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A. INTRODUCTION

The most typical feature of the reactivity of zerovalent cornplexes of nickel
triad metals is the tendency to increase the formal oxidation state of the me-
tal [1]. In the presence of an appropriate acceptor two electrons are transferred
and the metal acquires a +2 oxidation state. Such reactions are known as oxi-
dative addition; so far reactions with organic halides have attracted the most
attention [1—5].

Qxidative addition to zerovalent transition metal complexes may proceed
with increase not only of valency, but also of the coordination number of the
central atom. However this is not mandatory, since some ligands can be eli-

minated during the reaction *.

* For this type of reaction a special term “oxidative elimination’ is sometimes used [5,6]
However, there seems to be no need to use different terms for analogous reactions of so
similar complexes as ML,, when n = 2 or 3 depending on the nature of L. In the present sur-
vey only the term “oxidative addition” is used.
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L.M° + A—B - L, M*(A) (B)
L, M°+ A—B - L,M¥(A) (B) + (m —n)L

. Novel aspects of this reaction involving certain organometallic compounds
as electron-witirdrawing substances, will be discussed here.

From the “point of view" of L,M, whether it exists in a kinetically indepen-
dent state, or is only a structural fragment, oxidative addition reactions may
be interpreted as insertion. Insertion reactions are typical of species that are
capable of forming two bonds, for instance olefins and carbenes. The similar-
ity between complexes containing zerovalent platinum or palladium and car-
benes was first noted in an important paper by Nefedov and Manakov [7].
Carbenoid features in the reactivity of L,M° are revealed in insertion and cy-
cloaddition reactions. The nature of L determines the character of the L,M®
species as a nucleophilic or electrophilic carbenoid. Extensively used ligands,
triarylphosphines, and to a greater extent trialkylphosphines, are markedly
electron-donating. The stronger the nucleophilicity of L,M, the easier it parti-
cipates in oxidative addition reactions. Zerovalent complexes with sitrong
electron-withdrawing ligands, e.g. fluorophosphines L Pt (L. = PF,, CF,PF,,
{CF,),PF) do not react with HCl or alkyl halides {8], though one can imagine,
in principle, similar reactions in which L,Pt accepts electrons from an elec-
tron-donating substrate.

The first work specially devoted to the reaction of zerovalent platinum
complexes with metal compounds was a small note by Layton et al. [9]. In
1967 they reported the use of (Ph,P}.Pt for obtaining platinum—metal bonds
{metal = gold, mercury, tin, copper and nickel). Only for two compounds
L.Pt(CI)HgCl and L,Pt(Cl)AuL, elemental analysis data were provided and
for several compounds the melting points provided. A full description of this
work was never published.

B. REACTIONS WITH ORGANOMERCURIALS

Eleciron-donating properties of zerovalent complexes were compared with
the known tendency of organomercurials to accept an electron. It was already
known from polarographic studies that alkylmercury halides have higher elec-
tron affinity than the corresponding alkyl halides, at least for chlorides and
bromides [1G]. These considerations lead us to the conclusion that organomer-
ctirials should react with zerovalent platinum, palladium and nickel complexes.
The first publication that reported on the capacity of RHgX and R.Hg to
react with triphenylphosphine complexes of Pt(0) and Pd(0)} yvielding organo-
platinum and palladium compounds appeared in early 1974 [11]. Already the
existence of intermediates with a transition metal—mercury ¢-bond was
suggested. In the following study [12] examples of preparation of a stable pla-
tinum—mercury compound and applications of zerovalent complexes with
another ligand, dibenzylideneacetone, which became known [13,14] at that
time, were reported. The general scheme of the reaction includes formation
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of bimetallic intermediates {generally speaking, of two isomers} which may
eliminate mercury either under the given reaction conditions or in another
way giving g-organotmansitionmetals.

L,M(HgR)R'— __ |
R—Hg—R' + L, M £» L.MRR’
L,M{HgR)R

Fusther studies [15—27] were carried out in several directions: synthesis
of bi- and oligometallic compounds, development of synthetic routes to vari-
ous g-organoplatinum and organopalladium compounds, study of the stereo-
chemistry and mechanism of the reaction.

(a) Synthesis of g-platinum and palladium organic derivatives via organomer-
curials

The reaction of organomercuric salts with tris(triphenylphosphine)platinum
proceeds smoothly in hydrocarbon (benzene or toluene) or ether solvents, the
colouring of the zerovalent complex rapidly disappears and then mercury gra-
dually precipitates. The rate of mercury elimination depends on the nature of
the organomercurial; it is also enhanced by the presence of a donating solvent,
for instance tetrahydrofuran.

The applicability of the reaction to the synthesis of g-organoplatinum com-
pounds was extensively studied: the method provides an efficient route to
aryl, vinyl, heteroaryl and alkyl derivatives. An important advantage of this
method is that it allows the presence of active functional groups in the organic
radical; for g-organopalladiums see refs. 11, 17, 18, 35.

(RCOCH,),Hg + L,Pt ~ (RCOCH,),PtL, + He

Such functionally substituted compounds cannot be obtained by the Chatt—
Shaw method [28] using active organolithium and magnesium compounds, It
should be noted that up to very recently all attempts to synthesize secondary
alkyl derivatives of platinum both by the Chatt—Shaw method [28] and
through oxidative addition [29] failed, with very few exceptions [18,30,31].
The usual product is a platinum hydride HPtL,Hal. Using the organomercury
route we obtained in high yields several cycloalkyl platinum derivatives, where
the metal is attached to the secondary carbon atom [22]. Such compounds
readily undergo elimination to form a eyclooclefin and the corresponding pla-
tinum complex XPtL,Hal. Fragmentation proceeds rapidly in the presence of
other agents, such as triphenylmeihyl cation Ph,C*.

X
— - —_— B . =l
HgHOot HgPtLHal PtLHal
-
X = H,OMe XPtlLgHat
PhyC B
3 + PhCX + Hg + L Pt{HalIBR,



92

If the organomercurial contains a donating atom in the appropriate posi-
tion which is capable of chelation, the reaction gives a metallocycle according
to the following scheme.

Hg B T:‘-—- L—m——:B B Hm —_H-—gr:-— B —eM-=— 5
4 9 b N

A five-membered cycle is the optimum size of the chelated ring *, although
other cycles are known in organometallic chemistry. Thus, we prepared a com-
pound from the product of styrene aminomercuration containing 2 four-mem-
bered metallocycle [ 36].

CyHg—CH=—C M, Lpt CeHy—CH—CH,

(CH,3,N  HgCt {C H3),N —=Pt{L)CL

Five-membered cycles are easily obtained with tris(triphenylphosphine)-
platinum [18].

N N
Q- = Q=0
ClHg /pg-\h/
(o} L

The preparative method may be conveniently modified by using dibenzyl-
ideneacetone complexes, {DBA),Pt and (DBA)},Pd, where n is 2 or 1.5. These
complexes, especially the palladium one, are readily obtained, are stable and
easy to work with, also DBA as a ligand is retained at the metal only in the
zaero oxidation state. Therefore (DBA),.M was introduced as a synthetic equi-
valent (synthone) of the active transition metal atom. In the presence of a
donor group in the organomercurial which is capable of closing the chelate
metallocycle ihe reaction looks like the displacement of mercury with plati-
num or palladium [17]. Bis-chelate metallocycles were prepared in such a
manner; synthesis of these compounds by other routes is very difficult and

proceeds with low yields [32].
Q-0 Q-0
Hg (DBAILM 4

x N X N/ )
%N X \\N X

Dimeric organometal halides may be obtained from organomercurials and
then cleaved with any ligand, whereas removal of tertiary phosphine, which
is always present when starting from (R;P), M, is very difficult and not always

* See, for instance: J. Dehand and M, Pfeffer, Coord. Chem. Rev., 18 (1976) 327; or A.J.
Cheney, B.E, Mann, B,L. Shaw and R.M., Slade, J. Chem, Soc, A, (1971} 3833.
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possible. This synthetic technique was applied as well to oxidaiive addition
of alkyl halides leading to metallochelates {18].

Using zerovalent complexes with loosely bounded dibenzylideneacetone
ligand, it is possible to introduce some new ligands directly into the reaction
mixture. This was shown for the phenanthroline complex of arylpalladium
chloride which was obtained in a high yield.

CH,C,H,HgCl + Pd(DBA), + phen -~ CH,C,H Pd(phen)Cl + Hg + DBA

Presumably, mixed zerovalent complexes with different ligands are formed
in situ [33].

In general, the described synthesis of palladium and platinum chelate metal-
locyeles is complementary to the cyclometallation reaction which is not
always smooth and straightforward. This organomercuric route was used, for
Instance when it was required to obtain a pure diastereomer of 2-chloropalla-
dio-1-(1-dimethylaminoethyl)-ferrocene; cyclopalladiation renders a mixture
of both diastereomers differing in the absolute configuration of the chiral
plane.

HS Y

;" N(CHS),
HgClL
Pd,{DB A}
= Pd2(0BAY;

Some g-organoplatinum compounds prepared by this organomercurial
route are listed in Table 1,

In principle, the use of zerovalent complexes with olefins that are easily
removed by such ligands as DBA, or with simple olefins, such as ethylene,
makes it possible to prepare organometallic derivatives without additional
ligands. Such an atternpt was made with the reaction C,F;HgBr + PAd(DBA),
[16]. However, although indirect data in favour of formation of C F,PdBr in
solution were obtained, we were unable to isolete this compound. It was later
prepared by the direct reaction of palladium atoms with C,F:Br in the gase-
ous phase and was found to be rather stable [34].

{0} Synthesis of compounds with a transition metal—mercury o-bond and of
oligometallic chains
The reaction may frequently be carried out so as to obtain intermediate
platinum—mercury compounds. The stability of the intermetallic bond is
higher, the higher the electron-withdrawing capacity of radicals in the organo-
mercurial. Thus, compounds with perfluocro groups [16] are especially stable,
they cannot be even thermally demercurated.

(CF,).Hg + (Ph,P);Pt > (CF,;Hg)Pt(PPh,},CF,

Steric hindrance in the viginity of the metal-—metal bond also increases the
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TABLE 1

¢-Organoplatinum derivatives prepared via the organomercurial route according to the

equation: R—Hg—R' + LaPt > R—PtL,—R' + Hg

R R’ L Yield (%)®  Ref.
p-CHgCqu Br Phap 84 11
(p-CH,OC4H;),C=CH cl PhsP 66 11
CH;00C—CH; cl Ph,P 72 12
CyHs CoHs Ph,P 45 12
CsHs FECSH.Q Cl Ph3P 50 11
i-BuOCOCH, iBuOCOCH,  Ph,P 47 12
CH, 1 Ph,P 58 12
CF,C00 CF;CO0 Ph,P 71 12
CH;=CH—CH, cl PhsP 70 12
3-CH(5-CH,C4HyN=N)C4Hj a DBA 88 17
CeHs—CH(NMey —HC; Cl Ph,P 90 a6
p-CHaCbl{q Br Cy'3p b 70 <
CﬁHI 1 (C}'CIO) Br phap 86 22
2-CH,0C¢H; o Br Ph,P 73 22
CsHy(cyclo) Br Ph,P 72 292
2.CH,OC;Hy Br Ph,P 52 22
Z2-norboranyl Br Ph;P 76 22
2-CHzO—norbornyl Br Ph,P 76 22
{OC)aMnCsHy Cl Ph,P 84 29
{OC)gReCS H4 Cl Ph3P 85 23
COOCH3 Cl Ph, P 87 i
COOCH, COOCH; Ph,P 92 ¢
(OC)2(Ph3P)MnCs Hg al Phy P 81 e
(OC)2(Ph,P)ReCyH, Cl Ph,P 72 ¢
I'CIQH-; Br ph3p 88 c
2,5 '(CHJO)zCéH_; Br Ph3p 64 c
C(,Hs“"CH“"COOC“)H]g Br PhJP T4 <

e For pure product, & Cy = cyclo-CqH, ;. ¢ This work,

stability of such bimetallic derivatives. This follows, for instance from the
stability order in the aryl series [16].

HgX CH4 3
H,C CH,
> >>
HC CH, HyC CH3
Ha Fllg rIig
L Ptx L PtX L Ptx

Using organomercurials of the cycloalkyl series, platinum—mercury com-
pounds may be obtained by carrying out the reaction in toluene at low tem-
peratures (—20 + 0°),

Trialkylphosphines which are better donors than triarylphosphines seem to
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reduce the stability of bimetallic derivatives, whereas bidentate ligands (diphos)
definitely exhibit a substantial stabilising effect.

Compounds with a mercury—platinum bond undergo with CF,;COOH a
characteristic reaction of acidolysis with demercuration which may serve as a
qualitative indicator of the presence of a Hg—Pt or Hg—Pd bond.

RHg—PiL,—R’ + CF,COOH -~ RH + Hg + CF,COO—PtL,R’

The stable mercury platinum compound prepared from bis(trifluoromethyl)-
mercury was studied by the method of X-ray structural analysis [26]. The
most important feature in its structure is the eis-configuration of the square
planar arrangement around the platinum atom. Introduction of a large num-
ber of perfluorinated groups appreciably increases the stability of electron-
rich metal—metal o-bonds. This was used for the synthesis of chains consist-
ing of 4 atoms of various metals from bis(trispentafluorophenylgermylymer-
cury and bis{trispentafluorostannylymercury [20,21].

L,Pt is inserted in one of the mercury—group IV metal bonds forming very
stable compounds which can be demercurated only by heating in CF;COOH
or by photolysis.

(CoF,),Ge—M—Ge(C,F;); + LyPt - cis-(C(Fs),Ge—M—L,Pt—Ge(C.F;),
M = Cd, Zn, Heg

We were unable to achieve double insertion; nevertheless a stable product of
I;Pd insertion into a germyl derivative was obtained, This is the first instance
of formation of a stable palladium—mercury bond. A mixed compound also
reacts with tris{triphenylphrosphine)platinum, the insertion presumably occur-
ring in the Ge—Hg bond.

(CsF5),Ge—Hg—C,H; + L;Pt > (C,F;);Ge—PtL,—Hg—C,H,

Moreover, we were able to carry out a similar insertion of L,Pt into iso-
structural compounds of cadmium and zine [20,21]. The cadmium compound
is very similar to the mercury ones, while the zinc derivative is much less sta-
ble and is sensitive to moisture and oxygen. X-ray analysis of one of these
compounds showed the ecis-arrangement of two triphenylphosphine ligands in
the coordination square of platinum,

A similar reaction has been described for tris(triphenylphosphine)palladium
and bis{triphenylgermyl)cadmium in toluene: an insertion product was ob-
tained in 75% yield, although the substrate did not contain strong electron-
acceptor groups [37]. Replacement of phenyl groups with ethyl groups leads
to complete decomposition.

(Ph;Ge),Cd + (Ph,P),Pd > Ph,Ge—{Ph,P),Pd—Cd—GePd,
Another example of a 4-atom oligometallic chain prepared by this reaction

was obtained in the iron carbonyl series [27T1.
The bimetatlic fragment —(Ph,P},Pt—Hg—, considered as a whole, exhibits
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oc py oC, py
NS L7t ~N_/
XHg —-/l':e —HgK XHQ;FQ—HQ —PtL X ‘_—Hgﬂ"
py CO [ cC
ac py oc Py
\ L.Pt NS

- XHg—Fe——P‘lI_.zx T xPt Lz—/Fe—Pt L.‘,x

py €O py co :

very strong electron-donating properties, as wus established while studying IR-
frequencies of carbonyls in substituted cyclopentadienylmanganese tricar-
bonyl and its rhenium andlogue. The »(CO) shift to lower frequencies, under
the influence of this substituent, is the largest among the substituents studied
and even exceeds the shift caused by an amine group.

C. ORGANOMETALLIC DERIVATIVES OF GRCUP IV ELEMENTS

This group of the periodic table begins with carbon and is followed by sili-
con which only partially exhibits metallic properties. Consequently, oxidative
addition of organic halides, known for (Ph,P),Pt from 1959 [38], formally
should be considered relevant to the topic of this review, Therefore, a priori
it seems evident that the M—Hal bond, where M is a group IV metal, should
react with zerovalent complexes of the platinum triad.

The refative reactivity of M—C and M—H bonds is less clear. Several studies
which deal with the behaviour of compounds cdntaining bonds between me-
tals of groups IT and IV were discussed in the previous section [21,30]. Here
we shall consider the behaviour of organohalides and tetraorganoderivatives of
group IV elements.

Layton et al. [9] were the first to isolate the product of reaction between
(Ph;P),Pt and Ph,SnCl. They assigned the structure of Ph;Sn—PtL,Cl to it, i.e.
postulated insertion of L,Pt into the Sn—Cl bond. According to this sugges-
tion the kinetics of this reaction in benzene were later studied using (Ph,P).Pt
and (Ph,P),Pt(C,H,) [39]; the reaction products were not isclated, nor charac-
terized in this work, Cardin et al. [40] atternpted to react zerovalent platinum
complexes with trimethylstannane and trimethyichlorostannane. They estab-
lished that reactions proceed, but failed to identify the products. Clark and
Itoh [41] described a product of (Ph,PMe)}, Pt reaction with Me,SnCl in ben-
zene at 80° and assigned to it the structure trans-L,Pt{(SnMe,)CI - C H,;
attempts to obtain an organoplatinum compound by reacting (diphos),Pt
with Me,SnCl failed. Akhfar and Clark [42] noted that the ethylene complex,
(Ph,P),Pt(C.H,), is a more convenient reagent, as compared with (Ph,P};Pt,
since ethylene is removed and the product is obtained in a relatively pure
state. The most convincing reaction occurred with hexamethyldistannane.
The ether—benzene solution instantly turns red and yellow crystals precipi-
tate 10 min thereafter. The appearance of a quickly disappearing deep colour,
as frequently in the case of crganomercurials (vide supra), probably indicates
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the initial formation of a charge transfer complex rather than a polynuclear
Pt(0) cluster. A trans-contiguration was assigned solely on the basis of one
(Pt—P) band at 470 cm™! in the IR-spectrum. This assigniment does not seem
now adequately substantiated. Thus, in that work for the first time insertion
of a platinum carbenoid into a metal-—metal bond was established,

(Ph,P),Pt(C,H,) + Me,Sn—SnMe, - L,Pt(SnMe,),

In a recent study of reactions of triorganotinhalides and Pt{0} complexes
Eaborn et al. [43] critically examined and repeated all previous work in this
field and studied in detail the structure of products by 'H and **P NMR spec-
troscopy. They came to the conclusion that the insertion of the platinum car-
benoid in all cases occurs at the Sn—C bond and that the product has a cis-
configuration.

R,SnX + L;Pt » cis-RPtL,(SnR ,X)

For triphenyltin derivatives even introduction of iodine (Ph,Snl) does not
change the direction of the reaction. The reaction of tetraphenyltin with bis-
(triphenylphosphine}ethyleneplatinum at 50° after an hour renders a product
of cis-insertion in 65% yield.

Ph,Sn + (Ph,P),Pt(C,H,) > cis-PhPt(PPh,),SnPh,

Tetramethyltin does not react with this complex, but with (Et,P), Pt in boiling
benzene it forms cis-MePitL,SnMe, according to 3!P{!H} spectra; the latter
compound, however, was not isolated. Formation of bimetallic products with
cis-configuration of the planar platinum square indicates a common type of
the transition state and reaction mechanism.

The reaction of (Ph,P},Pt with several Me,SnR derivatives, where R is an
electron-withdrawing radical {—CH=CH,, —CF=CF,, —C=CC,H; was described
by Lappert and coworkers [44,45].

In view of the results obtained by Eabom et al. [43] determination of the
geometrical configuration of the products must await further study. Reaction
of {Ph,P),Ni with triphenylchlorostannane does not lead to formation of
g-organonickel compounds [46].

As for organolead compounds, only the reaction of diphenyldibromoiead with
tris(triphenylphosphine)platinum leading to the selective formation of phenyl-
bis(triphenylphosphine)platinum or bromide in a high yield has been reported
[12]. This reaction may proceed by two routes.

Pr,POBR, + I_apt

L—A‘J l_l

L L.
Ph—t—L Br——é’t—-L
PhLbBrz PnzLDBr
l—[Pthar] l—[phpbar]

PRPLL Ar PAPLLBF
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Route A seems more probable since for route B one would expect forma-
tion of L. PtBr,. The last step, elimination of R,Pb (or R,8n) from bimetallic
compounds was observed by Baird [47] for such compounds as shown below.

Ph,Pb—PtL,—CIl 3 Ph—PtL,—Cl + [Ph,Pb]

As for germanium compounds, {Ph,P),Pt(C.H,) and (Et.P),Pt do not react
with PhGeMe;, while in the case of Ph;GeBrland Me;GeBr small quartities of
Pt(II} bromide complexes were found [43]. The previous authors proposed a
rather sophisticated argument in favour of L,Pt insertion into the Ge—C bond,
which however should be less active than the Ge—Hal bond.

Formation of platinum(II) crganic products from Pt{0) complexes and
R,SiHal, ., has not be mentioned in the literature. The Si—C bond is very
similar to the C—C bond, so one should expect that insertion ¢of L,Pt is possi-
ble only in exceptional cases, for instance in a strained 4-membered cycle of
silacyclobutanes, or in the presence of appropriate substjtutents. The possibil-
ity of such reactions is supported to a certain extent by the known insertion
of bis(triphenylphosphine)platinum in the C—C bond of diphenylcyclopropen-
one [48], of 1,1,2,2-tetracyanocyclopropane [49] and of 1,1,2,2-tetracyanocy-
clobutane [50].

The zerovalent platinum complexes with tert-butylisonitrile undergo inser-
tion into the C—C bond of a benzene ring with the breaking of the aromatic
system [51].

A similar reaction proceeds with (trans-stilbene)Pt(PR;), where R = CHj,,
but not C,H;, when the aromatic system is retained.

a FaC CFy

R CF3 — CFy
+ LaPt - L,Pt | L = P{CH3}3
F3C CFy ==¢ "CF

CF, F,C CF,

In the tricrganohydrides of group IV metals the metal—hydrogen bond
shows variable reactivity. According to Clermmnit and Glockling [52] Me,SiH
and Me,GeH do not react with (diphos),Pt’, whereas Me,SnH undergoes oxi-
dative addition even to Pt(II} hydride and an octahedral hydrido Pt(IV) com-
plex may be isclated from the reaction as a final product.

Me,snH .
(diphos}, Pt —————== {diphos)} Pt (5nMeg)H

e/ [essnnees

SnMe SnM93

3 P P
P‘-..\_ i /SnMea M Al — /SHMEB \ I A
P Pue i Pt -— P
~ | Tsnme, SnMe, 2 P”  SnMe
P 3

The same Pt{0) complex reacts at 60° with Me;SnCl and Me,SiCl yielding only
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L,PtCl, + Me M, which indirectly indicates a homolytic reaction path in these
conditions.

The reaction of a related complex of bis(diphenylphosphino)methane, with
trimethylstannane does not proceed to a Pt{IV)-containing product, but ter-
minates at the platinum(II) product [53].

{diphos),Pt + 2 Me,SnH ~ (diphos)Pt(SnMe,),

Trimethylstannane, according to Akhtar and Clark [42], reacts with
(Ph,P),Pt or (Ph,P),Pt{C.H,) to form a product corresponding to (Ph,P),Pt-
(5nMe,), (elemental analysis only). The hydride, which presumably should be
formed initially, was not isolated in this reaction in agreement with ref. 53.
However, according to IR spectra it is formed during hydrogenolysis.

L,Pt(SnMe,), + H, > HPtL,SnMe, + HSnMe,

The coxidative addition of hydrido-silanes has been studied more extensively.
In 1968 Chatt et al. [54] while boiling Pt(0) complexes with triphenylphos-
phine or 1,2-diphenylphosphineethane (diphos) ‘n an excess of silanes ob-
tained hydrido complexes of Pt(IT1) or bis-silyl déxivatives. depending on the
nature of R.

R'R,SiH + L,Pt » L,Pt(SiR,R'}),; R=R'=Cl; R=Fh, R'=H
R.SiH + L.Pt » L,Pt(SiR,)H; R=XC,H,, X=F, CF,

Triphenylsilane did not react. Later, other studies devoted to oxidative addi-
tion of hydridosilanes appeared, especially in connection with catalytic hydro-
silation of clefins [55—59]. Yamamoto et al. [55] prepared a bis-silyl deriva-
tive from methyldichlerosilane and (C,H.)Pt{PPh,),;, while in the presence of
an olefin {hexene-1} they cbtained a hydride.

(C,H,)Pt(PPh,), + CH,SiCI,H - (PPh,)Pt(H)SiCl,CH,

Complexes Pt{PPh,Me), and {Ph,P),Pt{RC=CR) react similarly and those with
several silanes were studied [56]. At the same time Fink and Wegner [57}
studied the behavicur of MeSiHCl, towards {Ph,P),Pt and {C,H,)Pt(PPh,),
and observed formation of three products under different conditions. In addi-
tion to the hydride and bis-sityl derivative, to which the cis-configuration was
assigp +d, a substance that does not exhibit v{Pt—H) in the IR spectrum was
obtained when the reaction was carried out without a solvent. Elemental ana-
lysis corresponds to (L,PtSiCl,Me),, and the authors assigned to this product
a structure containing both Pt(0Q) and Pt(II} atom and bridged silyl groups.
SiMeCl, L

™~ e
Ptv \Pt"

~ 1“/" ~L

L

L SieCl

Eabom et al. [58] studied the possibility of preparing platinumdisilahetero-

cycles from compounds with two hydridosilane groups. They used ethylene-
bis(triphenylphosphine)platinum as a zerovalent reagent. At room temperature
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six-, five- and four-membered cycles are easily formed.

HSIR, P
LaPUCHL + o] AN -——=
RpHSi-Z SiRz—2

Z = CH, . NOne
R . /SIth\
LoPHC,HY ) + HPRLSi—O—SiPhgH  —a O\Slphz/Pth

However bis-hydrido-silanes, HSiMe,(CH,},SiMe,H and ¢-1,2-(H5iMe,CH,)C,H.,,
which should vield 7-membered cycles, gave only acyclic hydrides L,Pt-
(H)SiR,R’ of cis-configuration. In a similar study, Fink [59] investigated tetra-
silanes. Bis(silyl)chelates are rapidly and gquantitatively obtained at room tem-
perature when using (C,H,)Pt(PPh,),. Replacement of PPh, with Ph,PCH,—
CH,PPh, was carried out and a mixed complex with two different metals was
obtained stage-by-stage.

HMe S StMeH L MepSi CiMep L
\Pi/ \“‘-Pt/
P
HMe,S; SiMeH I v MeySi SiMe, L
Mez Meo
L\ /SI SI\
/F’t /Wuu‘:o)4
L7 g Si
Mez Mez

A similar route was used to close a purely non-carbon cycle.

The reaction of octaphenyltetrasilane-1,1-dihydride with bis(triphenylphos-
phine)ethyleneplatinum in benzene occurs instantly at 35° with evolution of
ethylene and hydrogen [60]. Lemanski and Schram were able to obtain in a
low yield an interesting five-membered heterocycle, composed of four silicon
and one platinum atoms.

Ph,Si —SiPh, PhySi

+ {PhaP),PL{CoHg} — 8=
PhySiH HSiPh, S _SiPhy

SiPhy

Pt
Pn3P/ \FPna

The difference in the reactivity of Pt(0) complexes which contain different
phosphines as ligands is revealed here: on replacement of the ligands with me-
thyldiphenylphosphine, a eyclic product was not obtained,

In an extensive study of the interaction of various classes of organosilicon
compounds with Ni(0) complexes [61], only HSiCl, was found to give two
products with a Ni—Si bond. In one of these products a hydride hydrogen
band v{Ni—H} was observed in the IR spectrum.

(Ph.P),Ni + HSiCl; - [(Ph,P),NiSiCl,] ,
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(diphos),Ni + HSiCl; - (diphos)Ni{H)S8iCl,

From various R,SiCl, — , only chloride complexes {L;NiCl), were obtained;
products prepared from R, SiH;__, were not sufficiently characterized.

D. OTHER ORGANOMETALLIC COMPOUNDS

Data concerning derivatives of other metals are very scarce. In the brief
communication by Layton et al. [9] already mentioned preparation of a gold—
platinum compound was reported.

(Ph,P)AuX + (Ph,P),Pt » (Ph,;P)Au—Pt(PPh;).X, X=Cl, Br

Reactions with L,PtCl;, L,NiT; and LCuC} (L. = Ph,P)} are also mentioned; as
claimed by the authors they also lead to products with platinum—metal honds.
Dimeric trimethylaluminum reacts yielding a poorly characterized com-
plex of an approximate stoichiometry L,Pt - [ Al{CH,)};],;, which presumably
is unstable and decomposes producing a paramagnetic species [62].
Reversible oxidative addition of tdphenylphosphine to zerovalent com-
plexes of Ni(0) and Pt(0) has even been observed [62]; this shows the com-
plexity of equilibria that may exist in solution.

Ph
— -~
L,M°< L,y — M{

PPh.
Organolithium compounds lead to formation of anionie complexes [64].
L,Ni(C,H,) + LiR ~ [L,NiR]"Li’; R = Ph, Ph,Si

L = PPh,

E. SOME MECHANISTIC CONSIDERATIONS

Species L,Pt and L.Pd possess the properties of nucleophilic carbenoids. In
principle, there are three possible mechanisms for the interaction with metal—
element bonds, as well as for oxidative addition of organic halides: Sx2 nucleo-

[ R
] , ]
H e C == X + LnPt —= X—L Pte—C-——H (a)
! ke
rlt R
H-—c[:—-x + Pt ————-— H—-c[:--pth—x e
R’ R’
j T i
_ i
H--clz—-x + L P —e H—(ii'.x .L,,Ptt}-—-H"-'?"'P!sz {cy
R; Rf R.

K=1,M
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philic substitution at metal or carhon atoms with subsequent recombination
of the ionic pair (A}, direct insertion into the metal—element bond {B) and
one-electron transfer with subsequent recombination of the radical pair (C)
[15].

The nucleophilic mechanism seems improbable, at least for the carbon—
metal bonds. One can also hardly expect stereospecificity for this mechanism,
whereas the available data indicate that the bimetallic products invariably
have a cis-configuration around the square-coordination plane of platinum.

For insertion, generally speaking, two types of transition states are possible
starting from zerovalent L,Pt complexes: with the coordination number of
platinum either equal to 4 or 5, depending on whether the L,Pt species reacts
directly or after preliminary dissociation of one of the ligands PtL; = PtL, + L.
The readiness with which bis-ligand zerovalent complexes react supports the
latter assumption. In this case, two possibilities remain: a tetrahedral or planar-
square transition staie. The routes by which c¢is and ¢rans final products may
be obtained from both transition states are shown below. The route from the
square-planar transition state to the cis-product seems the most probable. How-
ever elucidation of the nature of the transition state requires further study.

Yoy o=t
o Q@
o

As a rather close analogy one should mention the insertion of electrophilic
carbene :CC); into the carbon—mercury bond in dialkylmercury which pro-
ceeds with complete retention of configuration [65,667.

R—Hg—R. + :CCl, - R—CCl,—Hg—R

F. RELATED REACTIONS

fa) Some reactions of organoelement compounds catalysed by zerovalent
complexes of platinum or palladium
Catalytic properties of zerovalent complexes of platinum metals in relation
to many organic reactions are well known and are extensively used. Many
reactions of organic halides are catalysed by Ni{(0) and Pd{0) complexes and
for certain reactions it has been established that oxidative addition is the
most important step.
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Under conditions of such reactions zerovalent complexes are regenerated
by reductive elimination

L,MIX, & L MO
Several examples have been described where zerovalent palladium cem-
plexes catalyse reactions of organometallic compounds. The mechanisms
described in this review seem probable for these reactions. Consider the pre-
paration of 1,4-dimethylbutadiene from di(propenyl}mercury in the pre-
sence of {Ph,P},Pd reported by Vedejs and Weeks [67]. For this reaction we
have earlier proposed the following mechanism based on insertion of L,Pd
into the mercury—carbon bond.

L
(CH,;CH=CH),Hg + L.Pd —> CH;CHzCH—I%‘dHL —:—E
Hg
¢H
n
CH, |

CH,CH=CH—CH=CH—CH, + L,Pd

The instability of Pd—Hg compounds containing usual ligands leads to
demercuration, which possibly may proceed simultaneously with coupling
without formation of R,PdL, intermediate. Insertion of the palladium car-
benoid presumably affords a cis-product {vide supra) and the geometry of
the complex is favourable for formaticon of a coupling product.

Japanese workers [68] have reported similar catalysis of allylation of aryl
halides with tributylallyltin. .

aPd

Ar—Hal + Bu,Sn—GH,—CH=CH, - Ar—CH,—CH=CH,

They proposed a mechanism based on oxidative addition of ArHal to L,Pd
(route A in Scheme), but the alternative mechanism of L,Pd insertion at the
allyl—tin bond is also quite possible (route B). No convincing evidence in
favour of one of these mechanisms is yet available.

Ar—Hal + L,Pd + Bu,Sn —'i:Pf‘izti:H=i."."H2
i Iy |

i_l A | B [_¥ /CHZ

Ar—L Pd—Hal

HC, Pd—SnRy
A
CH,
or
CH=CH—CH; L Pd—SnR,
+ Bu,SnCH,CHCH, + ArHol

Ar—CH,—CH=CH, + Bus5nX + L;Pd
2 2 3

co
Complexes of zerovalent palladium (Ph,P),Pd and (Pn,P},Pd (E >o)
Cco
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catalyse metathesis of disilanes along the Si—Si bond at 80° in boiling ben-
zene, wherezs in the absence of the catalyst, the reaction requires 200° [69].

CTeMez ..“].iMea SiMey—SiMe,
* S
5iMey 'is""'ea SIMe ;7 —SiMe,—R
R

The general scheme of metathesis of disilanes is quite similar to the meta-
thesis of olefins, however, according to Sakurai et al. [69];

H A

éll 21. =Si—Si= C e’ Se=—cZ
s s : I | ~c ==
W S Al S A=l

conversion of disilanes occurs with specific radicals R = —CH=CH,, —C=CH
and the key step of the process involves rupture of the Si—Si bond with for-
mation of a w-silaalyl—palladium complex.

Data on catalysis of hydrosilylation reactions by platinum metal com-
pounds and on the role of zerovalent complexes are discussed in a recent
review [70].

(b) Similar reactions of low-valent complexes of transition metals

The close analogy between zerovalent complexes of the nickel triad and the
univalent complexes of the cobalt triad is well known. The same trend of
reaching the most stable electronic configuration of the metal atom leads to
predominant transition to valency 3. Reactions of oxidative addition are just
as typical of rhodium and iridium as of palladium and platinum [2].

Reactions of low-valent rhodium and iridium complexes with mercury com-
pounds have been reported in several studies. Only two reports however deal
with organometallic derivatives of mercury [71,72]. The best studied com-
pounds are the complex Ir(Ph,P},CO(CI) and its rhodium analogue, to which
the addition of mercury halides has been established some time ago [73].
Later it was confirmed [74,75] that the product contains a mercury—transi-
tion metal bond. The reaction may be represented as follows.

X
L\M/CO+H i} L ] €O
AT 92 AL
L i
Hgx

In 1967 Collman and Kang [71] found that mercuric salts of monosubsti-
tuted acetylenes are instantaneously added to bis{triphenylphosphine}iridium-
(I)carbonyl chloride in CH,Cl,; the structure corresponding to cis-insertion
was assigned to the product on the basis of IR spectral data.

L Ct
~e7 HQ(CECR), — =
+ Hg(C=
/ \. 2 \.._
oc oc/‘l_l L
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Recently Baird and Surridge [72], while studying conversions of alkyl—mer-
cury compounds in the presence of tris{triphenylphosphinejrhodium chleride,
isclated an intermediate product the elemental composition of which corre-
sponds to {(Ph,P),RhCi{Ph){HgOAc). The authors tentatively proposed that
the insertion occurs inte the mercury—aryl bond and not into the mercury—
acetate band.

In our preliminary experiments methylmercury iodide released mercury
several hours after treating it with {(Ph;P),RhCI in benzene, but we were un-
able to identify the metal derivative of Rh(IIl}. 2-Dimethylaminomethyl-1-
chloromercuriferroccene in the course of normal reaction leads to metallic
mercury and a chelate rhodium metallocycle, which however has not yet been
obtained in pure state.

Due to the fact that transition metals frequentiy have several stable valent
states, more distant analogies to the reactions discussed are possible. The inter-
action of vanadocene with organomercuric salts, the only identified products
of which are vanadocene salts [76] may possibly be such an examplie,

Cp,V + RHgX » Cp, VX" + Hg + ?

All group IV elements in oxidation state +2 possess carbenoid properties.
Inorganic derivatives of bivalent tin are well known, and the reaction estab-
lished by Nesmeyanov and Kocheshkov in 1930 {77,78], which quite possi-
bly proceeds through a bimetallic intermediate, is obviously relevant to our
discussion.

R,Hg + SnHal, » [R—Hg—SnHal,—R] -+ R,SnHal, + Hg

Organic derivatives of group IV bivalent metals of type (R,Z—CH,},M, where
Z=C, 5i; R = alkyl; M = Ge, Sn, Pb have been recently obtained by Lappert
and coworkers [79]. The reactivity of these compounds in relation to various
substrates should be considered as oxidative addition. The similar reaction of
closo-carborane Me,C,B,H, with zerovalent complexes Pt(PEt,},, Pt(PMe,Ph};,
Pd({ButNC),, Ni(COD); proceeding in toluene at ambient or lower tempera-
tures should be mentioned. Spencer et al. [80] proposed a method for the
synthesis of metallocarboranes containing a transition metal atom based on
this peculiar insertion into a boron and carbon polyhedral system.

HaC. CHy
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