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1 INTRODUCTION

This survey details the accounts of the organometallic chemistry of
nickel, pailadium and platinum published 1in 1983. Material from the patent
literature which was reported in Chemical Abstracts in 1983 is also included,
and the organisation remains broadly similar to that in past surveys.

A number of reviews of general interest have appeared, including one of
the historical importance of the platinum metals in the development of
coordination chemistry [1]. Ahnual reports on the inorganic chemistry of
nickel, iron and cobalt [2], and palladium and platinum [3] have been
published. The preparations and uses of nickel, palladium and platinum
complexes have been detailed, with particular reference to thermolyses and
reactions with carbon monoxide [4]. The preparations of transition meta)l
complexes by reaction of dienes with transition metal salts wunder
Mg/anthracene catalysis has been described in a patent [5], and palladium (I)
complexes in coordination chemistry and catalysis have been reviewed [6].

2  METAL CARBON c-BONDED COMPLEXES

A review has been published of complexes with metal-carbon o-bonds [7].
The fragmentation of palladium B-diketcnato complexes has been shown to
involve palladium alkyl intermediates [8].

Theoretical models for reductive elimination from transition metal
complexes were studied using large scale contracted CI calculations; one of
the models was {Me,Ni} [9]. Calculations were also used to study the
mechanisms for the concerted elimination and addition reactions of methane and
ethane with nickel complexes. The computed barriers for the breaking of a C~H
or C-C bond were higher than those for an H-H bond, in agreement with
experiment [10]. Reaction of a range of dialkyl nickel complexes with alkyl
and acyl halides has been studied, and a range of behaviours observed. With
alkyl halides [Me,Ni(bipy)] and [Et,Ni(bipy)] gave mainly reductive
elimination to ethane and butane respectively, together with oxidative
addition of the alkyl halide to yield [R’NiL,X]. Trans-[Me,Ni(PEt,),] reacted
with EtBr to give mainly methane, but with bromobenzene to give ethane and
[PhNi(PEt3),Br]. [Me,Ni(dppe)] reacted with chlorobenzene to give toluene as
the main product [11]. Cis-[ArNi(Me)(dmpe)] reacted with added phosphine to
give ArMe, by reductive elimination, via a 5-coordinate complex. Small added
phosphines were most effective in promoting reductive elimination, presumably
due to the ease of formation of the 5-coordinate species [12]. The product of
partial hydrolysis of EtsAl reacted with [Me,Ni(PPhMe,);] to give a complex of
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stoicheiometry Et,A1ONiMe.3PhPMe, [13].

The reactions of c¢7is- or trans-[R,PdL.] (R = Me, Et or Ph; L = PRy) with
R’Li (R' = Me or Ph) gave initially Li[R,PdR’L], with retention of
configuration at palladium. The displacement of PEt; in [PhoPd(PEt;),] by MeLi
was slow and followed a dissociative pathway, whereas the displacement of
PEL.Ph from Li[MezPd(PEt,Ph)], although also slow, was shown to proceed via an
associative pathway, involving a 5-coordinate intermedfiate [14].

The structure of [{Me,PtI},).CCl, was determined by an X-ray diffraction
study. The molecule had a pseudocubane structure with platinum and iodine
atoms occupying the corners of the cube [15].

Thermolysis of trans-[MePt(PR;),I], in which R = CHs, CD,, Et, Ph or Cy,
gave methane as the main product. Using complexes labelled with deuterium in
either the platinum bonded methyl group, or derivatives of P(CDy)s, two
pathways could be distinguished. In the more important one, homolytic fission
of the Pt-CH; bond occurred to give a methyl radical, which abstracted
hydrogen from either the P-alkyl groups or from the solvent. Bimolecular
reactions represented & competing, but minor pathway [16). Thermolysis of
[MePt(PR3)>X] (X = C1, Br, I or CN) gave similar results, with the kinetics
being determined by the strength of the platinumcarbon bond, in turn
determined by the nature of X [17].

The complexes [MesPL{N-N)I,] (N~-N = bis(1~pyrazolyl)methane,
2,2-bis(1-pyrazolyl)propane or bis(2-pyrazolyl)methane} were prepared from
{Me,Pt(cod)], the chelating dinitrogen ligand, and molecular iodine [18]. A
number of papers have reported oxidative addition of alkyl halides to
methylplatinum complexes. With [Me,Pt(phen)] and RX trans-addition occurred,
but c¢7s,trans-[Me,Pt(00CHMe,)I(phen)] was also formed in the reaction with
2-iodopropane, providing evidence for a free radical mechanism for the
reaction [19]. In the presence of an electron accepting alkene, CH,=CHX
(X = CN, CHO or COMe), 1 was formed (R = CHMe, or (Me;), also by a radical
pathway [20]. In the reaction between [Me.Pt(phen)] and I(CH;),I, 2 was the
sole product for n=10,2,3,4 or 5, via an Sy2 pathway, but for n = 1 both 2
and 3 were formed. 2 reacted with further [Me,Pt(phen)] to give the binuclear
species, 4 [21].

XY—R (CHz )nl
Me | N Me\l /N>

Pt ) P
Me”| N Me" | N
1
1 2

References p. §16



352

Me

N CHeI N/\N VY
(j Pt N,/ \,.”
N/| \Me I-Pt=(CH:2 )n;Pt;I
1 Me Me Me Me
3 4

Methane could be converted to a mixture of methanol and methyl halides in
the presence of [PtC1,]2~ as catalyst, and [PtC1g]2~ as oxidant. Intermediate
platinum methyl complexes were detected by nmr spectroscopy, and a mechanism
for the reaction proposed (reactions (1)-(3)) ([22]. Oxidative addition of
iodomethane to [PtC1,]2" gave the platinum(IV) species, [MePt(H,0)C1,1", but
with chloromethane the equilibrium of reaction (4) was set up, and the
equilibrium constants determined by 195Pt nmr spectroscopy [23].

PL(II) + CH, %= {Pt{II)Me} + H* (1)
{Pt(II)Me} + Pt(IV) ~-— ({Pt(IV)Me} + PL(II) (2)
{Pt(iv)Me} + CI7 + H0 --—+ MeOH + MeCl + Pt(II) (3)
[PtC1,12 + MeCl ﬁ;_ [MePt(H,0)C1 1 é?_ [MePLCIg)3~ (4)

The demethylation of methylcobalamine by [PtC1g}2~ and [PtC1,}?", and
related compounds, has been investigated. Platinum in both oxidation states is
necessary to the process and methylplatinum(IV) complexes were formed as
intermediates [24]. A kinetic study implicated a trinuclear intermediate of
the type {Me-By,---Pt{II).--X---Pt(IV)} [25].

The complex [Me,Pt(Me$CH,SCH,SMe)X], 1in which only the terminal -S$Me
groups were bound to platinum, was prepared and studied by nmr spectroscopy.
The separate energy barriers associated with pyramidal inversion of the
sulphur atom, Pt-Me scrambling, and chelate ligand rotation were determined by
a complete band shape analysis [26]. In both 5 and 6 inversion at the sulphur
atoms was shown to be fast on the nmr spectroscopic timescale at room
temperature [27]. [MesPt{MeE!(CH,);E'Me}X] was reacted with MeE2(CH,).E2Me to
give [Me,Pt{MeE2(CH,),E?Ma}X] (E = S or Se), indicating a preference for 5-
over 6-membered rings. Selenium containing 1ligands displaced sulphur
containing ones when the ring size was the same. The deductions of the effects
of ring size on stability were made using 195Pt, 77Se and !3C nmr spectroscopy



[28].
Te sMe Me Me
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The complex cis~[Me,Pt(SMe;),] is 1n equilibrium with (Me Pt,(u-SMe,),]
and Me,S. Both cis and trans-[Pt(SMe,),C1,] reacted with cis-[Me,Pt(SMe,),] to
give trans-[MePt(SMe,),C1]. It was clear the dissociation preceded reaction,
and the mechanism of Scheme 1 was proposed [29].

¢l Me L Me L Me
| | C]\l I /Me } Me\|
Mez S—Pt—SMez + Me—PL —» Pt Pt” — CI-Pt—PtL
| I t Nt i b
¢l SMez L L L ¢l
or
% _Me Me
" C1-Pt Pt
L Me
| ; I’_ cl (o3|

Cilt—Me + Pt—L
| |
L C1

Scheme 1 Mechanism of reaction of cis-[Me,Pt(SMe,),] with trans-[Pt(SMe;)>C1,]
(L = SMe,)

Some further reactions of methylated diplatinum complexes have
been reported. [Me Pt (L-SMes) ] reacted with dmpm to give
cis,cis-[Me,Pt (4~dmpm),PtMe,]. Although this was converted to a range of
other complexes, details of the reagents used were not given [30]. Fortunately
this omission was at 1least partly remedied in a later paper by the same
authors. cis, cis~[Me,Pt (L-dmpm) ,PtMe ] reacted with Xz to give
[MegPt(X) (~dmpm)PtMe]X, and with Mel yielding [Me,IPt(u—dmpm).PtMe,]l. This
was the first bridged complex containing platinum(II) and platinum(lV) to be
fully characterised [31].

Photolysis of [MesPt,(i-dppm),][PFg] in an appropriate solvent, §, gave
[MePt (u-dppm),PtS]* and ethane, with 1labelling studies indicating that
reductive elimination was at least partially intramolecular. In pyridine
[(Me-Pt(dppm)] and [MePt(dppm)(py)]* were obtained, with the dppm acting as a

References p. 516
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chelating 1ligand. Quantum yields were high, giving further support to the
thesis that these are unimolecular reactions [32]. Reaction of
[MegPt,(L~dppm) ]t with [PhCI[BF,] gave [MePt(u-dppm),PtMe}2*, which was used
in the preparation of the new A-frame complexes, 7, 8 and 9 [33]). A new
mechanism has been proposed for the A-frame inversion of
[Pt (u-dppm) , (-H)X,1™, 1involving a linear intermediate 10 [34]. Protonation
of [Pt,(u4—dppm),(i-CH,)C1,] with HISbFg] gave [MePt,{u-dppm)(u-C1)C1)[SbFgl,
which could be reduced to 11 by Na[BH,]. This A-frame complex also inverted
rapidly on the nmr timescale, and the 1linear transition state was again
proposed [35].

Ph2P™  PPh pth’/’\“Tth thT///\“Tth
| M l Me CO Me Me
Me—Pt. Tt'—Me 'io—. ° \Tt’\ ¢ /Tt'/ — oc /Pt'/OC /Tt/
PheP_____PPh: thP\\\f/,Pth PheP____PPh:
8
N\ MeCN !
Ph2P™  PPh:
| Me | Me
Pt——pt
MeCN” | MecCN |
PhzP____PPhe
9
PheP”  PPhz PMT//N\TPM
| | _u
x—Pt——H——Tb—X Me—'Tt Tt‘~Me
Pep____PPh: PhzP_____PPhz
10 1

The kinetics of substitution of trans-[MePt(PEt;),C1] by 12, and a number
of related reactions, were investigated. The methyl group was found to cause
significant steric retardation of the substitution relative to a proton 1in
some cases [36].

The absorption spectra of [PtL,L’,_,] (L = NHz, RNH,, H or alkyl;
L' = trialkyl phosphine) have been recorded and assigned [37]. Nitrosodurene
reacted with a range of nickel complexes including o-alkyl, o-aryl, 7- and
o-allyl, and cyclopentadienyl derivatives to give nitrosoduryl radicals which
could be detected by epr [38].
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Displacement of ligands by nucleophiles has been used in the synthesis of
a few o-alkyl complexes. For example, [Ni(acac);] reacted with (MesSiCH;)3Al
in the presence of bipy to give [(Me3SiCH;) Ni(bipy)], which could be used as
a catalyst for polymerisation and hydrogenation [38). The reaction of EtjAl
with [Pd(acac),] was a complex one, but the initial products are believed to
be Et,Al(acac) and {RPd(acac)}. Subsequent displacement gave {R,Pd}, which
decomposed readily [40]. Treatment of [Pt,(PEt;),C1,] with
Li[CH(PPh,X)(PPh,Y)] gave 13 as the initial product, and this could be
converted to 14 by addition of triethylphosphine [41]. [Cp,Ni] reacted with a
range of alkyl lithium and Grignard reagents to give initially species such as
15, which could undergo insertion or reductive elimipnation, followed by
further insertion [42]). Reaction of [ML,C1,] (M = Ni or Pd; L, = (PPhy), or
dppe) with [NH,],IRS1Fg] (R =Me or Ph) gave [RML,C1] and/or [R,ML,] [43]. The
preparation of 16 from [Pt(C0,)L,] and RCH,COCH.R may be regarded as a double
displacement; the product was characterised by nmr spectroscopy and an X-ray
diffraction study (44].

X PEts EtsP.  PEts
Phep? \Pt< _PEts, et/
e thﬁ—< Nei
Ph P=Y Phs P=Y
13 14

The complex 17 was prepared by displacement of a halide by [CHYY’]™
(Y, Y’ = CN, COOMe, stc.). The inversion at sulphur was fast on the nmr
spectroscopic timescale at temperatures just above ambient [45). Reaction of
[pd(tta),] (ttaH = 18) with bulky bases, including some phosphines,
2-methylpyridine or 2,6-dimethylpyridine, gave a complex assigned the
structure 19, although the evidence for this stereochemistry was not very
convincing [46]. Reactions of [Pd(hfacac),] giving a related product (among

References p. §16
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others) have been discussed in detail [47],

CDN1H 39&51* CpN1

CD—N1~C c ~H y‘:zm

EtCsHa N1

C—C ~H
CDN'I/' [

/

16 (Reproduced with permission from [44])
H atoms of the phenyl rings and methy} groups have been omitted,

N
N S
YY'
s/ CH CFa

17 18
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19

Oxidative addition of carbon-halogen bonds has also been a popular method
for the preparation of o-alkyl complexes. Thus, reaction of [PdL,] (L = PMe,
or PMePh,) with a three-fold excess of PhCH,Br gave trans-[PhCH PdL,Br] [48].
PhCH,Br reacted similarly with [Ni(bipy)(cod)] to give [PhCH,Ni{(bipy)Br], and
20 was prepared via a double oxidative addition [49). Oxidative addition of a
benzylic halide to nickel(0) is assumed to be the first step of reaction (5),
the nickel(0) being generated in situ by lithium metal reduction of N1I, [50].
The reactions of platinum(0) and palladium(0) complexes with CICH,SR
have been investigated. With [Pd(PPhy),] the initial product was
trans-[MeSCH,Pd(PPh3),C1]), which on recrystallisation yielded 21. Phosphine
dissociation did not occur to any substantial degree with
trans~-[PhSCH,Pd(PPh3),C1] or trans-[MeSCH,Pd(PMePh,),C1] [51]}. The complex
trans-[RSCH,Pt(PR’;),C1 was obtained from [Pt(PR’;)¢] (R = Ph, 4-MeCg¢H, or Me)
and some further reactions were investigated [52].

Ni(bipy) >pd{__>s
20 21

A, glyme
ArCH>X + RCOX’ + Ni ~—————mom———e -+ ArCH,COR + NixX’ (5)

Thienylpalladation of norbornene to give o-bonded palladium complexes has
been used in a synthetic approach to prostaglandin analogues [53]. The
complexes trans-[RPt(PR;),(00CMey)] (R = CHy, CF4, Ph, PhCH, or 2-CNCgH,) were
prepared by the action of Me;COOH on the corresponding hydroxo complexes. The
complex for which R = Ph was characterised by an X-ray diffraction study [54].

References p. 516
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The reductive elimination of 1,1,1-trifluoroethane from the complex
cis—[HPt{CH,CF5) (PPhy)>] occurred slowly at temperatures just above ambient,
to give a species of stoicheiometry {Pt(PPhy),}, which was actually an
orange-red cluster. This could be used for the preparation of other
platinum(0) complexes such as [Pt(PPhj).(PhCaCPh)]. The reaction kinetics were
in accord with a concerted unimolecular reductive elimination [55]. Photolysis
of trans-[HPt(R)(PPhy),] (R = (CHx),ON, n=1, 2 or 3) gave RH. It was
concluded that the trans-complexes were isomerised to the cis-species prior to
reductive elimination, which was intramolecular [56].

Activation of distal C-H bonds in platinum alkyl complexes has been
reviewed, with particular reference to reactions such as (6), which could be
related to surface chemistry at platinum [57].

(EtaP)z Pt] | _155 °C, (EtsP)th<>< + CHa (6)

The preparation of [(dppe)Pd(CH,),] was accomplished by reaction of
[Pd(dppe)Ci,] with 1,4-dilithiobutane. Ligand exchange reactions in the
product were studied [58].

Platinacyclobutane chemistry has been reviewed, with particular reference
to rearrangement to alkene, ylide and carbene complexes (see also section 4 of
this review) [59]. A theoretical study of the rearrangements, using the
isolobal analogy, has led to a proposition for a new mechansim for alkene
metathesis [60]. New platinocyclobutanes were synthesised via reaction (7),
the conformation of the four-membered ring in the product being determined by
nmr spectroscopy in solution and by an X-ray diffraction study in the solid
state (22). The metallocyclobutane was puckered by only 1 ° in the solid
state, compared with the 27 ° pucker deduced from solution studies [61]. The
sequence of reaction (8) yielded a platinabicyclobutane, 23, which had a
rather rigid structure in solution. Reductions with Li[AlH ] and Li[A1D,] were
studied [62].

The structure of [HPt(Ph){P(CHMe,);},] was determined by an X-ray
diffraction study [63].

Complexes of the type [ArpM(bipy)] (M = Ni or Pt) and [ArpNi(PR3);]
(Ar = CgFs or 4-HCgF,) were prepared by the reaction of Ar,Yb with the
Pd
or Pt; Ar = CgClg), were prepared from aryl 1ithium or Grignard reagents, and
could be isolated as tetraalkyl ammonium salts., Reaction with HC1 gave
[Ar M,(u~C1).], and further substitution reactions of these complexes were

appropriate metal halide complexes [64]. Tetraarylmetallates, [AryM]2~ (M

investigated. These were the first well-characterised anionic palladium or
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platinum complexes of {CqClg} [65). Treatment of K,[PtCl,] with two molar
equivalents of CgFgMgBr in thf/dioxan gave trans-[(CgFs).Pt(dioxan);], which
has now been isolated, although the yield was lower than for the related
palladium complex. The dioxan ligands could be replaced by dmso, dmf, or
pyridine-N-oxide (vide infra) [66].

RS

3
[{Pt(CzHs)CI2}2] + R —_— (C]th<:>K< In
" CR?R2OH
R? OH

c1
DY\| R3

/Pt (7)
py ('H CR'R20H

22 (Reproduced with permission from [61])
The hydrogen atoms have been omitted for clarity, and the atoms have been
drawn as spheres with arbitrary radii.

Aryl iodides or chlorides 1in which Ar is CgClg- or another pelychloro
derivative, reacted with [Ni(PPhy),] to give [ArNi(PPhy).X]. The possibility
of nickel(I) intermediates was discussed [67]. Reaction with ArHgX gave the
same product, but (CqFs)zHg yielded [ArN1(HgAr)(PPhs).]. The conversion of 24
to the cyclometallated derivative was particularly easy [68]. The complexes

References p. 516
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[ML,] reacted with 2,6-dichloropyridine by oxidative addition to give 25, the
temperature needed for the reaction depending on the metal (M = Ni, 20 °C,
Pd, 90 ‘C, Pt, 110 "C). The palladium complex readily inserted carbon monoxide
to give a metal acyl complex {[69]. Extremely rgact1ve metal powders were
obtained by the reduction of anhydrous metal halides by lithium naphthalide.
The palladium and platinum powders produced in this way reacted with CgFgI to
give {ArMI} solvated by ether. With nickel powder, however, the products were
{AroNi} and NiI,. Reaction of CgFgBr with nickel powder gave mainly {ArNiBr}

[7ol.
CN

<j>> + [{Pt(Cz2H4)C12}2] — [{Pt{(C4HsCN)Cl2}n]

lpy

py §' '1
N
\Pt (8)
7
PY 1 on
23
CN
m VAW
LilATHe L 93 % > 5 CN
23

Li[A]D‘}\‘ D

D : D D
+
CN

CN
78 % 2 %
AN X
+ [Ni(PPh3)s)} —

Y, Vi

N N
Ni—-Br

gBr ]

Br

24
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PR3 Cl
Cl~ 7 N\

PR3

25

When a mixture of [PdLyX»] (L = py or PPhy or L, = bipy, phen, or dppe)
and T1[O0COAr] (Ar = CgF Hs-p,) was botled in pyridine, [Ar,PdL,] was obtained,
generally as a mixture of cis- and trans-isomers. The reaction was thought to
proceed via CO, elimination from a palladium carboxylate intermediate [71].

A series of papers has described substitution reactions of ({(CgFg) M}
complexes. In [(CgFg) Ni(n®-arene)] the arene was readily displaced by a range
of ligands including nbd, cod, bipy, thf, tht and py. It was noted that
MeOCgH; was more easily displaced than toluene [72]. The species
cis-[(CgFg) 2Pd(dioxan),] reacted with arylamines to give
cis-[(CgFg)aPd(HoNAr) -] [73], whilst the trans-isomer was substituted
with dry thf to give trans-[(C¢Fs),Pd(thf),]. If the thf was wet, a
butyrolactone derivative was obtained [74]. In the bridged complex
cis-[(CgFg)oPd(1-dioxan) ,Pd(CgFg)2]), the bridging dioxan 1ligands were
substituted by halides from [RPPh3]lX to give a bis phosphonium salt [75].
In a rather confusing paper, trans-[(CgFg)oPt(dioxan)] (sic) was said
to be substituted by ketones to give species described as
trans-[(CgFs) 2Pt (ketone) ], with x =1  for propanone, butanone or
cyclohexanone, and x = 1.5 for 2-hexanone or phenylethanone. The structures of
the complexes produced remain far from clear [76].

A range of complexes of the types cis-[Ar,Pt(PPh;).,1 and
cis-[ArAr’Pt(PPhy),] have been prepared, and their reductive elimination to
give biphenyls investigated. The values of AHﬁ'= and AS4b were determined for the
reactions and were related to the pattern of substitution in the aryl rings
[77,78].

Two  complexes, trans-[RaNiL,] (L = PMe,, L = 2,6-(Me0),CgHy  oOF
2,6-(Me0),~3,5-Br,CgH), were prepared and thier structures established by
X-ray diffraction studies (26 and 27). Intermolecular exchange of the
phosphine ligand was catalysed by CO in 26 but not in 27. This could be
readily explained on the basis. that 1in 26 three of the four methoxyl groups
are pointing away from the metal, making CO approach relatively easy. In 27,
by contrast, all the methoxyl groups are directed towards the metal, by the
bulk of the bromine atoms, making reaction with CO impossible [79].
Intermolecular halide exchange has been studied in the complexes

References p. 516
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trans-[(CgClg)M(PMe Ph)oX] (M = Ni, Pd or Pt)., In a chloride/fodide exchange
between nickel and palladium or platinum, nickel chlorides and palladium or
platinum ijodides were invariably obtained, reflecting differences in the
metal-halogen bond energies [80]. The term “coligand isomers” has been
proposed to describe the pair of compounds 1in which one is formed by a
reaction of the ligands in the central atom coordination sphere of the other,
A few eoxamples were chosen from platinum chemistry [81]. In species such as
trans-{Ar_NiL;] in which Ar = 2-MeCgH, or 2,6~(Me0),-3-Br-CgH,, and L = PMe,Ph
or PMe;, mixtures of syn- and anti-isomers with respect to the unsymmetrically
substituted 1ligands could be detected. Some of the isomerisations were
catalysed by CO, via phosphine/CO exchange. The equilibrium constants were
generally close to unity [82].

28 (Reproduced with permission from [79])
Thermal ellipsoids are drawn at the 30 % probability level

The reaction of trans-{ArPt(MeOH)(PEt;),]1{BF,] with Nal[QOCH] and Na{BPh,]
gave the cations trans-[{ArPt(PEt;),(ux-H)Pt(PEt;).Ar], identified by nmr:
spectroscopic studies. The complex for which Ar = Ph, 28, was isolated and
characterised by an X-ray diffraction study ([83). Another hydrido bridged
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species, 29, was obtained from the reaction of [Pt(ced),] with
trans-[PhPt(PPh,).(propanone)}[BF,]) in the presence of molecular hydrogen. It
was deduced that the phenyl and PPh, ligands were derived from one PPhy
11gand, rather than from the Pt-aryl of the starting material, though the
evidence for this could have been stronger [84].

27 (Reproduced with permission from [79])
Thermal ellipsoids are drawn at the 30 % probability level.

Treatment of [ArpPd L (#-C1),] with Ag[CN] gave a species described as
[AryPdabL (1~CN),] (L = PEty, PPhy or AsPhy, Ar = CgFg; L = PEts, Ar = CgClg),
although the structures were not particularly well-characterised [85].
Reaction of [ArPd(dppm-P)2X] (Ar = CgFg, X = C1, Br, I, [NCO] or CgFg) reacted
with [Pd;(dba);] to give 30, the reactions of which were studied in some
detail [86].

Reaction of 31 with ArNHR gave 32. A kinetic study implied that two
mechanisms and two distinct transition states were involved [87].

References p. 516
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29 (Reproduced with permission from [84])
A perspective view of the cation [(PhgyP)(Ph)Pt(sH)(1-PPh,)Pt(PPhy),]%. The
Pt-Pt bond distances are 2.889(2) and 2.912(2) A for the two independent
molacules in the unit cell.
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31 32

3 METAL CARBON BONDS FORMED BY INSERTION AND RELATED REACTIONS

Calculations have been undertaken on the carbonyl, “bridged” and methanoyl
structures of {HPd(CO)}* and {HPd(H)(CO)} model complexes using non-empirical
SCF MO LCAO methods. It was concluded that an increase in the acceptor power

at palladium stabilises

the methanoyl structure, and hence favours the

catalytic reduction of carbon monoxide by hydrogen at palladium complexes
[88]. Calculations have also been used to investigate the reaction path for
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insertion of CO into a platinum(II)-methyl bond. In [MePt(CO)(PH5)F) it was
concluded that the platinum-methyl bond was stronger when it was trans to the
PH, tigand than when it was trans to fluoride. In the insertion product,
[MeCOPt{PH,;)F], a T-shaped structure was the most stable. In both cis- and
trans-isomers of the starting material the methyl group migration was
feasible, but CO migration was not [89].

The complex [R,Pd,L,(u~C1),] was prepared by the action of R;Hg on
[Pd,L,C1o(u~C1),], and readily inserted €O to give [(RCO),Pd(u-Cl1),Lo]. The
dimeric insertion product reacted with further 1ligand, L, to give
trans-[ (RCO)PAL,C1), which was also obtained by insertion of CO into the
metal-alkyl bond of trans-[RPdL>C1}. The possible intermediacy of dimeric
complexes in the carbonylation of trans-{RPdL,C1] was discussed [90].

The o-vinyl complex, 33, reacted with €O by insertion into the
metal-oxygen bond to give 34 in a reversible reaction. The second insertion,
which was appreciably slower and irreversible, gave 35, characterised
tentatively by infra-red spectroscopic data [91]). Reaction of Grignard
reagents with {Pd;o(C0),>(PBuy)g] gave mononuclear o-complexes of palladium
f92}.

CO 5 min CO, 25 °C, 3h_

———————) »

— 0

o
Pt(dppp) 25 °¢C Pt(dppp) ({—Etl:(dppp)
| !
OMe COOMe COOMe
33 34 35

The insertion of isonitriles into palladium-aryl bonds has been reported.
The initial product was a carbene complex such as 36 [93]. 2-Pyridyl complexes
reacted similarly, and 3P nmr spectroscopy suggested an intermediate such as
37 [94]. Insertion of dsonitriles in an intramolecular manner occurred in
reaction (9) [95].

[ [
Br—Pd Br—Pd—C

PPha PPhs || ll
[ 1} _RNC

NS
| S ! N
PPha PPha

R

36
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Insertion of an alkene into a metal-alkyl bond was shown to occur in
reaction (10), and 38 reacted to give 39, but this product was rapidly
rearranged under the reaction conditions [96]. Insertion of alkenes into
metal-OH bonds has been studied from a theoretical point of view [97].
Reaction of MeQOCCmCCOOMe with trans-[PhCH,Pd(PPh;)»,C1 gave a o-vinyl dimeric
complex, as a mixture of three stereoisomers. Treatment with T1[acac] gave 40,
and other reactions were alsc investigated [98].

/ —_ CDN,-/\\/)‘{:\-L< CzHe | CpNi<i\\/ (10)
N

CpNi
V4

o fast /~ 40 °C
CpNi< _20 °c, CpNi—CHz—L<;7 Tast, coNi 20,
/

thf \\:“/

Phs P
PhcHz.  pd.
\
MeO2C CO2 Me
0
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Insertion of CO, into the Ni-Ph bond of the ylide complex, 41, gave
[L,NiOCOPh], which reacted with methanol to give PhCOOMs. Insertion of ethene
yielded styrene. When coinsertion of ethene and styrene was attempted, some
PhCH,CH,COOMe was obtained, but yields were 1low [99). Reaction of CO, and
ethene with [Ni(cdt)] in the presnce of a ligand, L, gave 42. Protonation of
42 yielded EtCOOH, whilst carbonylation gave butane dicate anhydride [100].
Treatement of (Ni(bipy)(cod)] with CO, and Cy-N=C=N-Cy gave initially 43,
which on protonation yielded Cy-N=CH-NHCy, CO, and {Ni(bipy)}2* [101]. In the
presence of a substituted butadiene 44 was formed; this could be reacted with
RX/HX to give a substituted unsaturated carboxylic acid [102]. A similar
synthesis of 45 was described, and the product was shown to be close to planar
by an X-ray diffraction study [103].

thP O
/( \ LNiT l
// PPhs
41 42
CyN NCy
(b1py)N1\
(o]
43
R1 R1
, , Rz
[(bipy)Ni(cod)] + /\// + CO2 — (b1py)N1/\
R2 o
44

le

RCHz2 C(R' })=C(R2 YCH2 COOH

Complexes of the type {LNi(0)} reacted with PhNCO in a manner which
depended on L. With L = tmeda head-to-tail linkage occurred to give 46, which
could be hydrolysed and decarbonylated to yield a substituted urea. By
contrast, the reaction in the case of L = {(EtzP)>} gave 47. The complex was
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characterised by an X-ray diffraction study, and possible pathways for 1its
formation were discussed [104]). The reaction between {(tmeda)Ni(0)}, PhC=CPh
and PhNCO gave initially 48, which reacted with a second alkyne (R’ = COOMe)
yielding 49, stable at -20 "C. This could be hydrolysed at low temperature,
and decomposed at +20 'C to a pyridone [105].

/ =
[Ni(cod)z] +:I: + CO2 tmeda, (tmeda)Tl N
N o)

45
R R
\, (0]
3§— v N
(tmeda)Ni (EtsP)zNi\ N—R
\N /N (0]
R/ 0 R
46 47
MeOOC COOMe
Ph Ph ="
___// (tmeda)Ni |
(tmeda)Ni
\N_J% Ao Ph
ph
48 49

The insertion of a platinum moiety into the strained three membered ring
of 50 has been reinvestigated, indicating that earlier work on this reaction
was in error. The structure of 51 was determined unequivocally by an X-ray
diffraction study, and 1t was suggested that the 1ipitial insertion was
followed by a fast sigmatropic shift [106].

Reaction of [Pt(PPhj),(PhNO)] with MeO,CCsCCO,Me gave the cyclic insertion
product, 52, and a similar reaction was observed for other alkenes and alkynes
bearing electron withdrawing groups [107]. In a related process
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[Pt(PPh3)(02)] reacted with R,C=C(CN), (R = CN or Me) to give 53; an X-ray
diffraction study revealed that the platinum adopted distorted square planar
geometry, and that the dioxametallocycle adopted a twisted conformation [108].
The oxidation of t-octene by the [Pt(PPhy),(0,)}/CO, adduct, 54, has been
studied (Scheme 2) [109].

[((C, M, IPECI)] Py
j 2Hg "
cl
Cl—PpPt
50 cl
cl

51

The reaction between [Pt(cod),] and butanedioic anhydride in the presence
of PCy; resulted not only in substitution but also in insertion into a
carbon-oxygen bond to give 55. Treatment of [Ni(bipy)(cod)] with pentane dioic
anhydride resulted in insertion and decarbonylation to give 56 [110].

Insertion of platinum(0) into a tin-carbon bond occurred in reaction (11)
[111]. Reaction of [Ni(CO)4] with [TPP{C=C(4-C1CgH4) 2}] gave
[TPP{C=C(4-Ci1CgH,)>Ni}], in which one nickel-nitrogen bond had been broken and
one nickel-carbon bond made, relative to a conventional metal porphyrini
derivative [112].
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51 (Reproduced with permission from [108])
Perspective views of the rearrangement product 51

O Ph

o]
/SN S
(PhsP)2Pt” N (PhsP)2Pt”
= NC
Me0OC coome N
52 53
0
LzP — L2Pt —— RCOCH3s
\o 8] )

Scheme 2 Mechanism of oxidation of t-octene by a platinum complex [109]
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4  METAL CARBENE, CARBYNE AND YLIDE COMPLEXES

The reactions of Ni* with ethene oxide, cyclopropane, ethsne or
fluorinated hydrocarbons have been examined in an ion beam apparatus. Bond
dissociation energies, D°, for {Ni*-CH.} and {Ni*-CF.} were determined
respectively as 381225 kJ mo1™!  and  198%30 kJ mol-1, However, the
diflucrocarbene complex had considerable stability; for example reaction (12)
was exothermic. The implications for alkene metathesis were discussed [113].

{NiCH,}* + CoF, -—+ {NiCF}* + CH.CF, (12)

The reoactions of amines with isonftrile complexas have again provided a
useful route to carbene complexes. In the product of reaction (13) (Ar = 4-Me,
4-Me0 or 4-C1CgH,, R = Me or Et) the diastereoisomers were interconverted via
a fairly restricted rotation about the carbene-metal bond [114,115). Related
reactions were also reported [116,117].

c cl
—grd B ey (13)

CNAr CNHATr
I
NR2

The species [(triphos)Ni{n2-CS,)] is prepared by reaction of
[{triphos)Ni{CO)] with CS,, and reacted with 1,1,1,4,4,4-hexafluoro-2-butyne
to give the carbene complex 57. Carbonylation of 57 gave 58 {118],

The substitution reactions of §9 at the carbonyl carbon atom [119] and 60
at the palladium atom have been studied. The reactions of 61 with MC1, (M = Pd
or Pt) proceed via complex migrations, for which mechanisms were suggested
[120]. Reactions of the polymeric species, 62, with monodentate ligands, L,
gave 1initially dimers, and monomers with an excess of L. With chelating
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and 63 was

characterised by an X~ray diffraction study [121].

. CFs \\-—-s s
(triphos)Ni=<:I Lo, LS>=<SSj
CF3

57
PPhs )35
|
c1—||=d-—c\\NR
PPhs
60
CeFs Me
N\, S
/C]\p d/G=N\p d/\
L e et
Me CsFs
62
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63 (Reproduced with psrmission from [121])

Reaction of trans-[Pt(PR3),(X)(R’OH)][PFg] (R’ = Me or Et) with Me,SiC=CR?
(R2 = H, Me or SiMey) gave trans-[Pt(PRy),{C(OR’)CH,R2}][PFg] by a mechanism
involving cleavage of the C-Si bond by alcohol attack, and hydride shift in an
alkyne complex [122].

The reaction of diazomethane with [Pt,(t~dppm),X,] gave the A-frame
complex [Pt,(u-dppm),(i-CH,)X,]. Kinetic data were obtained for the reaction,
suggesting that the rate-controlling step was the transfer of an electron pair
from the metal-metal bond of the starting material to the methylene group of
diazomethane. The rate of the reaction was considerably reduced when both the
halide groups, X, were replaced by a neutral amine or pyridine [123].

Further publications have detailed the work of Stone’s group on
bridging carbene complexes. Treatment of the carbene complex,
[{cod)Pt{u~C(OMe)R}W(CO)g], with dppm gave [(OC)Pt{u—dppm){u-C(OMe)RIW(CO),]
(64, which was characterised by an X-ray diffraction study),
[ (ni-dppm)Pt (u-dppm) {L~C(OMe)IRIW(CO) 4], and [Pts(CO),{u-C(OMe)R};]. 64 reacted
with H[BF,] to give the related cationic carbyne complex, and with BBry to
give [BrPt(u—CR)(L—dppm)W(C0),] [124]. For R = Me an initial product, 865,
could be isolated. Chromaography of this species on basic alumina gave 66,
identified by X-ray diffraction. One of the carbonyl! ligands is semibridging
to platinum [125]. The Tebbe reagent, Cp,Ti(L—CH;)(4~C1)AIMe, was able toj
methylenate the carbon-tungsten double bond of [(MeaP)th(u-CAr)w(co)z(ns—Cp)]‘
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to give 67. The same species was obtained by an alternative route, viz.
methylation with [Mey0][BF,] to give [(Me5P) ,Pt {L—C(Me)Ar}W(CO),Cp](BF,],
followed by deprotonation with sodium hydride [126].

64 (Reproduced with permission from [124])

Me OMe

ppne X

< Pt—W(CO)s
PPh2

65

Reports on ylid complexes this year have been extremely diverse. The
preparation of 68, was described in detail [127]. A species of the
stoichiometry [Ni(ylid)X;] was obtained by reaction of CpPPh, with NiXy; the
nature of the bonding was not clear, but a sandwich type structure was
favoured by the authors in a very vague paper [128). Again this year both
papers and patents have described the use of ylid complexes such as 69 as
catalysts for the oligomerisation of ethene [129-133).
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67 (Reproduced with permission from {126])
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69

Treatment of 70 with [CpPd(n3-C,4Hg)] gave the ylid complex, 71, which was
converted to 72 by oxidation with molecular iodine [134). The cyclometallated
species, 73, reacted with [Ph,PCHY]™ (Y = CN or COOEt) to give 74, With the
neutral ligand 75 was also obtained, and was characterised by an X-ray
diffraction study. A mechanism was proposed for the reaction [135]. When
[Pd(PhCN),C1,] reacted with EtN(CHMe,), the product was 76, characterised by
X~-ray diffraction. BusN and EtjN reacted similarly. A mechanism involving
metallation « to nitrogen, followed by A-hydride elimination and electrophilic
attack on the enamine produced was proposed [136].

Q
Phz P \
0 C) PPhy 9,
\0 ¢ \7;?\
<
TN
Phz P ° 0 o~ PPh2
70 7
0 Cp Ph
\ P 2 1
N 7
Pd d,m\
] J P/ \I ¢ \/2
n Phy 7
72 73
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75 (Reproduced with permission from [135])
The two CHpC1, solvent molecules have been omitted for clarity

+
(Me2CH )2 i

76

Reaction of PtCl, with PhyP=CHC(=0)Me in a 1:2 molar ratio yieided 77,
characterised by a diffraction study. Spectroscopic data for the complex were
discussed [137]). A full paper has now been published concerning the alkylation
of 78 (reaction (14)), which proceeds via an ylid complex [138].
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H, ,COOMe Q
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Phz P o \(Pth
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77
[Pt (dppm)X,] -+ [Pt(Ph,PCHRPPh,)X, ] (14)

2) RX
78

5  METAL COMPLEXES FORMED BY INTERNAL METALLATION AND RELATED REACTIONS

There continue to be many reports of the preparations and reactions of
cyclometallated complexes of benzylamine derivatives. Reaction of
trans-[M(PhCHxNH,),I,] with two molar equivalents of Ag[BF,] in propanone
followed by treatment with KX gave 78 (X = Cl1, I or SCN) for M = Pt. Using the
palladium complex as the substrate, however, the starting material was
regenerated on addition of KI. 80, prepared by carbonylation of 79 (X = I) in
methanol, was characterised by an X-ray diffraction study. It was suggested
that the metallation proceeded via electrophilic attack of the metal on the
aryl ring [139]. Metallation of 81 (x = 2 or 3) occurred only once, giving 82,
the mechanism of the reaction being discussed in considerable detail [140].

PhCHz NHz oc,

N
\Pt /Pt\
X A" I )
H2 2
79 80

Several regioselective metallations have been noted (reactions (15), (16)
and (17)). In each case the products were subjected to further interasting
transformations [141-143].

83 and its stereoisomers have been prepared and were resolved via
complexation with 84 [144]. The bridge spl1tt1ng reactions of 85 with 1igands
such as 2-phenylethylamine or pyridine could be reversed by treatment with SO,
in benzene/propanone [145].
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The complexes 86 (M = Ni,
withdrawing groups,

Pd or Pt) reacted alkynes bearing e1ectron§
such as CF,CmCCF,, by insertion into a palladium-carbon)

bond to give larger metallocycles [146]. The 1insertion of an alkene into 87'
was subjected to a kinetic investigation, and was found to be complex. The‘

mechanism of Scheme 3 was proposed [147,148].
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Scheme 3 Mechanism of 1insertion of alkenes into a cyclometallated palladium
complex
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A number of related complexes derived from ferrocenes have been studied.
Reaction of 88 with PdC1, gave 89, with a planar element of chirality. One of
these derivatives was used in an enantioselective prostaglandin synthesis
[149). Treatment of 89 with amino acid derivatives to give bridge splitting
reactions was investigated [150,151].

R
NMez NMez
Fo __[PdCla]- |
88 89

The bis(cyclometallated) species 90 reacted with CuX, or half an
equivalent of a halogen to give the paramagnetic nickel(IIl) derivative, 91.
91 was characterised by an X-ray diffraction study, and its epr spectrum was
reported [152]. The related platinum(II) complex was oxidised to the
platinum(IV) complex, shown by an X-ray diffraction study to possess
octahedral geometry [153]. UVPES date for 90 and the related paliadium and
platinum derivatives showed strong evidence for m-interaction between the
arene ring of the ligand and the metal orbitals [154].

NMe2
Nj—X

NMe2
90

The 1ithium derivative of 2,N MNtrimethyl aniline, 92, reacted with
[Ni(PMe3),C1,] to give 93. Insertion of CF,CmCCF,; gave 94 which was
transformed both in solution and in the solid state to 95, characterised by an
X-ray diffraction study [155].

A few other cyclometallated compiexes of simpie amines have been reported.
Reaction of the mercury compound, 96 with [Pt(PPhy),] gave 97, the epr
spectrum of which was reported [156). Bridge splitting reactions of 98 were
reported [157].
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Several cyclometallated complexes of imines have been reported. Oxidative
addition of the carbon-bromine bond of 99 to [Pd(dba),] gave the dimeric
species, 100. A number of related examples were also recorded, and bridge
splitting reactions were studied [158). 101 was reported to vyield
cyclometallated species of stoicheiometry [{PdLX},] with PdX>, but the
structures of the complexes were not well defined [159]. Some bridge splitting
reactions were also investigated [160]. Reaction of 102 with Pd(0COMe), gave
103; some arylation reactions of the product were studied [161].
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95 (Reproduced with permission from [155])
Molecular structure of [{N{(CF;CmC{CF3}CH,CqH4-2-NMe,) (PEL,)(1~C1)};]. The Et
groups of the PEt, are omitted for clarity.
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Bridge splitting reactions of cyclometallated azoarene complexes such as
104 have been studied. However, in the presence of dppe and [BuyN][CN] the
3-amino-benzo[g]indazola, 105, was produced [162].

OMe

N
N ~ocoMe

Soh

104

Reaction of 106 with 107 resulted in a condensation reaction [183]. The
related palladium complex underwent reversible ring opening in the presence of
PBuy. Deutertum exchange experiments indicated that the process was not
simple, with at least two independent reaction pathways involved [164].
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The yellow crystalline form of 108 underwent a disordering process on
heating and expansion, to give, irreversibly, a red polymorph. The two
complexes could, however, be interconverted by recrystallisation. X-ray
diffraction studies of the two species revealed very different packing
arrangements. Analogous complexes with substituents on the aryl rings do not
undergo such changes. It was conciuded that the molecular stacks sifp on
heating by moving [011) 1in the direction of the long axis of the moleculs
{165]. The colour change 1s due to the rotation of the exocyclic phenyl ring
into the plane of the phenylazo group [166].

108

Benzalazines,  ArCH=N-N=CHaAr, reacted with PdCl, to give the
cyciometallated polymer, 108. Bridge splitting reactions were studied [167].
Reaction of the cationic cyclometalled species, 110, with secondary amines,
gave 111. Kinetic studies impited that the process occurred via direct
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nucleophilic attack of the amine, followed by hydrogen transfer in a
4-membered transition state [168].

R
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PhsP/ \ PhaP
H
NRR'’
110 111

Reaction of the hydrazone, Me;CC(Me)=N-NMe,, with [Pd(RCN),Cl1,] gave
species of stoicheiometry [PdL,C1,] and [{PdLCIL},], Carbopalladation was
spontaneous in solution, but was accelerated by the presence of a base giving
112. The mode of hydrazone coordination, and hence the metallation observed,
was found to be dependent on both steric and electronic factors [169].
Reaction of 113 with PdX, or equivalent gave 114 [170].
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There have been further reports of the metallation of pyridine
derivatives. The protonation of 115 occurred reversibly at nitrogen to
give c1s-[Pd(2-pyH) (PPhy) X, 1, this complex being converted to
trans-[Pd(2-pyH)L,X1[C10,] in the presence of Na[C10,] and two equivalents of
an appropriate ligand. Species of the latter type could also be prepared by
protonation of trans-[Pt(PPhy).(2-py)Br] with H[C10,]. Both the protonation
and methylation by dimethy)l suphate occurred at nitrogen [171,172].

7 N
Phs P X
>Pd\ \Pd\
X N PPhs
7 N\

The complex 116 was prepared from the relevant aryl lithium compound and
trans-[Pt(SEt,),C1,]. The red-orange crystals showed very strong emission at
room temperature under UV irradiation. Cyclic voltammetry indicated that the
complex underwent a reversible reduction at -1.96 v and an 1irreversible
oxidation at +0.46 V. It was concluded that the reduction was 1igand centred
with the extra electron being accomodated in a #* orbital. The oxidation on
the other hand, was probably metal centred, giving a platinum(III) species,
which decomposed rapidiy ([173]. X-ray diffraction studies of 117 and 118
revealed a boat-1ike molecular conformation with exact (for 117) or close (for
118) two-fold symmetry. The failure of 118 to undergo a second 1internal
metallation was attributed to a shortened palladium—carbon bond in the first
formed metallated ring, and the larger constraining angles in the remaining
unmetallated ring [174]. Cyclometallation reactions of 2,6-dichloropyridines
and related species have been investigated [175].
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Reaction of Kp[MX,] (M =Pd or Pt, X =Cl or Br) with 119 (bipyMe)
resulted in the formation of [M(bipyMe)X;]. The complex for which M = Pt and
X = C1 underwent cyclometallation on heating to give 120, or an oligomer
[176]. Metallation of 121 occurred on the remote ring to give a cis-chelated
dimer, 122. Reactions with 123 and 124 resulted in only a single metallation
[177]. Metallation of 1256 by Na,[PdC1,] occurred at the aldehyde group; many
spectroscopic data were reported [178].

N
|
N A /N\ /Cl
| | Pt
P Me \ \C'I
N/ N+ +
I
Me Y4
119 120

Metallation of 2-(CH,CMes)py occurred at one of the methyl groups on
treatment with Pd(OCOMe),. The usual bridge splitting reactions were reported,
including the formation of 126 [179). Reaction of 127 with PdCl, in the
presence of Li1Cl, MeCN and K,[CO5} gave 128. The structure of this species was
established by an X-ray diffraction study, and is the first cyclopalladated
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pyridine complex containing an sp? carbon to palladium bond in a six-membereed
ring to be so characterised [180). The reaction of 129 with Na[HBPz,) resulted
in bridge splitting, but with NalBpz,] substitution of the }Yigand and the
halide occurred leaving the bridged dipalladium unit intact [181].
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/
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Reaction of 130 with NiBr, gave the cyclometallated spscies 131, which was
also obtained from [Ni(ced),] and Hg(PhPz), [182]. Tripyrazolylmethane (tpzm)
reacted with [MePt(cod)}] to give initially [Me,Pt(tpzm)]. Treatment with hot
pyridine yielded 132, characterised by X-ray diffraction, and methana. Both
132 and {MezPt(tpzm)] reacted with PPhy 1in pyridine to give 133, which
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metallated further on thermolysis to 134 [183]. Bridge splitting reactions of

135 were described [184].

MeOO0C, #
MeOOC

OOMe
N\ COoOoMe

128

129

132 (Reproduced with permission from {183])
Molecular projection normal to the platinum coordination plane showing atom
labelling. Hydrogen atoms have arbitrary radii of 0.1 A.
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133 (Reproduced with permission from [183])
Molecular projection normal to the platinum coordination plane showing atom
labelling. Hydrogen atoms have arbitrary radii of 0.1 A-

Y g
pz /X\
P Pd\/
H  N—N PPh2 \ 2
MeN
N R
134 135

This year has seen the publication of rather more papers concerning the
internal metallation of phosphine complexes. Reaction of PhCH,PPh, with
Pd(OCOMe), gave 136, which underwent the usual bridge splitting reactions
[185]. Internal metallatton of 137 occurred at 250 ‘C. There was some exchange
of the hydrogen atoms attached to the 2-position of the -PPh, groups, implying
that some temporary metallation had also taken place at these sites [186].



OCOMe

"

136

S

P———Pt

cl

137
When 138 was reacted with butyllithium dimetallation occurred at the
benzylic positions, and alkylation was readily achieved [187]. The reactions

of the trans-isomer, with elactrophiles, including bromine and HgBr,, were
also studied [188].

PR2

PR2

138

Treatment of 139 with palladium(II) or platinum(II) halo complexes gave
rise to 140 (X = halogen). 140 (X = H, M = Pt) could be produced by reaction
of the platinum complex with Na[BH,], but the related palladium complex
decomposed under these conditions [189].

PPh2 PPh2
X
PPha PPhz
139 140
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The reaction of 141 with iodomethane was investigated, the initial product
being postulated as 142. This intermediate reacted with various nucleophiles,
and the product of reaction with methyl lithium, 143, was characterised by an
Xx-ray diffraction study [190]. The 1initial adduct reacted reversibly with
sodium methoxide to give 144 [191]. The ©bridged cationic complex,
[Pt,(PPhy) ,{kdppm),1[PFgl>, could be deprotonated by methoxide fon to give
145. This could be described as a diplatinum(I) species (Pt-Pt = 2.659(2) A),
but might be better considered as having a Pt(0)+Pt(II) bond, which would
explain the distortions observed at Pt(1) in the crystal structure [192].

r Ph 2+
[ ] !
P‘/w
\ PPh2
Phz P pt—Ptip>hz p - 1-

141 142

143 (Reproduced with permission from [190])
view of the molecule [Me,Pt,(u-2~CgH4P(Ph)CH2CHoPPh,)2] down the two-fold
axis.
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144 (Reproduced with permission from {191])
View of the molecule [Pt,(u-2-CgH P(Ph)CH,CHPPh,) (1-CH,)] down the
approximate two-fold axis.

The preparations of [HPL(P-C)(PR3)] ((P-C) = ~P(CMe;),CMe,CH,-) from
[Pt(P-C)CI1(PR3)] and NafBH,] have been described [193]. The preparation of
[PL(P-C)(SnC1,5)L]) (L = PR3, AsPhy or CO)) has also been noted [194]. Reaction
of [Pt(NCCMey),C1,] with Ph,PCH,CHMe, resulted in simple substitution, with no
cyclometallation, even after prolonged heating. However, with
MesCP(CH,CHMe,),, both 148 and its cis-isomer were formed. Bridge splitting
reactions were studied [195].

Ibers’ group has published three papers concerning the metallation, with
ring opening, of cyclopropyl substituted phosphines. With 147 and PdCl,,
trans-[PdL,C1.] was initially formed, and was metallated to 148, by heating in
MeOCH,CH,0H or CH3COOH. A chelating m-allyl complex was proposed as the
intermediate [196]. Thermolysis of 149 in MeOCH,CH,OH gave 150, this being the
first example of the isolation of a o-allyl complex prepared by the activation
of a cyclopropane by a transition metal complex [197]. The structure of the
complex was detirmined by an X-ray diffraction study [198].
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145 (Reproduced with permission from [192])
A perspective view of the metal coordination polyhedron in the
[Pt (PPh3) 5 (Ph,PCH,PPh,) (Ph,PCHPPh,)1* cation. For clarity each of the
fourteen phenyl rings is represented by its ipso-carbon atom only.

MeaC CMea

\

MesC CMea

146

MeaC\ /CMea
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Cl
(l: ] CMes 1 CMea
Mes C—P—Pt—P=CMe3 Me3 C—P—Pt——P—-CMes
' 7
MesC (lﬂ Mes C
&
149 150

150 (Reproduced with permission from [198])
The atoms have been drawn as spheres with arbitrary radii.

Isolated examples of cyclometallation involving carbon and oxygen
coordinated ligands have been reported. Treatment of [Pd(SEt,),C1,] with 151
(LIMXN) gave 152. When reacted with a cyclometallated complex of the type
{{Pd(C~N)C1},) a bis cyclometallated species was produced. In the case for
which (C-N) = 8-methylquinoline, the carbon-palladium bonds were shown to be
¢is by an X-ray diffraction study, but some of the related complexes
jsomerised readily in solution [199]. The species formed by reaction of
[Pt(dmso),C1,] with nitroarenes were shown to be active catalysts for
nitrobenzene hydrogenation. The structure 153 was established [200].

Li: - OMe

$¢ 4

151 162
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153 (Reproduced with permission from [2003)

Reaction of 154 with [Pd(PhCN),C1,] gave 155, the structure of which was
established by an X-ray diffraction study. The two six-membered rings adopted
different conformations in the solid state, with one in the twist-boat and one
in the twist-chair conformation [201]. A detailed mechanism for the reaction
was proposed [202]. The reactions of 156 with base have now been delineated in
detail in a full paper [203].

SMe

N

154

The thermolysis of [LpPt(CH,CMe,Ph),] (L, = cod, bipy, bipym or L = PEts,
PPhy) to give 157 and PhCMe; may properly be considered to be a
cyclometallation. The rate of the reaction was dependent on L, with the
fastest rates for PPhy, and much slower reactions for complexes of chelating:
11gands [204].
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155 (Reproduced with permission from [201])
Stereoview with the crystallographic numbering scheme.

sMe Cl _ sMe C1
G w2
2

/ 1

156 oMe
SMe C1 SMe C1
de/ — QP(J
// M 2

OMe

OMe
L2 Pt

157

6  METAL CARBONYL AND THIOCARBONYL COMPLEXES
The electronic energy levels of {Ni(CO)} in different states were

calculated by the non-restrictive multiple scattering X, method. The ground
state was found to be 31L* rather than %A as predicted from other methods
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[205). The reaction of carbon monoxide with field emitter surfaces was
investigated by pulsed field desorption mass spectrometry at 10~¢ to 3x10™2 Pa
and 170-420 K. The species CO*, {Ni(CO)}*, {Ni(C0),}* and {Ni(CO)3}* were
field desorbed, but [Ni(C0),]* was not observed. The rates of formation of the
nickel subcarbonyls were deduced [206].

The biological properties of [Ni(C0),] have been reviewed [207,208]. FTIR
was used to assess the concentration of [Ni(CO),] in mainstream tobacco smoke,
but none was in fact detected at levels above 0.1 ul 171 [209]. The use of an
aeroso] ionisation gas analyser for [Ni(CO),] has been described [210].
[Ni(CO),4] has been determined in argon and nitrogen by gas chromatography with
a constant recombination rate detector. Preconcentration was found to be
essential for determination in air [211].

The validity of Koopman's theorem in a series of transition metal
complexes including [Ni(C0),]1, [Ni{(n3-C4Hg),] and [CpNi(NO)] was discussed
[212]. The principal components of the *3C nmr chemical shift tensors of metal
carbonyls containing one to six metal atoms (including [Ni(C0),]}) was
determined from powder patterns [213].

An improved synthesis of [N1(CO),] has been reported [214].

The overlayers from [Ni(CO),] in CO adsorbed onto the Ni <111> surface at
100 K were characterised by high resolution electron energy loss spectroscopy
and thermal desorption spectroscopy. Below 135 K molecular [Ni(CO),] was
adsorbed on a CO saturated Ni <111> surface [215). The interaction of
[Ni(CO),] with Cu <111> and <110> single crystal surfaces was studied with
ellipsometry, Auger electron spectroscopy, LEED and argon ion depth profiling.
At room temperature nickel atoms with some CO ligands remained at the surface,
but the amount of nickel deposited was less than one monolayer [216].

A glass flask was lined with a nickel layer deposited by decomposition of
[Ni(CO),] vapour at 170-200 'C [217]. Decomposition of [Ni(CO),] at 200 'C
gave active nickel powder to be used in the synthesis of [Ni{P(OR)s},] [218].
Polycrystalline nickel was grown by the decomposition of [Ni(CO)4] using
different wavelengths of visible radiation from a krypton laser [219]). Stable
ﬁ;drocarbon based nickel ferrofluids were prepared by UV decomposition of
[N1(CO)4] or reduction of [Cp,Ni]. Transmission electron diffraction showed
the particles to be fcc nickel with a lattice parameter a = 3.525 A. Electron
microscopy revealed that the median particle diameters were less than 60 A
and that the size distribution was relatively narrow [220].

Carbon monoxide was extracted from gas mixtures by conversion into
[Ni(C0),], which was separated, and then decomposed to recover the carbon
monoxide {[221]. The formation of [Ni1(CO),] was shown to be important to the
transport of nickel from small to large crystallites in Ni/8i0, methanation
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catalysts [222]. Also, the formation of [Ni(CO),] and its subsequent
deposition on nickel crystals, followed by nickel crystal growth, was shown to
be a cause of deactivation of such catalysts [223), The pressure and the
composition of the vapour in the [N1(C0),]}/[Fe(CO)g) sytem has been studied.
The thermodynamic characteristics of the overall evaporation process and the
dissociation constant of [NiFe(CO)g} were established [224].

The stereochemistries of the species [N1(PH3)2(H»C0)] and [Ni(PH4)(CO),]
were studied using the ab initio MO method. In the case of the methanal
complex it was established that the planar side-coordinated geometry was
favoured over either the pseudotetrahedral side-on or end~on arrangements, due
to stronger back donation. The methanal 1ligand is greatly distorted, as the
distortion relieves the exchange repulsion and enhances back donation [225]).

3¢ nmr spectroscopic parameters have been reported for a range of
complexes, [Ni(CO)3L] (L = PRy, AsR;, SbR; or BiRy) [226). In
[Ni(CO) 4 s{P(CmCPh) pPhy_mtn]l (= 2, 3 or 4; m= 1, 2 or 3), a weak m-acidity
for the alkynyl phosphines (m= 3 > 2 > 1) could be inferred from the trend in
force constants for the stretching of the Cs0 bond [227].

Photolysis of [Ni(CO),] in the presence of molecular nitrogen in 7liquid
krypton gave [N1(C0)3(N>)]. This decomposed readily, with the reaction giving
a two term rate law with both D and Iy components. The Ni-N, bond energy was
estimated to be 42 kJ mol~! [228]. A number of complexes of the type
[N1(C0),;L] have been prepared by ligand displacement reactions on [N1(C0),l,
including [N1(CO)5(AsMe,CH,CH,0H)] [229), 158 [230,231], 159 [232), and 160.
Further substitution of 160 did not prove possible [233]. Other syntheses of
similar complexes have also been noted (reaction (18)) [234].

rl« i(CO)3
MeN \N Me
NMe
SiMes
; : -P
Mes 810\ /O\ /N'l (CO)s
sn s P
Mes Si0 (o] 0SiMes MeN/ \NMe
SiMes S
158 159

Reaction of [Ni(SiCl3),(n®-PhMe}] with CO gave [Ni(SiC15),(C0)5], a rare
example of a simple carbonyl complex of nickel(II). Infra-red spectroscopy
implied that the complex adopted trigonal bipyramidal geometry with the
carbonyl 1igands occupying axial sites. It could also be prepared from
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[N1(CO),] and Si,01; in a CO atmosphere at rcoom temperature, and decomposed
slowly to give nickel(0) complexes [235].

MasC CMes

Mes C
R:P\\ CMes

Ni(CO)3
Mea C CMes
180
H,0/ROH
[NiLoX,1 + €O ————mmwe -+ [N1Lp(C0),] +2HX + CO,
e
[Ni(CO)5L] (18)

The reaction of Na[Co{C0),] with [Ni(dppe)X,] in thf or toluene batween
30 and 0 "C yielded [N1(CO),(dppe)] and [Co,(CO)g{dppe)] [236]. Carbonylation
of  INi(npa)HI*  (npy = N(CHCH,PPhy)s)  yielded  [Ni{Hnp3){(CO)]*,  the
tetraphenytborate salt of which was characterised by an X-ray diffraction
study. The geometry about nickel was tetrahedral, with three phosphines and CO
in the coordination sphere [237). Reaction of [L,(NO;)Ni-NO,)} with €O yielded
a simple adduct in a slow and reversible reaction. [L,{(NO,)(COINi-NO»] was
then rapidly and reversibly converted to [Lp(NO);Ni(CO,)(NO}], which
dissociated CO,. There was some spectroscopic evidence for an intermediate
such as [L,(NO;)Ni-0-N-0] [238).

When 161 (X = OEt, tppme = MeC(CH,PPh,),) was treated with [BH4]™,
[(tppme)Ni(C0)] was the product. However, with the related species for which
X = SMe, [LNi(n2-CS,)]) was formed. [LNi(n2-C,5-C0S)] was thought to be the
intermediate in the production of the carbonyl complex [239-241].

S,
N
(tppme)N1\ /c-x

161
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Propene and ethene were codimerised in the presence of [Ni(CO)4(PPhy)]
supported on alumina. It was established that at least three supported species
were present, viz., [N1{CO),(PPhy)L] (L = PPhy or A1,04) and [N1(CO)5(PPhy)l
[242]. Carbonylation of 162 was effected by [N1(C0),] in the presence of R3QH
(@ = 0, NH or NR), and related intramolecular reactions were also noted [243].
Reaction of 163 with [N1(CO),] resulited in the formation of the polymer 164
[244].

R? 8r 1
>A< + RIQH I{Ni(CO)4] R >A(COQR3
R2 Br dmf

R2

162

s s /S S,
00 X
o=c\s Is/c=o N s ~/n
163 164

Geranyl bromide was coupled with BrCH,C(=CH,)CH=CH, to give c¢7s- and
trans-B~farnesene in a 1:1 ratio, by [N1(CO),] [245].

Reports of mononuclear palladium and platinum carbonyl complexes have, as
‘usual, been very much more sparse. A theoretical study of palladium—carbonyl
}bonding was undertaken using the ab initio SCF pseudopotential method with
muitireference double excitation CI. It was concluded that the Pd,-CO
‘interaction energy increased with n [246]. The introduction of the transition
state into the semiconductor method for calculation of ionisation potentials
and electronic transition energies of multielectron complex systems, including
[Pd(CO),], has been studied [247]. Mononuclear paltladium carbonyl complexes
were proposed as intermediates in the palladium(II) catalysed reduction of
iron(III) by carbon monoxide [248].

A semi-empirical method was proposed for the calculation of the electronic
structure of complex molecules based on a linear combination of the valence
molecular orbitals of fragments; the model was tested on [Pt(C0)C1,]~ {[249].

L Photolysis of [Pt(PEty),(oxalate)] in the presence of a 1igand, L, gave
Pt(PEty)oiy) (L =CO, Nn=2 or L =CyH,, n=1) [260]. cCarbonylation of
trans-[HPt(NH3) (PR3)2]1X in propanone gave the cluster [Pty(PRy)53(C0)5], via
{Pt(PRg).], but 1in CH,Cl, the intermediate trans-[HPt(PR3),(C0)] could be
jsolated [251].

There have been a number of studies on carbonyl complexes related to the
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intermediates in hydroformylation catalysed by platinum compiexes. Reaction of
¢is-[Pt(PPh3)(CO)C1,] with SnCl, in propanone gave solutions active for alkene
hydroformylation. Very complex equilibria, involving insertion of SnCl, into
Pt-C1 bonds, 1ligand displacement, and rearrangements were studied by mer
spectroscopy [252,253]. Reaction of [Pt(PR3),Cl,] with CO at one atmosphere
pressure in the presence of [NH,}[PFg] gave trans-[Pt(PR3),(C0)CI1][PF¢]. This
reacted with alcohols to give species such as trans-[Pt(PPh,),(COOR)C1). The
alkoxycarbonyl ligand was 1labile with respect to to photolysis in both
solution and the solid state, resulting in dissociation to [Pt(PPh,),(CO)C1]*
and alkoxide ion [254).

Treatment of [Pt(C0),C1.] with PhCsCCOOEt gave the complex 165. Reaction
with KC) yielded 166, which was converted to 167 by PPhy {255].

Ph COOEt Ph COOEt
0 Ph ] —Ph
oc oc
N \
/Pn, Et /Pt\ COOEt
cl g C1 C1

187 (Reproduced with permission from [255])

The reaction of polymer bound palladium phosphine complexes with CO has
been studied by IR spectroscopy. Both monomeric complexes and dimers with
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bridging carbonyl groups were identified by IR spectroscopy [256].

The cluster [H;0s5(C0)yo)} has Lewis base character and reacted with
[{CPNi(CO)},] to give a number of new compounds including [H;CpNiOs3(C0)q],
168, [257]. The same product was formed with [0s,(C0),,] in the presence of
hydrogen, and was characterised by an X-ray diffraction study at Jow
temperature [258,259]. Treatment of [RPFeCo,(CO)y] with [{CPNi(CO)},] gave a
mixture of products from metal exchange, c¢luster rearrangement and 1igand
exchange; 169, [Fe,CoNiCp(u,-MeP),(CO)g], and 170, [FeCoNiCp(uy-Me;CP)(CO)gl,
were characterised by X-ray diffraction studies [260]. The interactions of
{{CpN1(CO)},] and [CpaNi15(CO),] with almost completely dehydroxylated alumina
were investigated by IR spectroscopy and gas evolution studies. The trinickel
species formed the more stable adducts, mainly by interaction between the
carbonyl oxygen and surface aluminium ions [261].

c3 3’

C1

168 (Reproduced with permission from [259])
General views of the two distinct molecules of [(u-H),0s5N1(C0)g(Cp)]

carbonylation of either [{Ni(u~PCMe,)(PMey)}.] or [{Ni(i-PCMe;)(PEt;)}.,]

gave [Ni,(4-PCMe;),(C0),(PR3)], characterised by an X-ray diffraction study
ltml. 171 was prepared from [CpyMo,(4-S),(u-SH),] and [Ni(CO)s}. The
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structure may be described as a 62 #electron butterfly, with nickel at the
wingtips [263].

169 (Reproduced with permission from [260])

170 (Reproduced with permission from [260])

The bonding in clusters containing bridging carbonyl ligands was analysed
using a fragment molecular orbital approach. [Nig(C0),,]1%" was used to test
the model [264]. Treatment of this cluster with buffered water resuited in the
formation of [H,N1,5(C0)54)2~ and [HNi14,(C0),,}® . Further deprotonation



407

occurred only under severe conditions to give the known species
[N112(C0)2,1%". The clusters could be 1isolated as ammonium or phosphonium
salts, but all were degraded by CO and had limited thermal stability [265]. A
wide range of complexes was obtained on reaction of [Nig(C0)(2)3~ with
Me,CPCT1,, They were in general characterised by X-ray diffraction studies, and
the ratios in which they were produced depended on the reaction conditions
[266]. Reaction of [Co3(C0)gCCI] with [Nig(C0)1,]1%~ gave the known complex
[CoaNig(CO) 013 and the new species, [CoaN1,C5(C0) 4613 and
[CogNiC2(C0)g]l3~, characterised by X-ray diffraction studies. The
three-layered metal skeleton of the {CosNi;} species is a distorted bicapped
cube derived from either two condensed trigonal prisms, or octahedra sharing a
common broken edge. The interstitial carbon atoms were separated by 1.43 A,
The crystals contained two different isomers, differing in the binding mode of
one CO ligand. The metal frame of the {CogNi,} species was derived from the
condensation of two trigonal prismatic moieties sharing a square face [267).

171 (Rproduced with permission from [263])
Molecular core of the cluster [Cp.Mo,(i,~S)N1,(C0),]. Representative
distances are noted on the drawings.

Carbonylation of [PdPt (-dppm)C1,) gave the A-frame spacies
[PdPt (u-dppm),(4-CO)]. Alkynes were also inserted, as was CS,, to give a
mixture of 172 and 173 in a reversible reaction [268,269). The preparation and
structural characterisation of [MnPd(u-dppm),(C0)aBrl, 174, bhas been
described. At least one of the carbonyl 1ligands appears to be semi-bridging
[270]. Reaction of trans-[Rh(Ph,Ppy),(C0)C1] with [Pd(cod)C1,] gave the known

leferences p. 516



408

compound [RhPA(#-PPhopy),(C0)Ci5;]1. The platinum analogue was obtained on
thermolysis of [Pt(PPh,py),C1]1{RN(CO),C1,] [271].

thP///A\\\Pth ///A\\\

| | Pha P PPh2
c1 Cci el cl
“pt /Pd/ \Ld pl/
| o5 | | o< |
thp\\\v///Pth Phe P ° PPh2
172 173

02 U2y

174 (Reproduced with permission from [270])

Molecular orbital calculations have been undertaken on all the isomers of
[Pd;(€0)5C1,12" and [Pd»(C0).C1,]. The choice of the bridging ligand (€1 in
the palladium(I) species and CO in the palladium(lI) complex) was found to
depend on the relative energies of the orbitals of the bridging ligands and of
the palladium atoms with which they are interacting, viz. the HOMO in the
palladium(1l) compound and the LUMO in the palladium(1l) derivative. It was
noted that there was no metal-metal bond in the d® palladium(I) ~c:ompcaund, the
short palladium—palladium distance being due to multicentre bonding [272].

The kinetics of the decomposition of [{Pd(C0)(0COMe)},] were studied to
elucidate the role of the complex as an intermediate 1in the reduction of
palladium ethanoate by carbon monoxide. There was some indication that this
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was a true intermediate, formed in several steps from the palladium ethanoate
trimer [273,274].

Reaction of palladium ethanoate with dppm in the presence of CF5COOH, and
under an atmosphere of carbon monoxide, resulted in the isolation of a 90 %
yield of [Pdgy(uy~CO)(4~dppm)z]. An X-ray diffraction study revealed that the
{PdsPg} unit was approximately planar [275]., In the reaction of
(Pd,(CO)g(PR3)4] with metallic mercury the species [Hg{Pd,(C0);(PRy)5),] was
formed, in which the mercury atom links the two {Pdy} triangles. The two rings
are probably eclipsed, but the nmr spectrum indicated some dynamic behaviour
[276].

In the presence of MCl, (M = Pd or Pt), [CpaRh,(u-C0)(CO),] was converted
to [{CpRh(#-CO)}5]. [CpoRh(CO),(-MC1,)] was proposed as an intermediate
which decomposed to [CpRh(CO)], the latter trimerising rapidly [277]. The
bridged dimer [{(Me,CH),P},PdPt(u-CH,CMeCH,) (1-Br)] reacted with Na[CpM(CO),]
(M=Cr, Mo or W) to give 175, which has an approximately tetrahedral .

framework [278].
A

(Me2CH)a P—Pd-\<—'-/Pd—P (CHMe2? )3
/ (8]
c_ ! __c¢
~— M
o " N

176

Treatment of (Pd,(k~dppm)C1,] with Na[Mn(CO)g} gave
{C1Pd(u~dppm) ,Mn(CO);] and 1768, characterised by an X-ray diffraction study
[279]. The analogous cobalt compound was also prepared [280].

Another family of heterotetrametatiic patiadium clusters,
[Pd,MaCp2(CO}g(PRy)2] (M =Cr, Mo or W), has also been prepared and
characterised. Two alternative routes for their synthesis were described
(reactions (19) and (20)). The structures of the three complexes for which
R = Et were determined by X-ray diffraction studies (M = Mo, 177); the four
metal atoms were coplanar in a triangulated parallslogram and the 18 electron
(CpoM(CO)5]~™ fragments acted as four electron donors towards the
{L-Pd(1)~Pd(1)-L} unit. The palladium palladium distance, at 2.578 A, 1s the
shortest ever recorded, being shorter even than that in the bulk metal. The
palladium-M distances are also all appreciably shorter than the sums of the
covalent radii. The PEt, 1igand was coordinated to palladium and two of the
carbon monoxide ligands were semi-triply bridging on the heterotrimetallic
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face, with the M-CO bond shorter than the bonds to Pd or Pd’ [281]. The
complexes exhibited an unexpected irreversible 2e reduction leading to the
rupture of the metallic core into identified fragments [282].

176 (Reproduced with permission from [279])

[Pd(PRa)zc]zl + Na[CDM(CO)3] - [sznchz(co)s(PRa)zl + [cpznz(CO)s(PRa)] (19)

in situ RaP
[PA(PhCN),C1,]1 + Na[CpM(CO)5) ———-~—- -+ [Cp(0C)aM-Pd(PhCN),~M(C0)4Cp) —~———

[Pd M Cp2(CO) g (PR3] (20)

Treatment of [Et,N][Fe,MC(CO),,] (M = Co or Rh) with [{Pd(n®-CyHg)C1};]
gave the cluster [Et,N}[{Fe(MPdC(CO),g}, a chiral octahedral species [283].

There have been further reports of the synthesis of high nuclearity
palladium carbonyl clusters from palladium ethanoate, phosphines and CO in
ethanoic acid/propanone [284). [Pdyo(C0),4(PBus),], 178, was characterised by
an X-ray diffraction study. The {Pd;o} polyhedron is a four-capped octahedron
with non-symmetrical caps [285]. Treatment of [Pd,(CO)g(PEty),) with 179 gave
[Pd Hg-(CO) 4 (PEt,) Brp], 180, the structure of which was established by an
X-ray diffraction study. The structure is a butterfly unit of the four
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palladium atoms, the wings of which are capped by mercury atoms bonded to
bromo 1igands [286].

177 (Reproduced with permission from [281])
ORTEP diagram of the molecular structure of the
[Pd,M,Cp, (L3-CO) 5, (L-CO) 4 (PEty)2] cluster (M = Mo) illustrating the numebring
scheme. Thermal ellipsoids enclose 50 X of the electron density. The ORTEP
diagram is identical when M = Cr or M = W,

The orbital interactions in platinum carbonyl clusters have been studied
[287]. The structures of condensed platinum cluster compounds were
rationalised using the cluster condensation generalisation derived from MO
calculations [288].

The mixing of [Pt(C0)»C1>] and [{Pt(CO)C1,}.] 1in the melt had been
reported to yield {Pt,(C0);Cl,}, but X-ray structural studies revealed that
ihh was a eutectic and not a true compound [289]. A number of binuciear
platinum carbonyl complexes have, however, been reported. Reaction of
PE(OO)X3]- (X =C1, Br or 1) with methanoic acid and PraN gave
;n.(co)zx,lz—. 13¢ and 19%Pt nmr spectroscopic studies were reported, and at

K the carbonyls were exchanging between the two platinum atoms. Although
11 the ligands are terminal in the complexes, bridged intermediates were
‘ d for the exchange process [290]. The reactions with phosphine 1igands-
+r| complex (Scheme 4). 181 is a new structural type for a platinum(l) dimer
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with two approximately planar {PtL,} fragments mutually orthogonal [291].

oM

178 (Reproduced with permission from [285]).
Butyl substituents have been omitted for clarity

BrMg

179

Carbonylation of the dimeric species [Pt (u-ddpa),C1,)
(ddpa = Ph,PCH NEt;)) gave 182 and 183 reversibly. The dimer used seems to be
the head to head isomer as shown, but the paper does not give maﬁy details on
this subject. The related palladium complex was less easy to isolate in a pure
form [292]. Treatment of [HzPto(L-L)>)* (L-L = dppe, dppp or dppb) with CO or
RNC (L’) gave [HPtL’'(L-L);]. In most cases IR spectroscopy was consistent with
L’ being a bridging ligand. Nmr spectroscopy revealed fluxional behaviour. An



413

X-ray diffraction study on [HPt(CO)(dppe),]*, 184, at 115 K revealed that both
the hydride and the CO ligand bridged the platinum atoms, and coordination at

each metal was approximately square planar. A mechanism was proposed for the

reaction, involving initial rearrangement to a terminal metal dihydride and

reductive elimination of molecular hydrogen [293].

180 {Reproduced with permission from [286])
Ethyl substituents have been omitted for clarity

[Pt5(4~CO)4(PPhy),] impregnated onto inorganic supports used for catalysis
‘\‘or chromatography gave [Ptg(u~C0)g(CO)(PPhy),], a fact which is important in
jcons1der1ng the use of platinum containing clusters in catalysis [294].
Reaction of [Cp¥Co(1-CO) ,RNCP*] with [Pt(cod),] gave 185.
[Cp¥Co(1CO0) (4-CH2)RNCP*] reacted similarly [295]. [Fe(C0),]2 reacted with
[Pt,(u-dppm),C1,]) to give 186, and the related ruthenium and osmium complexes

were also prepared. From the mixed complex [PdPt(u-dppm),Cl,] both of the
possible isomeric products were i1solated [296].

; [{Pt(CO);},} reacted with Et,P in aqueous propancne to give

lR‘(CO)s(PEta)J, [Pt.(CO)s(PEt3)4] and/or [Pta(co)a(PEtg)q.], depending on

the reaction conditions [297). The anionic cluster [Pt,;(€0),,12" catalysed

ﬁh reaction between water and benzoquinone to give hydroquinone and molecular
#xypn. Rate constants for the reaction were derived [298].
|
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Scheme 4 Reactions of [Pt,(C0),X,}%~ with phosphine ligands

i .
Phe P NEt: Pha T TEta
| e1 ] co cl P
/Pt/ /Pt/ c1- >Pt-—~—Pt\
cV’| e’ c1”| | e
Phz P NEt: Ph2 P NEt:
L J
182 183

The spacies [PtaRhy,(C0)2,13", [PtRh,5(C0)2, 1%, 187, and
[Pt,Rhg(C0)»-1%", 188, were isolated from the controlled pyrolysis of
[PtRhg(C0),5]". The structures in general resembled thosa of the
isoelectronic homonuclear rhodium species with the platinum .atoms in the
most highly connected positions. 188 was also obtained from a mixture of
[PtRhs(CO)ys]~ and  [PtRh,(C0)42]2". Reaction of [Pt,Rhy;(C0),41®" with
acid caused rearrangement through a multistep process to give
[PtRhy5(C0) 2513, 189 [299,300].
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184 (Reproduced with permission from {293])
ORTEP diagram of the cation. For clarity the carbon atoms of the phenyl
groups are depicted as small spheres of arbitrary diameter.

k!
(CO
»* o, Fe ;/ \7

Cp R PPh
\Rh{ —Ptlcod) [\
\\ <! 0C—Pt——FPt
I PhP__PPhy
Cp ~

185 186

Hydrogenation of the unsaturated cluster [OsaPt(u-H)z(C0),4(PCy3)] under
200 atm pressure gave 190, characterised by an X-ray diffraction study. The
reaction could be reversed by removal of the hydrogen [301]. A new method of
preparation of mixed metal c¢lusters using phase transfer catalysis has been
noted. The known species [Pt,Cop(H,-C0)4(CO)g(PPhy),] was prepared in this way
and had a high catalytic activity for alkene hydroformylation [302]. Like
[FeaTe,(C0)g]l, [PtFe,Te,(CO)g(PPhy)>] 1s a 60e cluster. However, a 16e
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configuration is more favourable for platinum(II), and the {Pt(PRy),} is
effectively equivalent to {Fe(CO),}, {CpCo(CO)} or {CpRh(CO)}. Thus, although
one might expect a nido structure on the basis of the electron count, 125Te
nmr spectroscopy gave a signal typical of an arachno structure [303].

187 (Reproduced with permission from [299])
Each surface metal atom bears one terminal CO ligand and 1s connected to two
bridging carbonyls (X~bridged edges).

188 (Reproduced with permission from [299])
The structure consists of three condensed octahedra with a common edge
(Pt-Pt, coincident with the ideal threefold axis). X represents the bridged
edges.
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189 (Reproduced with permission from [299])

The metallic skeleton is intermediate between closest packing and bcc. The
centra) platinum atom exhibits nine short metal-metal bonds (2.64-2.73 A),
two longer bonds (mean 2.98 A) and two very long interactions (3.28 and
3.49 A). X represents the bridged edges.

Reaction of [Ni(triphos)(n2-CS,)] with PhNCS gave
[Ni(triphos)(n2-C,$-SCNPh)], characterised by an X-ray diffraction study
[304]). Treatment of [N1(PPhs)>(C5Phy ) 1[BPH, ) with CS, gave

[{Ni(PPhy)(t-CS;)}>]), 191 [305]. The same complex was obtained from
[Ni(cod),], ArsP and CS,. However, with PMe; and other basic triaklyl
phosphines, 192 was formed. The bonding in these complexes was discussed, and
a mechanism was proposed for their formation [306].

Reaction of [Pd(PPhy),) with CSep gave [Pd(PPh;),({n2-CSe,)]. Addition of
chelating phosphines resuited in the displacement of PPhs; [307). With CSSe a
similar reaction occurred, giving a complex bound through carbon and selenium
[308). Oxidation of [L,Pd(n?-CS;)] by molecular oxygen gave [L,Pd(CS,0)] as a
mixture of S,0- and $,S-isomers [309].

Treatment of [Pt{P(CMe3)3}.] with cS, gave the trimer
[{Pt(CS2)5(P{CMes}3)}s]; this report is claimed as the first synthesis of the
species. (Pt(PCy;)2] and [(Pt(PCy3)2(S05)], by contrast, gave
[Pt(PCys)>(n2—CS,)] [310]. ¢S, reacted with [Pt(C,H,)2(PCys)] to give a
species of stoicheiometry [Pt;(CS.)3(PCys)s3], of uncertain structure [311]. A
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thiocarbonyl  fragment was  transferred from  (Pt(dppe)(n3-CS;)]  to
[Pt(PPhy)2(CoH,)] to give 193, which was not isolated, but decomposed to give
194 [312]. The outcome of alkylation reactions of [{Pt(n2-CS,)(PPhy)}.] varied
considerably with the hard/soft nature of the alkylating agent [313].

190 (Reproduced with permission from {301])
Molecular geometry of one of the two independent molecules of
[PtOSQ(CO)go(PCY3)(H'H)4] .

7  METAL ISOCYANIDE COMPLEXES

The reaction of the diisonitrile, 195, (R = H or CMey) with [Ni1(CQ),] gave
[N1(CO),L] and [NiL,]. These appeared to be mononuclear rather than oligomeric
{314). The 1ligand for which R = H also reacted with [PtC1,]2~ to give
[PtL,1{PtC1,], but with 195 (R = CMes) the product isolated was cis-[PtLC;]
[315],

Treatment of [Pt(cod)Cl;] with 196 resulted in a simple substitution to
give cis-[PtL,C1,] [318]. Cleavage of the platinum-platinum bond in
[Pto(HPO,)4py>] was facile in  the presence of  MeyCNC, giving
[Pt(CNCMes)2(CN),] as the final product [317].
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191 (Reproduced with permission from [305])
ORTEP drawing with 50 X probability ellipsoids

Reaction of [Pt(cod),] with Me,CHNC gave the trimer [Pt;(CNCHMe,)gl.
Similar trimers were obtained in the palladium series from [Pd(dba),].
Treatment of the platinum trimers with electron withdrawing alkenes such as
tcne or CF,=CFC1 gave [Pt(n2-alkens)(CNR),], but 1in the palladium series
oxidative addition occurred to give palladium(II) alkenyl complexes. At room
temeprature [Pt;(CNR)g] reacted with HSiMePh, to give 197 [318]. The reactions
of [Pt,(u-dppm),X,] with ArNC may give a wide range of products of both
insertion (into the metal-metal bond) and halide substitution [319].
Reduction of [Pt(CNCgHs—2,6-Me»)>C1,] by mercury amalgam gave the cluster
[Pt,(CNCgH3-2,6-Me),,], 198. The cluster is derived from a distorted
trigonal bipyramidal unit to which two extra platinum atoms have been
attached in bridging positions, between one apical and one egquatorial platinum
atom. One isocyanide is coordinated unusually through the C-N triple bond to
three platinum atoms, as a 4e donor, to give a planar cyclic {CNPt,} unit
[320].
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192 (Reproduced with permission from [306])
The H atoms have been omitted for clarity and the atoms have been drawn as
spheres with arbitrary radii. Averaged bond lengths (A) for the two
independent molecules are given.
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198 (Reproduced with parmission from [320])
The central core of [Ptg(2,6~Me,CgHaNC),2]. The aromatic groups are omitted
for clarity.

Machanistic studies of the reactions of 1socyanide complexes of
palladium(II) with ArNH, have been reviewed [321]). The preparation of the
isonitrile complex [ArPdL,(CNR)][C10,] has been described. Reaction of the
specias for which L, = bipy with HY (Y = ArNH, PhNH, MesCNH, MeO or EtO)
resulted in the formation of a carbene complex, [ArPd(bipy){C(NHR)Y}] [322].
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8  METAL ALKENE AND ALKENYL COMPLEXES

The species ([Ni(CoH4)pl (n=1, 2 or 3) could be generated by
cryocondensation., The stability of {Ni(C,H,)} was explained using ab initio
calculations relating the energy of the compiex to various terms of the nickel
atom [323). Reaction of [Ni(C,Hs)5) with M[HAIR;) (M = Li or Na) at
temperatures below -70 'C gave [M(donor),l¥[R,ATHNI(C,H,)21". In the presence
of tmeda and at -40 'C [M(tmeda),]1{Ni (#-H)(C,H4) 4], 199, was formed, but was
stable only below ~20 'C. The short metal-metal distance (2.596 A) suggested
that there was significant metal-metal interaction [324]. The H nmr spectra
of [Ni(PMe;)(CoH4)o]1, [CpNi(Me)(C,H,)] and related species have been measured
and interpreted [325].

199 (Reproduced with permission from [324])
Crystal structure of the ion pair. The bridging hydride was unambiguously

located and its parameters refined.

Ethene was oxidised to ethanal in a stoicheiometric reaction by
trans-Na[Pd(NO;)(NH3)C1,]. In dioxan solution transient ethene complexes were
observed, and were invoked as probable intermediates in tﬁe reaction
[326,327].

{Pt(PPhy),(C5H,)] may be prepared by reduction of [Pt(PPhy),(0;)] by
Na[BH,] in the presence of ethene, Reaction with hexaphenyitrisilane resulted
in ethene displacement [328].
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IR spectra of the complexes trans-[PtL(C,H4)X,] (L = NHy, py, py-A-oxide,
PhNH, or imidazole; X = C1 or Br) were recorded, and were assigned by
comparison with deuterated species [329]. IR, UV and 'H nmr spectra were
recorded for trans-[Pt(4-RCgHNH2)(CoHY)C12). Vpr-cis Vpt-N and Voo all
increased with the electron releasing character of R [330}. 'H nmr
spectrsocopy was used to study 1igand exchange processes in
trans-[PtL(C,H,)X,) (L = pyrazine, imidazole or N-methyl imidazole) [331]). The
synthesis of the pyrazine complex was described, and the complex was highly
fluxional with rapid exchange of the binding site between the two nitrogen
atoms, even at very low temperatures [332].

Reaction of K[Pt(C,H4)Cl3] with quinoline~-Moxide (L) resulted in the
formation of [Pt(C,H4)LC1,] [333]. Both 1:1 and 1:2 adducts were formed with
cis-[Ru(bipy);(CN),], in which the cyanide groups acted as bridges between the
two metal centres. In the adducts there were blue shifts in both absorption
and emission spectra, enhancement of emission intensity, and an increase in
lifetime [334].

The ethene ligand in [PtL,(C,H,)] is readily displaced and this complex
has been used as a precursor to a range of organometallic and coordination
compounds (reaction (21)) [335). In many cases oxidative addition also
occurred (reactions (22) (NPht = Mphthalimido) [336] and (23) {337}]).
Examples involving siloxane derivatives have been particularly prominent this
year (for example, reaction (24)) [338-340].

s
I
[(Ph3sP)zPt(CzHa)] + PhaSnCSR = (PhsP)2 Pt —\ (21)
~c—snPhs
RS
[Pt(PR3);(C3H )] + NphtSSR' ---» [Pt(PR;)>(SSR)(Npht)] (22)
[Pt(PR3)2(CoHs)] + nCeF33S0.Ng --— [Pt(PR3)2(N3)s] (23)
Me‘Si§Ph
[LzPt(CzHs )] + (HPhMeSi)20 - Lth< >o (24)
&
PhY  “Me

Photolyis of [PtL,(C;H,)] was assumed to give a transient species {PtL,},
which reacted with the solvent, CH,X,, to give trans-[PtL,(CH,X)X], via a
radical process [341). Ethene could also be readily displaced by Me,S from the
dimeric species [{Pt(C,H,)C1,},] [342].
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In 200 ethene 1is strongly activated towards nucleophilic attack, and
reactions with a range of nucleophiles have been investigated [343].

+
Nttiz ‘/\
Pt

AN
o]
Nﬁ:z !

200

When nickel atoms were codeposited with alkenes (alkene = CHF=CH,,
CF4CH=CH, or CH,;CH=CH,) at -196 'C, thermally unstable complexes of the type
[Ni(alkene),;1 were formed, but were not isolated. Reaction with PF, gave the
species[Ni(PF,)4(alkene)], which could be isolated and characterised. At
around 0 "C these decomposed to [Ni(PF,),], alkene, and nickel metal [344].
Equitibrium constants for reaction of type (25) were determined
spectrophotometrically, and metal-alkene bond strengths measured. K increased
considerably for electron withdrawing alkenes, and with bulky 1ligands at
nickel [345]. The substitution of a phosphine 1ligand by alkenes 1in
[Ni{PPh3)-C1,] has been investigated [346]. Alkene complexes of nickel(0)
could also be prepared by reaction (26); bis(ethenyl)silanes reacted to give
chelated complexes [347]. The dinickel derivative of tetraethenylsilane was
prepared by substitution of [Ni(PPhy),(methylenecycliopropane)], in turn
prepared either by ethene displacement, or from [Ni(acac),], Et,A10Et, PPh,
and methylene cyclopropane [348]. Reaction of methylenecyclopropane with
[Ni(bipy)(cod)] gave the isolable complex 201, the reactions of which were
investigated (Scheme 5) [349].

[NiL,] + alkena =5 [NiL,(alkene),] + 2L (25)

Et,ATOEL
[Ni(acac),] + PPhy + CHp=CHS1Rg ——-——m-—"m » [N1(PPhy),(CHo=CHSiR3) ) (26)

The structures of the complexes [CpPd(PPhy)(CH,=CHAr)1[(X] (Ar = Ph or
4~MeOCgH,, X = BF, or PFg or Ar = 4-ClCgH,, X = BF,) have been determined in
X-ray diffraction studies. The carbon-carbon double bond 1lies almost
perpendicular to the coordination plane, and the bond between the palladium
and the ary] substituted alkene carbon atom is shortened with the increasing
electron withdrawing nature of Ar [350]. Reaction of [Pd(dba),] with cod and
various quinones led to the synthesis of species [Pd(cod)(quinone)]l. The cod
ligands were readily substituted by PPhy, and the electrochemistry of the
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complexes was investigated [351].

(bipy)Ni—!! 2 < (bipyggb — (bipy)NE}
201
(b'iDy)N]': :] — (m'py)m'z___g + (bipy)Ni

(bipy)INj

Scheme 5 Reactions of a nickel complex of methylenecyc¢lopropane

The addition of chiral nucleophiles to palladium alkene complexes has
been investigated. An alternative strategy 1involved the addition of
achiral nucleophiles in the presence of chiral amines as 1ligands. The
reaction of the anion of a chiral sulphoxide (reaction (27)) gave
promising enantioselectivities, but poor chemical yields. Using
N,Ndimethyl-1-phenylethylamine as the chiral ligand, enantiomer excesses up
to 40 X were achieved for the reaction of the anion of diethyl propanedioate
with E-1-phenylpropene [352]. Treatment of N,N-dimethylallylamine with
Lio[PdC1,] and dimethylamine gave 202, by attack of the amine on the
intermediate palladium alkene complex. Primary amines gave poor results and
many side reactions, but potassium phthalimide proved a useful nucleophile
[353]. o o

I . [Pd(PhCN)2C12] _ M
+ Ph Ph H Ha +
/\/\/ P §CH2L1 EtsN, hf, 13 S(CH2 )s CHa

96 %

\ﬂ/\/\
CHz

+8=0
Ph

4 %, 100 % ee

(27)

The preparation of 203, by deprotonation of [Pt(2-NHMeCgH,CMe=CH,)C1,]
with an anion exchange resin, has been reported, and its structure was
established by an X-ray diffraction study [354). The structure of 204 was also
destermined. Remarkably, the carbon-carbon double bond is coordinated
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in~plane, with the phenyl substituent on the same side of the coordination
plane as the methyl group. In the related species, [CpPd(PPhs)(PhCH=CH,)], the
alkene adopted the more normal perperdicular coordination [355].

L2 +
Pd

QNMez c1”

NMe:2

202

CQ14)
cus@&@
c08) (_Z \’) c3)

c\ AnCt12)

(H)(‘\é

Cla) y
ct’

203 (Reproduced with permission from [354])

The  photolysis of  Hy[PtClgl in  hexane/ethanoic  acid gave
[{(CH3(CH,)4CH=CH,)PEC1,},], vig a o-hexyl platinum(Iv) complex [356].

The optical purity of trigonal bipyramidal complexes of prochiral alkenes
of the type [Pt(Me,NN=C(Me)-C(Me)=NNMe.)(alkene)Cl,] has been determined using
the chiral shift reagent [Eu(hfc)z] [357). Complexes of S-3-methyl-1-pentene
(SMP) and R,S-3-methyl-i-pentene were studied in solution, and, for SMP, in
the solid state [358]. Syntheses of many such hydrazone complexes have been
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described [359}. The separation of chiral alkenes could be achieved via
diastereomeric platinum complexes, [Pt(alkene)(OOCCH(Ph)NR!RZ)C1], using
normal or reversed phase liguid chromatography. The influence of alkene
structure on complex resolution has been investigated, and several pure
enantiomers of alkenes isolated [360]. 205 was resolved via a chiral platinum
complex with S-PhCH(Me)NH, [361].

204 (Reproduced with permission from [355])
Atoms are represented by thermal ellipsoids at the 30 % probability level.

205

Complexes of the types 206 and 207 were prepared and examined for their
tytotoxic effect. The mechanism of their cytotoxicity is probably different
rom that of cis-platin [362]. The preparation of 208 and its neutral

logues was described. The alkene is more electrophilically activated in the

tionic species, and double bond migration occurred via a platinum hydride
intermediate [363). The species [PtLs] (L = Me,CN=P-N(CMe,)(SiMe;)) reacted
with alkenes bearing electron withdrawing groups to give 209, which had
substantial metallocyclopropane character. Low temperature hydrolysis gave
210, which was converted at room temperature into the alkenyl derivative 211
(384).
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211 (Reproduced with permission from [364]1)

Hydrolysis of K[Pt(CH,=CHCH,SiMe3)C13] gave the tetrameric species
[{Pt(MeCH=CH,)C1},], and [{Pt(CH =CHCH,SiMe;)C1,}.] reacted similarly [365].
Reaction of phenylethene with H,[PtClg]l 1in the presence of Na[HCO,] and
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ethanol, was reported to give a platinum alkene complex, which, in 2-propanol,
could be used to 1ink ethenyl terminated dimethylpolysiloxane to silica [366].

A range of 1:1, {:2 and 1:5 (Pt:Sn) complexes were postulated as the
products from the reaction of [{Pt(MeCH=CH,)C1,},] with SnCl1,.2H;0. Little
evidence was provided for their structures [367). Photolysis of 1-alkenes in
propanone in the presence of Na,[PtClg] gave [{Pt(RCH=CH,)C1,},]. The reaction
was first order in platinum(iV), and was inhibited by air or water [368]. The
homopolymerisation of 2-propene-1-o1 in the presence of inorganic salts is
generally slow., It has been reported that a hygroscopic, viscous and rather
uniikely 1:1 compiex is formed with "PtClg" [369].

Elimination of an amine from 212 gave the anti-Bredt alkene 213, which
dimerised rapidly 1in the absence of other additives. It could, however, be
trapped by [Pt(py)(CsH4)C1,] to give an isolable, stable, complex, 214. In the
presence of palladium ethanaote isomerisation occurred via an addition
elimination mechanism [370].

c1

I
Mes —Pt—py
I
cl

212 213 214

The reaction of the allene platinum complex, 215, with the oxime of
propanone gave only 216, the structure of which was confirmed by an X-ray
diffraction study. Intermediates could be observed by nmr spectroscopy, but
could not be isolated [371]. The related complex of 3-methyl-1,2-butadiene
.-reacted with phenol to give [{Pt(PPh3)C1,},]1 and 217 [372]. [Pt(PPh3),(C.H,)]
reacted with butatrienes to give m-complexes by substitution; the
regiochemistry of the reactions was investigated for more substituted
substrates [373].

]
Me2 PhP_ _/c
cl PMez Ph PL

N N
Pt n ?+

N

\/

215 216
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OH

217

Both [Ni(bipy)(cod)] and [Ni(cod),] in the presence of bipy have been used
for the desulphurisation of dibenzothiophene to biphenyl. The reaction was
proposed to proceed via a radical anion [374,375)}. [Ni(cod),] was substituted
by the silacyclopentadiene 218 to give a sandwich type complex [376}. The cod
ligand could also be substituted in [Ni(Cy,PCH,CH,PCy,)(cod)] by methyl
2,4-pentadienecate to give 219. The nmr spectrum of the complex exhibited
fluxional behaviour, suggested dissociation of one of the alkene groups, and
there was also a uniquely long nickel-C(4) bond in the solid state [377].

U

S5
Me/ \Me

218

The species [CpNi(Me)(n3-1,3-diene)] was prepared from [CpoNi], the diens,
and methyl lithium. With isoprene as the diene, the less hindered double bond
was complexed to nickel. The dynamic behaviour of the complexes was studied by
nmr spectroscopy [378]. The synthesis and properties of dimeric 1-azadiene
ligands such as PhCH=CH-CH=N(CH,)3;N=CH-CH=CHPh, L, were reported. The complex
[{NiL}z], 220, was characterised by an X-ray diffraction study. Both metatl
atoms were three—coordinated [379].

The complex [Pd (dba);] has been used as a precursor for a ranges of
species, both organometallic and coordination compiexes, since the dba Hm&
is readily displaced. Both diene tigands were displaced by P(CsCPh), [380],
and the rates of reaction with P(OR)3, P(SR); or P(NR,); were mea
{381]. The displacement of cod from [Pd(cod)C1,] by polystyryllithit
gave a polystyryl palladium species, which acted as a hydrogenati
catalyst [382]. Displacement by Me,NNS was also noted [383]. T
reaction with  [Rn(PPhppy),(CO)C1] gave the head-to-tail 1isomer
[Rh(CO)C1,(4-PPhPY),PdC1], in which rhodium had sustained the oxidati
addition of a Pd-C1 bond [384]. The hydration of [Pd(nbd)C1,] in the pr
of Ag[NO5;] has been investigated (Scheme 6) [385].
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C(24)
219 (Reproduced with permission from [377])

; There have been reports of a number of reactions of [Pt(cod)Cl,] in which
the diene was displaced by other 1Jigands, including dppe [386] and
xﬁhaAsCHzPth, dapm. In the latter <case the first product was
"u-[Pt(dapm-P)ZCIZ], which could be converted to [Pty(u-dapm),Cl,] by
reatment with [Pt(dba),] [387]. Reaction with PRy under a hydrogen atmosphere
e [HPt(PR3)>], which was used as a precursor to dfihydroplatinum(II)
idged binuclear cations [388]. With the trigonal bipyramidal complex
T:r(NO)L(PPha)z]Z" (L = 3,6-bis(2-pyridyl)pyridazine) and related species,
ﬁrid[ed species were formed by replacement of the cod 1ligand [389,390].
Pt(cod)C1,] reacted with 8nCl, 1in the presence of [Et,NJC1 to give
Et NI [Pt(cod)(SnC1,)4], characterised by 119sp, 13¢ and 195pt nmr
sctroscopy [391).
| CV studies of [Ptp(dba);] and substituted analogues showed that the
lexes underwent two reversible one electron reductions and an irreversible
fdation. Substituents on the ligand were shown substantially to affect the
LMD in the complex [392). The complex 221 showed luminescence in the solid
é.ata at room temperature and in frozen glass media. The small Stokes shifts

11ed that the geometry in the excited state was similar to that in the
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ground state. The emission-absorption system was assigned to a singlet~triplet
d-m*(mnt) metal to ligand charge transfer {393].

220 (Reproduced with permission from [379])
Stereodrawing of the structure of [{Ni(PhCH=CH-CH=N{CH,}3N=CH-CH=CHPh}},].
Both central atoms are tricoordinate and there are two modes of azadiene

coordination.
Ag[NO,4] LL
[Pd(diene)C1,} —-——— + [Pd(diene) (H,0),12% -— [Pd(diene)LL]2t
H,0
LL

[Pd(dieneOH) (H,0) 1t --» [Pd(dieneOH)LL)*
{PFgl™

oxidised products «- [Pd(dieneOH)LL][PF¢]

Scheme 6 Reaction of a palladium complex of a strained diene with water [385].
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CN
S
(cod)M( |

CN

221

In [Pt{CH,=C(Ph)CH,CH;C(Ph)=CH,}C1,] the diene could be coordinated in two
different conformations. One complex was derived from the cis-isomer of
[Pt(PhCN),C1,] and the other from the trans-species. The structures of both
complexes were established by X-ray diffraction studies [394]. There have been
some reassignments of the structures of platinum derivatives of
octafluorocyclooctatetraene, such as 222 {395].

F
. F
F
L, Pt
F F
F
222

The complex 223 reacted with PRy to give a bridge split derivative, 224.
P«ddl‘t’non of further phosphine resulted in the displacement of the C=C double
Pond from the metal, followed by B-hydride elimination [396].

\Pt<_0M> /\ Pt/ "R
2 \OHe
OMe OMe
223 224

Reaction of [(HCaC),Pt(dppe)] with RyB yielded the platinacyclopentadiene,
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225, via the mechanism of Scheme 7 [397). The related species
trans-[ (HCmC),Pt(PEty)>] were also hydroborated to give bis-alkeny!
derivatives, although in this case cyclisation was impossibie [398]. Reaction
of the propargyl halide, Me,C(X)CeCH with [Pd(PPh,),] gave the o-allenyl
species 226, which could be readily substituted by organozinc compounds, RZnC)
[399].

R
[iBRz
4

H+
[ (dppe)Pt(G=CH)z2 ] —Eﬁia (dppe )Pt -
W
R R R
(dppe )Pt BRz2 -~ (dppe)Pth. BRz -+ (dppe)Pt
N Y —

225 BR2

Scheme 7 Mechanism of reaction of [(HC=C).Pt(dppe)] with boranes.

H

== /PPhs

Pd
Pha P/ \C 1

226

A number of papers have reported the preparation of n2-phosphaa¥l
complexes. An X-ray diffraction study of [Ni(bipy)(Me,CgH3P=CPhy)]) indiz
n2-coordination of the phosphalkene, but reaction with [Ni(C0),]
nl-complexes, thus demonstrating the influence of the other ligands on t|
relative importance of o- and m-bonding [400]. A structural study of 227 al
revealed n2-bonding [401].

n2-Coordination was established by spectroscopic techniques for 288
prepared by a simple displacement of PPhy from platinum. The phosphaalkyns),
Me,C=P, reacted similarly to give an n2-derivative. However, with [Pt(ced)y]
and ArP=CPh, a species of stoicheiometry [PtLs;], in which all the ligands
n-P coordinated was formed [402,403). Reaction of 229 (Ar = 2,6-MeCgHy) wi
[Pt(PPhy).(CoHs)] gave an n3-derivative, but there was some evidence for
equilibrium with an nl-complex in solution [404].
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227 (Reproduced with permission from [401])
ORTEP view of f(MeaP),N1{(Me;Si),C=P-CH(SiMe3),}]

R
/
Phz C=P
i AT
Pt P
/N
Phz P PPh2 '
%Pphz 0 O
228 229

@  METAL ALLYL AND RELATED COMPLEXES

There has been a theoretical MO study of [Ni(n®-CHg),] using the X, SW
and Fenske-Hall methods. The HOMO of the complex was shown to be mostly an
allyl az(nNON) orbital, and nickel allyl bonding involved both the 4p and 3d
functions of nickel. Ionisation potentials were calculated and correlated with
the experimental values from XPES [405]. The validity of the Hartree-Fock
approximation 1in 230 and 231 was 1investigated by means of the Thouless
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instability conditions in the computational framework of a variable model
Hamiltonian [406].

230 231

[Ni(n3-C,Hg),] reacted with PF; by reduction and substitution to yield
[Ni(PF,),]. Derivatives of PF,Cl1, PCly, PF,NMe, and PF,H were similarly
prepared [407]). Treatment of the bridged dimer [Ni,(n®-CH,CRCH,),(u-SH),]
(R=H or Me) with MeL i gave {N1(n3-CH,CRCHz)SL1(thf) 4}, which
eliminated lithium sulphide to give a species of stoicheiometry
[{Ni(n®-CH,CRCH,)}3S,Li(thf),]. One of the thf 1ligands could be substituted by
tmeda to give a complex which was characterised by an X-ray diffraction study;
nmr spectroscopic data, however, implied that there were two isomers of the
complex present in solution [408].

The nickel allyl complex, 232, prepared from the allyl halide and
[N1(C0),], reacted with 233 to give some of the substitution product, but the
major product was derived from homocoupling of the substrate. A mechanism was
proposed which involved the equilibration of allyl complexes [409}. Reactior
of pentadiene and €O, with {LNi(0)} gave a mixture of the allyl complexes 234
and 235, and the cyclic species, 236. Treatement with butenedioic anhydride
yielded 2,4-hexadieneoic acid as a mixture of isomers [410].

N )
( NiBr)z + - +

0 o)
15 %
232 233
N\ A\ »
I L LNi
Nt Ni
(o) \,
L/ \0 (¢] L/ \O o

234 235 236
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There has been an XPES study of m-allyl palladium complexes [411]. The
physicochemical properties of “blacks”™ formed 1in decomposition of
({Pd(n®-C5Hg)C1},] and [CPPA(N3-CyHg)] were investigated [412]. The effect of
the structure of the precursor allyl compliex on the activity of palladium on
silica catalysts for the reduction of alkenes and ketones has been studied
[413]. [{Pd(n®-C4Hg)C1}.] underwent reductive decomposition with primary
amines in solution. Species such as [Pd(n®-C,yHg)(NH-R)C1] were supposed to be
intermediates [414].

The structures of neutrail and cationic complexes with bridging chloride or
|cyanide groups has been discussed. The bond angles preferred by the bridging
ligands may dictate complex nuclearity; in the neutral palladium allyl series
the chloro bridged complexes were dimers, whilst the cyano bridged species
were tetramers. The cyanide bridges in [{Pd{(dppe)(CN)}5]3* were very
inon—]inear; electrostatic repuision proved to be more important than strain
energy in this case [415). Epr spectra of palladium allyl complexes
substituted at the 2-position by a 4-phenoxy radical have been measured, and
analysed to probe the interaction of the spin density with palladium [416].

The preparations of a number of palladium allyl complexes have been
described. Treatment of phenyl allyl ether with [Pd(PCy;),] gave 237 but with
iho corresponding thio or selenoethers the dimeric species, 238 (Z = S or Se),

re produced [417]}. Formation of the allyl derivative from 239 occurred
readily, and the product could be substituted by the anion of diethyl
Qroplnedioate [418]. Reaction of 240 with Li,[PdC1,] gave a halo bridged
qinaric allyl complex, which was converted to 241 by Tl[lacac]. This is the
ﬂirst n3-phenalenyl complex to be prepared. It seems to be rigid, and exhibits
no dynamic behaviour in its nmr spectrum [419].

oPh a)
<_pd< Cys P-Pd—Pd-PCys
PCys 7
Ph
237 238

tablished by an X-ray diffraction study on the product 243 [420). Conditions
f#r the synthesis of allyl complexes without ring opening for 244 and 245 have
been established [421). The migrations of palladium in 246 have been
investigated; the palladium migrates, but remains attached to one face of the
molecule [422].

L The trans-strereochemistry of the chloropalladation reaction of 242 was
e
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/Pdcl Y2
Naz [PdC14 ] Na[CH(COOEt)zL'
Na[OCOMe]
N 0 N 0
| |
Me Me
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COOEt
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Pdc1)2 PdC1)2
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PdC12
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244
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PdC1)2
PdClz, K[OCOMel
‘ MeCOOH, 55-60°C

245

ClzM

246

The allyl derivative, 247, was prepared from 1,2-propadiene and
!(N(PhCN)ZCIZ]. Substitution of the allylic halide proved facile, and 248 was
‘cycl'ised in the presence of a range of nucleophiles [423]. Organomercury
|halides reacted with 1,4-pentadiene and Li[PdC1,] to give 243 with good
“rogiose'lectivﬂy for attack at the less substituted double bond. Regiochemical
|control was also investigated in the cases of more substituted dienes [424].
lr‘l!.nt':ﬁon of rather substituted dienes with Na[SO,R] and PdCl, gave the
isomeric allyl derivatives, 250 and 251. The mechanism and stereochemistry of
‘protiodepalladation was studied in some detail [425].

AN N\

; 2—<(—Pd01)z 2—-{»%01 )2 PPhs 54 %
1\ Cl

|

CH(COOMe )2
MeO0C COOMe
241 248
NAN
PdC1)2
; 249
| R2 R R® R
R R‘W\N
‘ m SOz2R SOzR
i R3 R
‘ PdC1)2 PdC1)2
i
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Bridge splitting reactions of [{Pd(n®-C3Hg)C1}.] have been reported using
2-amino-4-methylpyridine [426], and P(OEt)y or a chiral, sugar-derived
phosphite. In the latter case the products were rather inefficient catalysts
for the hydrogenation of 1-decene or 2-methylene-butanedioic acid [427].
[Pd(n3-C4Hg) (PPhy)1CY, produced by a bridge splitting reaction, was treated
with ArSnMe, to give ArCH,CH=CH, in low yield in a stoicheiometric process.
The related catalytic reaction was somewhat more efficient [428]. When
[{Pd(n®-CH,CRCH,)C1},] was reacted with Ag[C10,] followed by H,L, products
such as 252 and 253 were isolated. Alteration of the molar ratio of the
reacting species allowed the preparation of 254 [429].

A
O.\Z
4

J

A

AN

L

252 253

254 (Reproduced with permission from [429])
view of the complex [Pd,(n3-CyHg).(i-bim).] showing its butterfly shape.
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Treatment of the oxygen substituted allyl complex 255 with T1[acac] gave
266. This could be substituted by a range of appropriate l1igands, and the
dynamic behaviour of the complexes was discussed [430]. Photolysis of 257 1in
the presence of an alkyl halide, RX, was reported to give the X-bridged
analogue. However, in CH,C1, in the presence of PPh,, or in dmf, 258 and 259

were formed. An allyl radical or radical complex was postulated as the crucial
intermediate [431).

HO—{~PdC1)2 <:C ),,d_)i oH
Et0”

OEt
255 256
/
_©_<— PACT)2 _<>_< -§>—<‘)
2
O fo; X
257 258 259

The complex [CpPd(n®-CH,CRCH,)] (R = H or Me) was treated with H.S at
-78 'C to give [{Pd(n3-CH,CRCH,)(xSH)},]), characterised by IR and nmr
spectroscopy. At temperatures above -60 ‘C decomposition occurred giving PdS
and CH>=CR-CH;. Related platinum complexes were prepared, but they appeared to
be oligomeric [432). Reaction of [{N1(n®-CgHg)(4-SH)},) with either
bis(allyl)paltadium or bis(allyl)platinum gave the mixed complexes
[N1PR(N=C Hg) o (1+-8)] and [{NIPL(N®-CgHg)o(1-8)},] [433).

[{Pd(n3-C4Hg)C1}2] reacted with (Me0).POH to give 260; many related
reactions have been noted, and some of the products have been used as
catalysts for hydrogenation [434]. [Pd(n3-CyHg)(MeNO,),][BF,] was a catalyst
for the dimerisation and i{somerisation of alkenes. The allyl group was
retained during the catalytic cycle, and the mechanism proposed was
essentially jonic in character [435].

MeO\ OMe MeO\ OMe

cl o
Pd< >Pc|< H
c1” p—o

MeO OMe MeO/ \OMe

r
’

&N

\§:
SN N\

260
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The kinetics of the oxidation of 261 by benzoguinone in HC1 to give
E-C1CHCH=CHCH,0H have been investigated {436]. Photooxidation of 262
(R = alkyl, G = electron withdrawing group) gave unsaturated carbony]l
compounds [437]. Under an argon atmosphere the main products were allyl
dimers, and studies with radical scavengers suggested that both reactions
followed a radical path [438]. When a 1-substituted allyl complex was reacted
with MesCOOH in the presence of [Mo(0,)(acac),! the more highly substituted
allyl alcohol, such as 263, was obtained [439].

(=Pdc1)2
OH
261
R G R G
\V¢$§V/ hv, Oz \H/“\V/
PdC1)2
262
R
™
263

The oxidative addition of the enantiomerically enriched allyl ethanoate,
264, to palladium(C) proceeded with inversion, with 81 X stereoselection.
Treatment of 265 with Na[CH(COOEt),] resulted in displacement, predominently
with a second inversion of stereochemistry. These observations have
considerable implications for the stereocontrol observed in allylic
substitutions catalysed by palladium complexes [440). Reaction of 268 with
secondary amines 1in the presence of Ag[BF,]/PPhy resulted in external,
trans-attack, with very high selectivity. cCarbonylation in the presence aof
Et,NH gave only 267; a c-allyl was invoked as the critical intermediate [441].

N"" 1) [Pd(dppe)Ciz], PPhs, dibah S A"
' :
come  2) NalBF4l +Pd(dppe)
58 % ee

264 265
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2687

The reaction of [CpPd(n®-C,Hg)] with PMe, and 268 gave 269, characterised
by an X-ray diffraction study [442].

Ce

268

C1

4 Cn

ci5

269 (Reproduced with permission from {442])
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The equilibration between 270 and 271 (L = P(CMejy)5) was relatively slow,
on the nmr timescale, and the complex decomposed above -20 °C to give propene.
270 was a catalyst for the reduction of dienes at low temperature. Kinetic
studies implied that hydrogen activation was the rate-controlling step [443].
The reaction of the o-allyl platinum complex, 272, (L = PPhy, PMePh,, or PCyj,
trans; L = PhPCH=CHPPh,, cis) with tcne gave 273. Various mechanisms were
propsed for the reaction [444].

L
&rel  — ) ~Pt-L
Y '

270 2N

PtLz2C1
NC CN

/\/Pth (] + X
NC

NC” TCN
212 273
10 METAL ALKYNE AND ALKYNYL COMPLEXES

Reaction of ([Ni(cod);] with PhCwCPh 1in the presence of bipy gave
[N1(PhcmCPh)(bipy)] 1in which the n2-alkyne complex had substantial
metallocyclopropene character. Protonation yielded c¢is-1,2-diphenylethene,
whilst ring expansion occurred in the presence of Me,SiNC giving 274, the
reactions of which were studied. The metallocyclopropene also inserted other
alkynes to give metallocyclopentadienes ([445]. When trans~{HPt{P(CMe;);},1X
was treated with ethyne an equilibrium was established with
trans-[HPt(C,H,){P(CMe3)3},], but the alkyne complex could not be isolated
[446}. 275 reacted with K,[PtXx,] to give a species of stoicheiometry
[Pt(275),X%5}, 1in which it was postulated that the triple bonds were metal
coordinated [447].

Alkyne substituted homo and heterometallic clusters of the nickel triad
have been reviewed [448]. The UVPES of  [CpoNi,(#-C-H2)] and
[CpyNi,(L-CF4CRCCF4)] have been recordad. for the first time PE spectral
features related to 1ionisation from molecutlar orbitals involved in metail
alkyne back donation have been detected. Analysis of the spectrum of
the hexafluorobutyne derivative provided further evidence for the
dominant role of the back bonding interaction in the metal alkyns bond
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[449]. The dimer ([CpoNi,(C,Ph,)] reacted with [Ruy(C0);,] to give
[CP2Ni2RU5(CO) g (14-CO) 2 (g ,N2-CoPho)]. Structural studies revealed a square
pyramidal arrangement of the metal atoms with ruthenium at the apex and
alternating nickel and ruthenium atoms around the base. The alkyne interacts
with the four metal atoms in the basal plane, with a o-bond to nickel and a
m-bond to ruthenium [450]. Reaction of [Pd,(u~dppm),X,] with alkynes bearing
electron withdrawing groups gave [Pd,(u~dppm),(iu-alkyne)Xs)}. The structure of
the complex for which the alkyne was CF;C=CCF, was established by an X-ray
diffraction study [451].

Ph Ph
— HO, -
N3 4
bi py/ N
1 OH
SiMes
274 275

The electrochemistry of [(nS-~PhgCg),Pd,(u-Ph,C,)] has been studied. Two
diffusion controlied, reversible, one electron oxidations were observed,
together with a single reversible one electron reduction. The epr spectrum of
the moncation was recorded, and this species reacted redily with a range of
Yigands [452].

14, 13¢, 3'p and 195pt nmr spectroscopic parameters have been reported for
clo- and trans-[M(CmCR),(PR'3),] (M = Ni, Pd or Pt). The data reflected an
increase in m-back bonding in the order Pt < Pd < Ni [453]. Alkynes of the
type HC=CCH,X (X = OH, C1 or Br) were polymerised in the presence of
‘[N1(PR3) 2X5] or, more rapidly using [Ni(CeCCH,X)(PR;),(NCS)] [454].

The complex [Pd(n?-dppm).]Cl, reacted with Hg(Cm=CR), at -40 'C to give a
rather unstable species trans-[(RC=C)_Pd(u-dppm)_HgCl1,]. The mercury could be
removed by the action of Na,S at temperatures below 0 "C to give a fluxional
complex trans-[(RCsC),Pd(ni-dppm),], which reacted with derivatives of
other metals to give a range of bimetallic species including
[ trans-[ (RC=C),Pd(tdppm) ,AgX] and trans-[(RC=C),Pd(t-dppm),Rh(CO)IC1. In the
{atter species one of the alkyne ligands was semi-bridging [455]. In the
related platinum series the mercury could be displaced directly by rhodium
Using [Rh,(C0),C1;]. The bimetallic silver complex, 276, was prepared from
[Pt (n?-dppm),1C1,, AgOCOMe and an alkyne. Silver could also be readily
gisplaced by rhodium [456], or a {W(CO);} moiety using fac-[W(CO),(NCMe);]
1487].
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The reaction of 277 with Hg(C=CR’), in the presence of chloride ion has
been reinvestigated. Labelling studies have ruled out an oxidative addition
reductive elimination mechanism, and suggest that an Sg; cyclic process may be
operating [458]. Treatment of 277 with CpT1 or CpoHg resulted in a simple
displacement of the halide. The product, 278, reacted with HgCl, to give 279
and CpHgCl only. Group transfer between 278 and cis-[PtL(CO)C1;] involved an
Sg2 cyclic mechanism via 280 [459].

co ?0 co
! |
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[Pt(dppe)C1,] reacted with either MezSnC=CR or Me,Sn(CsCR), to give
[(RCuC),Pt(dppe)], characterised by nmr spectroscopy [460)}. Reaction of the
azide, 4-0,NCgHN5, with trans-[(PhCmC),Pt(PEt;),] gave 281, characterised by
an X-ray diffraction study. On the basis of the bond lengths 281 could be
characterised as a platinum(IV) complex of a dianionic ligand [461].

Treatment of [Pt(n2-dppm)Cl,]) with RCmCLi (R = Ph, 4-MeCgH,, PhCH,CH, or
C(=CHy)Me) gave trans,trans-[(RCmC),Pt,(u-dppm),], which reacted with further
dppm to give the mononuclear complex trans-[(RCsC),Pt{(ni-dppm),]. The latter
species was also obtained from [Pt(n2-dppm)Cl,], LiCs=CR and dppm. Mixed metal
binuclear complexes could be prepared from the mononuclear derivative, and its
oxidation reactions were also investigated [462].
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Reaction of either [N1(PCy;),] or [{Ni(PCys);};N,] with PhCH(R)CN resulted
in the formation of an equilibrium mixture of [Ni(PCyy),(0-R’CN}] and
IN1(PCys) (m-R°CN)], the position of the equilibrium depending on the amount of
phosphine added. Intramolecular oxidative addition yielded [R'Ni(PCy;),(CN)]
[463]. In the complex [Pt(PPhj).(n?-Me;CC=P)] there is also a parallel with
alkyne chemistry. In no known case is the phosphorus lone pair the sole site
of binding, but it may bond to a second metal [464].

11 COMPLEXES OF DELOCALISED CARBOCYCLIC SYSTEMS

A nickel complex of a cyclopropenyl cation could be prepared by the
reaction of [Ni(PPh3)p(CoH,)] with [PhyCa1[C104] in  the presence of
P(CH.CH,PPh,), or N{CH,CH,AsPh,);; the mechanism of the reaction was not
entirely clear [465]. Reaction of [Ni1(PhyC;3)(PPhy),]1[C10,] with P(CH,CH PPhZ),
(PPy) in the presence of Na[BPh,] gave [Ni1(PhsC3)(PP3)1[BPh,]. The PP,
derivative could be selectively oxidised by molecular oxygen in solution to
give [N1{PhyC;) {{Ph,PCH,CH, ) P(CH,CH POPh,) 33 [BPh,], 282, characterised by an
X-ray diffraction study [466].

A series of metallocenes including [Cp,Ni] was studied by vibrational
spectroscopy, quasielastic neutron scattering and calorimetry. Attempts to
classify the different order/disorder transitions showed that all three
techniques were needed to obtain activation energies and residence times
[467]. Incoherent quasi-elastic neutron scattering experiments using different
resolutions were carried out on polycrystalline samples of [CppNi], in the
temperature range 4-300 K. These showed that a unique 2m/5 reorientational
jump process of the cyclopentadienyl rings was taking place below and above
the diffuse phase transition at 200 K. A proton correlation time of
4 x 10712 gec at 300 K, associated with an activation energy of 6.3 kJ mol1~3,
as in agreement with the literature data. It was concluded that the asymmetry

the double well potential function governing the reorientations of the Cp
ings, as deduced from heat capacity and Raman spectroscopy, is tooc small to

evidenced in neutron scattering experiments [468].
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282 (Reproduced with permission from [466])

The cation [Cp,Nil* doped with the magnetic isotope SINi has been diluted
into several diamagnetic host lattices, and studied by epr at low temperature
in polycrystalline samples. From the analysis of the SINi hyperfine tensor
and EHMO MS X, calculations, a quantitative comparison of the covalency and
the dynamic Jahn-Teller effects with the related d” system [Cp,Co) was:
possible. Jahn Teller coupling strength was comparable in the two metallocenes
{469]. €£nergies of Tlow-lying negative ion states of the 3d metallocenes,
including [Cp,Ni], were obtained from electron transmission spectroscopy
[470].

The complex [CpNi(PPh,)C1] supported on silica or alumina was detected by
secondary ion mass spectrometry (SIMS). [Cp,Ni] on silica gave only Nit in the
SIMS analysis, which may reflect the presence of oxide supported nickel metal
[471]. Silylated and stannylated metallocenes with the central metal being Vv,
Cr, Co or Ni have shown the first paramagnetic shifts in their 298§ and %i9gn
nmr spectra. The shifts showed a strong temperature dependence which varied
with the electronic structure of the metallocene [472].

Kuhn and Winter have reported the preparation of [CpNi(n*-CgHg)1[BF,] by
low temperature protonation of [Cp.Ni] {473]. The n*-cyclopentadiene 1igand
was readily replaced to generate complexes of the type [CpNiL,)IBF,]
(L = ni-Ph,PPPh, [474], ni-R,P=Se-Se [475], R.Se [476], RS [477],
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n1-R,PCH,ASRo-P or N2-R,P(CH,) ,ASR, (n = 1 or 2) [478]) and a large number of
very short papers. Treatment with RTeR gave a species of stoicheiometry
[CPNi(R,Te;)], which may be oligomeric [479). Reaction with R;Sb gave
[CpNi(SbR;),][BF,), which was converted to [CPNi(R3Sb)I] and [CpNi(Me)(R3Sb)]
by Lil and MeLi respectively [480]. Both monomeric, 283, and dimeric, 284,
structures were proposed for the products of reaction with R,AsAsR, [481]). The
mixed complex [CpNi{P(NR,)3}C1] was prepared from [Cp,Ni], NiCl, and P(NR;),
[482]). The reactions of {Cp,Ni} and [CpNi(n*-CgHg)][BF,} with 285 were studied
[483],

1
R R
Cp ROV 1 R I
\ / :
I s—AS PN
RO R CPNi NiCp RN N-R
As-——AS _ / B
s/ N AsS—AS
R R 11 OR I
R R c
283 284 285

[CpoNi] underwent a redox reaction with {Cp(OC)sMoF.BF3} to give
[{CpMo(CO)5}.] and [Cp,Nil*, the latter reacting further to give [CpsNip)*
[484]. In solution there was a monomer/dimer equilibrium between 286 and 287.
The monomer inserted alkynes to give a mixture of 288 and its regioiscmer 289,
characterised by X-ray diffraction [485].

Rz
o . N
3 25 °¢C coni”  Nicp
CpN1\|| — \S=P/
PR2 R2
286 287
R R
P
CpNi>>_l\
R’ R
288

{Cp_Ni] reacted with HP(O)R, to give [CPpNi{P(O)R,}{P(OH)R;}] (R = Me or
Et), but with the sulphur analogue, 290 (R = Me, Cy, Ph or OMe) was formed,
and its reactions investigated [486]. Desulphurisation of 291 was accomplished
reductively using [CppNi] [487].
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289 (Reproduced with permission from [485])
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Nicke)(I) has been shown to act as a catalyst for the equilibration of
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syn- and anti-bicycloheptadiene complexes [488]. 292 was oxidised by
3-chloroperbenzoic acid to give 293, a result which is contrary to previous
reports [489). Some reactions of a cyclopentadienyl nickel alkyl complex are
shown in Scheme 8 [490].

Cl?p
i
1
COOMe
N COOMe
292 293
H H
. f 70
CpNi M_—E CpNif—I —+ CpNi — CpN'i/—l
N AN
| | f
7 !
H

CpNi’j + CpNi-) |

CpNi/j CpNiED>

Scheme 8 Interconversion of alkyl, alkenyl and allyl ligands at a nickel
centre [490].

The reaction of [Cp,Ni] and [Ni(n5-CgH,COOMe),] with R-PhCECCONHCH(Me)Ph
gave four products of the {Niy(alkyne)} type, differing in cluster chirality
{491]. In the clusters [{CpN1PH;},] (n = 2 or 3), nmr spectroscopy indicated
that both phosphorus chemical shifts and 2Jpp were strongly influenced by ring
size [492]. Reaction of [{CPNi(CO)},) with C;oC1,S,, 294, gave 295, with a
butterfly arrangement for the {Ni,S,} unit. The Ni-Ni distances 1in the
crystallographically distinct molecules, at 2.951(3) and 2.809(3) A, were very
short for non-bonding distances [493].
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295 (Reproduced with permission from [493])

There have been further studies of multi-decker sandwich complexes. The
structure of [CpyNi,][BF,] has been determined by X-ray diffraction at 190 and
295 K. The structures established were similar, although that at 295 K was
more disordered and showed larger thermal motions. DSC revealed a reversible
phase transition at 102 K (494]. The structure of [Cp,Ni(1>-CgHg)] has been
established by a diffraction study {495]. The species [CpM(u-C,B,Hg)M’Cp] for
which M = N1 and M’ = Co or Ni were paramagnetic with one unpaired electron.
Four-decker sandwiches were also described, and extensive epr and
electrochemical studies of these complexes were reported [496].

The reaction of [Cp,Zn] with [Ni(cod),] gave the mixed cluster
[CpgZn4Ni,], 296, characterised by an X-ray diffraction study. The cluster
consists of an octahedral array of metal atoms with the zinc atoms equatorial
and the nickel atoms occupying apical positions. The octahedron is compressed
along the Ni-Ni axis [497].
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)

@g% Ni (:) Zn

296 (Reproduced with permission from [497])
a) Structure of [CpgNi.Zn,]. A1l cyclopentadienyl groups are disordered and
only one orientation of each is shown. b) Packing of the {NiZn,} clusters in
the unit cell.

The reaction of [CpoNi]l with {Coa(CO)g(CR)] (R = COCHMe,) at room
temperature yielded [CpNiCo,(C0)g(u3-CR)]. If the reaction mixture was heated
the products were [Cp;Co,(CO)(CHR)] and [CpaCoN1(CO)(CR)) [498). Treatment of
297 with RyP or alkynes gave low nuclearity products [499].

Ph Ph

N7

(CO)3

297

[{CPN1{C0)},) reacted with [Rus(CO)g(1-H)(1,-NZ-CaCCHMe,)] to give
[CPN1Ru5(C0) g (LH) (y—NZ-C=CHCHMe,)]1, 298, which has now been fully
characterised by an X-ray diffraction study. The {Ru;Ni} core has a butterfly
configuration with the nickel atom at the wingtip site. The vinylidene 1igand
is o-bonded to Ru(1), Ru(3) and nickel, and n2-coordinated to Ru(2). The
Ru(1)-Ru(3) adge is bridged by a hydride ligand which was located by the X-ray
study. These data suggested that the cluster previously described as
[CPN1Ru4(C0) g (u4-N2-C=CHCMe3)] should be reformulated as a hydride containing
species [500]). Both [0s5(C0)s5) and [H0s5(C0); 0] reacted with [{CpNi(C0))};]
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to give mixtures of [CpNi0s,(CO)g(iy-H)3] and [CpyNiz0s5(C0)g]. The
tetranuclear cluster was converted to the hexanuclear species either after its
use as a catalyst for the hydrogenation of alkynes or, in low yield, by
reaction with CO. Complex interelationships of the clusters described were
defined experimentally [501). Reaction of either [H;0s3(C0)g(C=CHCMe;)] or
[HOs4(CO) 4 (CH=CHCMe,)] with [{CpNi(CO)},] under an atmosphere of hydrogen
gave [CpN10s,(C0)q(m~H)(C=CHCMey)). The cluster was characterised by an X-ray
diffraction study; the metal core consisted of a butterfly arrangement with
the nickel atom at a wingtip. The vinylidene ligand was o-bonded to the nickel
and two osmium atoms, and n2-ccordinated to the third osmium atom [502],

298 (Reproduced with permission from [500])

An ORTEP II perspective view of the molecular structure of
[ (t=H) (CpN1)Ru5(C0) o 14 ,n2-C=CHCHMe, )}, showing the atomic numbering scheme
used. The tetrametal skeleton is shown as an inset.

Reports of palladium and platinum derivatives of cyclopentadienyl 1ligands
have been more sparse. The reaction of TICp* with [{Pd(PRy)C1},(L-0COMe),]
gave [Cp*Pd(PRs)X]. Initial reports suggested that it was not possible to
replace the second halide 1ligand with either Cp or Cp*. In an X-ray
diffraction study of the complex for which R = CHMe, the five membered ring
showed signs of a tendency towards nl-bonding [503}. However, in a later paper
from the same group [Pd(PR,)(n%-Cp)(n*~Cp)] was prepared by an analogous
reaction. Nmr spectroscopy led to the identification of two dynamic processes.
The lower energy of the two was a metallotropic shift. The exchange of n!- and
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n®-rings was a higher energy process, the rate of which depended on phosphine
size [504]. The reaction of Na[CgPhg] with a range of palladium allyl halc
bridged dimers has been studied. Reaction of the product species,
[(nS-CgPhg)Pd(n-C4yHg) 1, with phosphine 1igands, gave palladium(0) complexes
and coupled organic products [505].

The reaction of [Cp*Pd(n®-C4Hg)] with RaP gave [Cp¥Pd(n!-CyHg)(PRs3)], and,
with an excess of the 1ligand, 299, characterised for L = PMe; by an X-ray
diffraction study. A hydrogen atom has been transferred from one of the ring
methyl groups to the allyl moiety [508]. A study has attempted to estimate net
charge in a number of cyclopentadienyl metal complexes on the basis of 1SF nmr
spectroscopic studies of derivatives of 300 (Cp®). [CpPPd(R3-C,Hg)] was among
the complexes considered [507].

LzPd —

299 300

Reaction of cis-[Pt(CO)(PR;)C1,) with either CpT! or Cp,Hg gave only 301.
The second chloride could be replaced only with an excess of CpTl to give a
bis(ni-Cp) derivative [508].

1
Rs3 P\ /C

Pt
O

301
12 METAL CARBORANE AND RELATED COMPLEXES

There has been a report of the preparation of complexes of the
stoicheiometry  [o—(HCB,oHsoC)oNi(bipy)], [CpNi{o-(CB,oH1oCH)} (PPh3)]  and
(0-HCB; oH16CC0, ) 2N1.2H,0, but few details were given {509]. nido-[5,6-CaBgH,,])
reacted with [Cp,Ni] to give nido-[9-(Cp)-7,8,9-C,NiBgH,,], 302. The
reactivity of the (u-B-H-B-H} unit was shown by treatment with [MeAu(PPh,)}
yielding nido-[9-(Cp)-Hyo, 11-{Au(PPh3)}-T7,8,9-CoNiBgHyo], 303 [510].

References p. 516



456

BUT  B(10)

/‘\ ci?)
\"ém@\

S e
BI6) !§§;i@r? =
N3N
_)‘..lﬁééiiiiiis %

302 (Reproduced with permission from [510])
Molecular structure of nido-[9-Cp-7,8,9-C,NiBgH;,]1, showing only the major
components of the disordered structure.

303 (Reproduced with permission from {510]))
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The reactions of [NiL,C1,] (L = PRy) with the 7,8-, 7,9- or
2,9-isomers of nido-[C,BgH; 4] have been studied and were shown to
yield icosohedral bis(phosphine)nickelacarboranes. Thermolysis at 80 "C of
closo-[3,3-(AryP),~3,1,2-NiC;BgH, 4] resulted in exchange of the phosphine and
hydride 1ligands, giving cJloso-[3,8-(AraP),-3-H-3,1,2-NiC,BgHs4]1. Ligand
substitution reactions of closo-[3,3-(AryP),-3,1,2-NiC,BgH,,;] were studied,
and carbonylation yielded closo-[{3-(-C0)~-8-(PPh3)-3,1,2-NiC,BgH,,}-], 304,
characterised by an X-ray diffraction study [511,512].

304 (Reproduced with permission from [511])

H atoms have been omitted for clarity.

Treatment of [Pto(1-cod) (PEty),] with nido-[5,6-C,BgH; 2] gave
[9-H-9,9-(EtsP) -ty o 11-H-7,8,9-C,PtBgH; 0], 305, characterised by an X-ray
diffraction study. The complex had a structure which approximated to a
nido-icosohedron with a {CCPtNBB} open face. The reaction was thought to
pracesd via an oxidative insertion of a {Pt(PEty),} unit into a {uBHB}
function, follwed by interaction of platinum(II) with the boron cage,
Thermolysis of 305 at 100 "C in toluene resulted in a the loss of molecular
hydrogen and the transfer of a PEt, ligand from platinum to boron to give
[9-H-9,10-(EtyP)>-7,8,9-CoPtByHgl. This is formally a derivative of platinum
(I1), and the structure is distorted towards a closed octadecahedral
architecture [513].

13 CATALYSIS BY METAL COMPLEXES
The use of complexes of the platinum metals as catalysts has been reviewed
{514). The uses of palladium catalysts in the synthesis of nitrogen containing

haterocycles {515], and applications of [Pd(PPhy),] as a catalyst in pheromone
gyntheses have been described [516].

Relerences p. 516
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305 (Reproduced with permission from [513])
Thermal ellipsoids are constructed at the 30 % probability level except for H
atoms which gave an artificial radius of 0.1 A for clarity.

13. 1 Hydrogenation and hydrogenolysis

A kipetic and epr study of the catalytic activity of the system
{2,3,5-(HO)3-(Me,CH) 2 CgHaCO2}2N1/RaA1  for  hydrogenation of  cyclohexene
suggested that the active species was a diamagnetic nickel(I1I) carboxylate
salt [517]. The kinetics of the reduction of E-ethyl 3-phenylpropenoate in the
presence of [Ni(acac),] suggested that the hydrogen became coordinated to the
metal prior to interaction with the substrate [518]. The reduction of citral
to citronellal in the presence of NiC1,/KCN/PrNH, has been reported in a
patent [519)., The reduction of 306 could be accomplished with excellent
selectivity using either [Ni(PPhy),Cl1,)/Na[BH,)/dmf or [N1(PCys)>C1,]/Na[BH,]
as the catalyst systems. H,[PtC1g]l/SnC1,/Me,CHOH also gave the product with
excellent selectivity, and at a considerable faster rate [520].

The rate of hydrogenation of Cg_g alkenes over palladium sulphide was
decreased by the presence of either benzene or dimethyl benzenes, which were
thought the block the catalytic sites [521]. Palladium sulphide was a useful
catalyst for the reduction of benzothiophene to the 2,3-dihydro compound. In
order to avoid hydrogenolysis the reaction was not in general run to complete
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conversion [522].

Hz2, Na[BH«4]
[Ni(PCys)2Cl2]

306

Again this year there have been many reports of the uses of polymer
supported palladium catalysts for the reduction of carbon-carbon multiple
bonds. Polystyrene functionalised with NMe, groups was treated with PdCl, to
give a catalyst for the reduction of alkenes. The rates of reaction decreased
with increasing N:Pd ratios, and the catalysts were somewhat sensitive to
steric hindrance. They were stable 1in air and could be reused without loss of
activity [523]). PdCl, - supported on silica, alumina, zeolites or
aluminosilicate, and treated with Et3N was a useful catalyst for the selective
hydrogenation of alkynes to cis-alkenes [524]. Treatment of 307 with PdCl,
gave a catalyst active for the reduction of alkenes and alkynes, for alkene
isomerisation, and for disproportionation of 1,3-cyclohexadiene [525].
Palladium complexes of anion exchangers were studied by XPES; palladium
icomplexes of the hydroxy forms of the anion exchangers were found to have the
highest activities for hydrogenation [526].

N o}

\N \)n
N
K
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307

Complexes of palladium chloride with acrylamide/acrylic acid or
rylamide/sodium acrylate copolymers were used as catalysts for hydrogenation

r reductive alkylation of nitrogen functionalities [527]. The palladium
thanoate complex of 4,4’-diamino-2,2’-bipyridy] was prepared and
opolymerised with 2,4-diisocyanatotoluene to give a polyurea. Reduction with
1[ATH,] gave brown/black material, probably dispersed palladium, which was a
catalyst for alkene reduction [528].

Palladium phthalocyanine proved to be a good catalyst for the reduction of
allkenes, carbon-nitrogen double bonds and aryl nitro compounds. Benzyl esters
1d be cleaved if the pH of the solution was maintained above 11 [529].

l\+ﬁmp. 516
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PAC1, may be reacted with primary amines to give a catalyst for the
reduction of dienes to monoenes. Some Timited evidence has been presented for
the intermediacy of halo or hydroxo bridged dimeric species [530]. Reductive
aminolysis of 308 in the presence of PdCl, was thought to involve
hydrogenation followed by aminolysis [531]. Further attempts to reduce methyl
1inoleate and methyl 1linolenate have been reported using {M(PRy),C1,1/SnCl,
(M = Pd or Pt). Since the palladium catalyst functions well in the absence of
solvent but the platinum analogue requires methanol for high activity, it was
surmised that the rate controlling step may be different for the two catalysts
[632,533]. A water soluble catalyst, ([Pd(QS),] (@S = sulphonated alizarin),
has been used for the hydrogenation of fatty acids to cold acclimatise
Anacystis nidulans [534].

R1
2
AN 0 R
. HaN Hz, PdCl2 NHCH (Ph )Me
AN 2 <Ph > Re NHCOR?
R3
308

The system PdC1,/CH,C1,/polyethylene glycol is essentially homogeneous and
catalyses the reduction of diphenylethyne to 2Z-1,2-diphenylethene with good,
selectivity [535). Prolonged reduction gave 1,2-diphenylethane [536]. Other|
alkynes also gave good results [537]. Catalysts for the selective reduction of.
alkynes were reported to have been prepared by the dissolution of [Pd(dba),]
or a palladium(II) carboxylate 1in an organic solvent containing either:
HCeCCH,OH or a compound which was readily hydrogenated {538]. Under anwj
atmosphere of hydrogen, palladium(II) carboxylates reacted with PRy to g'ivej

»
clusters, [Pdg(PPh;),(PPhy),]1, which were useful catalysts for the selective
reduction of alkynes to cis-alkenes, and also for diene reduction [539].
Reaction of the ciluster [{(PhP),Pdg},] with thioethers, RSR’, gav
[(PhP),Pdg(R’)(SR)], which was hydrogenated to [(PhP),Pd(H)(SR)]. The activ
species, [{(PhP).Pdg},], was regenerated in the presence of a substrate, thu

reversing the poisoning [540]. |

H,[PtClg] was wused as a catalyst for the hydrogenation of aﬂi
acrylamine/sodium acrylate copolymer, in order to remove free monomer [541]‘
Phosphinated silica was used as a support for H,[PtClg]l, to be used as L
catalyst for the reduction of either benzene or chlorobenzene to cyc'lohexanet

Toluene was reduced initially to methylcyclohexane, and this was then slowl



461

hydrogenolysed to ring opened products. The catalyst was unchanged in air
after one year, but there was no real effort made to test for the presence of
metal particles [542]. 309 was an extremely active catalyst for the reduction
or hydrosilylation of alkenes and enones under mild conditions [543].

Pt” et
e 1
N
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309

Palladium complexes of silica supported poly-3-cyanopropylisiloxane or
poly-3-aminopropylsiloxane catalysed the reduction of aldehydes and ketones at
room temperature and 1 atm of hydrogen. The rates of the reactions depended on
the temperature and the N:Pd ratio, and the catalysts were stable and
reusable. Dialkyl ketones were poor substrates [544,545]. A palladium chloride
complex of poly 4-ethenylpyridine gave better rates of reaction for reductive
amination of aldehydes with nitrobenzene than did the related solution species
{846].

Palladium complexes of silica supported poly(ethenylpyrrolidone) were
'shown to be catalysts for the reduction of nitrobenzene to aniline, under mild
ponditions. The catalyst was rather stable and reusable. XPES was used to
gemonstrate that oxygen and nitrogen were the ligating atoms at palladium
t::]. A palladium complex of silica supported 3-(3-Ph,PCgH,)propylsiloxane

ted similarly [548].

In the hydrogenolysis of allyl derivatives in the presence of palladium(0)
pata]ysts it has been shown that the site of the double bond in the product
may be controlled by the nature of the hydride source. The use of [NH, ] EHCOO]
Tesulted in  the formation of 1-alkenes, whereas Li[BEtsH] and

(CH3)2CHCH»},ATH ylelded 2-alkenes, with high maintenance of double bond
stereochemistry [549]. Using polymethylhydrosiloxane as the hydride donor
reswlted in clean hydrogenolysis of 310, mainly with retention of the double
Mend position. The use of BuySnH led to the formation only of the elimination
product, 4-phenyl-1,3-butadiene [550]. Hydrogenolysis of 311 was accomplished
uwsing a dihydropyridine as the hydride source, 1in the presence of

Redeorences p. 516
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[Pd(PPhy),1/L1[C10,]. A mixture of alkenes was formed in rather low yields;
rhodium complexes were better catalysts [551].

OCOMe
A PA(0), PMHS N . 7
68 % 11 %
310
CONH:z
Pd(PPh
el VA W L[Pd(BPhs )ud, N 4 o N\
7 15.4 % 30.8 %
Pr
3L

Hydrogenolysis of alkenyl sulphones occurred on treatment with BuMgCl in
the presence of NiCl1,/L, [Pd(acac),] or [Pd(acac),]/PBus. Very little coupling
was noted [552]. Aryltrimethylsilanes could be protodesilylated in a reaction
catalysed by Li,[PdC1,] [553].

There has been a quantum chemical study of methane activation by Pt(II)
complexes bearing Cl, H,O or OH 1ligands, using the CNDO MO method. It was
deeduced that the most probably reaction path involves simultaneous
cocrdination of the CH, to the platinum centre and the oxygen atom of the
1igand [554].

The activity of the species [Pt(H,0) Ll )% (n = 1,2,3 or 4) for H/D
exchange 1in alkanes was directly related to the distortion energy of the
complex [555]. Faor the complexes with n =0 and 1, the total coordination
energy of coordinated alkanes was calculated. It was deduced that the rate
controlling step in the reaction was reductive elimination from a binuclear
complex [556]. Oxidation of methane by molecular oxygen in the presence of
Pt(11), Pt(IV) and HPA-6 was studied. The key step was reaction of CH, with
platinum(II) to give {MePt} and H* {557]). The oxidative dehydrogenation of
saturated hydrocarbons using Pd(II)/H.[S0,] also involved a C-H cleavage in
the rate-determining step, but this time via a cyclic transition state [558].
K.[PtC1,] was found to be the best catalyst for H/D exchange in most
heterocycles [559], but [Pt(en),]1Cl, was particularly useful for sulphur
containing heterocycles [560].
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13.2 Oxidation

) The uses of palladium complexes as catalysts for selective oxidation has
been reviewed, with particular reference to the oxidation of alkenes and
dienes [561].

There have been a number of reports detailing paltadium catalysed
oxidation of ethene. Ethane-1,2-diol monoethanoate was the main product in the
presence of PdC1,/LiC1/L1{NO3]/MeCO0OH/(MeC0),0 [562]. The reaction 1in the
presence of PdC1,/Fe[NO;];/MeCOOH gave the same product, and a mathematical
model was constructed for the reaction in order to optimise the conditions
[563]. With the catalyst system Pd(II)/HNO;/MeCOOH 1in dioxan, kinetic data
were interpreted in terms of the formation of a {Pd(NO,)} species [564,565].
The reaction of ethene with ethanoic acid in the presence of Pd(0COMe), and
Li[X03) (X = C1, Br or I) was first order with respect to palladium and less
than first order with respect to [X0;]”. The data were interpreted in terms of
a model in which a palladium alkene complex was initially formed and then
interacted with the oxidant [566].

When ethene was oxidised by MeONO/0,/NO in the presence of PdCl1,/FeCl,
supported on silica, the major product was MeCH(OMe), [567]. The clusters
K{Pdg(phen)(0COMe) ;C1,] and [Pdg(0,)3(phen)(0COMe);] were reported to catalyse
the oxidation of ethene to ethenyl ethanoate [568].

: Branched alkenes have been isolated from mixtures of linear and branched
alkenes by the selective oxidation of the linear alkenes in the presence of
i’dClz/CuCIz/RzNH [569]. Various 1-alkenes have been oxidised to methyl ketones

“;rin the presence of palladium catalysts. Propene was oxidised to propanone
using PdC1,/CuCl,/PhMe,N as the catalyst system, with 35 % conversion and
99.4 ¥ selectivity [570]. Palladium cluster complexes were also used as

talysts for oxidation of both propene and toluene [571]. In the presence of
Ml,/CuClz/PhH/[Rm]x as the catalyst system, 1-alkenes were oxidised to

) thy! ketones. The course of the reaction depended on the nature of the

ternary ammonium salt, with large lipophilic cations giving the best

1ts, although the reaction was not thought to take place in a micellar
vironment [572]. The presence of a quaternary ammonium salt also enhanced
telds in the oxidation of w-alkenyl esters such as CH,=CH({CH,)qCOOMe, which
gave CH,CO(CH,)gCOOMe [573]. The kinetics of 1-butene oxidation were studied;
selectivity towards 2-butanone decreased at temperatures above 130 ‘C [574].

T The oxidation of cyclohexene to cyclohexanone was reported to occur with
1+' conversion and selectivity in the presence of PdC1,/FeCl; [575,576].

The Wacker oxidation of 2~propenol has been studied 1n detail; deuterium
lLﬂHng studies implied that the oxidation followed the same route as for

WS p. 516
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other alkenes [677]. Oxidation of RCOCH=CH, in the presence of 1,3~diols gave
derivatives of aldehydes rather than ketones (for example reaction (28))
[578].

Home

RK/ ..N 02, PdCl2 M
—_—
0O OH R o

+
H CuClz (28)

Mono- and diethanoates were produced by the oxidation of 1~alkenes in the
presence of Pd(OCOMe),/MeCOOH/LiC1/L1[NO,], and rate constants for the
reactions were determined [579]. In the presence of ethane-1,2-diol, oxidation
of butadiene under Wacker condtitions gave 312 with good selectivity. Various
dichlorobutenes were detected in the reaction mixture, and may be

intermediates [580].

O\\—J/O

312

Oxidation of 1,5-dimethylenecyclooctane, 313, 1in the presence of
PdC1,/CuC1,/LiC1/MeCOOH gave a mixture of bicyclic species, with selectivities
which varied according to the reaction conditions. The intermediates 314-316
were proposed [581].

Oz, MeCOOH, LiC1 c C1 MeCOQ ct
PdC12, CuClz * +
313
MeCOOH
[MeCOO]INa

MeCOO, 0OCOMe
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314 316 316

The oxidation of toluene to PhCH,0COMe was accompliished in the
presence of Pd(0COMe),/Na[0OCOMe]/Cu(OCOMe),/active carbon, and optimum
conditions were established for the process [5682). For the reaction using
Pd(0COMe ) ,/Sn{0COMe) ,/K[0COMe], three kinetic stages could be distinguished.
It was suggested that palladium(0) clusters were formed and were the active
catalytic species, but 1ittle evidence was presented [583]. Fluorene was
oxidised to 317 and 318 by molecular oxygen in the presence of nickel or
‘pnlladium phthalocyanine complexes [584].

A OO

‘ The oxidative coupling of hydrocarbons catalysed by palladium(II) has been
T.vi.ued [585]. In the oxidative oligomerisation of benzene in solutions
#unta!ning PdSO, and H,80,, various terphenyl isomers were formed by a process
t¢h involved the formation of a o-aryl palladium complex as the rate
trolling step [586]. Routes involving palladium(I) and palladium(1lI) could
distinguished 1in the oxidative dimerisation of toluene wunder these
tions [587]. When thiophene was reacted in the presence of palladium(II)
h hydroxylated and coupled products could be isolated, probably both
erived from the same o-thienyl palladium intermediate [588].
Secondary alcohols could be oxidised to ketones by bromoarenes in the
ptesence of palladium(9) or palladium(II) complexes. The steps proposed are

shown in reactions (29)~(32) [589].

Rk-p. 516
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{PdL,) + ArBr ——— [ArPdL,Br] (29)
{ArPdL,Br] + RR’CHOH -——+ [RR’CHOPA(Ar)L,] + HBr (30)
{RR’CHOPd(Ar)L,] ~-— RR’C=0 + [HPdAri;] (31)
[HPdArL,] —-—= ArH + [PdL ] (32)

Catalysts for the oxidation of 319 included [PdL,C1,].H;0, [PdCuL;Cl;].H,0
and [PdNiL,C1,].H,0 in which L = methionine [590]. When PdCl, was used as the
catalyst for the oxidation of 320, both conversions and yields were low. Iron
and ruthenium salts were more suitable catalysts [591].

OH
Oz, catalyst 0
OH 0
319
OH
H202 , MXn, MeCOOH
320

There has bsen a kinetic study of the oxidation of CO to CO, catalysed bL
PA(II)/Cu(I)/Cu(Il). Palladium(I) and palladium(II) carbonyl complexes wer?
proposed as intermediates [592]). Thiocyanates, RNCS, were oxidised tb
cyanates, RNCO, in dioxan in the presence of PdC1, [593]. :

The acetal, 321, was oxidatively cleaved by Me,COOH in the presence ok
Pd(OCOCF3)(00CMey). PdCl, and [Pd(MeCN),) were also catalysts for the process)

but were less effective [594].

R O
>x< N(CHz ) Mes COOH . R/ﬁ\o/(c"")"OH
W\ Pd(OCOCFs ) (OOCMes ) |

313
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13.3 Reactions of carbon monoxide and carbon dioxide

Reduction of carbon monoxide by molecular hydrogen occurred in the
presence of [Buy,N]J[Rhy5(C0)s0) and [Bu,N][Pt;>(C0)24] (in the ratio 1:2) in a
solution containing M-methylpyrrolidine and (MeOCH,CH;OCHCH2),0, to give
ethane-1,2-diol, with 75 X selectivity [595). Among catalysts for the water
gas shift reaction were [PtC1,127/SnC1,/SnCl,, trans-[Pt(SnCl1,),C1,]%,
{PtC1, + 4PbC1,;} and [PL(CoH,)C1,5)™ [6986).

Rasearch 1into the hydroformylation process continues. Patents have

reported the use of [Pt(PPhy),{HP(=0)Ph,}] [597), [Pt(acac),}/SnC),/PPhy
[5981, [(DIOP)PtC1,1/PhaSnOCOMe [599] and [Pt(PhCN),C1,1/SnC1,/dppf [600) as
suitable catalyst systems, with varying selectivity. The system
(Pt(PPhy),C1,1/SnC1, catalysed only hydroformylation even at 100 ‘C in
ethanol with p(CO) = p(Hp) = 65 atm. The complex recovered from
catalytic solutions was [HPt(CO)(PPhy),}ISnCl,] [601]). The systems
cis-[PtL(PRy)C1,1/6nC1; (L = €O, R = alkyl) proved to better catalysts for
‘alkene hydroformylation than cis-[PtL,C1,]. When L = R,S or ArNH,, and R = Ar,
'‘the spacies were good catalysts for hydrogenation [602].
[{(-)~DBPIOP}PtC1.] was last year reported to be a superb catalyst for the
}asymetﬁc hydraformylation of ethenyl benzene. This year the spectacular
Iresults have had to undergo some modification, with the reported optical yield
reduced from 95 X to 73 %. The result remains impressive, when compared to
others in this area [603]. A polymer supported version of BPPM has resulted in
asymmmetric hydroformylation in up to 70 X% optical yield, but regioselectivity
was in this case very limited [604).

A number of hydrocarboxylation reactions have been reported. Using a
&ntaly't system consisting of NiI,/Mo(C0)g/PPhy/EtI, ethene was converted to
§LCOOM [605]. The presence of ethyl propanoate was reported to enhance yields
€608]. In the presence of PdC1,/FeCl,/HgC1,/L1C1/HC1, ethyne was converted to
E-CICH=CHCOOH, via chloromercury and chloropalladium intermediates [607].
Branched carboxylic acids were prepared by the reaction of 1-alkenes with
G0/H;0 1in the presence of PdCl,/CuCl,/0,/HCT [608]. Selectivities were
excellent, and substrates 1included «,w-dialkenes, and cyclic alkenes
[608]). Both cis- and trans-2-alkenes also gave species of the type
RCH(Me)COOMe, and 1-alkynes gave mainly Z-RC(COOR’)=CHCOOR’ [610]., By
contrast, selectivity for 1linear products was reported to be high 1in
the presence of [Pd(PPhy)2C1,]1/SnC1, [611]. When ethene was used as
the substrate and the catalyst system was [Pd(acac),]/Cu(OCH,CHOMe)C1,
MeOCH,;CH,0,CCH,CH,C0,CH,CH, OMe was the major product [se12].
Hydrocarboxylations of RgCH=CH, (Rp = perfluoroalkyl) were studied in the
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presence of a range of palladium catalysts; both (Pd(dppb)Cl,] and
[Pd(dppf)C1,] gave 1inear products with better that 99 % selectivity [613].
Hydrocarboxylation of butadiene proceeded with isomerisation to give 322
with 93.2 % selectivity in the presence of PdCl1,/Me,CHOH ([614]. When the
catalyst system was [{Pd(n®-C,Hg)C1},]1/[BusPICl, and the added alcohol was
ethanol, three isomers, 323, 324, and 326 were isolated [615]. Carbonylation
of the 1,4-diene, 328, was accomplished in low yield in the presence of
[Ni(C0),] [616]. Hydrocarboxylation of the diyne 327 in the presence of a
palladium(II) complex of thiourea gave a mixture of 328 and 329 [617].

/\/\002 —< N Ncoret
322 323
co
AN AN
COz2Et
324 325

[Ni(CO)s], CO_
5 % o

0

326

>L= >I_/ >__/

= CO, ROH, PdX2
HN _ thiourea * HN + HN COOR

>l >1 \ >| N
COOR

327 328 329

carbonylation of iodobenzene 1in the presence of ([Pd(PPh3),Ci;] in a
solvent mixture of py, (Me,N),PO and PhMe gave PhCONMe, [618]. The kinetics of
the reactions of other aryl iodides in methanol to give methyl benzoate
derivatives were investigated [619]. When the carbonylation of aryl halides
was carried out in the presence of [Pd(PPhy),]}/Zn/Cu/thf/RX the major product
was ArCOR. 2-Substituted aryl halides were poor substrates [620].
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Carbonylation of allylic halides 1in the presence of [Pd(PPhy),]/BusSnH
resuited in the formation of the aldehydes in good yield [621]. RC(Me)=CHCH.X
reacted similarly using CO/H,/[Pd(PPh;y),Br,], but under these conditions allyl
bromide was not a suitable substrate and polymerised easily [622].

Carbonylation of methanol in the presence of PtC1,/Co(OCOMe),/L1iI/H, at
195 'C gave ethanal, with modest conversion [623). Ethanol reacted with
C0/0,/PdC1,/CuCl,/EtyN/PhNO, to give Et0,CCO.Et with 75 % selectivity. In the
absence of the nitrobenzene the selectivity was significantly lower [624].
Benzoguinone was also used successfully as an oxidant for this process [625].
Methanol was oxidatively carbonylated to MeQOCOOMe by a mixture of CO and air
in the presence of a palladium amine complex and 3 A molecular sieves [626].

The oxidative carbonylation of ketene 1in -the presence of the

catalyst system [Pd(PPhy),C1,1/8nC1,/EtsN/Me(CH,),ONO gave CHo{CO>(CH,) Me},
as the main product [627]. Carbonytation of methyl methanoate to
‘ethanoic acid in excellent selectivity was achieved using
‘|[N1(PPh;.,)2(00)2]/[MO(CO)5]/MeI/PPh3 as the catalyst system [628). 1In
the presence of [Ni(CO),]/Mel/Nal/(MeC0),0/15-crown-5, methyl ethanoate
as carbonylated to give  ethanoic  anhydride [629], but when
M'I,/RhClalPPhalnaI/HeCOOH/Hz was used, the sole product was CH3CH(OCOMe).
[030]. Oxidative carbonylation of thiophenes to give thiophene-2-carboxytlic
‘kc'lda was achieved in the presence of Pd(OCOMe),/Na[S;04] [631].

Carbonylation of aniline to give PhNHCOOMe was accomplished with
good yield and very selectively in the presence of either
¢0/02/Pd012/Fec13/HeOH/magnesium silicate or C0/0,/PdC1,/FeC1;/MeOH/molecular
éiovo [632,633]. Double carbonylation of secondary amines to give R,NCOCONR,
\ivu reported to occur in the presence of [NilL,Br,]. Intermediates such as
ﬁL,}H(CONHR)ZJ were proposed. Oxalate derivatives could be similarly prepared
firom alkoxides [634].

Carbonylation of 2,4-dinitrotoluene to give the bis(isocyanate) was
ported to be catalysed by [Pd{quinoline),C1,). Addition of molecular

lorine as a cocatalyst gave increased yields [635]. Modest yields of
R were obtained from ArNO,/CO/ROH in the presence of PdCl,, deposited
an NaX zeolite, and promoted by FeCl, and pyridine [636]. Similar products

-

1]

re obtained using [Pt(PPh,),C1,]1/5nC1, as the catalyst system. The reaction

xS

proposed to proceed via the amine and the isocyanate [637]. In the
ce of CO/H,0 and a tertiary amine, ArNH, was the main product [638}. A
mixture of PhNH, and PhNO, was carbonylated in the presence of
1,/FeC1,/Me0H/H,, to give PhNHCOOMe with 94 X selectivity [639].
Carboxylation of benzene was reported to occur using CO/H,0/Pd(0OCOMe), ;
elds are thus far rather low, but this reaction holds considerable promise

feiid
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[640]. Reaction of 330 with CO in the presence of Li,[PdC1,] gave a mixture of
furans. The reaction proceeded via transmetallation followed by carbonylation
[641].

c1 Hac1 cl c1 COOMe
_ /"9 ¢co, Liz[Pdcle]
— [ ) ¢ [ +
H
0 0
330
cl
)2CO
I

o)

The carbonylation of E-ArCH=CHBr has been studied in detail under a
vartety of conditions. In a two-phase system (PhH/NaOHaq) with a phase
transfer catalyst, [(CgH;3)4NI[{HSO,]}, Ar-CaC-CsC-Ar was the main product in
the presence of [Pd(dppe),]. ArCH=CBr, gave the same result, but if the
solvent was changed to ROH the diacid ArCH=C(COOH), was formed. It seems|
1ikely that the reactions involve radical intermediates [642,643].

The reaction of 2-methyl-5-ethenylpyridine with CO and HCOOMe in the
presence of [Pd(dppb)C1,] was described in a patent to give 331. The mechanism
of the reaction has not been delineated [644]. The palladium catalysed
carbonylation/alkylation of norbornene has been further studied (reaction

(33)) [645].
CHO

COOMe

331

R
% + [RPA(PRs )zBr] KLOCOMe], %Pd(ma )2 (ocome) 2
R R R
COPA(PRs )2 (OCOMe ) - COOCOMe - COOR

(33)
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13.4 Hydrosilylation and Related Reactions

A silica supported poly(3-mercaptopropylsiloxane) complex of platinum has
been reported to be a catalyst for the hydrosilylation of 1t-hexene by
(Et0)3S8iH. It could be reused many times [646]. Good yields of Ph(CH;)aSiR,
were obtained from PhCHCH=CH, and R;SiH (Ry; = Mey.,.Cl,, n =1, 2 or 3) in the
presence of H,[PtClg] [647]. Hydrosilylation of 332 using HSi(OEt),Me and
"Ha[PtClg}, followed by treatment with Hx0, gave 333 [648].

1) HSi(OEt)z2Me, H2[PtCls]

M 20 win, 28 °C ’ ﬁ\/\/\
Ph 2) H202 " Ph OH

332 333

Alkenes substituted with polar functional groups have proved popular
substrates this year. Ethenyl ethancate reacted with HSiCl; in the presence
M2 [PtC14]/CH,=CHCH,0H/CH,=CHCH,0CH,C0,CH,CH=CH,  selectively to  give
K,WZCHZ,SiCB in 55 % yield [649]. The ethenyl silane CH,=CHSi{OR),
rc.ct.d with HS1(OR’), using either H,[PtCig] or [Ni(acac),] as the catalyst
to give mainly CHsCH{Si(OR)3},; exchange of the alkoxide moieties was faster
than hydrosilylation {650].
. There have been three reports of catalysts for the hydrosilylation of
%—-'QI:HZNHZ to R3S1(CHy)aNH>, namely [{Pt(4-ethenylcyclohexene)Cl,},] [651],
Ha[PtC1g]/RyN [652] and Ho[PtClgl/(CHy)sCHOH/KI nido-T,8-dicarbaundecaborate].
n this last example some kinetic data were reported {653]. Reaction of
jH:CHCHZOCOMe with HSiCl, in the presence of H[PtClg]l and
tethenyltetramethyldisiloxane gave MeCOO(CH,)3S1Cly 1n 70 % yield [654]). A
tnear product was also obtained from the reaction of Me3S10CH,CH=CH, and
$(OEt); in the presence of H,[PtClg] [655]). Modest ylelds of linear products
obtained under similar conditions for CH,=CHCH,C1 and HS1C1; [656].
Patents have reported the uses of platinum complexes as catalysts in
siloxane chemistry. The curing of ethenyl terminated polysiloxanes using
[PtC1;] was noted [657), and ethenyl terminated dimethylsiloxane gums were
prepared using a cyclohexene platinum complex as catalyst [658]. From 334,
cholesteryl-4-propenyl-2-oxybenzoate and pentamethylcyclopentasiloxane in the
pﬁesence of dicyclopentadienyl platinum dichloride, German workers were able
tq synthesise mesogenic cyclosiloxanes for electrooptical display devices
[659].

l!*neu p.516
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Ph

334

The reaction of cyclopentadiene with HSiMeCl, in the presence of
[Pd(R,S-PPFA)C1,], 335, gave 336 in 22-25 % enantiomeric excess. Less good
results were obtained in the reactions of t,3-cyclohexadiene [660].

: SiMeC12

335 336

There have been further reports of the hydrosilylaticn of 1-alkynes in the
presence of Hp[PtClgl (reactions (34) and (35)) [661,662]. With RC=CH and
HSiEts, and using [Pda(PPh3)4C12}{B,oCl;0] as the catalyst, RC(S1Ety)=CH, and
E-RCH=CHS1Et; were obtained in the ration 78:22 for R = Bu and 44:56 for
R = Ph. For R = Bu, and using [Pt(PPhy)5C1]1{B,aC1,0] as the catalyst, only th&
1inear product was obtained, in considerable contrast to the reactions in th¢
presence of H [PtClg] [663]. Reaction of RCmCSiMe; with HSiCl, in the prasenc?
of H,[PtClg] gave exclusively 337, which was used 1in a synthesis of
x-silylketones [664].

Ph
. Hz [PtCle ] SiEta
= e =
Ph-= + EtsSiH o’ \/ o (34)
EtsS1
79 % 21 %

Hydrosilylation of propanone with HSiMe(OMe), gave CH,=C(Me)OSiMe(OMe),.
The catalysts employed included Ni(SPh),, Ni(SC;2H,g)> and NiCl1,/HSiEts/PhSH
f665].
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Ho—= + RIRZSiH: H;([)p;g];] Ho—l—cu =CHSiHR! R2 (35)
R

R SiMes

>_=/

Cl13Si

337

Silyimetallation of RCsCH with PhMe,SiLi occurred in the presence of a
range of platinum and palladium complexes and MX (MX = MeMgI, Et,AlCl or
ZnBr,) to give mixtures of 338 and 339. Reasonable selectivity for either
product could be achieved. Using cis-[Pt(PBuy),C1,] as the catalyst and MeMgI
as the addend, 338 was favoured by >99:1, but 1in the presence of
(PA{P(2-MeCgH,)3)}2C1,] and with Et,A1C1 as the addend, 339 was favoured by a
factor of 85:15 [666].

R R
SiMez2 Ph PhMe:z Si

338 339
13.5 Other Additions to Carbon-Carbon Multiple Bonds

The addition of HC1 to ethyne 1in the presence of PdCi,/FeCl, gave
¢hloroethene, but also yielded i-chlorobutadiene and a range of products of
Axidative oligomerisation. Kinetic data indicated a mechanism involving
élPd(CH:crl),,Cl [667). when the catalyst system was PdC1,/FeCl3/HgC1,/LiC1, the
Mor product was 1-chlorobutadiene. The mechanism proposed involved both
J;hloromercury and chloropalladium alkene derivatives ([668].

: Hydrocyanation of alkynes has been reported to be stereospecifically cis
in the presence of [Ni{P(OPh),},]. Regloselectivity towards the branched
products, RC(CN)=CH,, was about 90 X for 1-alkynes [669]). An equilibrium
n‘let.ure of 3-pentenenitrile (98 X) and 4-pentenenitile (2 %) was hydrocyanated
in the presence of [N1{P(0Ar);},1/PPhy to give NC(CH,).CN as the major product
[670].

! Cyclopropanation of ethenylbenzene by N,CHCOOEt was catalysed by
PJI(OCOMe)z, to give 340 and 341 in the ratio of 2:1 [671). Alkenes bearing

Llces p- 516
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electron withdrawing groups (COOMe, CN, COMe or CHO) reacted with CH,X./Zn in
the presence of a nickel(0) catalyst and a Lewis acid to give cyclopropanes.
The mechanism proposed is shown in Scheme 9 {672]. A similar mechanism was
proposed for the cyclopropanation reaction of Z-dimethyl butenedicate in the
presence of [Ni(Z-dimethyl butenedioate),(MeCN)] [673].

Nl o,

PR’ “COOEt ‘COOEt

340 341

( Br
X X , CH2Br2 /
\&( N“K —_— /N‘l—&
Br X

X

CH2

li Zn or Ni(0)
Ni Ni=|| .
ZnBrz or NiBr:z

X X

Scheme 9 Mechanism of cyclopropanation of electron poor alkenes in the:
presence of nickel(0) complexes. The other ligands are omitted for clarity
[672].

Addition of an alcohol to 1,5,9~cyclododecatriene under pressure and 1n
the presence of PdC1,/CuCl,, followed by hydrogenation in the presence o
Raney nickel was reported to yield an alkoxycyclododecane [674]
Piperidine was added to dimethyl butenedioates 1in the presence o
[Ni(acac),1/PRIRZRI/Et A1 (R!-R?® = Ph or menthyl) to give chiral 342 but th#
optical yields were not stated [875]. Cyclisation of w-aminoalkenes in th#
presence of PdCl1,/CuCl, was used in the synthesis of heterocycles (foi-
example, reaction (36)) [676].

N COOMe

r
CCOMe

342
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4f\\//\\V/NHz PdClz, CuClz | (:j:L\ (36)

cis-Addition of MegSn, to 1-alkynes, RC=CH, in the presence of
[Pd(PPhy),] gave initially 343, but this was readily transformed to the
E-isomer at 70 ‘C [677].

Mes Sn SnMes

343

13.6 Isomerisation

The catalyst system [Ni(PPh3).(C0),]1/Et3A1,C13/A1,05 displayed high
activity for the isomerisation of 1-alkenes to 2-alkenes over a narrow
temparature range {678).

Conversion of 344 to 345 was achieved in the presence of
[Pd(4-MeCH SOMa-5),C1,]. Whilst the reaction proceeded well in the presence
of complexes of optically active sulphoxides, there was Jittie kinetic
resolution. The sulphoxide complexes alsc catalysed the cyclotrimerisation of
diphenylethyne [679]. The allylic transposition of 346 gave a mixture of cis~
and trans-isomers; the products were used in a synthesis of dl-sirenin [680].

CioHz1
\Y/“\ CioHz1 OCOMe
\/\/

OCOMe
344 345
N LPd(PPhs )4 ] A N
, 85-89 % p +
/
lMego N ) Mego CN ' CN
)
346 OCOMe
0 oC 7 : 3
30 oC 4 : 6
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The trans-cyclopropane carboxylic acid, 347, was prepared by the
isomerisation of either the cis-isomer or a cis/trans-mixture in the presence
of [Pd(PhCN),C1,] [681]. The carboxylate esters reacted similarly [682].

347

A number of pericyclic rearrangements have been reported to be catalysed
by palladium complexes. The cyclisation of 348 gave a mixture of 349 and 350
in the presence of PdCl,. The proposed intermediate was 351. Without the
electron withdrawing group clean Cope rearrangement occurred, but the
palladium complex of the Cope product is rather unstable in this case [683].
Substrates bearing additional methyl groups, however, underwent the Cope
rearrangement successfully [684].

EtO2C Et02C EtO2C
N pdciz, 25 °C

348 349 350

PdLC12
EtO2C

Cl

351

The Cope rearrangement of 352 gave the unsaturated ketone 353 in the
presence of [Pd(PhCN),Cl1;]; stereoselection was generally good [685]. Fnrthr
examples of this process were described in a patent {686]. The hetero Clatses
rearrangement of 354 was catalysed by [Pd(PhCN),Cl,]. The ratio betwesn the
products 355 and 356 depended on the substituents (355:356 = 88:12 for R} = H
or Me and R2, R = H; 356:356 = 30:70 for R! = H or Ph, RZ = Me, R? z N)
[687].
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, R? R? R¢
R N R2
[Pd(PhCN)2C12} 7 R1
R1
HO / R*
352 353
R? R1

N N
Xr,
Rz/\/ RZW

R3 R?

355
I .
R? I/N\rJ Q Re R1 \(/N\N N’RS
LA — &N
354 356

Reaction of 357 with palladium(0) gave a mixture of products, via a
§n3—buteny1 palladium complex [688].

s 0
i . i
(Eto)zPoo” NN\ PAO) |\ N | (Et0ys ps” NN 4
357 93 %
+(Et0)2 P8~ 0
] i )\/
0 (Et0)2P-S
2 %

! The complexes [Pd(nbd)C1,] and ([Pd{PhCN).C}.] were used to catalyse the
ﬂmr‘lsation of quadricyclane to norbornadiene. Various mechanisms were
'Qsmiﬁred, and 8§ procees involving radicals was favoured ([689], The
&nn’rﬂon of diethenylcyclobutane to 4-ethenylcyclohexene was catalysed by
rlljch'l complexes of 358. The asymmatric induction was identical to that
dhlrved in butadiene dimerisation, since both reactions proceed via 359
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[690]. Reaction of 360 with [{Pd(n3-CyHg)C1},] gave 361. The reaction

mechanism suggested involved oxidative addition to give 362 followed by a
1,3-shift [691].

o]
/menthyl AN
P I
O/ /N1\/

L
358 359
360 361
M
rd
o)

362
13.7 Substitution of Allyl Derivatives

There have been several reviews of transformations via palladium allyl
complexes [692-694].

There have been many more examples of allylic substitution of allyl
ethanaotes by nucleophiles in the presence of palladium(0) complexes. The
cyclohexenyl derivative, 363, was substituted by either Li[PPh,] or
Li[P(=S)Ph;]. The yields were excellent with the phosphine sulphide, but were
poor with Li[PPh,] [695]. There have been several reports of the reactions of
enolates with allylic ethanoates (reactions (37)-(40)) [696-699]. i

A range of allyl derivatives (X = OH, OMe, OEt, SH, SMe or indole), 364,
reacted with Grignard reagents in the presence of [Ni(PPhy),C1,) [700). In the
reaction of zinc metal and CF3I with PhCH=CHCH,Br 1in the presence of
Pd(OCOMe),, to give PhCH(CF3)CH=CH,, the 1ikely intermediate is CFaZnIl [701].
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Allyl ethers and allyl ethancates reacted with PhSO,H in the presence of
[PdL,], prepared in situ from [Pd(acac);)/PPhy/Et;A1 [702). Grignard reagents,
however, successfully displaced PhSO, groups from PhSO,CH,CH=CH;, 1in the
presence of PdCi, or {Pd({acac),], but the reactions were low yielding [T703].

S

Liben i
i ] 2
e t—————
O—-ocone CETGTeTS OPth
85 %
363
Ph\ 0 Ph\ (o]
':’ l >—/\ocone [Pd(PPhs )4 )
N N (37)
W PPha , t.hf o’ N\
0 Q
OBEtakK
O . Mecoow [Pd(PPhs )4 ]
o
= = {38)
(o} 1) KH or K[N(SiMes )21 0
)\(m 2) BEts , R! '
R 3) P ,[Pd{PPhs }4] R " come (39
R2 Y R2
c1

4) Hg(OCOMe)2, HCOOH

Raderences p. 516



0
COOMe
- [Pd(PPhs )« ]/dppe
Mes § i OCOMe + 3
NS d DBU or K[OCMes ]

o (40)

COOMe

Ar? X [Ni(PPhs )2C12] Ar! Ar2
+ Ar? !
A\ + Arzmgsr o AV

heat

364

Alkenylitin compounds reacted with allylic bromides with good retention of
stereochemistry (reaction (41)) [704]. The reaction of allenyltin derivatives
with PhCH=CHCH,O0COMe was 1investigated. Generally both allenyl and alkynyl
substituted products such as 365 and 366 were obtained, with the
regioselectivity depending on the substitutuents on the allyl group. The
mechanism and the side products of the reaction were considered in detatl
[705].

OMe
OMe COOEL
= Pd(dba)z] ~/ N\
Br\\//k\/coOEt + BuaSn/f_\\ L SPha (/\\/)\\/ (41)

Ph Ph
NAVAN NVAVAN
365 368

The reactions of nucleophiles with 367 have again been studied in detail,
Oxidative addition of [PdL,] invariably proceeds with inversion, with the
stereochemistry of attack on the palladium allyl complex being determined by
the nature of the nucleophile. Na[CH(COOMe),] and related anions, CpNa, and
11thium enolates attacked at carbon giving a substituted product with overall
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retention of configuration. Ethenyl alanes, Grignard and organozinc reagents,
and Na[BH,] attacked initially at palladium with subsequent transfer from the
metal to carbon, resulting in substitution with overall inversion.
Nucleophiles were also classified in terms of the regioselectivity of their
reactions with 368, Group A, soft nucleophiles such as NaCH(COOMe),, Bu;SnOPh,
NaCp and morpholine, attacked at the »-position, whereas group B, described as
intermediate, and including allyl silanes and tin enolates, attacked at the
o-position. The hardest nucleophiles, group C, comprising MeLi, PhL1, PhSnBu,,
PhznC1 and Na[BH,] gave rise to reduction [706]. In the related reaction of
369 (X = -00COMe or -00CCH,COMe) the cis-product 369 (X = OMe) was the major
species formed in the presence of Pd(0COMe),/PPhy [70T7].

OOMe OOMe OOMe
N
b/OCOMQ [PdLs ] fNu u
—l ———e
———me
367

Pd Ln retention

I

OOMe OOMe
r— v,
, “Nu

LnPdNu . .
inversion

OCOMe Nu Nu

Nu
ph/a*v/*\cu TPdLal Ph/A\VJ¢\CN and/or Ph/ﬁ\v/*\CN

368

o

369

Reaction of 367 with (Me3Si);Al1 in the presence of [Pd(PPhy),] gave 370
and 371 in the ratio 75:25, but when [Mo(CO)g] was used as the catalyst, 37t
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predominated to the extent of 70:30 ([708]. Both 372 and 373 reacted with

[acac]™ in the presence of [Pd(PhCN),C1,] to give 374 as the major product
[709].

OOMe OOMe
“SiMes SiMes
310 371
CH(COMe )z
y
OAc, ACO . o<:>
AcO OAc ©
372 373 374

A number of papers this year have reported the cyclisation of oxygen and
nitrogen nucleophiles onto palladium allyl complexes. With alkoxide
nucleophiles both spirocyclic and fused systems were prepared by an
appropriate choice of substrate (reactions (42) and (43)) [710). An allyl
benzoate was the substrate 1in reaction (44), which proceeded with good
chirality transfer in the syn-sense [711]. Two groups have approached the
synthesis of perhydrohistrionicotoxin via reaction (45) {712-714].

OCOMe
[PdL4 ]
<)/\/QH o % e
OSiEts

% [PA(PPhs )4 ] @7 (43)
“CCls, 95 %
o
¢l
[Pd(PPhs)4| '
HO = ﬁop EtaN N (44)
o ci
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OCOMe k\

[Pd(PPhs )a]l, EtsN (45)
MeCN, 150°C, 65 %
NHCH2 Ph

Allylic carbonates have proved to be popular and successful substrates
this year. Reaction of 375 with the anion of diethyl propanediocate gave mainly
monoallylated product, together with a little of the bis(allyl) species [715].
8ilyl enol ethers were used as nucleophiles towards allyl carbonates in
reaction (46); the alkoxide formed in the generation of the palladium allyl}
derivative removes the silyl group [716]. Enol esters were also suitable
substrates if MeOSnBu, was added to generate the tin enolate (reaction (47))
[717].

COOEt COOEt

O_ OEt
AN\ Ny NalCH(COOEt); /\\/*\COOEt + (4p\v)é\coost
0

[Pd(PPhs )¢ ]

major
3715
OTMS Q
QCOz2 R? [Pd(PPh3)4!
R1/*\b/A\RZ + N\ dope a1 g2 +C0?
+ R30OTMS
| (46)

OCOMe o
/A\V/A\ 0COzMe [Pd(dppe)z]
N\ + 1 2
R? R? éﬁ\v/ MeOSnBua R R (47)
i

Reaction of enol allyl carbonates with [Pd,(dba),]1/PPh, resulted in clean
and efficent allylation of the enolate. The reaction, (48), involves a
palladium allyl complex of the enolate [718). However, when the palladium
containing species was changed to Pd(OCOMe),/dppe/MeCN, the course of the
reaction was altered to give the enone (reactions (49) and (50)). The exact
nature of the palladium catalyst is crucial as reaction (51) shows [719].
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HC1
1c1co:/\/
0002 OPd
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Pd(o) (50)
“coz
oco:/v ) 0 0
y
) + + {51)
Pd{OCOMe )z /dppe
Pd(OCOMe)2 + 2PPhs 69 18 10
[Pdz (dba)s 1.CHC13 5 o5
+ dppe
[Pd(PPhs )¢ ] /dppe 5 a3

The use of alkenyl epoxides as substrates has this year been exemplified
by reaction (52); the exact nature of the nuclecphile proved to be crucial in
this case, and it was suggasted that this depended on the ease of its
absorption by the polymer {720].

OH

0
(CHz)d

(cnz)s/n\ (:)upd(O) $02Ph )
CHz (52
i \ o} A 502 Ph
CHz (S02Ph )2
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There 1is considerable interest 1in achieving enantioselective allylic
substitution in the presence of chiral catalysts. In this context the
formation of 376 from either 377 or 378 was investigated. Subsequent
complexation with di(+)campholoyimethane revealed that chirality transfer was
essentially complete [721].

\Y/A\f’ Liz[PdC14] \v/“\v/ Li2 [PdC14] H\Yéﬁ\Tg”e

dX)z Ph M SiMes

R,E

376 an 3718

There have been two reports of the use of propargyl derivatives as
substrates for palladium catalysed substitution reactions. Treatment of 379
(X = 0COMe, OCOCF5 or 0SOMe) with PhZnCl 1in the presence of [Pd(PPhy),] gave
380 with good anti-stereoselection, although the mechansim bears 1little
relation to those involving allyl derivatives [722). Reaction of 381 with
EtaAl seems to have given 382 in the presence of NiCl, or [Pd(acac),], but
both were inferior as catalysts to FeCl, [623). Reaction (53) appears to be a
conventional allyl substitution, but the reaction mechanism was not
established [724],

_ BN phznct, [Pd(PPhs)e] PN PN
!x H H
379 380
7 Y 4
0COMe
381 382
OMe CR’'2
=_R< RZnCl, [Pd(PPha)s], >>_<< (53)
CR’2-—-0COMe R OMe

383 has again been used as an equivalent of trimethylenemethane, and its
paliladium complex has proved useful in cycloaddition reactions with alkenes
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bearing electron-withdrawing groups [725]. The reaction mechanism has been
investigated in considerable detail; deuterium labelling studies suggested
that 384 was a non—~symmetric species which may equilibrate [726].

weasiJ_jocone A

383 384

Reaction of either 385 or 386 with R'CHO and PPhy in the presence of
[Pd(acac),]} resulted in a substitution; the reaction mechanism is shown in
Scheme 10 [T727].

R2
R2 N RZ
4¢\T/ or f/A\V/ (Pdin], //T\v/ + HO- — RY—CHCH2 CH=CHR?
OH HO !

tPdL2 O—EPhs

l

RYCH=CH-CH=CHRZ +

HO-
385 386

- +
R'CHO + PPh3 ———— R'CH-O—PPha
PhaPO + H20

Scheme 10 Mechanism of substitution/condensation of 386 with aldehydes [727].

Deallylation of 387 was accomplished using 2-ethylhexanoate in the

presence of [Pd(PPhy),] [728].
RNHD-‘—-—‘l——
o”“'N\v/ii

¢00CH2 CH=CH2

>y
T

387

13.8 Coupling of Organometallics with Halides and Related reactions

couplings of Grignard reagents with aryl halides in the presence of nickel
and palladium complexes as catalysts have again been widely reported this
year. Reactions (54) ([729], (55) (730] and (56) [731] were the simplest
examples. In the reaction of 388 it was found to be advantageous to use two
molar equivalents of the Grignard reagent; the product was employed in a
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synthesis of cannabifuran [732]. The best catalyst for reaction (57) was
[Ni(H,0)(2-C1-benzothiazole)Br,1, and the mechanism suggested was not the
usual oxidative addition, but involved 389 [733]. Reaction (58) allowed the
preparation of 390, furoventaline, a marine natural product [734]. The
substitution of the chloro groups in 391 (X = C1 or F) proceeded selectively
and sequentially when R = alky) [735]. The conversion of the
dibromonaphthalene, 392, to the corresponding mono Grignard reagent, followed
by treatment with [Ni(acac),], resulted in the formation of a polymer. Several
related polymers were also synthesised [736].

R Bmg_<_>_<: I [Ni(dppp)Clz],

Br

T S

:

O <]

Fe (54)
{Pd(PPh3 )4 ] |
———f
/Y/ + PRI e % /‘V (55)
MgcC1l Ph
R? R?
P + ArX {Pd(dppb)Ciz] h ﬂ (56)
R2 N gX R2 ﬂ Ar
R R
OMe
OMe
[Ni(dppp)Clz] | Ph
1 + 2PhMgBr a8 %
OMe
OMe
388
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i + RMgx —NikzXz] i (57)
¢ /

N X N R

N Ax
L-Ni<R
|
L
389
M/Mgsqmtmml:»pp)cul
cl o
!
X (58)
0
390
¢l R R
X X X
, N
r‘\ RMgX r‘\ R'MoX N
/1\ [Ni(depp)Clz] A/ [Ni(dppp)Clz] /k/
e’ W c1” N R N
391

Br MgBr
Mo, the ‘0 (' (acse)
Br Br
392 l l In
(

Enantioselaective coupling of 393 with halobenzenes was accomplished in the
presence of [NiL¥;X,] (L*, = PROPHOS, CYCPHOS, PHEPHOS or CHIRAPHOS) in up to
50 X enantiomer excess. The reaction appeared to be a complex cne with a
strong dependence on the nature of the halide and the solvent [737].
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MgX - Ph
/y +phxt_m_t_=&L/Y + NN

393

Aryl thioethers have also proved to be suitable substrates. In a study of
the reactions of 394 the methylthio substituent was the more easily displaced,
and good selectivities for the monosubstituted product, or for the products of
substitution by two different Grignard reagents, could be obtained [738].

SMe R R
+ RMgX [Ni(PPha)zC1zl [Ni(PPha)zC]z;
R’MgX
N
SCHMe? \SCHMez \R’
394

Other organometallics have also found wide uses in this coupling reaction.
Both aryl and alkenyl halides were readily substituted by organozinc compounds
in the presence of [Pd(PPhy),], and [Ni(PPhy),] was a useful catalyst for the
aryl halide substrates [739]). Alkoxyallenylzinc halides reacted similarly
(reaction (59)) and 395 provided a synthon for the anion of an enone [740].

OMe OMe
-\\'_t>=_=<: + apg LPd(dba)21/PPha ;—\\——t>=‘ﬁ< (59)

R ZnCi R Ar

395

In the presence of ijodide anion and [PhPd(PPhy),I}, R.Hg reacted with aryi
halides to give mainly RAr, with the formation of the homo coupled products
being supressed by the iodide. The reaction proved particularly sensitive to
oxygen, sfince this removed the I~ by oxidation [741]. Thienyl mercury
}derivat1ves were coupled with aryl or pyridyl iodides in the presence of
\[PhPA(PPhs) 11, [Pd(PPh3),C1,] or [PA(MeCN),C1,] [742].

w Organotin compounds, RSnMe, (R = Me, alkenyl, aryl or PhCmC), coupled with
aryl, alkenyl and heteroaryl halides 1in the presence of [PhPd(PPhy),Il,
although some homo coupling did also occur [T743). Ary) diazonium compounds
r-ncted similarly [T744]. Using BusSnNEt, as the attacking nucleophile allowed
the direct conversion of aryl halides to anilines, when [Pd{P(2-MeCgH,)3}2C1,]
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was used as the catalyst [745]. Tin enolates, formed in situ from enol
ethanoates and BusSnOMe, were coupled with bromobenzene in the presence of
[PA{P(2-MeCgH4)2}2C12]1 [746]. It was necessary to convert organcboron
derivatives such as 396 to the corresponding ate complexes, before reaction
occurred [747].

B(OH)2

[PA(PPh3 )4 ] “ 4|—R
|| ﬂ + R—IF 4|“X “Naz2 (CO3 ] E:—:g/ S

S S
)

396

The well-known coupling of 1-alkynes with aryl halides has continued to
find wide applications. Reaction (60) gave products which were used as the
precursors of bis(ethanoylarylene) carboranes [748], whilst reaction (61) led
to the synthesis of an interesting crown ether derivative [T749]. Derivatives
of nucleic acids such as 397 have been prepared [750,751]. The reactions of
HC=CCMe,OH have been used as an convenient equivalent for the reactions of
ethyne 1tself (for example reaction (62)) [752,753]. Diazonium salts, prepared
in situ, were suitable substrates (reaction (63)); in this case the product
could be desilylated wusing KOH/MeOH [754). The coupling of two molar
equivalents of phenylethyne with 398 gave 399; the reaction mechanism is shown
in Scheme 11 [755].

[Pd(PPh4)5C15) Ar2x, [Pd(PPhs)sCl15]
Artl + HCsCH ——-——-——-——- — Arl-CaCH -+ AriCsCAr? (60)
Cul, base Cul, base

R
/\ o 1 /\o A

o + R= [Pd(PPha)zCTz]¢ (o (61)

Cul
&)S &)9

Substitution of aryl halides by [CN]~ has been accomplished in the
presence of nickel(0) or palladium(0) catalysts. The continued application of

a reducing potential was shown to prolong the life of the catalyst, presumably
by regenerating an active species from deactivated complexes ([756]. The
addition of t8-crown-6 also enhanced the reaction of K[CN] in the presence of
[Pd(PPh;),], presumably by sequestration of Kk'. The reaction was also
successful with alkenyl halide substrates, and was in this case stereospecific
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1511,
R
I 4
HN ; HN I
0& 0}\N
o R—=, Cul, EtsN_ o
AcO [Pd(PPha )2C12] AcO/ \i :l
OAC OAc
397
COOMe ] COOMe
_ {Pd(PPhs )2C12] (62)
+ =CMezOH o~"5pry, EtsN -
Br COOMe & COOMe
HO l NaOH

COOH
y : COOH
HNOz , Me3Si-=
N *
Hz 'O'C”*"O‘"”‘ TPA(PPhs )4 ]
MeaSi-“.—_“—O—CHz—O—a—SiMes (63)

In the presence of either [Pd{PPhy),] or Pd(0COMe), aryl halides reacted
with triarylphosphines to yleld quaternary phosphonium salts. Substituents in
the 2-position of the aryl halide retarded the reaction [758]. When 400 was
rescted with P(OEt), in the presence of PdCl, a modified Arbusov reaction
occurred, via {ArPdX} [759].

Reduction of NiX; with lithium metal gave very reactive nickel powder,
which proved useful in catalysing the coupling of aryl halides to biaryls, via
[ArNiLX] [760].

Many of the reactions noted for aryl halides have analogues in the
reactions of alkenyl halides. Grignard reagents have besn coupled to
chioroalkenes th the presence of [Pd(PPhy)4q] or [Ni(PPhy),) [761], or
[MiLaCly) (L, = dppp, dppe or (PPhy),, reaction (64)) {762]. [Ni(dppp)Cl,]/I,
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was used as the catalyst for reaction (65) [763). Both cis- and trans-alkenyl

bromides were reported to react stereospecifically under these conditions
[764].

R R
2Ph-=, Cul, PPhs
{Pd(PPhs )2C12]
11
398
Pd(0)
R R R R R R
-
IL2Pd I LnPd I LaPd-lll I
Ph
|||

Ph

R R R R R R
—P31
YO
h | | |
Ph’ “PdL21 Ph” L

Ph

Scheme 11 Mechanism of coupling of phenyl ethyne with a 2,2’bis(iodo)biphenyl
in the presence of a palladium complex [755].

gr Q Q Q + P(OEt)s FdClz,

400

0
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NiL2C12]
MeaS'i/\MgC'I A 4 [NiL2Clz) /Y/ (64)
ct SiMes
4
MgC1
[Ni(dppp)Clz] (65)
* 4p\Br 12
V4 V4

Some more unusual leaving groups have been investigated, 1including
substrates such as alkenyltelluro ethers (reaction (66)) [765] and mixed
alkeny] phosphates (reaction (67)) [766].

Ph TePh Ni(II) or Ph R Ph +

PhR (66

RMgBr + "N/ Tmam® M= * \= (86)
R

AN/ . I\
N +RMgX [m(dppp)c”]ﬁ/VR (67)

OP(OEt)2
1]
o

The enantioselective coupling of branched Grignard reagents with
bromoethene has been studied in the presence of complexes of 1ligands of the
‘type 401, prepared by reduction of amino acids (reaction (68), M = Pd or Ni,
L = 40t). Enantiomer excesses up to 83 X were obtained [767]. With organozinc
compounds and ferrocene derived 1igands such as 402 (reaction (69)) optical
yields ranged up to 868 X, with excellent chemical yields [768].

R
Mez2 N PPh2

401

[ML2CY2] A/
ArAHgCI * /\Br ar’ N 2 ArACOOH (68)
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Reactions using the customary range of other organometallics have been
reported, including (Me;Si);Al1 (reaction (70)) [769]), R.Sn [770], tributyltin
enolates [771], and a wide range of alkenyl copper compounds (reaction (71))
[772,773]. Reactions of alkenyl boronates, prepared 7n situ, were generally
stereospecific with respect to both components (for example reaction (72))
[774]). The organozinc derivatives of enol ethers such as 403 reacted readily
with iodoalkenes in the presence of [Pd(PPh;),]; 403 is an acyl anion synthon
[775]. Reaction of HP(0)(OEt), with alkenyl bomides in the presence of
[Pd(PPhy)4] and EtaN gave alkenyl phosphonates with high stereospecificity
[776].

402
R Ar
A * N\, 402, S (69)
Ar” Znx ROA D

I SiMes
AU [PAPPh )] o i N (10

(Me3Si)3Al + CsHin 83 %
> 95 % E

)2 CuMgX CsH1 1
{PA(PPh3 )4 ]

1) ZnBrz — :>=’\\_J/CSH1' (71)
I 94 %

Na{OEt]l, CeHe

B(OH)2
HO\V/A\V/A\V/A\V/A\v/ﬁ\v/ + /A\»/A\\ [PA(PPhs )¢ )
Br

HO AV (12)
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CsH11
Ott 4
1 (Pd(PPhs )4 ]
/*\ * \Vdﬁ\CsH11 \
ZnC} EtO
74 %
403

Alkynes reacted with allenyl bromides in the presence of [Pd(PPhy)s}/Cul
{reaction(73)) [777}.

Br H
Cul \\
Ph

Treatment of PhCeCBr with Me;SiCH(Ph)MgBr in the presence of
[Pd(R,8~PPFA)C1,], 402, gave 404 with up to 18 X optical yield [778].

SiMes

Ph-EE—it;-Ph
404

Few aliphatic halides undergo sufficiently facile oxidative addition to
nickel{0) or palladium(0) complexes to make them good substrates for ths
catalysed coupling reactions. o—Halo ssters are, however, an exception to the
rule, and two reactions, (74) and (75), in the presence of nickel complexes,
have been noted this year [779,780].

COOEt
Br
1) BuLi
2) ZnClz
» 74
3) [Ni(acac)z], PPhzCy (74)
Cl 4) 8rCH2CO0Et (]
NN EVAY

whilst the reactions of organometallic reagents with acyl halides might be
expected to be generally facile, this s not in practice invariably the case,
particularly with the derivatives of poorly electropositive metals. The
reactions of organotin compounds have been particularly studied [T81]). The
reaction of an ttibutylalkenyltin compound, 405, gave a product which was used
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in a synthesis of pyrenophorin [782). The allyltin compound, 406, gave rise to
both tinear and branched products in proportions which depended on the exact
reaction conditions, Only the allyl group was transferred and this is indeed
in which R = alkyl and R’ = alkenyl,
The related reaction of 407

quite generally the case for RySnR’
aryl, benzyl or CH,OMe [783].
proceeded in moderate to good yields [784].

alkynyl, allyl

COCEt .
B {NH4 1C1
r
MgC)
COOEL
CO2CHz Ph
o * = {PhCH2 Pd(PPhs )2C1]
‘ Bus Sn co
0S1(CMes )Phz s
4056
7 o2 CHz Ph
0S1i(CMes )Phz
coct
AWAN “pg" N
Rs3 5n + —_— +
406 Oz N 02N
NO:z
[Pd(PPh3)4], R = Me, 65 °C 50 50
(PhCH2Pd(PPh3 )2}, R = Bu, 65 °C 30 70
[{PhCHz Pd(PPh3 )2], R = Bu, 50 °C 17 83

OMe
==<i + RCOC1
SnMes

[PhCHz Pd(PPhs J2C1]

407

OMe
R ’ + MesSnCl1
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The mechanism of the reaction has been investigated. The first
intermediate which could be observed by nmr spectroscopy was [RCOPdL,C1], the
product of oxidative addition of the acyl halide to palladium(0).
Transmetallation of 408 was about 65 X stereospecific, with inversion of
configuration [785]. This process was solvent dependent, and the data were
consistent with electrophilic cleavage of the carbon-tin bond with
paliadium(II) acting as the electrophile [786].

408

The alkenylzinc compound, 409, reacted with ethanoyl chloride in the
presence of [Pd(PPh3;),Cl,]/dibah to give the enone, 410, in 77 % yield [787].
Alkenylcuprates have also been coupled with acyl halides in the presence of
palladium(0) complexes [788].

p CH3COCT, dibal_ .
/\/\/\K\an [PA(PPha)zClz] /\/\W

409 410

The reaction of aryl halides with BuzSnSnBusin the presence of [Pd(PPhy),]
provided a synthesis of ArSnBuy, for aryl groups bearing electron withdrawing
functionalities. It was essential to conduct the reaction under mild
conditions to avoid coupling of the aryltin compound with unreacted aryl
halide [789). The related reactions of ArCH,C1 with ClMe,SiSiMe,C1 were
investigated. The major product was ArCH,SiMe,Cl1 [790]. With ArCHCi, as the
substrate the reaction was greatiy more complex, with coupling as well as
substitution products being formed, their relative abundances depending on the
disilane used [791].

13.9 Oligomerisation, Polymerisation and Telomerisation
The dimerisation of ethene to butenes has been reported to occur in the
presence of [Ni(CO)o(PPhg),]1/ELt,A1CT5_p/A105 (n= 1 or 2) [792,793]. The

mechanism proposed invelved nickel bis(alkene) complexes and nicke)
metallocycles [794]. Ni(NOy), supported on silica could be reduced to
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nicke1(I) by molecular hydrogen, and was then used as a catalyst for ethene
dimerisation to give 1- and 2-butene in the ratio 1:48 [795]. The complexes
[(CcFg)N1(PPhy)oBr] and [(CgClg)Ni(PPhg)oC1] were useful catalysts for the
dimerisation of ethene in the presence of Ag[C10,]. Species such as
{ArNi(PPh;),(C10,)} seemed to be the active intermediates [796].

A catalyst system for the dimerisation of propene was prepared
from isoprene/(Et;A1),0/nickel naphthenate/Cy4P/2,4,6-trichorophenol [797].
Reaction of butene in the presence of Ni(OCOCF,){OCOCH(Et)Bu}/EtA1C], gave
85 x dimers [798]. Methyl propencate underwent tail-to-tail dimerisation to
give dimethy)l 2-hexenediocate in 93 X yield and with 93-96 % selectivity in the
presence of [Pd(MeCN),)[BF,],/L1[BF,] [799].

Silica supported [Ni(acac),]/{(CH3)>CHCH,};A1 was activated by heating to
give a catalyst for ethene polymerisation [800]. The complex 411 was a useful
model for the oligomerisation of ethene in the SHOP process. In 411 there
exists an equilibrating mixture of an allyl complex with an alkyl/nZ-alkene
containing species. Oligomerisation of ethene gave more than 95 % selectivity
towards linear atkenes. Insertion of ethene into a nickel hydride complex was
proposed as the key step in the reaction [801}. A closely related mechanism
was proposed for the oligomerisation of 1-butene 1in the presence of
[Ni(B-diketonato) (n®-CgH,4)]. In this case there was a linear relationship
between the acidity of the A-diketone and catalyst activity, and a nicketl
hydride intermediate could be trapped [802]}. Correlations of the 1inverse
volcano type between XPES data and catalytic activity were made [803].

Ph
2
Ph p
pL 4
\Ni/\)lc _—

411

When activated with a cocatalyst such as R,A1C1,_,, 412 was a very active
catalyst for alkene oligomerisation under mild conditions. It was also an
excellent isomerisation catalyst [804].

R1

S X
\Ni/

s pLiLzee

R2

R3
412
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The preparation of [Pd(MeCN),][BF,}, was described, and the complex was
used to catalyse the polymerisation of ethenyl benzene. 1,3-Cyclohexadiene and
norbornene were also converted to high molecular weight polymers. A number of
other reactions including alkylation of arenes, cleavage of strained
carbon-carbon bonds, and rearrangement of 3,3-dimethyl-1-butene were also
catalysed. In all cases the reactions were assumed to proceed via mechanisms
involving carbocations [805]. In a very poor paper the effect of platinum(1V)
salts on the copolymerisation of ethenylbenzene and 2-propene-1-ol was
examined. Unfortunately the authors appear to have some problem in
distinguishing between PtClg and H,[PtClg) [806].

The dimerisation of 1-alkynes to give 413 together with some higher
oligomers was catalysed by [Pd(acac),)/L/Et;N. The relative abundances of the
various products depended on the nature of L; the use of PPhy gave substantial
amounts of higher oligomers [807]. Two papers have reported
cyciotrimerisations of alkynes to give benzene derivatives. With phenyiethyne
as the substrate and [N1(CO),-,{P(OCHMe:z)s},) (n = 0,1,2 or 3) as the catalyst
1,2,4-triphenylbenzene was the main product, formed with more than 95 %
selectivity [808]. The oligomerisation of HCsCCMe,OH in the presence of

Ni(cod),] and a phosphine gave mixtures of arenes, together with 1linear
Fimers, trimers and tetramers [809].

R

rR=

N

413

The polymerisation of phenylethyne in the presence of [Ni(acac),}/PPhy was
reported to give water and methanol soluble polymer fractions. As the
phosphine concentration was 1increased both the reaction rate and the
proportion of the water soluble fraction were increased [810]. Phenylethyne
and 1,4-diethynylbenzene were copolymerised using this catalyst [81i], whilst
HCaCCH,OH and PhN(CH,Cm=CH), reacted in the presence of PdCl, [812]. The
complex [Ni(PPhy),C1,] was used to initiate the thermal polymerisation of ATS,
414 [813],

3-Methyl1-1,2-butadiene was polymerised in the presence of
[{N1(n®-C3Hg)Br},], via a 1iving chain mechanism. The initial reaction is the
formation of a 1:1 complex in which the allene has been inserted into the
nickel-carbon bond [814].
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i
V4
N 8] 0, Y
414

Cyclooctadiene was the principal product of the reaction of butadiene with
[Ni(acac),]1/HyA15(OCH,CHoOMe) 5 /P(OR) 5; the system for which R = 2-ethoxyphenyl
gave the most successful results [815). [Ni(n®-MeCHCHCH,)(PPhgy),]* was shown
to be a precursor of a catalyst for butadiene oligomerisation. The activation
of the catalyst involved the initial formation of 415, and a {Ni(PPh,),}
species was the true catalyst [816]. 1Isoprene was dimerised to
1,5-dimethy1-1,5-cyclooctadiene with gocd selectivity and conversion in the
prasence of [Ni(acac),]/Et,;A1/416, this system being considerably superior to
nickel naphthenate [817]). The silyl enol ether, 417, reacted similarly, again
with a high degree of regiochemical control [818].

(PhaP)zNi/A\Véct /A\Y/ /
AN N1 (PPhs ) . Ni(PPhs)2 "
NN AN A

415 + {Ni(PPhs )2}

Ni(PPhs )z — + {Ni(PPhs )z}
X

AN /
N avd

P( NMe2 )3

NMe2

416
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0SiMes

Ni(0), 90 %
. D ——
/\/\OSMes

“0SiMes

417

vVarious new catalyst systems have been examined for the polymerisation of
butadiene. With [Ni(acac),]/Et;A1,C15; the reaction rate increased with the
Al:Ni ratio, but molecular weight was decreased [819]. The molecular weight in
the reaction using Ni(octoate),/HF/Buy0/(Me,CHCH;)3;A1 could be regulated by
the addition of a non-conjugated diene such as 1,4-pentadiens [820]. The
strereochemistry of the polymerisation in the presence of a range of nickel
complexes was probed by a deuterium 1labelling study; the rate of allyl
isomerisation was critical [821]. Treatment of 418 (L = P(0Ar);) with
butadiene gave gave a catalyst which oligomerised butadiene to give mainly a
cis-product [822],

F\ /F

O/P\O /\// L
[<(-N1‘< >N'i—)>] [PFs] —— <(—N1'<
Lo

. [<(-—N1'</L ]+

OPOF2 g
#

Polymerisation of 2-chlorobutadiene in the presence of
[PA(Ph,PCgH,~4-S0,Na) ,C1,] gave an excellent yield of a soluble
trans-1,4-polymer. Long chain aliphatic thiols could be added as chain

418

regulators [823]. Copolymers of butadiene and ethenylbenzene, prepared using a
variety of nickel complexes with Et;A1,C15 as the catalysts, were subjected to
an analysis of their microstructures by 13C nmr spectroscopy. The cis-content
of the polymer decreased as the proportion of ethenylbenzene increased,
suggesting a diminution of the cis-control normally exerted by the catalyst
[824].

Reaction of methyl pentadiencate with [Ni(cod),] at 0 C gave initially
419, which could be easily converted to 420. If the pentadienoate, [Ni(cod),]
and PCy, were mixed at 0 C, however, 421, the product of tail-to-tail
coupling, was isolated as a single isomer. At 80 ¢ oligomeristaion gave five
isomers of cycloooctadiene dimers. Reaction with [Ni(bipy)(cdt)] gave 422 and
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423 [825].
COOMe COOMe
A PhsP\ AN
(cod)Ni— /Ni—
Vi Phs P #
419 420
Me0OC A COOMe
MeOOC (bipy INi—]
\
Ni(PRs) |
421 422
COOMe
|
] . |
(b1py)N1\\\‘ cooMe

423

Telomerisation of butadiene with water was once again shown to give a
mixture of octadienyl alcohols in the presence of [Pd(acac),]/PPhy/Et,Al. The
reactions of substituted alcohols were also investigated ([826]. The
telomerisation reactions of 1soprene were enhanced by the presence of CO,,
although isoprene dimers were still the major products [827). Mixtures of the
related octadienyl ethers were obtained from alcohols. Palladium complexes of
ligands of high basicity and small cone angles were the most active catalysts,
and dimeric alkoxy bridged species, which remained intact throughout the
catalytic cycle, were involved in the suggested mechanism [828].

Both addition and telomerisation occured 1in the reactions of arene
sulphonic acids with butadiene in the presence of {PdL,). The proportions of
the products, 424, 425 and 426 varied with the precise reaction conditions,and
very many data were recorded [829].

When an amino alcohol, RNHCH,CH,OH, was reacted with butadiens under
telomerisation conditions ([Pd(acac);] + 2 PPhy) the major product was the
octadienyl amine 427, although some branched amines and octadienyl ethers were
also formed [830]. Telomerisation of isoprene with piperidine in the presence
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of [Pd(PPhy),C1,] gave a complex mixture of products with Jow
regioselectivity. However, using Pd(OCOMe). + 4 P(OBu), as the catalyst system
gave mainly 428, together with a 1little 429 and 430 [831]). Another group
studied related reactions with a range of secondary amines, R.NH, in the
presence of {Pd{P(OR);},]. The reactivity of the amines was generally related
to their bulk, and the main products were the tail-to-tail tetomers such as
431, together with isoprene dimers [832). A1l of the possible telomers and
additon products could be obtained from the reaction of Et,NH with isoprene in
the presence of [Pd(acac),)/PRy, with and without BF;.0Et,. Without the Lewis
acid the main product was 431 (R = Et), together with a small amount of 432.
However, in the presence of BF,.0Et,, addition products predominated in the
presence of phosphite ligands, but with phosphine additives, 433 and 434 were
the main products [833). An 1interesting patent has reported the mixed
telomerisation of reaction (76), but the mechanism was not investigated [834].

802—(= ' 502 __/\/

R1 . R1
R? R2
424 425
Vi
X
<os —/\/\/\/
R1
R?
426
OH AN
ANNANNS CN/Y\/Y\
{
R
427 428

Telomerisation of butadiene with an alcohol in the presence of carbon
monoxide gave 435, when Pd(OCOMe), + 4R,P was used as the catalyst system
[835].
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429 430
A/\/\/\NRZ A/\A/\NEtz
431 432
“4 v RN
/A\Y/A\V/Q\Y/A\NEtz /A\T/A\V/*\V/A\Nstz
433 434
{ SN () [Pd(PPhs )41
79 %
COOEt

Et0OC. COOEt
7N / N\ 7 (16)
N

435

As previously reported, the telomerisation of butadiene with CO, may lead

to a wide variety of products. This year some very selective reactions have
been reported. In the presence of a palladium complex of a phosphine with high
basicity and high cone angle (such as PCyy; or P(CHMe,)3) up to 95 % of 436 was
obtained. Using PEt; or PBu; as the additive, the main products were 437 and

438 [836,837).
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/
A4
438 437
A 4 4
(o
WANANA
438

Isocyanides have been polymerised to the corresponding

ipoly(iminomethylene) derivatives in the presence of nickel(II). The course of
the polymerisation was very strongly influenced by the presence of additional
centres in the isocyanides which could interact with the metal [838].
i In the presence of a nickel(0) complex 1,4-dibromobenzene was polymerised
‘to polyphenylene. The nickel(0) was generated In situ by the electrochemical
reduction of [NiLy,X,}] (X =¢C1 or Br; L =PPhy or L, = dppe) [839].
Polymerisation of 2,5-dibromo-3-methylthiophene was effected using
[Ni(bipy)Cl,] as the catalyst in the presence of magnesium metal. The reaction
presumably proceeded via a Grignard coupling process [840]}.

Dimerisation of alkenyl halides to yield dienes (reaction(77)) occurred in
the presence of NiC1,/KI/Zn/KI. The degree of isomerisation in the product was
a function of the substituents [841]. Cyclodimerisation of 439 (X = Br or I)
gave either four or six-membered ring products in the presence of [Ni(PPhy),].
The ratio of the products was strongly dependent on solvent effects [842],

S >-x_< (17)
Br —
X Q P
>-_—§—< {Ni(PPhs )41 .

X Vs N

439
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13.10 Miscellaneous Coupling Reactions

The enantioselective reaction of Et,Zn with aldehydes was catalysed by
palladium or cobalt somplexes of camphor quinone oximes. Enantioselectivities
were in the region of 50 %, but the mechanism of the reaction remains entirely
obscure [843]). Silyl enol ethers were converted to tin enolates and reacted
with aldehydes in the presence of BusSnF and [Pd{P(2-MeCgH,)3}>C1,]. Yields
were excellent [844).

The reactions of a range of organometallics with diketene, 440, were
studied in the presence of nickel or palladium complexes as catalysts. Yields
were modest, and the reaction was thought to proceed via initial insertion of
nickel(0) or palladium(0) into the four membered ring [845]., The best catalyst
for the reaction with E-RCH=CHA1(CH,CHMe,), was prepared 7in situ by the
reaction of [Pd(PPh,),C1,] with dibah. Alkynyl zinc compounds also gave useful
reactions, but in this case nickel derived catalysts gave better yields [846].

A\ | 0
+ gy Satalyst /l\v/ﬂ\
R OH

0

440

Treatment of benzoic acid with BuMgX in the presence of ([Ni(dppe)Cl.],
gave ketones, generally with selectivities in excess of 90 X [847].

Reaction of c¢yclic ethers with acyl chlorides in the presence of
K[Pt(C,H,)C13] resulted in ring opening and coupling (reaction (78)).
Aliphatic ethers were not suitable substrates, and the mechanism of the
reaction was not discussed [848]. Intramolecular coupling of an alkene with a
chloromethanoate was accomplished in reaction (79) [849].

0
(/ N+ reoct NLPLCzHICTS] | conn(cHz JnezCl  (78)
CHz2)n

R2 R2
R‘W R1W R? R2 R? R2
o ¢l Fate) o PcIlCI - PdCl —
Y- N
) 0

(79)

.

Many more applications of the Heck reaction and related processes have
been reported this year. Aryl jodides underwent conjugate addition to enones
using [Pd(PPhy),(0COMe),] as the c¢atalyst. The mechanism 1involved the
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formation of ArPdX and addition across the carbon-carbon double bond [850].
Aryl halides were similarly added to dehydramino acids (reaction (80)) [851],
and propenenitrile (reaction (81)) [852,853].

COOMe COOMe
ArX + = [pd(pp;:;’c}’]= Arc (80)
NHCOMe NHCOMe

N
Pd(OCOMe )z , /
0Hc—<<:::>>—sr + /\en NaTocove] —PR: 0HC—<<:::>»_//F_?81)

The reaction of 1-acyl indoles such as 441 with propenoate esters was
catalysed by Pd(OCOMe),. The substrate for which R = H was converted to the
3-alkenyl derivative, but if the 3-position was already substituted (R = Me),
alkenylation occurred at the 2-position [854]}.

C

441

An intramolecular version of the Heck reaction was reported for 442. It
was noted that unsubstituted carbon-carbon double bonds were more reactive
than substituted ones, and that the rate of ring formation was in the order
5>6>7 [855].

Br
4)\\/ﬁkx//\»/ R NH P?gfsggrgjja Pd(PPhs )2Br
442 °
—_ —_— —
0 o’
60 X
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The reaction of arylmetal compounds with ethenyl benzene toc give
E-ArCH=CHPh was catalysed by H,[PtClg] in air. The best yields were obtained
from PheSn, but PhHg(OCOCF;), Ph,Hg and Na[Ph,B] were also reactive. A
mechanisim involving formation of [ArPtC1,(H,0)] was proposed [856]. Aryl
Grignard reagents underwent both addition and substitution reactions on
treatment with substituted butadienes in the presence of (Pd(MeCN),Cl,]
(reaction (82)) [B57). Organotin derivatives have been shown to react with
ketones in the presence of [PhCH,Pd(PPh3)»C1]. This process has now been
effected on halogenated ketones such as 443; reaction of the alkoxide produced
in the first step with the carbon halogen bond led to an efficient synthesis
of cyclic ethers [858].

R2 Rz

R? {Pd(PhCN)2C121] AN R?

7 N/ + ArMgBr * Ar +
R3
R?
Rz Rz Rz
R1 R1 R?
Ar N + Ar 7 + Ar 7 + ArAr
R3 R3 R? Ar

0
1
Ph)\/\cl [PhCHz Pd(PPhs )2C11 | Q</\ 7o x

Buz Sn{CHz CH=CH2z )2

443

The species ArT1(OCOCF;), were efficiently coupled to give biaryls in the
presence of Li,[{PdC1,]. No mechanism was defined but the reaction may be
assumed to proceed via formation of {Ar,Pd}, coupling, and reoxidation of the
palladium(0) by thallium(III) ([859). Coupling of [PhMg(bipy)Br]l to give
biphenyl was effacted by [Ni(bipy)X;]. The mechanism was complex, involving
Ni(I) and Ni(IIX) derivatives, and {(bipy)MgBr} "+ radical anions, which were
identified from epr data [860]. The treatment of [Ar,IlX with {Pd(acac),] and
zinc metal} resulted in the formation of the biaryl and aryl halides [861].

Organic halides, in particular aryl halides, have been successfully
reductively coupled by N H, or ArNHNH, in the presence of PdCl, or PdCl,/HgCl,
[862].

The coupling of bromocyclohexane with ethenyl benzene or methyl propenoate
was effected in the presence of [Ni(PPhy),C1,1/Zn. The two reactions differed
in their outcome in that ethenyl benzene yielded the substitution product 444
with better than 90 X selectivity, whereas with methy! propenacate the additon
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product 445 was formed, though in lower yield. The reaction mechansim was not
discussed [863]. The reaction of aryl halides with alkenes was catalysed by a
nickel(0) complex generated and regenerated electrochemically. The most
successful and the most closely studied reaction was between iodobenzene and
ethene to give ethenyl benzene [864]. A patent reported the reaction of
PhCH,C1 with ethene to give mixtures of ethenyl benzene and
E-1,2-diphenylethene in the presence of Pd(OCOMe),/PhCH.NMe,; there is no
indication of what would appear to be a most unusual reaction mechanism [865].

cy
Cy\/\ph " Ncoome
444 445

An intramolecular arene/aryl halide coupling was used in reaction (83) to
prepare a dibenzofuran {866). Aryl iodides have been reacted with (Et;Sn).$ in
the presence of [PhPd(PPhy),I) to give symmetric diaryl thioethers. The
process was also sucessful when alkenyl bromides were used as the substrates
[867]). 1-Alkenes were coupled with pentaborane, BgHy, to give 1- and
2-substituted alkenyl pentaboranes, under mild conditions, using PdBr, as the
catalyst [868].

Br
Pd(OCOMe )2 R
MeCONMez , Naz [COs ]

R/ ) R/ o)

(83)

A range of palladium allyl complexes, 448, (L, = cod, L = hmpt or PBu,,
X = [BF,] or L = PPhy; or methyl propenaote, X = [PFg]) have been used to
catalyse the Diels Alder reaction between butadiene and methyl propenoate.
Conversions were Jow and considerable amounts of 1Jlinear dimers were also
formed [869]. The cotrimerisation of the diyne 447 and a range of alkynes was
catalysed 1n good yield by nickel(0) phosphite complexes [870].

[—<("-Psz 1

446
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Rt

- | NH | — 4 Ri-=ge INI{P(OR)I}e], NH

R2

447

There have been further investigations into the reactions of methylene
cyclopropane in the presence of Ni(0) complexes. In the absence of other
alkenes the products were dimers and trimers (reaction (84)), but
cycloaddition occured using methyl propenoate with excellent selectivity
(reaction (85)). In the absence of added alkene 448 gave ring opened products,
but the cycloaddition reaction was successful, although a mixture of products
was obtained. The reactions of 449 were also studied, and the mechanisms of

these processes were discussed in detail [871].

A QD - A
NeSarate

AN Aeoone INiteotz], o)

> 90 %
COOMe

>A\ [Ni(cod)Zl /\/\ + /\/\ + /Y/

I [N1(cod)z ﬁ \ﬁ
COOMe COOMe

#coome COOMe
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, COOR COOR
+ [Ni(cod)2 + +

/\COOR COOR
60-81 % 19-40 %

449

Couplings to strained alkenes have again been investigated. Norbornene and
butadiene underwent 2+2 cycloaddition in the presence of [Ni(PPh;)zBr;]1 to
give 450 as the major product; the anti-stereochemistry was carefully assigned
[872]. Reaction of aryl bromides with norbornene in the presence of
[Pd(PAr;),1 gave mixture of 451 and 452, With (Et0),CH added as a cocatalyst
more 451 was obtained. The reaction was assumed to involve the oxidative
addition of the aryl halide to palladium(0) as the initial step [873). The
reaction of norbornene with alkynes in the presence of [Pd(PPh;),1 and
ammonium methanoate gave cyclopropanes via the mechanism of Scheme 12 [874].

4
/\//+ A [Ni(PPhs )zBr‘z]_; N 7
\
U H

60 % 12 %

450

Ar

lPd(PAr3)l.]
ArBr + 2 _— +
N02[C03]

451 452
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ﬁb RI
’ / — R

R _-Pd* R’
R [HCOOIINH,) R
— —_—
- Pd(0)

Scheme 12 Mechanism of palladium catalysed reaction of alkynes with
norbornene.

Reaction (86) provided a useful synthesis of (-aryl glycals. The reaction
was thought to proceed via addition of {ArPd(OCOMe)} followed by loss of
Pd(0OCOMe), or {HPd(OCOMe)} [875].

OAcC OAC

AcO AcO

Pd(OCOMe )2
OAc> + ary —SOCOMe)z (86)

= Ar
AcO
The intramolecular reaction of 453 in the presence of Pd(OCOMe), has been
reinvestigated in some detail. The assignment of structure 454 as the product
has now been confirmed by an X-ray diffraction study [876].

Pd(0OCOMe )2 |

0-Z

453 454

Treatment of ArCOCl1 with ethene in the presence of Pd(0COMe), gave
ArCH=CH, and/or ArCH=CHAr. The yield of the etheny) arene product increased
with an increase in ethene pressure. The reaction presumably involves
oxidative addition of the acyl halide to palladium(0) followed by a
decarbonylation [877]. A most unusual reaction of PhCH,NH, in CCl, has been
noted (reaction (87), R = H or CH,Ph). Both PdCl, and [N1(PPhy3),Cl,] were
catalysts, but in both cases rather inefficient ones [878].
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PRCH2NHz 4+ CClq — /l\ I ,ﬁ ] + (PhCHz )2NH +

Ph Ph PhCHO (87)
R R

13. 11 Other catalytic Reactions

Reaction of phenols with 2-methyl-2-chloropropane to give the aryl ether
was catalysed by ([Ni(acac);] in the presence of Na[HCO,) [879]. PdCl,
catalysed reaction (88), but it was not as successful as Cul [880].

/_<\ + HocHzcHzon M o o (88)
¢l c1 \—</

Hydrolysis of the disilyl enol ether, 455, wusing BuySnf and
[Pdf{P(2-MeCgH,)3}>C1,] was extremely selective for the unhindered site. Whilst
the reaction will work without a catalyst, it was accelerated dramatically in
the presence of the palladium complex {881). Reaction of a-haloketones with
BuySnSiMe, gave a mixture of the ketones and silyl enol ethers in the presence
of various palladium catalysts. In the reaction of PhCOCH,Br, the vield of
PhCOMe increased with temperature, whilst the best yield of PhC(0SiMe;)=CH,
was obtained at low temperatures and using PdCl1, + 2 P(OMe),; as the catalyst
system [882].

0SiMes
/ \ [(Pd{P(2- MeCsH4)3}zC1zl
Bu3s SnF
0SiMes
455
0
W 79 %

0S iMes
The oxidation of RCH,CH,CHO by Agl0SO,CF5;1/(Pd(PhCN),C1,]/NMethyl
morpholine gave E-RCH=CHCHO [883]. AM-Hydroxy compounds were oxidised to
nitrones in the presence of palladium black. Using PdCl1,, Pd(OCOMe), or
[Pd(MeCN),C1,] as the catalyst gave mixtures of nitrones and azoxy compounds,
456 [884].
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Conversion of WN,N’-diphenylurea to PhNHCOOEt was accomplished in the
presence of Pd(0COMe ) ,/Cu(0OCOMe),/CO/ELOH/2,3~-dichloronaphthoquinone/air
[885]. In the presence of NiCl,, PhCH,NBu, was converted to MeCONBu, by
ethanoic anhydride 1n excellent selectivity. wWhen PdCl, was used as the
catalyst a mixture of MeCONBu, (39 %) and PhCH,N(Bu)COMe (43 X) was produced
{886]. Ethanol was converted to ethyl ethanoate in the presence of a range of
platinum complexes; [PtXg]®~ gave the fastest rate [887].

The regioselective synthesis of chlorodeoxysugars 1in the presence of
[Pd(PhCN),C1,] has been described (reaction (89)). The stereochemistry of the
product was determined by the most stable conformation of the intermediate.
The reaction did not cause epoxide migration and could be used in the presence
of acid sensitive functional groups [888,888]. The palladium mediated
elimination of ethancate from 457 has been described; non-allylic oxygen
functions were not affected [890].

R? P R?
cl
2 0
[Pd(PRCN),Clp1 R a
— —
1 I \OAO/l 0R1 (89)
HO J * HO. | OR! HO
- pd OH
XN X
! o ) 0
= OH
7 [Pd(PPhs )4 ]
OH
OCOMe

457
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Palladium saits supported on Dowex-1, Amberlyst-27, or a polystyrene
diethenylbenzene copolymer, catalysed the conversion of cyclohexane
hydroperoxide to cyclohexanone and cyclohexanol, together with a small amount
of 2-hexenal [891]. Reaction (90) was promoted by Pd(OCOMe), [892].

NMe Na[NOz] NMe
Pd(OCOMe)z (30)

Me Me

The diazo compound 458 reacted with migration of one of the R groups in
the presence of PdC1,. The less substituted group migrated preferentially, but
selectivities were not in general very high [893). Elimination of RX and
migration of the aryl group 1n 459 were catalysed by PdC1, (894].

0 COOEL
. OH COOEt PdCTa R‘/ﬂ\Y/COOEt . R‘/A\Y/o
l N2
R2 R2 R2
458 1

0
o}
Ri/){\\ R’//\\f/
R?

R?

Rz
OR!
PdCl2, 20 h
-+——CH 2 : - +R1 X
Ar . REX  CiCH2CHzCT 80 °C Ar/}\coon1
459

References p. 516



516

14
1

2

©w oo

10

25
26
27
28

29

3

32
33

REFERENCES

Yu.N. Kukushkin, Russ. J. Inorg. Chem., 28 (1983) 1081; Zh., Neorg.
Khim., 28 (1983) 1907,

B.W. Fitzsimmons, Annu. Rep. Prog. Chem., Sect. A: Inorg. Chem., 79
(1983) 227.

J.G. Taylor and M.G.H. wallbridge, Annu. Rep. Prog. Chem., Sect. A:
Inorg. Chem., 79 (1983) 1982,

A. Yamamoto, T. Yamamoto and F. Ozawa, Yuki Gosei Kagaku Kyokaishi, 41
(1983) 827; Chem. Abstr., 100 (1984) 22676k.

H. Boennemann and B. Bogdanovic, Ger. Offen. DE 3,205,550 (1983);
Chem. Abstr., 100 (1984) 22805b.

0.N. Temkin and L.G. Bruk, Russ. Chem. Rav., 52 (1983) 117; Usp.
Khim., 52 (1983) 206.

A.K. Smith, Organomet. Chem., 11 (1983) 256; Chem. Abstr., 100 (1984)
51628b.

M. Das, Inorg. Chim. Acta, 76 (1983) Li11.

M. Blomberg, U. Brandemark, L. Pettersson and P. Siegbahn, Int. J.
Quant. Chem., 23 (1983) 855,

M.R.A. Blomberg, U. Brandemark and P.E.M. Siegbahn, J. Am. Chem. Soc.,
105 (1983) 5557.

T. Yamamoto, T. Kohara, K. Osakada and A. Yamamoto, Bull. Chem. Soc.
Jopn., 56 (1983) 2147.

S. Komiya, Y. Abe, A. Yamamoto and T. Yamamoto, Organometallics, 2
(1983) 1466.

. Boleslawski, S. Pasynkiewicz, W. Skupinski, T. Dluzniewski and
Kroenke, Pol. PL 119,439 (1983); Chem. Abstr., 99 (1983) 176079r.
. Nakazawa, F. Ozawa and A. Yamamoto, Organometallics, 2 (1983) 241,
Allmann and D. Kucharczyk, Z. Kristallogr., 165 (1983) 227,
Morvillo and A. Turco, J. Organomet. Chem., 258 (1983) 383.

. Morvillo, G. Faveroc and A. Turco, J. Organomet. Chem., 243 (1983)

>>EIHI

111

H.C. Clark, G. Ferguson, V.K. Jain and M. Parvez, Organometallics, 2
(1983) 806. '

G. Ferguson, M. Parvez, P.K. Monaghan and R.J. Puddephatt, J. Chem,
Soc., Chem. Commun., (1983) 267,

P.K. Monaghan and R.J. Puddephatt, Organometallics, 2 (1983) 1698,
Monaghan and R.J. Puddephatt, Inorg. Chim. Acta, 76 (1983) L237.
Kushch, V.V. Lavrushko, Yu.s. Misharin, A.P. Moravskii and
Shilov, Nouv. J. Chim., 7 (1983) 729.

Zamashchikov and S.A. Mitchenko, Kinet. Catal., 24 (1983) 215;
Kinet Katal., 24 (1983) 254,

Y-T. Fanchiang, J.J. Pignatello and J.M. Wood, Organometallics, 2
(1983) 1748.

Y-T. Fanchiang, J.J. Pignatello and J.M. Wood, Organometallics, 2
(1983) 17152,

E.W. Abel, M.Z.A. Chowdhury, K.G. Orrell and V. S1k J. Organomet.
Chem. , 258 (1983) 109.

E.W. Abel, K. Kite and B.L. Williams, J. Chem. Soc., Dalton Trans.,
(1983) 1017.

E.W. Abel, K.G. Orrell and A.W.G. Platt, J. Chem. So¢., Dalton Trans.,
(1983) 2345,

J.D. Scott and R.J. Puddephatt, Organometallics, 2 (1983) 1643,
S.S8.M. Ling, R.J. Puddephatt, L. Manojlovic-Muir and K.W. Muir, Inorg.
Chim. Acta, 77 (1983) L95.

S.S8.M. Ling, R.J. Puddephatt, L. Manojlovic-Muir and K,.W. Muir, J.
Organomet. Chem., 255 (1983) Cii.

R.H. Hi11 and R.J. Puddephatt, Organometallics, 2 (1983) 1472,

A.T. Hutton, B. Shabanzadeh and B.L. Shaw, J. Chem. Soc,, Chem,
Commun., (1983) 1053.

<>l—'0
<IT|>7<



34

35

37

38

39

40

41

42

43

44

45

55

56

57

58

60

61

62

63

64

65

66

R.J. Puddephatt, K.A. Azam, R.H. Hill, M.P. Brown, C.D. Nelson,

R.P. Moulding, X.R. Seddon and M.C. Grossel, J. Am, Chem. Soc., 105
(1983) 5642.

K.A. Azam amd R.J. Puddephatt, Organometallics, 2 (1983) 1396.

L.I. Elding, B. Kellenberger and L.M. Venanzi, Helv. Chim. Acta, 66
(1983) 1676.

J. Kozelka and W, Ludwig, Helv. Chim. Acta, 66 (1983) 902.

E. Dinjus, D. Wwalther, R. Kirmse and J. Stach, Z. Anorg. Allg. Chem.,
501 (1983) 121,

E. Dinjus, K.H. Thiele, G. Sonnek, K. Jacob and H. Reinheckel, Ger.
(East) DD 160,261 (1983); Chem. Abstr., 99 (1983) 212719k.

F.K. Schmidt, G.T. Ratovskii, T.V. Dmitrieva, I.N. Ivleva and Yu.

G. Borodko, J. Organomet. Chem., 256 (1983) 309.

J. Browning, G.W. Bushnell, K.R. Dixon and A. Pidcock. Inorg. Chem.,
22 (1983) 2226.

H. Lehmkuhl, C. Naydowski and M. Bellenbaum, J. Organomet. Chem., 246
(1983) C5.

vV.0. Efe and B.N. Ghose, Rev. Port. Quim., 25 (1983) 151; Chem.
Abstr., 101 (1984) 130854w.

R.D.W. Kemmitt, P. McKenna, D.R. Russell and L.J.S. Sherry, J.
Organomet. Chem., 253 (1983) C59.

K. Hiraki, M. Onishi, M. Hayashida and K. Kurita, Bull. Chem. Soc.
Jpn., 56 (1983) 1410.

B.K. Sahu and B.K. Mohapatra, Acta Chim. Hung., 113 (1983) 243.

A.R. Siedle, R.A. Newmark and L.H. Pignolet, Inorg. Chem., 22 (1983)
2281.

H. Werner and W. Bertleff, Chem. Ber., 116 (1983) 823,

L.I. Khomik, Izv. Vyssh, Uchebn. Zaved., Khim. Khim. Technol., 26
(1983) 664; Chem. Abstr., 100 (1984) 6799x.

S. Inaba and R.D. Rieke, Tetrahedron Lett., 24 (1983) 2451,

H.M. McPherson and J.L. Wardell, Inorg. Chim. Acta, 75 (1983) 371.
H.D. McPherson and J.L. Wardell, J. Organomet. Chem., 254 (1983) 261.
D.R. Leach, PhD Thesis, Iowa State Univ., (1982); Diss. Abstr. Int. B,
43 (1983) 3599,

G. Strukul, R.A. Michelin, J.D. Orbell and L. Randaccio, Inorg. Chem.,
22 (1983) 3706.

R.A. Michelin, S. Faglia and P. Uguagliati, Inorg. Chem., 22 (1983)
1831,

S. Sostero, O. Travesro, R. Ros and R.A. Michelin, J. Organomet.
Chem., 246 (1983) 325.

J.C. calbrese, M.C. Colton, T. Herskovitz, U, Klabunde, G.W. Parshall,
D.L. Thorn and T.H. Tulip, Ann. N.Y. Acad. Sci., 415 (Catal.
Transition Met. Hydrides) (1983) 302.

P. Diversi, G. Ingrosso and A. Lucherini, Inorg. Synth., 22 (1983) 167.

R.J. Puddephatt, ACS Symp. Ser., 211 (Inorg. Chem.: 21st Century)
(1983) 353.

C.N. Wilker and R, Hoffmann, J. Am. Chem. Soc., 105 (1983) 5285,

J.T. Burton, R.J. Puddephatt, N.L. Jones and J.A. lbers,
organometallics, 2 (1983) 1487.

A. Miyashita, Y. Watanabe and H. Takaya, Tetrahedron Lett., 24 (1983)
2595.

G.B. Robertson and P.A. Tucker, Acta Crystallogr., Sect. C: Cryst.
Struct. Commun., €39 (1983) 1354,

G.B. Deacon, P.I. Mackinnon and T.D. Tuong, Aust. J. Chem., 36 (1983)
43,

R. Usén, J. Forniés, F, Martinez, M, Tomds and I. Reoyo,
Organometallics, 2 (1983) 1386.

G. Loépez, G. Garcia, N. Cutillas and J. Ruiz, J. Organomet. Chem., 241
(1983) 269.

517



518

67
68

69
70

A

72
73

74
75
76
77
78
19

80
81

82
83

84
85
86
87
88
89
90
91
92
93

94
95

96
97
98

99

M. Anton, G. Muller and J. Sales, Transition Met. Chem. (Weinheim,
Ger.), 8 (1983) T79.

L.S. Isaeva, L.N. Morczova, V.V. Bashilov, P.V. Petrovskit,

V.I. Sokolov and 0.A. Reutov, J. Organomet. Chem., 243 (1983) 253.

A. Mantovani, J. Organomet. Chem,, 255 (1983) 385,

A.V. Kavaliunas, A. Taylor and R.D. Rieke, Organometallics, 2 (1983)
377.

G.B. Deacon and L.I. Grayson, Transition Met. Chem. {Weinheim, Ger.),
8 (1983) 131.

M.M. Brezinski amd K.J. Klabunde, Organometallics, 2 (1983) 1116.
G.G. Sanchez, G.L. Lopes, G.S. Gomez and M.D.S. Lario, An., Quim.

Ser. B, 79B (1983) 557.

G. Lopez, G. Garcia, J. Ruiz and N. Cutillas, J. Organomet. Chem., 246
(1983) C83.

G. Garcia and G. Lopez, An. Univ. Murcia, Cienc., 41, 1982-1983

(pub. 1983) 91: Chem. Abstr., 101 (1984) 23697a.

G. Lopez, G. Garcia, J. Galvez and N. Cutillas, J. Organomet. Chen.,
258 (1983) 123.

U. Bayer and H.A. Brune, Z. Naturforsch. B: Anorg. Chem., Org. Chem.,
38B (1983) 621.

U. Bayer and H.A. Brune, Z. Naturforsch. B: Anorg. Chem., Org. Chem.,
38B (1983) 226,

D. Xu, Y. Kai, K. Miki, N. Kasai, K. Nishiwaki and M. Wada, Chem.
tett., (1983) 591,

M. Wada and K. Nishiwaki, J. Chem. Soc., Dalton Trans., (1983) 1841,
M. Hvastijova, J. Kohout and J. Gazo, Proc. Conf. Coord. Chem., 1983,
gth, 121; Chem. Abstr., 99 (1983) 98217t.

M. Wada and M. Kumazoe, J. Organomet. Chem., 259 (1983) 245.

D. Carmona, R. Thouvenot, L.M. Venanzi, F. Bachechi and L. Zambonelli,
J. Organomet. Chem., 250 (1983) 589.

J. Jans, R. Naegeli, L.M. Venanzi and A. Albinati, J. Organomet.
Chem., 247 (1983) C37.

R. Usén, J. Forniés and P, Espinet, Synth. React. Inorg. Met.-Org.
Chem., 13 (1983) 513.

R. Usdén, J. Fornids, P. Espinet, F. Martinez, C. Fortuflo and

B. Menjon, J. Organomet. Chem., 256 (1983) 365.

L. calligaro, R.A. Michelin and P. Uguagliati, Inorg. Chim. Acta, 76
(1983) L83,

N.A. Anikin, A.A. Bagatur’'yants, G.M. Zhidomirov and V.B. Kazanski,
Russ. J. Phys. Chem., 57 (1983) 393; Zh. Fiz. Khim., 57 (1983) 653.
S. Sakaki, K. Kitaura, K. Morukama and K. Ohkubo, J. Am. Chem. Soc.,
105 (1983) 2280.

G.K. Anderson, Organometallics, 2 (1985) 665.

M.A. Bennett and A. Rokicki, J. Organomet. Chem., 244 (1983) C31.
V.V. Bashilov, E.G. Mednikov, V.I. Sokolov, N.K. Eremenko and

0.A. Reutov, Bull., Acad. Sci. USSR, Div. Chem., Sci., 32 (1983) 837;
Izv. Akad. Nauk SSSR, Ser. Khim., (1983) 932,

A. Mantovani, L. Calligaro and A. Pasquetto, Inorg. Chim. Acta, 76
(1983) L145,

A. Mantovani, Monatsh. Chem., 114 (1983) 1045,

R. Uson, J. Fornies, P. Espinet and E. Lalinde, J. Organomet. Chem.,
254 (1983) 371,

H. Lebmkuhl, C. Naydowski, R. Benn, A. Rufiriska and G. Schroth, J.
Organomet. Chem., 246 (1983) C9.

O.N. Shumilo, N.N. Bulgakov and V.A. Likholobov, React. Kinet. Catal.
Lett., 22 (1983) 87.

K. Hiraki, T. Itoh, K. Eguchi and M, Onishi, J. Organomet. Chem., 241
(1983) c16,

A. Behr, W. Keim and G. Thelen, J. Organomet. Chem., 249 (1983) C38.

100 H. Hoberg and D. Schaefer, J. Organomet. Chem., 251 (1983) C51.



101
102

103
104

106
106

107
108
109
110
111
112
113
114
115
116
17
118
119
120
121
122

123
124

125
126
127
128
129
130
131
132
133

134

D. Walther, E. Dinjus and V, Herzog, Z. Chem., 23 (1983) 188.

E. Dinjus, D. Walther, H. Schltz and W. Schade., Z. Chem., 23 (1983)
303,

D. walther, E. Dinjus, J. Sieler, N.N. Thanh, W. Schade and I. Leban,
Z. Naturforsch. B: Anorg. Chem., Org. Chem., 38B, (1983) 835.

H. Hoberg, B.W. Oster, C. Krliger and Y.H, Tsay, J. Organomet. Chem.,
252 (1983) 365.

H. Hoberg and B.W. Oster, J. Organomet. Chem., 252 (1983) 359.

M.D. waddington, J.A. Campbell, P.W. Jennings and C.F. Campana,
Organometallics, 2 (1983) 1269,

S. Cenini, F. Porta, M. Pizzotti and G. La Monica, Congr. Naz. Chim.
Inorg., [Atti], 16th, (1983) 50: Chem. Abstr., 100 (1984) 121334d.

G. Read, M. Urgelles, A.M.R. Galas and M.B. Hursthouse, J. Chem. Soc.,
Dalton Trans., (1983) 911,

W.F. Brill, J, Mol, Catal., 19 (1983) 69.

K. Sano, T. Yamamoto and A. Yamamoto, Chem. Lett., (1983) 115,

J.D. Koola and U. Kunze, Inorg. Chim. Acta, 76 (1983) L283.

Y.W. Chan, M.W. Renner and A.L. Balch, Organometallics, 2 (1983) 1888,
L.F. Halle, P.B. Armentrout and J.L. Beauchamp, Organometallics, 2
(1983) 1829.

A, Scrivanti, G. Carturan and B, Crociani, Organometallics, 2 (1983)
1612.

A. Scrivanti, G. Carturan and B. Crociani, Congr. Naz. Chim. Inorg.,
[Atti], 16th, (1983) 39; Chem. Abstr., 100 (1984) 103603m,

U. Belluco, L. Calligaro, R.A. Michelin and P. Uguagliati, Proc. Conf.
Coord. Chem., 9th, (1983) §; Chem. Abstr., 99 (1983) 88358a.

C. Herdeis and W. Beck, Chem. Ber., 116 (1983) 3205.

C. Bianchini and A. Meli, J. Chem. Soc., Chem. Commun., (1983) 1309,
A. Mantovani, M. Pelloso, G. Bandoli and B. Croclani, Congr. Naz.
Chim. Inorg., [Atti), 16th, (1983) 84; Chem. Abstr., 100 (1984)
103605p.

B. Crociani, F. Dibianca and A. Mantovani, Inorg. Chim. Acta, 73
(1983) 189,

R. Uson, J. Fornies, P. Espinet, E. Lalinde, P.G. Jones and G.M.
Sheldrick, J. Organomet. Chem., 253 (1983) C47.

H.C. Clark, V.K. Jain and G.S. Rao, J. Organomet. Chem., 259 (1983)
275.

$. Muralidharan and J.H. Espenson, Inorg. Chem., 22 (1983) 2786.

K.A. Mead, I. Moore, F.G.A, Stone and P, Woodward, J. Chem. Soc.,
Dalton Trans., (1983) 2083.

M.R. -Awang, J.C. Jeffery and F.G.A. Stone, J. Cheni. Soc., Dalton
Trans., (1983) 2091,

R.D. Barr, M. Green, J.A.K. Howard, T7.B. Marder, I. Moore and F.G.A.
Stone, J. Chem. Soc., Chem. Commun., (1983) 746.

G. Miller, D. Neugebauer, W. Geike, F.H. Kdhler, J. Pebler and H.
Schmidbaur, Qrganometallics, 2 (1983) 257,

N.L. Holy, T. Nalesnik, L. warfield and M. Mojesky, J. Coord. Chem.,
12 (1983) 157, .

W. Keim, A. Behr, B. LimbAcker and C. Kruger, Angew. Chem., Int. Ed.
Engl., 22 (1983) 503; Angew. Chem., 95 (1983) 505.

D.L. Beach and J.J. Harrison, U.S. US 4,394,322 (1983); Chem. Abstr.,
99 (1983) 1760663].

D.L. Beach and J.J. Harrison, U.S. US 4,382,163 (1983); Chem. Abstr.,
99 (1983) 21935t,

D.L. Beach and J.J. Harrison, U.S. US 4,377,529 (1983); Chem. Abstr.,
99 (1983) 5823z.

D.L. Beach and J.J. Harrison, U.S. US 4,377,528 (1983); Chem. Abstr.,
99 (1983) 5824a.

D. Fenske and A. Christidis, Z. Naturforsch., B: Anorg. Chem., Org.
Chem., 38B (1983) 1295,

519



520

135
136
137

138
139

140
141

142
143

144
145

146
147
148
149
150
151
152
153
154
155
156
157

158
159

160

161

162
163

164

165
166

P. Braunstein, D. Matt, Y. Dusausoy and J. Fischer, Organometallics,
2 (1983) 1410.

R. McCrindle, G. Ferguson, G.J. Arsenault and A.J. McAlees, J. Chem.
Soc., Chem. Commun., (1983) 571.

M.L. Illingsworth, J.A. Teagle, J.L. Burmeister, W.C. Fultz and A.L.
Rheingold, Organometallics, 2 (1983) 1364.

S. Al-Jibori and B.L. Shaw, Inorg. Chim. Acta, 74 (1983) 235,

A. Avshu, R.D. 0’Sullivan, A.W. Parkins, N.W. Alcock and R.M.
Countryman, J. Chem. Soc., Dalton Trans., (1983) 1619,

N. Barr and S.F. Dyke, J. Organomet. Chem., 243 (1983) 223.

A.D. Ryabov, V.A. Polyakov and A.K. Yatsimirsky, J. Chem. Soc., Perkin
Trans. II, (1983) 1503.

N. Barr, S.F. byke and S.N. Quessy, J. Organomet. Chem., 253 (1983)
391,

P.W. Clark, H.J. Dyke, S.F. Dyke and G. Perry, J. Organomet. Chem.,
253 (1983) 399.

G. Salem and S.B. wild, Inorg. Chem., 22 (1983) 4049,

V.V. Dunina, 0.A. Zalevskaya and V.M. Potapov, J. Gen. Chem, USSR, 53
(1983) 411; Zh, Obshch. Khim., 53 (1983) 468.

C. Arlen, M. Pfeffer, 0. Bars and D. Grandjean, J. Chem. Soc., Dalton
Trans., (1983) 1535,

A.D. Ryabov, 1.K. Sakodinskaya and A.K. Yatsimirsky, J. Chem. Soc.,
Perkin Trans., II, (1983) 1511%,

A.K. Yatsimirsky, A.D. Ryabov, I.K. Sakodynskaya and I.V. Berezin,
Dok1. Akad., Nauk SSSR, 270 (1983) 150 [Phys. Chem.].

v.I. Sokolov, L.L. Troitskaya and N.S. Khrushchova, J. Organomet.
Chem., 250 (1983) 439.

v.I. Sokolov, K.S. Nechaeva and 0.A. Reutov, J. Org. Chem. USSR, 19
(1983) 986; Zh. Org. Khim., 19 (1983) 1103.

v.I. Sokolov, K.S. Nechaeva and O.A. Reutov, J. Organomet. Chem., 253
(1983) C55.

D.M. Grove, G. van Koten, R. Zoet, N.W. Murrall and A.J. Welch, J. Am.
Chem. Soc., 105 (1983) 1379.

J. Terheijden, G. van Koten, J.L. de Booys, H.J.C. Ubbels and C.H.
Stam, Organometallics, 2 (1983) 1882.

J.N. Louwen, D.M. Grove, H.J.C. Ubbels, D.J. Stufkens and A. Oskam, Z.
Naturforsch., B: Anorg. Chem., Org. Chem., 38B (1983) 1657.

C. Arlen, M. Pfeffer, J. Fischer and A. Mitschler, J. Chem. Soc.,
Chem. Commun., (1983) 928.

P.1. Dmitriev, A.B. Shapiro, L.G. Kuz’mina and Yu.T. Struchkov, Dokl.
Phys. Chem., 271 (1983) 506; Dokl. Akad. Nauk SSSR, 271 (1983) 645
[Phys. Chem.].

R. McCrindle and A.J. McAlees, J. Organomet. Chem., 244 (1983) 97.
P.W. Clark and S.F. Dyke, J. Organomet. Chem., 259 (1983) C17.

A. Suarez, J.M. Vila, M.T. Periera, J. Filgueira, E. Gayoso and M.
Gayoso, Acta Cient. Compostelana, 20 (1983) 45; Chem. Abstr., 103
(1985) 37585r.

A. Suarez, J.M. vila, M.T. Pereira, J. Filgueira, E. Gayoso and M.
Gayoso, Acta Cient. Compostelana, 20 (1983) 55; Chem. Abstr., 103
(1985) 71468q.

Merck and Co., Inc., Jpn. Kokai Tokkyo Koho JP 58 08,076 [83 08,076]
(1983); Chem. Abstr., 99 (1983) 38364d.

K. Gehrig, A.J. Klaus and P. Rys, Helv. Chim. Acta, 66 (1983) 2603.
I.v. Barinov, T.I. Voevodskaya and Yu.A. Ustynyuk, Vestn. Mosk. Univ.,
Ser. 2: Khim., 24 (1983) 494; Chem. Abstr., 100 (1984) 68504f.

G.K. Anderson, S. Saum, R.J. Cross and S.A. Morris, Organometallics, 2
(1983) 780.

M.C. Etter and A.R. Siedle, J. Am. Chem. Soc.,, 105 (1983) 641,

M.C. Etter and A.R. Siedle, Mol. Cryst. Lig. Cryst., 96 (1983) 35;
Chem. Abstr., 99 (1983) 80334u.



167
168
169

170
17

172

173
174

175
176
177
178
179
180
181

182
183

184
185
186
187
188
189
190
191
192
193
194
196
196
197
198
199

200

201

521

J. Granell, J. Sales, J. Vilarrasa, J.P. Declercq, G. Germain, C.
Miravitlles and X. Solans, J. Chem. Soc., Dalton Trans., (1983) 2441.
L. Calligaro and M. Acampora, Congr. Naz. Chim. Inorg., [Atti], 16th,
(1983) 456; Chem. Abstr., 100 (1984) 68510e.

B. Galli, F. Gasparrini, L. Maresca, G. Natile and G. Palmieri, J.
Chem. Soc., Dalton Trans., (1983) 1483,

M. Nonoyama, Transition Met. Chem. (Weinheim, Ger.), 8 (1983) 121.

F. Di Bianca, A. Giovenco and B. Crociani, Congr. Naz. Chim. Inorg.,
[Atti]l, 16th, (1983) 67; Chem. Abstr., 100 (1984) 121335e.

B. Crociani, F. Di Bianca, A. Giovenco and A. Scrivanti, J. Organomet,
Chem., 251 (1983) 393,

L. Chassot and A. von Zelewsky, Helv. Chim. Acta, 66 (1983) 2443.

J. Selbin, K. Abboud, S.F. Watkins, M. Gutierrez and F.R. Fronczek, J.
Organomet. Chem., 241 (1983) 259.

W.E. Puckett, PhD, Louisiana State Univ., 1983; Diss. Abstr. Int. B,
44 (1983) 2757.

S. Dholakia, R.D. Gillard and F.L. Wimmer, Inorg. Chim. Acta, 69
(1983) 179.

J. Selbin and M. A. Gutierrez, J. Organomet. Chem., 246 (1983) 95.
C.G. Anklin and P.S. Pregosin, J. Organomet. Chem., 243 (1983) 10t.
Y. Fuchita, K. Hiraki and T. Uchiyama, J. Chem. Soc., Dalton Trans.,
(1983) 897.

G.R. Newkome, W.E. Puckett, V.K. Gupta and F.R. Fronczek,
Organometallics, 2 (1983) 1247,

M. Onishi, K. Hitaki, T. Itoh and Y. Ohama, J. Organomet. Chem., 254
(1983) 381,

H. Drews, Z. Chem., 23 (1983) 449.

A.J. Canty, N.J. Minchin, J.M. Patrick and A.H, White, J. Chem. Soc.,
Dalton Trans., (1983) 1253.

A. Suarez, J.M. Vila, E. Gayoso and M. Gayoso, Acta Cient.
Compostelana, 20 (1983) 173; Chem. Abstr., 103 (1985) 37584q.

K. Hiraki, Y. Fuchita and 7. Uchiyama, Inorg. Chim. Acta, 69 (1983)
187.

U. Baltensperger, J.R. Glinter, S. Kigi, G. Kahr and W. Marty,
Organometallics, 2 (1983) 571,

H.-P. Abicht, P. Lehniger and K. Issleib, J. Organomet. Chem., 250
(1983) 609,

H.-P. Abicht and K. Issleib, Z. Anorg. Allg. Chem., 500 (9183) 31.

H. Rimml and L.M. Venanzi, J. Organomet. Chem., 259 (1983) C6.

D.P. Arnold, M.A. Bennett, G.M. MclLaughliin, G.B. Robertson and M.J.
whittaker, J. Chem. Soc., Chem. Commun., (1983) 32.

D.P. Arnoid, M.A. Bennett, G.M. McLaughlin and G.B. Robertson, J.
Chem. Soc., Chem. Commun., (1983) 34,

M.P. Brown, A. Yavari, L. Manojlovié¢-Muir and K.W. Muir, J. Organomet.
Chem., 256 (1983) C19.

A.B. Goel and S. Goel, Inorg. Chim. Acta, 69 (1983) 233.

A.B. Goel and S. Goel, Inorg. Chim. Acta, 77 (1983) L53.

A.R.H. Bottomley, C. Crocker and B.L. Shaw, J. Organomet. Chem., 250
(1983) 617,

¥W.J. Youngs, J. Mahood, B.L. Simms, P.N. Swepston, J.A. Ibers, S.
Macyu, H. Jinling and L. Jiax1i, Organometallics, 2 (1983) 917.

W.J. Youngs and J.A. Ibers. J. Am. Chem. Soc., 105 (1983) 639,

W.J. Youngs and J.A. Ibers, Organometallics, 2 (1983) 979.

J. Dehand, A. Maurc, H. Ossor, M. Pfeffer, R.H. de A, Santos and J.R.
Lechat, J. Organomet. Chem., 250 (1983) 537.

E.N. Izakovich, L.M. Kachapina, R.P. Shibaeva and M.L. Khidekel’,
Bull. Acad. Sci. USSR, Div. Chem. Sci., 32 (1983) 1260; Izv. Akad.
Nauk SSSR, Ser. Khim., (1983) 1389.

G. Ferguson, R. McCrindle and M. Parvez, Acta Crystallogr., Sect. C:
Cryst. Struct. Commun., €39, (1983) 993.



522

202
203
204
205
206

207

208
209
210
211
212
213
214

215
216

217
218

219

220

221

222

223

224

225

226

227
228

229
230

231
232

233

234
235

R. McCrindle, G. Ferguson, G.J. Arsenault, A.J. McAlees and M. Parvez,
J. Organomet. Chem., 246 (1983) C19,.

R. McCrindle and A.J. McAlees, J. Chem. Soc., Dalton Trans., (1983)
127.

D.C. Griffiths and G.B. Young, Polyhedron, 2 (1983) 1095.

X. You, Jiegou Huaxue, 2 (1983) 183; Chem. Abstr., 101 (1984) 79039%¢.
D.B. Liang, G. Abend, J.H. Block and N. Kruse, Surf. Sci., 126 (1983)
392.

Z. Starzynski, ed., Biological Activity of 1,1,1-Trichloroethane,
Toluene Diisocyanate, Nickel Carbonyl, and Iron Carbonyl with
Justification of the Maximum Permissible Concentration of the
Compounds in Air at Workplaces, (1983); Chem. Abstr., 103 (1985)
92298z,

J. Majka, Stud. Mater Monogr., - Inst. Med. Pr. Lodzi 1 (1983) 85;
Chem. Abstr., 103 (1985) 41685r.

A.J. Alexander, P.L. Goggin and M. Cooke, Anal. Chim. Acta, 151 (1983)
1.
H.J. Grosse and P. Popp, Z. Erkr. Atmungsorgane, 160 (1983) 57; Chem.
Abstr., 98 (1983) 166135w.

I.N. Kalitovich and L.N. Fain, Zavod. Lab., 49(5) (1983) 4; Chem.
Abstr., 99 (1983) 81691v.

M.C. B&hm, J. Chem. Phys., 78 (1983) 7044.

J.W. Gleeson and R.W. Vaughan, J. Chem. Phys., 78 (1983) 5384,

A.M. Verblovskii and R.A. Shvartsman, Ref. Zh., Metall., (1983) Abstr.
No. 4E128; Chem. Abstr., 98 (1983) 219573w.

J.L. Gland, R.W. McCabe and G.E. Mitchell, Surf. Sci., 127 (1983) L123.
C.M.A.M, Mesters, G. Wermer, O.L.J. Gijzeman and J.W. Gues, Surf.
Sci., 135 (1983) 396.

J. Benes, Czech. CS 204,821 (1982); Chem. Abstr., 98 (1983) 131166e.
J.J. Ostermaier, Ger. Offen. DE 3,306,311 (1983); Chem. Abstr., 99
(1983) 178358e.

W. Kraeuter, D. Baeuerle and F. Fimberger, Appl. Phys.,, [Part] A, A31
(1983) 13.

S.R. Hoon, M. Kilner, G.J. Russell and B.K. Tanner, J. Magn. Magn.
Mater., 39 (1983) 107.

Toyobo Co., ttd., Jpn. Kokai Tokkyo Koho JP 58 91,023 [83 91,023]
{1983); Chem. Abstr., 99 (1983) 107530u.

R.Z.C. van Meerten, A.H.G.M. Beaumont, P.F.M.T. van Nisselrooij and
J.W.E. Coenen, Surf. Sci., 135 (1983) 565.

J. Becker, Y.H. Cheng and K. Hedden, Proc. Int. Gas Res. Conf.,, (1983)
501; Chem. Abstr., 99 (1983) 215281x.

A.K. Baev and L.G. Fedulova, Russ. J. Phys. Chem,, 57 (1983) 1159: Zh.
Fiz. Khim., 57 (1983) 1905.

S, Sakaki, K. Kitaura, K. Morokuma and K. Ohkubo, Inorg. Chem., 22
{1983) 104.

G.M. Bodner, C. Gagnon and D.N. Whittern, J. Organomet. Chem., 243
(1983) 305.

A. Hengenfield and R. Nast, J. Organomet. Chem., 252 (1983) 375.

J.J. Turner, M.B. Simpson, M. Poliakoff and W.B. Maier, J. Am. Chem.
Soc., 105 (1983) 3898.

P.B. Chi and F. Kober, Z. Anorg. Allg. Chem., 498 (1983) 64.

W.-W. du Mont and M. Grenz, Z. Naturforsch., B: Anorg. Chem., Org.
Chem., 38B (1983) 113. )

M. Grenz and W.-W. du Mont, J. Organomet. Chem., 241 (1983) C5.

F. Casabianca and J.G. Riess, Synth. React. Inorg. Met.-Org. Chem., 13
(1983) 799.

A.H, Cowley, J.E. Kilduff, J.G. Lasch, N.C. Norman, M. Pakulski, F.
Ando and T.C. Wright, J. Am. Chem. Soc., 105 (1983) 7751.

P. Giannoccaro and G. Vasapollo, Inorg. Chim. Acta, 72 (1983) 51,

T.J. Groshens and K.J. Klabunde, J. Organomet. Chem., 259 (1983) 337.



236

237

238
239

240
241

242

243
244
245
246
2417
248
249
250
251
252
253
254
255

256
257

258
259
260
261
262
263
264
265
266
267

268
269

523

P. Braunstein, I. Pruskil, G. Predieri and A. Tiripicchio, J.
Organomet. Chem., 247 (1983) 227.

F. Cecconi, C.A., Ghilardi, P. Innocenti, C, Maelli, S. Midollini and
A. Orlandini, Congr. Naz. Chim. Inorg., [Atti], 16th, (1983) 36: Chem.
Abstr., 100 (1984) 44379¢t.

J. Kriege-Simondsen, 7.D. Bailey and R.D. Feltham, Inorg. Chem., 22
(1983) 3318.

C. Bianchini, P. Innocenti and A. Meli, J. Chem, Soc.. Dalton Trans..
(1983) 1777,

C. Bianchini and A. Meli, J. Chem. Soc., Dalton Trans., (1983) 2419,
C. Bianchini, C. Maelli, A. Meli and G. Scapacci, Organometallics, 2
(1983) 141,

N.V. Volchkov, D.B. Furman, L.I., Lafer, S.A. Chernov, A.V. Kudryashev,
Vv.I. Yakerson and 0.V. Bragin, Bull. Acad. Sci. USSR, Div. Chem., Sci.,
32 (1983) 456; Izv. Akad. Nauk SSSR, Ser. Khim., (1983) 507.

T. Hirao, Y. Harano, Y. Yamana, Y. Ohshiro and T. Agawa, Tetrahedron
Lett., 24 (1983) 1255,

H. Poleschner, W. John, F. Hoppe and E. Fanghanal, J. Prakt. Chem.,
325 (1983) 957.

I. Oprean, H. Cuipe and L. Taitan, Rom. RO 77,594 (1982); Chem.
Abstr., 99 (1983) 158680a.

G. Pacchioni and P. Fantucci, Congr. Naz. Chim. Inorg., [Atti], 16th,
(1983) 398; Chem. Abstr., 100 (1984) -742902.

A.A. Voityuk and L.N. Magalov, Zh. Strukt Khim., 24 (1983) 102; Chem.
Abstr., 99 (1983) 2183%61e.

V.A, Godolov, N.G. Glubokovskikh and G.V. Taneeva, React. Kinet.
Catal. Lett., 22 (1983) 101,

0.V. Sizova, V.I. Baranovskii, G.B. Perminova and N.V. Ivanova, Zh.
Strukt. Khim., 24 (5) (1983) 17; Chem. Abstr., 100 (1984) 39816d.

R.S. Paonessa, PhD Northwestern Univ., 1982; Diss. Abstr. Int. B, 43
(1983) 3225.

R.G. Goel and R,C, Srivastava, J. Organomet. Chem., 244 (1983) 303,
G.K. Anderson, H.C. Clark and J.A, Davies, Inorg. Chem., 22 (1983) 427.
G.K. Anderson, H.C. Clark and J.A. Davies, Inorg. Chem., 22 (1983) 434.
C.F. Shiba and W.H. Waddell, J. Organomet. Chem,, 241 (1983) 119.

F. Canziani, F. Galimberti, L. Garlaschelli, M.C. Malatesta, A.
Albinati and F. Ganazzoli, J. Chem. Soc., Dalton Trans., (1983) 827.
C. Andersson and R. Larsson, J. Catal., 81 (1983) 179,

S$.G. Shore and J.S. Plotkin, U.S. US 4,349,522 (1982); Chem. Abstr.,
98 (1983) 91948c.

G. Lavigne, F. Papageorgiou, C. Bergounhou and J-J, Bonnet, Inorg,
Chem., 22 (1983) 2485.

M.R. Churchill.and C. Bueno, Inorg. Chem., 22 (1983) 1510.

M. MUller and H. vahrenkamp, Chem. Ber., 116 (1983) 2765.

€. Tessier-Youngs, F. Correa, D. Pioch, R.L. Burwell and D.F.

Shriver, Organometallics, 2 (1983) 898.

R.A. Jones, A.L. Stuart, J.L. Atwood and W.E. Hunter, Organometallics,
2 (1983) 874, ‘

M.D. Curtis and P.D, Williams, Inorg. Chem., 22 (1983) 2661,

D.G. Evans, J. Ofenfy 8., Chem, Commun., (1983) 675.

A. Ceriotti, P. Chini, R. della Pergola and G. Longoni, Inorg. Chem.,
22 (1983) 1595, B

R.A, Montag, PhD Univ. of Wisconsin, Madison, 1982; Diss. Abstr. Int.
B, 43 (1983) 3235.

A. Ceriotti, R. della Pergola, G. Longoni, M. Manasser, N. Masciocchi
and M. Sarsoni, Cong. Naz. Chim. Inorg., [Atti], 16th (1983) 410;
Chem. Abstr., 100 (1984) 78836e.

P.G. Pringle and B.L. Shaw, J. Chem. Soc., Daiton Trans., (1983), 889,
C.R. Langrick, D.M. McEwan, P.G. Pringle and B.L, Shaw, J., Chem, Soc.,
Dalton Trans., (1983), 2487.



524

270

272
273
274
275
276
277

278
27¢

280
281
282
283
284
285
286
287

288
289

290
291
292
293

294
295

296
297
298
299
300

B.F. Hoskins, R.J. Steen and T.W. Turney, Inorg. Chim. Acta, 77 (1983)
L69.

J.P. Farr, M.M. Olmstead, F.E. Wood and A.L. Balch, J. Am. Chem, Soc.,
105 (1983) 792.

N.M. Kostié¢ and R.F. Fenske, Inorg. Chem., 22 (1983) 666.

T.A. Stromnova, M.N, Vargaftik and 1.1. Moiseev, Bull. Acad. Sci.
USSR, Div. Chem. Sci., 32 (1983) 21; Izv. Akad. Nauk SSSR, Ser. Khim.,
(1983) 3t,

T.A. Stromnova, M.N. Vargaftik and I.I. Moiseev, J. Organomet. Chem,,
252 (1983) 113.

L. Manojlovié-Muir, K.W. Muir, B.R. Lloyd and R.J. Puddephatt, J.
Chem. Soc., Chem. Commun., (1983) 1336.

E.G. Mednikov, N.K. Eremenko, V.V. Bashilov and V.1I. Sokolov, Inorg.
Chim. Acta, 76 (1983) L31.

F. Faraone, S. Lo Schiavo, G. Bruno, P. Piraino and G. Bobmieri, J.
Chem. Soc., Dalton Trans., (1983), 1813.

P. Thometzek and H. Werner, J. Organomet. Chem., 252 (1983) C29.

P. Braunstein, J.-M. Jud and J. Fischer, J. Chem. Soc., Chem. Commun.,
(1983) 5.

P. Braunstein, J.-M. Jud, Y. Dusausoy and J. Fischer, Organometallics,
2 (1983) 180,

R. Bender, P. Braunstein, J.-M. Jud and Y. Dusausoy, Inorg. Chem., 22
(1983) 3394,

R. Jund, P. Lemoine, M. Gross, R. Bender and P. Braunstein, J. Chem.
Soc., Chem. Commun., (1983) 86.

V.E. Lopatin, N.M. Mikova and S.P. Gubin, Bull. Acad. Sci. USSR, Div.
Chem. Sci.,, 32 (1983) 1962; Izv. Akad, Nauk SSSR, Ser. Khim., (1983)
2170.

E.G. Mednikov and N.K. Ermenko, Koord. Khim., 9 (1983) 243.

E.G. Mednikov, N.K. Eremenko, Yu.L. Slovokhotov, Yu.T. Struchkov and
S.P. Gubin, J. Organomet. Chem., 258 (1983) 247.

E.G. Mednikov, V.V. Bashilov, V.I. Sokolov, Yu.L. Slovokhotov and Yu.
T. Struchkov, Polyhedron, 2 (1983) 141,

R. Chen and H. Wang, Cuihua Xuebao, 4 (1983) 1; Chem. Abstr., 98
(1983) 204900b.

D.M.P. Mingos and D.G. Evans, J. Organomet. Chem., 251 (1983) C13,
L.D. Polyachenok, S.V. Yasinetskaya, V.P. Bochin and 0.G. Polyachenok,
Zh. Neorg. Khim., 28 (1983) 2149,

N.M. Boag, P.L. Goggin, R.J. Goodfellow and I.R. Herbert, J. Chem.
Soc., Dalton Trans., (1983), 1101,

R.J. Goodfeliow, I.R. Herbert and A.G. Orpen, J. Chem. Soc., Chem
Commun., (1983) 1386.

P. Dagnac, R. Turpin and R. Poilblanc, J. Organomet. Chem., 253 (1983)
123.

G. Minghetti, A.L. Bandini, G. Banditelli, F. Bonati, R. Szostak, C.E.
Strouse, C.B. Knobler and H.D. Kaesz, Inorg. Chem., 22 (1983) 2332.

R. Bender and P. Braunstein, J. Chem. Soc., Chem. Commun., (1983) 334.
M. Green, D.R. Hankey, J.A.K. Howard, P. Louca and F.G.A. Stone, J.
Chem. Soc., Chem. Commun., (1983) 757,

M.C. Grossel, R.P. Moulding and K.R. Seddon, J. Organomet. Chem., 253
(1983) C50,

N.K. Eremenko, E.G. Mednikov, $.S. Kurasov and S.P. Gubin, Bull. Acad.
Sci. USSR, Div. Chem. Sci., 32 (1983) 620; Izv. Akad. Nauk SSSR, Ser.
Khim., (1983) 682.

§. Bhaduri and K.R. Sharma, J. Chem. Soc., Chem. Commun., (1983) 1412,
A. Fumagalli, S. Martinengo, G. Ciani and A. Sironi, Congr. Naz. Chim.
Inorg., [Att1], 16th, (1983) 402; Chem. Abstr., 100 (1984) 44394y.

A. Fumagalli, S. Martinengo and G. Ciani, J. Chem. Soc., Chem.
Commun., (1983) 1381.



301

302

303
304

305
306
307
308
309
310
3N
312
313

314
315

316
317
318
319
320
a2
322

323
324

325
326

327

328
329

330
331

332
333
334
335

336

L.J. Farrugia, M. Green, D.R. Hankey, A.G. Orpen and F.G.A. Stone, J.
Chem. Soc., Chem. Commun., (1983) 310.

W. Zhai, D. Li, Y. Ma and Z. Zhao, Youji Huaxue (1983) (3) 180; Chem.
Abstr., 99 (1983) 114918e.

D.A. Lesch and T.B. Rauchfuss, Inorg. Chem., 22 (1983) 1854.

C. Bianchini, D. Masi, C. Mealli and A. Meli, J. Organomet. Chem., 247
(1983) c29.

C. Bianchini, C.A. Ghilardi, A. Meli, S. Midolilini and A. Orilandini,
J. Chem. Soc., Chem. Commun., (1983) 753,

M.G. Mason, P.N. Swepston and J.A. Ibers, Inorg. Chem., 22 (1983) 411,
H. Werner and M. Ebner, J. Organomet. Chem., 258 (1983) C52.

H. Werner, M. Ebner, W. Bertleff and U. Schubert, Organometallics, 2
(1983) 891,

P.G. Jones, G.M. Sheldrick, R. Usén, J. Forniés and M.A. Usén, Z.
Naturforsch., B: Anorg. Chem., Org. Chem., 388, (1983) 449.

J.M. Ritchey, D.C. Moody and R.R. Ryan, Inorg. Chem., 22 (1983) 2276.
J.M. Ritchey and D.C. Moody, Inorg. Chim. Acta, 74 (1983) 271.

W.M. Hawling, A. Walker and M.A. Woitzik, J. Chem. Soc., Chem.
Commun., (1983) 11.

H. Stolzenberg, W.P. Fehlhammer and P. Dixneuf, J. Organomet. Chem.,
246 (1983) 105.

D.T. Plummer and R.J. Angelici, Inorg. Chem., 22 (1983) 4063.

M.L. Winzenberg, J.A. Kargol and R.J. Angelici, J. Organomet. Chem.,
249 (1983) 415,

R.A. Michelin, G. Facchin and P. Uguagliati, Congr. Naz. Chim. Inorg.,
[Atti), 16th (1983) 18; Chem. Abstr., 100 (1984) B85894a.

H.L. Conder, F.A. Cotton, L.R. Falvello, S. Han and R.A. Walton,
Inorg. Chem., 22 (1983) 1887.

A. Christofides, J. Organomet. Chem., 259 (1983) 355.

K.R. Grundy and K. N. Robertson, Organometallics, 2 (1983) 1736.

Y. Yamamoto, K. Aoki and H. Yamazaki, Organometallics, 2 (1983) 1377.
U, Belluco, R.A. Michelin, P. Ugualiati and B. Crociani, J. Organomet.
Chem., 250 (1983) 565.

R. Usén, J. Fornids, P. Espinet, A. Garcia and A. Sanau, Transition
Met. Chem. (Weinheim, Ger.), 8 (1983) 11.

H. Bdgel, Theor. Chim. Acta, 63 (1983) 395.

K.R. Porschke, W. Kieimann, G. Wilke, K.H. Claus and C. Krilger, Angew.
Chem., Int. Ed., Engl., 22 (1983) 991; Angew. Chem., 95 (1983) 1032.
R. Benn, Org. Mag. Reson., 21 (1983) 723.

Z.M. Zavorokhina and L.V. Levchenko, Izv. Akad. Nauk Kaz. SSR, Ser.
Khim., (5) (1983) 63; Chem. Abstr., 99 (1983) 205094z.

2.M. 2avororkhina and L.V. Levchenko, Izv. Nauk Kaz. SSR, Ser. Khim.,
(5) (1983) 69; Chem, Abstr., 99 (1983) 224155m.

R. M0ller, Z. Chem., 23 (1983) 251.

T.P.E auf der Heyde, G.A. Foulds, D.A. Thornton, H.0. Desseyn and B.J.
van der Veken, J. Mol. Struct., 98 (1983) 1t.

G.A. Foulds and D.A. Thornton, J. Mol. Struct., 98 (1983) 309.

G.A. Foulds, G.E. Jackson and D.A. Thornton, J. Mol. Struct., 98
(1983) 323,

G.A. Foulds, D.A. Thornton and J. Yates, J. Mol. Struct., 98 (1983)
315.

J.L. Davidson, P.N, Preston and M.V. Russo, J. Chem. Soc., Dalton
Trans., (1983) 783.

C. Bartocci, C.A. Bignozzi, F. Scandola, R. Rumin and P. Courtot,
Inorg. Chim. Acta, 76 (1983) L119

S.W. Carr, R. Colton, D. Dakternieks, B.F. Hoskins and R.J. Steen,
Inorg. Chem., 22 (1983) 3700.

A. Shaver, J. Hartgerink, R.D. Lai, P. Bird and N. Ansari,
Organometallics, 2 (1983) 938.

526



526

337
338
339
340
34
342
343
344
345
346
347
348

349
350

351
352

353
354

355
356
357
358
359
360
361
362
363
364
365
366
367
368
369

K. Bartel, K. von Werner and W. Beck, J. Organomet. Chem., 243 {1983)
79.

M.D. Curtis, J. Polym. Sci., Polym. Symp., 70 (Polym. Unusual Prop.)
(1983) 107.

M.D. Curtis, Gov. Rep. Announce. Index (U.S.), 83 (1983) 833; Chem.
Abstr., 98 (1983) 179985y.

L.G. Bell, W.A. Gustavson, S. Thanedar and M.D. Curtis,
Organometallics, 2 (1983) 740,

C. Bartocci, A. Maldotti, S. Sostero and 0. Traverso, J. Organomet.
Chem., 253 (1983) 253.

H. Morita and J.C. Baitar, Inorg. Synth., 22 (1983) 128.

L. Maresca and G. Natile, J. Chem. Soc., Chem, Commun., (1983) 40.
A.D. Berry, Organometallics, 2 (1983) 895,

C.A. Tolman, W.C. Seidel and L.W. Gosser, Organometallics, 2 (1983)
1391,

V.A. Gruznykh, Vv.V. Saraev, F.K. Shmidt, G.M. Larin and E.N. Sedykh,
Koord. Khim., 9 (1983) 1400.

L.S. Isaeva, T.A. Reganova, P.V. Petrovskii, F.F. Kayumov, F.G.
Yusupova and V.P. Yur’ev, J. Organomet. Chem., 248 (1983) 375.

L.S. Isaeva, T.A. Peganova, P.V. Petrovskii, D.B. Furman, S.V. Zotova,
A.V. Kudryashev and 0.V. Bragin, J. Organomet. Chem., 258 (1983) 367.
P. Binger, M.J. Doyle and R. Benn, Chem. Ber., 116 (1983) t.

K. Miki, 0. Shiotani, Y. Kai, N. Kasai, H. Kanatani and H. Kurosawa,
Organometallics, 2 (1983) 585,

M. Hiramatsu, K. Shiozaki, T. Fujinami and S. Sakai, J. Organomet.
Chem., 246 (1983) 203.

A. Solladié-Cavallo and J-L. Haesslein, Helv. Chim. Acta, 66 (1983)
1760.

K.A. Parker and R.P. O’'Fee, J. Org. Chem., 48 (1983) 1547,

M.K. Cooper, P.V. Stevens and M.McPartlin, J. Chem. Soc., Dalton
Trans., (1983) 553,

K. Miki, Y. Kai, N. Kasai and H. Kurosawa, J. Am. Chem. Soc., 105
(1983) 2482.

G.B. Shul’pin, G.V. Nizova and A.E. Shilov, J. Chem. Soc., Chem.
Commun., (1983) 671,

A. de Renzi, G. Morelli, A. Panunzi and S. Wurzburger, Inorg. Chim.
Acta, 76 (1983) L285.

P. Ammendola, M.R. Ciajolo, A. Panunzi and A. Tuzi, J. Organomet.
Chem., 254 (1983) 389.

V.G. Albano, F. Demartin, A. de Renzi, N. Masciocchi, G. Morelli and
A. Panunzi, Congr. Naz. Chim. Inorg., [Attil, 16th, (1983) 47; Chem.
Abstr., 100 (1984) 103604n.

J. K8hler and G. Schomburg, J. Chromatogr., 255 (1983) 3ti.

R. Lazzaroni, G. Uccellc-Barretta, D. Pini, S. Pucci and P. Salvadori,
J. Chem. Res., S, (1983) 286.

D.B. Brown, A.R. Khokhar, M.P. Hacker, J.J. McCormack and R.A.
Newman, ACS Symp. Ser., 209 (Platinum, Gold, Other Met. Chemother.
Agents: Chem., Biochem.) (1983) 265.

H. Kurosawa and N. Asada, Organometallics, 2 (1983) 251.

0.J. Scherer, R. Konrad, E. Guggolz and M.L. Ziegler, Chem. Ber., 116
(1983) 2676.

J.W. Fitch, M. Brown, N.H. Hall, P.P. Mebe, K.A. Owens and M.R.
Roesch, J. Organomet. Chem., 244 (1983) 201. )

R.C. McAfee, J. Adkins and R.L. Miskowski, Eur. Pat. Appl. EP 57,459
(1982); Chem. Abstr., 98 (1983) 4676w.

L.vya. Alt, V.P. Mel’nikova, A.N. Startsev and V.K. Duplyakin, React.
Kinet. Catal. Lett., 23 (1983) 21,

G.B. Shul’pin and G.V. Nizova, Bull. Acad. Sci. USSR, Div. Chem. Sci.,
32 (1983) 607; Izv. Akad. Nauk SSSR, Ser. Khim., (1983) 669.

S.A.K. Lodhi and A.R. Khan, Pak. J. Sci. Ind. Res., 26 (1983) 281.



370
mn
372

373
374

3715
376
377
318
379
380
381
382
383

384
385

386

387
388

389
390
391
392
393
394
395

396
397

399

400

401

S.A. Godleski, R.S. Valpey and K.B. Gundlach, Organometallics, 2
(1983) 1254.

A.T. Hutton, D.M. McEwan, B.L. Shaw and S.W. Wilkinson, J. Chem. Soc.,
Dalton Trans., (1983) 2011.

A. de Renzi, A. Panunzi, A. Saporito and A. Vitagliano, J. Chem. Sog.,
Perkin Trans, II, (1983) 993.

M.R. White and P.J. Stang, Organometallics, 2 (1983) 1654.

J.J. Eisch, L.E. Hallenbeck and K.I. Han, J. Org. Chem., 48 (1983)
2963.

J.J. Eisch, L.E. Hallenbeck and A. Piotrowski, Prepr. Pap. - Am. Chem.
$0G., Div. Fuel Chem., 27 (1982) 78,

G.T. Burns, €. Colomer and R.J.P. Corriu, Organometailics, 2 (1983)
1901.

H.M. Biich, P. Binger, R. Goddard and C. Krliger, J. Chem. Soc., Chem.
Commun., (1983) 648,

H. Lehmkuhl, F. Danowski, R. B8enn, A. Rufiriska, G. Schroth and R.
Mynott, J. Organomet. Chem., 254 (1983) C11.

D. Walther, J. Kaiser and J. Sieler, Z. Anorg. Allg. Chem., 503 (1983)
115.

L. Yu. Ukhin and N.A. Dolgopolova, J. Gen. Chem. USSR, 53 (1983) 613;
Zh. Obshch., Khim., 53 (1983) 703.

J. Koketsu and T. Kawakita, Chubu Kogyo Daigaku Kiyo A, 19-A (1983)
87; Chem. Abstr., 100 (1984) T74721r.

D.E. Bergbreiter, B. Chen and T.J. Lynch, J. Org. Chem., 48 (1983)
4179.

G. Tresoldi, G. Bruno, F. Crucitti and P. Piraino, J. Organomet.
Chem., 252 (1983) 381.

J.P. Farr, M.M. Olmstead and A.L. Balch, Inorg. Chem., 22 (1983) 1229.
£. Rotondo, F.C. Priolo, A. Donato and R. Pietropaolo, J, Organomet.
Chem., 251 (1983) 273.

G.K. Anderson, J.A. Davies and D.J. Schoeck, Inorg. Chim. Acta, 76
(1983) L251.

R.R. Guimerans and A.L. Balch, Inorg. Chim. Acta, 77 (1983) L177.

F. Bachechi, G. Bracher, D.M. Grove, B. Kellenberger, P.S. Pregosin,
L.M. Venanzi and L. Zambonelli, Inorg. Chem., 22 (1983) 1031.

F. Neve and M. Ghedini, Congr. Naz. Chim. Inorg., [Atti]l, 16th (1983)
136; Chem. Abstr., 100 (1984) 78833b.

E.A.V. Ebsworth, R.0. Gould, N.T. McManus, D.W.H. Rankin, M.D.
Walkinshaw and J.D. Whitelock, J. Organomet. Chem., 249 (1983) 227.

M. Kretschmer, P.S. Pregosin and H. Rlegger, J. Organomet. Chem., 241
(1983) 87.

N. Ito, T. Saji and S. Aoyagui, J. Electroanal. Chem. Interfacial
Electrochem., 144 (1983) 153.

C.E. Johnson, R. Eisenberg, T.R. Evans and M.S. Burberry, J. Am. Chem.
Soc., 105 (1983) 1795.

E. Guggolz, M. Kopp and M.L. Ziegler, Z. Anorg. Allg. Chem., 499
(1983) 59.

R.P. Hughes, D.E. Samkoff, R.E. Davies and B.B. Laird,
Organometallics, 2 (1983) 195.

A.B. Goel and S. Goel, Inorg. Chim. Acta, 77 (1983) LS.

A. Sebald and B. Wrackmeyer, J. Chem. Soc., Chem. Commun., (1983) 1293.
A. Sebald and B, Wrackmeyer, J. Chem. Soc., Chem. Commun., (1983) 309.
C.J. Elsevier, H. Kleijn, K. Ruitenberg and P. Vermeer, J. Chem. Soc.,
Chem. Commun., (1983) 1529.

T.A. van der Knaap, L.W. Jenneskens, H,J. Meeuwissen, F. Bickelhaupt,
D. Walther, E. Dinjus, E. Uhlig and A.L. Spek, J. Organomet. Chem.,
254 (1983) C33.

A.H. Cowley, R.A. Jones, C.A. Stewart, A.L. Stuart, J.L. Atwood, W.E.
Hunter and H.-M. Zhang, J. Am. Chem. Soc., 105 (1983) 3737.

527



528

402
403
404
405

406
407

408
409
410
411

412

413
414
415
416
417
418
419
420
421
422
423

424
425

426
427

428

429

430
431
432
433

434

S.I. Al-Resayes, S8.I. Klein, H.W. Kroto, M.F. Meidine and J.F. Nixon,
J. Chem. Soc., Chem. Commun., (1983) 930.

J.C.T.R. Burekett~St. Laurent, P.B. Hitchcock, M.A. King, H.W. Kroto,
M.F. Meidine, S.I. Klein, S.I. Al-Resayes, R.J. Suffolk and J.F.Nixon,
Phosphorus Sulfur, 18 (1983) 259.

T.A. van der Knaap and F. Bickelhaupt, Phosphorus Sulfur, 18 (1983) 47.
G.C. Hancock, N.M. Kostié and R.F. Fenske, Organometallics, 2 (1983)
1089.

M.C. Bdhm, Int. J. Quantum Chem., 24 (1983) 185.

S.J. Severson, T.H. Cymbaluk, R.D. Ernst, J.M. Higashi and R.W. Parry,
Inorg. Chem., 22 (1983) 3833.

R. Benn, P. Bogdanovic¢, P. Gdttsch and M. Rubach, Z. Naturforsch., B:
Anorg. Chem., Org. Chem., 38B {1983) 604,

R. Baker, N. Ekanayake and S.A. Johnson, J. Chem. Res. S, (1983) T74.
H. Hoberg and D. Schaefer, J. Organomet. Chem., 255 (1983) Ci15.

G.B. Petrov, L.M. Markovich, A.V. Ryabtsev and A.P. Belov, J. Struct.
Chem. USSR, 24 (1983) 915; Zh. Struct. Khim., 24(6) (1983) 113.

A.B. Fasman, N.V. Perkas, V.F. Vozdvizhenskii, T.D. Levintova, A.A.
Bezrukova and A.Z. Rubezhov, Russ. J. Phys, Chem., 57 (1983) 1695; Zh.
Fiz. Khim., 57 (1983) 2811.

G.A. Domrachev, V.A. Varyukhin and B.A. Nesterov, React. Kinet. Catal.
Lett., 22 (1983) 281,

L.M. Markovich and A.P. Belov, Kinet. Catal., 24 (1983) 1122; Kinet.
katal., 24 (1983) 1323,

J.A. Davies and J.F. Liebman, J. Chem. Soc., Dalton Trans., (1983)
1793.

A.Z. Rubezhov and E.R. Milaeva, Bull. Acad. Sci. USSR, Div. Chem.
Sci., 32 (1983) 257; Izv. Akad. Nauk SSSR, Ser. Khim., (1983) 291.

T. Yamamoto, M. Akimoto and A. Yamamoto, Chem. Lett., (1983) 1725,

T. Chiba, M. Okada and T. Kato, Chem. Pharm. Bull., 31 (1983) 2669.

K. Nakasuji, M. Yamaguchi, I. Murata, K. Tatsumi and A, Nakamura,
Chem. Lett., (1983) 1489,

E.E. Bjdrkman and J.-E. Blckvall, Acta Chem., Scand., A37 (1983) 503.
C.A. Horiuchi and J.Y. Satoh, J. Organomet. Chem., 258 (1983) C45,

M. Parra-Hake, M.F. Rettig and R.M. Wing, Organometallics, 2 (1983)
1013,

L.S. Hegedus, N. Kambe, R. Tamura and P.D. Woodgate, Organometallics,
2 (1983) 1658.

R.C. Larock and K. Takagi, Tetrahedron Lett., 24 (1983) 3457.

Y. Tamaru, Y. Yamada, M. Kagotani, H. Ochiai, E. Nakajo, R. Suzuki and
Z. Yoshida, J. Org. Chem., 48 (1983) 4669.

B. Heyn and H.-P. Schrer, J. Prakt. Chem., 325 (1983) 47§.

E.E. Nifant’ev, A.T. Teleshev and M.P. Koroteev, J. Gen. Chem. USSR,
53 (1983) 1476: Zh. Obshch. Khim., 53 (1983) 1640.

N.A. Bumagin, A.N. Kasatkin and I.P. Beletskaya, Bull. Acad. Sci.
USSR, Div. Chem. Sci., 32 (1983) 828; Izv. Akad. Nauk SSSR, Ser.
Khim,., (1983) 912.

R. Usén, J. Gimeno, L.A. Oro, J.M. Martinez de Ilarduya, J.A. Cabeza,
A. Tiripicchio and M. Tiripicchio Camellini, J. Chem. Soc., Dalton
Trans., (1983) 1729,

K. Yamada, S. Baba, Y. Nakamura and S. Kawaguchi, Bull. Chem. Soc.
Jpn., 56 (1983) 1393,

B. de Poorter, J. Muzart and J.~P. Pete, Organometallics, 2 (1983)
1494, '

B. Bogdanovié, M. Rubach and K. Seevogel, Z. Naturforsch., B: Anorg.
Chem. Org. Chem., 38B, (1983) 592.

B. Bogdanovié, P. G8ttsch and M. Rubach, Z. Naturforsch., B: Anorg.
chem., Org., Chem.,, 38B (1983) 599.

E.E. Nifant’ev, T.S. Kukhareva, M.Yu. Antipin, Yu.T. Struchkov and
E.I. Klabunovsky, Tetrahedron, 39 (1983) 797.



435
436

437
438

439
440

441
442
443
444
445
446
447

448
449

450
451
452

453

529

A.Sen and T.-W. Lai, Organometallics, 2 (1983) 1059.

S.M. Kalabin, Deposited Doc., (1983) VINITI 1316-84, Pt. 2, 42; Chem.
Abstr., 102 (1985) 166928h.

J. Muzart, P. Pale and J.P. Pete, Tetrahedron tett., 24 (1983) 4567.
M.P. Crozet, J. Muzart, P. Pale and P, Tordo, J, Organomet. Chem., 244
(1983) 191,

K. Jitsukawa, K. Kaneda and S, Teranishi, J. Org. Chem,, 48 (1983) 389.
T. Hayashi, T. Hagihara, M. Konishi and M. Kumada, J. Am. Chem. Soc.,
105 (1983) 7767, .

J.~E. B#ckvall, R.E. Nordberg, K. Zetterberg and B. Akermark,
Organcmetallics, 2 (1983) 1625,

H.M. Blich, P. Binger, R. Benn, C. Kriiger and A. Rufiriska, Angew.
Chem., Int. Ed. Engl., 22 (1983) 774; Angew. Chem., 95 (1983) 814,

R. Bertani, G. Carturan and A. Scrivanti, Angew. Chem., Int. Ed.
Engl., 22 (1983) 246; Angew. Chem., 95 (1983) 241.

M. Calligaris, G. Carturan, G. Nardin, A. Scrivanti and A. Wojcicki,
Organometallics, 2 (1983) 865.

J.J. Eisch, A.A. Aradi and K.I. Han, Tetrahedron Lett., 24 (1983) 2073.
R.G. Goel and R.C. Srivastava, Can. J. Chem., 61 (1983) 1352.

Yu.N. Kukushkin, I.V. Pakhomova, A.N. Abramov and N.A. Gudova, J.

Gen., Chem. USSR, 53 (1983) 766; Zh. Obshch. Khim., 53 (1983) 872.

E. Sappa, A. Tiripicchio and P. Braunstein, Chem. Rev., 83 (1983) 203.
M. Casarin, D. Ajd, G. Granozzi, E. Tondello and S. Aime, J. Chem.
Soc., Dalton Trans., (1983) 869.

E. Sappa, A. Tiripicchio and M. Tiripicchio Camellini, Congr. Naz.
Chim. Inorg., [Atti], 16th (1983) 414; Chem. Abstr., 100 (1984) 859%00z.
C.L. Lee, PhD. Thesis, Univ. California, Davis, 1981, Diss. Abstr.
Int. 8, 43 (1983) 2203.

K. Broadley, G.A. Lane, N.G. Connelly and W.E. Geiger, J. Am. Chem.
Soc., 105 (1983) 2486.

A. Sebald, B, Wrackmeyer and W. Beck, Z. Naturforsch., B: Anorg.

Chem. , Org. Chem., 38B (1983) 45.

454
455
456
457
458
459
460
461
462
463
464
465
466
467

468

A. Furlani, M.V. Russo, P. Carusi, §. Licoccia, E. Leoni and G.
Valenti, Gazz. Chim. Ital., 113 (1983) 671.

C.R. Langrick, P.G. Pringle and B.L. Shaw, Inorg. Chim. Acta, 76
(1983) L263.

G.R. Cooper, A.T. Hutton, D.M. McEwan, P.G. Pringle and B.L. Shaw,
Inorg. Chim, Acta, 76 (1983) L267.

A. Blagg, A.T. Hutton, P.G. Pringle and B.L. Shaw, Inorg. Chim. Acta,
76 (1983) L265,

R.J. Cross and J. Gemmill, J. Chem. Soc., Chem. Commun., (1983) 756.
R.J. Cross and A.J, McLennan, J. Organomet. Chem., 2566 (1983) 113.
A. Sebaid and B. Wrackmeyer, Z. Naturforsch., B: Anorg. Chem., Org.
Chem., 38B (1983) 1156.

J. Geisenberger, U. Nagel, A. Sebald and W. Beck, Chem. Ber., 116
(1983) 911.

C.R. Langrick, D.M. McEwan, P.G. Pringle and B.L. Shaw, J. Chem. Soc.,
Dalton Trans., (1983) 2487.

G. Favero, A. Morvillo and A. Turco, J. Organomet. Chem., 241 (1983)
251,

J.C.T.R. Burckett-St. Laurent, M.A. King, H.W. Kroto, J.F. Nixon and
R.J. Suffolk, J. Chem. Soc., Dalton Trans., (1983) 755.

F. Cecconi, S. Midollini and A. Orlandini, J. Chem. Soc., Dalton
Trans., (1983) 2263.

C. Mealli, S. Midollini, S. Moneti and T.A. Albright, Helv. Chim.
Acta, 66 (1983) 557.

G. Lucazeau, K. Chhor and C. Pommier, Spectrosc.: Int. J., 2 (1983)
79; Chem, Abstr., 100 (1984) 6574v.

C. Sourisseau, G. Lucazeau, A.J. Dianoux and C. Poinsignon, Mol.
Phys., 48 (1983) 367.



530

469
470

471
472
473
474
a7s
476
477
478
479
480
481
482
483
484
485
486

487
488

489
490

491
492

493
494
495

496

497
498
499
500

501

508

503
504

505
506

507
508

M.V. Rajasekharan, R. Bucher, E. Deiss, L. Zoller, A.K. Salzer, E.
Moser, J. Weber and J.H. Ammeter, J. Am. Chem. Soc., 105 (1983) 7516.
J.C. Giordan, J.H. Moore, J.A. Tossell and J. Weber, J. Am. Chem.
Soc., 105 (1983) 3431,

J.L. Pierce and R.A, Walton, J. Catal., 81 (1983) 375.

F.H. K8hler and W.A. Geike, J. Mag. Res., 53 (1983) 297,

N. Kuhn and M. Winter, Chem.-Ztg., 107 (1983) 14.

N. Kuhn and M. Winter, J. Organomat. Chem., 254 (1983) C15.

N. Kuhn and M. Winter, J. Organomet. Chem., 246 (1983) C80.

N. Kuhn and M. Winter, J. Organomet. Chem., 249 (1983) C28.

N. Kuhn and M. Winter, Chem.-2tg., 107 (1983) 73.

N. Kuhn and M. Winter, J. Organomet. Chem., 243 (1983) C42.

N. Kuhn and M. Winter, J. Organomet. Chem., 252 (1983) C86,

N. Kuhn and M. Winter, J. Organomet. Chem., 243 (1983) C83.

N. Kuhn and M. Winter, J. Organomet. Chem., 256 (1983) C5.

N. Kuhn and M. Winter, J. Organomet. Chem., 252 (1983) C5.

N. Kuhn and M. Winter, J. Qrganomet. Chem., 243 (1983) C47.

K. Slnkel, U. Nagel and W. Beck, J. Organomet. Chem., 251 (1983) 227.
E. Lindner, F, Bouachir and S. Hoehne, Chem. Ber., 116 (1983) 46.

W. KY4ui, W. Eberspach and R. Schwarz, J. Organomet. Chem., 252 (1983)
347.

C.C. Santini and F. Mathey, Can. J. Chem., 61 (1983) 21.

C.R. Roberts, PhD, Purdue Univ., 1983, Diss. Abstr. Int. B, 44 (1983)
1817.

C. Bleasdale and D.W. Jones, J. Chem. Soc., Chem. Commun., (1983) 214,
H. Lebmkuhl, C. Naydowski, R. Benn, A. Rufinska, G. Schroth, R. Mynott
and C. Krliger, Chem. Ber., 116 (1983) 2447.

H. Brunner and M. Muschiol, J. Organomet. Chem., 248 (1983) 233.

H. Schafer, J. Zippe), B. Migula and D. Binder, Z. Anorg. Allg.

Chem., 501 (1983) 111.

B.K. Teo, V. Bakirtzis and P.A. Snyder-Robinson, J. Am, Chem. Soc.,
105 (1983) 6330.

E. Dubler, M. Textor, H.R. Oswald and G.B. Jameson, Acta Crystallogr.,
Sect. B: Struct. Sci., B39 (1983) 607.

A.M. Murphy, PhD, Univ. Wisconsin, Madison, 1982, Diss. Abstr. Int. B,
43 (1983) 3591,

J. Edwin, M. Bochmann, M.C. BShm, D.E. Brennan, W.E. Geiger, C.
Krliger, J. Pebler, H, Pritzkow, W. Siebart, W, Swiridoff, H, Wadepohl,
J. Weiss and U. Zenneck, J. Am. Chem. Soc., 105 (1983) 2582,

P.H.M. Budzelaar, J. Boersma and G.J.M. van der Kerk, Angew. Chem.,
Int. Ed. Engl., 22 (1983) 329; Angew. Chem., 95 (1983) 335.

M. Mlekuz, P, Bougeard, M.J. McGlinchey and G. Jaouen, J. Organomet.
Chem., 253 (1983) 117,

A.J. Carty, G. Predieri, A, Tiripicchio and E. Sappa, Congr. Naz.
Chim. Inorg., [Atti], 16th (1983) 394; Chem. Abstr., 100 (1984) B85899f.
A.J. Carty, N.J. Taylor, E. Sappa and A, Tiripicchio, Inorg. Chem,, 22
(1983) 1871.

M. Castiglioni, E. Sappa, M. valle, M. Lanfranchi and A. Tiripicchio,
J. Organomet. Chem., 241 (1983) 99.

E.- Sappa, A. Tiripicchio and M. Tiripicchio Cammelini, J. Organomet.
Chem., 246 (1983) 287.

H.-J. Kraus, H. Werner and C. Krbger, Z. Naturforsch., B: Anorg.
Chem., Org. Chem., 38B, (1983) 733.

H. Werner, H.-J. Kraus, U. Schubert, K. Ackermann and P. Hofmann, J.

- Organomet. Chem., 250 (1983) 517.

J. Powell and N.I. Dowling, Organometallics, 2 (1983) 1742,

H. Werner, G.T. Crisp, P.W. Jolly, H.~J. Kraus and C. Kriiger,
Organometallics, 2 (1983) 1369.

N.A. Ogorodnikova and A.A. Koridze, Polyhedron, 2 (1983) 941.

R.J. Cross and A.J. McLennan, J. Chem. Soc., Dalton Trans., (1983) 359.



509

510
511
512
513
514
515
516
517
518

519
520
521
522
523

524

525

526
527
528
529

530

531

532
§33

534
535

536

631

Yu.A. 01°dekop, N.A. Maier, A.A. Erdman and V.K. Prokopovich, Vestsi
Akad. Navuk BSSR, Ser. Khim. Navuk (1983) 114; Chem. Abstr., 98 (1983)
160775h,

G.K. Barker, N.R. Godfrey, M. Green, H.E. Parge, F.G.A. Stone and A.J.
Welch, J. Chem. Soc., Chem. Commun., (1983) 277,

R.E. King, S.B. Miller, C.B. Knobler and M.F. Hawthorne, Inorg. Chem.,
22 (1983) 3548.

R.E. King, S.B. Miller, C.B. Knobler and M.F. Hawthorne, Gov. Rep.
Announce. Index (U.S.) (1983) 4658; Chem. Abstr., 100 (1984) 516619.
G.K. Barker, M. Green, F.G.A. Stone, W.C. Wolsey and A.J. Welch, J.
Chem. Soc., Dalton Trans., (1983) 2063.

p.J. Cole-Hamilton, Sci. Prog. (Oxford), 68 (1983) 565; Chem. Abstr..
100 (1984) 40322,

Y. Ohshiro and T. Hirao, Yuki Gosei Kagaku Kyokaishi, 41 (1983) 604;
Chem. Abstr., 99 (1983) 175813y,

D. Michelot, Colloq. INRA 7 (Mediateurs Chim. Agissant Comportement
Insectes) (1982) 73; Chem. Abstr., 98 (1983) 107031m,

J. Reguli and A. Stasko, Proc. Conf. Coord. Chem., 9th, (1983} 355;
Chem. Abstr., 101 (1985) 54245f,

T. Thangaraj, S. Vancheesan, J. Rajaram and J.C. Kuriacose, Proc.
Catsympo 80, Natl. Catal. Synp., 5th 1980 (Pub. 1983); Chem. Abstr..
99 (1983) 104566z.

L.Kh. Freidlin, L.I. Gvinter, L.N. Suvorova, U.S.S.R. SU 958,408
(1982); Chem. Abstr., 98 (1983) 34244w.

W. Keim, A. Behr and H. Degenhardt, Chem.-Ing.-Tech., 55 (1983) 960:
Chem. Abstr., 100 (1984) 209216¢.

T.M. Matveeva, N.V. Nekrasov, S.L. Kiperman, Geterog. Katal., 1983,
Sth, Pt. 1, 207: Chem. Abstr., 100 (1984) 156077z.

A.A. Zirka, G.L. Ryzhova, Yu.G. Slizhov and A.V. Mashkina, React.
Kinet. Catal. Lett., 23 (1983) 7.

P. Feng and S. Shen, Zhongguo Kexue Jishu Daxue Xuebao, 13 (1983) 188;
Chem. Abstr., 99 (1983) 201132n.

E.Ya. Mirskaya, A.I. E1’natanova, L.S. Kovaleva, O.P. Parenaga and
V.M. Frolov, Deposited Doc., (1983) VINITI 5345-83; Chem. Abstr., 102
{1985) 112651u.

A.A, Belyi, L.G. Chigladze, A.L. Rusanov, G.T. Gurgenidze and M.E.
Vol'pin, Bull. Acad. Sci. USSR, Div. Chem. Sci., 32 (1983) 2400; Izv.
Akad. Nauk SSSR, Ser. Khim., (1983) 2678.

L. Karklins and M.V. Klyuev, Izv. Vyssh. Uchebn. Zaved., Khim. Khim.
Tekhnot,, 26 (1983) 1170; Chem. Abstr., 100 (1983) 13163p.

M.V. Klyuev and V.N. Klyuev, U.S.S.R. SU 958,430 (1982); Chem. Abstr.,
98 (1983) 73581y.

D.C. Neckers and Z. Keda, Polym. Mater. Sci. Eng., 49 (1983) 207;
Chem. Abstr., 100 (1984) 210557w.

H. Eckert, G. Fabry, Y. Kiesel, G. Raudasch] and C. Siedel, Angew.
Chem., Int. Ed. Engl., 22 (1983) 881; Angew. Chem., 95 (1983) 894,
L.P. Shuikina, G.N. Bondarenko, G.M. Cherkashin, 0.P. Parenago and
V.M. Frolov, Kinet. Catal., 24 (1983) 1173; Kinet. Katal., 24 (1983)
1385.

£.S. Levitina, L.F. Godunova, E.I. Karpeiskaya and E.I. Klabunovskii,
Buli. Acad. Sci. USSR, Div. Chem. Sci., 32 (1983) 1575; Izv, Akad.
Nauk SSSR, Ser. Khim., (1983) 1740.

D.H. Goldsworthy, F.R. Hartley and S.G. Murray, J. Mol. Catal., 19
(1983) 269.

D.H. Goldsworthy, F.R. Hartley and S.G. Murray, J. Mol, Catal., 19
(1983) 257.

L. Vigh and F. Jo6, FEBS Lett., 162 (1983) 423,

N. Suzuki, Y. Ayaguchi, T. Tsukanaka and Y. Izawa, Bull. Chem. Soc.
Jpn., 56 (1983) 353,

N. Suzuki, Y. Ayaguchi and Y. Izawa, Chem. Ind., (London), (1983) 166.



532

537
538
539
540
541
542
543
544

545
546

547
548

549
550

§51
§52

553

554

555
556

587
558
559

560
561
562
563
564
565
566

567
568

N. Suzuki, T. Tsukanaka, T. Nomoto, Y. Ayaguchi and Y. Izawa, J. Chem.
SoG., Chem. Commmun., (1983) 515,

A.1. Min'kov, N.K, Eremenko, O.A. Efimov and A.N. Ponamarchuk,
U,.8.8.R. SU 932,692 (1983): Chem. Abstr., 99 (1983) 124410w,

A. Sisak, F. Ungvafy and G. Kiss, J. Mol. Catal., 18 (1983) 223.

A.S. Berenblum, S.L. Mund, L.G. Danilova, T.P. Goranskaya, A.S.
Malinovskii and 1.I. Moiseev, Bull. Acad. Sci. USSR, Div. Chem. Sci.,
32 (1983) 1750; Izv. Akad. Nauk SSSR, Ser. Khim., (1983) 1926.

D.W. Fong and R.J. Allain, U.S. US 4,375,529 (1983); Chem. Abstr., 98
{1983) 161367p.

Y.~Z. Zhou, D.~X, Wang and Y.-Y., Jiang, J. Mol, Catal., 19 (1983) 283,
R. Rumin, J. Organomet. Chem., 247 (1983) 351,

Y. Zhou and Y. Jiang, Gaofenzi Tongxun, (1983) 381; Chem. Abstr., 100
(1984) 264543.

Y.~Z. Zhou and Y.-Y, Jiang, J. Organomet. Chem., 251 (1983) 31.

L.N. Karklin', M.¥. Kiyuev and A.D. Pomogailo, Kinet. Catal., 24
(1983) 343; Kinet. Katal., 24 (1983) 408.

Y.J. Li and Y.Y, Jiang, J, Mol. Catal., 19 (1983) 2I7.

Y. Chen, C. Xiao, J. Liu, Y. Lin and X. Lu, Wuhan Daxue Xeubao, Ziran
Kexueban, (1983) 35; Chem. Abstr., 99 (1883) 19452th.

K.S. tearn, PhD, Drexel Unfv., 1983, Diss. Abstr, Int. B, 44 (1983)
803,

E. Keinan and N. Greenspoon, J. Org. Chem., 48 (1983) 3545,

K. Nakamura, A. Ohno and S. Oka, Tetrahedron Lett., 24 (1983) 3335,
J.-L. Fabre and W. Julia, Tetrahedron Lett., 24 (1983) 4311; T.
Cuvigny, J.-L. Fabre, C.H. du Penhoat and M. Julia, Tetrahedron

Lett,, 24 (1983) 4319,

I1.S. Akhrem, N.M. Chistovalova, A.V. Malysheva and M.E. Vol'pin, Bull.
Acad, Sci. USSR, Div. Chem. Sci., 32 (1983) 2417; lzv. Akad. Nauk
SSSR, Ser. khim., (1983) 2696.

V.L. Lebedev, A.A. Bagatur’yants, G.M. Zhidomirov and V.B. Kazanskii,
Russ. J. Phys. Chem., 57 (1983) 647; Zh., Fiz. Khim., 57 (1983) 1057,
A.F. Shestakov and S.M. Vinogradova, Koord. Khim., 9 (1983) 248.

G. Li, F. Ding and L. Zhang, Huaxue Xuebao, 41 (1983) 993; Chem.
Abstr., 100 (1984) 102417s.

Yu.V, Geletii and A.E. Shilov, Kinet, Catal,, 24 (1983) 413; Kinet,
Katal., 24 (1983) 486,

£.S. Rudakov, A.I. Lutsyk and A.P. Yaroshenko, Ukr. Khim. Zh., (Russ.
Ed.), 49 (1983) 1083; Chem. Abstr., 99 (1983) 194215m

A.G. Dedov, T.Yu. Filippova, E.B. Neimerovets, L.V. Popov, I.P.
Stepanova and E.A. Karakhanov, Khim., Geterotsikl. Soedin., (1983) 912;
Chem. Abstr., 99 (1983) 122210h.

E.A. Karakhanov, A.G. Dedov, A.S. Loktev, L.V, Popov, P.A. Sharbatyan
and I.V. Arkhangel’skii, Khim. Geterotsikl. Scedin., (1983) 754; Chem,
Abstr., 99 (1983) B87587n

J.~E, BHckvall, Acc. Chem. Res., 16 (1983) 335,

€.J. Mistrik and A. Mateides, Czaech CS 201,354 (1983); Chem. Abstr.,
99 (1983} 70231y,

A.N. Gartsman, M.G. Volkhonskii and V.A. Likholobov, Kinet. Katal., 24
{1983) 1227.

M.G. volkhonskii, V.A. Likholobov and Yu.I. Ermakov, Kinet. Katal., 24
(1983) 578.

M.G. Volkhonskii, V.A. Likholobov and Yu.l. Ermakov, Kinet. Catal., 24
(1883) 289; Kinet. Katal., 24 (1983) 347.

N.l. Kuznetsova, V.A. Likholobov and Yu.I. Ermakov, React. Kinet.
Catal. Lett., 22 (1983) 139,

Ube Industries Ltd., Jpn Kokai Tokkyo Koho JP 58 21,636 [83 21,636)
(1983); Chem. Abstr., 99 (1983) 21952w.

M.N. vargaftik, V.P. Zagorodnikov and I.I. Moiseev, Izv. Akad. Nauk
SSSR, Ser. Khim., (1983) 1209.



569

570

571

572

573

574

575

576

577
578

579
580
681

582

583
584

585
586

587
588
589
590

591
592

593
594

595
596
597
598

599

Toa Nenryo Kogyo K.K., Jpn. Kokai Tokkyo Koho JP 58 04,732 {83 04,732)
(1983); Chem. Abstr., 98 (1983) 143986k.

Y. Okumura, T. Sakakibara and K. Kaneko, Eur. Pat. Appl. EP 68,866
(1983); Chem. Abstr., 98 (1983) 197609h.

Ya. V. Salyn, M.K. Starchevskii, I.P. Stolyarov, M.N. vargaftic, V.I.
Nefedov and I.I. Moiseev, Kinet. Catal., 24 (1983) 631; Kinet. Katal.,
24 (1983) 743.

K. Januszkiewicz and H., Alper, Tetrahedron Lett., 24 (1983) 5159,

G.A. Dzhemileva, V.N. Odinokov, U.M. Dzhemilev and G.A. Tolstikov,
Bull. Acad. Sci. SSSR, Ser. Khim., 32 (1983) 307: Izv. Akad. Nauk
S8SR, Ser. Khim., (1983) 343,

M. Iriuchijima, Sekiyu Gakkaishi, 26 (1983) 8; Chem Abstr., 98 (1983)
197389m.

Agency of Industrial Sciences and Technology, Jpn. Kokai Tokkyo Koho
JP 67,156,429 [82,156,429) (1982); Chem. Abstr., 98 (1983) 160290w.
Agency of Industrial Sciences and Technology, Jpn. Kokai Tokkyo Koho
JP 57,156,428 [82,156,428] (1982); Chem. Abstr., 98 (1982) 160291x.

K. Zaw, M. Lautens and P.M. Henry, Organometallics, 2 (1983) 197.

T. Hosokawa, T. Ohta and S.-I. Murahashi, J. Chem. Soc., Chem.
Commun., (1983) 848.

E.J. Mistrik and A. Mateides, Chem. Tech. (Leipzig), 35 (1983) 90;
Chem. Abstr., 98 (1982) 215155p.

M.S. Shlapak, S.M. Brailovskii and O.N. Temkin, Kinet. Catal., 24
(1983) 1169; Kinet. Katal., 24 (1983) 1380.

A. Heumann, M. Réglier and B. Waegell, Tetrahedron lLett., 24 (1983)
1971,

T.N. Shakhtakhtinskii, A.M. Aliev, N.V. Bairamov, R.Yu. Agaeva and
R.M. Babaev, Azerb. Khim. Zh., (6) (1983) 25; Chem. Abstr., 102 (1985)
61891n.

S. Ivanov and S, Tanielyan, Geterog, Katal,, (1983) 5th, Pt 1, 99;
Chem. Abstr., 101 (1984) 54254h,

V.V. Polishchuk and S.R. Borisenkova, Deposited Doc., (1983) VINITI
3455-83; Chem. Abstr., 101 (1984) 230104v.

I.V. Kozhevnikov, Usp. Khim., 52 (1983) 244.

E.S. Rudakov, V.L. Lobachev and R.I. Rudakova, Dokl. Akad. Nauk SSSR,
273 (1983) 351 [Chem.]; Chem. Abstr., 100 (1984) 138542t.

E.S. Rudakov and V.L. Lobachev, React. Kinet. Catal, Lett., 22 (1983)
81; Chem., Abstr., 99 (1983) 211932n,

E.S. Rudakov and V.M. Ignatenko, React. Kinet. Catal. Lett., 22 (1983)
75.

Y. Tamaru, Y. Yamada, K. Inoue, Y. Yamamoto and Z. Yoshida, J. Org.
Chem., 48 (1983) 1286.

R. Bonomo, S. Musumeci, E. Rizzarelli and M. Vidali, Congr. Naz. Chim.
Inorg., [Atti], 16th, (1983) 427; Chem. Abstr., 100 (1984) 13162n.

S. Ito, K. Aihara and M. Matsumoto, Tetrahedron Lett., 24 (1983) 5249.
V.A. Golodov, E.L. Kuksenko and D.V. Sokol’'skii, Dokl. Phys. Chem.,
272 (1983) 687; Dokl. Akad. Nauk SSSR, 272 (1983) 628 [Phys. Chem.].
S.M. Paraskewas and A.A. Danopoulos, Synthesis, (1983) 638,

T. Hosokawa, Y. Imada and S.-I. Murahashi, J. Chem. Soc., Chem.
Commun., (1983) 1245,

D.W. Prest and R. Pearce, S. African ZA 81 08,127 (1982); Chem.
Abstr., 99 (1983) 21942t.

R. Eisenberg, Gov. Rep. Announce. Index (U.S.), 83 (1983) 5085; Chem.
Abstr., 100 (1984) 128641k.

P.W.N.M, van Leeuwen and C.F, Roobeek, Eur. Pat. Appl. EP 82,576
(1983); Chem. Abstr., 99 (1983) 121813v.

C.Y. Hsu, Eur. Pat. Appl. EP 81,942 (1983); Chem. Abstr., 99 (1983)
139327z.

Mitsubishi Chemical Industries Co., Ltd., Jpn. Kokai Tokkyo Koho JP
57,212,133 [82,212,133] (1982); Chem. Abstr., 98 (1983) 178743f.

533



534

600

601
602

603

604
605

606
607

608
609
610

611

612

613
614

615

616
617

618
619
620
621
622
623
624

625
626

627
628
629
630

631
632

633

Agency of Industrial Sciences and Technology, Jpn. Kokai Tokkyo Koho
JP 82,131,734; Chem. Abstr., 97 (1982) 215550t.

G. Cavinato and L. Toniolo, J. Organomet. Chem., 241 (1983) 275.

G.K. Anderson, C. Billard, H.C. Clark, J.A, Davies and C.S. Wong,
Inorg. Chem., 22 (1983) 439.

G. Consiglio, P. Pino, L.I. Flowers and C.U. Pittman, J. Chem. Soc.,
Chem, Commun., (1983) 612,

J.K. 8tille and G. Parrinello, J. Mol. Catal., 21 (1983) 203.

Halcon SD Group, Inc., Net. Appl. NL 82 02,190 (1982); Chem. Abstr.,
98 (1983) 1068163,

N. Rizkalla U.S. US 4,372,889 (1983); Chem. Abstr., 98 (1983) 142967t.
S.M. Brailovskii, O.N. Temkin and V.S. Shestakova, Kinet. Katal., 24
(1983) 326,

H. Alper, J.B. Woell, B. Despeyroux and D.J.H. Smith, J. Chem. Soc.,
Chem. Commun., (1983) 1270,

B. Despeyroux and H. Alper, Ann. N.Y. Acad. Sci., 415 (Catal.
Transition Met. Hydrides) (1983) 148.

H. Alper, B. Despeyroux and J.B. wWoell, Tetrahedron Lett., 24 (1983)
5691.

M.I. Terekhova, A.D, Karpyuk, N.D. Kolosova, E.S. Petrov and I.P.
Beletskaya, Bull. Acad. Sci. USSR, Div. Chem. Sci., 32 (1983) 2176;
Izv. Akad. Nauk SSSR, Ser. Khim., (1983) 2413.

G. Agnes, G. Rucci and C. Santini, Eur. Pat. Appl. EP 70,200 (1983);
Chem. Abstr., 99 (1983) 38053h.

T. Fuchikami, K. Ohishi and I. 0jima, J. Org. Chem., 48 (1983) 3803.
J. Jenck, Eur. Pat. Appl. EP 74,912 (1983); Chem. Abstr., 99 (1983)
70277x.

J. Jenck, Eur. Pat. Appl. EP 75,524 (1983); Chem. Abstr., 99 (1983)
70228y.

P. Eilbracht, M. Acker and W. Totzauer, Chem. Ber., 116 (1983) 238.
G. P. Chiusoli, M. Costa, E. Masarati and G. Salerno, J. Organomet.
Chem., 255 (1983) C35.

Mitsubishi Petrochemical Co., Ltd., Jpn. Kokai Tokkyo JP 57,200,338
[82,200,338] (1982); Chem. Abstr., 99 (1983) 5365b

K. Inamasa, K. Kudo and N. Sugita, Bull. Inst. Chem. Res., Kyoto
Univ., 61 (1983) 282; Chem. Abstr., 101 (1984) 54488n.

Y. Tamaru, H. Ochiai, Y. Yamada and Z. Yoshida, Tetrahedron Lett., 24
(1983) 38869,

V.P. Baillargeon and J.K. Stille, J. Am. Chem. Soc., 105 (1983) 7175,
A. Kasahara, T. Izumi and H. Yanai, Chem. Ind. (London), (1983) 898.
T.H. Larkins and G.R. Steinmetz, U.S. US 4,389,532 (1983); Chem.
Abstr., 99 (1983) 87644d.

Ube Industries, Ltd., Jpn. Kokai Tokkyo Koho JP 58 21,646 [83 21,646)
(1983); Chem. Abstr., 98 (1983) 160258s,

S.P. Current, J. Org. Chem.,, 48 (1983) 1779.

J.E. Hallgren, U.S. US 4,361,519 (1982); Chem. Abstr., 98 (1983)
53192u.

H. Itatani, M. Kashima and T. Suehiro, Eur. Pat. Appl. EP 77,542
(1983); Chem. Abstr., 99 (1983) 87654g9.

Halcon SD Group, Inc., Neth. Appl., NL 82 02,188 (1982); Chem. Abstr.,
98 (1983) 125425x.

J. Gauthier-~Lafayer and R. Perron, Eur. Pat. Appl., EP 77,746 (1983);
Chem. Abstr., 99 (1983) 87655h,

F.E. Paulik and R.G. Schultz, Eur. Pat. Appl. EP 77,116 (1983); Chem.
Abstr., 99 (1983) 70233w.

T. Itahara, Chem. Lett., (1983) 127.

Ashahi Chemical Industry Co., Ltd., Jpn. Kokai Tokkyo Koho JP
57,192,352 [82,192,352] (1982); Chem, Abstr., 98 (1983) 160458g.
Ashahi Chemical Industry Co., Ltd., Jpn. Kokai Tokkyo Koho JP
57,188,557 [82,188,557) (1982); Chem. Abstr., 98 (1983) 160456e.



634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664

665
666

535

H. Hoberg, F.J. Fafiands and H.J. Riegel, J. Organomet. Chem., 254
(1983) 267.

Mitsui Toatsu Chemicals, Inc., Jpn. Kokai Tokkyo Koho JP 58 10,548
[83 10,548) (1983); Chem. Abstr., 98 (1983) 197765f.

B.K. Nefedov, Kh.0. Khoshdurdyev and V.I. Manov-Yuvenskii, J. Appl.
Chem. USSR, 56 (1983) 442; Zh. Prikl. Khim. (Leningrad), 56 (1983) 458,
Y. Watanabe, Y. Tsuji, R. Takeuchi and N. Suzuki, Bull. Chem. Soc.
Jpn., 56 (1983) 3343.

Y. Watanabe, Y. Tsuji, T. Ohsumi and R. Takeuchi, Tetrahedron Lett.,
24 (1983) 4121.

Ashahi Chemical Industry Co., Ltd., Jpn. Kokai Tokkyo Koho JP
57,185,253 [82,185,253] (1982); Chem. Abstr., 98 (1983) 178991k.

Y. Fujiwara, I. Kawata, H. Sugimoto and H. Taniguchi, J. Organomet.
Chem., 256 (1983) C35,

R.C. Larock and C.-L. Liu, J. Org. Chem., 48 (1983) 2151.

V. Galamb, M. Gopal and H. Alper, Organometallics, 2 (1983) 801.

V. Galamb and H. Alper, Transition Met. Chem. (Weinheim, Ger.), 8
(1983) 271.

S.H. Levinson, W.L. Mendelson and D.G. Morrell, Eur. Pat. Appl. EP
70,185 (1983); Chem. Abstr., 99 (1983) 53601x.

M. Catellini, G.P. Chiusoli and C. Peloso, Taetrahedron Lett,, 24
(1983) 813.

L. Wang and Y. Jiang, Gaofenzi Tongxun (1983) 78; Chem. Abstr., 99
(1983) 195191n.

V. vaisarovd and J. Hetflej$, Synth. React. Inorg. Met.-Org. Chem.,
13 (1983) 977.

K. Tamao, N. Ishida, T. Tanaka and M. Kumada, Organometallics, 2
(1983) 1694.

Z.W. Kornetka and J. Bartz, Pol. PL 119,230 (1982); Chem. Abstr., 99
(1983) 140147x.

B. Marciniec, J. Guliriski and W. Urbaniak, Pol. J. Chem., 56 (1982)
287.

P. Svoboda, V. Vybiral and J. Hetflejs, Czech. CS 194,149 (1982);
Chem. Abstr., 99 (1983) 22680t.

P. Svoboda, V. Vybiral and J. Hetflejs, Czech. CS 200,379 (1983);
Chem. Abstr., 99 (1983) 1586214.

Z.V. Belyakova, L.K. Knyazeva and E.A. Chernyshev, J. Gen. Chem. USSR,
53 (1983) 1435; Zh. Obshch. Khim., 53 (1983) 1591,

0.W. Marko, U.S. US 4,360,687 (1982); Chem. Abstr., 98 (1983) 89650f,
V. Chvalovsky and W.S. El-Hamouly, Tetrahedron, 39 (1983) 1195,

Z.W. Kornetka, J. Bartz, B. Marciniec and J. Langer, Pol. PL 119,366
(1982); Chem. Abstr., 99 (1983) 122642a.

K. Mine, T. Suzuki and T. Hanada, Eur. Pat. Appl. EP 90,333 (1983);
Chem. Abstr., 99 (1983) 2139799g.

E.X. Pierpont, Eur. Pat. Appl. EP 73,556 (1983); Chem. Abstr., 98
(1983) 199295b.

F.H. Kreuzer, M. E1 Gawhary, R. Winkler and H. Finkelmann, Ger. Offen.
DE 3,110,048 (1982); Chem. Abstr., 98 (1983) 10013u.

T. Hayashi, K. Kabeta, T. Yamamoto, K. Tamao and M. Kumada,
Tetrahedron Lett., 24 (1983) 5661,

A. Onopchenko, E.T. Sabourin and D.L. Beach, J. Org, Chem., 48 (1983)
5101,

R.M. Mustafaev, L.G. Kulieva and S.I. Sadykh-Zade, Zh. Vses. Khim.
O-va., 28 (1983) 713; Chem. Abstr., 100 (1984) 174909b.

M.G. Yoronkov, V.8. Pukhnarevich, I.I1. Tsykhanskaya, N.I. Ushakova,
Yu.L. Gaft and I.A. Zakharova, Inorg. Chim. Acta, 68 (1983) 103,

K. Tamao, M. Akita and M, Kumada, J. Organomet. Chem., 254 (1983) 13,
J.E. Hallgren, U.S. US 4,377,706 (1983); Chem. Abstr., 99 (1983) 5814x.
H. Hayami, M. Sato, S. Kanemoto, Y. Morizawa, K. Oshima and H. Nozaki,
J. Am. Chem. Soc., 105 (1983) 4491.



536

667
668
669
670
671
672
673
674
675

676
677

678

679
680
681
682
683
684
685
686
687
688
689

690
891

692
693
694

695
696

697
698

699
700

701

S.M, Brailovskii, O.N. Temkin and E.S. Klimova, Kinet. Katal., 24
(1983) 1091,

S.M. Brailovskii, O.N. Temkin and V.S. Shestakova, Kinet. Catal., 24
(1983) 717; Kinet. Katal., 24 (1983) 848.

W.R: Jackson and C.G. Lovel, Aust. J. Chem., 36 (1983) 1975.

M. Rapoport, U.S. US 4,371,474 (1983); Chem. Abstr., 98 (1983) 125452d.
M.W. Majchrzak, A. Kotelko and J.B. Lambert, Synthesis, (1983) 469,

H. Kanai, N. Hiraki and S. Iida, Bull. Chem. Soc. Jpn., 56 (1983) 1025,
H. Kanai, Y. Nishiguchi and H. Matsuda, Bull. Chem. Soc. Jpn., 56
(1983) 1592,

L.I. Zakharkin, V.¥. Guseva and I.M. Churilova, U.S. s R. SU 879, 321
(1982); Chem. Abstr., 98 (1983) 178819k.

U.M. Dzhemilev, R.N. Fakhretdinov, A.G. Telin and G. A. Tolstikov,
U.S.S.R. SU 950,722 (1983); Chem. Abstr., 98 (1983) 71938w.

B. Pugin and L.M. Venanzi, J. Am. Chem. Soc., 105 (1983) 6877,

T.N. Mitchell, A, Amamria, H. Killing and R. Rutschow, J. Organomet.
Chem., 241 (1983) C45.

D.B. Furman, N.Y. Volchkov, L.A. Makhlis, S.A. Chernov, V. E.

vasserberg and 0.V. Bragin, Bull. Acad. Sci. USSR, Div. Chem. Sci., 32
(1983) 509; Izv. Akad. Nauk SSSR, Ser. Khim., (1983).568.

K Ogura, T. Ajzawa, K. Uchiyama and H. Iida, Bull, Chem, Soc. Jpn., 56
(1983) 953.

T. Mandai, K. Hara, M. Kawada and J. Nokami, Tetrahedron Lett., 24
(1983) 1517,

Sumitomo Chemical Co., Ltd., Jpn. Kokai Tokkyo Koho JP 57,197,242
[82,197,242) (1982); Chem. Abstr., 98 (1983) 215834j.

Sumitomo Chemical Co., Ltd., Jen. Kokai Tokkyo Koho JP §7,197,246
[82,197,248] (1982); Chem. Abstr., 99 (1983) 5874s.

L.E. Overman and A.F. Renalde, Tetrahadron Lett., 24 (1983) 2235.

L.E. Overman and A.F. Renalde, Tetrahedron tett., 24 (1983) 3757.

N. Bluthe, M. Malacria and J. Gore, Tetrahedron Lett., 24 (1983) 1157,
N. Bluthe, J. Gore and M. Malacria, Eur. Pat. Appl. EP 69,101 (1983);
Chem. Abstr., 99 (1983) 21957b.

M. Mizutani, Y. Sanemitsu, Y. Tamaru and Z, Yoshida, J. Org. Chem., 48
(1983) 4585.

Y. Tamaru, Z. Yoshida, Y. vYamada, K. Mukaj and H. Yoshioka, J. Org.
Chem., 48 (1983) 1293.

N. Borsub, PhD Univ. Georgia, 1983; Diss. Abstr. Int. B, 44 (1983)
2418.

W.J. Richter, J. Mol. Catal., 18 (1983) 145,

R.W. Thies, J.L. Boop, M. Scheidler, D.C. Zimmerman and T.H. LaPage,
J. Org. Chem., 48 (1983) 2021,

J. Tsuji, Yuki Gosei Kagaku Kyokaishi, 41 (1983) 619; Chem. Abstr., 99
(1983) 157441m.

J. Tsuju, Kagaku (Kyoto), 38 (1983) 300; Chem. Abstr., 99 (1983)
69734d.

M. Kumada and T. Hayashi, Kagaku (Kyoto), 38 (1983) 815; Chem. Abstr.,
100 (1984) 50684e.

J.-C, Ftaud,'J. Chem. Soc., Chem. Commun., (1983) 1055.

A. Donetti and M. Gil Quintero, Brit. UK Pat, Appl. GB 2,108,125
(1983); Chem. Abstr., 99 (1983) 122449t.

E. Negishi and R.A. John, J. Org. Chem., 48 (1983) 4098.

E. Negishi, F.~T. Luo, A.J. Pecora and A, Silveira, J. Org. Chem., 48
(1983) 2427.

B.M. Trost and C.R. Self, J. Am. Chem. Soc., 105 (1983) 5942.

E. Wenkert, J.B. Fernandes, E.L. Michelotti and C.S. Swindell,
Synthesis (1983) 701.

paikin Kogyo Co., Ltd., Jpn. Kokai Tokkyo Koho JP 58 92,627

[83 92,627] (1983); Chem. Abstr., 99 (1983) 175352n



702

703

104
705
706
107

708

709
710

711
712

713
714
715
117
718
719
720
721
722

723

724

725
726
727
728
729

730
731

732
733

734
735
736
737
738

739

740

537

R.N. Kunakova, R.L. Gaisin, M.M. Sirazova and U.M. Dzhemilev, Bull.
Acad. Sci. USSR, Div. Chem. Sci., 32 (1983) 133; Izv. Akad. Nauk SSSR,
Ser. Khim., (1983) 157.

A.G. Ibragimov, D.L. Minsker, R.A. Saraev and U.M. Dzhemilev, Bull.
Acad. Sci. USSR, Div. Chem. Sci., 32 (1983) 2104; Izv. Akad. Nauk
SSSR, Ser. Khim., (1983) .

F.K. Sheffy and J.K. Stille, J. Am. Chem. Soc., 105 (1983) 7173.

E. Keinan and M. Perutz, J. Org. Chem., 48 (1983) 5302.

E. Keinan and Z. Roth, J. Org. Chem., 48 (1983) 1769,

J.~E. BHckvall, R.E. Nordberg and J. Vagberg, Tetrahedron Lett., 24
(1983) 411,

B.M. Trost, J. Yoshida and M. Lautens, J. Am. Chem. Soc,, 105 (1983)
4494,

S. Yougai and T. Miwa, J. Chem. Soc., Chem. Commun., (1983) 68,

S.A. Stanton, S.W. Felman, C.S. Parkhurst and S.A. Godleski, J. Am.
Chem. Soc., 105 (1983) 1964,

G. Stork and J.M. Poirier, J. Am. Chem. Soc., 105 (1983) 1073.

S.A. Godleski, D.J. Heacock, J.D. Meinhart and S. van Wallendael, J.
Org. Chem., 48 (1983) 2101.

W. Carruthers and S.A. Cumming, J. Chem. Soc., Chem. Commun., (1983)
360,

W. Carruthers and S.A. Cumming, J. Chem. Soc., Perkin Trans. I, (1983)
2383,

.P. Woo, U.S. US 4,362,670 (1982); Chem. Abstr., 98 (1983) 106824k.

. Tsuji, I. Minami and I. Shimizu, Chem. Lett., (1983) 1325.

Tsuji, I. Minami and I. Shimizu, Tetrahedron Lett., 24 (1983) 4713.
Tsuji, I. Minami and I. Shimizu, Tetrahedron Lett., 24 (1983) 1793,
Shimizu, I. Minami and J. Tsuji, Tetrahedron Lett., 24 (1983) 1797,
.M. Trost and R.W. Warner, J. Am. Chem. Soc., 105 (1983) 5940,

T. Hayashi, M. Konishi and M. Kumada, J. Chem. Soc., Chem. Commun.,
(1983) 736.

C.J. Elsevier, P.M. Stehouwer, H. Westmijze and P. Vermeer, J. Org.
Chem., 48 (1983) 1103,

G.A. Tolstikov, T.Yu. Romanova and A.V. Kuchin, Bull. Acad. Sci. USSR,
Div. Chem. Sci., 32 (1983) 569; Izv. Akad. Nauk SSSR, Ser. Khim.,
(1983) 629.

H. Kleijn, H. Westmijze, J. Meijer and P. Vermeer, Rec.: J.R. Neth.
Chem. Soc., 102 (1983) 378.

B.M. Trost and D.M.T. Chan, J. Am. Chem. Soc., 105 (1983) 2315,

B.M. Trost and D.M.T. Chan, J. Am. Chem. Soc., 105 (1983) 2326.

M. Moreno-Mafias and A. Trius, Bull. Chem. Soc. Jpn., 56 (1983) 2154,
M.J. Calverley and M. Begtrup, J. Antibiot., 36 (1983) 1507.

I. Shimizu, Y. Kamei, T. Tezuka, T. Izumi and A. Kasahara, Bull.

them. Soc. Jpn., 56 (1983) 192.

S. Nunomoto, Y. Kawakami and Y. Yamashita, J. Org. Chem., 48 (1983)
1912.

Kohkoku Chemical Industries Co., Ltd., Jpn. Kokai Tokkyc Koho JP

58 96,063 {83 96,063] (1983); Chem. Abstr., 99 (1983) 139759s,

J. Novdk and C. Salemink, J. Chem. Soc., Perkin Trans. I, (1983) 2873.
F. Babudri, §. Florio, L. Ronzini and M. Aresta, Tetrahedron, 39
(1983) 1515,

D.E. Bergstrom and P.A. Reddy, J. Het. Chem., 20 (1983) 469.

M.R,H. Elmoghayar and K. Undheim, Acta Chem. Scand., B37 (1983) 160.
M. Sato, K. Kaeriyama and K. Someno, Makromol. Chem., 184 (1983) 2241.
G. Consiglio, F. Morandini and 0. Piccolo, Tetrahedron, 39 (1983) 2699.
M. Tiecco, L. Testaferri, M. Tingoli and E. Wenkert, Tetrahedron, 39
(1983) 2289.

E. Negishi, H. Matsushita, M. Kobayashi and C.L. Rand, Tetrahedron
Lett., 24 (1983) 3823.

C.E. Russell and L.S. Hegedus, J. Am. Chem. Soc., 105 (1983) 943.

- om



538

™

742
743
144

745
746

747
748

749
750
751
162
753
154
755
756

157
758

769
760
761
762
763
764
165
766
167
768
769
770
m
772
173
774

175

N.A. Bumagin, I.0. Kalinovskii and I.P. Beletskaya, Bull. Acad. Sci.
USSR, Div. Chem. Sci., 32 (1983) 1469: Izv. Akad. Nauk SSSR, Ser.
Khim., (1983) 1619,

N.A. Bumagin, I.0. Kalinovskii and I.P. Beletskaya, Khim. Geterotsikl.
Soedin., (1983) 1467; Chem. Abstr., 100 (1984) 156465z.

N.A. Bumagin, I.G. Bumagina and I.P. Beletskaya, Dokl. Chem., 272
(1983) 338; Dokl., Akad. Nauk SSSR, 272 (1983) 1384 (Chem.].

K. Kikikawa, K. Kono, F. Wada and T. Matsuda, J. Org. Chem., 48 (1983)
1333,

M. Kosugi, M, Kameyama and T, Migita, Chem. Lett., (1983) 927.

M. Kosugi, I. Hagiwara, T. Sumiya and 7. Migita, J. Chem. Soc., Chem.
Commun,, (1983) 344.

S. Gronowitz and K. Lawitz, Chem. Script., 22 (1983) 265.

M.M. Teplyakov, I.A. Khotina, Ts.L. Gelashvili and V.V. Korshak, Dokl.
Chem., 271 (1983) 252; Dokl. Akad. Nauk SSSR, 2T1 (1983) 874 (Chem.].
K. Kikukawa, A. Abe, F. Wada and 7. Matsuda, Bull. Chem. Soc. Jpn., 56
(1983) 961,

M.J. Robins and P.J. Barr, J. Org. Chem., 48 (1983) 1854,

A. Matsuda, K. Satoh, H. Tanaka and T. Miyasaka, Nucleic Acids Symp.
Ser., 12 (Symp. Nucleic Acids Chem., 11th) (1983) §; Chem. Abstr., 101
(1984) 23865d.

J.J. Harrison, E.T. Sabourin and C.M. Selwitz, U.S. US 4,356,325
(1982); Chem. Abstr., 98 (1983) 160409s.

E.T. Sabourin and A. Onopchenko, J. Org. Chem., 48 (1983) 5135,

K.S.Y. Lau, U.S. US$ 4,374,291 (1983); Chem. Abstr., 98 (1983) 178910h,
T7.K. Dougherty, K.S.Y. Lau and F.L. Hedberg, J. Org. Chem., 48 (1983)
5273.

J.B. Davison, P.J, Peerce-Landers and R.-J. Jasinski, J. Electrochem.
Soc., 130 (1983) 1862.

M. Prochazka and M. Siroky, Coll. Czech. Chem. Commun., 48 (1983) 1765.
T. Migita, T. Nagai, K. Kiuchi and M. Kosugi, Bull. Chem. Soc. Jpn.,
56 (1983) 2869.

M.B. Dines and P.C. Griffith, Polyhedron, 2 (1983) 607.

H. Matsumoto, S. Inaba and R.D. Rieke, J. Org. Chem., 48 (1983) 840.
V. Ratovelomanana and G. Linstrumelle, Synth. Commun., 14 (1984) 179,
H. Sakurai, A. Hosomi, M. Saito, K. Sasaki, H. Iguchi, J. Sasaki and
Y. Araki, Tetrahedron, 39 (1983) 883.

Taisho Pharmaceutical Co., Ltd., Jpn. Kokai Tokkyo Koho JP 58,103,328
[83,103,328]) (1983); Chem. Abstr,, 99 (1983) 139467v.

T. Hayashi, K. Kabata, I. Hamachi and M. Kumada, Tetrahedron Lett., 24
(1983) 2865,

S. Uemura, S. Fukuzawa and S.R. Patil, J. Organomet. Chem., 243 (1983)
9.
C. Sahlberhg, A. Quader and A. Claesson, Tetrahedron Lett., 24 (1983)
5137.

T. Hayashi, M. Konishi, M, Fukushima, K. Kanehira, T. Hioki and M.
Kumada, J. Org. Chem., 48 (1883) 2195.

T. Hayashi, T. Hagihara, Y. Katsuro and M. Kumada, Bull. Chem. Soc.
Jpn,, 56 (1983) 363.

B.M. Trost and J. Yoshida, Tetrahedron Lett., 24 (1983) 4895,

W.G. Peet and W. Tam, J. Chem. Soc., Chem, Commun., (1983) 853,

M. Kosugi, I. Hagiwara and 7. Migita, Chem. Lett., (1983) 839.

N. Jabri, A. Alexakis and J.F. Normant, Bull. Soc. Chim. Fr., (1984)
I11-332.

N. Jabri, A, Alexakis and J.F. Normant, Bull. Soc. Chim. Fr., (1983)
11-321.

N. Miyaura, H. Suginome and A. Suzuki, Tetrahedron Lett., 24 (1983)
1527.

E. Negishi and F.-T. Luo, J. Org. Chem., 48 (1983) 1560.



776
711
718
719
780
781

782
783

784
785
786
787
788
789
790
791

792

793

794
795
796
797
798

799
800

801
803

804
805

806
807

808

T. HMirao, Y. Ohshiro, K. Kurokawa, T. Agawa, Yukagaku, 32 (1983) 274;
Chem. Abstr., 99 (1983) 88273u.
7. Jeffrey-Luong and G. Linstrumelle, Synthesis (1983) 32.

T. Hayashi, Y. Okamoto and M. Kumada, Tetrahedron Lett., 24 (1983) 807.

T. Klingstedt and T. Frejd, Organometallics, 2 (1983) 598.

T. Amano, K. Yoshikawa, T. Sano, Y. Ohuchi, M. Ishiguro, M. Shiono, Y.
Fujita and T. Nishida, Eur. Pat. Appl. EP 74,008 (1983); Chem. Abstr.,
99 (1983) 69707x.

J.W. Labadie, PhD, Colorado State Univ. (1983), Diss. Abstr. Int. B,
44 (1983) 1121,

J.W. Labadie and J.K. Stille, Tetrahedron Lett., 24 (1983) 4283.

J.W, Labadie, D. Tueting and J.K. Stille, J. Org. Chem., 48 (1983)

J.A. Soderquist and W.W.-H. Leong, Tetrahedron Lett., 24 (1983) 2361.
J.W. Labadie and J.K, Stille, J. Am. Chem. Soc., 105 (1983) 669.

J.W. Labadie and J.K. Stille, J. Am. Chem. Soc., 105 {1983) 6129,

E. Negishi, V. Bagheri, S. Chatterjee, F.-T. Luo, J.A. Miller and A.T.
Stoll, Tetrahedron Lett., 24 (1983) 5181.

N. Jabri, A. Alexakis and J.F. Normant, Tetrahedron Lett., 24 (1983)
5081.

M. Kosugi, T. Ohya and T. Migita, Bull. Chem. Soc. Jpn., 56 (1983)
3855,

H. Matsumoto, M. Kasahara, I. Matsubara, M. Takahashi, T. Arai, M,
Hasegawa, T. Nakano and Y. Nagai, J. Organomet. Chem., 250 (1983) 99.
H. Matsumoto, T. Arai, M. Takahashi, T. Ashizawa, T. Nakano and Y.
Nagai, Bull. Chem. Soc. Jpn., 56 (1983) 3009,

D.B. Furman, L.A. Makhlis, N.V. Volchkov, A.V. Preobrazhenskii, 0.V.
Bragin, V.E. Vasserberg, P.E. Matkovskii, G.P. Belov, F.S.
D’'yachkovskii et al., U.S.S.R. SU 981,307 (1981); Chem. Abstr., 98
(1983) 143993k.

D.B. Furman, N.V. Volchkov, L.A. Makhlis, P.E. Matkovskii, G.P. Belov,
V.E. vasserberg and 0.V. Bragin, Bull. Acad. Sci. USSR, Div. Chem.
Sci., 32 (1983) 514; 1zv. Akad. Nauk SSSR, Ser. Khim., (1983) 573.
D.B. Furman, N.V. Volchkov and 0.V. Bragin, Geterog. Katal., 5th,
Part 2, (1983) 249; Chem. Abstr., 101 (1985) 6535d.

L. Bonneviot, D. Olivier and M. Che, Eur. Pat. Appl. EP 89,895 (1983);
Chem. Abstr., 99 (1983) 213040u.

Y. Ishimura, K. Maruya, Y. Nakamura, T. Mizoroki and A. Ozaki, Bull.
Chem. Soc. Jpn., 56 (1983) 818.

Sumitomo Chemical Co., Ltd., Jpn. Kokai Tokkyo Koho JP 57,169,433
[82,169,433] (1982); Chem. Abstr., 98 (1983) 106775v.

D. Le Pennec, D. Commereuc and Y. Chauvin, U.S. US 4,366,087 (1982);
Chem. Abstr., 98 (1983) 160223b.

W.A. Nugent and F.W. Hobbs, J. Org. Chem., 48 (1983) 5364,

L.J.M.A. van de Leemput and G.A.H. Noorjen, Eur. Pat. Appl. EP 72,076
(1983); Chem, Abstr., 98 (1983) 161323w.

M. Peuckert and W. Keim, Organometallics, 2 (1983) 594,

W. Keim, A. Behr and G. Kraus, J. Organomet. Chem., 251 (1983) 377.
M. Peuckert, W. Keim, S. Storp and R.S. Weber, J. Mol. Catal., 20
(1983) 115,

K.J. Cavell and A.F. Masters, J. Chem. Res. §, (1983) 72.

T.-W. Lai, PhD Thesijs, Penn. State Univ., 1983, Diss. Abstr. Int. B,
44 (1983) 2429,

S.A.K., Lodhi and A.R. Khan, J.Chem. Soc. Pak., 5 (1983) 61; Chem.
Abstr., 99 (1983) 158930g.

F.A. Selimov, 0.G. Rutman and U.M. Dzhemilev, Zh. Org. Khim., 19
(1983) 1853.

A. Mantovani, A. Marcomini, L. Calligaro and U. Belluco, Congr. Naz.
Chim. Inorg., [Atti]), 16th, (1983) 206; Chem. Abstr., 100 (1984)
1386559.

539



540

809

810

811

812
813

814

815

816
817
818
819
820
821
822
823
824
825

826

827
828
829

830
831

832
833
834
835
836

838

W. Hartmann, K.D. Preuss and H. Singer, J. Organomet. Chem., 258
(1983) 235.

Yu.K. Kirilenko, V.A. Moisa, G.I. Kudryavtsev, L.A. Borisenko and M.I.
Cherkashin, Vysokomol. Soedin., Ser. B, 25 (1983) 787; Chem. Abstr.,
100 (1984) 34915a.

Yu.K. Kirilenko, V.A. Moisa, B.A. Batik’van, I.F. Khudoshev, M.I.
Cherkashin and G.I. Kudryavtsev, Khim. volokna (2) (1983) 25; Chem.
Abstr., 98 (1983) 217020q.

L.A. Akopyan, G.V. Ambartsumjan, S.B. Gevorkyan and E.V. Ovakimyan,

Arm. Khim. Zh., 36 (1983) 247; Chem. Abstr., 99 (1983) 105805p.

L.G. Picklesimer, M.A. Lucarelli, W.B. Jones, T.E. Helminiak and C.C.
Kang, Polym., Prepr., (Am, Chem. Soc., Div. Polym. Chem.), 22 (1981) 97.
E.A. Mushipa, T.K. Makhina, E.M. Khar’kova, G.N. Bondarenko, B.A.
Krentsel, I.A. Vasil’eva and Ya.M. Slobodin, Vysokomol. Socedin., Ser.
A, 25 (1983) 1944; Chem. Abstr., 100 (1984) 103921p.

K. Sporka, J. Hamika and V. Ruzicka, Sb. Vys. Sk. Chem.-Technol.
Praze, Org. Chem. Technol., C28 (1983) 107; Chem. Abstr., 102 (1985)
220265e.

P. Grenouillet, D. Neibecker and I. Tkatchenko, J. Organomet. Chem.,
243 (1983) 213.

Mitsubishi Petrochemical Co., Ltd., Jpn. Kokai Tokkyo Koho JP

58 55,434 [83 55,434] (1983); Chem. Abstr., 99 (1983) 70286r.

P. Brun, A. Tenaglia and B. Waegell, Tetrahedron Lett., 24 (1983) 385.
V.I. Aksenov, V.I. Anosov, N.G. Antonova, V.L. Zolotarev, V.N.
Zaboristov, V.B. Murachev, E.F. Shashkina and A.N. Pravednikov,
Prom.-st. Sint. Kauch., (1983) (6) 5; Chem. Abstr., 99 (1983) 89426h.
K.F. Castner and P.H. Sandstrom, U.S. US 4,383,097 (1983); Chem.
Abstr., 99 (1983) 23858u.

L.M. Stephenson and C.A. Kovac, ACS Symp. Ser., 212 (1983) 307.

R. Taube and J-P. Gehrke, Z. Chem., 23 (1983) 437.

G.A. Chukhadzhyan, L.I. Sagradyan, T.S. Elbakyan and V.A. Matosyan,
Arm. Khim. Zh., 36 (1983) 478; Chem. Abstr., 99 (1983) 196361e.

E. Kobayashi, J. Furukawa, M. Ochiai and T. Tsujimoto, Eur. Polym. J.
19 (1983) 871. _

H.M. Buch, G. Schroth, R. Mynott and P. Binger, J. Organomet. Chem.,
247 (1983) C63.

U.M. Dzhemilev, V.V. Sidorova and R.V. Kunakova, Bull. Acad. Sci.
USSR, Div. Chem. Sci., 32 (1983) 525; Izv. Akad. Nauk SSSR, Ser.
Khim,, (1983) 584,

Y. Inoue, M. Sato, M. Satake and H. Hashimoto, Bull. Chem. Soc. Jpn.,
56 (1983) 637.

A. Behr and W. Keim, Chem. Ber., 116 (1983) 862.

U.M. Dzhemilev, R.V Kunakova and R.L. Gaisin, Bulil. Acad. Sci. USSR,
Div. Chem. Sci., 32 (1983) 2107; Izv. Akad. Nauk SSSR, Ser. Khim.,
(1983) 2337,

A. Groult and A. Guy, Tetrahedron, 39 (1983) 1543,

L.I. Zakharkin, E.A. Petrushkina and L.S. Podvisotskaya, Bull. Acad.
Sci. USSR, Div. Chem. Sci., 32 (1983) 805; Izv. Akad. Nauk SSSR, Ser,
Khim., (1983) 886, B

W. Keim, K-R. Kurtz and M. Roper, J. Mol. Catal., 20 (1983) 129,

W. Keim, M. Rdper and M. Schieren, J. Mol. Catal., 20 (1983) 139,
G.P. ¢Chiusoli, M. Costa, L. Pallini and G. Terenghi, Eur. Pat. Appl.
EP 75,365 (1983); Chem. Abstr., 99 (1983) 85211x.

J. Kiji, 7. Okano, K. Odagiri, N. Ueshima and H., Konishi, J, Mol.
Catal., 18 (1983) 109.

A. Behr and K.-D. Juszak, J. Organomet. Chem., 255 (1983) 263.

A. Behr, K.-D. Juszak and W. Keim, Synthesis (1983) 574.

A.J.M. van Beijnen, R.J.M. Nolte, A.J. Naaktgeboren, J,W. Zwikker, W.
Drenth and A.M.F. Hezemans, Macromolecules, 16 (1983) 1679,



8139
840

841
842

843
844
845
846
8471
848
849
850
851

852
853

854
855

856

864
865
866
867
868
869
870

871
872

873

541

J.-F. Fauvarque, M.-A. Petit, F. Pfluger, A. Jutand, C. Chevrot and M.
Troupel, Makromol. Chem., Rapid Commun., 4 (1983) 455.

T. Yamamoto, K. Sanechika and A. Yamamoto, Bull. Chem. Soc. Jpn., 56
(1983) 1497,

K. Takagi and N. Hayama, Chem. Lett., (1983) 637.

M. Iyoda, $§. Tanaka, M. Nose and M. Oda, J. Chem. Soc., Chem. Commun.,
(1983) 1058.

N. Oguni, T. Omi, Y. Yamamoto and A. Nakamura, Chem. Lett., (1983) 841.
H. Urabe and I. Kuwajima, Tetrahedron Lett., 24 (1983) 5001.

Y. Abe, H. Goto, M. Sato and T. Kato, Chem. Pharm. Bull., 31 (1983)
1108.

Y. Abe, M. Sato, H. Goto, R. Sugawara, E. Takahashi and T. Kato, Chem.
Pharm. Bull., 31 (1983) 4346.

V. Fiandanese, G. Marchese and L. Ronzini, Tetrahedron Lett., 24
(1983) 3677.

J.W, Fitch, W.G. Payne and D. Westmoreland, J. Org. Chem., 48 (1983)
751.

F. Henin and J.P. Pete, Tetrahedron Lett., 24 (1983) 4687.

S. Cacchi and A. Arcadi, J. Org. Chem., 48 (1983) 4236.

M. Cutolo, V. Fiandanese, F. Naso and 0. Sciacovelli, Tetrahedron
Lett., 24 (1983) 4603.

A. Spencer, J. Organomet. Chem., 258 (1983) 101,

A. Spencer, Eur. Pat. Appl. EP 78,768 (1983); Chem. Abstr., 99 (1983)
105002z.

T. Itahara, M. Ikeda and T. Sakakibara, J. Chem. So¢., Perkin Trans.
I, (1983) 1361,

L. shi, C.K. Narula, K.T. Mak, L. Kao, Y. Xu and R.F. Heck, J. Org.
Chem., 48 (1983) 3894,

G.V. Nizova, P. Lederer and G.B. Shul’pin, Oxidn. Commun., 4 (1983)

L.M. Zubritskii, N.D. Romashchenko and A.A. Petrov, J. Org. Chem,
USSR, 19 (1983) 2157; Zh. Org. Khim., 19 (1983) 2465,

I. Pri-Bar, P.S. Pearlman and J.K. Stille, J. Org. Chem., 48 (1983)
4629.

R.A. Kjonaas and D.C. Shubert, J. Org. Chem., 48 (1983) 1924,

W. Poppitz and E. Uhlig, J. Organomet. Chem., 244 (1983) C1.

M. Uchiyama, T. Suzuki and Y. Yamazaki, Chem. Lett., (1983) 1165.

R. Nakajima, Kenkyu Hokoku-Asahi Garasu Kogyo Gijutsu Shoreikai, 42
(1983) 279; Chem. Abstr., 100 (1984) 120116x.

S.A. Lebedev, V.S. Lopatina, P.R. Shifrina, E.S. Petrov and I.P.
Beletskaya, Bull. Acad. Sci. USSR, Div. Chem. Sci., 32 (1983) 2178;
Izv. Akad. Nauk SSSR, Ser. Khim., (1983) 2414.

Y. Rollin, G. Meyer, M. Troupel, J-F. Fauvarque and J. Perichon, J.
Chem. Soc., Chem. Commun., (1983) 793.

A. Spencer, Eur. Pat. Appl. EP 62,005 (1982); Chem. Abstr., 98 (1983)
53370.

D.E. Ames and A. Opalko, Synthesis (1983) 234.

S.A. Lebedev, L.F. Starosel’skaya, R.R. Shifrina and I.P. Beletskaya,
Bull. Acad. Sci. USSR, Div. Chem. Sci., 32 (1983) 597; Izv. Akad. Nauk
SSSR, Ser. Khim., (1983) 658.

T. Davan, E.W. Corcoran and L.G. Sneddon, Organometallics, 2 (1983)
1693,

P. Grenouillet, D. Neibecker and I. Tkatchenko, J. Chem. Soc., Chem.
Commun., (1983) 542.

G.P. Chiusoli, L. Pallini and G. Terenghi, Transition Met. Chem.
(Weinheim, Ger.), 8 (1983) 189.

P. Binger, A. Brinkmann and P. Wedemann, Chem. Ber., 116 (1983) 2920.
Y. Ishii, M. Kawahara, T. Noda, H. Ishigaki and M. Ogawa, Bull. Chem.
Soc. Jpn., 56 (1983) 2181,

M. Catellani and G.P. Chiusoli, J. Organomet. Chem., 247 (1983) C59.



542

874
875
876

877
878

879
880
881
882

883
884

885

886
887

888
889

890
891
892

893
894

M. Catellani and G.P. Chiusoli, Tetrahedron Lett., 24 (1983) 4493,
S. Czernecki and V. Dechavanne, Can. J. Chem., 61 (1983) 533,

K. Bill, G.G. Black, C.P. Falshaw and M. Sainsbury, Heterocycles, 20
(1983) 2433.

A. Spencer, J. Organomet. Chem., 247 (1983) 117.

J. Tsuji, K, Sakai, H. Nemoto and H. Nagashima, J. Mol. Catal., 18
(1983) 169,

F. Camps Diez, J. Coll Toledano and J.M. Moreto Canela, Span. ES
509,181 (1982); Chem. Abstr., 99 (1983) 87806h.

M.S. Shlapak, S.M. Brailovskii, O.N. Temkin and V.B. Frolov, Kinet.
Catal., 24 (1983) 1165; Kinet. Katal., 24 (1983) 1375,

H. Urabe, Y. Takano and I. Kuwajima, J. Am. Chem. Soc., 105 (1983)
5703.

M. Kosugi, T. Ohya and T. Migita, Bull. Chem. Soc. Jpn., 56 (1983)
3539.

T. Mukaiyama, M. Ohshima and T. Nakatsuka, Chem. Lett., (1983) 1207.
S. Murahasi, H. Mitsui, T. Watanabe and S. Zenki, Tetrahedron Lett.,
24 (1983) 1049,

G. Stammann, R. Becker, J. Grolig and H. Waldmann, Eur. Pat, Appl. EP
71,835 (1983); Chem. Abstr., 99 (1983) 53396j.

B.T. kKhai and A. Arcelli, J. Organomet. Chem., 252 (1983) C9.

Yu.N. Kukushkin, V.N. Demidov and N.P., Fedyanin, J. Gen. Chem. USSR,
53 (1983) 2159; Zh. Obshch. Khim., 53 (1983) 2393.

N. Afza, A. Malik and W, Voelter. Chimia, 37 (1983) 422,

N. Afza, A, Malik and W. Voelter, J. Chem. Soc., Perkin Trans. I,
(1983) 1349.

E. Keinan, M. Sahai and I. Kirson, J. Org. Chem., 48 (1983) 2550.

E. Acodedji, J. Lieto and J.P. Aune, J. Mol. Catal., 22 (1983) 73.
T. Itahara, R. Ebihara and K. Kawasaki, Bull. Chem. Soc. Jpn., 56
(1983) 2171.

K. Nagao, M. Chiba and S.-W. Kim, Synthesis (1983) 197,

G. Castaldi, A. Belli, F. Uggeri and C. Giordano, J. Org. Chem., 48
(1983) 4658.



543

15 ABBREVIATIONS

A angstrom

Ac acetyl

acacH pentane-2,4-dione

Ar aryi

bim 2,2'-biimidazole

bipy 2,2’ -bipyridine

bipym 2,2’-bipyrimidine

BPPM 2S,45-N-t-butoxycarbonyl-4-

dipheny 1phosphino-2-dipheny lphosphinomethy lpyrrolidine
Bu butyl

cdt cyclododecatriene

CHIRAPHOS 28, 38-bis(diphenyliphosphino)butane

cod 1,5-cyclooctadiene

Cp cyclopentadienyl

CP% pentamethylcyclopentadieny]

Cy cyclohexyl

CYCPHOS 1~cyclohexyl-1,2-bis{diphenyliphosphino)ethane

dapm 1-diphenylarsino—-1-diphenylphosphinomethane

dba E,E-1,4-diphenyl-1,4-pentadiene-3-one

DBPOIOP trans-4,5-bis(dibenzophospholomethy1)~2,2-dimethy1-
1,3-dioxolan

dbu 1,8-djazabicyclo[5.4.0]undec-7-ene

dibaH di Fsobutyl aluminium hydride

dmf N, N-dimethyImethanamide

dmpm bis(bimethy1phosphino)methane

dmso dimethy1suphoxide

dppb 1,4-bis(diphenyiphosphino)butane

dppe 1,2-bis{dipehenylphosphino)ethane

dppf 1,1’ -bis(diphenylphosphino)ferrocene

dppm 1,1-bis(diphenyliphosphino)methane

dppp 1,3-bis{diphenyiphosphino)propane

E electrophile

EHMO extended Huckel molecular orbital

en 1,2-diaminoethane

epr electron paramagnetic resonance

Et ethyl

FTIR fourier transform infra-red

hfacacH 1,1,1,5,5,5-hexaf luoropentane-2,4-dione

hmpt hexamethyl phosphoric triamide

HOMO highest occupied molecular orbital

HPA heteropolyacid

ir infra-red

kJ kilojoule

1 litre

L 2 electron donor ligand

LCAO linear combination of atomic orbitals

LEED Tow energy electron diffraction

LUMO lowest unoccupied molecular orbital

Me methyl
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mntH,
MO

nbd
nmr
Nu

®

PES

Ph

phen
PHEPHOS
cis-platin
Pr

PROPHOS

Py

pzH

R

SCF
SIMS
SW

tcne
tfacac
thf
tmeda
TPPH,
triphos

uv
UVPES
v

X
XPES

M1

cis-1,2-dicyanoethene~1,2-dithiol
molecular orbital

bicyclo[2.2.1]hepta-2,5~-diene
nuclear magnetic resonance
nucleophile

pressure
polymer backbone

photoelectron spectroscopy

phenyl

1,10-phenanthroline

1-pheny1-1, 2-bis(dipheny1phosphino)ethane
c1s-[Pt(NH3)C1;]

propyl
1,2~bis(diphenyiphosphino)propane
pyridine

pyrazole

alkyl

self-consistent field
secondary ion mass spectrometry
scattered wave

tetracyanoethene
1,1,1,trifluoropentane-2,4-dione
tetrahydrofuran

N,N,N' ,N -tetramethyl ethane-1,2-diamine
meso~-tetraphenylporphyrin
1,1,1-tris(diphenyiphosphinomethy1)ethane

ultra-violet
ultraviolet photoelectron spectroscopy
volt

one electron donor ligand, usually halide
X-ray photoelectron spectroscopy

microlitre



