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'-NO-TE:\- Th}.s art1c1e on organometalllc denvat:.ves of NJ., Pd and. Pt'and

" their react:.ons, is ‘only. comprehens:.ve if read in conjunction with
the survey for 1974 appear:.ng in ‘this® ,]ou.rn.al entltled "Transﬁ::.on .

Metals in Organic Synthe51s“ by L.AHegedus._ .Duplications in. '

these two surveys have been mlnlmlsed(see vol. 103 (1975) 421 474),;n

ABBREVIATIONS

Ac = acyl

acac = acetylacetonate

aq = aqueous

bipy = 2,2 -bipyridyl

COD = 1,5 —cyclooctadiene -
coT = cyclooctatetraene i
Cp = cyclopentadienyl

dba = dibenzylidene acetone

DIARS = 1,2 —bis(metbylphenylarsino)ethane
dma = dimethyl acetylenedicarboxylate
DMEF = dimethyliformamide

DFB = bis~1,2-(divhenylrhosphino Jbutane
DPE = bis-1,2-(diphenylphosphino )ethane
‘DEM = bis-1,2(diphenylphosphino )methane
en = ethylenediamine

Hfaca = hexafluoroacetyl acetone

NBD = norbornadiene

phen = ortho-phenanthroline

by = pyridine

RT = room temperature

sal=N-R = N-organosalicylaldimines

TEF = tetrahydrofuran

“TEMP = trimethy lenephosphorane

I Hetal—carbon.chcbmplexes

A review on stable homoleptic metal alkyls, containing references
to Cu, Ni and Pd complexes has appeared [1]. The structural determina-

has shown the compodnd to have 2 normal stereo-—

tion of Ni(Et)(acac)PPh3

cheﬁical configuration (Ni-C 1.97X)- The single sharp ;esonapcerobsezved




,f?dgithé'éthyl préfdns'héé been attributed from 13C}NMR measurements, to

; éccideﬁtgilérbfdn gqﬁalityiand not scrambling [2]. New cyclopentadienyliron

..élkyl carﬁon&ls and nickel alkyls have been prepared [e.g. CpNiR(PPh3L
-R=CF3;CFZCF3, CF(CF5),] and evidence obtained,from 'H and 'OF MMR data,

for restricted rotations about the metal-alkyl bond [3]. NMR studies

showed the existence of the [NiMe(PMe3)4]+ cation in solutions of NiMe(PMe3)3X
(x=61,Br,1,scn;o

Pméz) and FMe Tne cation was fluxional and computer

2 3°
simulation of the NiMe PMR gave an activation energy of 11.6 kcal/mole for

the intramolecular pseudorotation [4]. CpNi(CHZSPh)PPh is formed from

3
LiCstPh and the corresponding halide and tended to eliminate CH2 to give the
metal thiophenolates [5]. The carbonyl-w-cyclopentadienylnickel anion
reacted with but-3-enyl chloride and cyclopropylmethyl bromide in THF at

75° to give cis- and trans—-(N“-but—2-eny1)-r-cyclopentadienylnickel and

(1) respectively. Fhotolysis of (1) effected insertion of the carbonyl group

@-I}!i—CHz-<l

co
(1)

into the cyclopropylmethyl ring [6]. Ni and Pd atoms have been employed

as synthetic reagents for the formation of a series of bis(methylphosphine)
organonickel and palladium complexes [7]. Two kinetically distinct steps

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

béen identified. The initially established equilibrium involves a relatively
rapid complexation between Picli_ and the benzimazole nitrogen of the

cobalamin; followed by a slower methyl transfer to palladium fs].
Trimethylplatinum azide has been prepared [9] and characterised

crystallographically. The cubane structure consists of [PtMe3N3]4

molecules in which each o-nitrogen of the azide groups links three

References p. 400.
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organolithium.compounds in preparing PfRéLé"comiléxes:(ifé'mdno;téy ;é:=:
bidentate tertiary pl'ws.phirnes-) [121. The tetramer [ir-Ie_th].Z 1, or c»ﬁ?tnej _, ,
and potassium frispyrazolylborate orrtetrakispyrgzo}ylhoiéte.géﬁéﬂﬁe33t
(C3H3N2)nBR (r=gH, n=j; R=0, n=4) respectivély. Potassium bispyrézoiyiborafé
and [ﬁe3PtI]4 produced Me3P€(C3HBN2)BH2'Hhich contains 2 novel B—H—Pt'>
bridge, as characterised by an IR band at 2039 cmfl,[lﬁ]. Compourids of the
type PtHeLQi were prepared by olefin displacement from PtMe(NBD)I (L2 ='C0D,
MeZN(CEZ)ZNT-Ieé; L = 3,5-lutidene, PhCHerHZ). Oxidative additions to some of
these products with I, and HeI'gaée mono- and dimethylplafinum(lv) compounds
[14]. Neutral and cationic cyanoalkyls of Pt(II) have been characterised
[15,16], e.g. cis— and trans— [PtCl(CHZCN)(PPh3)2] were formed from Pt(PPh3) 4
and CICH,CN in acetone and benzene respectively [161. 1In some cases [151
coordination of the CN group promoted cis-tirans isomerisétions, as well

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

with CO were also observed.

A number of studies on the mechznistic aspects of oxidative additions
to palladium and platinum compounds have been reported [17—24]. The crystal
structure of trans-bromo(trans-styryl)bis—(triphenylphosphine)platinum(II)
indicated that the cxidative addition reaction of trans—-B-bromostyrene to

3)4
Pt(PPh3)4, only PtX2L2 products were obtained. A mechanism was proposed

_Pt(PPn is stereospecific [17]. With sec-alkyl and benzyl halides and

and the importance of some new five—coordinate Ptx2L3 complexes in the mechanism

of phosphino catalyseﬁ isomerisations of square planar PtX2L2 compounds
discussed [18]:. The formetion of }{BrZ(PEt3)2 from M(PEtj)j (4=pPq,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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'thé 6xidétive-addition reaction, has been inferred from CIDNP enhancements
: ‘:mlH "NMR .spectra of the reaction ﬁxtures [19]; In other alkyl halide
reaétions.Qith M(PEt3)3 the evidence points to a radical chain process as
the major pathway in.the addition reaction. Part of this evidence was;
(i) nedpenfyl bromide and Pt(PEt3)3 in toluene produced, as well as the
expeé#ed prqduct, trens— [Pt(CH206H5)Br(PEt3)é]; {(ii) radical scavengers
reduce the reaction rate by a factor of 5—103. (iii) optically active
addenda molecules produce optically inactive species [20]. Similar studies
of additions of S(+)-PhCHDC1 to Pd(PPh;) s {21], and of S(-)—x-phenethyl
bromide to fd(CO)(PPhS)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 Mel with Pt(PPh3)n (n = 2,3) was consistent with scheme 1.

K
PtLy e ——t PtL, + L
P
PtLy + Mel —=  PtMell, + L
ko

PtL, + Mel —— trans-PtMell,

(Scheme1)

A polar transition state was inferred from rate increases in polar solvents
[25]. The stereochemistry of the reactions of MeI and CF5I with cis-PtR,L,

7(R=Ph, Mes L=CN06H4Me, AsMeB, PMeZPh) were dependent upon R and L, and
stereochemical rearrangements were facilitated by cation formation.

In several instances reductive eliminations to Pt{II) compounds occurred.
Kinetic data for Mel additions to £;§3[Ptﬂe2(CNCGH4Me)2] were given, and
the stereochemistry of the Pe{IV) complexes formed from 12, MeIl and CF3I
and ggggg}[PtRI(PMezph)z] (R = Ph, Me) were discussed [24].

A series of spectroscopic studies on platinum alkyl complexes have

appeared [25~36]. Far IR and Raman measurements on PtR1R2XL2 (R = Me,

References p. 400.
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CD3; R™ = Me, CD3, CF3, HeCO PhCHZ, CHZ‘ CH—CHZ, xr— Cl Br, I',- :
L = pnosphlne, arsine) have led to an unamblguous a551gnment of v(Pt-X) [25]
The 1291e gqQ values from the 1291 MSssbauer spectra of neutral~and caulonlc.

compounds of tyre trans—[Pt 12911:1.2] (X = Me, CF_, I: L = PMe Ph) and trans-

[pt 291t L, T (it P(OMe).., P(ule) Ph, PPh AsPhy, EtnC, p-MeOC.H NC)

57 674"
were shown to be very sensitive to trans-ligand influence and 2 trans-
influence series for these ligands was established [26]. Various factors
affecting fragmentation paths and ion abundances have been identified in a
mass spectroscopic study on PtR,L, (R = alkyl, aryl; L = PR3; L, = chelating
diphosphine). Rearrangement processes cccur in which organic groups are

transfeired to and froem phesphorus and platinum and a2 mechanism is proposed

whereby pelyphenyl ions are formed [27]. Pt 4f bond energies have been

2
X = Y = halogen, H, Me, c(cn)3, NCO, SCN, (NC)ZC = C(CN)2

calculated from the X-ray photoelectron spectra of L PtXY (L = PPh3, SbPh3;
Ny, CN).
Lower Pt 4f bond energies were observed for stibine complexes compared

5 } -
with phosphine compounds [28]. lH—L3lé} and lﬁ— {lgsPt§ INDOR spectra

have been rscorded for Ptﬁes(acac)PPh The stereochemical dependence of

3¢
the absolute signs of JJP g Tor the Pt-Nethyl protons was determined [29].
?

The lh, 130 and 195Pt KMR spectral parameters of the cyclopropane complexes

Ptxz(c3H6)L2 (X = c1, Br; L = py, 4-Mepy; L2=en) suggest the presence of

the ring Ptl in these compounds [30]. A comparison of the 135

13,_195

C shieldings
and Pt coupling constants of a series of trans-Pt aryl and alkyl
complexes was presented. A bonding model in which og-rather than w-

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

Four papers con 130 NMR spectra of platinum-methyl complexes have apéeared

and différences between the NMR cis- and trans-influences discussedr[32-3§].

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

i3

many fapers rationalising ““C chemical shifts for carbon atoms bound to

transition metals has been convincingly questionéd [36].
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' silicon-nickel [37]7ahd -platinum {38] complexes have beer prepared
,'frohVcorrespondingimetal;alkyls'énd silicon hydrides. Compounds charac— _

terised were Ni(bipy)(SiX;), (X5 = Cl;, MeCl,), CpNi(SiC1;)PPh, PtH(SiR;)

302
(PHézPh)z (R = Pn, 2—?0634) and é_i_s_f[Pt(SiRB)z(?mezPh)z] (R3 = MePh,, tha),
and some of these compouﬁds were found io be active catalysts for hydrosily—
lation of olefins [37]. ~ Relevant parameters from the X-ray structure of
Pt(CH,Sille;) C1(PMe,Ph), were Pt-C 2.08 %, Pt-c1 2.42 % ana Pt-P 2.29 % [39].
Benzenethiol reacts with methylpvlatinum{II) compounds to cleave the metal-C

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

0200F

P Y = L r
30 Cl) and cis [Ptuez(PPh3)2] give CF;HgMe and cis [PtCl‘Me(PPh3)2] L41].

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

been characterised [427. Ethane, ethylbenzene and CD_COMe were the primary

3
components from heating PtRzR]'X(PMeZPh)2 (X = halogen; R = Me; R1 = benzyl,

R' = acetyl; R = Et, R* = Me). For X = Br, R= Me, R = CH,—

allyl; R= CD >

3’
CH = CH2 the decomposition apparently occurs via & free radical mechanism,
and for X = I, R* = Me, R = Et the initial step was the P-elimination of
CZH4 [43]. The reductive elimination of ethane from fac—[PtXMeBLz] (x = ca,

Br; L = PMe,Ph; X = I, L = PMe

S PMe

Ph, PHePhZ) has been studied kinetically,

37 2

and the mechanism was inferred to proceed via an intramolecular reductive
elimination process involving a five coordinate intermediéte formed by
ligand dissociation. Further evidence for the five-coordinate intermediate
~came from the scrambling of methyl and [2H3] methyl groups in [PtHe(CD3)

11.2] {L = PMe_Ph, AsnezPh) and Pt(CD3)21-IeK(PHe2Ph) (x = c1, Br, I).

2
- The pathway, involving the intermediates (2) and (3) is favoured by (1)

Me X
Lt X : L
‘\pt/ —_— L-ptil}ne ———= trans—PtXMelL, + CyHg
Me” “Me hde;” Me

(2) (3)

Referénca p. 400.
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rréduét*on 1n m;£a1 electrondemﬂtj from 1£1t1a1 1lgand dlssoc1;tloﬁ énd
(ii stablllsatlon of the 1nfermed1ate because of a preferred coordlnatlont'
number [44]. ~ The first_estimated'Pt—C bond strgngth for the,cyglopropylf
platinum products Pth 3 He and PtX2(b3H6)I2'(X.= c1, Bf;iL‘=7PY, 4—Hép"

L_ = bipy, en) calculzted from differentiélrscanﬁing calorimetry and thermo-

-2

gravimetric analysis is,reported,[45]-

Oxidative additions of fluorchalobenzenes and benzonitriles with the
zerovalent compcunds H(PEt ) (4 = Ni, P4, Pt) and Ni(DPB)2 gave the
o-aryl complexzes HXRL (H = Ni, Pd, Pt, X =C1, Br, I, CN, F, R = CGH4F
DPB [47]). Reaction of the

L = PEt; [46); M= Ni, X =CN, R=Ph, L,
bromo derivatives with PhMgBr and with Meli provided a route to trans-—
H(R)(06H4F)(PEt3)2 (R = Ph, He) [46]- The electronic interaction between
nickel containing groups and the aromatic ring in.ErCNCGH4NiX(PR3)2 and

2—HeC0C6HANiX(PR3)2 (R ="Pn, C.H Et; X = C1, Br, N_, CNO, SCN) was

6 131? 3’
studied by IR [48]. When nickel core ‘electron binding energies in trans-
[NiX!(PEts)Z] (X =¥ = alkyl, alkenyl, alkynyl, aryl, halide) are compared

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

unimportant [49].

A new series of reactive intermediates of formula ArPdX, RPdX and
RCOPAX were formed by inserting Pd atoms into aryl, alkyl and acyl carbon
bonds at low temperatures. The stability of the species was 2 function
of R and these intermediates could be trapped withrligands to form the
correspondiné species PARXL, [50]. Bis(pentafluorophenyl)palladium(II)
complexes with monodentate and bidentate nitrogen-donor ligands have been
prepared [S51]. Protonation of P¢1(Ph)}3r(r'1=h3)2 with ﬁBr in dioxane to
give benzene has been reporied to be‘first order in HBr. A mechanism 7
involving attack on a solvolysed intermediate forméd by PPh dissociation

3
was invcked [52].
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‘;jBénd ;eﬁgths of Pt;c(co)—1.97 £, pPt—c(phenyl) 2.06 X and Pt—P(m;an)
“2.30 & ;rere' obfained from the X-ray structural determination of [Pt(CO)
(Iy01csﬁ4)(rst3)2]PF6 [53]; ‘A novel reaction between RHgX (R = p-tolyl,

(_g—Meoc6H5)zc = CH, MeO,CCH,, X = Br, C1) and .191:(1>1>1u3)n (n=3,4) was a

2’

useful route to PtRX(PPh3)2 {541. Other routes to pentafluorophenylpalladium

and platinum complexes were (i) metathetical replacements of Cl in [PdC1

(CSFS)(PPh3)2] with X (X = Br, I, NO;, CN, AcO, SCN, 0104) [551; (ii) displace-

ment of C10, in.H(CSFS)L2(6104) M=pPrq, L = PPh [56]; M =P, L = PEE; 57D
1,.1

by L (L~ = PPh HNPr,) [56,571

PEt AsPh;, PBuy, py, H,0, CO, OPPh;, SPPh

3’ 3’ 37
and (iii) oxidative additions of Cl,,Br,,I, and BrTl(CsFS)2 to Pt(II) compounds
[s81. In a study of the rates of reversible reactions between trans-
[PtCl(gftolyl)(PEt3)2] and various substituted pyridines in methanol the
étrong rate dependence of the incoming group arises because of competi&ion
between the incoming pyridine and leaving chloride ion for a2 solvolysed
intermediate [59]. The rate of displacement of chloride ion in the
complexes cis- and trans- [PtRC1(PEt;),] (R = Ph, o-MeCyH 4r 2,4,6-Me CgH,)
by CN decreases as steric hindrance in the complex increases and inferences

were drawn as to the configuration of the transition state. Spontaneous

isomerisation of cis to the trans—isomer in methanol was observed [60].

The reactions of the ylide He3P = CH, with NiMez(PHe3)2 and NiMeCl-

— +
(PHe3)2 produced the molecular ylide [HezNi][(CHZPHe3)PMe3], and the ionic

ylide [Me(Me3P)ﬁi(CH2$Me Jc1 containing three covalent

3)2
Ni-C & bonds stabilised by the proximity of the ylide onium centre. With
an excess of Me3P=CH2, the ionic ylide is converted to (4). The iso-
electronic dimethylphosphinate (5) was also prepared [61]. Corresponding
reactions [62] of MesP = CH, with NiClz(PMe3)2 gave 2 isomeric forms, one

a2 cage-like structure containing four equivalent Me P(CH_ ) bridges between
2 22

two Ni atoms, and the other a tricyclic molecule which was solved crystallo-

References p. 400.
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 Me, - ' _ R . e o ‘
'( . )N,/e Ni(Me)PMe, - . o CID e T l’;h(Mg)PMgB:;' -
h4e3F’hAe i - //J - g e
' B Me,P(MeINi® . O -
kg : M e s
(4) . ) ___(55 "<

graphically (6) [63]. Xeto stabirlised,sulphonium"yﬁrdes displace_‘st’yrenev‘
and PhCN from palladium complexes to give ;table 2:1 yﬁde—PiClZ co‘ﬁbounds.
&n epimeric equilibrium between trans square-planar structures in solution
was described, and a 1l:1 ylide—Pd12 product from MeZS = éHZ was reportéd
[64]. Methylphenylsulphonium p-chlorophenacylide (= Sy) additions to cis-
[PtXZ(SR2)2] (X = c1, Br, I; R = Me, Et) gave (7), which exists as the
cis— and trans-isomer -in solution. JH NMR evi;ience indicated restricted

rotation about the Pt-S bond of coordinated dimethyl sulphide [65].
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}iIiHétal,éoﬁplexes fgrmed by inSerfion and related reactions
) Some 1nsert10n reactlons 1nto metal-alkyl bonds w1th isocyanides
[66 69], carbon monoxide [70-71], diphenylketene [72] and acetylenes [73]
are reported and a review on insertion reactions 1nvolv1ng platinum complexes
has appeared [74]. Palladium [66] and platinum [67] iminocalkyl complexes

'have been prépargd and. the structure of PtI{b(Me)=—NC H Cl}(PEt3)2 has

64
been resolved [67]. New compounds isolated were trans—[Pszx{p(R) = NR%}]

(R = Me, Ph, o-tolyl; R = c.® Ph; X = Br, I; L = PPh

cH112 He3
P(g-c439)3, PPhZ(C

C, PhCH 3

the bridged species

read

PMe_Ph, PMe )} and with PHePh

> 50 6t11) 2
(8) was formed. Doubly inserted products obtained were trans—-[PdL I{(C =

NCg Hy,),Me} ] (L = PPhy, PMePh,, PMe,Ph, PMe;) and triple insertions gave
Pa(PMePh,)I{(C = NCGE, ) Me}, of structure (9) [66]. The reaction of (10)
with vaerying amounts of RNC (R = CeHy 1y Me) gave the compounds (11) and (12},
and the insertion product (14) was formed from (13) and CgHyqNC [68,691.

The complexes Pt (CO)SL L= PPh, PPh, (o- MeC H ) PPh(o-MeC 4)2],

ct S/

. I
«—5 ct ‘MePh, I CMe
S Ci

',\,‘CGHH
P\ /C—C:NCSH"
/ \
I I}J=CMe .

- CgHyy

MePh,

(9)

References p. 400.
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L~ Scl
PHRNCILCI v
(12) .
OMe
MeO
—_— MeO
= . :
/Pd (E:N—CGH.I.I
ct )< CgH,NC—Pd—CNCgH,,
N %2 !
Ci
(13) -(14)

prepared from a one step reduction of PdClZ, add Mel rto give Pt(Me)I(CO)L and
which further react with 1! to form Pt(COMe) inserted products. A

balance of steric and electronic effects determined whether substitution

or insertion occurred [70]. A kinetic study of the reaction PtMeI(co)PPh3

i Pt(COMe)I(PPh3)L1 for L' = AsPh_, As(p-HeC,H Ase(o- MeCcH, ),

s
and S!:»Ph3 shewed that the first and largély rate controlling step involves
neither L1 nor solvent and was thought to involve the intermediate [Pt(coMe)
IPPhS] {711. Treatment of NiMeZ(PMezPh)z with diphenylketene gave (15)

[72]. = The new olefin complexes [PtMe(olefin)DIARS]PF, (olefin=C2H4,
CBHG) do not insert whereas [Pme(acetone)L2 IpF, (L2 = DIARS, DPE) and

PtHeLZHO react smoothly at 25° with the acetylenes RC = CR (r = CF_,

3
(o8] 2}Ie) to. give the corresponding vinylic derivatives Pt{RC = CRHe}XL2 ]n+
(X = NOz, n =0; X = acetone, n = 1). The results are consistent with

electronic effects of olefin and acetylene controlling the insertion reaction

[{73). fThe complex formed from trans—[PtMeKLz] (x=c¢1, Br, I; L= PMezPh)

and RC = CCO,Me using a radical initiator (for R = COZMe) or by ECl1 addition

2

{(for R'= CO,Me, FPh, Me, H) is now shown to be the B-chlorovinylplatinum
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~éqﬁi§1§i 'i:ransf-[PtXLz{C'(COZHe)=CR'1R}]» (' = C1) and not the complex (R® = Me)

“initially postulated [75].- Enthalpies for the thermal decarbonylation of

PfCl('R.CO)(PPhB)2 (R = phenyl or substituted phenyl) were measured by
differehtial scanning calorimetry and a value for the Pt-benzoyl bond
" dissociation energy of~180 Kj xnole_l obtained. A Pt-C n—-bond dissociation

energy of 273 Kj mole -1 yas calculated for bis(dibenzylideneacetone )palladium
(o)‘ [76]. The réactivity of alkyl-transition metals towards alkenes and
alkynes falls in the sequence NiEtz(bipy) >Ptm32(bipy) >PtMeCl (bipy) >
PdMeC1l(bipy), which is also the order of decreasing energy of the filled
metal d-orbital [77].

Metal-alkyl bonds have been formed from metal-olefins by alkoxide’
oriamination reactions. Thus [CpNi diene]BF4 (diene = NBD, COD) and
O0Me gave CpNi(C.THSOMe) and CpNi(CgH,,0Me) [78] and similar reactions
produced (16) and (17) (M = Pt, R = OMe) with oie [79] and (17) (M = Pd,
R= NHCHZPh) and (18) with PhCH_NH, fa0]. Abstraction of methanol from the
-nickel COD complex gave CpNiCeﬁll, possessing a cyclic n-allylic ligand
{781, and bridge-splitting reactions on (16) gave monomeric products {79].
The complex obtained from the interaction of Et3N with CODPtClZ, and

pestulated to be a n—allylic-platinum(II) compound, has been shown to be the

first Pt g-allyl complex (19) by X-ray analysis [81].

R

o P

4 I
. MeC: l}li-—Me
PhC P
(15)

PdCl

NHCHoPh

(18)

References p. 400.
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Cp2N1 and dlmethylketene have produced a complex whlch was 1n1t1ally

~'1nferred to contaln a- 4—membered lactone rlng n—bonded to Nl and uhlch has e

now been shown by X—ray analy51s to be (20) [82]'

(20)

Some reactions of the new complex Ni[P(OEt)3}4 have given metallocenes
(scheme 2) [83]. Treatment of sz(dba)3 with bipy and benzoyl isocyanate
produced (21), and similar reactions with 2-phenylthiazoline-4,5-dione and

L, (L2 = bipy, phen) gave (22) via scheme 3 [84].  Tetracyanocyclopropane

LgNil
1
Mel Fa
c—CF2
L NI, =——— Nil, ——= L,Ni
~c —CF;
Fa
(CF,),CO
]
O
L Nl }:
/] ~CF5
CF&

L = P(OEt);
(Scheme 2)

gave (23‘) on reacting with ML (M = Pd, Pt; n = 3,4) [85'], which w'as charac—
terised structurally [86]. With Pt(trans-stllbene)L as a precursor, i

reactions - of hexafluorobut—9—yne have given (24) (M =Ni, L= P(OMe)



— -
N
_ N o ; —-C\
:PdZ(DBA:):i + by, + phc? Cﬁo 50 benzene Lo Pd N
h ’ LA . -DBA N
~ “\\ b—\.,\
- O Ph
l_co
]
o
il
/C\l[‘f
+ PhCN=C=0 —— = LyPd
Pd(DBA), + Lp. . SBA 2R ¢
S ST ph
, (22)
(Scheme 3)
O 1
N &
Noa” N
: S __~C
oy
(21)
AsMe,Ph; M = Pt, L = PEt3), confirmed by structural analysis on the
platinum compound [87], whilst Pt(CFZCF-CEECFZ)LZ (L= PPh, AsPh3) is
formed with hexafluorobuta—l,B-diéne [s8]. In the latter reaction, a2 small

- et
percentage of 'Pt(C}?‘ZC.'F-‘---CIs"CFz)(,A.s}?hB)2 was characterised from the yield

——
by X-ray analysis, and Pt(CFZCF-CF=CF2)L2 underwent exchange with Snc14

to give a single isomer of a vinyl-Pt(II) species (scheme 4) [88].

Further reactions of (24) (M =Ni, L = P(OHe)s, AsMezPh) with CF_C = CCF

3 3

gave (25) [87 1. Cleavai.ger of (26) by Pt(trans-stilbene)( PPh3)2 produced

" (27), a crystallograrhic determination of which was reported. The ring

References p. 400.
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‘(Scheme 4)

opening of the cyclobutadiénéone was facilitated by electron withdrawing

he complexes characterised as (28) (M = Pd; R = Me, H;

L = PPh_
-2

Fa
[

groups, as

Oxida-
=
&)

Ry §§§\
S
\

/u\ < NS 7 m&u
8s Co Pk

\
\%\ Y

L
B gy ~~ =
mﬂ@é@ﬁ\

)

z- % \N\/M/k‘p. , \‘/vé
/

) (

not undergo ring cleavage [89].

,.,.a
»@ﬁ% N\/Ma\w\/f

N
@@

M = Pt, R = Me, H; L =PPhy, AsPh;), do
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R1

(26)

tive additions of perfluorocarboxylic acid anhydrides and perflucrosuccinic an-
hydride to Pt(C2H4)(PPh3)2 and Pt(PPh.3)3 produce (29) and (30) [90]. Metallooxa-
cyclobutane complexes Pt[CZ(CN) 4O]L2 L= PPh_j, P(_D_—HeCGH4)3, AsPh3) have been
synthesised from cz(cu) 40 end PtL,. The structure (31) for L = AsPh; has been
completed and relevant parameters reported were Pt-As (mean) 2.37 R, Pt-C 2.10 X
and Pt-0 2.05 % [91]. Insertion of platinum into the C-S bond in (32) gave (33)
[92]. Reactions of I-EI-’EeI(PPhB)Z or I-ICl(CHZCOR)(PPh.j)z (M=Pa, Pt) with zxaca(cn)2 in
MeOH produced the complexes (34), (35) (R = Me, Ph) and Pacifcu(cN),} (PFh;),
[95]. The compound (36) was synthesised by oxidative addition of l-(chlorcmethyl:
naphthalene to Pt(M—stilbene)(PPhj)z, followed by treatment with Meli

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

Q i
]

SECNP RN
Pt Pt CF,
/N / N\ /
L OCCF5 : L o0—C

il A\
(29) ) (30)

References p- 400.



(31)

Ptl,

(Ph,P),Pt

(36)

L = PPhy, PMePh,

"R

A X

Pt(PPh3),
CN
(l.}OMe

NH

(35)



- ﬁp}afinrum’:vi!}jl:éha_.}(‘e'beén pi'epéj.;ed‘by il}etal(o) - insertions into a C-C1
{»bdﬁ!dl’iz_; chlorovinyl substrates. - _Con'xp-lexes' characterised were [Mx{c(z) =

C(Y)RJL,] (M= Pd, Pt; X =Y =2'=R=Cl; M=Pd, Pt, X =2 =Y =Cl, R = &

=
|
o
>
b
[
a
)

M= Pd; Pt; X =Cl, 2 =R = H; for L= PPh, PHePh, [95]
Z=Y =H, R = CN, CONH,, COZH, COMe, M=Pd, X =Br, Z=Y =H, R=CN

for L

'PPh3 [96]). In éome cases additions of HCl cause fission of the
'M-C bond with the exception of PtCl{C(Cl)=CHCl}(PMePh2)2 in which olefin

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

Pt(PPhB)A, to give irans-square planar Pt-C inserted products [97].

Bond lengths in electroneutral monomeric chloroplatinum(II) 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 og-donor and n—acceptor ligands on Pt-Cl bonds [98]. The reactions
of trans-[ Pt(Cc=CMe),(PMe, Ph)] and trens-[Ptc1(C=CHe) (PMe,Ph),] with protic
acids is shown to be dependent on X,R and solvent (scheme 5) and evidence

PtCI(CCi=CHRML,

Pt(CCI=CHR")LL}
1_ 1 HCI ATHF
RI=CFH PIClL 5 . PtcifcoicH,RL, + meCt
HCI
2 HCt | cHyCl, HCI{CHLCl, {1eon
HCI HPFg
Pt(C=CR),LY PtCHC=CRILy, —— = PtCI[CORPICH,RTIL, PR,
- CH,Cl, or THF R<OH
2 Br.
PFg|R 2
H sl OH NaBH41EtOH CHLCI3
Y |
A PtCI(CBr=CBrR"IL
ptc=cr'[CORICH,R']L, PR, PtHN(C=CRIL, Y”G 2
+2

pPtc=cr'(® ]

1

1 .
PR LoPt >—c=cr'PRy

R'= Me;R2 = Me, Et, Pr?, Pri it = PMe,Ph; L2 = 2-oxacyclopentylidene, CO, py, MeCN and allene

(Scheme 5)

References p. 400.



Cigggns

Afor a Pt-stablllsed carbonlum ion‘is. reported [99],_: A’reviewfon th

,actlvatlon of CS by tran51t10n metal complexes has=avpeared [100],5

- The ondat:.ve add:.t:.on of MeNO2 to Pt(PPh3) in polar solvents (H O—EtOH—
FhE) is a convem.ent and safe’ method for the preparat:.on of tra.ns—[Pt(CNO)
(PP‘n ) 1 [101] In the presence of '-1e2co or thco these fulmnato
Vcomplexes ‘rearrange to the isomeric 1socyanato compounds [102] and reactlon
with organ::.c ‘h:.ocarbonyls (e. g. CSZ’ Ph CS) gave Pt(l\CS) (PPh ) . Safe :
preparations of j;gggr[Pu(CHO)z 2] (v = PBuFh,,, PBuZPh,~PBu3, SbPhB) from the

corresponding chloro derivatives by metathetical replacement with {Ph 4AS)VCNO

were deseribed [102}. Additions of Me,CENO, or EtNO, to_Pt(PPh3 4'in

benzene . gave Pt(NOZ)Z(PPh3)3 and (HZC = NOH)SHCI formed trans-{PtCc1(CN)

(PPh__)Z] [101]. Ore of the chelating acac ligands in Pd(acac)2 is trans—
3 - -

formed into a Pd-C bonded group by neutral 1igand§,L (L = PPhs, PY» NHEtZ,

NH(Me)CH,Ph) [103] (schere 6). The molecular structure: of Pd(acac)z(PPh3).

(Scheme 6)

CeHe (37) has been determined and bond lengths of Pd-0 2.05 2, pa-c
2.11 £ and Pd-P 2.26 % were observed [104]. Assignment of the stereo—
chemistry of the products PtH(PFh3)2 for ¥ =X = C1, 0, CH,; X = C1,
Y =‘H, COPh, COzMe from IR and Raman bands in the region 160 — 200 cmA-l'

'has been made from.characteristic Pt(I1)-P stretching mod.es.' Two bands
were observed in the reg'-ion‘ 195 - 170 cup:A_l for cis-complexes and one -

in thé—regionrof 165 - 175 end for trans.  For all comp'lexeis<examine§1 the
band at 550 + 5 co T in the Raman is very strong for ﬁ and weak fof trans

complexes [105].
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(37) j

III Metal 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)S]Bq have been determined at -80° and -10°.
Both contain the [Ni(CN)S]B- 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 ci(en)3 salt is trigonal bipyramidal,
suggesting that though thermodynamic stability of the two forms only-differs
bty 1-2 Kecals/mole, the enmergy barrier to interconversion must be much higher

[107]. The crystal structure of a biphenyl clathrate Ni{NH_).. Ni(CN)4.

3)2

2012H10 has shown the host lattice to have a layer structure-of two

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

- References p. 400.
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7are accommodated between the 1norgan1c 1ayers w1th thelr longest axls perpen—'

‘d@icular to the layers [108]. ‘Mixing of N1L (NCS) (L-— thlourea) Hlth KCN
o

)',

and Me.CO has given Nl(CN) L, 2Me,CO [109]. The complexes H(CN

2
and H(ClSN)i (1 = ¥i, Pa, Pt) have been synthe51sed “and from IR and -
Raman studies, many of the vibrational frequenc1es’have been determlned,
and force constants for a geneial quadratic force field have been esti—',
mated. The results indicate that the Pt-C avbohdrand the ft—CN —-bond
are both stronger than for the other metals [120]. The spectral’
wroperties of Ni(CN)Z(PHe3)3 and Ni(CN)Z(PHe3)2 have been considered in
the light of the unusual temperature dependence of ligénd field spectra
of other Ni(II), Pd(II) and Pt(II) complexes [111]. A new semiquantita—
tive SCF ICAO MO calculation scheme was applied to Ni(CO)4, Ni(CN)i-,
Cr(CO)6 and szFe. Coqparison was made with current ab initio calcula-
tions [112]. Spectral changes observed with the change of pressure on
the ion [Ni(CN)5]3‘ indicate that a change of geometry from trigonal
bipyremidal to square pyramidal takes place [113]. Temperature dependent

“H NMR spectra of Ni(CN),(PMe;), and NiX,(PMe;); (X = CN, Br) have been

3)3
recorded and the existence of a cis—trans equilibrium for the former has
been observed [114}. On radiolysis in aq. solution, Ni(CN)i- is reduced
to Ni2(CN)g— by the radical ion COy. A mechanism is proposed [115].

)2

The reaction of Ni(CN 4 Wwith NE OH has been studied {116]. The rate of

2

dissociation of cyanoglycylglycinamidonickelate(II) is 38,000 times slower
than that of the corresponding aguonickelate [117]. A kinetic study of

the replacement of the triglycinate ion in NiHLZGGG {(cee = trigly—

cinate ion and two protoﬁs are ionised from the peptide nitrogen) by CcN™

is reported [118]. Ammonia, diamines and glycinate ions greatly acce}erafe
the rate of decomposition of Ni(CN)i_ in the presence of iodine as a scafenger
for CN~ [119]. fThe rate controlling step for tﬁe exchange in'Ni(CN)ZLjv

k3
LB-———A Ni(CN)212 + L, as determined from NMR studies for

is Ni(CN)2
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P(0Et)Ph,, P ( OBt),Ph-an d_PMeZPh. With the system NiX,(EMe,Ph);
{x.= ¢i, Br, CN), the exchange rates are Grdéred as CN « Br < ¢1 {1201.

‘The ibnisatiﬁd goﬁstants K1 and K2:of Nin(CN) determined in aq. -
"solution by electrometry at 25 — 50°, obeyed the relationship pk; = 11,419.90/
7T—69.65 + 0.1219T and pk, = 5777-98/TP-32.74 + 0.0669T. The thermodynamic
valugs for the ionisation weré also given [121]. The report on the crystal
structure of C4[Pa(CN),] gave values of Pa-C 2.07 %, ca-N 2.27 &, c-n

1.11 £ 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 Na Pd(CN)4.3H20 triclinic lattice

2
have been refined. Average atomic distances were Pd-C 1.99 X, C-N 1.45 2
and Na-N 2.51 £ [125]. Complexes of formula Pax,(SbR;) and Pd2X4(SbR3)2
have been characterised for R = o~,m— and p-tolyl and X = C1, Br, I, NOZ'
CN, and SCN [124]. A reinvestigation of the crystal structure of
Ké[Pt(CN)s] has been undertaken [125]. A single crystal neutron
diffraction structure of 1(2[Pt:((!}vl)4]Bro.3 3H,0 has shown its non-
centrosymmetric nature [126]. The valence bond X-ray photoelectron spectra

of Ké[Pt(CN) 1. 30,0, K, [Pt(CN) Ic -XH,0 and K [Pt(CN) ].3H 0 imply

0.3
that the binding energy of the highest oecupled MO (HOMO) in K, [Pt(CN) 1. 3H,0
is greater than in Kz[Pt(CN)4] Cl, 3-XH;0. 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 X, SW method was used to
calculate the ground state electronic structure of the Pt(cu)i‘ ion as well
as excitation energies for transitions to various singlet and triplet excited
states. The results are in good agreement with experimeﬂtal optical and
photoemission data but indicate a different order of d-orbital energy levels

(dxz-yz )>dzy >d >>dz2) than was assumed in previous work. [128].

XZo.¥Y2
The double salts [Pt(CNR)4][Pt(CN)4] (R = Me, Bt, t-C 259 ) exhibit low

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

References p. 400.
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: respectlvely (1n KBr) and -at 17 70 kK for. R = t—Bu (1n nugol mull)

5 wlnch are responsible for the 1ntense colours of the SOlldS- These

are aucr1bed to metal—llgand charge transfers whlch have been red—shlfted :
by Davvdcv 1nteract10ns between anion and cation in the so.1d lattlce.:e
In solution the appearance of a band at 30 kK (absent in the spectra of

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

were interpreted in terms of the equi]ibrium,

)i* . Pt(ex)i' ;;zzzzé[Pt(CNR) ....Pt(CN)4]°

Pt(CNR
in,whichAsignificant perturbations of the spect}oscopically important energy
levels of the two complexes give rise to 30 kK absorptlon. The most

plausible direction for sigrificant perturbation in the planar complex

would be along the line perpendicular to the molecular plane as in (38)

RNC CNR NC CN

\ /

solvent —Pt

/ N\
RNC CNR NC CN

Pt— solvent

(38)

13C

[129]. single crystal rotation spectra were obtained for the
resonance in KZ[Pt(CN)4]BrO_3.3H20 and the 17C chemical shift tensor was
calculated [130]. - The reaction of Pt(NHB)i+ 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 determined and
the rate equation for the reaction of _trﬂ-f’t(NI%)Z(CN)z with CN is given
[151]- The oxidative addition reaction of ICN fo [Pt(CNj4]2— is second

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

IV Metal carbenes

Of the carbenoids M(Co)x_lc(NHeZ)OTi(NMe2)3 (M =Mo, W, x=6; M = Pe,
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% ='5i M'=Ni, x = 4) formed by interaction of Ti(NMe,), with M(c0)_ only
. the Mo, W and Fe complexes were stable enough to be isolated {1331

. i S —— I iy oo
Rea'ctlons between [N:LC’J:ZCFZCFZCFZ(CNR)Z] (R = Bu", Pr’) and Me,NH, Et,NH,

t : ————— 1
Bu'NH,, pyrrolidene, and morrholine gave [NiCF,CF,CF,CF,(CNR) {c(wER)IR;3]

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

with [f«c(cp3)20c(CF3)26(CNR)2] {M = Ni, Pd, Pt; R = Bu®, Prl),

[pdc(cr,) =c(cF,)e(CF,)=t(cF,) (ciBu®),, ] and [pdc(cF,),-C(cN) ,(cNBu®), ]
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 ligands with the electron-rich olefin (40) (scheme 7 [1351].
Oxidative addition of [C1CN(Me)CHC(Me)SIBF, to Ni(PPnj),, PdL,(L = PPn,
PMePh,), Pt(PMePh,) 4 20d Pt(stilbene)(PEt3)2 produced the cationic carbenes

1
{m[cn(ne)cac(ue)sll.z"}*' (M=Ni, X =01, L = PPhj; M =Pd, X=1I, L= PPh_;

53
M=Pd, X=C1l, L = PPh

PHePh,; M = Pt, X = C1, L = PEt PMePhZ)-

3 3’
Pt(stilbene)(PEt_j)Z and 2-chloro-5-methyl-1l,3-thiazole formed [PtCl

{c =ncH = C(Me)é}(PEtBE] which further reacted with HBF, to give [ptca

| PeSRSErEe e
{CMCHC(Me)S}(PEt3)2]8F4 [136]. The crystal structure of [Pd{C(NEt,)

(NHCMe3)}(CNCHe3){OC(CFB)Z(:}C(CFB)Z}] (41) has been completed [137]. The
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““gssignment Of carbenme configurations in-a known series of PA(II) and Pt(II)

195

'-Comp}é?ésfih solution has béénrmadevﬁy»ﬁeésurements of Pt‘coupiinés'with

ﬂmca:behé hetg;oatoirréﬁbstituents i.e. 3J(PtCNH)’for trans . groups is much greater

C e e fe Fazal - Too .y N .= e s asa far v N s
* :than for cis [138]}. Infrared bands mainly associated with wiM-X,} stret-

“ching modes (M = Pd, Pt; x = C1, Br,-P) were identified in the spectra of
> 7 ‘ ; - _
35 carbene complexes. Based on these results znd on I'Ji (JJT’-lgsPt), the
trans-influence of the carbene ligands was assessed {139]. The series

64

PPh3) ‘reacted with bifunctional amines (e.g. en, o-phenylenediamine, ethano-

gg—[rq(mc)mlz] (R = Ph, P-MeCgH,,p-HeOC H,,p-0,NC H,; L = PhNC, p-MeCgH, NC,

lamine, 2-aminopy, allylamine) to form (42). ligand chelate formation occurs
on further treétment with AgBF4. Bis{carbene) derivatives cis—[Pd{C(NﬂR)
1m}éc12] (R = Pn, B-MeC.H,; YNH = 2-aminopy), which undergo chelation on

reaction with NaCl0, and deprotonation with KOH,were reported (scheme 8) [1401.

4

N
H.N<O
RNC Ci 2 —@ _ NH
Spal - RHC=C_  cl
RNC Cl Pal
RHN=—=C Cl
NH
N

H
/"N (42)
RHN-';‘é NO AgBF4 J

N
O

Y
RHN =—C

~

N
H
(Scheme 8)

" Structural determinations of three Pi-carbenes have been completed;

 trans-[PtMe{McCN(e) } (PMe,Fh), JPF, (43), with Pt-P(mean) 2.29 %, Pt-C(methyl)

‘References p. 400.



(43)

2.15 & and Pt—-C(carbene) 2.08 £ [1411; trans—[methyl-2-oxacyclopentylidene)—

bis(dimethylphenylphosphine)platinum(Ii) hexafluorophosphate (44), with

Pt

(44)

Pt-p 2.31 £, Pt-C(methyl) 2.¢8 § and Pt-C(carbene) 2.00 3 [142] and trans-

‘and cis- [PtC1,{CNPn(CH,) Pk} (PEE,) ], with Pt-C 2.02 X (trans), 2.01 (cis)
suggestive of a Pt-C bond order of 1 [143]. 7 The solvolysed complex
[PtMe(CODV)(solvent)]PFs, prepared from [PtMe(COD)C1] and AgPF,, forms
[PtHe(RNC)3]PF6 (R = Et, p-tolyl) with RNC. Further reaction with sodium »
benzenethiolate gave _gig_—[Ptﬁe(SCsﬂs)(CNCGH 4Hé)2], with diglkyl'a;:ipes’gaye é_rizﬁé

[Ptne(czxc634me){c(rmz)(mc634ue)}2];’?6, with cstcN in metygnol, 'g;vg the
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,iminﬁeﬁherAcomplex [PtMe(coD) {NE ﬁ'c(OHe)CSFS}JPFS and with NaSZCNEtzAgave

(45) [1441- - T;éétiﬁg.rtclz(PPhB)z with 4-MeCGH,NC in ROH-KOH gave

(45)

Pt{c(m,634me)OR}Z(ne06u4NC;PPh3 (R = Me,Et) whereas cis—[PtClz(C6HllNC)2]
and CgH,,NC in methanol with 1,8-bis(dimethylaminec)naphthalene formed [PtC1

, {c(:Ncsnll)(OMeX}{C(OMe)(NHcsnllf}(csnllnc)][145]. The platinum vinyls
trans~[PtCl{CC1=C(H)Rl}(PHeZPh)z] (R1=He, Ph) give the alkoxycarbenes
trans—[PtCl{C(OR)CHZRl}(PHeZPh)2]+ with ROH (R = Me, Et, Pr™) [146].

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

[147].

V Internal metallation reactions

2—(Diphenylphosphino)benzylpotassium and Ni(II), PA(II) and Pt(II)

salts formed (46) which was shown to have the cis—-configuration from NHMR

Ph Ph Ph Ph
N\ _/ N_/

P P
\M/
N

CH, CHsz

(46) -

. [148]- Cyclometallations with azobenzene derivatives have been obtained by

various routes. Bis(2-phenylazo)phenylmercury with Cp,Ni and FIC12(PR3)2

NiC.H N=N t1C.H N=N i .
gave CpNiCgH,N=NC H_ gpd Pt{CGH4N NC6H5}(C1)PR3 respectively [149]

References 'p. 400.



Pentafluoroazobenzene and PdCl have P _duced _Pd{C H4 ~NC6 5}01] ;[150], _ E}

and condensatlon of hydrazlne-—Pd complexes m.th carbonyl compounds of

formla R]'RZCO (= n2 H, Me, Et; R = = Pn, R 2:_ B, M) gave hydrazone S

complexes, or Hhen R = Ph, cyclopalladated complexes (seheme 9) [151]. :

_ _ RPHN_. /CR1R27
" RPhNNH, 2O

NA
Ci—Pd—Ci R'R*co Ci 'lgd
Pl — _RREO . ci=Pa—ar
H lthRPh ' ' rtl o
2 .
. / \ .
. R'R2c”  “NRPh
R' = Phl : o ‘
2
RPhN\N— R
Cl—pPd
¥ 1
Pd—Cl
—n R? = H, Me, Ph
R2 NRPhHh
(47)

(Scheme 9)

The dipalladium product (47) (R = H, R = Me) was cleaved by R NX (R3 = Et,

| s e

Bu; X = C1, Br, I) to give RZN[Pd{06H4C(I{e)=NNHPh}X2] [152], and the py

—— : . C
adduct [Pd{CGH-C(He)=NNHPh}Xpy] (X = Cc1) formed the bimetallic -
spe<:1es, for X = Co(c0) 2 CpHo(CO) Mn(CO) and 'cPFe(c'o) . with: NaX [153]
The variations in the 'H NMR of Pt(CGH N—NCGHS)CI(P}IePh ) 1nd1cated an ..
intramolecular substitution (SN].) involving Pt(csﬁ 4N—NC635)C1(PMePh2) which -
undergoes SN2 reactions with free and coordinated PHeBh2[1r54]. ' The crystal
structures of P-N,N l—0—p}:leny'leneb:i.s (salicy lidéneiminafd ) bis ( at:étophenoneoxime—

2,c N)pallad_u.u.m(II) (48) {1551 and A—[PtCI{_-(C P PCGH4C=CHC B P(CGHS) —o}]

(49) nave been determined. For the_latter, the novel tridentate llgand;
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(48)

is bound to platinum with two P's tranms. Relevant bond lengths are Pt-Cl
2.38 2, Pt-P(mean) 2.28 &, Pt-C 2.02 & and C=C 1.34 £ {156]. - Treating [Pd
(acac)z] with F‘BCCECCF3 gave the compound (50) which was resolved crystallo-—
graphically. Similarly (51) (R=Me, CMEB) with CF C=CCF, produced (52)

3
[157). (N,N-dimethylbenzylamine-2C,N)palladium(II) and -platinum(II)
é—diketonates have been synthesised [158]. A preliminary report of reactions
of [Cp"l\-Yl‘-lCOPh]Ii with salts of Pd, Pt, Rh and Ir, to give internally
metallated products e.g..[Pd(lpn)c1L1] (1~H=CpNNCOfQTCGH4), has appeared
[159]. The complexes MXZ{EMeZ(l—naphthyl)}z (M=Pd, Pt; X = 01,'1, Me;
E = P, As) have been synthesised. No internal metallations with Pd occurred
at all and with?t only for X = Me or in tfxe presence of NaOAc were

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

[160]. The Pt(II) nalide compounds PtX,L,, with the new ligands L[L =PPh—
. . 272 2

" References p. 400.
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(49)

(50)

(COR)

CH

- (52)

S (51



f(z—ﬁébdsﬁ-), PButHe(Z—MeOC,H ), PBut(ZeMeOC6H4%? PPh,(2-EtOCH, ), PHe,~

. (Z—MeOC )], formed o-metallated products on heating in polar solvents

64
'[161]. New chelating ligands were obtained from reactions of amidines and

+
2—am1nopyr1d1ne with Pt(CNIe)2 Biacetyldihydrazone reacted with M(CNMe)42

(M = Pa, Pt) to produce (53), and 2,6-diaminopyridine gave {54) [162].

l\l/Ie
Me H H
-N
\N/ P 4 H
2 "
NTTN\e /N 2
I M(CNMe), N—M(CNMe)
N e ,/’ o l
\ i NG
7T
H * Tl%
Me Me
(53) (54)

VI Metal carbonyls

A review on l3C NMR spectra of metal carbonyls has been published [163].
Components of the 3¢ shielding tensor o for CO, Ni(co)4 and Fe(co)5 were
separated into diamagnetic and paramagnetic parts and the paramagnetic part

of the perpendicular component of the chemical shift gp was mainly responsible
for the large isotropic shift between free and coordinated €O [164].

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 Hel
photoelectron spectra of the isoelectronic series Fe(CO)Z(NO)Z’ Co(CO)3NO

and Ni(co)4 were observed and interpreted by ab initio SCF MO calculations
[166]. A normal coordinate analysis of Fe(€0),%”, Co(C0); and mi(co),

was carried out using Wilson's P-C matrix and the general valence potential

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

(L= EPh (4-XC 4)33, (3—X06H4)3E;K =¢Cl, F; E =P, As,‘Sb) were discussed

References p. 400.



in térmsféf:thé-a—bbﬂding;i##dl&;&ﬂ[lsaj;}';47g§§f§g§£§;t§jnikpjf§;§56h}1§f,} f
via the reductiVé:eliﬁinatiph of a'Ni;disﬁiphiééfis'ré?d?feé;i -Tiééﬁmeﬁé_ ‘
of WiCLL, (L, = (ePn,),, (?Heth)z,;ﬁPE,}thPéﬁ;Cngié)TwithfHeSNé and’ CO

in ethanol gave Hil,(CO), [169]:  Similarly ﬁiLé(Sgcdﬁgéé)é and €O é;odugéd,
Nil,(O), and (SeCONEt,) [170]. Hew derivatives,of'ﬁicgel carbonyl
prepared Were [Ni(CO)3L]h_(L = {Me3H}3Sb[M. = ‘C.', Si, ée, Snl, n - o

{171]; triphenylcyclotriphosphane, n = O [172]; ]?11;2PCH2R{R7= pblystyrene 7
residue}, n = 0 [173, 174] and GeCl;, n = 1 [175]) and [i(co),L, 1"

(L= cec13, n = 2 [175]; 2,3-bis(diphenylphosphino)maleic anhydride) [176].
The polystyrene metal carbonyl complexes were found to be effecfive
hydroformylating agents for alkenes [173, 174]. Nickel carbonyl structures

resolved were (i) Ni(CO),(PPn,), [177], (i3) Nié{(CFS)ZPSP(CF3)é}2(00)3 (55)
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: ‘withaé.Ni;Ni interaétion of 2. 58 R [176], (1i1) [Mig(c0)5(n,—c0)51, 2- (s6)
: in whlch the nlckel structure is 2 trigonal antiprism [179] in contrast to

the Pt analogue (c57) thch is trlgonal ‘prismatic [180]. The carbonyl dia-

o—o—4g

[Nigco s CO)] [pt,cco)tus CO)]

(56) (57)

o a8 s <2— N
nions of general formula [HB(CO) (.-Cc0).]- (n=2,3,4,5) represent new
32 3°n
types of metal cluster geometries formally derived by tinker-toy construction
from a basic H3(C0)3(p2—C0% building block. They were prepared by

Teduction of some suitable metal carbonyl with varying amounts of alkali

metals or methanolic NaOH in the presence of CO [180]. Cp3N13(CO)2 forms
a 1:1 adduct with BF3 at —78° in which the Lewis acid is bonded to a carbonyl
oxygen atom [181]. Photodisappearance spectra were obtained for 10

transition metal carbonyl anions, and the -ion disappearance mechanism is
inferred to be photodissociation [182]. The salt (NR.4)2 [Pd2x4(co)2]

(X = €1, Br) was isolated from mixtures containing K2Pd014, HX and CO.

A bridging parbouyl structure is postulated (58) [183]. A kinetic study of
the oxidative decomposition of palladium carbonyl chloride has bteen completed

and. a mechanism far the reaction proposed [184]. The reactions of

in dry benzene gave the urea derivatives [PAd(RNCONR)

Pd(CO)(PPh3)3 with RN3

References p. 400.
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'é)fLA:" g ?{'

o o arey : N
Pd Pd_. . R (PPh ) Pd Cc=0
Cl’, \\ﬁf/ §§Cl L 372 N”"
& | . R
(58) o . (59)
(PPh3)2] (59) (r = 34}IeC6H SOZ) Correspoﬁ&ing complexes were syﬁthesised

from oxidative additions of N,N'-ditoluene—p-sulphonyl urea to M(PPh) 4

(M = Pt), or from toiugné—_g—sulphonyl isocyahate (M =«Pd,-_Pt). In protic
solvents e.s. R'OH(R" = Me, Et, Pr"), RN and Pt(PPhy), (C0), . gave trans-
[Pt(PPhB)z(COéﬁl)z] for n'= 2 and Pt(PPhB)ZNB(-N(R)COORl) fo;-' n=3 [1851].
The crystal structures of the platinum carbonyl compounds Eigr[PtCI2(CO)PPh3]
[186], (Et4N)[PtH2(CO)Br,5] [187] and the mixed metal clustersv PtFez(CO)g(PPhB)
[188] and FePtZ(Cd),i[P(OPh)3;l.5 [189] have been elucideted. trans-[PtC1(CO)L,]
(1 = AsEtPh.., AsPrth) has teen prepared from PtCl,L, and CO [190].

The first stage in the substitution of [Pt(CO)C13] with bipy is a reaction
of [Pt(CO)Clj]_ with [oipy H]+ to give [Ptbipy(CO)Clr. The second stage is
& slow replacement of CO by Cl [191]. Equilib;ium copstants KeQ- for the
reaction (RN) [PtC1,(CO)X] + 4-Zpy—> R NX + PtC1,(c0)(4-zpy) (X = C1, Br, I,
Z = COMe, CO,Me, H, Et, Me, CMeg ) were determined in CHC1,- As expected,
the more electron releasing Z results in larger K [192]. SCl2 and.
P*l:(CO)Z(PvPhj)2 gave Pt(CO)Cl2(PPh3) [193], whereas the reaction of _c_jﬁ—lﬁ(sz
with CO, MeOH and NEt. produced tLans_-[M(COZI-!e)LZ] (M=Pd, X=Cl, L= PPhy,

3

'PMeZPh; M=Pd, X=28Br, L= PPhj; M =Pt, X = C1, L = PPh3’

{194].  The crystal structure of Pt(COZEt)Z(PPh3)2 has shown the complex

PMePh,, :Mezph)

to have a trans—configurétion [195]; The rate limiting step'in the
oxidation of CO to CO hés beenrcaléulated from charge distribution, bond
popu_atlons and hnetlc data for the series [PtH (CO)}Lj]— (X = Cl Br, I)

by MO LCAO methods [196]
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’filifﬂétgl olefins-
“The structure of the two dlefin-nickel complexes, (Mezc = CHez)Hi(06H11)2P
» CHZCHZ?(CGHli)Z 7[197] and bis-( tri—p—tolylphosphine)(j_l;%—stilbene)nickel(O)
1[198] have been completed. Mean bond lengths observed were Ni-C 1.98 X,
"Ni-P 2.16 R and C = C 1.42 & for the former [197] and Ni-C 2.02 g, Ni-P
2.188 anac=c 1.47 % fc;»r the latter structure [198]. Coordinatively
unsaturated Ni(O) complexes of formula Ni(tbp)n (n=2,3), Ni(tbp)ZL and
[(tbp)zNi(p—COD)Ni(tbp)z] (L = monoolefin, tbp = tri[(+)-bornan-2-yllphosphite
have been prepéred. Further reaction with the COD—bridged d.ime_r produced
the stable compounds [NiC1(tbp)R'] (R' = R, COR; R = aryi) and asymmetric
induction occurred in forming Ni(052 = CHc02CH20F3)(tbp)2 {199].
Simple NiX, (x = c1, Br) sazlts form stable bonds witn the olefin in
bis(3-dimethylarsinopropyl)-3-butenylarsine,e.g. (60) [200]. The
Preparation and properties of QNil, complexes [L= P(OC6H4Me13)3,
Q = maleic anhydride, acrylonitrile, styrene, propylene,COD and F,C = CF,]

are described. With F.C = CF, only (61) was isolated from solution [201].

zxé’—\\Q F RF Me
///] ;>? F

As —Nij NijfP| O
| as F
X
= = 3,
(60) (61)

Acetylenmes with Ni(SiClB)zbipy gave a mixture of cis— and trans— silyl-olefins

(scheme 9a). The cis-trans ratio decreasadvin the order PhC=CMe>PhC=CH>

PhC=CPh apd with PhC=CH the cis-trans ratio decreased as PhH>Et20>THF [202].

Treatment of Ni(con)2 with N-alkylsalicylaldimines, (97H006H4CH=NR) gave
the new zero-valent compounds Ni(_c_)_—HOC6H 4CH=NR)2. A 3-dimensional X-ray

References p. 400



L Hs":,_ I
BN

bipy Ni\i + PhC=CPh . —» bipy-Ni==|]"" . R
o siCly o o e T e e

PR sicly L
1) MeMgBr
2) hydrol . - -~
trans a-a'- bis (trimethylsilyl) stilbene

(Scheme 9a)

analysis has shown that the 'comple_xris ‘best foﬁulgted as. a Ni(O) azomei;hine
containing the Schiff base a.nioﬁ sélics,'laldiminato and the brotonafed spécies,
salicylaldiminium (62) [2o3j. . Corresponding additions of Ph,C=NR (R= Et,B,’
I-Ie3Si) to 1>dc:1‘,,,_(1=hc1~r)2 gave the air sensitive I.><1<312(thC=MR)2 in which the
ketimine is CN bonded [204]. MA.O. calculations were carried out for allyl

and ethylene m-complexes of Cu, Fe, Ni, Ag, Cu', Fe', Ni’ and Ag” [2051.

(62)
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E,A:tﬂéoféticél”sfudf.éf ﬁ(ethylené)' (ﬁ = 2-4, ﬁ_: Ni; n =6, M = Cr) also
'1had 1mp11cat10ns for the ﬂorrespondlng allyls. - Symmetry'arguments supported
' by semlemplr1cal MO calculatlons were used in the ana1y51s. . Forn=3, a
Aplanar ;tructure (63) is prefered to {64) as a consequence of symbiotic
effects of a— and m-bonding. For n = 2, either (65) or (66)‘are valid.

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

(63) (64) (65) -

(66)

systems the discrimination between various geometries rests on the symmetry-
specific béck—bonding of the ethylene nflevels. Using analogous symmetry
properties of a ﬁ—allyl ligand, qualitative theories of the geoietries of
Ni(allyl)n systems can be set up predicting significant rotational barriers
for (a11y1)2H (M = Ni, P3d) and quasitrigonal prismatic upright structures for
(§11y1)3m (.= co, Rn) [206]. Equilibrium constants have been determined
for the reaction of 38 olefins with Ni[P(O—_o_—»tolyl)3]3 and the stabilising

and destabilising effects of electron withdrawing and releasing groups noted.

References p. 400.



Casm

.”iAn estlmate Af Nl—oléflnrbondbstrengths has>been ;ade énd th;-résﬁlts were

ijd_scussed in t;rms of" energy level separatlons of hlghest occupled and lowest

’ unoccupied moleculL orbltals of m.ckel and. the free olefln [207] o
Absolute rate coef11c1ents have. been determlned “for redox reactlons of'

'organlc halldes with. Nl(methylmethacrylate){?(OPh).} [208] . Loa temperature

nrotonatlon of Nl(COD)(duroqu1none) with HSO3r gave the stable cation

(68) [299].

(68)

The molecular structure of Pd(allene)(PPh3)2 (69) has been détérmined
from 3-dimensional X-ray diffraction data. One 2l1lene bond is coordinated
to P4, the allene ligand is no longer linear'(C—a-C 148.30) and relevant
parameters defined wefe Pa—C 2.07 %, ¢=C (coord.) 1.40 % and c=C (uncooid.)
1.30 3.[210]. A series of papers.on the st?ﬁcture [211];_preparation
[212, 2153] and properties [213, 214] of palledium dibenzylideneacetone

coaplexes has aypeared. Pd2(dba)3 (70) reactions with neutral donor ligands,

p

’ Y
2.07¢(1)) 2320
. i -
¥3 AY

C A 140 WHC

1.30(1)

(69)
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i;oleflns, and acetylenes were s*mllar to those of Pd(dba) [212-214].

""A companson, of the stablllt_', of complexes of 1sompr1c hexenes with Pd4cCl
':and Ag, based on retentlon data from gas chromauogranhy, was made [215].

The dlcatlonlc olefms [HL(I-XeCN)Z](PF ) (L = cop, NBD) and [CODPdLé](PFs)Z
(L2 = blpy,_DPE)'havg.been synthesised [2i6]. ' With unsaturated tertiary
.§hosphines aﬁd éfsines interngl metal olefin complexes of the type

r-u.xz(m =Pd, X=01, I; M =P, X = C1, ﬁr, I, CNS, L = tris(but-3-enyl)arsine
{217}; M =94, Pt, X =Cl, Br, I, L = Pth(CHZCHZCH=CH2)3_n {(n =0-2) {218}
were formed. lH NMR evidence for'these compounds suggested rapid olefin
intramolecular exchange.Halogen complexes of Pd, Pt and Rh with 1,5-hexa-
diéne [219] and oligomeric Pd-n—~complexes with norbornadiene [220] have
been synthesised. Additions of Pd-Cl acrecss a doubie bond in S5-vinyl-

2-norbornene [2211 and (71) [222] gave (72) and (73) respectively. The

Ci

Cl—Pd—

R_ .H H
| cHp| | HeC SR
/—pPd—Cl X v
/ Pd<
& A
(71 (72) (73)

mechanism, postulated to occur via an ionic or bimolecular path, is discussed
[222]. V.Substifuted norbornenylpalladium salts react with neutral donor
ligandé to yield nortricyclenylpalladium complexes, and with mono and 1,35-
dienes,to give oiefin products which are in equilibrium with the starting
material. rThe rble‘of steric and electronic factors are discussed.

- Reactions uifh i,2—dienes generate m—-allylic products above 0? [223]

(scheme 10). Using a modified CNDO MO method, the electronic structures

Béferehc_u p. 400,



,.3441‘:‘

V RZI- ,'R4‘ _
Pa’
X

L = neutral ligand, X = Hfacac, Y = OAc or OMe’
R groups either H or methyls in various orders

{Schéme 10j

of Pd(II) and Hg(II)—ethylene complexes have been studied, and related to
OH attack on the ethylene in the Wackervprocess f224]. A kinetic study
of thé solution phase decomposition of hexamethy1dewarbenzene—Pd(II) 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
catalyst complex in the PdC12L2 isomerisation of l-pentene is said to be
either a monobridged dimeric m~complex or the monomers PdClz(olefin) (vase)

or PdCl(olefin), [226].  The kinetics of oxidation of olefins by PdC1;
¢1 and H36+ are deécribed by a two—term equation containing a.quadratic term
in [Pdcli_]. A one-term rate law is only applicable at low Pa(II)
concentrations [227]._ The following reactions have been characrterised

by NMR, IR and UV spectra and microcalorimetrys; [PdClz(oléfEi.n) ]2 + 2py —>

2[Pd012(olefin)py] and [PdClZ(olefin)py] + py —> [Pdc12py2] + olefin [228].

The crystal stmc;l:ures of d:i_.—p.—chlorodichlorobis(cyclopentene)dipalladium
(z1) (and the corresponding cycl&hept;ﬁe complex) [229]; Pt{(C6H4N02)G}i = CH
(cg 4H02)}(PPh3)2 {230] and _g_iﬁ-'di'chlo;-o[(R)-a-methylbenzylamine][(s)-
1,2,2~trimethylpropyl~(R)-vinyl ether]vplatinum(I.I) (75) [231] are reported.
VIn the Pt(0) 'comp'lex the substitueﬁt.s: on thg olefinl wei'e perpépdiculér'fo
the Pt-C, plane as this allows maximum sqbsfituent n-orbital ove;laf witl_i
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‘occunled metal d—orbltals and olefin n—orbltals (e.g. 74). Because of
i%éhls orleuta tion the subst;tuents are bent back from the metal to minimise
' hydrogen non—bdhded contaéts and thé substituents must be powerful electron

'w1thdraw1ng groups for the energy -geined in achieving the perpendicular

,orlentatlon to be ‘sufficient to cause this asymmetric olefin geometry [230].

S ct
Me—CH- NHZ—Pt -cl

T (s)
P HoC = EH— O—CH CMes

(75)

o 'References p. 400.



‘I’ the Pt(II) compound [251] the absoluteconfiguration at

¢entre formed by complexation of the vinyl group'is R and gave
of the conformations of the amine and olefin ligends. . Bvidence that ™ . -
coordination of the amine ligand in trans—dichlorol (§)-N-methyl-a-methylbenzy—

lamine Jethyleneplatinum{IT) 1(76) occurs in:a highlylstereoselectivé manﬁer -

(76)

was obtained from an X-ray structural analysis of the product [232].
Stabilisation §f a series of five-coordinate Pt;pléfin.And éllene ¢omplexes
by HB(P253 has been observed. Hith.spme olefin; two is§megsvéer§79béézved:;
'in the HNMR the spectra, which coalesced at higher.témyérétgres. “In

Pt(cone)[EB(pz)j]; the pyrazolylborate ligand is fluxional [233]. _ [Pt(enHC="
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'ZCHb(Q)éH;CHPh)é] forms'Pt(Phﬁc=CHc(o)cﬁ=cHPh)L3_(L = PPhy, PiePh,, PEt, Aséhs,
Aéﬁtéjuﬁith:L'in whiéh/oniy one double bond in the olefin.is coordinated to Pt.

" Further Teactions of the tertiary ligend substituted product with L' (L' = C,C1,s

C,F4s CF;C=CCF, (CF3)2

characterised from alkenylpyridines were (77% in which trans-bidentate

co, Cs,) gave PtLle [234]. Olefin-platinum products

bonding occurs [235] and (Ptx(PEt5), L][ptx3(pst3)] (L = 2-aliylpy, 2-(1-
methallyl)py) [236],in which NMR evidence suggested a mono-bidentate aliylpy
'equilibrium in solution. With alkenyl-aniline the Pt compounds (78) were

synthesised [237]. Certain NMR characteristics of the trans—[PtClZ(olefin)L]
hdel X Me

Cl\\Pt/,N P
,/,
C[%ba \Cl [CH2]n

CH
\ o]
[CH2]m / .

g ——=CHa>
m=1,n=3 /PtClg
m=2,n=3 NR2

.m=4,n=3
m=8,n=3 R, R' = H,H; H,Me; Me,H; Me,Me

N
~N

(78)

(L = isoquinoline, py) have been attributed to adventitious free ligand
contaminations [238]. The platinum allene products PtR(PPh3)2(R=CH2=C=CH2,
CF,CH=C=CH,) abstract sulphur from rNCcS(RY = Ph, Me) to give [Pt(s,c=NR")
(PPh3)2] [239]. The vinyl alcchol complex chloro(acac)(n—ethenol)platinum(ll)
was prepared from either the hydrolysis of the analogous m-vinyl trimethyl-
silyl gther complex of by the reaction of PtCl(CZH4)acac with MeCHO in the
presence of ag. base. The NMR of this compound indicated a rapid equilibrium

between the n—cbmplex and its conjugate base (a c—bonded E—oxocethyl product)

is occuring [240] (scheme 11}. Both enantiomers of (79) Wwere resolved

" References p. 400.
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- (Scheme 11)

(79)

by separation of their diastereomeric platinum(II) complexes containing
optically active amines [241]. The displacement of ethylene from [Pt(02H4)
(PPh3£] by A% bicyc16[2.2.0] hexene gave the platinum [2.2.1] propeliane

(80) which was resolved crystallographically. - (80) further reacted with

(80)
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" EtOH t6 form'(81) by cleaving the central C-C bond [242]. - Attempts to

"~ prepare Pt(IV) olefin complexes by oxidative addition of MeIl to (82) gave

,7.Ainétéaé'4tﬁr¢e'Pt(II-)— pioduéts, oné' of which was obtained by a methyl insertion
at the internal olefin carbon atom (scheme 12) [232].  When Pt(II)-olefin
_compounds, e.g. gi_g_—[PtciZ(céHAf)(PEtzPh)] are treated with methoxide ions
:fhree ;éactiohs oecur,bnamely nucleophilic attack on the coordinated olefin
by MeO  and decomposition of the resulting methoxy complex to HCHO, and
'displacement of the olefin resulting in the formation of [PtClZ(PEtPhZ)]z.
The relative importance of these three reactions depends upon the precise

experimental conditions used [244]. The energy barrier to olefin rotation

' Phy gha ghz
P Me . Me

Me Mel e ~_

)Pt/ — [Ptime, ], + :Pt\ + /Pt\

Me _ I I c

C Z~H =
- HCT H HaC™ HC™ Me
(82)

(Scheme 12)
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in c1s-[PtC1 L(o‘efwn)] and PtCl(acac)(olefln) (L tertlary nhosphlne or
ar31ne) has been measured. " AGc» is dnpendent upon the Bulk and electro—,,

negat1v1ty of substltuents on -the olefln and the symmetry of the olefin.
; T

Ur1entat10ns of the olefin in the groun state, as ueuucea from Pi~"H-

coupling constants,are strongly'lnfluencedrby sterlc factors [245]

ReéSonably'accurate geometribal information has been eluc1dat¢d4from~NMR
spectra of Pt-olefins in'zgggér[Pt012(02H4)py] in 1iquid,éfjst§l$,and'
parameters related to the geometry in.solu@ion haye been obtained w;th
reasonable precision [246]. The stability of tgn_s-[Ptclz(czﬂ 4)py]

#ith respect to various solvents and nucleophiies,was studied by NﬁR [247],
and the instability constants for trans-[PsC1,(C,H, )M ], [Pt(CZH4)(NH3)3]2+
and [Pt(NH3)3PPh3] were determined by poten..:l.ometri.c titration with HC1
or HClO4 in acetone solution [248]. An enthalpy of —155.8 kJ/mole wes
obtained from solution calorlmetry for the reaction Pt(C )(PPhﬁ) (cryst) +
(NC)20=C(CN/2(gaS)--)Pt(NC)éC:C(CN,z(PPh3)2(cryst) +C, 4(gas) [249].

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

of aa. KCN SOlUulOHS with Zelse's salts were measured, and from these
measurements an order Of strength of Pt-olefin bonding of C3H6 2H4?1—C6H19’
1~ C4h8>l—05E10 was obtained [250]. SCF Xa-scattered wave method was used to
calculate the electronic structure of Zeise's anion and ffom which the
a-component of the bonding appears much more important than £he'nhcontribution’A
{2511. The trans—effect in Pt(II) products, some containing olefins, was
sfpdiéd by 2 self-consistent Mo'method based on the comﬁlete—neglectfof—'
differential-overlap approach [252]. The mechanism of substitutipn reactions
by bidenéate ligands in Pt(II) complexes with N-,0- and S-donor ligands,

amino acids, olefins and écet&leneﬁ has been reviewed [253]3 ,0lefin substi-
tution in Ezgggf.[PtCIZ(olefin)py] by free olefin or py was mirkedly slowed

. down by the presence of<g;;gg—substifuents'on py'[254]. ,Thé;réaétion of -

'[Pt(C2H4)Cl3]_ with D,L—élanineA(L ) to give [Pt(c2ﬂ4)LQl] proceeds stepwise.
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nd the aquo species txans—[?t(G2H4)012(H20)], producing

)L‘Clz]_ in which ﬁ is bondedrto 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 metal complexes
has appeared [256]. ‘A series of complexes has been stabilised with
phosphinoacetylenes. Thus treatment of [CpNiCO]2 with RCECPth-(R=CHe3,Ph)

gave (83) which for R.=CI-Ie3 produced (84) from PdClé(PhCN)2. The carbonyl

Cp
PPhy oh Ni
Cp Cl b2 N
. c Ni N N 7
G—Ni Ni RC—C—pP N N
N \,../ Phy Ci
C Ni
[ Cp
R
(83) (84)

compounds Ni(c€0),(Ph,PC=CR), and Ni(co)3{KCPNi)Z(PhZPCECPhj}are described

as well as compleXes in which the P of the acetylene is quaternised [257].
X-ray structures of N12(CO)2(Ph2PCECCMe3)2 (85) [258], [Pd(PhZPCECCF3)(PPh3)]2
(86) [259] and di-p-thiocyanatobis[hydrogen-bis(diphenylphosphinato)]
diralladium{II) (87) [260] were reported, and the complex stability was
attributed, in the nickel case, to strong Ni-C interactions (e.g. C=C 1.28° g

and Ni-C 2.02 X). The preparation of [H(Ph2PCECCF3) (M=Pd, Pt) and

2]2
[Pt(PhZPCEC CFB)(PPhB)]z was also reported [259]. The magnitudes of
spectral shift in the IR spectra of Ni, Pd and Pt complexes with BuC=CH and
C1CH.C=CH at — 180° varied in the order Ni<Pd<Pt [2611. The nickel alkynes

2
- 1 '
szleRCZR (R=H, R1=Me, R=Me,vR1=Ph, R=R1=CO2He) were prepared and the sub-—

References p. 400.



stituent effects in alkyne ﬁisplacement was investigéte¢. Spectroscopic
properties and the nature of the bond between Ni and aéetylene'was»di%cgssed
[262]. A re-examination of the kinetics of reection between PhC=CPh and
szNiz(CO)z showed that a2 second order mechan;’.sm was ~%ign§.fi’cant at high ligand
concentrations, wheréas at low concentrations a twq stage mechanism is_
operative [263]. The bonding in the acetylene compoéng Pd{gz(cdzﬁé)éy(PPh3)2.
solved structurally, was discussed in comparison ?ith_othér known,éompognds.

Mean parameters observed were Pd~C 2.06 &, C=C 1.28 & and Pa-P 2.32 § [264]1. -

PA(PPRy),, (n = 3,4) and (RyP),Pa(C,R,) with RC=CH gavePd(cE(:R)Z(PR3)2
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(87)

: (33 = Me,Ph, Eh3) f265]. The formation of the palladacyclopentadienes
' [a(c,R,) ], from HeCO,C=CCO,Me and Pd(dba), 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{pyrazolyl)

7" References p. 400.
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[Pdf&bg_)éJ";-i- 2RCECR e

1

n

/ el

R= R1 =COOMe Z_Ph»PCH2CH PPh,
R =COOMe, R'=Ph Ly =o0- phenanthrohne
L.o = bipyridyl
(EtzNRMX
o XyR

+ PdBr,
R~
(Et3NR'Y), pal” Pd '
R ~Nx _Ar
. R - R

r?
R'I

LR
FZ

Et, X=1
H, X=Br

(Scheme 13)

borate ligand [267] and the X-ray structure of PtMe(CF C=CCF )[HB(pz) ]
(8e) [268] are reported. - Parameters observed in the structural reflnement_:
of Pt(CF c=ccr )\P ) were C=C 1.26 &; Pt-C 2. 02 R and Pt-F 2.28 ' [2691.

‘I'reatment of 2—pyr1dy1 acetylenes with Pt(PPh ) (n =2 4) gave Pt(RC—CR )PPh
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R" = pyrazolyl, R = R' = CF,,CgH,,CO,CHy
R'=sH,R=R'= CFB,COECHB,Ph.

R = Me, R'= Ph,CO,CHj

R = Ph, R'= CO,CH,

R = H, R' = CO,CH,,COCHy,CF,y

i

fi

(88)

1 . 1 . ]
(1;:3 =2-pyridyl, R=Ph, R =2-pyridyl, R=R =6-Mepyridyl) which further

reacted with anhydrous CoCl, (for R=Rl=2—pyridy1) to form (90) [270].

(89) . (80)

References p. 400.



The 1ow freuuency iR spectra of the serles Pt(HC=CR)(PPh3 2'

CHZOH etc) were. measured in the range 600-300 em” and Pt—P and Pt-C stretchl E

' frequencles were 3551gn=d [271]

IX Metal allyls
Approeehes to the syn#hesis of pentalene viarmetaiicomplexes, inclﬁdiﬁg_
nickel allyls, have been surveyed [272]. - Several specfrbscopic5éharacteris§
“ties of theistructure and of the nature of. internal bonds in ailyl groups'(e.g.,
C3H5+, C335 and C3H§) are compared and clearly dedueed from IR apd Raman

spectra.of some organometallic compounds [273].

The X-ray crystallographic determinations of (+)-bis(r~pinenyl)nickel

(91) [2741, di-p-acetatobis{(2-methylallyl-3-norbornyl)nickel(II)] orthorhombic

(91)

[275] and monoclinic [276] form, acetonifrilebromo[l'3—n—(carbomethoxy;2—

methylallyl)]nlckel {2771, [n—cyclohexanylnlckelbls(trlphenylphosnhlne)]

trichlorozincate (92) [278] and the two complexes Hlth c-and n—nlckel—carbon
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(92)

bonds, {m-pentenyl)(diisopropylphenylphosphine)methylnickel{II) and (m-pentenyi)
‘ aimenthylmethylphospﬁine)methyhﬁckel(n) [279] have been completed. The

absolute configuration of the m-pentenyldimentiyylmethylphosphine product was

R [279].  The preparations of (-) and (+)-np-pentylnickel halides and (-)-

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

Ni(03H5)2, N12(03H5)2X2(X=C1, Br, AI) [280] ana (m02c31)2 (R=n-allyl, M=Ni,

1 .
Pd, R'=He, cn3, CF3) [281] and the Raman and/or IR of Nl(C3H5)2, {c Pd01]2,

H
) 35
C3H5!{n(C0) 4 20d (Cjﬁs)zFe(CO) o [282] were recorded and correlated with
) structure. Results have been presented of a 130 -{lﬂ} NMR study of w-allyl

compleéxes of Ni, Pd and Pt and .of n-diene and n—trienenmickel compounds [283].

References p- 400. -
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(—)-(15,55) U )y-(1R,55) i H=Y-(1R,BS)

~2.cop

C3HsMgBr

. ———— .
-MgBr; .
' (+)

(+)~(15,5R)

N|=

(Scheme 14)

V The 13C'NI-IR spectra of some n-~indenyl products of Cr, Fe, Co and Ni that have
been measured allow a distinction to be made of h6, h5 and h3 struéturesr

In particular the structure of bis(hs—indenyl)nickelrwas' determined and an
i@pro{red 'synfhesis proposed faBa]. . The forcerfieids of 7['1-}—031{5-1_’(1(:112

and its niékél anaiogue were calculated from available X—ray,dafa'and the force

consi:ants» for the individual bohd; were tabulated by a modifi’ed least ‘sqﬁé.res,.
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fimethod of.valué seléctlon.r v Viﬁrationél spectra ﬁéré alsé récorded [285].
:—The photoly51s of hs—allylnlckel complexes in solution was studied [286].
The eactlon of [(n—C3H5)N101] with chloranil in toluene gave 1l:1 adducts
-ifollowed by loss of the allyl 1_gand formlng mainly trans-l,3-pentadienes
r:,[287] R,Ni (H;n—ally i, w-crotyl) and HC1l form NiCl, and the corresponding
olefins»[288]. - p-N, Nl—ethylenebls(sa.lcy laldiminato)bis[2-metnylalliylpalla—
“aium(II)] has been resolved crystallographically [289]. Several new
monoméric m-allyl Pd(II)Sal=N—R complexes and binuclear Schiff base complexes
have been synthésised and shown by NMR to exist in isomeric forms. From
studies on their dynamic stereochemistry and on competing monomolecular-
bimolgcular équilibria, a mechanism for end to end exchange of the m-allyl
group is proposéd. 1,3—-diene insertion reactions were also studied {2g0].

Novel m—allyls have been characterised from vinylsilanes (93) [291] a2nd

allylphosphonium ylide (94) [292]. The action of Na,PdCl, on tricyclic

M(Me)3

CH2R2 X

/ iC;)d/

i ——Pd—Cl

/! Nx

rR,P®
R'= R®=H,Me; M = Si, Ge X =Cl, Br;R = H,Me;
= H, Me;R, = Phy,PhMe,,
(93) ’ (94)

alcohols (95) (n = 4,5,6) with 2 methylenecyclobutane group gave m—allylic
species of formula (96) with rearrangement of the backbone. The corresponding
acetates allow the isolation of complexes without rearrangement [293].
Cycloocfa—l,3—dienepa11adium(11) dichloride, an intermediate in the synthesis
~of (97) is fofmed from an initial nucleophilic substitution of MeOH on the

diene followed by an acid catalysed elimiration of MeOH. With l-methyl~

1,5-cyclooctadiene it was shown that soivent substitutions takes place by

References p. 400.
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H OH-
(95):

an S 2° piocess [294] Addltlons of cyc’oalkenes and alkylldenecycloalkanes_
‘to an active palladium solutlon, formed as a mlxture of PdClz, NaCl NaOAc
-and.Cu612 in AcOH at 90—95 and then cooled to 60 , have produced a,serlesAof
m-allylpalladium complexes regiospecifically [295] (stheme 15). Complex

T CFea
Pd‘“l/
{Scheme 15)

formation in ag. solutions of n—-allylpalladium bromide wés studied at pH
2-14 and 0-1.0M Br and a series of neutral,cationic and anionic

n-allyl species ‘idéntified [296]. A kinetic study of the reaction between
PdCl 2= and isoprene is 1nterpreted in terms of the formation of two
r-complexes between Pd(II) and 1sonrene, one hav1ng a monuolefln—Pd llnkage‘
and the other a diolefin chelate structure- Nucleophilic attack of MeOH
on these 1qtermed1ates gives methoxy m-allyl compounds [297]. o Exéhanée
reaction'kinetics of [(nhC H )PdCl] with butadiene, chloroprené,>’so§fén¢
and styrene were determined by NMR and a mecham.sm was dlscussed/ [298]

9% MR spectra of RC_H,CGH,F-m or- B (8 = 11, Na, T1, Bng, ra, CpFe)
674 3

574

* were determined in THF, MeCN or CCl4 and the data used to est;mate the
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itio;iéiéy:of”th;:Tl-Cp bﬁﬁd(é éq;sq%) [299]- :;Thé lH ﬁHR of diaﬁferebisomeric
7 (ﬂ—allyl) (-N—_df-phen;','ieti;&lsaiic_:ylaldiminato)ball&dium showe.db that the phenyl
jﬂiing'céused an anisotropic shielding effect on the substituents of the allyl
' m6iétyf£i§ &d the ﬁitrogeﬁ atom of the chelate. The stereocheristry of the

" allyl ligand was correlated with that of the Schiff base and the chemical

shifts [300].  The allyl (98) reacted with py or its derivatives to give

oH @

C
L= ~ .
Hy~ l - OCH2R

Pd
}*Z}:l
2
R = Me, Ph
(98)

~ terminal bonded Pd-C products of formula Pacl((:rizcocnzcozcnzn)L2 (L = py,
2-Mepy, 4—Mepy, 2,6—He2py) f{301]. Ally] iodide gave 2 2:1 mixture of
[(n--auyl)rdl]2 and [(n-crdtyl)rdl]z, together with CH, = CHCH,C1, CH, =
CHCEC1Me and CICH,CH = CHMe, on mixing with [(n—crotyl)PdCl]2 [302]. The
oxidation of m—-allylpalladium chloride with a range of oxidising agents

' has been studied [303]. The quantitative preparation of m—allylpalladium
complexes from Pd(II) salts was obtained rapidly when a stream of ethylene

was passed through an ag. solution of NaZPdCI and the allylic chloride.

A

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-tert—
butjl_—l,~3—ﬂ-cyc1opent—2—enyl]triphenylphosphinepalladium (99) has been resolved.
The complex, formed as a jrbutylacetylénetrimer,‘exists in interconverting
exocyclic and endocyclic 113-a11yl1‘.c forms from lH and 13C NMR evidence [305].

 Treatment of trans—[PtH(PPh3)20104] with CH,=CHCH,X (¥=C1, Br) 2nd allyl

2
]c1o4,(x = ¢l1, Br) and [Pt(m—C

3)2 3H5)_(PPh3)2]CIO

: alcoholrgéve [Ptx(c386)(PPh 4

References p. 406-
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(99)

respectively [3506]. Cationic platinum hydrides and allylamine or 2-methyl-
allylamine have given m-allylplatinum(II) species [307] (scheme 16). The .
allyloxycarbonyl products Pt(CO,CH,CR=CH,)C1L, (R = H, He; L = PPh,
-decarﬁoxylate to the corresponding complexes {1200) (X = c1, ClOA)., The

PMePh,, )

importance of olefin coordination to platinum in the transition state is

suggested [308].

o
PtH(CIO,)(PPhy), : : [P>Pt>:l ClO, + NH,
CH,=CRCH,NH,, , o /:,co, PPhy, AsPh,
, P , ,

, .
[H-Pt—NH,CH,CR=CH, ] C10,
P - -
(Scheme 16)
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~>‘“p2Ptfﬂ4?; R X
CH, -
(100)

X Delocalised carbocyclic systems

The chemistry of nickelocene has been reviewed [309], together with
the chemical bonding in sandwich-type compounds [310]. Wideline HMR 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 indicatng of very low ring rotation barriers [311].
The UV photoelectron spectra of Cp,M (¢+=v, Cr, Mn, Co, Ni) and their 1,1'-di—
He 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 Cp,H are Cp2H+, W' and fragment ions CpH' (M=V, Cr, Fe, Ni).
The dissociation energy for Ni was calculated as 69 kecal/mole [313].

The He 1 photoelectron spectra of CpNilNO and (n-C_H, Me)NiNO were recorded.

54
Ab initio SCF MO calculations using Koopmans' theories did not give a
satisfaétory interpretatior of the spectra since orbital relaxation
accompanying ionisation from the metal 34 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 2 semiquantitative reletionship between the spatial extent of an MO

and the relaxation energy [314]. NMR studies were used to demonstrate the
formation of the cation [CpNiCSH6]+ in solutions of Cp,Ni in HF. Additions of

gaseous-BF3 to the cation gave the ionic compound [CpNilBF,, which was shown

4
to be an intermediate in the formation of the cationic triple-decker sandwich
complex -[cP3N12]+, through reactions with Cp,Ni [315].  An X-ray
analysis oi‘.[Cp3N12]BF4 (101) has been completed [316]. Other cyclopenta-

References p. 400.



(101) (102)
dienyl structures reported were »(I-‘Iesc)jN[CpNi]s (102) [517] end Cp,Ni, Hy

(103), which contains a pseudotetrahedral Ni 4 cluster.  Each Ni atom is




S R : - 365

reactions of chui with (i) LiC.D,, (ii) the tetramethylethylene diamine
.. aﬁiiuc't of. LiCSDS ‘and (iii) szﬁn in THF, have appeared. With LicSDS alone,
Vlthe,obserVed rate law has first and second order terms and this was

accounted for by k, referring to a k= ko[LicP]tot[cpzui]tOt-+kl[LiCp]§ot
' [Cp2Ni] tot reaction of a [L‘.i.Cp]2 with CpNi. k_ refers to the LiCp +

) szNi reaction. With tetramethylethylenediamine—-LiCSD5 the reaétion is

first order, presumably due to no [Lci.Cp]2 species forming. The intermediate
structﬁre (104) is proposed, and an associative mechanism for (iii) was also
inferred'[319]. Substitution reactions of Cp,Ni have produced the new products
.wmpwm;g(x=ﬂ,m,Ln;lg)m0ﬂ4mecwﬂmmgzm=Pm
p-tolyl) which gave CpNi(PPhBuZ)ZCl with HC1, N;L4 (L = PBu_, PBuPhZ) [321]

‘and (205) from bis(trifluoromethyl)diazomethane at —5° over a period of days

— - H CFy
r’\/—‘\ o
i @AIL\CFB
Lt Nl D l
. Ni Il
; i N
D : /\ \C\/
D /7
_ D - Cr, CF3
(104) (105)

[322]. The N-bonded tetrazoline-5-thione organonickel compounds [cpNi
(N4CSR)PBu3](106) (R = Ph, Me, Et) Were prepared from CpNi(PBu3)N3 and RNCS

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

N:N
\
N

‘ | /
<3§§}—Nupau3nm\w/ R
R S
- (106)
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solt_xﬁi@.»éaire cPNi(PBg_);)scv(s)k:;;(ﬁog, RNRH) whlchwasalsofomedfrom
| CoNI(PBu;)SH and WCS. . Treatment of »‘ani('rsas)sgﬁ'f oz [opNs(rmu)s(cay) 1,
(n = 1-3) with PaNCS gave CpNi(PBu,)[SC(NPR)SEt] and [CpNi(PBu, ){sc(xFn) )
S(CH,) }1, respectively, and additions of RNCO to -c:pN,i('PB'ﬁs")’;sﬁﬁ‘ p;paﬁc'éa- o
) VCpl\‘\’iV(PBurs)SC(Q)NHR .[_324]. Eleven complexes of benzgne :a.nd'rhexai";tu'o'robénz‘_eﬁg
with Ti, V, Cr, Hn, Fe, Co, Ni and Cu were prepared and their tr;eruial-.'- o

stabilities determined [325].

‘XI Metal hydrides
Addition of gaseous HC1 to Ni{P(OCHZ)BCR}4 (R = Me) gave [NiH{P(OCH2)3

cMe} 4]11012 ard with BX (X = BF,, PF.) formed [NiH[P(OCHa)SCHe}] 4 X

41
When R = £—06513 protonations with.HSO

,F and CF,COOH gave [NiH{P(OCHZ).’,,

>/
™.
AN
{wZk
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3
l'fqrmula‘[NinLJBF4[L = N(CHZCHéPPhZ)B] were obtained from Ni(BF4)2 and L

- 6CgH 53] X (X = SO;F, CF;000) [326].  Non-stoichiometric hydrides of

2" Hydrogen-rich compounds were prepared’

in-the preéence or absence of NaBH
» and the X-ray analysis of [NiH_ 5L]BF4 (107) shows

from {Nil:] and HBF4

one crystallographic type of cation but because of the hydride ligand
deficiency some of these cations are trigonal bipyramidal, with N and H
in axial positions, and the rest are trigonal pyramidal {327]. A study

of the reactions of u012(u = Ca, Ni, Cu, Pd, Pt) with wNaBH, and NaBH.CN in

4
the presence of tertiary phosphines showed that the compiexes obtained

varied enormously using different conditions. The products HLn, HBLn,

MEBL (L = phosphine, B = BH,, BH.CN, n = 2-4) and PtH(CN)L2 Wwere characterised

4° "3
from solution [328]. Treatment of NiH(No3)(Pcy3)2 (Cy = cyclonexyl) with
L in the presence of NaBE, was reported to give [NiHL(PCys)Z] BPh4 (L = py,

' pyrazole, imidazole) [329]. The complexes,'Ni{}zzp(caz)npﬂa'}zcsﬁ6 (n = 2,3),
formed from NiCL,{R,P(CH,) PR} (R = cyclohexyl) end Li powder in benzene,

1
activated hydrogen forming (108) [330]. The 3‘P{;ﬁ}and hydride region

Ra " . Ro
P P
N ./ N\ S
Nl—\——/Nl\
7 HY p—
Ra ’ Ro
(108)

14 wvr spectra for the complexes [HHL3]X(H = Ni, Pd, Pt; L = PEt3;-X = BPh4)
were studied as a function of temperature and free ligand concentration.

The spectrai behaviour was found to be a result of an exchange process

between 4 - and 5 — coordinate species. For M = Ptione ligand remains
unigue throughout the exchange process indiéating that the 5-coordinate
intermediate does not, on average, undergo intramolecular reérrangement before
dissociation of an equatorial ligand takes place. For M = P4 the rate of

intramolecular exchange is less than the rate of dissociation but both

References p. 400.
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'processes contnbute to ‘the llne shape effects.:.';' For H —Ni the 1ntramole— : ’

. cular exchange process is faster than hgand dlssoclatlonvanﬂ:there is “Some
' ev1dence for 1ntramolecu1ar exchange in N1H(PEt ) 1n the absence of added

ligend [331].

Hydride complexes of Group vIII (e.g- PAH [P(06 11 ]2) pramofee' c_-'o
bond cleavage in vinyl or allyl carboxylates, liberating. ethylexie or propylene
and forming the metal-carboxylates [332]. The hydrides L@i—[?tﬁziza'] '
and [PtE(P-C)L] have been prepared from ix-a_ns_—[PfHCle] and gis_;-[PtclzLZ'] .
with NaBH, in EtOH for L' = FBu'Me,, PBu’Et, PBu'Bul, PBu®(CH,PR),, PBuSCH,Ph
and P(cyclohexyl)s, and with L = PBu"(e-tolyl),, PBuz(g—tolyl) aud'PBu*"(c:HZ

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

areneselenols to PtL, gave PtH(SeR)L (R—Ph, BMeCgH,; L = PPhy, PMePhZ)
which further reacted to form Pt(SeR),L, [334]. New hydrides were obtained

by solvolysis of Pt(ROPPh,) " Characterised products were [pta(oPPh,,)

(HOPPh,,) (ROPPR)] (R = Bu?, Prt, H) [335].  One of the sets of hydride

]H NMR patterns for ‘.:‘ne}isothiocya.nato—thiocyanato mixture in trans—[PtH(SCN)
(PEt3)2] is broad due to LN quadrupole relexations [336]. Analysis of

the spin system for the cations [PtH(PEt ).l , [PtH(PEt3)2PPh3]+ and

3)3
[PtH(PPhs)s]+ as AB_X and AB,MX (o=8-= 31P; H= 195Pt,‘x = lﬂ) has shown
that different side and centre band multiplets for the hydride resonance are to

be expected in any general case of A B'X (AanHX in these systems) and are

only sicilar when | 6AB‘ > +1J Bl; In the case where |’6 1= 3l Tax

JBX‘ H it is not poss1b1e 1:0 neglect the effect on the X—spectru.m of

remote active nuclell which are coupled to A or B. Thus tertlary phosphine
effects from remote alkyl or aryl hydrogen atoms cannot be neglec‘l:ed [337]
Klnetlc studies of the revers:l.ble 1nsert:|.on :mto the Pt-H bond with ethylene,

in the system trans—[PtH(acetone) (PEL T [338,339] and metmrl acrylate in

3)2
: P*R:EI(NOB)(1“5:1:_5)2 {3401 are reported.  With ethylene, under pseudo f:Lrst
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~order conditions in C,H, the rate law was:

274
o o - ) !
fé[Pt-H]/dt = Ko us [PFHydr1de], with ko =k [02H!]
(1+K[02H4])

over a 20 fold variation in [C2H4] [s38]. Either of two mechanisms

_proposed (scheme 17 a,b) [338,339], however could account for the kinetic

|- ”
—f> —_—
| H L S L
_ ).(_ — — X~
L il s : L& CaoHg
L H B | L S
X~ -+
. - - - ==/ -
ATAN i VAT AR R
S L S L X L
(Scheme 17a)
_ N . +
L -
] CoHa H
Pt
H (X il !
— L
— +
L C2H5 x- L CsHg
/)| =
il 4 ~C2Ha 4

(Scheme 17 b)

results obtained, though all schemes proposed [338-340] invoke the cation

trans—[PtH(olefin)L2]+ (scheme 18). Treatment of PtHC1(PR;), (R = Ph, Et)
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trans—-PtH (olefin) Lgh o

trans-PtHXLy
S osix S
trans—PtH(S)sz /

S = solvventr
(Scheme 18) '

with 1,3-diaryltriazenes formed PtCl(ArNNNAr)(PR.j)2 {341], and trans-[PtH

(0104)(PPh3)2] with HNRR* (R = R' = H, R =H, R' = Me, R = R* = Me) gave

[Pt(NRR')(PPh3)2]C104 [342].

XIT Metal carboranes

The reaction of NaC,B 457 with N1c12(DPE) gave (n—2,3-023 4H6)N1DPE

and when NiBi-z, NaCp, HCl and zir are mixed,(n—CZBSH,?)NiZCpZ is formed [343].

4 novel Ki(IV) carborane was isolated in small yield during the synthesis

of CoNi(iv)(n-7-B ), and was formulated as (109) from 1l \MR and mass

10%11

spectral data [344]. The abstraction of N‘l‘le3 and bridging protons from

BlOHIZC[NHeBI with sodium in THF, followe; by NaCp and NiBrZ(I{eOCZH4OIde)2
additions and oxidation gave CpNiIV(n-7—CBIOH“) L34_EJ, Direct insertion

of transition metals (e.g. Ni(CH 4)(PPh3)2) into C,B,H; produced (110) [346].

PhP PPhy

Nl




371

The arachno-carborane 1,3-Me_B,CH,, and Ni(PR;), (R = Me, Et) or [Pt(stilbene)

- 2°77'271)
. (PR3)2](R = Me, Bt, Ph) gave the corresponding H(B702H9Me2)(PR3)2_ (M = Ni, Pt).
.Pt(B7CZH11)(PEt3)2 was also prepared. X-ray characterisation of the nickel

complex (R = Et) (111) showed it to be the first example of an T-carbadibora-

(111)

allyl species [347]. The rearrangement and oxidation of (n—cloﬂloczml)z}ln-

-{M = Co, Fe, Ni) has been studied. The nide complex structure is oxidised

by CuCl2 to the closo-carbaborane BlOHTOCzB‘Rl’ and readily undergoes poly-

hedral rearrangement into isomexric compounds [348]. A new synthetic route

to n-(3)-1,2-dicarbollylplatinum(II) complexes of formula Pt(n—(3);1,2-0239

'HQRIR.Z-)(PRB)2 (R = Et, n-C,H,, Ph, R’ = H, Me, R° = Me, Fh) has been de-

scribed [349], and the structure of closo—[M9202B9H9 Pt(PMeZPh)J (112) was
4

" determined [350]. The preparation and structure of nido—[Me20287H7 Pt(PEt3)2]

(113) was also reported [350]. The X-ray structure of [Pt(2—C6H5—1,2—

— - 1 - t h
(o BlOCZH:LO)[P('E PTopy )3]2 (114) shows the carborane to be a-bonded ito the

Pt atom together with one of the carbon atomsv_of the n—propyl group on a

References p. 400.
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(112)

phosphine ligand [351]. The reaction of closo—l,6—R2;l;6eCZB6H with

Pt(stilbene)12 (L= PEtj, PMeB) gave two products chéracterised as closo--

l,l—Me3P—6,8—He271,6,8—Pt0286H6 (115), containing .a boron analogue of a
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(113)

coordinated cyclobutadiene and g;ggr[CEBGHGHeZPt(PEtB)Z] (116) [352].

Six lithium carboranes gave crystalline cis— or trans-Pt(II) hydrido-dicarba—
closo-dodecarborane with PtHCl(PEt3)2 3531. Hexaborane formed trans-[
Pt(CGH]_o)zClz] in vwhich the borane is bound via a 3-centre, 2-electron bond

with Pt in the 4,5 brideging position [354].

XIIT Hydrosilylation and germylation reactions

Addition of Me_SiCH=CH, to Pdc12(Phcn)2 gave bis[h’-1-(trimethylsily1)—

3> 2

l-methylallyl]-p~dichlorodipalladium(II). The germanium analogue was alsu
characterised, as were other silyl allyls [355]. Pt(CZH4)L2 (L = PPhB) pro—
duced a variety of the organosilylhydrides, PtH(SiRS)LZ, with R3SiH. The

compounds [Pt(SiR3)L2] (33 = Cl3, Me,Cl, MeCl; L = PPh PMeth) were also

3’
characterised [356]. Evidence has been presented for the formation of

M~C g-bonds in the metal-catalysed cleavage of Si-C linkages [357—359].

References p. 400 7
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The substitution and reduqfion mechanism of organosilanes by Grighard reagents
catalysed by nickel complexes is said to involve formation of nickel(O) speéies
which subsequently oxidatively add silanes. Reduction then takes plage by
direct attack of a nickel hydride formed on the alkoxysilane [360]. A series
of papers on the metal-catalysed hydrosilylation of olefins: and acetylenes has
anpeared [361—369]7> Seleétive hydros*lylation of terminal ﬁonﬁolefins'ofr_
conjugated diolefirs by - Pd complexes [361—362] and by the polymer (117)

(M = Ni, Pd, Pt, Rh) [363] have been observed and the klnetlcs of -the reactlon

of PhCH—CH2 w1th MeSlH012 in the presence of_platlnum compounds repp:ted .o
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(115)

M
e CHp o~
n
(117)
[564,365]1. The effective nature of HZP‘I:Cl6 as a catalyst in the addition
of silanes to l-hexyne is dependent upon storage [366]. Ziegler—type

systems e.g. M(acac)n—AlEt3 (M = Ni, Co, Fe) catalyse the hydrosilylation
of 1,5-dienes or terminal acetylenes. With isoprene or 1,5-pentadiene

the 1,4-adducts HeCH=CHeCHZSiX or HeCHZCH=CHCH2$iX3 (X=0Et, Et, OMe) are

>
the major products, and nickel salts e.g. Nj_Cl-2 or Ni(acac)z, provide the best
catalysts. A chain reaction mechanism is proposed (scheme 19). Terminal
acetylenes RC=CH yield the products in which linear dimerisation accompanies

hydrosilylation. . The head-to-tail adduct H2C=CRCH=CHSiX3predominates over

the isomei‘ RCH=CHCkCHSiX§, and hydrosilylation was favoured by electronegative

" References p. 400.
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N'(II)

AlEt 1,3- pentadlene ST

o(pentadlene)

HS!XB

SiXs

Ni Ni
/NG
Nsixs L sixs

CH3CH=CHCH(SiX3)CH,
(I11)
+
Ni©

i

(Scheme 19)

substituents X at Sif367].

L represents ail other ligands
i.e. diene or phosphine

CH;CH,CH=CHCH,SiX,
(ID)
+
NiC

Platinum catalysed addition of dichlorosilane -

to acetylenes proceeded in a stereospecific cis fashion yieldiﬁg"trans

adducts 7[‘368] .

The products RR'SiHCHMeCN (R = R® = Ph, R = Me, R. = Ph)



ﬁwere obtalned from RR SlH ‘and CH =CHCN with HZPtCl [369] The hydro—

f511y1at10n of: carbodllmldes p*oceeded at higher temperatures in the presence

of catalytlc amounts of PdCl to afford N-silylformemidines [3701].

2

Treating kdwnes and Et_SiH with PdCl2 gave Et,SiOR for a large range of R's

3 2
[371]. The effect of n upon the ease of ring formation from [CH2=CH(CH2)nSi
Me H] (n= 0=~ 6) and H PECl 15 as catalyst was studied [372]. An optically
active digermane is obtained fram the reaction of PhCHZHg01 (activated by a
nickel(II) complex ) with (a-neopentyl)PhMeGeH. It was proposed that a

GeMgX species was formed,and its activation by Ni(II) allowed cleavage of the

Ge-H bond with retention of configuration [373].

X1iv Catalytic reactions involving Wi, Pd, Pt

EPR studies on nickel Ziegler-type catalytic systems has provided
evidence for nickel(I) [374-376) bridged [374-375] species. The thermolysis

of (118)in C Cl4 and PhH has been studied and a number of products were

characterised (scheme 20)A[377]. The large multiple 1H - 2H exchange

factor observed in the PA(II) catalysed reaction of cyclobutane with D,

is attributed to a Pt-alkane or cycloalkane complex intermediate. Ph4C4

is cleaved by Pt(II) to trans-stilbene whilst norbornadiene shows preferential

exo-exchange [378]. Monomer insertion at the Ni-C c—bond, rather than

/

| =~ CD - @/

NIiCI(PEt ),
Ci l

NiCIP, + NiClPp +
ci NiCIP,

Cl

(Scheme 20)
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. hydrogen transfer, was: proposed as the rate determ:.nlng factor» 1n the 1sotop1c
'exchange o’btalned when perdeuteropropy ene Was dlmensed m_th a nondeuterated -

.olefz.n by allylnlckel bromde—T:LCl4 m:l_xtures [379]. The :\.ntemed.late

platinum allyl (119) at‘counts -for the D2 excha.nge noted in short cha:n.n alkyl—- o

H
1
Pt
(119)
benzenes - [380]. An overall mechanism to explain the D0 exchanges with
‘alkylbenzenes has been given [381] (scheme 21). Known data on the oxidation

of C H4 to AcH by quinone in the presence of PdCl and PdC1l -L10104 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

exchznge of metal
hydride species
:/C with deuterium
lf’tn +S ) H Cl from solvent

Cl—- Pt ™M en RCH

(-S)
CH,RCH,D
@CH RMe . 2RCEH0
CH2
+

i P
Pt CI e C'ZSZ

s
22 Cl-;P*N
ot
s

(Scheme. 21)
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fféii@ézéﬁd éfcydiﬁheQeﬁfl—bl. The epoxidation catalysts were M§ complexes
'lé#d:théféufdxidatiqﬁ cétélyéts were transition metal phosphines or acetylaceto-
.z;atéé"[383]t | With MoO_[ (tte,N),PO1H,0 and M(acac), (M = Ni, Pd), a different
vprodudt\diStfibution in thé cyclohexene autoxidation to that obtained with the

Mo compound alone; was obtained [384].

The carbonylation of Phl with £0 and Pd012 has been investigated
kinétically. Rate equations were derived and intermediates involving
MeO- and MeOCO-Pd species were suégested [385]. 2-Mercaptoethanol
undergoes carbonylation in py in the presence of 02 and Ni(CO)3 py to form
(120) [386]. The reactions of cycloheptacyclopropenone gave {121) and
diphenylcyclopropenone (122) on reacting with Ni(CO)4 {3871. The insertion

reactions of CO with olefins, catalysed by metal carbonyls, to give the

Ph.
Ph
O
@]
Ph
T h
(D\Y:/'S Ni en
i oc™
o) Ph
(120) (122)
corresponding carboxylates have been examined {388-390]. With cyclic

olefins and methallyl or crotyl chloride, CO insertions to produce ketones
and carboxylates were 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].

References p_ 400.
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_ “The eoﬁ§1ex PfCl (g 0)[f(C6 ) 1 was found to be . an actlve hydrogenat;on
catalyst for sulpholene, alkenes ‘and alkadlenes [391—393] Heatlng
-methylcyc"ohexano1 with H in the presence of PtCl (PPh ) and CF%COOH
gave 86% of methylcyclohexane [394]. The reductlon of PhN02 and phenyl

rsubstltuted products with NaBH, using X Nl(CN) as catalyst gave PhN(O)—NPh

4
PhN=NFh and PhNHNHPh [395]. Catalysts used for the homogeneous hydrogena—

tion of olefins and acetylenes, usually with H2, have been (i) Pd{?(OPh)3}4
for C,H, and C,H, {3967 (i1) K4Niz(cu)6 forAthe'3,4 double bond in 6-methyl-
3,5-heptadien-2-ol [397], (iii) PdClZ(HeZSO)Z/NaBHA for CH,=CHCH,NH, [398]
and for acetylenes [399] (iv) Ni(acac)Z/R3A1 (R3=Et3; Et,0Ph, Et(OFh),) for

cis—trans—trans-1,5,9-cyclododecatriene {400].

Investigations into the homogeneous oligomerisation of monoenes have shown
the effective nature as catalysts of NiHCl[P(HeZCH)3]2 {4011, Ni(02H4)
[P(MeZCH)3]2 {4021, Ni[P(OPh)3]4 f4031 and Ni(acac)2 [4041, all in the
presence of lewis acids. Mixtures of nickel 6-hydroxyquinolinate with

di-9-fluorenylphenylphosphine 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
anhydride)(PPh3§] the sole product produced under the above conditions was

(125) fa06]. The oligomerisation of butadiene with atoms of Ti, V, Cr, Mn,

O

(123) ' (124) (125}

Fe, Co and Ni and the cocatalyst [Et2A1c1] has been studied [407].
The eff1c1ency of butadiene ollgomerlsatlon wlth HHX(PR3) (H—Nl, Pd)

depends upon both the nature of X and the solvent. The cationic hydrides
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V[PdH(PR3)DPE]PF6>(R = cyclohexyl, Pr’ ) were characterised in this study
' {408]. ‘:CétaiYSt systems containing Ni(acac)2 and a heterocycle were
found to-effect nearly quantitative conversions of butadiene into irans-1-

~ trans-5- trans-9-, cis-l— trans-5- trans-9-, and cis-l-~ cis-5— trans-9-

cyclododecatriene [409]. Thé compound (126) was the major product of

(126)

reactions of butadiene with aluminum a2lkyls and (S8—quinolyloxy)nickel [410],:
whereas Pd products and organic acids dimerise butadiene to 1,3,7-octatriene
[4111. Octatrienes or dodecatetraenes were the major products, depending
upon reaction conditions, of butadiene oligomerisations with _Ni.(acac)ePR-j

(r = Nie,, Bu, Ph), Buld and R]'RZNHZ (R1=E1:, Ph, ® = Me, Et, piperidine,
morpholine) [412]. Telomerisation of butadiene occurs in methanol with
Ziegler-Natta type systems [413] or Ni and Pd salts-phosphine mixtures [414]
giving methoxybutenes, methoxyoetadienes-and 1,3, 7-octatriene. Piallyl-
platinum halides and (n-c3H5)2M (1 = Ni, Pd, Pt) catalyse the telomerisation
of butadiene with diethylamine to give EtZN—(C 4H6)n—H {(n =3, 50%; n = 4,40%)
[a15]. An increase in catalytic activity and selectivity were observed

when amines were introduced into isoprene dimerisation reactions catalysed

5.4 5.8

(Scheme 22)
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-'By Nici (Pfﬁj)i—NaBH4 The yleld of - linear dlmers was A,so% Wlth n—»i. ff
1 propylamlne and only 3% wlth t—butylamlne [416] Wlth n_ckel naphthenate
‘—and isoprene- magne51um, using phosphltes as donors cycllc dlmeric 1sonrene o
products were obtained [4317]. ‘The compounds in scheme 22 were formed from
‘e-vinyicyclohexene and ethylene with NiCl, (PBu;) and AlEt3 or Bt AlBr [418]
In codimerisation of ethylene or propylene with styrene by the 3—component
catalyst, Pd‘complex, Lewis acid ard P(OR)3’ a mgchanlsm 1nvolv1ng the,formation
of a cataiytically active Pd-H species was proposed [419]. Linear'?enteﬁes
constituted g TT# of the Cg fraction obtained from codimerising ethyleﬁe'
and propylene with Ni(abac)z and (MeZCH)ZAlCI. Introducing tertiary
phosphines and phosphites into the system increased the content of methy-
lenebutenes to < 92% of the total yield [420], A catalytic amount of
water enhanced the conversion of butadiene a2nd ethylene to hexa-— and
pentadienes with lIi(ml)X(PPh3)2 (X=halide) and BF; [421]. This
iatter catalyst system effected the selective conversion of styrene and
ethylene to 3-phenyl-l-butene [422]. A series of nickel catalysts was
used to transform various acetyleres intc linear dimers {423 ,a24],

aromatic trimers [425,426], and cyclooctatetraenes [427,428]. The rezc-—

tion of o-PhC=CC

- P
ay
(s

(127)
and (2-PhC=CCH )zso with PAC1,(PhCN), produced (127) (R so) [430].

6 451He2c654p—cph—o with PdCl, gave (127) (r = SiMez)'[429},

by

2-Vinylfuren and methylsorbate gave (128) [431] and 2 mixture of (129) and

(130) [432] with butadiene respectively, using Hi(acac)z, PPh3 and EtzAl
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Me R

Me
A CH:CHCO,Me R TCH:CHCO,Me
(128) - (129) (130)
as catalysts. Cycloalkadienes and ethylene with Ni complexes formed
vinylecycloalkenes [433]. Products characterised from the reactions of

acrylic acid derivatives with butadiene are given in scheme 25 [434].

N

R
' 2 7= /\/\/\/\/\/R’I 2
)\/R —_— = X X

Ni catalyst

"

T

M

|
20
1l
0n

03
n oy

e

Ni cata!ystlZ N2  for R =CO,Me
R'=H

CO,Me
= ~ = = >

(Scheme 23)

— . hl
3,3-Dimethylcyclopropene reacted with trans—RCH=CHCO2R‘ (r = C02R1), cis—
ki 1
Me0_CCE=CHCO,R~ and CH,=CECO,R™ in the presence of Ni(COD)2 to give 50-75%
= 3 1 11
(131) (R =Me, Et, Bu, R = COR ), 94% (132) (R = COR™; R = Me) and 50%

(132) (r = 1§, rt = Me) along with 50% (133) respectively [435].

CH:CMGQ CH=CMe2 CH =CM62
R TCO,R' R™  TCO,R' COLR'
(131) (132) (133)

Alkylation réactions with organoderivatives of copper and nickel have
been reviewed [436]. Grignard reagents, activated by Ni(II) complexes,

activate Ge-H bonds to 2lkyl or aryl substitution reactions [a437]. The
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NN CH-Ph
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pg—CHa .
Ve
Cl /:>’
N
2

(134)

complex di—p~chloro—bi$[2—pheny1—2—(a-pyridy1)ethyl]dipaliadium(ll) (134)
was isolated from a reaction mixture‘ containing LiZPdCI , 2;vinylpy"' é_nd
PhHgC1, and characterised crystallographically [438]. [ArPdCl] reactions
with COD and endo-dicyclopentadiene have been studied (scheme 24) [439].
Treatment of a series of norborneﬁes [440] and 1,2-dihydronaphthalene

[4417 with [PnPdC1] effected PhPd addition across the olefinic bonds.

Ar-Ar

Pd”
s N
Ci N=
\

Ar = phenyl, p-toly!l, p—anisyi
(Scheme 24)
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'»»Thé,éfféct of Steric influence of.the o-alkyl substituents of styrene on
' the.aromatic'substitﬁtipn reactions has been investigated [442]. The
vinyl esters chH(R;NE)COOCH=CHZVQere prepared by an exchange reaction

with vinyl acetate using NaPdC1 as catalyst [443]. Palladium acetate

a4
_and PPh3 catalyse the coupling of aryl and vinyl halides with olefins in
which the vinylic hydrogen of the olefin is replaced by the organic group

of the halide e.g. Me,C=CHBr + CH,=CHCO,Me —> Me,C=CH-CH-CHCO,He (44417,

2 2 2

NiX2(PR3)2 cqmplexes exhibit high activity for selective cross-coupling
reactions of Grignard reagents with aromatic and olefinic halides [445].
Treating 1:1 BuMgBr with HZC=CHCH2C1 in the presence of nearly equal
amounts of Ni-phosphine complexes gavé 56-61% octane and 40-59% 1,5-
hexadiene, which is in marked contrast to 70% propylene and 71% butenes
obtained with metal chlorides [446]. Amine complexes of PA(II) effect

a predominantly meta-directing acetoxylation with potassium peroxydisul-
phate in glacial AcOH [447]. Addition of olefins to a Pd-sulphone
produced Pd metal and the corresponding oxidised product e.g. L[CODPACl
(CE,S0,Pn)}+R CE=CRR’—> PhSO,CH,CR'=CR°R*+Pd(0) + HC1 [448].  The struc-
ture of the product difggggr2,6—diacetoxyﬁgi§rbicycio[3.S.Q]octane, obtained

from reactions of COD, Pd4C1l Pb(OAc)4 and AcOH, was elucidated crystallo-

2'
graphically. A mechanism for the reaction was proposed [449] (scheme 25).
The reactions of iscbutene, methylenecyclopentane, methylene cyclohexane
and methylene cycloheptane with Pd(OAc)2 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
was 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 followed

by the elimination of AcOH and Pd(OAc)2[450]. The stereochemistry of
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] ‘addition o

N
OAc

(Scheme 25)

nucleophilic attack on olefins coordinated to Pd(II) and Pt(II) by on~

proceeds, where possible, by p}ior coordination to the metal [451].

The hitherto unimown E,Z-PhCH=C(CO_H)C(CO,H)=CHPh and the Z,Z-isomer were
prepared-in 92% yield by the oxidative coupling of trﬂ-PhCH:C(COzH)HgCl
with Li,PdC1,-CuCl, [452]. Pd(PPh3)4 was found to be the best catalyst
for the sterecoselective conversion of bis(propenyl)mercury into 2,4-hexadienes
{4531. Addition of MejAl and LiAlMe, to ketones [454,455] and nitriles
[456] occurs readily using N:i_(a.c:ac)2 as catalyst. The mechanism was
suggested to proceed via an oxidative addition of He.),Al to a zerova’lent
Ni(O) species. The formation of cinnamonitrile fmm acetylenes and
Hiz(CN)Z(DPB)_); is presumed to proceed via a cyanovinyl intermediate which
gives the required product on protonation. [457]. E—MeC6H4NiCl(PPh3)2
and E-RCGH4N101[(2-3ICGH4)3P]2 (R = Me, C1, er =H; R=H, R' = Me)

decompose quantitatively in toluene at 90° to give three different diaryls.

To explain this, an aryl transfer from phosphine to Ni is prbposed 'vto

occur via a binuclear Cl-bridged Ni(I) complex [458].  The mechanism of -

the Ni—catalyseci synthesis of phosphonium salts from aryl halides and Pl;'h3



387
| s rébq.fted. " The formation of phosphonium salts occurs by the oxidative
- -addition reaction of. INI:}(PPI'IB)3 with the aryl halides and reaction of the
- Coordinated aryl groups with PPhy e.g. Ni(PPhg); + ArK —>Niar(X)(PPng),
AR S PPh
+ PPh_— ArPPh_X + Ni(PP Ni(PP 59 1.
s PP X + Ni(PPhy), 3. Ni(PPhy ), [459]

Two types of skeletal rearrangements of 1,4-dienes occur with
lez(mj)2 and (MengCHZ)ZAlcl, namely (i) that in which the isoprenoid
C skeleton is generated,as exemplified by the 1,4-pentadiene isomerisation
to 2—methy1—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 isomerisation of the terminal
double bonds in the 1,4-diene reactant to afford conjugated diene products

M
L
-. H
Me = N _,Me
Me, H / A Me X M
H
H H
H M Me
\\ Me ‘—’—’_*
y B
S Me M = Ni{PR3),ClI

(Scheme 26)
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'o'f’ the s'ame Ci ské-l‘etbn-;r Iuvestlgatlons 1nto these react:!ons‘ are I;ep;)rtéd 7
[460—463]7 and mechanisms for routes (i) and \11) have been 1mrest1gated o
[462-463]. For (i) the results ‘were 1nterpreted in tems of the 1nter-' i
vention of cyclopropylcarblnylnlckel der:.vat:ures (scheme 26) and the
‘stereochemistry of each 1ntermed1ate was d:n.scussed [462] . For (11) a
dieng rearrangement mechanism is proposed which 1nvolmes a VC—HJ.'B-ellml—
nation reaction of an alkenylnickel intermediate and i‘!;-which route (a) isr .
favoured in scheme 27 [463]. The rate law for the PAC1,(PhCN), cé.taiysed

isomerisation of quadricyclane was second order [464].

Me

i
L o= . QM M§<_.M_n
I - i

5\

/M ' ™M
M =y
P < Me // Me

(Scheme 27)

The activity of the complexes Pd.){2(1?1.1‘.‘l:r:i.le)2 in the isomerisations,
of olefins decreases in the order PhCN>MeCN for X = C1, Br. The-rat'io
of cis-2-olefin to trans-2-olefin decreased in the order CI>Br>T [465].
Double bond migration in CH,~CHCHMeEt catalysed by Nl{P(OEt) Ph} V

and 4-He06E 4SO3H gave 99"’ of a 2:3 mixture of cis-and: trans—MeCH=CMeBt [466]
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‘Mlﬂidshols inrthe pfésencé of m-palladium chlorides isomefised 1-heptene
'jféélé;ti;élyitg Eigggrproducts {467]. The preferential formation of trans-
':pépf—Z—ene‘from pent-l-ene and cis-pent-2-ene in non-protic solvents with
Pdc1é(IhCN)2 or Fes(co)lzrwaé attributed to an intramolecular hydrogen
transfer mechanism t468].' V
Carbonium ion formation in the PdClz—CuCle promoted rearrangements
k‘of biecyclic olefins occuré less in the CuCl,-catalysed reaction [469].
trans-Stilbene oxide is converted by Pd and Pt complexes to small amounts

of PhCOCH,Ph, Ph,CH, and cis-stilbene oxide {4a70]. The rearrangements

(135)

of (135) to aldehydes was carried out in the presence of compiexes of
Cu, Ag, Pd and Pt. The cycloheptatrienealdehyde formed was stabilised by
copper salts [471]. Me20=cn(c32)2c3Mecn=c52 with PdCl, and CuCl, in

DMF, or PACl, in aq. acetone, formed Me2C=CH(CH2)2—CHMeCOHe, a~terpineol and

2
bis[chloro(2,4-ﬂ—2,6—dimethyloct—2—ene)palladiym(II)] [a72]. The reaction
of cis- and itrans-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 PACL,(MeCN), and [Pa(C,H,)L,] [473] (scheme 28).
Halogenation of some enyl PA(II) complexes proceeded with predeminant 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—perdeuter0cr0ty1nicke1 jodide to 2-methyl-and 2—

isopropy1-1,3-bqtadiene gave the anti-isomer (136) (R = Me, MeZCH) as the

References p. 400. -
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MeO H 3 - : - CO Me
,H/?d COzMe CO,Me ClaPd CoMe . - ctpd ’
5 | Ny
‘ CO,Me . COzMe © - Q. OMe G fogMe
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eS| —= meoh d-core Vg e T o
¥, 7 Pa,, Pd
M .
Cl COz- e : C )zk : \ / Cl/ _>2L L
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) n°-CgHsg
copme i CH(COCF3),
Meo_//\—\/_C02Me - F£OeMe A ’S:OZME l
Pa Meoﬂpd(py) ct 7 Mpawyrci a
MeD.C 2 MeO,C
L = acac, MeCC e O )f
CH(COCF;), = N\Ed coMe
l L = acac,
CH(COCF,),
OMe >
©Me02(3. —
N ’
~pd Cone
L
MeOxC  cOpMe Meozc Cone
I~
Pd\ —_— \ Ct
l /. Ta OMe
(Scheme 28)
OMe MeO OMe PMe
x/ Xp ; x _ reductive
Pa” /2 bosx = imination
v —— Pd—x elimination
7~ | I o ’
X =Ct, Br B X - de3
S ' | CH30H, X~
) SN, attack
. QME . QMe
X SMe .

(Scheme 29 )
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{— Ni(MeCN)X.

CINGD

- CDCD=CDCDCHyCH - = R=R'=H, X =Br, I;
t136) - - R=COpMe,R =H,Me,X=Br
R ' (137)
product of kinetie control. Subsequent rearrangement to the syn—-isomer

and to the hl—complex occurred [475]. The 2llylnickel complex (137)

coupled with CH2=CHCHéBr or I-ieOZCCH=CHCH2Br to give the products in scheme

.30. The synthesis of geranyl acetate and methylfarnesocates via allylnickel
R R
R
R' ZCHe R' e H2CYKACH2
R
R=R'=H, X = Br,iodo;R = CO, Me, R'=H, Me, X =Br

(Scheme 30)

species was also reported [476]. When the reaction of stoichiometry

given in scheme 31 is run under conditions for maximum yields, all the

(@] OH OH
£ /a‘/ (Me),
-\—N: 2 + 2 (Me), —» (Me), + + _;_ ,<_/>_
o OH OH
(n=1,2)
(Scheme 31)
quinones are obtained in their reduced state. The site of alkylation

corresponds to ‘the noncarbonyl ring site of highest spin density, indicating
that eiectron transfer processes are involved prior to coordination to the
nickel  of what would be a reduced quinone species [477]. The activity

of w-allylpalladium halides in exchange reactions with dienes decreases in

the order CICH=CHCHZ>CH2=CHCH2>HeCH=CHCH2>CH2=CI~IeCH2 for the complex,

References p. 400.
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decreases 1n the order butad1ene>1soprene>chlor prene)CHZ—CMeCHe_CH2 for ?7"' Ji

the dlene, and 1ncreases in' the order He SO>PhN0 >CH013>PhH for the solvent

[478]. . Tke dlfferent nroducts obtalned in the allyl bromlde-crotyl

N

d ﬁi_11yls‘61 Hi15C6 ‘and re Were .

titributed to 1ncreased lablllty»fér exéhangéréf’the n—crotyl metal comnounds .
[479]f, T—-A11yd intermediatgs are péoposed in thg nickel catalysed amination,
of l,3—dieneé and the different reacti?itiés oﬁserved WérerdiscusSed gﬂ the

basis of the stabilities of the n-a2llyl complexes [4801.

X7 Complexes and reactions of general interest

The molecular structures of Ni, Pd and Pt complezes by X-ray diffraction

have been reviewed [481]. = Some crystal structures of general interest that

have apreared this year are; (i) MX,L (x Cl, L= thPcﬂzcﬂzP(CF3)2,

M = cis-Pd [482]; X = S-bonded SCN, L = P(OPh)3, M = trans-Pd [483}; x = I,
L = P(CgH,,)5, M = trans-Pt [484]; X = C1, L = PPh;, M = cis-Pt,in which

distinct solvent adducts occurred and PtCl(CC13)(PPh3)2 was reformulated

as [PtClz(PPh 1 (solvent)x [4851; X2=(NCS)(SCN), L = P-bonded thpc'sca

3)2
(R=But), H = cis-Pt, prepared from MeCN solutions of X=NCS at 0°, together

with other R = Et, Ph, Pr> products [4861; X = c1, ML, = = (-)-2,3,-0-
isoyropylidene—Z,3—dihy&rozy—1,4—bis(dipheny1phosphino)butanenickel(II)

[4871), (ii) PaBr ol (L = 2—phenylisophosphindoline, orange racemate form

and optically resolved red form .in which Pd-Br is 2.92 (red) § and 3.02 (orange)
R énd the differences are attributed to differences in mblecular euvironment
f4881; L = 5-alkyl-5H~dibenzophosphole, alkyl = methyl,r ethyl [489])7

{iiz) NiBr (PHe )~ (138) [490] (iv) trans—ch10r0b1s(trlethylphosphlne)-
(p-fluorophenyldiazene)platinum(II) perchlorate (139), formed by- protonatién

of a Pt-aryldiszonium complex f491] (v) NilLy (Lj =1,1, l—tns—(d:l.phenyl—

phosphlnomethyl)ethane),conflrmlng the monovalent nature of the nlckel
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(138)

[492], (vi) (Et4N)2 [Ptz(NO)ZCl6], (140) with the Pt atoms in square planar,
and octahedral environments, respectively, bridged by Cl atoms and an NO group
(n-ofvbridging} 1.27 &, N-0 {terminal} 1.05 &) [495] (vii) PdL, (L = P(CSH11)3,
(He3c)2PhP) (141) [494], together with their preparations and the formation
of Pdoz{PPh(cue3)é§2 [495]. A series of fluorine exchange reactions in

. . R 1 _ 1_
N:L(PF3) 4 With (»1e3s1)2NNa, HNRR™ (R=Hor C, ; alkyl, R = €, s alkyl)
and RONa (R=Et, Pr) have been reported [496-498]. Complexes synthesised
during the year were (142) [499], mxyLi' (M = Pd, Pt, L=L1=PPh3, XY = (2C4H,R),

R=0,S, 2= NH,, NO,, H fs00, 501}; M = P4, Pt, Lt = thsb(CH2)3SbPh2,

:Rdammap.«m.



s

Cl -

(140)

| X=Y=anionic ligand [502]; M=Pd, X=¥=C1, L~L'=PPhRR’ {R=R'=Me, Et, Pr; R = Me
" R = Et} [503]; M = P4, X=Y=I=L~ = NCNR{R = H, Ph}; M = Pd, X=Y=NHCN, L =1L

Pphj:"[soar] H = Pt, X=Y=cl, L = N(r)=NzR! {z = CH, N, R = R .= aryl, aliyl, L'

l,=' o
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(141 b)

(CoH,; AsBtg, PEts} [5057; N(CHeB)

: . 1
, 'L=L1=P(0R)Ph2; M = Pt, X=Y=Br, I.s=L“=P(OR)2Ph(R=He, Et) [507]; ¥ = pd, Pt,

=SNCHe [5061; M = Pd, Pt, X=Y=Cl,

- References p. 400. - .
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Rh, X=Y=halide, LL1=_9_—pheny1enebis(diphenylarsiné), { o-diphenylarsinophenyl)

; , o
diphenylphosphine [508]; M=Pd, Pt, IFL'= PR3 (R=Et, Ph), x=r=soz(ome);

1 ' 1
X=COMe, r=soz(one), L=L =PPh;; X=Y=5,C0, L=L =PPhy [5091); a range of
trans— and cis-[PtX(SCF3)(PEt3)2] compounds in which a definate correlation

exists between cis— and trans influences of the ionic ligand X when long

range NMR coupling constants (BJPtF) are used to measure these effects

[5107; NiIz(AsMe3)_5 [511], end five-coordinate complexes of Fe(II), Co(II)

o
and Ni(II), in general, were reviewed [512]; [NiIL]T (L= PhPCBIOH]_OCPPhZ)

[513]; stereospecific syntheses of [PtClL(PEt3)2]+ and cis—[PtClX(PEtB)z]

for a range of X and L were developed [514]: [Mc1{1=(on)3}3]+ and [fP(oR)

Ph.),_n}4]+ (n = 1,2; R = Me, Bt) [515,516]; [pEEPtC1], from [Pt(HgSiMe3)2

(siMe;),DPE] [517]; the species PAPLCl,(PBu;), was inferred from 3% nm

Ar
N

)]
P N . _P
N
Pt Pt (BF,)
-~ NN Np 2
1]
N
Ar
(143)

P

measurements on mixtures of Pt2Cl4(PBu3)2 and P4,Cl 4(PBp3)2 L518]; N
[nif, 9_-0634(Pue2)2}2]2+; [micifoc H 4(PMe2)2} T, and a series including

[Ni012{3—063 4(PMeé)2}2]n+ (n = 3,4) [519]; (143) [52:6],_ l;c?zFe]PdC% ~and

[CpFeC H 4gH=CH2Pdc12]2 [521]; tran‘s—[prZ{Co(VCO')3L_?'2];,VH_ := Pa, Pt [5_22]; :
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" [fﬁzxcHéJthCoé(éo)7(x =P, as) [523]; trans-M]“La[Mn(CO)S]2 (u* = pa, pt,

~Mevv) with linear Tn_Ml_Mn bonds 5241+ trans—
epy,; withh 1inear Mn-i1 -Mn bonds | ><£24 17 trans

: [ft(ﬁzér)(PE;B)ZL]+ (N Ar = NCeH,F-m or p, L = NH;, py, PEt EtNC) and the
cofresponding aryldiimides and arylhydrazineé_from.protonation reactions and
- reduction reactions respectively [525]. The S-bonded —» N-bonded isomerisa-—
'tion in complexes £;§7[Pt(SCN)2L2] (L = PPh3, AsPhs) have been studied [526].

A series of investigations into the intermediates formed in cis—trans-—
isomerisations of square~planar palladium and platinum complexeé has

appeared [527-530]. Equilibrium thermodynamics for the cis-trans—isomeri-—
sation of Pd(NB)2{1’(0fi2<:6fi,5)3_nf’hn}2 (n = 1,2) have been obtained. With
the N; ion in Pd(Ns)Z{P(CH206H5%32the complex is so sterically hindered that
only the trans-isomer exists [527]. Isomerisation energetics (cis—trans
and linkage) and mechanisms for the palladium(II) phosphine complex containing
trifiuoromethyltetrazoles have been studied by 1H and 19F NMR. A unified
mechanism for isomerisations of square-planar complexes was proposed and
discussed in terms of orbital symmetry selection rules [528] (scheme 32).
Eg‘._g_—[PtClz(PEtj)Z] isomerised to the trans-isomer in the presence of PPh with
no phosphine mixing, and [PtCl(PEt3)3]+ did not react with C1~, which was
said to be evidence for a mechanism involving a five—coordinate intermediate
rather than one involving a consecutive displacement step [529]. 1H 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 ionisstion potential data the evidence
pointed to strongest bonding with Pt. Charge shifts from o-to

m-bonding cancel each other in these molecules [5311. Vibrational spectra

- 2
of [n2x6]2 (u=pa, Pt, X = C1, Br, I) [532], [MX4] (M =P4, X = Cl; M = Pt,

I

ter—~

X = €1, Br) [533], cis- and trans-MX L, (M = Ni, Pd; X = C1, Br, I; L

References p. 400.
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5-coordinate transition state - 5—c60rdin_at‘e transit_ion_' state.
—X‘J + X" |  -RsP
- . + . AN ) :
R.hx | RB'PBX
R3P PRy X solvent
+X-J R3P
5-coordinate transiticn state 5-coordinate transition state

—solvent
—R4P . X X
o
PR 3

A
phosphine.catalysed R P uncatalysed
process process

(Scheme 32)

tiary phosphine) [534] and NiL(CO)3 were recorded and relative assignments
for ligand stretching frequencies made [535].  The synthesis, reactivity

1 .
and “°F NMR of the dimers [MZ(SCIQZ(P%)A]XZ(M = Pd, Pt, R = Et, Ph;

4

X = BF,, (1104) is reported. Monomeric products, from bridge-splitting
reactions were obtained [536]. Vibrational spectra and NMR parameters

of the Pt(IV) complexes [PtX4L2] and [PthL]“ (X = c1, Br, I; L = NMe,, PMe

3T
coup‘]ings 7,

3"
AsMe,, SMe,) were measured [537,538].  The signs of the 25 pp
have been determined for a series of'rPrd and Pt alkylphosphité or phosphine

19 \

compounds [539]- F NMR spectra have been recorded for 15 different

m—-and g—fluorqbenzéneéiazo compléxes and the evidence points to Ar_Nzk' being -

a poorer m-acceptor than NO+ [5407]. 13—{195Pt} heteronuclear dqubi’e

- resonance is shown to be valusble for identification of species present in = -



399
;”ff(llj #ompoun&s;- » lg?Pt chemical shifts were exﬁlained in termé of
variations:in eléc¥r$nic excitation energies fbr ligands of approximately
the §ame-size. Bulky ligand atoms howéver produce - large shifts to high

field'which tend to dominate [541]. Physical studies on Ni have been

Ty
completed. Blectronic factors strongly influence the rate of dissociation,
and phosphines dissociate more rapidly than phosphites. Steric effects
are largely responsible for variationsin equilibrium constants [542]. The
series of complexes [HLS]IH' (M = Ni, Pd, Pt; n = 2; L = phosphite) have been
synthesised [543] and their fluxional behaviour in solution studied [544].
Detailed line shape anélysis 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

MN, L (M = Co, Ni, Fe; L = triarylphosphine, -arsine, -stibine,n.= 2,5 [5461;

M=Ni, L="PEt_ n =3 B47]) have been synthesised by reduction of the

3
corresponding acac complexes or by direct reaction with the metal(o) species,
respectively. The reaction of [Ni(acac)2]3 with CS, gave [Ni(acac)2]4

(144) [5481. ¥.0. calculations were carried out %o obtain a complete

and non—empirical description of the H—02 and M-P bdndings_in metal-dioxygen

compounds -[549,550].

References p. 400.
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