(N)'s, and 

this constitutes evidence of stereochemical rigidity of the square pyramid, 

as crystal packing forces differ substantially from one salt to another. 

The structure of [Ni(CN)5]3- in the Cr(en)3 salt is trigonal bipyramidal, 

suggesting that though thermodynamic stability of the two forms only differs 

by l-2 Reals/mole, the energy barrier to interconversion must be much higher 

[WI. .The crystal structure of a biphenyl clathrate Ni(NH3)2. Iii(CN)4. 

2C12Hlo has shown the.host lattice to have a layer structure-of two 

dimensional networks of [Ni(N%)2Ni(CN)4]_ and the guest biphenyl molecules 

FieferenceSp.400. 
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.ztre accp~oaatea between the inorganic layers ui!h $heir:longes$a~s perpen-. 

dicular to the layers c108j. 

. . 
Xixing of .Ni&2(NCS)2_(g= thiourea) withEN.. 

. . 

&xl Me2C0 has given Ni(CN)2L2 2He2C0 [109]- 

-- ,... 

.The complexes~H(CN)~-, 

and R(?N)$ (14 = Iii, Pd. Pt) have been &ynthesised._'and f&IR.and 

Rawn studies, many of the vibrational frequencies. have been determined, 

and force constants for a general quadratic force field have been esti- 

mated. The results indicate that the Pt-C cr bond and the Pt-CN n-bond 

are both stronger than for the other metals [llO]. The spectral- 

properties of Ni(CN) 
2 
(PNe )_ and Ni(CN) 

32 2 
(PMe ) have been considered in 

32 
the light of the unusual temperature dependence of lig&d field spectra 

of other Ni(II), Pd(II) and Pt(I1) complexes [ill]. A new semiquantita- 

tive SCF ICAO NO calculation scheme was applied to Ni(C0)4, Ni(CN):-, 

Cr(CO)6 and Cp2Fe. Comparison was made with current ab initio calcula- 

tions [112]. Spectral changes observed with the change of pressure on 

the ion [Ni(CN)313- _ - indicate that a change of geometry from trigonal 

bipyramidal to square pyramidal takes place [113]. Temperature dependent 

%I RRR spectra of Ni(CN)2(PMe3)2 end NiX,(J?Ke _ ) (X = CN, Br) have been 
33 

recorded and the existence of 2 cis-trans equilibrium for the former has -- 

been observed [114]- On radiolysis in aq. solution, Ni(CN)4 2- is reduced 

to Ni2(CN)z- by the radical ion CO,. A mechanism is proposed [115]. 

The reaction of Ni(CN)g- with RH20H has been studied 11161. The rate of 

dissociation of cyanoglycylglycinidonickelate(II) is 38,000 times slower 

than that of the corresponding aquonickelate [117]. A kinetic study of 

the replacement of the triglycinate ion in NiH_2GGG (GGG = trigly- 

cinate ion and two protons are iotised from the peptide nitrogen) by CN- 

is reported [118]. -Ammonia, diamines and glycinate ions greatly accelerate 

the rate of decomposition of Ni(CN):- - in the presence of iodine as a scavenger 

for CN- [llg]. 

kl 

The rate controlling step for the exchange iriNi(CN)24 

is Ni(CH) L - 
2 3‘ Ni(CN)2L2 +- L. as determined from RNR studies for 
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-j = P(OEt+ P(OEt)Ph2-, P(OEt)2Ph.and PMe2Ph. With the system NiX2(PMe2Ph)3 

(X = Cl, Br, CN), the exchange rates are ordered as CN 6 Br -z Cl 11201. 

The iohsation constants Kl and K2 of NiH2(CN)4, determined in aq. _ 

solution by electrometry at 25 - 50°, obeyed the relationship pkl = 11,418.80/ 

T-65.65 f O.l219T and pk2 = 5777-98/T-32-74 c 0.0669T. The thermodynamic 

values for the ionisation were also given [121]. The report on the crystal 

structure of Cd[Pd(CN)6] gave values of Pd-C 2.07 2, Cd-N 2.27 5(, C-N 

1.11 2 for the relevant bond lengths. The molecular structure consists 

of an uninterupted cubic Pd-C-N-Cd framework [122]. The atomic parameters, 

bond distances and bond angles of the Na2Pd(CN)4.3H20 triclinic lattice 

have been refined. Average atomic distances were Pd-C 1.99 8, C-N 1.45 X 

and Na-N 2.518 [123]. Complexes of formula PdX2(SbF$) and Pd2X4(Sb$)2 

have been characterised for R = g-,=- and z-tolyl and X = Cl, Br, I, NO2, 

CN, and SCN [124]. A reinvestigation of the crystal structure Of 

K2[Pt(CN)6] has been undertaken [125]. A single crystal neutron 

diffraction structure of K2[Pt(CN)4]BrO_3 3H,O has shown its non- 

centrosymmetric nature [126]. The valence bond‘X-ray photoelectron spectra 

of K2(Pt(CN)4].3H20, K2[Pt(CN)4]Clo_3.XR20 and K2[Pt(CN)4C12].3H20 imply 

that the binding energy of the highest occupied MO (HOMO) in K2[Pt(CN)4].3H20 

is greater than in K2[Pt(CN)4] Cl0 3.XH20. A band-like character for the 

HOMO of the latter with finite electron density at the Fermi level is 

consistent with this observation [126]. The SCF Xc SW method was used to 

calculate the ground state electronic structure of the Pt(CN)$- ion as well 

as excitation energies for transitions to various singlet and triplet excited 

states. The results are in good agreement with experimental optical and 

photoemission data but indicate a different order of d-orbital energy levels 

(dx2.92 '=dzy %a,ya 
>'dx2) than was assumed in previous work.[128]. 

The double salts [Pt(CNR)4][Pt(CN)4] (R = Me, Et, &C4H9) exhibit low 

energy electronic absorption bands at 22.25, 22.30 kK for R= Me, Et 



respectively (in l&r) and-at 17i'i'O BK.for H = &Du_ (in~nujol mull),.-. 
. . - 

which are responsible for the intense colours of the.solids. These 

are ascribed to metal-ligand charge transfers which have been red-shifted 

by Davpdov interactions between anion and cation in the solid lattice. 

In solution the appearance of a band at 30 kK (absent in the spectra of 

either ion alone) and the failure of Beer's -I& for the solution spectra 

were interpreted in term of the equilibrium, 

Pt(CNH)T -I- Pt(CN);- ,k [P~(cNR)~ -.. .Pt(cN)410 

in which significant perturbations of the spectroscopically important energy 

levels of the two complexes give rise to 30 _kK absorption. The most 

plausible direction for significant perturbation in the planar complex 

would be along the li.ne perpendicular to the molecular plane as in (38) 

RNC 
1 / 

solvent -Pt CNR NC\PtLYent 

Rid LlR luc! LJ 

(38) 

c1291. Single crystal rotation spectra were obtained for the l3C 

resonance in K2[Pt(CN)4]Br0 3.3H20 and the 13C chemical shift tensor was 

calculated Il303. The reaction of Pt(NH3)y with CN- proceeds by a second 

order reaction with pH dependence analogous to the pH dependence of the 

free CN- ion concentration. Second order rate constants were deternzined and 

the rate equation for the reaction of trans-Pt(NH3)2(CN)2 with CN'- is given 

ClSll- The oxidative addition reaction of ICI? to [Pt(CN&]*- is second 

order with a rate law of k[CN-][Pt(CN)z-][ICN]. A mechanism is discussed [132]. 

IV Metal carbenes 

Of the carbenoids M(C0) x_lC(NMe2)Ol'i(NMe2)3 (M = MO, W, E = 6; M = Fe, 
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i ='5$ M = Ni, x = 4) formed by interaction of Ti(NMeg)4 with M(CO)x only 

1 the.Mo,.W and Fe complexes were stable enough to be isolated [1331- 

I 
Reactions between [NiCF2CF2CF2CF2(CNR)2] (R = But, Pri) and Me2N'& Et2NH, 

ButNH2, -. pyrrolidene, and morpholine gave [~~~~F2(CNR)CC(I~R)I~~~~I 

for which a typical structure (39) is proposed. Analogous reactions 

(39) 

1 
with [MC(CF~>,OC(CF~)~O(CNR)~] TM = Ni, Pd, Pt: R = But, Pri>, 

[P~C(CF~),=C(CF~)C(CF~)=E(CF~)(CN~~~),I and CPdc(cF3),-~(cN)2(cNsut)21 

formed corresponding monocarbene complexes [134]. A series of Ni,Pd and 

Pt mono-, di- and tri-carbenes were characterised by displacement of neutral 

and anionic ligends with the electron-rich olefin (40) (scheme 7) [135]. 

Oxidative addition of [ClCN(Me)CHC(Me)S]BF4 to Ni(PPh3)4,PdL4(L = PPh3, 

PMePh2), Pt(PMePh2)4 and Pt(stilbene)(PEt ) produced the cationic carbenes 

{MX[~N(M~)CHC(~~)~]L~+ (I? = Ni, x = cl, Z Z PPh3; M = Pd, x = 1, L = PPh3; 

M = Pd, X = Cl, L = PPh3,PMePh2; M = Pt, X = Cl, L = PEt3, PMePh2)- 

Pt(stilbene)(PEt3)2 and 2-chloro-5-methyl-1.3-thiazole formed [PtCl 

I , 
{C! = NCH = C(Me)S)(PEt3&] which f urther reacted with RBF4 to give [PtCl 

r L 
{CNfICHC(Me)S~(PEt3)21~~4 [1361. The crystal structure of [Pdm 

(NHCMe3)~(CNCMe3){OC(CF3)2&(CF3)23] (41) has been completed 11371. The 

Me&NC 

‘Pd’ 
CF3 

011 

NEt2-‘=d 
I 

\= _ o 
=\ 

-1 CF3 

‘;‘H k3’w3 

kMe3 

(41) 

Referencesp. 400. 
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: 

~~~~&&&en~ of caibene &figurations in a known series of Pd(I1) and Pt(I1) 
_I. 

complexes'in solution has been made by measurements of 195 _. Pt.couplin&.with 

carbene heteroatom substituents i.e. 3J(PtCNR) f or trans groups is much greater 

than for& [138]. Infrared bands mainly associated with v(ll-X2) stret- 

thing modes (II= Pd, Pt; X = Cl,~Br,-P) were identified in the spectra of 

35 carbene complexes. Based on these results and on I'Jl (3%'-1g5Pt), the 

trans-influence of the carbene ligands was assessed [139]. The series 

cis-[Pd(RIiC)LC12] (R = Ph, @=IeC H NC 9 - 64 
,E-ReOC H 

64 
,P-C 

2 64 
; L = Pli?IC, D-_MeC H NC, 

64 
PPh3) reacted with bifunctional amines (e.g. en, z-phenylenediamine, ethano- 

lamine, 2-aminopy, allylamine) to form (42). Ligand chelate formation occurs 

on further treatment with AgBF4_ Bis(carbene) derivatives &-[Pd{C(NHR) 

RRY)2C121 (R = Ph, P-ReC6E4; YNR = 2_aminopy),which undergo chelation on 

reaction +zith NaClQ4 and deprotonation with KOH,were reported (scheme 8) [140]. 

c ON 
RNC, Cl 

Pd’ 
RNC’ %I 

NH 

e RHC....; 
Cl 

>Pd/ 
RHN-+ 

\ 
Cl 

iJH 

RHN 

RHN 

c 0” 
(42) 

(Scheme 8) 

Structural determina tions of three Pt-carbenes have been completed; 

&ns-[PtMe[MeCN(Me)2](PMe2Ph)2]PF6 (431, with Pt-P(me&) 2.29 2, Pt-C(methyl) 

Ref+ce3p.400. 



(43) 

2.15 2 and Pt-C(carbene) 2.08 2 [1411;. trans-[methyl-2-oxacYclopentYlidene)- 

bis(dZmethylphenylphosphine)platinum(I~) hexafluorophosphate (44), with 

(44) 

Pt-P 2.31 2, Pt-C(methyl) 2-C8 51 a& Pt-C(carbene) 2.00 4 cl421 and trans- 

and&- [?tC12{CNPh(CH2)2NPh](PEt3)], with R-C 2-W P (trans>, 2.01 (cis) 

suggestive of a Pt-C bond order of 1 [143]. The solvolysed complex 

[PtMe(COD)(solvent)]PF6, prepared from CPtMe(COD)Cl] and AgPP6, forms 

[P~M~(RNC)~]PF~ (R = Et, ptolyl) with RNC. Further reaction with sodium 

benzenethiolate gave cis-rPtMe(SC6H6)(CNC6H4Me)2], with di+.kYlamines~gave trans- 

[PWe(CNC6H4Me)[C(NR2)(NHCgHqMe)-j2]PF6, with C6F5CN.in methamLk=e the.: 
-. 

. . 
. 

-. 
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._ : 

knoather complex [PtMe(COD)[NH = C(OMe>C6Fs)lPF, and Ywith Na82CNEt2 gave 

(45) [144].. y Treating PtC12(PPhj)2 with 4-MeC6H4NC in ROH-KOH gave 

Pt{C(NC6H4Me)OR~2(MeC6H4NC)PPhJ (R = Me,Et) whereas a-[PtC12(C6HllNC)2] 

and CsHllNC in methanol with 1,8-bis(dimethylamino)naphthalene formed [PtCl 

~C(=NC6H11)(OMe)~~C(OMe)(~C6Hll)~(C6H11NC)] [1451. The platinum vinyls 

trans-[PtClCCCl=C(H)Rl](PMe2Ph)2] (Rl=Me, Pn) give the alkoxycarbenes 

trans-[PtClk(OR)CH2R1~(pMe2pn)2]+ with ROB (R = Me, Et, Pm) [146]. 

A review on advances in the chemistry of isocyanide ligands has appeared 

11471. 

V Internal metallation reactions 

2-(Diphenylphosphino)benzylpotassium and Ni(II), Pd(II) and Pt(I1) 

salts formed (45) which was shown to have the cis-configuration from NMR 

(46) 

&~8]. Cyclometallations with azobenzene-derivatives have been obtained by 

various routes. Bis(P-phenylazo-)phenylmercury with Cp2Ni and MC12(PR3)2 

gave CpN~6~4~C6H5 and &[C6H4N=k6H5~(C1)PRJ respectively [149]- 



-_ 
and condensation of-hydrazine-Pd complexes uith.--c~.~bdsvricdmpo~~ of:'.._: -; :.. 

.for&la RlR'CO (Rl = R2-= H, Me, Et; Rl = Ph;..R"= Hi-Me) gave hydr&one' _ 

complexes,or when R1 = Ph, cyclopalladatecl'complexes (scheme 6) .[lsi]. 

RPhNNii2 
1 

RPhN CR’R’ 

.R’R=CO 

\& 

t 

H,NNRPh 

R’= Ph 
R’R2kH \NR& 

NRPh 

(47) 

R2 = H, Me, Ph 

(Scheme 9) 

The dipalladium product (47) (El = H, R* = Me) was cleaved by RZNX (R3 = Et, 
1 i 

Bu; X = Cl, Br, I) to give R~N[Pd{C6H4C(Ne)=NNHPh]X2] [1521,and the py 

I 1 
adduct [PdfC H-C(Me)=NNHPh-JXpy] (X = Cl) formed the bimetallic 

64 

species,for X = COG, C~MO(CO)~, Mk(CO& snd CpFe(C0)2, -with-NaX [153]. 

The variations in the lH NMR of Pt(C6H4N=NC6%>C1(PMePh2)2 indicated an 

r ‘ 

intramolecular substitution (SNi) involving Pt(C,H4N=NC,B$)Cl(PMePh2) which 

undergoes SN2 reactions with free and coordinated PMePh2[154]. The crystal 

StNCtIXeS of p-N.N' -a-phenylenebis(salicylideneiminato) bis(acetophenoneoxime- 

2,C,N)pailadium(II) (48) 11551 
. 

and ~-~~tCl~-(C,~),pc~H4"HC~H~(CgHg)2-~~]~_ : 

(49) have been determined. For the latter, the novel tridentate Ii&and 



(48) 

is bound to platinum with two P's trans. Relevant bond lengths are Pt-Cl 

2.38 8, Pt-P(mean) 2.28 g, Pt-C 2.02 2 and C=C 1.34 2 [156]. Treating [Pd 

(acac)2]with F CCnCCF 
3 3 

gave the compound (50) which was resolved crystallo- 

graphically. Similarly (51) (R=He, CMe3) with CFJCmCCF3 produced (52) 

c1571. (N,N-dimethylbensylamimine-2,C,N)palladium(II) and -platinum(II) 

b-diketonates have been synthesised 11581. A preliminary report of reactions 

of [Cp&COPh]Id with salts of Pd, Pt, Rh and Ir, to give internally 

metallated products e.g. [Pd(L-R)clLl] (L-R=c~NNC~-~-C~R~), has appeared 

c1591. The complexes MX2{EMe2(l-naphthyl))2 (M=Pd, Pt; X = Cl, I, Me; 

E = P, As) have been synthesised. No internal metallations with Pd occurred 

at alland with Pt only for X = Me or in the presence of NaOAc were 

metallated products obtained (in the 8-(peri) position of the.naphthyl ring) 

[160]. The Pt(I1) halide compounds PtX2L2, with the new ligands L[L =PPh2- 

Referencesp-400. 



(50) 
CH3 

H,C 

(51) (52) 

‘. 
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./(2+ic&, PBu%e(2-MeOC$& PBut(2-MeOC6H4)2. PPh2(2-EtOC6H4), PEe2- 

(2-M&C H 
64 

)], formed g-metallated products on heating in polar solvents 

11611. New chelating ligands were~ obtained from reactions of amidines and 

2-ominopyridine with Pt(CNMe)r. BiaceQrldihydrazone reacted with M(CNMe)42+ 

(M = Pd, Pt) to produce (53),and 2,6_diaminopyridine gave (54) [162]. 

Me 

Me\N/ H 
:I 

-s=\@ 

': M (CNMe), 

Me 

Me 

(53) 

VI Metal carbonyls 

A review on 13 C NMR spectra of metal carbonyls has been published [163]. 

Components of the 13 C shielding tensor CT for CO, Ni(CO), and Fe(C0)5 were 

separated into diamagnetic and paramagnetic parts and the paramagnetic part 

of the perpendicular component of the chemical shift up was mainly responsible 

for the large isotropic shift between free and coordinated CO 11643. 

The preparation of NiLx(CO)4_x (x = 1,2) with constrained arsenic and 

silyl ligands together with NMR and IR data is reported [165]. The HeI 

photoelectron spectra of the isoelectronic series Fe(C0)2(N0)2, CO(CO)~NO 

and Ni(C0) 
4 
were observed and interpreted by ab initio SCF MO calculations 

C1663. A normal coordinate analysis of Fe(C0)42-, Co(CO), and Ni(CO)4 

was carried out using klson's F-C matrix and the general valence potential 

function[167]. The v(C0) and their shifts in the new complexes NiL(CO)3 

(L = EPh3, (4-XC6H4)3E, (3-XC6H4)3E;X = Cl, F; E = P, As, Sb) were discussed 
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in terms of the c-bonding involved ~[168]. : .A-new~'r_oute to Ni(C).carbonyls-. 

via the reductive e.liminfitiOn of a Ni-disulphide:is reported/ Treatment 

of NiC12L2 (L2 = (PPhg)2, (PMePh2)2, DPE,.PhqC=~P~~)..Kith HeSNa and-CO 

in ethanol gave HiL2(CO)2 [169]. Similarly NiL2(SeCONEt2)2 and CO produced 

!riq(CG), and (SeCONEt2) Gl?OJ.~ Neu derivatives of nickel carbonyl 

prepared were [Ni(CO)3L]n-(L = [HejMJ3Sb[M = C, Si, Ge, Sn]; n.= 0 

[171]; triDhenylcyclotriphos_ohene, n = 0 [X72]; Ph2PC%R{R = polystyrene 

residue], n = 0 [l75, 1'741 and GeC 4, n = 1 cl7.753) and [Ni(CO)2L2]n- 

(L = GeC4, II = 2 [175]; 2,Fbis(diphenylphosphino)maleic anhydride) [176]. 

The polystyrene metal carbonyl complexes uere found to be effective 

hydrofornylating agents for alkenes [173, 1743. Nickel car-bony1 structures 

resolved were (i) Ni(CO)2(Pp5)2 [177], (ii) Ni2{(CF3)2PSP(CF3)2~2(CO)g (55) 
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: 

with a.Ni-Ni interaction of 2.58 X [176], (iii) [Ni3(CC)3(p2-CO)3]22- (56) 

in-which the nickel structure is a trigonal antiprism [179] in contrast to 
,. 

the Pt analogue:(57) which is trigonal prismatic [180]. The carbonyl dia- 

nions of general formula [M3(CO)3(p2-CO)3]:- (n = 2.3,4,5) represent new 

types of metal cluster geometries formally derived by tinker-toy construction 

from a basic M3(CO) (p-CO 
3 2 15 

building block. They were prepared by 

reduction of some suitable metal carbonyl with varying vnounts of Elkali 

metals or methanolic NaOH in the presence of CO [180]. Cp3Ni3(CO)2 forms 

a I:1 adduct with BP 
3 

at -78O in which the Lewis acid is bonded to a carbonyl 

oxygen atom [181]. Photodisappearance spectra were obtained for 10 

transition metal carbonyl anions, snd the ion disappearance mechanism is 

inferred to be photodissociation 11821. The salt (MR4)2 [Pd2X4(CO)2] 

(X = Cl, Br) was isolated from mixtures containing X2PdC14, HX and CO. 

A bridging carbonyl structure is postulated (58) [183]. A kinetic study of 

theoxidative decomposition of palladium carbonyl chloride has been completed 

and a mechanismforthe reaction proposed [184]. The reactions of 

Pd(CO)(PPb& with RN 3 
in dry benzene gave the urea derivatives [Pd(Rt?CONH) 



(581 (59) 

(PPh3)2] (5;) (R = R-MeC6E4S02)- Corresponding complexes were synthesised 

from oxidative additions of N,N'-ditoluene-~_sulphonyl urea to M(PPh)4 

(M = Pt),or from toluene-~_sulphonyl isocyanate (M = Pd,.Pt). In protic 

solvents e.g. RlOH(R1 = Me, Et, Pm)-, RN3 and Pt(PPh3),(C0)4_n gave trans- 

[Pt(PPh3)2(CO2Rl),] for n.= 2 and Pt(PpS),N3(-N(R)COORl) for n = 3 [1851- 

The crystal structures of the platinum carbonyl compounds B-[PtC12(CO)PPh3] 

[186], (Et4N)[PtH2(CO)Br3] [187] and the mixed metal clusters PtFe2(CO)9(PPhj) 

[l88] and FePt2(C0)5[P(OPh)3]3 [189] have been elucidated.. trans-[PtCl(CO)L2] 

(L= AeztPh2, AsPrPh;!) has been prepared from PtC12L2 and CO [190]; 

Thqfirststage in the substitution of [Pt(CO)C13]- with bipy is a reaction 

cf [Pt(CO)Cf]- with [oipyHltto give [Ptbipy(CO)ClF. The second stage-is 

a slow replacement of CO by Cl [191]. Equilibrium constants K- for the 

reaction (R&N) [PtCl,(CO)X] + 4-ZpydR4NX + PtC12(CO)(4-Zpy) (X = Cl, Br, I. 

Z = COMe, C02Me, H, Et, Me, CMe3) were determined in CHCl3. As expected, 

the more electron releasing Z results in larger p;,S [192]. SCl, and 

Pt(CO)2(PPh3)2 gave Pt(CO)C12(PP&_) [193], whereas the reaction of&-MX2L2 

with CO, Me09 and NEt3 produced trans.-[MX(C02Me)L2] (M = Pd, X = Cl, L = PPh3. 

PMe2Ph; M = Pd, X = Br, L= PPh3; M = Pt. X = Cl, L = PPh3, PMePh2. PMe,Ph) 

c1941. The crystal structure of Pt(C02Et)2(PPh3)2 has shown the complex 

to have a trans-configuration [195]. The rate limiting step in the 

oxidation of CO to CO2 has been calculated from charge distribution, bond 

populations and I&tic data for the series [PtH2(CO)X3]- (X = Cl, Br. 1) 

by MO LCAO methods [196]- 

:. 

; 
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..VII 'Metal olefins 

The structure of the .two olefin-nickel complexes, (Me2C = CMe2)Ni(C6Hll)2P 

CH2CH2P(C6Hll)2 cl973 and bis-(tri-p-tolylphosphine)(trans-stilbene)nickel(O) 

11981 have been completed. Mean bond lengths observed were Ni-C 1.98 2, 

Ni-P 2.16 51 and C = C 1.42 2 for the former [197] and Ni-C 2.02 8, C-P 

2.18 2 and C = C 1.47 8 for the latter structure [198]. Coordinatively 

unsaturated Ni(0) complexes of formula Ni(tbp)n (n = 2,3), Ni(tbp)2L and 

[(tbp)2Ni(p-COD)Ni(tbp)2] (L = monoolefin, tbp = tri[(+)-bornul-2-yl]pho~p~te 

have been prepared. Further reaction with the COD-bridged dimer produced 

the stable compounds [NiCl(tbp)Rl] (Rl = R, COR; R = aryi) and asymmetric 

induction occurred in forming Ni(CS2 = CHCO CH CF 
2 2 3 

)(tbp)2 [199]_ 

Simple Nix 2 (X = Cl, Br) salts form stable bonds with the olefin in 

bis(3-dinethylarsinopropyl)-3-butenylarsine,e.g. (60) [200]. The 

preparation and properties of QNiL2 complexes [L = P(OC6H4Me-z)3, 

Q = maleic anhydride, acrylonitrile, styrene, propylene,COD and F2C = CF2] 

are described. With F2C = CP2 only (61) was isolated from solution [201]. 

(60) (61) 

Acetylenes with Ni(SiC13)2bipy gave a mixture of a- and trans- silyl-olefins 

(scheme 9a). The cis-trans ratio decreased in the order PhCzCMe>PhCmC& 

PhCmCPh and with PhCnCH the cis-trans ratio decreased as PhH%t20>THP 12021. 

Treatment of Ni(COD)2 with N-alkylsalicylaldimines, &HOC6H4CH=NR) gave . 

the new zero-valent compounds Ni&HOC6H4CH=NR),. A 3-dimensional X-ray 

References p_ 400 



frdns a-a'- bis (trimethylsilyi.) stilbene 

(Scheme 9a) 

analysis has shown that the complex is best formulated as a Ni(0) azomettie 

containing the Schiff base anion salicylddiminato snd the protomted Species, 

sa7icyk4diminium (62) c203j. Corresponding additions of Ph2C=NR (R= Et2B,. 

NegSi) to PdC12(PhCN12 ga ve the tir sensitive PdC12(Ph2C=NR), in Which the 

ketimine is CN bonded [204]- M.U. calculations were carried out for ally1 

md ethylene rr-complexes of Cu, Fe, Ni. Ag, Cc, Fe+, Ni* and Ag+ [205]. 

. . 

(62) 
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: 

4 theoretical study of M(ethylene)n (n = 2-4, M = Ni; n = 6. M = Cr) also 
. 

had implications for the corresponding allyls. Symmetry arguments supported 

by..semiempirical NO calculations were used in the analysis. For n = 5, a 

planar structure (63) is prefered to (64) as a consequence of symbiotic 

effects- of o- and u-bonding. For n = 2, either (65) or (66) are valid. 

For n = 4 the quasidodecahedral structure (67) has the loweet energy. In all 

(63) 

A -. _= 
(65) 

systems the discrimination between various geometries rests on the symmetry- 

specific back-bonding of the ethylene rczlevels. Using analogous symmetry 

properties of a n-ally1 ligand, qualitative theories of the geometries Of 

Ni(allyl)n systems can be set up predicting significant rotational barriers 

for (allyi)2M (M = Ni, Pd) and qussitrigonal prismatic upright structures for 

(allyl)? (M = Co, Rh) [206]. Equilibrium constants have been determined 

for the reaction of 5.8 olefins with Ni[P(O-c-tolyl)3]3 and the stabilising 

an& destabilising effects of electron withdishing and releasing groups noted. 

Ref&esceSp.400. 



-... & _; . . .:--. . _ 
__ .- .’ .- 

-. ~;- __ 
_~_ 1 :-. 

-. . ._. 
: 

,,_ .. ..- 

-_ 
An esttiate. of Ni-olefin'bo& strengths hasbeeq~~i;radc and the .3ie&iKi&'wer~ 
.- 

y. 

-&&cksed ii terms~~of~&ergjr level separations-of highest‘occupied and.~lb*est -:- 

~occt&d nolecular orbitals of nickel and the. f_ree~olef~n [207].. .-_. :. ]_ 

Absolu&rate coefficients have been determined for gedox reactionsof.. .. 

orgztic halides with Ni(nethylmethacrylate){P(O_Ph)332 [208]. Lou-ten~pe~ature 

protonation-of Ni(COD)(duroquinone) with ES0 
3 
F gave the stable cation 

(68) 12093. 
._ 

me molecular structure of Pd(alleae)(P-Ph3)2 (69) h& been determined 

from 3-dimensional X-ray diffraction data. One allene bond is cootiaated 

to Pd, the alleue Egand is no longer linear (C-C-C 148.3O) and relevant 

parameters defined were Pd-C 2.07 SI, C=C (coord.) 1.40 El and C=C (uncoord.) 

l-30 s [210]_ A series of paperson the structure i211], preparation 

[212, 2131 and properties [213, 2141 of palladium dibenzylideneacetone 

complexes has appeared. Pd2(dba) 
3 

(70) reactions with neutral donor ligands, 

P 

(69) 





X 

t = neutral I igand , X = Hfacac, Y =OAc or OMe’ 

R groups either H or. methyls in various orders 

(Scheme IO> 

of Pd(II) and @(II)-ethylene complexes have been studied, and related to 

OH- attack on the ethylene in the Hacker process [224]. A kinetic study 

of the solution phase decomposition of hexamethyldevarbenzene-Pd(I1) chloride 

has shown that the form of the rate law (e-g- first order v-s- autocatalytic) 

and observed rate constants depend on sample history [225]. The true 

c.ztzzlyst complex in the PdCl L 
22 

isonerisztion of 1-pentene is stid to be 

either a monobridged dineric n-complex or the monome= PdC12(olefin)(base) 

or PdC12(olefin)2 [226]. The kinetics of oxidation of olefins by PdCli-, 

Ciand E30a are described by a two-term equation containing 2 quzdmtic term 

in [PdCl:-1. A ooze-tern rate lax is only applicable .=zt low Pd(I1) 

concentrations [227]. The following reactions have been characterised 

by RMR, IR and UV spectra and microcalorimetry; [PdC12(olefin)]2 f 2pyj 

2[PdC12(olefin)py] and [PdC12(olefin)py] f py- [PdC12py2] t olefin [228]. 

The crystal structures 0, g di-p-chlorodichlorobis(cyclopentene)dipalladium 

(II) (and the corresponding cycloheptene complex) [229]; Pt{(C6H4N02jCR = CH 

(C$14R02)J(P"?)2 [2301 _ and cis-dichloro[(R)-a-methylbenzylamine][(S)- . 

1,2,2-trimethylpropyl-(R)-vinyl ether]platinum(II) (75).[2Jl] are reported. 

In the Pt(0) complex the substituents. on the olefin_were perpendicular to 

the Pt-C2 plane as this allows marimum substituent n-orbital overlap with 

. -. 

:- . . . .._ : . . 
.’ $ 

I 
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.acc~~ikd-metal.a_6rbitals and olefin nzorbitals (e.g. 74). Because of 
;..: -. 
‘this &ientation the substituents are bent back fro= the metal to tinimise 

hydrogennon-bonded contacts and the substituents must be powerful electron 

withdrawing groups for the energy-gained in achieving the perpendicular 

orientation to be.sufficient to cause this asymnxetric olefin geomet-ry [230]. 



349 .. .:.: .‘- ___~_. .: -.. .-~I -:::_-;:. :.l_-~:_.]._l_‘.__:_._~-_....:. 
: _. 

--. --. /I;.‘... :.:_ _..-.. ----_i 
.fri the Pt(iI) compoumi. [2jl] the abso~~te~confiy~~~pn,ar-.~h~:chi~FT:-- :f_ .I.. 

centr&'formed by. compkxation 'of the vi&l~&bup~,is-.R~zn'd g~+~~&dica~ks 
.- 

of the. confcmmat5ons of the amine a& alefin ligznds.. Evidence -iA.& .: : -. 

coordination of the amine ligand in trans-dichJoro[(S)-N-methyl+-methylbenzy-_ 

lamine]et~~leneplatir?um(II) (76) occurs in a highly stereoselective maxiner 

: 
C 

(76) 

was obtained from an x-ray structural analysis of the product [23?]. 

Stabil_isation of a series of five-coordinate Pt.-olefin and allene COmpleXeS 

by HB(~z)~ has been observed. With sane okfins two isomer were ObSeX?Ved 

in the %I Nl4.R the spectra, which coalesced at higher temperaties- %I 
c 

Pt(CO#e)[EB(pz),], the pyraeol-ylborate ligand is fldonal 12331. [Pt(Tc= 

~. 

.- 

z 
:. 
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k&O)-Cii=CHPh);l forms Pt(PhRC=CHC(O)C&CBl?h)~3 (L = PPh3, PIJePh2. PEt3, AsPh3, 

AsEt3).with L in which only one double bond in the olefin.is coordinated-to Pt. 
.- 
Further reactions of the tertiary li@nd substituted.product vith Ll (Ll = C2C14, 

C2Fsg CF3CmCCF3, (CF3)2CO, CS2) gave PtLlL2 [234]. Olefin-platinum products 

characterised from alkenylpyridines were (77),in which trans-bidentate 

bonding occurs [235] and [PtX(PEt3)2 Ll[PUC3(PEtJ)I (L = 2-all~l~~, 2-(l- 

methallyl)py) [236],in which NER evidence suggested a mono-bidentate allylpy 

equilibrium in solution- Iiiith alkenyl-aniline the Pt compounds (78) were 

synthesised [237]. Certain BMR characteristics of the trans-[PtC12(olefin)L] 

m=l,n=3 

m=2,n=3 
m=4. n=3 
m=8, n=3 

(77) 

R’ 

R. R’ = H,H; H,Me; Me,H; Me,Me 

(78 1 

CL = isoquinoline, py) have been attributed to adventitious, free ligand 

contaminations [238]. The platinum allene products PtR(PPh3)2(R=CH2=C=CH2, 

CF3CH=C=cH2) abstract sulphur from RkS(R1 = Ph, Ee) to give [Pt(S,C=NRl) 

(PPh3)2] c2391. The vinyl alcohol complex chloro(acac)(n-ethenol)platinum(II) 

was prepared from either t-e h hydrolysis of the analogous n-vinyl trimethyl- 

silyl ether complex or by the reaction of PtC1(C2H4)acac with EeCHO in the 

presence of aq. base. The I?lGl of this compound indicated a rapid equilibrium 

between.the n-complex and its conjugate base (a c-bonded B-oxoethyl product) 

is occuring [240] (scheme 11). Both enantiomers of (79) were resolved 
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by separation of their diastereomeric platinum(II) complexes containing 

optically active amines [241]. The displkement of ethylene from [Pt(C2H4) 

(PPh-& by 61S4- bicy&[2.2.0] hexene gave the platinum [2.2-l] propellane 

(80) which was resolved cry&allograph5cally. (80) further reacted with 

: 
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EtO&& form(81) by cleaving the central C-C bond 12421. Attempts to 
.: .- 

:. : 
--prep&e Pt(IV -olefin complexes by oxidative addition of Me1 to (82) gave 

instead three Pt(I1) products,one of tihich was obtained by a methyl insertion 

at the internal olefin carb-on atom (scheme 12) [232]. When Pt(II)-olefin 

compounds, e.g.c&[PtC12(C2H4)(PEt2Ph)] are treated with methoxide ions 

.three reactions occur, namely nucleophilic attack on the coordinated olefin 

by MeO- and decomposition of the resulting metho-xy complex to HCHO, and 

displacement of the olefin resulting in the formation of [PtC12(PEtPh2)]2. 

The relative importance of these three reactions depends upon the precise 

experimental conditions used [2&J]. The energy barrier to olefin rotation 

(81) 

Me1 ) 
Ph2 

(82) 
(Scheme 12) 

P f’b 
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. : .: 
in cis-[PtCl L(olefin)] and PtCl(acac)(olefin) (L,=:tertiary phosphine. or 

2. ., . : ;I . 

arsine) has been measured._ AGc is dependent -u&n the bulk and..electro- .~ 

negativity of substituents on the olefin and the symmetry of the olefin. : 

&ientations of the olefin in the ground state, as deduced from Pt-% 

coupling constants,are strongly .influenced by steric factors [245]. 

Reasonably accurate geometrical information has been elucidated from-NRR 

spectra of Pt-olefins in trans-[PtClp(C2H4)py] in liquid c&y&a&and 

parameters related to the geometry in solution have been obtained with 

reasonable precision [246]. The stability of trans-[PtC12(C2H4)py] 

-&ith respect to various solvents and nucleophiles,was studied by NMR [247], 

and the instability constants for trans-[PtC12(C2H4)NH5], [Pt(C2H4)(hH5)3]2C 

and [Pt(NH5)SPPh3]2C were determined by potentiometric titration with HCl 

or EC10 4 in acetone solution [248]. Au enthalpy of -155.8 k.J/mole was 

obtained from solution calorimetry for the reaction Pt(C2H4)(PPh_)2(cryst) t 

(NC),C=C(CN),(gas)- +Pt(NC)2&C(CN)2(PPh3)2(cryst) + C2H4(gas) [249]. 

With a twin-type calorimeter, the enthalpy changes of reactions 

of aq. KCN solutions with Zeise's salts were measured, and from these 

measurements an order of strength of Pt-olefin bonding of C 
3H6 

s2H4>l-C6H12> 

l-c4H8~l-c5Hlo ias obtained [25O]. SCF Xa-scattered Fave method was used to 

calculate the electronic structure of Zeise's anion and from which the 

o-component of the bonding appears much more important than the-n-contribution 

E2511. 1 The trars-effect in Pt(II) products, some containing olefins, ras 

studied by a self-consistent MO method based OIL the complete-neglect-of- 

differential-overlap approach [252]. The mechanism of substitution reactions 

by bidentate ligands in Pt(I1) complexes uith N-,0- and S-donor$igancls. 

amino acids, olefins and acetylenes has been reviewed [253]. rOlefin substi- 

tution in trans- [PtCZ.2(olefin)py] by free blefin or py X~S markedly slowed 

down by the presence of ortho-substituents.on py 12541. The\ r&action of 

- [Pt(C2H4,Cl& with D,L-alanine (L ) to give [Pt(C H )LCl] proceeds.stepwise- 
24 : 
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AtpH 3;_2-4.0, one stage is observed involving a bimolecular reaction of 

both [Pt(C2H4)C13] - and the aquo species trans-[Pt(C H producing 
24 

)C12(H20)], 

cl,j- trans-[Pt(C,H,)L in which L is bonded to Pt through the N-atom. 

The second fast reaction is the closure of the chelate ring [255]. 

VIII Metal acetylene complexes 

A review on the reactions of diynes with transition netal complexes 

has appeared [256]. A series of complexes has been stabilised with 

phosphinoacetylenes. Thus treatment of [CpNiC0]2 wit‘? RCzCPPh2. (R=CMe3,ph) 

gave (83) which for R=CMe3 produced (84) from PdC12(PhCN)2. The carbonyl 

CP 

CP 
ri 

(83) (84) 

compounds Ni(C0)2(Ph2PC&R)2 and Ni(CO)g{(C!pNi)2(Ph2FCnCPhBare described 

as well as complexes in which the P of the acetylene is quaternised [257]. 

X-ray structures of IJi2(CO>2(Ph2PCmCCMe3)2 (85) 12581, [Fd(Fh2FC=CCF3)(FFh3)]2 

(86) 12593 and di-~-thiocyanatobis[hydrogen-bis(diphenylphosphinato)] 

dipalladium(I1) (87) [260] were reported, and the complex stability was 

attributed, in the nickel case, to strong Ni-C interactions (e.g. CzC 1.2S" g 

and Ni-C 2.02 x). The preparation of [M(Ph2PC=CCF3)2]2 (M=Pd, Pt) and 

[Ft(Fh2P&C CF3)(FPhJ)12 was also reported [259]. The magnitudes of 

spectral shift in the IR spectra of Ni, Pd and Pt complexes with BuCrCH and 

C1CH2CzCH at - 180' varied in the order NicFdcFt [261]. The nickel alkynes 

Cp2Ni2RC2R1 (R=H, Rl=Me, R=Me, Rl=Fh, R=i11==C02Me) were prepared and the sub- 
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(85) 

stituent effects in al4yne displacement was investigated. Spectroscopic 

properties and the nature of the bond between Ni and acetylene was discussed 

f262]. A re-examination of the kinetics of reaction betueen PhCzCPh and 

Cp2hi2(C312 showed that a second order mechanism was sig+ficant at high-l&Sand 

concentrations * whereas at low concentrations a two stage mechanism is 

operative [263]. The bonding in the acetylene compound PdCC2(C02ie)23(PPh3)2. 

solved structurally. was discussed in comparison with other knonncompounds. 

Mean parameters observed were Pd-C 2.06 P, EC 1.28 !( and PdlP 2.32 8 [264]. 

Pd(PPh3)n (n = 3,4) and (R3P)2Pd(C2H4) with RCnCH gave'.Pd(CnkR)i(PR3)2 

-. 

: . . . 
: 

-~. .. . . 

_ .. 



(87) 

(% = Me2Ph, P%) [265]. The formation of the palladacyclopentadienes 

[Pd(C,R,)]n_from BeC02C=-CC02Me and Pd(dba)2 and their subsequent reactions 

have been studied~[266] (scheme 13). The preparation of a series of five- 

coordinate Pt-Me-acetylenes (88) stabilised.by the tridentate poly(pyrazob1) 
. . 
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R 

R 

0 0 
R’ 

R R’ 

R / 
R = R’ =COOMe 

R = COOMe, R’ = Ph 
/ 

(Et,NR’)X 

/ 

L2 = Ph2PCH2CH2PPh2 

L2 = o-phenanthroline 

La = bipyridy1 

R 

Br\ R 

3 
BrH R 

+ PdBr2 

R 

L 

R’=Et. X=1 

R1=H, X=Br 

(Scheme 73) 

borate ~+d [267] and the X-ray structure of ptMe(CF~~CF3)[HB(pz)~l 

(89) [268] we reported. Parameters observed inthe structural refinement 

of Pt(CF$kCCF3)(pW3)2 were C=C 1.26 8; opt-C 2.02 51 and Pt-P 2.28 51 [269]. 

-.l Treatment of 2-pyridyl acetylenes with Pt(PPh3)n (n = 2,4) gave Pt(RC=CR )Pphs 



R” = pyrazolyl, R = R’ = CF3,C6H5.C02CH3 

R”= H, R = R’ = CF,.CO,CH,.Ph. 

R = Me,R’= Ph,C02CHj 

R = Ph. R’ = CO&H, 
R = H, R’ = C02CH3,COCH3&F3 

(88) 

(&R1=2-pS.ridyl, Fkph, R1=2-pyridyl, R+R'=6~Mepyridyl) vhich further 

reacted with anhydrous CoC12 (for R=R1=2-pyridyl) to form (90) [270]. 

(89) 

Ph3P\ 

Ph3P’ 



IX Metalallyls 

Approaches to the synthesis of pentalene via metal~complexes, including 

nickel allyls, have been surveyed [272]. Several spectroscopic -&aracteris- 

tics of the structure and of the nature of. internal b.onds in ally1 groups (e.g. 

%i+~ 
C& and C 

3R5 
-) are compared and clearly deduced from IR and R~IIL& 

spectra of some organometallic compounds [27S]- 

(91) 

The X-gay crystallographic determinations of (+)-bis(%pinenyl)nickel 

12741, di-~-acetatobis[(2-methylallyl-~-norbornyl)nickel(II)] orthorhombic 

[275] anti monoclinic [276] form, acetoni&ilebromo[1.3-+(carbomethoxy-2- 

methylailyl)]nickel [277], [rr-cyclohexanyl&kelbi~(triphenyl~hosphine)~] 

trichlorozincate (92) [278] and the.tuo complexes with-c-an+ h-nickel+arbon.. 
i 

. . ._ ._ .-..-_. 
: 
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bonds, (~-pentelUrl)(diisopropylphenylphosphine)methylnickel(II) and (rr-pentenyl) 

dimenthylmethylphosphine)methylnLckel(II) [2?9] have been completed. The 

absolute configuration of the n-pentenyldimentiNlmethylphosphine product was 

R 12791. Tine preparations of (-) and (+)-n-pentylnickelhalides and (-)- 

bis(n-pinenyl)nickel have appeared [274] (scheme 14). The IR spectra of- 

Ni(C$5)2, Ni2(C$5)2X2(X=C1, Br, I) [280] and (RM02CR1)2 (R=n-allyl, M=Ni, 

Pd, R1=Me, CD 3, CF3) 12811 and the Reman and/or IR of Ni(CfI,_,)2, [C3H5PdC1]2, 

C&,H+~J-I(CO)~ and (C3%)2Fe(CO)2 [2821 were recorded and correlated with 

structure. Results have been presented of a l3c -ClH] NMR study of 7-r-ally1 

complexes of Ni, Pd and Pt and-of n-diene and n-trienenickel compounds [283]. 

Refen?llcc%p_400. 



tSchemel4) 

t-1 

!rk I3 C NIB spectra of some n-inclenyl products of Cr, Fe, Co and Ni that have 

been measured allow a distinction to be made of h6, h5 and h3 structures. 

In Fart5cul2r the structure of bis(h 3 -Lndenyl)tickel wa& detetined zuxl an 

improved synthesis proposed [284]. The force fields of [ikC3H&UCl]2. 

wd its kckel analogue were czlculated from available X-ray data and the force 

constants for the inditidual bonds were tabulated-by a modified least squares 
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.I methoh.of value selection. Vibrational spectra we& also recorded 12851. 
... 
‘Pli~~p~o~o&i.s of.h3-allylnickel complexes in solution was studied [286]. 

_ The reaction of [(n-C_&)NiCl]2 Twith chloranil in toluene gave 1:l adducts 

followed by loss of ihe ally1 ligand?forming mainly trans-1,3-pentadienes 

C287]. F$N! (R=niallyl, rr-crotyl) and HCl form NiC12 and the corresponding 

olefins [288]. ~N,N1-ethylenebis(salicylaldiminato)bis[2-methylallylpalla- 

dium(IIj] has been resolved crystallographically [289]. Sever21 new 

monomeric n-ally1 Pd(II)Sal=N-R complexes and binuclear Schiff base complexes 

have been synthesised and shokn by NM to exist in isomeric forms. From 

studies on their dynamic stereochemistry and on competing monomolecular- 

bimolecular equUibria, a mechanism for end to end exchange or the n-ally1 

group is proposed. l,j-di.ene insertion reactions were also studied (2901. 

Novel r+allyls have been characterised from vinylsilanes (95) [291] and 

allylphosphonium ylide (94) [292]. The action of Na2PdC140n tricyclic 

M(Mel3 

CH2R2 

1 -Pd-Cl 
/ 2 

R’= R2=H,Me; M = Si,Ge 

R” 

X =CI,er;R’=H,Me; 
R” = H, Me; R3 = Ph,,PhMe2 

(93) 

alcohols (95) (n = 4,5,6) h%th a methylenecyclobutane group gave n-allylic 

species of formula (96) with rearrangement of the backbone. The corresponding 

acetates allow the isolation of complexes without rearrangement 12931. 

Cycloocta-l,?-dieneplla~~(II) dLchlori_de, an intermediate in the synthesis 

of (97) is formed from an initial nucleophilic substitution of MeOH on the 

diene followed by an acid catalysed elitination of HeOH. With l-methyl- 

l,Fcyclooctadiene it was shown that solvent substitutions takes place by 

References*. 400. 



an S,2’ process [294]. Additions of cycloalkenes and alkylidenecycloalkanes 

to an active palladium solution, formed as a mixture of PdC12, NaCl; NaOAc 

.a& cuC1, in ACOH at 90-95O and then cooled to 60°, have produced a series of. 

n-allylpalladium complexes regiospecifically c295 I (s-k:heme 15). Complex 

-_ PdCI 2 
/ 

(Scheme 15) 

formation in aq. solutions of rr-allylpalladium bromide was studied at pII 

2-14 and 0-l.OM Br- and a series of neutral,cationic and anionic 

u-ally1 species.identified [296]. A kinetic study of the reaction between 

PdCl 2- 
4 

=a isoprene is interpreted in terms of the formation of two 

r;-complexes between Pd(I1) and isdprene, one having a monmlefin-Pd linkage 

and the other a diolefin chelate structure. Nucleophilic at%.ack of MeOH 

on these intennediates'gives methoxy n-ally1 compounds [297]. Exchange 

reaction kinetics of [(n-C H )PdCl], "th bptadiene, chloroprene, .isoprene 
35 

2nd styrene were determined by NMR and a mechanism was &scusse$ [298].- . 

lgF NMR spectra of RC5H4C6H4F-& or-R (R = Li, Na. Tl, BrMg, JX$5Pd, CpFe) 

_ were detersined in THF. MeCN or Ccl4 and the data used to estimate the 

: 

-. 

: 
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iox&.ty of the Tl-Cp bon& &-sC$) [299]- _The lH NNR of diastereoisomeric 

~.~n-a~lyl)(Na-phe~lethylsalicylaldiminato)palladium showed that the phenyl 

:'.ring caused an anisotropic shielding effect on the substituents of the ally1 

moiety cis to the nitrogen atom of the chelate. -_ 
The stereochemistry of the 

ally1 ligand was correlated with that of the Schiff base and the chemical 

shifts [soo]_ The ally1 (98) reacted with py or its derivatives ii0 give 

‘OCH,R 

R = Me, Ph 

(98) 

terminal bonded P&C products of formula PdCl(CH2COCH2C02CH2R)L2 (L = py, 

2-Mepy, 4-&py, 2,6-Ne2py) [?Ol]- Ally1 iodide gave a 2tl mixture of 

[(n-allyl)PdI]2 and [(TT-~rotyl)PdI]~, together with CH2 = CHCH2Cl, CH2 = 

CHCHClNe and C1CJ12CEl = CHMe, on mixing with [(n-~rotyl)PdCl]~ [302]. The 

oxidation of n-allylpalladium chloride with a range of oxidising agents 

has been stmiied [303]- The quantitative pregerztion of I--2llylpalldiuni 

complexes from Pd(I1) salts was obtained rapidly when a strewn of ethylene 

was passed through an aq, solution of Na,PdCl 
4 

and the allylic chloride. 

The first stage in the reaction is the formation of an olefin-Pd species [304]. 

The structure of chloro-[4-(chloro-tert-butyl)methylene-2,5-di-tp- 

butyl~l,.~-n-cyclopent-2-enylftri~erylphosphinepalladium (99) hes been resolved. 

The complex, formed as a t_butylacetylenetrimer. -exists in interconverting 

exocyclic Ad endocyclic q3-allylic forms from %I and 13C l&R evidence [>05]. 

Treatment of trans-[PtH(PPh3)2C104] with CH2=CHCH2X (X=Cl, Br) and ally1 

alcohol gave [PtX(C3H6)(PPh3)2]C104 (X = Cl, Br) and [P~(T+C~E~)(P~)~]CIO~ 
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respectively Im31. Catio_tic platinum hydrides and allylamine or 2-methyl- 

allylanine have &ven n-allylplatinum(I1) species [307] (scheme 16). The 

allyloxycarbonyl products Pt(C02CH2C&CH2)C1L2 (R = H, Me; L = PPhg, PMePh2) 

-decarbowlate to the correspor?ding complexes (100) (X = Cl, ClO,). The 

importance of olefin coordizzation to platinum io the transition skate is 

suggested 13083. 

PtHK104i(PPh& [>P+] CQ + NH, 

\ 

CH2=CRCH2NH2 

/ 

L = CO, PPhj;AsPh3 

P 

[H-Lt-Nfi2CHgCR=CH2] CIO, 

; 

(Scheme 16) 

: 

: 
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X Delocalised carbocyclic systems 

The chemistry of nickelocene has been reviewed [SOT], together with 

the chenical bonding in sandwich-type compounds [310]. wideline NNR spectra 

of a number of solid metallocenes including some of Ni were recorded, 

and the second moments of the linewidths calculated. These calculations 

were consistent with essentially free rotation about the principle molecular 

symmetry axis, which is indicative of very low ring rotation barriers [Sll]. 

The W photoelectron spectra of Cp2M &I+, Cr, Nn, Co, Ni) and their l,l'-di- 

Me derivatives were observed and the metal 3d ionisation structure was 

discussed in terms of ligand field theory [312]. Principal species in the 

mass spectra of Cp2M are Cp2M+, M+ and fragment ions CpM+(M=V, Cr, Fe, Ni). 

The dissociation energy for Ni was calculated as 69 kcal/mole [313]. 

The He 1 photoelectron spectra of CpNiNO and (rr-C5H4Me)NiN0 were recorded. 

Ab initio SCF MO calculations using Koopmans' -- theories did not give a 

satisfactory interpretation of the spectra since orbital relaxation 

accompanying ionisation from the metal 3d MO's was larger than that from 

the ligand valence orbitals. Expectation values of the second monent 

operator for occupied MO's of the ground state of CpNiNO were calculated to 

obtain a semiquantitative relationship between the spatial extent of an MO 

and the relaxation energy [314]- NMR studies were used to demonstrate the 

formation of the cation [CpNiC5H6]+ in solutions of Cp2Ni in HF. Additions of 

gaseous BF3 to the cation gave the ionic compound [CpNi]BF4, which was shown 

to be an intermediate in the formation of.the cationic triple-decker sandwich 

complex -[Cp3Ni21f, through reactions with Cp2Ni [315]. An X-ray 

analysis of [Cp3Ni2]BF4 (101) has been completed [316]. Other cyclopenta- 

Heferencesp. 400. 



(101) 
(102) 

tienyl structures reported nere (Ffe3C)gN[CpNi13 (102) bl7'1 and Cp4Ni4 

(103). wMc*n contains & pseudotetrahedral Ni 4 
cluster. Each Ni atom 

H3 
is 

(103) .- 

., 
_.. 
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bimded:$o ‘a plan& Cp ring and hydrogen atoms bridge the nickel at three 

of.$he four f&s of the tetrahedron [318]. Studies on the exchange 

reactions of Cp2Ni with (i) LiC5D5, (ii) the tetramethylethylene diamine 

adduct of IG 
_. SD5 

.and (iii) Cp2Mn in TRF,have appeared. With LiC5D5 alone, 

the observed rate lau has first and second order terns and this was 

accounted for by kl referring to a kobs = ko[LiCp]tot[Cp2Ni]tot+kl[LiCp]2 
tot 

cCp2Ni 1 tot reaction of a [LiCp]2 with CpNi. k. refers to the LiCp + 

Cp2Ni reaction. With tetramethylethylenediamine-LiC5D5 the readtion is 

first order, presumably due to no [Licp], species forming. The intermediate 

structure (104) is proposed, and an associative mechanism for (iii) was also 

inferred [319]. Substitution reactions of Cp2Ni have produced the new products 

CpNi[P(OR)3]nX (X = Cl, Br, I, n P 1,2) in Ccl4 [J20], CpNi(PRBu2)2 (R = Ph, 

E-tolyl) which gave C~Ni(PPhBu~)~Cluith HCl. NiL4 (L = PBuj, PBuPh2) [321] 

and (105) from bis(triflU0romethyl)diazomethane at -5O over a period of days 

Li I 1 

[3221. The N-bonded tetrazoline-5-thione organonickel compounds [CpNi 

(N~csR)PB~$(~~~) (R= Ph, Me, Et) were prepared from CpNi(PBu5)$ and RNCS 

[3231. Similar reactions with the salt [CpNi(PBu3)2]C1 and CS(S)X- in aq. 

Ni(PBu3)N 
YNR 

S 
(106) 
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._soluti~n-ga& CpNi(Wu3)SC(S>k (&OR, 
.: 

R, .NREI); -which.j$s “a&d.-fqtied from : 

CpNi(h?)SEf and RNCS.,. .Tr+&t -of CpN&3+& or [C&&'B$.$(CFi2~ti,2~ -1 ̂  

(n = I-5) with PhNCS gave CpNi(Wu3)[SC(I@h)SE>] and-[C&(PB+9&?Ph) 

S(CH;!>n3]2 respectTvely, and additions of RNCO to CpNi(PB?)SH prod&e& 

CpNi(PBy)SC(O)NRR 13241. Eleven complexes of benzene and hexafluorobkzene 

with Pi, V, Cr, Hn, Fe, Co, Ni.and Cu -xere prepared and their thermal 

stabikties determined [325]- 

XI Netal hydrides 

Addition of gaseous HC1 to Ni[P(OCH2)3CR3q (R = Ne) gave [NiH{P(OCH2)3 

CMe]4]EC12 arrd with RX (X = BF4, PF6) formed [NiH{P(OCH2)gCKe~]4 X. 

When R =~-C,H13 protonations with.RS03F and CF3COOH gave [NiHtP(OCR2)3 
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processes.con&ibute to.the,&e ;hape effects.:..: 'por_M_= Ni'the intramole- ‘.- 

~: -_ : :. 
&la ex~pchulge.~pr&ess is faster than ligand ~issodi-atio;i'ana-.~there_.is ~&ke 

evidence for ini$molecular exchange in NiH(PEt3)f ijthe absence of ..added . . . 

ligand 13313. 

Hydride complexes of Group VIII (e-g- P~2CP(C6n11)332) promote C-0 

bond cleavage in vinyl or ally1 carboxylates, liberating.ethylene or propylene 

and fo_dng the metal-carboxylates f33.21. The hydrides 'crsns-[PtHELR'] 

and [PtH(P-C)L} have been prepared from trans-[PtHClL2] and cis-[FtCl&.]. . . 

with NaBH4 in EtOH for L' = PBukeB, PButEt2 P'ButBu;, PBut(CHRPh)R,%Bu;CH2Ph 

and P(cyclohexyl)3, and with L = FB&-tolyl),, PBu&-tolyl) snd FBut(CER 

Ph)B for the internally metallated hydrides [333]- Oxidative additions of 

areneselenols to PtL4 gave PtH(SeR)L2(R=Ph, H-MeC H 6 4' 
L = PPh 3, PMeph2) 

which further reacted to form Pt(SeR)RLp [334]. New hydrides were obtained 

by solvolysis of Pt(ROPPh2)4. Characterised products wore [PtH(OPPhR) 

(HOPP~~)(ROPP~;$~ (R = BL?, P?, H) [3351. One of the sets of hydride 

sr NM? patterns for the isothiocyanato-thiocyanato mixture in trans-[PtH(SCN) 

(PEt3)2] is broad due to 14N quadrupole relaxations [336]. Analysis of 

the spin system for the cations [PtH(PEt3)3]i_, [PtH(PEt3)2PFh3r and 

[PtH(PPh3)33f as AB$ and ABRMX (A = B = 31P; M = lg5Pt, X = lH> has shown 

that different sideand centre band multiplets for the hydride resonance are to 

be expected in any general case ofAnBLLIX (A,BmMX in these systems) and are 

only similar when 16_& >s- f 1 JAM-JB$ - In the case where 1 dm I-+iI JAX- 

JBi -J&l it is not possible to neglect the effect on the X-spectrum of 

remote active nucleii which are coupled to A or B. Thus tertiary phosphine 

effects from remote alkyl or aryl hydrogen atoms cannot be neglected [337]- 

Kinetic studies of the reversible.insertion into the Pt-H bond with ethylene, 

in the system trans~PtH(acetone)(PEtg)2]+~[33S.J39] and methyl acrylate.in 

PtH(N03)(PEt3)R [340] are reported. With ethylene, -under pseudo first .:~ 

-_ 

:. 



:. : : 

--order conditions in.C H the rate .law was: 
24. 

.-d[pt-R],dt 4 kibs' [PtHydride], with kobs = k1[C2H ] 

(l+K[C2H41) 
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over a 20 fold variation in [C2H4] [338]- Either of two mechanisms 

proposed (scheme 17 a,b) [338,339]. however COIlhi account for the kinetic 

L I- D- Pt 
H L 

+ 
L x- 

x- Ii -[i-i1 Pi+. - 
H L 

[s&7-j __ [s&7y++ x_ -s_xj-q=2H~ 

(Scheme 17a) 

i 1 H= 
II- 

Pt 

L 

+ 

C2H4 
c 

L 

bl 
+ 

H 

II Pt II 
L 

(Scheme 17 b) 

results obtained, though all schemes proposed [338-3401 invoke the 

trans_rPtH(olefin)L2If (scheme 18). Treatment of PtHC1(PR3)2 (R 

cation 

= Ph, Et) 

References p:4aa. 



s X- 
olefin 

/. 

trans-PtH(olefin)Lg 

frans-PtH(S)L2 S 
S =solvent 

(Scheme 18) 

~5th 1,3-dialyltriazenes formed PtCl(ArNNNAr)(P$)2 [3411, and trA3-[PtR 

(~lo~)(PPh3)~] with HNRR' (R = R ' = H, R = H, R' = Me, R = R' = Me) gave 

[Pt(NRR’)(Pf?l3)+‘4 13421. 

XII Metal carboranes 

The reaction of NaC2B4H7 with NiC12(DPE) gave (n-2,3-C2B4H6)NiDPE 

and when NiBr 2, N&p. HCl and air are mixed,(rr-C2BsH7)Ni2Cp2 is formed [343]. 

A novel Ni(IV) carborane ~2s isolated in small yield during the synthesis 

of CpNi(iV)(q-_7-BIOHll), and wes formulated as (109) fron =B NNRandmass 

spectral data 13441. The abstraction of NNe3 and bridging protons from 

with sodim in THE', followed by NaCp and NiBr2(I~eOC2H40Me)2 

oxidation gave CpNiN(q-7-CB,,H,,) L344. Direct insertion 

metals (e.g. Ni(C2H4)(PPh3)2j'into C2B4H6 produced (110) [3461- 

Q,H,CbEe3 1 

additions and 

of transition 

BH 

CH 

P h3P- 
\ / 

PPh3 
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The arachno-carborane 1,3-Me2B7C2Hrl and Ni(P%)4 (R = Me, Et) or [Pt(stilbene) 

(~$1~1 h = Me, Et, Ph) gave the corresponding M(B7C2HgMe2)(P%)2_ (M = Ni, Pt)- 

Pt(B7C2Hll)(PEt3)2 was also prepared. X-ray characterisation of the nickel 

complex (R = Et) (111) showed it to be the first example of an q-carbadibora- 

Me 

ally1 species [3473- The rearrangement and otidation of (~-C10B10C2RR1)2Mn~ 

(M = Co, Fe, Ni).hss been studied. The nido conplex structure is oxidised 

by WC12 to the close-carbaborane BloHloC2RR', and readily undergoes poly- 

hedral rearrangement into isomeric compounds [348]. A new synthetic route 

to n-(3)-1,2-dicarbollylplatinum(I1) complexes of formula Pt(rr-(3)-1,2-C2B9 

H9RlR2 )(PR3)2 (R = Et, "C3H7, Ph, Rl = H, Me, R2 = Me, Ph) has been de- 

scribed [349], and the structure of close-[Me2C2BgHg Pt(PMe2Ph&] (112) was 

determined [350]. The preparation and structure of nido-[Me2C2B7H7 Pt(PEt3)2] 

(113) was also reported [350]- The X-ray structure of [Pt(2-C6H5-1,2- 

(o-B10C2H10)[P(g-propyl)3]2 (114) h s ows the carborsne to be n-bonded to the 

pt atom together with one of the carbon atoms;of the z-proIjy1 group on a 

ReferenlXSp.400. 



phosphine ligand [351]. The reaction of closo-l 6- R-+-l-,6-C2B6H6 with ., 

Pt(stilbene)L2 (L = PEt3, PMe3) gave tm products characterised as closo- 

l,l-Me3P-6,8-Me2T1,6,8-PtC2B6H6 (115), conteidng a boron endogue of a 

. 
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(113) 

coordinated cyclobutadiene and u-[C2B6H6Ne2Pt(PEX3)2] (116) [352]. 

Six lithium carboranes gave crystalline cis- or trans-Pt(I1) hydrido-dicarba- 

closo-dodecarborane with PtHCl(PEt3)2 [353]. Hexaborane formed trans-[ 

Pt(C6Hlo)2C121 in which the borane is bound via' a 3-centre, 2-electron bond 

with Pt in the 4;5 bridging position [354]. 

XIII Hydrosilylation ul+ germylation reactions 

Addition of NegSiCH=CH2 to PdC12(PhCN)2 gave bis[h3-l-(trimethylsilyl)- 

1-methylallyl]-lr_dichlorodipalladium(II). The germanium vlalogue was alsu 

characterised, as were other silyl allyls [355]. Pt(C2H4)L2 (L = PPh3) pro- 

duced a varietyoftbe organosilylhydrides,PtR(SiR3)L2, with R3SiH. The 

compounds [Pt(SiR3>L2] ($ = C13, Me2C1, MeC12;L = PPh3, PNePh2) were also 

characterised [356]- Evidence has been presented for the formation of 

M-C o-bo& in the metal-catalysed cleavage of Si-C linkages [357-3591. 

References p. 400. 
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n 

[364,3651. The effective nature of R2PtC16 as a catalyst Tn the addition 

of silanes to I-heryne is dependent upon storage [566]. Ziegler-type 

systems e.g. M(acac),-AlEt (M = Ni, Co, Fe) catalyse the hydrosilylation 

of 1,3-dienes or terminal acetylenes. With isoprene or 1,5-pentadiene 

the 1,4-adducts MeCH=CMeCH2SiX3 or MeCH2CH=CHCH2SXj (X=OEt, Et, OMe) are 

the major products, and nickel salts e.g. NiCiR or Ni(acac)R, provide the best 

catalysts. A chain reaction mechanism is proposed (scheme 19). Terminal 

acetylenes RCmC% yield the products in which linear dimerisation accompanies 

hydrosilylation. The head-to-tail adduct H2C=CRCR=CHSiX5predominates over 

the isomer RC%=C%CI+C%SiX5, and hydmsilylation was favoured by electronegative 
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L represents ail other ligands 
i.e. diene or phosphine 

YNiiSiX 
L 

H 
3 

J\ .-m- fl \ /v\ 
YNilSiX fNi\ _ 
i CN'\SiX 

3 3 L SIX 

CH,CH=CHCH(SiX,)CH, CH,CH,CH =CHCH.$iX, 

(III) (11) 

+ + 

Ni* Ni* 

(Scheme191 

substituents X at S&567]. Platinum catalysed addition of dichlorosilane 

to acetylenes proceeded in a stereospecific & fashion yield@& trans 

adducts [3683. The products RR&ICEFIeCN (R = R1 = Ph; R = I@; R? = Ph) 
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.weie obtained from kR$iE2 and CH2=CHCN with H2PtC16 [369]. The hydro- 

silylation of.carbodiimides proceeded at higher temperatures in the presence 

of catalytic-amounts of PdC12 to afford N-silylformamidines [370]. 

Treating ketones and Et3SiH with PdC12 gave Et2SiOR for a large range of R's 

t3711. The effect of n upon the ease of ring formation from [CH2=CH(CH2)nSi 

Me2Hl (n= O-6) and H2PtC16 as catalyst was studied [372]. An optically - . 

active digermane is obtainedfran tie reaction of PhCH2MgC1 (activated by a 

nickel(I1) complex ) with (a-neopenty1)PhMeGeH. It was proposed that a 

GeMgX species was fonned,and its activation by Ni(II) allowed cleavage of the 

Ge-H bond with retention of configuration [373]- 

XIV Catalytic reactions involving Ni, Pd, Pt 

EPR studies on nickel Ziegler-type catalytic systems has provided 

evidence for nickel(I) [374-3761 bridged [374-3751 species. The thermolysis 

of (118)'in C Cl and PhH has been studied and a number of products were 
2 4 

characterised (scheme 20)'[377]. The large multiple +I - 2H exchange 

factor observed in the Pd(I1) catalysed reaction of cyclobutane with D2 

is attributed to a Pt-alkane or cycloalksne complex intermediate. Ph4C4 

is cleaved by Pt(I1) to trans-stilbene whilst norbornadiene shows preferential 

exo-exchange [378]. Monomer insertion at the Ni-C o-bond,rather than / 
d 0 

NiCI(PEt3& 

Cl 

& NiCIP2 + NiC12P, 

Cl 
Cl 

+ 

+ 

(Scheme 20) 
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hydrogen &nsfer,wasprop.osed as- the -rate determinin&fa&pin the isotopic T. 
.:. 

exchange obtained when-perd&teropropylene oak c$tie&ed with a.nondeute&ted -. 

4_mi.&uGes [3&l. olefin by allylnickel bromide-TX1 The intermediate 

platinum ally1 (119) accounts for the D2 exchange-noted in short. ch&F alkyl- 
: 

benzenes [380]. An overall mecha&m to explain the D20 exchanges with 

~alkylbenzenes has been given [381] (scheme 21). Known data on the oxidation 

of C2H4 to ACE by c&none in the presence of-PdC12 and PdC12-IdClO 4 
were 

discussed in terms of the ionic strength of catalyst compounds [382]. 

Two types of catalyst were used in the oxidation of cyclohexene to cyclohexene 

- 
+ 

Pt%,s, 

-I- 

II 
Pt C12S2 

(Scheme 21) 
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.. ~oxide and P-cyclohexen-1-01, The epoxidation catalysts were 14.0 complexes 

'-.. and the autoxidation catalysts were transition metal phosphines or acetylaceto- 

nates C3831. 
. . 

Kth Mo05[(Me2N)3PO]H20 and M(acac)2 (M = Ni, Pa), a different 

product distribution in the cyclohexene autoxidat&on to that obtained w%ith the 

MO compo.und alone, was obtained' [384]- 

The carbonylation of Phi with CO and PdC12 has been investigated 

kinetically. Rate equations were derived and intermediates involving 

MeO- and MeOCO-Pd species were suggested [385]. 24ercaptoethanol 

undergoes carbonylation in py in the presence of 0 
2 

and Ni(C0) py to form 
3 

(120) [386]. The reactions of cycloheptacyclopropenone gave (121) and 

diphenylcyclopropenone (122) on reacting with Ni(CO>4 [387]. The insertion 

reactions of CO ui_th olefins, catalysed by metal carboryyls, to give the 

CH2-CH, 

A? \/ 

F 
0 

Ph. 

Ph 

corresponding carboxylates have been examined [3E8-3901. With cyclic 

o&fins and methallyl or crotyl chloride,CO insertions to produce ketones 

and carboqlates iiere facile when the olefin contained a strained double 

bond or contained a second or third double bond capable of chelating the 

Ni atom [388]. The factors effecting the formation of isomers and 

byproducts of a desired compound, formed by these reactions, were studied [389]. 
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The complex PtC12(H20)[P(C6F5)3] - 
. 

. . VI& found tobe an active-hydrogenation 

catalyst for sulpholene, alkenesand alhadienes_ [3&3k3]-. ..- Heating 

l-methylc~ciohexanol with H2 in the presence of PtC12(PPh3)2 and CF COOH 
_. 3.. 

gave 865 of metbylcyclohexane 13941. The reductionof PhNO2 and phenyl 

substituted products with NaHH4 using K2Ni(CN)4 as catalyst gave, PbN(O)=NPh, 

PhN=NFh and PhNHNHPh c3951- Catalysts used for the homogeneous bydrogena- 

tion of olefins and acetylenes,usually uith H2, have been (i) Pd@(OPh)3j4 

for C2E2 and CLK4 [396] (ii) K4Ni2(CN)6 f or the 3,4 double bond in 6-methyl- 

3,5-heptadien-2-oJ_ [397], (iii) PdC12(He2SO)~NaBH4 for CH2=CHCH2NH2 [398] 

and for acetylenes 13991 (iv> Ni(acac)&AL (N3=Et3, Et2OPh, Et(OPh)2) for 

[400]- cis-k-ens-tranz-1,5,9-cyclododecatriene 

Investigations into the homogeneous oligomerisation of monoenes have shown 

the effective nature as catalysts of NiHC1[P(He2CH)3]2 [401], Ni(C2H4) 

[P(PIe2CH)3]2 [402], Ni[P(OPh)314 [403] and Ni(acac)2 [404], all in the 

presence of Lewis acids- Niistures of nickel b-hydroxyquinolinate with 

di-9-fIrrorenylpbenylphosphine cyclooligomerised trans-piperylene [405]- 

Norbornadienes, together with Ni or Pd complexes and amine in the presence 

or absence of protic acids,gave (123) and (124) respectively. With [Pd(maleic 

anbydride)(PPh b] the sole product produced 
3 

under the above conditions was 

(125) [406]. The oligomerisation of butadiene with atoms of Ti, V, Cr, Nn, 

1’123) 

@SD3 
(1241 

Fe, Co and Ni and the cocatalyst [Et$lCl]2 has been studied [407]. 

The effxciency of butadiene oligomerisation.with MFIX(P%)2 (M=Ni, Pd) 

depends upon both the nature of X and the solvent. The.catio.nic hydrides-. 



3&l 

IPdH(PR$DPEJPP6 (R = cyclohexyl, P rz) were characterised in this study 

C4081. Catalyst systems containing Ni(acac)2 and a heterocycle were 

found to effect nearly quantitative conversions of butadiene into trans-l- 

trans-5- trans-9-, e-l- trans+- trans-9-, and ~-l-~-5-trzns-9- -- 

cyclododecatriene [409]. The compound (126) was the major product of 

(126) 

reactions of butadiene with aluminum alkyls and (Lquinolyloxy)nickel [410]; 

whereas Pd products and organic acids dimerise butadiene to 1,3,7-octatriene 

c4113- Octatrienes or dodecatetraenes were the major products, depending 

upon reaction contitions, of butadiene oligonerisations with Ni(acac)2P$ 

(R = NMe2, Bu, Ph), BuLi and R1R2NH2 (R'=Et, Ph, R2 = Me, Et, piperidine, 

morphol?ne) [412]. Telomerisation of butadiene occurs in methanol with 

Ziegler-Natta type systems [413] or Ni.and Pd salts-phosphine .tixtures [414] 

givim methoxybutenes, methoxyoctadienes and 1,3,7_octatriene. Giallyl- 

platinum halides and (n-C H ) M 
352 

(M = Ni, Pd, Pt) catalyse the telomerisation 

of butadiene with diethylamine to give Et2N-(C4H6)n-H (n = 3, 50%; n = 4,4@) 

r4151. An increase in catalytic activity and selectivity were observed 

when amines were introduced into isoprene dimerisation reactions catalysed 

g+ Q + b + 6 \ 
(Scheme 22) 

E&f.%?.ncesp_400_ 
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by NiC12(PPh&-NagI4.. 

..-.. .- 

The yield of linear dime& wagi --&C$'with 2: 

propylamine --and only 3% with +&x&y&mZn~ [416_]. -: 

_._ .. ., 
With1nickel naphthenate' : .. 

and iioprene magnesium, using phosphites as donors, CJ&~C dimeric isoprene 
I 

productawere obtained [417]. .The compounds in scheme 22 were formed from 

.4-vinylcyclohexene and ethylene with NiCl,(W~), and AlEt or Zt2AlBr [418]. 

In codimerisation of ethylene or propylene uith styrene by the 3-component 

catalyst, Pd'complex, Lewis acid and P(ORj3, a mecbtism involving the formation 

of a catalytically active Pd-E species was proposed [419]. Linear pentenes 

constituted < . 77% of the c5 fraction obttined from codimerising ethylene. 

and propylene riith 1?i(acac)2 and (xe2C11)2A1C1. Introducing tertiary 

phosphines and phosphites into the system increased the content of methy- 

lenebutenes to c 92$ of the total yield [420]. A catalytic amount of 

water en-hazzced the conve_rsion of butadiene and ethylene to hexa- and 

pentadienes with Ni(aryl)X(PPh5)2 (X=halide) and BF5 14211. This 

latter catalyst system effected the selective conversion of styrene and 

ethylene to +phenyl-1-butene [422]. A series of nickel catalysts yas 

-used to transrorm various acetylenes intc linear dimers [423 ,4241, 

aromatic trimers [425,426], and cycfooctatetraenes [427,428]. The rsac- 

t-ion of o_Ph&CC6E4SiWe2C6R4CmCPh-2 with PdC12 gave (127) (R = Si.Re2) .[4291, 

‘\ / Ph 
R 9 I ‘1-T 
1-1 

(127) 

and (2-PhCmCC6R4)2S0 with PdC12(PhCR)2 produced (127) (R = SO) [430]- 

2-Vinylfuran and methylsorbate gave (128) [451] and a mixture of (129) and 

(130) [432] with butadiene respectively, using lii(acac)2, PPh 
3 

and Et3Al 

.: 



(128) (129) (130) 

as catalysts, Cycloalkadienes and ethylene with Ni complexes formed 

vinylcycloalkenes [4333- Products characterised froIo the reactions of 

acrylic acid derivatives with butadiene are given in scheme 23 [434]- 

R =CN, R'= H 
R 

2w R' 
R=R'=C02Me 

t 
Ni catalyst 

for R =CO,Me 
R'= H 

CO,Me 

2 / / 

(Scheme 23) 

3,3-Dimethylcyclopropene reacted tith t--RCH=CRC02Rl (R = C02R1), a- 

He02CCH=CHC02R1 and CH2=CBC02Rl in the presence of I~5(COD)2 to give 50-7$ 

(131) (Rl=He, Et, Bu, R = CO,Rl), 9& (132) (R = C02Rl; Rl = bIe> 

(132) (R = H, Rl = Ne) along with 505 (133) respectively [ 4351. 

and 56 

CH=CMe2 

R b =-CO*R’ 

(131) 

CH=CMe2 

A 
R 

_-- 
=-C 0, R’ 

(132) 

dlwlation reactions with organoderivatives of copper and nickel have 

been revieued [436]. Grignard reagents,activated by Ni(I1) complexes, 

activate Ge-H bonds to alkyl or aryl substitution reactions [437]. The 

Referencesp. 400. 
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(1341 

complex hi-~hloro-bi~[2-phenyl-f-(a-pyridyl)ethyl]dipelledi~(II) (134) 

xis isolated frcm a reaction mixture cootaining E2PdC1 
4' 

2-vinylpy' snd 

PhGIgCl,zz~d chancterised crystallographically [438]- [ _ArPdCl] reactions 

with COD and endo-dicyclopentzdiee have been studied (scheme 24) [439]. 

Treatment of a series of norbornenes 14401 and 1,2-dihydronaphthalene 

[441] with [PhPdCl] effected PhPd addition across the olefinic bonds. 

Ar-A.r - - 

[At--PdCI] 

Ar 

D 

Ar = phenyl, p-tolyl. p-anisyl 

I Scheme 24) 

. . . 
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The effect of steric influence of the g-al&l substituents of styrene on 

the aromatic substitution reactions has been investigated [442]. The 

vinyl esters R2CH(R%H)COOCH=CH 
2 

were prepared by an exchange reaction 

with vinyl acetate using N8$dCl, & catalyst [443]. Palladium acetate 

and P 
Ph3 

catalyse the coupling of aryl and vinyl halides with olefins in 

which the vinylic hydrogen of the o&fin is zplaced by the organic group 

of the haEde e.g. Me2C=CHDr + CH2=CHC02Me+ Me2C=CH-CH=CHC02Me [444]- 

Nf12(PR92 complexes exhibit high activity for selective cross-coupling 

reactions of Grignard reagents with aromatic and olefinic halides [445]. 

Treati_ng 1:1 BuMgHr with H2C%CHCH2C1in the presence of nearly equal 

amounts of Ni-phosphine complexes gave 56-61% octane and 40-59% 1,5- 

hexadiene, which is in marked contrast to 7C$ propylene and 715 butenes 

obtained with metal chlorides [446]. Amine complexes of Pd(II) effect 

a predotinantly e-directing acetoxylation uith potassium peroxydisul- 

phate in glacial AcOH [4.47]. Addition of olefins to 2 Pd-sulphone 

produced Pd metal and the corresponding oxidised product e.g. [CODpdCl 

(c~so~w)I+R~cH=cR~R~+P~SO~CH~CR~=CR~R~+P~(O) + HCl [448]. The struc- 

ture of the product di-a-2,6-diacetox-a-bicyclo[3.3.0]octane, obtained 

from reactions of COD, PdC12, Pb(OAc)4 and AcOH, was elucidated crystallo- 

graphically. A mechanism for the reaction was proposed [449] (scheme 25). 

The reactions of isobutene, methylenecyclopentane, methylene cyclohexane 

and methylene cycloheptane with PcI(OAC)~ were studied in AcOH at 30-80°. 

Two types of oxidation were identified, acetoxylation to allylic acetates 

(methylene cycloheptane) and oxidative coupling to dimers (isobutene and 

methylenecyclohexane). A mechanistic study indicated that the former 

w8.s produced by thermal decomposition of the initially formed n-allylic 

complex. The latter process was presumed to proceed via an insertion 

of the olefin into the Pd-C bond in the acetoxypalladate adduct follow& 

by the elimination of AcOH and Pd(OAc)2[450]. The stereochemistry of 



( Scheme 25 1 

nucleophilic attack on olefins coordinated to Pd(I1) and Pt(I1) by OH- 

proceeds, where possible, by prior coordination to the metal [451]. 

The hitherto unknown E,Z-PhCH=C(CO2H)C(CO2H)=C!HPh and the Z,Z-isomer were 

prepared-in 9.2$ yield by the otidative coupling of trans-PhCH=C(C02H)HgCl 

with Li,PdCl4-CuC12 [452]. Pd(PPh3)4 was found to be the best catalyst 

for the stereoselective conversion of bis(propenyl)mercuxy into 2,4-hexadienes 

C453]- Addition of Me3Al and LiAlMe 4 to ketones [454,455] and nitriles 

[456] occurs readily using Ni(acac)2 as catalyst. The mechanism was 

suggested to proceed via an oxidative addition of Me 
71L 

1 to a zerovalent 

Ni(0) species. The formation of cinnamonitrile from acetylenes and 

Ni2(CN)2(DPB)j is presumed to proceed via a cyanovinyl intermediate which 

gives the required product on protonation [45’7]. g-MeC6H4NiC1(PPb3)2 

and P-RC6R4NiCl[(H-RlC6H4)3P]2 (R = Me, Cl, R’ = H; R = H, R1 = 14e) 

decompose quantitatively in toluene at 90' to give three different dia&ls. 

To explain this, an aryl transfer from phosphine to Ni is proposed to 

OCCIX via a binuclear Cl-b-ridged Ni(1) complex [458]. _The mechar+sm of 

the Ni-catalysed synthesis of phosphonium salts from arylhalides and PPh3 



is reported. The formation of phosphonium 

-addition reaction of Ni(PP 
s3 

) with the aryl 

387 

salts occurs by the oxidative 

halides and reaction of the 

co&dinate&aryl g&ups with PPh3 e.g. Ni(PPh3)3 + ArX*NiAr(X)(PPh ) 
32 

+ PPh3--fAr~Ph2X +~Ni(PPh3)2 pPh3 + Ni(PPh3 )3 [459]. 

TWO types of skeletal rearrangements of 1,4-dienes occur with 

Nix2(PR,)2 and (Me2CHCH2)2A1C1, namely (i) that in whkh the isoprenoid 

C skeleton is generate&as exemplified by the 1,4-pentadiene isomerisation 

to 2-methyl-1,3-butadiene and (ii) a rearrangement exemplified by the 

3-methyl-1,4-pentadiene conversion to 1,4-hexadiene. The competing 

reaction in each case is the positional isoinerisation of the terminal 

double bonds in the 1,4-diene reactant to afford conjugated diene- products 

Me 

Me 
Me 

Me-Me 

M = Ni(PR3?&I 

(Scheme 26) 

ReferenceS*.400. 



of the same C skeleton. 
I. 

l+vestigatioG into &ese.reactions are reported 

[460-4631, and mechanisms for routes (i)-and (ii) have beoninvostigated : ~. 

[462-4631. For (i) the results were interpret_ed.in term&of the inter- 
-.:. 

vention of cyclopropylcarbinylnickel derivatives .(sch&e 26) and the 

stereochemistry of each intermediate was discussed [462.]. For (ii) a 

diene rearrangement mechanism is proposed which involves a C-Ni B-elimi- 

nation reaction of an alkenylnickel intemediate and in which route (a) is 

favoured in scheme 27 [463]. !Che rate law for the PdCi2(PhCN)2 catalysed 

isonerisation of quadricyclane was second order [464]. 

M 

Me Me 

Me 

Me 

b 
- 

Me 

Me 

Me 

+ MH 

a 
_ Me T -M--/i 

Me 

Me 
Me 

(Scheme 27) 
-I- MH 

The activity of the complexes PdX2(nitrile)2 in the isomerisations 

of olefins decreases inthe order PhCN>MeCN for X = Cl, Br. The ratio 

of &-Solefin to trans.-2-olefin decreased in the order Cl>Br>I [465]. 

Double bond migration in CH2=CHCHMeEt catalysed by NifP(OEt)2Ph14 .~ 

and 4-KeC6H4S03E gave 99$ of a k:3 mixture ofcis_sMi trans-MeCH=CMeEt 14663. ; 

-- :. 

. 1. 
. . ._ 
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: .:AIeohols in the presence of n-palladium chlorides isomerised l-heptene 

:-selectively to trans-products [467]. The preferential formation of trans- 

-pent-2-ene from pent-l-ene and cis-pent-2-ene in non-protic solvents with 

PdC12(A2CN)2 or Fej(C0)12 was attributed to an intramolecular hydrogen 

transfer mechanism [468]. 

Carbonium ion formation in the PdC12-&Cl2 promoted rearrangements 

.of bicyclic olefins occurs less in the CuC12-catalysed reaction 14691. 

trans-Stilbene oxide is converted by Pd and Pt complexes to small amounts 

of PhCOCH2Ph, Ph2CH2 and &-stilbene oxide [470]. The rearrangements 

of (135) to aldehydes was carried out in the presence of compiexes of 

Cu, Ag. Pa and Pt. The cycloheptatrienealdehyde formed was stabilised by 

copper salts [471]. Me2C=CH(CH2)2CHMeCH=CH2 with PdC12 and CuC12 in 

DMF,or PdC12 in aq. acetone,formed Me2C=CH(CH2)2-CHMeCOMe, a-terpineol and 

bis[chloro(2,4-17_2,6-dimethyloct-2-ene)palladi~(II)] [472]~ The reaction 

of cis- and trans-isomers of Feist's acid dimethylester with a series of 

metal olefin compounds has been studied. A series of ring opened species 

was obtained from reactions of PdC12(MeCN)2 and [Pd(C2H4)L2] 14731 (scheme 28). 

Halogenation of some enyl Pd(I1) complexes proceeded with predominant reten- 

tion of configuration at the carbon bearing Pd but with overall inversion of 

configuration in the presence of halide ion. The results were interpreted 

in terms of an oxidative addition-reductive elimination mechanism [474] 

(scheme 29). 

The addition of h3-perdeuterocrotylnickel iodide to 2-methyl-uld 2- 

isopropyl-1,3-butadiene gave the e-isomer (136) (R = Me, Me2CH) as the 

Refere-p.400. 



xan 

C02Me 
A 

CO,Me 

-,C02Me ~:. . . 

Yd CO,Me 
H I 

Me 

c! 
C02Me c 
.= 

1.r L = tir. acac, 

+G+s 
CH KOCF3 j2 

L = acac. 
CH (COCF3)2 

C02Me 

M~e~b~~2c~ c~::jQ$I Mej2c CI 

2 Me02C 

alPd< Me 
L 2 

L = acac. 
CH (COCF312 

(Scheme 28) 



Ni(MeCN)X. 

R=R’=H. X=61-.1; 
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(1.36). R = C02M&, R’ = H; Me, X = Br 

(137) 

product of kinetic control. subsequent rearrangement to the xn-isomer 

and to the h l-complex occurred 14751. The allylnickel complex (137) 

coupled with CH =CRCH Br or NeO 
2 2 2 

CCH=CECH Br 
2 

to give the products in scheme 

30. The synthesis of geranyl acetate and metiylfarncsoates via allyln%ckel 

.,LCH. ;tLcH2 ‘2’+c,, 

R’ 

R=R’=H, X=Br,iodo;R=COZMe,R’=H,Me,X=Br 

(Scheme 30) 

species was also reported [476]. Yhen the reaction of stoichiometry 

given in scheme 31is run under conditions for natimum yields, all the 

(Scheme 31) 

quinones are obtained in their-reduced state. The site of al_kylation 

corresponds to the noncarbonyl ring site of highest spin dersity,indicating 

that electron transfer processes are involved prior to coordination to the 

nickel of what would be a reduced quinone species [477]. The activity 

of n-allylpalladium halides in exchange reactions with dienes decreases in 

the order C1CH=CHCZ12>CH2=C!HCH2>EleCH=CHCH23X2=C~IeCH2 for the complex, 

References p_ 400: 
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decreases in the order-butadienezisopre;~~~~~~r~~~~~-~~eCM~H~.fdr ’ --- 
.. _. -- :‘ 

the diene,and increases.in'the.ox$er Me2S&PhI$XHC .%hH for the-solvent 
.:. _: 

'$ '-. ye. --: ~.. : .y; .I_ .. 

14783. The different products.obtain_ed.in the allyl-.bromide-crotyl .' ... : 

chloride reaction with Grignards and n_allyls of Ni..Co-and Fe were 
: 

attributed to increased lability for exchange of the-n-&otyl metal cornpoun& 
. . 

[4793- n-A11yl intermediates are proposed in the nickel catalysed amination 

of 1,3-die&s and the different reactivities observed were discussed on the 

basis of the stabilities of the n-ally1 complexes [~.sc]. 

XV Complexes and reactions of general interest 

The molecular structu&e of Ni, Pd and Pt complexes by X-ray diffraction 

have been reviewed [481]. Some c_rystal structures of general interest that 

have appeared this year are; (i).NX2L2 (X = Cl, L = Ph2PCH2CH2P(CF3)2, 

M =a-Pd [482]; X = S-bonded SCN, L = P(OPh)3, M = tr--Pd F-4833; X = I, 

L = P(C6Hl,)3r M = trans-Pt [484]; X = Cl, L = PPh3, A = &-Pt,in which 

distinct solvent adducts occurred and PtC1(CC$)(PPh3)2 was reformulated 

as [PtC12(PPh3)2] (solvent)x [485]; X,=(NCS)(SCN), L = P-bonded Ph2PCmCR 

(l+Bu 
t 
), M = cis-Pt. prepared from MeCN solutions of X=NCS at O", together 

with other R = Et, Ph, Pri products 14861; X = Cl, ML2 = (-)-2,3,-g- 

isopropy~idene-2,3-dihydro~-l,4-bis(diphenylphosphino)butanenickel(II) 

14873). (ii) PdBr2L3 (L = 2-phenylisophosphindoline, orange racemate fern! 

and optically resolved red form.in which Pd-Br is 2.92 (red) 8 and 3.02 (orange) 

8 &xi the dl Tfferences are attributed to differences in molecular environment 

[488]; L = 5-al&l-5H-dibenzophosphole, 2-l = methyl, ethyl [489]) 

(iii) NiBr2(PNe3)3 (138) 14903 (iv) t rans-chlorobis(triethylphosphine)- 

(R-fluoropheryldiazene)platinu&II) perchlorate (139), formed by protonation 

of a Pt-aryldiazonium complex (4911 (v) NiI4 (I3 = I,l,l-u-(diphenyl- 

phosphinomethyl)ethae);confirming the monovalent nature of the nickel 



(138) 

[492], (vi) (Et4N)* [Pt,(NO),C161, (140) with the Pt atoms in square planar, 

and octahedral environments, respectively, bridged by Cl atoms and an NO group 

(N-OCbridgind1.27 2, N-O @exminag 1.05 2) [493] (vii) PdL, (L = P(C6Hrr)3, 

(Me3C)2PhP) (141) [494], together with their preparations aad the formation 

of PdO2{PPh(CMe3)232 14951. A series of fluorine exchange reactions in 

Ni(PF3)4 with (Me3Si)2NNa, RNRRl (R = H or Cl_5 alkyl, R1 = Cl_5 alkyl) 

and RONa (R=Et, Pr) have been reported [496-4981. Complexes synthesised 

during the year were (142) [499]. HXLL1 (M = Pd. Pt, L=L1=PPh3, XY = (ZC6H4R)2 

R = O,S, Z = NH2, N02, H [500, 5011; M = Pd,.Pt, LL1 = Ph2Sb(CH2),SbPh2, 
, 

Referenceap.400. 



(139) 

Cl 

0 

N 

Cl 

X=?c=zniotic E.guld [502]; It=Pd, X=Y=Cl, Id=PPhld +R1=Me,.~t&-; R = Me 

RI = Et] [503]; M = Pa, X=y&,' = NCm{R = R; Ph]; M = Pa;X=y=NHm,-L = &l-c 

Ply c5043 1% = 



(141 a) 

Pd P C H (141 b) 

C.& A-t39 PRt3> [505]; H(CbIe3)=SNCMe3 [506]; M = Pd, Pt, X=Y=Cl, 

+Lb(OR)Ph 2; M = Pt, X=Y=Br, L=L'=P(OR)2Ph(R=!-ie, Et) [507]; M = Pd, pt, 

Referencesp_400. 
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(142) 

m, X=Y=halide, LLl=g-phenylenebis(diphenylarsine), (R-diphenylarsinophenyl) 

diphenylphosphine [508]; M=Pd, Pt, lkLl= PR3 (R=Et, Ph), X=Y=SO2(0Me); 

X=C02Me, Y=S02(0Me), L=Ll=PPhS; X=Y=S,CO, kLl=PPh, [5O9]); a range of 

trans- and B-[PtX(SCF3)(PEt3)2] compounds in which a definate correlation 

exists between &- and trans. influences of the ionic ligand X when long 

range NMR coupling constarlts (3JptF) - are used to measure these effects 

[510]; NiI2(AsMe3)3 [511], and five-coordinate complexes of Fe(II), CO(II) 

I 
and Ni(II), in general, were reviewed [512]; [NiIL]I (L = PhPCDIOHIOCPPh;!) 

[513]; stereospecific syntheses of [PtC1L(PEt3)2]t and cis-[PtClX(PEt3)2] 

for a range of X and L were developed [514]; [MCl{P(OR)313]+ and [M{P(OR)n 

Ph3_n>4r (n = 1,2; R = Me, Et) [515,516]; [DPEPtC112 from [Pt(HgSiMe3)2 

(SiMe3)2DPE] [517]; the species PdPtC14(PBu_j)2 was inferred from ?P NMR 

measurements on mixtures of Pt2C14(PHu3)2 and Pd2C14(PDu3)2 [518]; 

[~~f~~sH4(PMe2)~,]*~; [NiCl&C6H4(PMe2)2~]~ and a series including 

b?iC12&C6H4(PMe2)232]n+ (n = 3,4) 15191; (143) 15203, ECp2Fe]PdC13 and 

[CpFeC6H4CH=CH2PdC12]2 15211; . . kens-[Mpy2CCo(CO)3L32]TM; Pd, Pt 15221; 
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[Ph2XCH;]2PtCo$CO)7(X = P, As) 15231; trans-M1L2[Mn(C0)5]2 (Ml = Pd, Pt, 

L = pyj 3-Mepy, 4-Mepy, 4iMepy) with linear >ti.-Ml-Mn bonds [524]; trans.- 

[Pt(N2Ar)(PEt3)2L]+ (N,Ar = N2C6H4F+ orp, L=f Hl+ py, PEt3, EtNC) and the 

corresponding aryldiimides and arylhydrasines. from.protonation reactions and 

reduction reactions respectively [525]. The S-bonded+N-bonded isomerisa- 

tion in complexes &-[Pt(SCN)2L2] (L = PPh3, AsPh3) have been studied [526]. 

A series of investigations into the intermediates formed in cis-trans- -- 

isomerisations of square-planar palladium and platinum complexes has 

appeared [527-5301. Equilibrium thenodynamics for the cis-trans-isomeri- -- 

sation of Pd(N3)2~P(CH2C6H5)3_nPhn~2 (n = 1,2) have been obtained. With 

the Nf ion in Pd(N3)2{P(CH2C6H5g2the complex is so sterically hindered that 

only the trans-isomer exists [527]. Isomerisation energetics (cis-trans -- 

and linkage)andmechanisms for the palladium(I1) phosphine complex containing 

trifluoromethyltetrazoles have been studied by 1H and lgF _NMH. A unified 

mechanism for isomerisationsof square-planar complexes was proposed and 

discussed in terms of orbital symmetry selection rules [528] (scheme 32). 

&-EptC12(PEt3)21 - isomerised to the trans-isomer in the presence of PPh3 with 

no phosphine mixing,and [PtCl(PEt3)3r did not react with Cl-, which was 

said to be evidence for a mechanism involving a five-coordinate intermediate 

rather than one involving a consecutive displacement step [529]. %I NMR 

data on these catalysed isomerisations suggested that no unique mechanism 

is in operation but rather 3 different and separate pathways whose impor- 

tance is a function of, and varies with, metal, solvent, ligand catalyst 

used and anion [530]. Helium I photoelectron spectra of M(PF3>4 

(M = Ni, Pd, Pt) were measured and from ionisation potential data the evidence 

pointed to strongest bonding with Pt. Charge shifts from a-to 

n-bonding cancel each other in these molecules [531]. Vibrational spectra 

of [M2X612- (M=Pd, Pt, X = Cl, Br. I) 15321, [MX412cM = Pd, X = Cl; M = Pt, 

X = Cl, Br) [533], a- and trans-MX2L2 (M = Ni, Pd; X = Cl, Br, I; L = ter- 

Eeferencepp.400. 
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A B 

phosphine. cataiysed R3P 3 uncatalysed 

process process 
(Scheme 32) 

5-coordinate transition state 

tiary #xosphine) [534-l and FIiL(CO)3 were recorded and relative assignments 

for Zigand stretching frequencies made [535]. l'he synthesis, reactivity 

and lgF PMR.of the darners [M2(SCQ2(P3)4B2(M = Pd, Pt, R= Et, Ph; 

k = BF 
4' 

C104) is reported. Monomeric products, from bridge-splitting 

reactions xere obtaindd [536]. Vibrational sp+ctra and.NMR parameters 

of the Pt(IV) complexes [Ptx4L2] and [Pt%L]- (X = Cl, Br. I; L = "5, PIJeT, 

dsMe5. SN~,) were measured [53’7,538]. The signs of the 2J pp couplings 

have been detern&ned for a series o* Pd and Pt al.kylphosphit& or phosphine 

compounds [‘j39]. 19 F NMR spectra have been recorded for 15 different 

g-and o_fluorobenzenediazo conpl&es and the evidence points to ArN2 being,. 

a poorer x+-acceptor than-NO+ [540]. $-~‘g5Pt. heteronu&&r cI&ble. 

resonake is shown to be valuable for identification of species present in. 

. . . 
. . -. 

._ : 
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pt(11) compounds. 195 Pt chemical shifts were explained in terms of 

v2riations in electr&ic escitation energies for ligands of approximately 

the same size. BuUry ligand atoms however produce large shifts to high 

field which tend to dosinate [541]. Physic=1 stuiiies on NiL 
4 
have been 

completed. E1ectrord.c factors stro~~zly influence the rate of dissociation, 

znd phosphines dissociate more npidly than phosphites. Steric effects 

are largely responsible for variationsin equilibrium constants [542]. The 

seties of complexes [ML,-J+ (W = Ni, Pd, Pt; n = 2; L = phosphite) hsve been 

synthesised [543] 2nd their fluxional behaviour in solution studied 15441. 

Detailed line shape akysis and rearrangement barriers were reported [544]. 

A review on transition metal dinitrogen complexes, their synthesis; proper- 

ties and significance, has appeared [545]. The dinitrogen adducts 

F?2Ln (1% = Co, Ni, Fe: L = triarylphosphine, -arsine, -stibine,n = 2,3 [546]; 

M = Ni, L = PEt3 n = 3 15473)have been synthesised by reduction of the 

corresponding acac complexes or by direct reaction with the metal(O) species, 

respectively. The reaction of [Ni(2cac)2]3 with CS2 gave [Ni(acac)214 

(144) 15481. N.0. calculations were carried out to obtain a complete 

ana non-empirical description of the N-O2 and N-P b&dings in metal-dioxygen 

componounas 1549,550l. 

(144) 
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