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ABBREVIATIONS

Bipy = 2,2'-bipyridyl

Acac = ‘ acetylacetone

DPE = 1,2-bis(diphenylphosphino)ethane
Fhen = o~phenanthroline

Py = Pyridine

DIARS = 1,2-bis(methylphenylersino)ethane
mad = dimethylacetylens dicarboxylate
THF = tetrahydrofuran

en = ethylenediamine

fum = fumaronitrile

man = maleic anhydride

Cp = cyclopentadienyl

DMF = dimethylformamide

coT = cyclooctatetraene

coD = 1,5~-cyclooctadiene

Tcne = tetracyanoethylene

HFacac = hexafluoroacetylacetone

DMSO = dimethylsulphoxide

EDTA = ethylenediamine tetra acetic acid
Lut = 3,5-dimethylpyridine

B(pz) 3 = polypyrazolylborate

I Metal-carbon ao-complexes.

The crystal structure of [(Ph3P)2Ni{C(CF3)26}] has been detexrmined.
Ni, C and O form a three membered ring,with bond parameters of Ni~C =
1-89 &, Ni-0 = 1-87 & and ¢-0 = 1-32 { being observed [1]. The complex
[CeﬂllP(CH)CH3Ni(CO)3] contains a y;ide ligand bonded via the secondary
carbon atom. No Ni-P interactions were observed and the Ni-C parzmeter
of 2-10 & wes reported [2].

Electron spectroscopy for chemical analysis (ESCA) data have been
presented and discussed for 46 nickel compounds including alkyl- and
_aryl-derivatives. The binding energies were discussed in terms of

molecular bonding and structure [3]. The formation of alkoxycarbonyl—,
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acyl- and alkyl-nickel(II) and palladium(II) complexes by}oxidativé
addition reactions has been described and the thermal decompositions of )
these species studied [4]. The kinetics of the cléavage of Ni-R bonds -
of [NiR2Bipy] (R =Me or Et) in the presence of organoaluminium compounds
have shown the reactions to be first order with respect to the '
concentrations of the alkyl-nickel compounds [5]. Attempts have been.
made to prepare nickel-benzyl complexes by the reactions of nickel halides,-
tertiary phosphine mickel halide complexes, [Ni('ccn)z]'or‘ [Ni(PPb3)4]

with various benzylating agents. lthough the intermediacy of unstable
benzyl complexes was proposed, none could be isolated [6].

The complexes [RNi(Acac)(PPhj)Z] (R = Me,Et), made from R,A1 OEt,
[Ni(Acac),] and PPh; exhibited fluxional 'E MR benavior [7]. The TR
spectra of [RNiX]Z (R = alkyl, X = Br; R = butenyl, X = Cl; R = 2-pentenyl,
X = C1,I) have been interpreted [8].

A series of dimeric methylnickel complexes of type [NiMe(PMe3)X]2

(x= NHa,ErNHCGH4He,F,OH,OMe,OEt,OSiMe3,0Ph,OCGH4Me— 2 ,0,CH,0,CMe or €1)
has been prepared [9,10]. The positions of the equilibria of cis (1)

and trans (2) isomers were shown by low temperature 15 MR studies.
Mixed bridge complexes of type [NiMe(PMe3)]2XY (X = OMe, Y = OH, OREt,0Ph;
X= NMeg, Y = OMe,F,C1; X = ¥,Y = OMe, C1; X = OMe, Y = C1) only ocecur in-

the cis~configuration. The new methylnickel complexes [NiMez(PMezPh),j]
L X L L X CH
S S \m/ﬂ\m/’a
N ~
Hie -~ \CH3 H,C x~ L
(1) L=PMe (2)

and [NiMe(OPh)(PMeaPh)z] have been reported [11]. The reactions of
carbon monoxide with trans—[NiMe(PMez)zx](X = Cl,Br or I) gave
quantitative yields of the corresponding acetyl complexes, which showed
only a limited tendency to decarbonylate [12].

A systematic 130 NMR study of three series of 3£§g§7methylp1atinum(ll)
complexes [PtMe(AsHeB)zL]'PF . [PtMe(PMe Ph) L] PF; and [PtMe(PMe Ph) X]
(L = neutral ligand; X = anionic ligand) has been made [13]. *°C shieldings
and J(l3c-lg§Pt) were rTeported and compared with data obtained from g
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NMR spectra. The data support the rehybridization concept of the NMR -
-trens influence. NMR data for the complexes trens- [PtRK(PMe Ph) 1

and trans-[PtR(PMe Ph) L' (r = —p=C = neutral llgand, X = anionic
CF3 OMe -

ligand) showed a linear correlation between both (Pt—c—CF ) and
33(Pt-C=C-H) and 25(Pt-Me) for the corresponding methylplatlnum complexes.
These results were explained in terms of platinum hybridization in the

Pt-C bond dominating the coupling cdnstant>[14].

The crystal structure of the complex cis—[PtF{ca(CF3)2}(PPh3)2] (3)

has been determined. The platinum atom is in & square planar
configuration and the Pt-P distance, trems to F, of 2.218 % is
significantly shorter than Pt-P trams to CH(PF ) (2.310 8). The Pt-F

distance is 2.03 £ [15].

(3)

The preparations of the first benzoyl complexes of palladium
[Pax(corn (P )2] (X = €1 or Br) have been reported from the reaction of
[Pa(PPh.. ),] with the appropriate benzoyl halide. The analogous complexes
[Paci{corn)L] (1= DFE or Phen) were obteined by ligand exchange [16].
Alkyl and aryl migration from CO to Pt has been found to occur on
abstraction of chloride ion with AgPF, from [Pt01(Rco)(PPh3)2]
(R = Me, Ph, DMeCgH,, p-MeOC(H, or I&02N06H4) with the formation of
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[PtR(CO)(PPhB) ] [17] If the reaction was carried out. in ‘acetonitrile,

then migration of R was not observed and the complexes. [Pt(RCO) (Pth) (HeCN)]

were isolated. -

The-platinum(II) hjdroxo—complex (4) has been prepared and some
reactions reported (Schemel); the similarity of the chemistries of :

P Me ' P Me

~_ (1) AgBF, /acetone . - ~_.
Pt — Pt
PN (2) MeOH NG
P HOMe
lNaOHIMeOH

P Me
cis-[PtXMe(DPE)] ~=HX N
PN

P OH

( X==CH,COMe,CH(COMe), ,CH,CN,

CH,NO,) 4)
co

[ PtmeccoH)DPE) | Scheme 1

the platinum(II) hydroxo-complex and hydroxo-derivatives of wvitamin B12

analogues was noted [18].

The IR spectra in the region 4000-60 cm—l have been recorded for the
compounds [Ptnezlen(x = C1, Br or I). The spectra are consistent with
structure (5) for these compounds which has both bridging and terminal
halogens [19]. The reactions of [PtMe2X2]n with neutral and uninegative

CHs
l CHa

X———Pt/ bk
T CH
/] £
Pt—x
I x-— -I—Pt——-X
/ chal/

CH;

Al
CH3

(5)

References p. 441



342

ligands have been studied (Scheme 2) [19], and also with bidentate
N-organcsalicylaldimines [20]. The latter ligands afforded anionic
dimethylplatinum(IV) Schiff-base chelate complexes of type [PtMe X

22
(521=N-R)]~ (6) which were isolated as salts of large cations [20].

[Pt(CH;),LoBr,]
]

L=amine, Py, Lut
Lo =diamine

2-
[Pt(CI—F)ZBr;,]
NaBr/H,0,X=Br
L= , Lut
Py, Ly [Pt(CH, ), L%,
2+ CHyNH,
Pt(CH4),(CHyNH,), ] PH{CH,)LX,] —
[ S A HyO [ 3272 L=Lut, Lo=En
= [Pt(CH3;LL,X
CHCl3
aq. HC1Q, / acetone} | Py X =Bn I
aq. HC10, PH(CHPYR]
Pt(CH,) PyX PTt(CH,y),P
[Pt(CH;),PYX,], CHCl3 3% Y22
L2 = BiDY-X=BI‘
L =Lut
[Pt(CH3), Lo X5]
scheme 2
IR and lH NMR data were reported for the complexes [PtHe2X2L2]
(I=monodentate or L, = bidentate ligand) [19,201. An improved synthesis

for complexes [PtRZ(COD)] has been developed and reactions of these species
with halogens, HC1l, neutral donor ligands, Mel and CFBI studied (Scheme 3)

{21]. 1H NMR data and the mechanisms of some of the reactions were
discussed. From this, and previous studies, several generalizations
X
Me__ |‘=t/o
e
Me l \\\rq::::(:
X / AN
R H



348 -

have emerged concerning methyl- and trifluoromethylplatiﬁuﬁ_compleies: o
a) both Me and CF; have a.high traps-influence, o
b)  there is a high Pt(6s) orbital contribution in the Pt-C bond,
c) the trifluoromethyl derivatives are much more thermally stsdble
‘.than the methyl analogs, )

d) Pt—CF3 complexes are much less nucleophlllc than Pt-Me complexes,
e) the Pt-R bond is very covalent and there appears to be no s;gnlflcant

m-back bonding from Pt to either CF3 or CH3. -
An analysis of the lH NMR spectrum of the platinum-bonded metﬁyl
3)2] has shown that it is of the [AB3X9]2 spin
type [22] not [AX3]2 as has been previously proposed. It was also

group of cis—[PtMez(PMe

suggested that in the aznalysis of the spectra for the analogous

complexes g;gr[PtMe ] (L—PPh or PFMe Ph) all the phenyl protons

must be considered. In another study, the absolute signs of J(P—H)
couplings in three methylplatinum(II) complexes have been determined [23].

A series of iodo methylplatinum complexes, [PtMe3I]4, [PtMeBI]Z,
13] [PtMe 12] and [PtMeI3] has been obtained by the reaction of
with MeMgI. The thermal stability of the iodo methyl-

[Pt CH
(NH ) PtCly
Dlatlnums decreases as the methyl groups are replaced by iodine [24].

Trimethylplatinum{IV) cations of type iggr[PtMeBQZL] (7) (@ = FMe,Pn,Py

or.270N06 4CH ) have been prepared; in some cases however, reductive
elimination of ethane occurs (Scheme 4) [25]. IR, Raman and 5 wm
data were discussed. From reactions of PtIV—CD3 complexes, it appeared

that the CDB—Pt bond is more resistant to cleavage than the CHB—Pt bond [25].
An X-ray structural determination has been carried out on the complex

[PtMe (rac-diars)i] (8) [26]. Trimethylplatinum(IV) compounds of

type [PtMe L] (I = B-diketone,thio-p~diketone and B—iminoketone) have

been prepared and from the 1H NMR and IR spectra, it was suggested that

the B-iminoketones bridge via the Y-carbon atom, as is found for the

B-diketone complexes., whereas the thio-f-diketones bridge via sulphur

atoms [27].

Carboranyl and neo-carborenyl platinum(II) complexes containing a
BlOC2H10R— (B=Me or Ph) ligaend bound to platinum by & metal-carbon
«-bond have been prepared (Scheme 5) [28]. The preparation and structure
of the complex [Ni(PFh )2 B10 10] (9) has been reported [29]. This
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[Pt1;c00] MeLi or
RMgX
MeCOC|

X
[PtR,X,] =—— [PtR,COD] ~ [PtRCI(COD)]
" CHyCly /MeOH S
(X=Br1; (R=1 Me,Et,CH4Ph, Ph,CH,SiMe;)
R =Me,Et) CFal for Mel for
L R =Me R=Me,Et
cis ~[PtR,L,] [Pt(CF3),COD] [PtMe,1], or [PtMeEt,1],
(L=isocyanide, PR3, ‘
amine,Bipy,AsMea) L

cis- (Pt(CF;),L,]

(L=EtNC,PMe,Ph; AsMe;,Bipy,
7-Picoline, SbPh,,AsPhg,Ph,PCECPPh, ‘
Me,NCH,CH,N Me,)

(scheme 3)

yve
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(8)
trans -(PR3),PtCl; cis=(PR3),PtCl,
ot +
Li(carb) Li(carb)

- +HCl
¢is—(PR3)Pt(PR,CH,CHR o ~carb) 5——== c¢is-(PR3),Pt{Cl){g-carb)
L= -1 +PR,, +
—HCl CH;MgBr

i

¢is = (PR4),Pt(CH3)(o-carb)

R==C,Hg,n-C3H,; R"==H,CH,

(scheme 5)

complex contains a chelating o-carboranyl group bonded to nickel by two
metal-carbon o bonds (Ni-C = 2.00 and 1.91%).

The preparation of thz complexes [Ni(_c_)_-chlorobenzyl)aLz] (L= PEt3
or P(Bul )3) has been reported [30]. The 1H MR spectrunm of the
arylnickel(II) complex (10) showed a downfield shift for the protons
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He

distances of these protons %o the nickel atoms; {10) being in a

and H6' (relative tc biphenyl) which was attributed to the shoxrt

stericdlly-fixed conformation [31]. The crystal structure of the
complex [Ni(PMePhZ)Z(a—C6F5)Br] (11) has been determined. Comparison
is made with structures of other pentafluorophenylnickel{II) complexes.
and it is evident that the Ni-C G-bond issignificantly affected by the
ligand trans to it (Ni-C in this study is 1.880 &) [32].

Oxidative additions of chloroacetonitrile [33], HN = C=C(CN)2 [341
or C(CN)4 [34] to [M(PPh3)4] (M = Pa [33], Pt [34]) gave the complexes
[Pac1(cH,CN)(PPR,), ], trans—[PtH{C(CN)g}(PPh3)2] and trans-[Pt(cN)

{C(CN);}(PPhB)g] respectively. ligand exchange reactions of the
palladium complex gave the products [PAX(CH,CN)L] (X = C1, for; L = DEE,
DIAES, PHEN, Ph,PCH = CEPPh,) [33].  [mx{c(cN)}3L,] (L = PRy{R = Ph, Bu},
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CN /CN
M~C---H M—=N=C=C_
CN H
(12) (13)

AsPh3; M = Pd, Pt; X = C1, Br, C(CN)B) compounds have been isolated from
the reactions of corresponding halo complexes and K[C(CN).}.] [3a].
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D:.cyanomethyl complexes have been prepared by the reaction of noble )
metal halide complexes with sodium dlcyanomethanlde, whereas the. palladlum
and platlnum complexes reported appear to contain the bondlng mode (12) the'

rhodium and. iridium complexes are envisaged as (13) [35].

Trialkyltin compounds RéSnR (R' = Me or Et; R = CE=CH,, CF=CF, or
C=CPh) were found to react by oxidative addition to Pt(0), or ligand
exchange with Pt(II) complexes giving trans-[PtXRL,] (X = C1 or SaR}

L = PPh_ or PEtZPh) [36,371. Some reactions of the new complexes were-

3

discussed. An X-ray analysis on two such compounds (X = Cl; R = CH=CH2

{14) or c=CcPn (15))indicated thet the trans-influence of R has only a low
sensitivity to hybridisation at carbon with sp3> sp >sp2 [37].

PPhEtg
2.295(3)

o032}
2.398(4) 2=

cl———ptT

2
c'H_~ LCTH2

s
%1.35(4)

P

~ A1 2
c'H c2u,

PPhEt,

(14)

PPhEt,

2.284(5)

2.407(6) 1.98(2)
Cl Pt c\ 7,

PPhEt,

(15)

The reaction of [PdClz(PhCN)Z] with (2-}106134 COCHSMe,,, X = H, Me, or
MeO) produced crystalline solids of formulation [(p—XCGH 4COCHSMe )ZPdClz)]
(16) which preliminary X-ray data showed to have a trans-plamar structure
with the ylidic ligands bound through the anionic carbon [38]. = The X-ray
structural determination of [Pd2012(CSNMe2)2{P(0Me)3}2] (17) [39] has shown
that the CSI\II'Ie2 ligand bridges two Pd atoms via the carbon and sulphur
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,Mea? ¢t CO—Ph
i
HC —Pd—CH
Ph—OC Cl SMej

(186)

(17)
atoms. D4h synmetry of the fulminate complexes [M(CNO)4]2_ (M = Ni,
Pa, P‘.:) has been inferred from Raman and IR spectroscopy [40]- The

complex [(Ph3

reactions with T1(I) salts of ritroacetone, 2-nitroacetophenone, and 1-

P)2PtCl2] has been found to cleave carbon-carbon bonds in

nitrobutan-2-one, the fragments then coordinating to Pt(II) as fulminato

and carboxylato groups‘[4l]. The cpmplexes characterised from these
reactions were [(Phjp)zptc1(CNo)], [(Ph3P)2Pt (ocor) (cx0)1, 2nd

[(P’n3P)2PtCl(OCOR)] (R = Me, Et, or Ph). Treatment of [Pt(Ph.jP) 4]
with 2-nitroacetophenone led to the formation of [(PhBP)ZPt(OCOPh) (cmo) ]
and [QPh3P)2Pt(CNo)2]. Infra red spectra indicated the isomerization
of coordinated fulminate ligend in [Ptql(cno)(PPh3)2] to the isocyanate
product [41]. A preliminary communication [42] has reported an X-rey
diffraction study of H2[Pt012(CECCMe3)(OCHMe2)] which confirmed the

original formulation.
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Free radicals have been trapped using ButNO, and identified by
ESR in the reactions of alkenes with. diakylplatinum(II) complexzes .
[43] and in the oxidative addition of alkyl halides to Pt(0) complexes
[441. It was suggested that many reactions of transition-metal
alkyls involve radical rather than molecular reaction paths [43].
The isotope content of the ethane formed by pyrolysis of [PtMegi(PMegPh)g]’
and its deuterated analogs has been examined [45]. Iv was concluded that .
this reductive elimination reaction is an intramolecular process. '
Nickel(II) compounds were formed when certain radicals (trityl, 1,1,3,3-
tetraphenylalkyl, 1,2,3,4,5,-pentaphenyl-2,4-cyclopentadienyl,2,4,5~
tri-tert.butylphenoxyl, 4-cyano-2,6-di—tert.butylphenoxyl or di(p-anisyl)
nitrogen oxide) were trapped by nickel(0), which was either generated
in situ or used as an olefin complex. The catalytic activity of some of
the new products and the mechanism of cleavage of the alkyl group from
nickel were discussed [46]. Palladium atoms have been found to insert
‘into the C-Br bond of C F.Br to yield a polymeric species [C6F5PdBr]n;
some reactions of this species were reported (Scheme 6). Nickel atoms

gave the analogous compound [CGFsﬂiBr]n [471.

Pd atoms + CgFgBr

Cla
(CGF'sF’dBr‘)n W CeF5Cl
25°
C6H5P(CH35 benzene
(CGHs) p CcFs—CgFs + PdBr, + Pd
C6H5P(CH3) 'T(CGH5)3
Cefs Pd Br CeFs—Pd—Br
CeHs picH 30 P(CgHs),
y ﬁoo°

(scheme 6)
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Homolytic cleavage of the Ni-C ¢ bond, formed by the reaction of

[NJ.(COD) ] with styrene in the presence of a series of orgam.c acids,

gave free radlcals resulting in the polymerisation of styrene [’48}

The mechanism of this reaction was discussed. The stereochemical

- course of the oxidative addition of cis or trans B-bromostyrene to'r )

[¥iL,] (L = PPny or PEt;) has been studied and complexes [Ni(CH=CHPh)I,Br]

" were obtained with retention of configuration [49]. Protonation, carbonyla-

tion and thermal decomposition of the vinylrickel complexes was alsoc studied.

Polystyrene supported nickel catalytic systems conta;'i_ning Ni-C o-bonds

have been prepared and their activity discussed [50,51].  Aromatic

substitution of (18a) occurred on chlorination to give (18b) exclusively;

heating (18a) in poler solvents gave [PtCIB(PEt3)][PEtsPh][Sz].

X

, Y
EtsP_ ), Cl

c1”1 S PEts
i

(1823, X=Y=H)
(18b, X=CI,Y=H)

The reaction of sulphur dioxide with [PtMe(PPh~)ZI] gave & 1:1
adduct (19) which contained a weak I-S bond (3.391 &) [53].

From kinetic studies, it was reported ithat the formation of (29)
ey

from [PtCH CHZCHZ(Py)ZCIZ] in benzene occured via a dissociative
mechanism [54]. The first alkoxalyl-metal complezes [MCl(COCO R)(PPh ) ]
(M = Pt, or Pd; R = Me or Bt) have been prepared by the ox:n.datlve
 addition reaction of c1coco R to [H(PPh3) 1; the X-ray structure of the
complex where M = Pd and R = Me, has been detemmed (Pd-C 1.97 %)
(21) [55].

[Pt(PPhj) (PbPhj) ] was found t0. decompose slowly in 'dichloromethane
to yield cls—[PtPh(PPh3) (PbPh3)] (22). - An X-ray. structure of (22)
shoued a square Pplanar coord:.nat:.on around the Dlatlnu.m atom (Pd—c 2.055 £
;-:and Pd—Pb - 2.698 R) [56] :
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(22)

IT Internal Metallation reactions and Metallocycles.

Reaction of the ligands P(Bu—t)2(g—ethylphenyl) or (1=)
P(Bu—t)z( o-isopropylphenyl) with [Pt012(PhCN)2] has yielded internally
metallated complexes of type [Ptc12(P—c)2] [P —c = CHMe06H4P(Bu—t)éP'—C),
or CMe206H4P(Bu—t)2]; metallation occured at the a—carbon atom of the
ligand. The 2nalogous palladium complex [Pdch(P' -0)2] was prepared
but no internally metallated product of palladium could be obtained with
L . ridge-splitting reactions and spectroscopic data for the products
were discussed [57]. The first internaliy metallated complexes containing
arsenic donors have been prepared using the ligands As(Bu—‘l:)(_«:_:—tolyl)2 and
As(Bu—t)z(grtolyl). Whereas platinum readily formed internally metallated
complexes, analogous palladium complexes could not be prepared [58].
That platinum forms internally metallated complexes more readily than
palladium was alsc demonstrated for a series of triaryl phosphite complexes;
thermal elimination of BX i‘rom.[MXZ{P(OAr)3}]2 (M = Pd or Pt; X = C1,
Br or I; Ar = Ph, p-chlorophenyl, o-, m— or E—tolyl) resulted in ortho-
metallated products [59]. The action of heat on [PtHe{CHZC6H 4P(Bu—t)
{o-tolyl)} {P(Bu—t)(g_—tolyl)z}] gave three isomeric complexes, including
_the first example of a dimetallated tridentate ligand. Structures of
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the three isomers have been determined by X~ray diffraction [60]. - :
It has been suggested that complexes previ'oizsly formulated as [Pt(?l?hB)z.]n ‘
are the ortho-metallated products [Pt(PPhB)(C6H4PPh2)]n' (n'=2,3 or 4)7 La]. - ‘:7

Hydrogen-deuterium exchange ocewrredin solution for the complexes
[Pt,C1,L,1 (L= PPi'3 or PBu). speéifice;n;,; at C-3 of the alkyl groups,
suggesting the intermediacy of a five-membered internally metallated - v
intermediate [62]. The reactions of (g—vinylphenyl)diphehylphosphine
with hydrido—i)latinum(l‘l) complexes resulted in internally metallated
products formed by insertion of olefinic moiety of the phosphine ligand
into the Pt-H bond [63].  The complexes {Mc1(Q,PhZPCGH4c=CHcGE4Pthgg)]
(M = Ni, Pd or Pt) have been prepared and an X-ray structure on the

platinum complex (23) confirmed that the ligand is tridentate being
bonded to the metal via two P atoms and a Pt-C G-bond:

(Pt-C = 2.01 B).  The olefinic distance of 1.340 & is normal for a
simple double bond [64]. Internally metallated P+{IV) complexes
have been prepared by the bromination of t_r_aﬁs;—[PtBrz(PEtyL]', where
L = 2-(alkenyl)pyridine [65]. -
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Several reports of interrnal metallatioﬁ reactions with M- or S—
donor ligands have appeared [66-72]. Complex (24), which contains
& metal-carbon c-bond adjacent to a chiral centre, has been resolved
and the absolute configuration of a diastereoisomeric form determined
by X~ray crystallography (25) [66]. Bidentate di-N-donor ligands
were found to undergo intermal metallation reactions with Pt or Pd

much less readily than their monodentate analogues. Similar reluctance

. Ct
_ N NH,CH(CH3)CgHg
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to undergo metallatlon Wwas observed for chelatlng tertlary o—tolylphOSPhlnes.i -
Ebwever, the metallatlons could be promoted by the presence of acetate
_ion using a 6-membered chelate Ting [67]. From a study on the effect
of substituents on the ortho-metallation of azobenzenes, it was concluded

that palladation occurs via electrophlllu substitution of the aryl

group [68]. Reactions of N N—dialkylbenzylamines, N;benzylidiné;tert-

butylamlne or l-phenylpyrazoles with [Pd01 ] gave S-membered
palladiocyclic compounds; N,N,N! N'—tetraalky‘l _g—nrlene-a c!'-dlamme

gave mixtures of 1,2- and 1l,4-dipallediobenzenes whereas N,N,N', N!'-
tetraethyl-m—xylene-a,x'-diamine gave the polymeric 1,3~dipalladiobenzens
derivative -(26) [69]. Reaction of [Pd(PhCN)zclz] with biacetyl-bis-
{N-methyl,~N-phenyl)-osazone {L) gave [Pd L C1,] which eliminated HC1 to
give (27); some reactions of these new complexes were discussed [70].

The reactions of the o-carbon bonded N,N-dimethylbenzylamine complexes

of Pd and Pt [(Dmba)Mcl]2 with thallium salts of alkyl or aryl salicylal-
dimines (T1 Sal=NR) and the quadridentate Schiff base N,N'-ethylenebis
(salicylaldimine) (Tlasalen) gave the compounds [(Dmba)M(sal=N-R)] (28)
and [(Dmba)M]Zsalen [71].

The first ortho-metallated complexes containing S-donor ligands
with palladium and platinum (29,30) have been synthesized from [M014]
and thiobenzophenones (M = Pd or Pt; R = Me or OMe) [72].

?l ?l
~Pd Pa~”
Et,N NEt,
(26)
Me
N
l C
Me\ /N (CH3)2
C/ AN B_- - O
| Pd__ CH \_/
Me— N N:=CF{A
I O I
/’ht\ H R
Ph Me o
(27) » . (28)
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R R
N N
R > > R 7
\Cl ;hd\%:l
) (CeHg),P
(29) (30)

The importance of metallocyclic intermediates in metal catalyzed
reactions e.g. [2 + 2] cycloadditions of olefins and olefin metathesis
has been emphasized [73,74]. The X-ray crystal structure of the
tetramethylene platinocyclic compound [Pt(PPh3)2(04H8)] (31) has been
determined [73]. The coordination around Pt was found to be distorted
square planar and the metallocyclice ring puckered. The thermal
decomposition of several platinocyclic compounds e.g-. [PtCHZ(CHZ)nGHZ(PPh3)2]
(n = 2,3 or 4) has been studied. The 5~ and 6-membered platinocyclic
compounds were found to be considerably more thermally stable than their
acyclic analogs [74]. The crystal and molecular structure of the




’359‘;"
" .substituted cyclopropane complex [PtCl (C~H4Ph2)Py ] has been determlned -
by X-ray diffraction [75].. ' The unit cell was found to contain two.
non-equivalent complex platinum molecules, although the bondlns of the
‘substltuted cyclopropane was similar in both. One of these molecules,rﬁ
considering only the coordination around Pt in the equatlonal plane (32),

" has the following bond parameters: Pt-C(1) = 2.06, Pt~—c(2) 2.60, Pt—c(s)lf:,'

2.11, c(1)-c(2) = 1.59, c(2)-c(3) = 1.48 £. ‘ o

(32)

Taree papers [76~78], concerning the reactions of low-valent

complexes of Ni, Pd or Pt with fluorocarbons have appesred. Reactions
—————ny
of the complexes [PtC(CF3)2XL2] (X =0 or NH, L = Pl‘IePh2 or L2 =

DPE ) with (CF ) ,CX caused ring expansions to occur yielding the
S-membered platlnocycllc compounds of type {PtC(CF ) xfC(CFé)QXLg]
(Scheme 7) The ring expansion reaction can be promoted by use of
more basic ligands (L); thus wherees [Pt{P(0Ph)J}.] reacted:with
hexafluoroacetone to give [PtC(CWB) O{P(OPh)é}zl, [Pt{P(OMe)5}4]
gave [PtC(CF ) OC(CF ) OCP(OMe)B] ] [761. . Furtner information
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L X ] L x\ P 3
N, 7 c\
v + (CRCIX —= M | CF3
L7 Ne 32 % \C/x
4 TCFy- (M =Pt)

(scheme 7)

concerning ring expansion reactions has been obtained from a study
R - —
of reactions of the new complexes [MCF_CFX L] with c2F4(m = Ni or Pt;

2
X=PF, Hor CF%; L is the potential tridentate ligand MeC(CHZEPhZ)3
(B = P or as)). The formation of 5-membered metallocyclic complexes

was dependent on the ligand L, the coordination number at the metal and
the nature of the fluoro-olefin [77]. The crystal structure of the
complex [IEEE_'Z—E:FZ(Mec(CHZPPhZ)s}] has been determined by X-ray diffraction
[78]. The fact that the nickel atom is 5-coordinate in this complex
is suggested as the reason for its inability to undergo ring expansion
with CF {77,781, Perfluorcacetone azine complexes of type
[ﬁ(c_ﬁ%ﬁﬁ_c(w ) ] (M =Ni, Pd or Pt; L = 1>1=h3 PEt,j, PMePh,,, Bu-tNC
or C6H11NC) have been Prepared by the reactions of appropr1ate 1ow—va1ent
metal complexes with bis(trifiuoromethyl)diazomethane, (CF ) o The
complexes [M(PhCN) (:12] (M = P4 or Pt) reacted with (CF )20N to y:Leld the
insertion products [M(PhCN) {C(CF ) 01}2], possible mechanlsms for these

reactions were discussed [79].

The reaction of carbon monoxide with dimeric methoxydienylplatinum(II)
-complexes, e.g. (33) was found to proceed with the formation of monomeric
(chloro)carbonyl- or (chloro)metnoxycarbonyl—complexes [80]. A 5 and
13C NMR study on (34) and related "enyl" complexes strongly suggested
that the norbornenyl ligand is coordinated in a "n-homoallylic" fashion [81].

LIne
M (M=Pd, Pt; R =Me, COMe)

CH;30O
(Hfacac)
(34)

(33)

The reaction of [Pd(PhCN) c1, ] with med gave the dimer (35) which
further reacted with 71(Acac) to give (36). An X-ray determination
has proved the structure of this latter complex (37) (selected bond



vuwséi;

(35) ~ (R=CO,Me)

parameters: Pd—-C (1) = 2.04, Pd - 0(3 ) = 2.05, Pd — 0(2) = 2.00 and Pa-
0(3) = 2.02 £ ) [82]. [Pd(PrCN),C1,] reacted with 2-butyne and
diphenylmercury to give (38a). The monomeric species [CSHeSCEIRCHZ'Pd(Acac)]
were obtained on reaction of (38) with K(icac); an X-ray structure on the
monomer (R = p-tolyl) (39) confirmed the presence of the 5-substituted
pentamethylecyclopentadiene ligand in these complexes, which is coordinated
to P4 through only one double bond. The fluxional behaviour of

complexes (38 and 39) in solution was shown by variable temperature 1H

NMR studies [835] and reactions of this "lightly stabilized" complex Qith
HC1, OMe, H,, NJH,, CO, PFh, and Phen have been studied [84]. = Although

2 .
the Pd-C g-bond in (38a) was not cleaved directly by HCI, it was cleaved
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Li—Pa 2
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e
a = R=pheny]|
L ~a b =R=p-tolyl .
(38)

by methoxide, hydrazine or hydrogen. Carbon monoxide reactions
produced several products depending on reaction conditions, but the first
step common to these reactions was considered to be carbonyl insertion
into the Pd-C g-bond. Triphenylphosphine gave CSMeSCHPh=CH2 and [PARC1
(PPh3)2] via a B-elimination reaction [84].

The complex [PdCHZCOO(PPhB)Z] reacted with acetylacetone to give
[Pd(CHéCOOH)(PPhS)CAcac)],which contained a C—bondédvacetate group; ‘
the O-bonded linkage isomer of this latter complex i.e.’[Pd(OCOCHB)(PPhB)
(acac)], was prepared by another route [85]. ; Reactions of [PtL4]
(L= PPh3’ PM'ePh2 or AsPhS) with 1,Z—benzoqyclobuta@iepequinone gav¢
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the unsymmetrical insertion products (37). For L= PPhs, both red and-
blue complexes were isolated; these were shown by X-ray crystallography
to be conformers of the same species (40). The carboxylate complex

(41) was obtained if the reaction of [Pt(PPh3)4] with the dione was carried
out in the presence of oxygen [86].

ti ! . ]’\ = 5 0
Reaction of [N1c12(1=me3)2] with Me,P=CH, in THF at 0° gave (42)

in which each nickel atom is bonded via four Ni—-C g-bonds [87].

o Q
“~py F,h3p\Pt/O
L PhyP” O

(@)
(40) (41)
HZF\Ni/CHz
HoC—7 ~cu
(CHy),P P(CH3),
(CHL)P A
3’2 HZC\ ) p—CHg
M C— NI H/Z(CH3)2
(42)

IIT Metal isocyanides

The ‘reaction of [PACL,(PANC),] with tne bidentate ligands en,
2-aminopyridine, o-phenylenediamine, ethanoline and allylamine in
1:1 molar ratios have been found to give monocarbene complexes of the
type Eggr[Pd012(PhNC)(carbene)]. Using a six—fold excess of
2_aminopyridine, the dicarbene derivative [Pd{PhNHc(NHc5H4N)} o B
was obtained [881]. The complex [Pd(PhNC)Z] has been reacted with
active mono—olefins and with B—QUinOnes to give the 1:1 adducts
[Pd(PhNC)ZL] (L = fum, man, p-benzoguinone and p-napthoquinone).

In the case of tetrachloro-p-benzoguinone, "an adduct was obtained

where the Pd:L ratio was 2:1 [89]. The crystal structure [GO] of .
the product of the reaction of [Pa(Bu’ NC) ] with an excess of SO

has shown that it is the trinuclear spec1es [Pd (SO )] (Bu NC) 3. 206 6 g
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(43) and not the dimer [Pd(soz)(But ne), 1, as originally formulated.
The structpre shows a triangulo-arrangement of Pd atoms with soa'
bridges between two of the Pd-Pd bonds. The Pd-Pd bond which has
no S0, bridge is significantly longer (2.760 %) than the others
(2.734 %). The thiocyanate isocyanide complexes [Pd(RNc)z(SCN)z]
(R = Ph, cyclohexyl), [Pd(ENC)(PPh )(SCN)z] {R = Ph, cyclohexyl,
p-nitrophenyl) and [Pd(Pth)(AsPh.j)(SCN)Z] have been prepared by the
reaction of the appropriate cis—dichloro-~ or trans-diodo-derivatives
with silver thiocyanate [91]. Whereas the bis-isocyenide complexes
contain only S-bonded thiocyanates, the [Pd(RNC)(PPh3)(SCN)2] complexes
contain partial N-bonded thiocyanates.

The product of the reaction of [Ni(Bu® NC) 4'] and diazocyanomethane,
NZC(CN) 27 has been shown by X-ray crystallography to be the ketenimine
complex (44). The mechanism for the formation of (44) is shown in
Scheme 8 [92]. The X-ray structure of [Pt(MeNC) (C HoN }Ie)] (45)
has been reported [93]; this, together with lH NI'lR data, flrmly
establish that the structure of Chugaev's red cation is (46).

+ N,C(CN),

»Ni(t-BuNC)y’ Ni[N,C(CN),)]}(t-BuNC),

+2t-BuNC +t-BuNC

+ NzC (CN )2
———— e

Ni[(NLCICN), J(t-BuNC)
“reunc Mt 2 s

l_m

Ni[t-BuN=C=C(CNL](t-BuNC),
44

Ni(t-BuNC),

(scheme 8)

The reactions of methyl and p-chlorophenyl isocyanides (r'NC)
with the complexes [PtXRL,] [94] ahd [PtR,L,] [95] have been Studied
(X = Br or I; R = Me or Ph; L = tertiary phosphine) The monoalkyl
(or —aryl) complexes give initially ionic species [PtR(R'NC)L 1X which
on heating ylelded the isocyanide insertion products [PtX{C(R)"NR'}L 1.
The reactions of the bis-alkyl (or —aryl) complexes with the lSOCyaﬂldeS
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(45)

proceeded with either substitution of a tertiary phosphine ligand to
give [PtRZ(R'NC)L] or isocyanide insertion into the carbon-metal bond;
the type of reéction occurring being dependent on the nature of the

vhosphine and isocyanide._ The crystal structure of the isocyanide



3\ Pt~-.:_§7‘(1_oj
9\9( ——‘\
’zy 125 72(98)
115 44(37)
(47)
insertion product trans-[PtI{C(Me)=NCGH4CI}(PEt3)2

determined [96] -

square planar.

88T

1 (47) has been
The coordination arocund the platinum is essentially.
The non-bonding Pt-N distance of 3.04 & in (47) is

inconsistent with the previously suggested pseudo five-coordinate

geometry suggested for this type of complex [96].

IV Metal Carbenes

A series of papers on the synthesis and properties of carbene

complexes derived from slectron-rich olefins bas appeared [37 — 100].

In a preliminary communication, the preparation of a wide range of

11 II

metal carbene complexes including some of Ni ~,

been outlined (Scheme 9) [97].

Reactions of [M2 4

and PtII

2] (M = Pd or Pt;

X = C1 or Br; L = tertiary phosphine or tertiary amine) with the

electron-rich olefins (48 or 49) gave an extensive series of mononuclear

NiCl,P,/NaBF,

. ?ﬂe ?ﬁe
/
[ >C=C\ ]
N N
Me Me

(=L2)

trans-PdCLP, /NaBIi

[NiciLg]BE,

—= trans-[PdCILR,|BF,

trans-PtHCIF, [NaBF,

[Pt HL, ] BF,

PtCI(IT-C5Hg) Py

(P=PPh,, P'=PEL,)

(scheme 9)

Rafarances n. 441

- [Pt;l(U-Caﬂs)L?PjaF;
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R 'R v v ‘Me :
ol e s ee
C=C, .C=C
N/ \N ‘ s/ \N.

R R (R=Me, Ph) e

(48) - 49)

carbene complexes of type cis- or trans- [MXz(carbene)L] [g98].

Some halide displacement reactions and thermally induced isomerisations
of trans—[MXz(carbene)L] +_gi§7[mxz(carbene)L] have been studied [991,
and 1-30 NMR data reported for the new carbene complexes [100]. From
this latter study, several trends emerged, a) the 130 chemical shifts
occurred at higher fields than in previously reported carbene compléxes)
b) the chemical shift of the carbene carbon atom was sensitive to the
trans-ligand, c) “3(*7¢-2%2pt) for cis-isomers was < 60 Hz, but > 140 Hz

for trans—isomers [100].

- (50)



a39(3) N S Ci
C 1.34(01) 1985 V\M
- 16)
(/ T PteX
C

(51

X-ray crystal structures have been reported for several carbene
complexes [101-103]. The structure of trans-PtMef{C(0Me)Me} (PMeéPh)Z 1"

‘showed essentially square-planar coordination around the platinuin and the

carbene ligand, which was disordered, adopted the trans- configuration,

Pt-P = 2.283, Pt-CH; = 2.13 and Pt-C (carbene)= 2.13 £. The unusually

long Pt-C (carbene) distance suggests little double-bond character in

this bond [101].  The bis-carbene cation trams- [Pt(MeNC) {c(NEMe)(sEt)},1%*
(50) was found to have square-planar coordination around the metal, and

the carbene ligends were shown to exhibit a similar structural irans
influence to that of tertiary phosphine ligends [102]. The oxidation

of trans-[Pec1{C(NiMe)(NEPh)}(PEt,),1C10, with chlorine gave the Pt''
carbene. complex (51) in which one of the aromatic groups of the ligands

is metallated [103].
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The reaction of nickel tetracarbonyl with [Al(NMé2)3]2 gave the
polynuclear carbene complex [(CO)3Ni{C(NMeZ)OAl(NMeZ)zi]2 [104].

1T complex containing a cyclic carbene ligand,

The cationic Pt
'[PtCl{éﬁEEiE?ﬁEj%}(PEtB)2]+, was prepared by the oxidative addition

of 2-chloro-4-methylthiazole to [Pt(PhCH:CHPh)(PEtB)Z] followed by
protonation at nitrogen [105]. A carbene intermediate has been proposed
in the reactions of [(COD)ZNi] with thionocarbonates of vicinal diols

which produced stereospecific alkenes with a high efficiency [1061.

Metal Carbonyls

Four papers [106a, 107-109] have reported matrix IR studies on
binary carbonyls of Ni, Pd and Pt. The co-condensation of Ni atoms
in various 120160/14N2, 12018/ 4N, /ax and 12018/ 4y /17K, /ar mixtures
has been studied. The new species [Ni(Nz)m(CO)4_m] (m = 1-3) have been
inferred from IR and Reman spectra [107]. The co-condensation of Pd
[108] or Pt [109] atoms with carbon monoxide in inert matrices at low
temperatures produced the binary carbonyls [H(Co)n] (M = Pd or Pt;
n = 1-4); the species were characterized by IR spectroscopy. Both
[Pd(CO)4] and [Pt(CO)A] were assigned a regular tetrahedral structure

on the basis of IR data.

An electrochemical synthesis of metal carbonyls including
[Ni(CO)4] and [Ni(CO)Z(PPh3)2] has been reported [110]. [Ni(CO)4]
reacted with tris(trimethylsi1y1methyl)phosphine to give only the
monosubstituted derivative [111], whereas CF3PH2 or (CF3)2PE gave both
mono- and disubstituted derivatives [112]. 1H NMR and IR spectra were
reported for the new nickel carbonyl complexes. The complex
[Ni(CO)3(PMe2C1)], prepared from [Ni(CO)4] and PMe,Cl, reacted with
Na[Fe(CO)2Cp] to give the singly bridged product [(CO)3Ni(PMe2)Fe(CO)20p]
[113]. The complexes [Ni(CO)BL] were prepared by direct action of
[Ni(CO)4] with the ligends L ;L = 2—(CF3)2P3558 [114] or 2-chloro-5,5-
dimethyl-1,3,2,-dioxaphosphorinane [115]). Information concerning
the nature of M-C and M-P bonds has been obtained by measurements of
magnetic molecular rotations in complexes [M(CO)n] (M = Ni, Fe, Cr or Mo;
A= 4,5 or 6) and [H(PF3)4](M = Ni or Pt) [116].

Reactions of [Pt3(00)3(PPh3)4], [Pt(CO)Z(PPh3)2] or [Pd3(CO)3(PPh3)3]
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' with carbon monoxide under pressure in p-xylene solutionsrhave beenAfolipﬁed.
by IR spectroscopy. - The-speétfal changes observed were consistent with
the reversible formation of [M(€0)_(PPr.)] (M = P4 or Pt) [117]. New
syntheses of the complexes [Pd(CO)(PPh3) 1, [Pd (co) (PPh ) ] and 7
[Pd (CO) (PPh ) ] have been reported by.the reactlon of [PdCl (PPh3) i
Wlth (1Y) 1n the presence of methanolic solutions of primary or secondary amine:
the three complexes were interconvertible (Scheme 10). Use of tertiary
amines led to the formation of [Pdc1(cOOMe)(PPh),] [118]. Oxidative
addition reactions of alkyl halides to [Pd(CO)(PPh3)3] under an atmosphere
of carbon monoxide yielded the acyl complexes trans—[PdX(COR)(PPh3)2]
(X=c¢1, BrorI; R= CE=CH,, CH,CH=CH,, CH=CHMe, CH

CHe=CHz, CB’.ZPh, Me ox

2 2? 2
Ph) [119].
F’cia(CO)3 (F’Ph3)4
ether ether
Pd(CO) (F>Ph3)3 — Pd3(CO)3(PPh3)3

PPh3intomene

(scheme 10)

The polymeric carbonyl halides [Pd(CO)X]n (X = C1 or Br) were
prepared by the action of carbon monoxide on palladium(II) halides
in the presence of HX. It was suggested that compounds previously
reported as [Pda(co)c1,l,, [Pd,(co),c1], [Pag(co)c1] or [Pd(co)2012]
were in fact impure samples of the same compound, viz. [Pd(co)01]n.
The carbonyl halides [Pd(CO)X]n reacted with caesium halides to give
[Pd(CO)XQ]; and with bis(diphenylarsino)methane(l) to give [PdLX]2 [1201.
In a brief communication, the carbonylation of organic substrates,
ArX (Ar = Ph or mesityl; X = KO, N = NAr or N3) by [Pd(CO)Cl]n has been
reported [121].

The unstable thiolate complexes [CopNi(CO)SR] (R = CF3 or Cg F )
were identified by IR spectroscopy on irradiating [CpNi(CO)]2 w1th thé

appropriate disulphide in a2 closed system [122]. The oxidative
electrochemistry of the thio-bridged complexes [Cle(SR)] (5 = alkyl
or aryl) has been studied. Both monocatioric, [Cle(SR)]2
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“dicationic, [CpNi(SR)]§+ species were detected but could not be isolated.
Values of the oxidation potentials for [CpNi(SR)]2 were dependent on the
nature of the group R [123]. The effect of pressure on the rates of

substitution of metal carbonyls including [Ni(CO)4], with ligands L
in various solvents has been studied [124].

The reactions of (Me3Sn)2X (X = 0 or N) with metal carbonyl species
gave complexes containing metal-tin bonds; the complex [CpNi(CO)SnMe3] was
prepared in this way but was too unstable to be fully characterized [125].
Novel heterotrimetallic complexes of type [CpFe(CO)ZMXZNi(CO)Cp] (M = Sn or
Ge; X = C1 or Br) were prepared by reactions of [CpFe(CO)ZMX3] with
[CpNi(CO)]z, and characterized by IR, 15 ¥R and mass spectroscopy [126].
The ion-~cyclotron resonance methods developed to detect the high masses
observed due to binuclear metal-organic ions has been described. Ion
molecular reactions in the spectra of [Ni(CO)4] to give [Ni2(CO)6]_ have
been observed [127]. The fragment patterns obtained from the mass
spectral analysis of four dichlorocarbonyl phosphineplatinum(II) complexes
are reported [128]. A study of the formationand structure of [Pt(CO)H2X3]_
(X = C1, Br, I) from the reaction Pt(C0), + 2P’ + H,0 + 2K~ ———>
[Pe(co)E,x;]™ + ore?t + €0, has appeared [129].

Several papers [130-132] have reported the use of nickel tetracarbonyl
in organic syntheses. The w~-iodoalkynes, Q;C4HQCEC(CHZ)nI, with
[Ni(co)4]/'1c013ut yielded the esters c439CEc(CHZ)ncozBut (n=3ors5)
whereas a mixture of cyclic esters was obtained when n = 4 [130].

Improved yields of y-lactones were obtained from the reactions of RCOCl

(R = Me or Ph) with acetylene and [Ni(C0)4] in acetone solution, If the
_reactions were carried out in the presence of tetrabutylemmonium halides,
the intermediacy of the halotricarbonyl aniouns, [Ni(CO)3X]_ (x = ¢1,Br,I),
was suggested [131]. The reaction of iodobenzene with N-benzylidene-—
methylamine in the presence of [Ni(CO)4] was found to be solvent dependent.
In DMF, the main product was l-methyl-2-phenylindolin-3-one, whereas in
benzene,  coupling of two benzoyl groups to an intervening imine double
bond resulted in the formation of N—methyl—N;(a—phenylphenacyl)-

benzamide [132].

[PtC12(C0)2] reacts with acetylene in MeCN to give [Ptc_l(co)2
(cn:cg)ngﬁzcao]. In benzene black [Ptc12(co)2(c232)4] is obtained -
which from IR contains a cyclic organic ligand. . With PhCSCH, [Pt012(00)2]
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produced [PtCl, (co) (PhC—CH) 7 in MeCN and [Ptcl (CO)(PhC=CH) ] in benzene. ‘

The latter is postulated to contaln a cycllc butadlene group w1th only
one Cl ligand bonded to the Pt [133].

VI Olefin complexes

The subject of sStereochemical non-rigidity in transition metal
n~complexes as investigated by NMR spectroscopy, has been comprehensively
reviewed (256 refs.) [134]. A review concerning metal complexes of cyano-
carbon and cyanonitrogen ligands, including tetracyanoethylene and
dicyanoacetylene, has appeared (96 refs.) [135]. Non-iterative semi-—
empirical one-electron molecular orbital (NISEMO) calculations have been
used to determine the relative energies of zerovalent platinum—olefin and
-acetylene complexes. On the basis of these calculations, mechanisms
have been proposed for olefin-vinyl rearrangements, HC1l addition to m-bonded
acetylene~ and 7-bonded acetylene-acetylide hydride rearrangement ‘336].

The synthesis of the first binary metal-ethylene complex, [Ni(02 ) 1,
has been reported by the reaction of all—trans-l S—cyc1ododecat11enenlcke1(0)
with ethylene at o° ;3 2 trigonal planar structure was suggested for this
molecule (52) [137]- With a view to establishing the factors affecting
metal-olefin bonding, X-ray crystal structures have been determined
for the two complexes [Nl{P(o—MeC 0)3}2 (olefin)] (olefin = C,H, or
C.E.CN) [138]. The coordination around the nickel atoms is trigonal
(53,54), with the olefin nearly in the PNiP plane; the olefinic C~C distance

is 1.46 £ in both complexes. In the acrylonitrile complex, the olefin
is shifted relative to the ethylene complex (53,54) in order to obtain
maximum metal-olefin bonding. The structures presented in this study

were compared with structures of other metal-olefin complexes.

A N

(52)

References p. 441 °



374

(53) (54)

Electrochemical syntheses of nickel(0) complexes, including
[¥i(coT)], [Ni(COT)z], [Ni(COD)z] and cyclododecatrienenickel, have been
reported from nickel(II) compounds or nickel metal; mechanisms for these
reactions were discussed on the basis of polarographic data [139].
The reaction of [Ni(COD)z] with azobenzene and P(BTHQCGH4)3 gave the diazene
complex [Ni{P(;rHeCGE4)3}2(PhN====NPh)] (55). An X-ray crystal structure
of this complex has been determined and indicates that the r-bonding scheme
in metal-olefin complexes may be extended to non-carbon-carbon unsaturated
bonds [140]. Reactions of [Ni(COD)2] in the presence of the ligand

L., or [Ni(COD)(PPh3)2], with NOCl gave nitrosyl complexes [NiCI(NO)L2]

(L = PPhg or P(OPh); L, = Pn,P(CH,) PPh,, where n = 1,2 or 3) [141].

The dibenzylideneacetone complex [Pd(dba)z] dissociates in solution
to give [sz(dba)B], and reacts with an excess of dba to give [Pd(dba)s]
(Scheme 11) [142,143]. The X-ray crystal structures of (56) and (57)
have been determined. The coordination around the palladium atoms in
(56) is trigonal with the metal atoms bonding to three olefin groups
of bridging dba ligands, The averazge C=C distance for the six olefin groups
is 1.39 & [142]. In (57) the coordination around the palladium
is again trigonal with palladium bonded olefinic C=C distances of 1.39,
1.39 and 1.37 & [143]. Reaction of [Pt(dba),] with ligands L gave
[Pt(ava)L,] (L = PPh,, PMePh, or PEts). These latter complexes reacted
with activated olefins,. and related molecules, to displace dbza giving
[PtLrL,] (L = C,F,s CF5C,CFz, (CF3)200 or cs,) [144].

Treatment of [Pdch(PhCN)Z] with 4—vinyleyclchexsne (=L) gave [PdchLZ]
{145]. The IR and Raman spectra of [MXZ(CSHB)]Z (X=C1, Br; M=Pt, P4;



(55)
dba dba
[Pdj(dba),] —/—/— [Pd(dba)z] i [Pd(dba)3]
(56) . (57)

(scheme 11)

CSHB = cyclopentene) have been recorded and a complete vibrational
assignment from 70 to 1 500 cm, completed which required the reassignment
of the cyclopentene spectrum [146].

Fumaronitrile complexes [M(fum)L2] (M=Pd or Pt; L = ASPh3 or
PPh;, L, = chelating N, P or As ligends) [147], and maleic anhydride
complexes [Pd(ma.n)LZ] (L= P(p_-uecsﬁ4)3, PMeFh,, P(2-01CSH4)'3-, P(OPh)S,
P[MeC(CH,0) 15 or PPh,) [148] have been prepared. NMR data for
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a2ll complexes and IR, v(CO), data for the maleic anhydride complexes

~wWere discussed.

Reaction of polymeric [PtMe{HB(pz)é}]vwith unsaturated organic
molecules gave new five-coordinate polypyrazolylborate complexes
[PtMe[HB(pz)é}(Uh)] (Un = olefin, acetylene or allene) [149]. 4 ana
19 NMR studles on the complexes (58) (R -’ = ®, R =8? = H, rt =
H, R =P, R =¥, R = H) suggest that there is through-space H~F coupling
between the Pt-Me hydrogens or the 3-H pyrazolyl ring hydrogen and the
fluorine nuclei [150]. Reaction of [PtMe(acetone)(PMezPh) ] with a series
of unsaturated hydrocarbons gave the complexes [PtMe(Un)(PMe Ph) ] (Un = ole
diene, allene, vinyl ether, allyl alcohol or allylamine). Vlbratlonal
and NMR spéctra were reported and used in a discussion on the nature of
the metal-olefin bond. The complexes prepared in the present study
were compared with the analogous acetylene complexes [PtHe(RCECR')(PMezPh)2]+

2nd with [PtH(Un)(PR3)2]+ [151].

\

(\‘N

1 RZ

(58)

Several papers [152-154] have been concerned with the vinyl
rearrangement reaction (Scheme 12). Irradiation of chloroform
solutions of [Pt(Tcne)(PFn )2] at 313 nm produced the percyano-vinyl
complex [Pt{PFh )2{c(cn)—c(cn)é}(cn)] [152]. Reactions of
[Pt{CF =CF(CF, 2}L 1 with SnCl4 gave ‘the vinylplatinum compounds
trans— [PtCl[CCl—CF(CF )}(PPh ),] or [PtCl{CFLCF(CFg)}DPE] For the

X R
5 A
Pt | = 1,Pt] R
N
R” "R R R

(scheme 12)
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complexes where L = PHéPh2 or AsPh3 and for [Pt(c )L ] (L = , :
PMePh, or AsPhj) reaction with SnC1, caused dlsplacement of the fluoro—olefin.
Reactlons of [Pt{trans(CF )CFLCF(CF )}L 1 @@= PPhy or PMePh,,

L, = DPE) gave the vinylplatinum complexes vls-[Ptletrans(CF )c_.:

CF(CF )J1,] [153].  Mechanism for both the photochemical and the Lewis
a01d-promoted rearrangements were discussed [152,153]. The kinetics of

the rearrangement of [Pt(CF2=CFX)L2] to [PtX(CFECFz)LZ] = PPh3,

X=€1 orBr; L= PHePh2, X = C1) and the stereochemistry of the
rearrangement of cis-— and m—[Pt(CFGl) == CFCl)LZ]

to [PtC1(eis-cF=c¥¢1)]ena [Ptcl(trans-CF=CFC1)L,] (L = PPh or

PHeth) have been studied} the data are compatible with a mechanism

involving C-C1 bond fission to give an intimate ion-pair [154]. Reactions
of [Pt(003)(AsPh3)2] with some olefins and acetylenes gave [Pt(Un)(AsPhB)Z]
{(Un = C,Fy, CP,CFCFy, C,F3H, Tene or (CF3)202) whereas vinylplatinum
complexes were obtained with the olefins C2F301 02F3 Br or C2014, the
olefin complexes [Pt(CF == CFX)(AsPh3) ] rearranged to vinyl complexes

in ethanol at 40° [155]

Cyclopropene and methyl substituted cyclopropenes have been shown to
displace ethylene from [Pt(C2Hﬁ)(PPh3)2] to yield [Pt(cycloPropene)(PPhj)z].
The cyclopropene ligand remeins intact on complexation, as shown by X-ray
structure determinations on the 3-methylecyclopropene and 1,2-dimethyl-
cycloprqpene derivatives, and can be displaced from the complexes by
082[156]. The "cyclopropenyl complex [Pt(CBP )(PPh3)2]+ PFE was prepared
by the reaction of [Pt(CZBﬁ)(PPhj)Z] with (C3Ph3)(PF6) [157]. An X-rey
structure of this cation (59) suggested that the platinum is coordinated
to a locelized double bond in the cyclopropenyl ring. Selected bond
parameters for (59) are Pt-C (3) = Pt-C (1) = 2.09, Pt-C (2) = 2.48,
¢ (3)-c (1) = 1.58, ¢(3)-C(2) = 1.58 and C (2)-c(1) = 1.40 & [157].

The complexes [M(CZH#)(PPh3)2] (M = Ni or Pt) have been used in the
syntheses of a variety of other complexes [158-1635]. Reaction of
[Pt(CZEi)(PPhs)Z] with diphenylketene or ketene-S,S-acetals caused
displacement of ethylene with the formation of 1l:1 adducts of [Pt(PPh3)2]
{158]. [Ni(C )(PPhB) ] reacted with LiSnPhy to give Li [Nl(SnPh3)2
(PPh3) 1 [159] and with quinones to give [[Nl(PPhB) 3 (quinone)] [160].
The platinoeyelic compound (60) was cobtaihed by the reaction of

[pt(c,H, )(PPh.) ] with hexaphenylcarbodiphosphorane [161]. Reactions of
[Pt(C )(PPhB) ] with o-(HMe,Si), 2CgH, or o—(HHe Si), 2CcH,CH,SiMe H gave
complexes contalnlng chelating bls(51ly1) ligands; the dlslloxane

(HPh Si) 20 gave & h-membered cyclic spec1es ﬁ62—163]

References P 441



378

6 53
. (C6H5)3P\ /C
AN
(CgHg),P P(CgHg),

(60)
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Thermodynamic parémeters obtained from 1H NMR studies of the

equilibrium: S : R

(6-acetoxynorborneny1)Pd(bta) + p-YC,H 4cH=CH2@(n;2-Yc6H4cH=CHZ);

(5—acetoxynortricyclenyl)Pd(bta) (bta = benzoyltrifluoroacetonate;

Y = N02, F, H, OMe or NMeZ)‘suggested that the~domingnt factor

affecting the thermodynemic stability of the metal-olefin bond is

the olefin-m to metal-d ¢- bonding component of the Dewar-Chatt-Duncanson

model [164]. Chlorine core binding energies in Zeise's salt and

related complexes have been determined and a correlation was found

35

between these energies and Cl NQR frequencies; the data is discussed

in terms of the electron distribution in the metal-olefin bond [165].

13¢ chemical shifts of olefin carbons and 190pt —23

C coupling constants
have been measured for a series of complexes K[PtClB(olefin)](olefin =
C,H,, MeCE=CH,, EtCHE=CH,, trans-MeCE=CHMe or cis-MeCH=CHMe) and this

data was compared with 30 NMR parameters for B-methoxyalkylmercuric
chlorides. It was concluded that both g-donation and m-back donation
in the Pt-olefin bond were weazkened by alkyl substituents on the olefinic
carbons, whereas the Hg-C o-bond was stronger with more alkyl substituents
[166]. 130 NMR and IR data have been reported for the platinum complexes
s 4CH=CHZ)Pt012(NCSIi4Me)](Y = NMe,,0Et, Me, H, Cl, COMe or
N02); the date indicate a significant ionic contribution to the platinum-
styrene bond [167]. A reinvestigation of the 15 NMR data for
;a_g_a_n_g-[PtClz(0234)(isoquinoline)] [168] showed that there is not a high-
energy barrier to rotation about the Pt-N bond as had been previously

trans-[(p~¥C

suggested.

The metathetical replacement of ethylene in Zeise's salt by
trimethylvinylsilane gave K[PtClB(MeBSiCH=CH2)] which decomposed in
wet acetone~d. to give Zeise's salt and hexamethyldisiloxane [169].
The five-coordinate platinum(II) olefin complex (61) was prepared by
the reaction of Zeise's salt with biacetyl bismethylphenylhydrazone .
(61) slowly decomposes with loss of ethylene in solution or at 100°
in the solid state [170]. The reactions of olefins with palladium{II)
chloride have been studied [171, 172]. From spectroscopic studies on
the equilibria formed between l-hexene or l-octene andrNa2P62C16 in
acetic acid, it was concluded that Na[Pd, Cl_{olefin)] was formed at
low olefin concentrations whereas [Pd2014(01efin)2] was formed at_high
olefin concentrations [171]. The geometrical isomerism of complexes
[Pa,01,(o1efin),] (olefin = C8,, l-pentene, cis-2, or vlt_l;afl;s_f2-pehte?lé), |
formed by the reaction of PdCl2 with the olefin, has been studied [172].
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Ct
Me\T/Ph
CH
2 //,N:==«:/,h4e
— Bt ~ é
=C~
CH, T Me
N
Me” “Ph
Ct
(61)

Instability constants for platinum(II) complexes, including

: jggggr[Pt(NH3)3(02H4)][N03]2 and [Pt(NH3)(CZH4)012] have been
determined by potentiometric titrations with acids in water-acetone
solutions {173]. The polarographic reduction of [Pt(NH3)2LCl]+
(L= 02H4, MeCH=CH,, PhCH=CH, or CH2=CHOE) at a dropping mercury
electrode has been studied. The data suggested that the introduction
of the n-ligands into the complex increased the ease of reduction of
the complexes [174].

An X-ray crystal structure of the zwitterionic complex
trichloro—(ﬂfjggggrpent-Z—enylammonium)—platinum(II) (62) nas
been determined. The coordination around the platinum is square—
planar with Pt-C(2) = 2.097, Pt-C(3) = 2.183 and ¢(2)-¢(3) = 1.400 & [175].
In order to obtain information concerning the bonding of the sulphurdiimine
to platinum, the X-ray structure of dichloro(ethylene)di-t-butylsulphur-
.diimineplatinum{(II) has been determined (63) [176]. Reaction of
[Pt012(tetramethylallene)]2 with ligands (L) gave the new complexes
[PtLClZ(tetramethylallene)] (L = ”NE,, MeCONH,,, NH,CONH,, CDCN,SPh,
CD30D, or p-substituted pyridine N-oxides). The fluxional behaviour
of the tetramethylallene group in these trans-square planar complexes was
studied by 1H NMR spectroscopy {177]. - Nucleophilic addition of amines
to caordinated ethylene in complexes e.g. [Pt(NEt2H)012(CZE4)], has yielded
products containing a Pt-C og-bond with the amine coordinated to the
B—carbon atom. The reactions were reversible and limited to strongly basic
secondary amines [178]. A new method has been reported for the synthesis
of the m-vinyl alcchol platinum(II) complexes [Pt(Acac)ClL] (L = m-ethenol
or m-propen-2-ol), by the reaction of [Pt(Acac)Cl(02H4)]
with acetaldehyde or acetone respectively, followed by protonation
{1791 The structure of [Pt(Acac)Cl(r-ethenol)] (64) has been
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Cl

(62)

C C
1.53(4) /49(4)
C
c N—m=C
1s2ca)\,_/ 158 1.50(3)
1.51(4)

C
164D \1.983) 153(2)
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NT57() c
1
r210(2)
! _Cl
’ ’/
~~"2.28(1)
2.28(1) _-Pt
e '
ct” 12.02(3)
i
1
C—_}
\
1.34(5) C

(63)

determined by X-ray crystallography and shows that the principal
coordination plane of the molecule does not bisect the olefin bond (65).

4 bornding model, intermediate between a m-bonded olefin and a a—bonded

aldehyde complex was postulated [180]. Palladium and platinum complezes

of o-vinylbenzenethiol, o-allylbenzenethiol or g_—a‘llylph‘en_ol have been
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(64)

1.387(15)

prepared. The complexes were in most cases . monomeric with coordination
to platinum through oxygen (or sulphur) and the double bond or solely

through oxygen [181].

The synthesis of the complexes [Pt{CG(CF3)6}(PEt3)2] and [Ni{cz(CF3)2}
{P(OMe)_j}z] has been reported and their structures determined by X-ray
crystallography [182]. In the platinum complex the arene group is
bonded in a 1,2-hapto-mode, whereas the nickel is included in a
metallocycloheptatriene ring [1821. The reaction of hexamethyl Dewar
benzene with either Na,PtCl 4 O [Pt2014(C2H4)2] afforded [Pt012(cl2}118)] ,
(66). Some of the reactions of (66) which have been studied are outlined
in Scheme 13. :LENMR and IR data were reported and discussed [183]. ‘
Vibrational spectra of [Pax,(norbornadiene)] (X = 1 or Br) have been
reported and partial assignments made largely on the basis of Raman



NaOMe

[PtcitPPhy), ]

X=Br1I

Bipy

(scheme 13)

polarisation data. Palladium-olefin stretching modes were located at
ca. 250 cn L [184].

The heats of reaction of a number of Rh—and PA-COD complexes. with
Py, PPh or P(OPh) , including the reactions [PdCl (PhCN) ]+.2B >
[PdclzB 1 + 2PnCN (B = Py, PPh3 or COD) and [PdCI (con)] + 2P(0Ph) ->
_ [Pac1 [P(OPh)3}2] + COD, have been measured [185] The relatlvg )
replacement energies for the Pd compounds Were ‘P_Ph3 > P(OPh)3'.> Py >> COD.

- Several studies on:the preparation of palladium-diene é,oinplexes from
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[Pdc12(PhCN)2] have been reported [186-189]. Substituted cis,cis-
{cop PdClé]complexes have been prepared from [PdClz(PhCN)z] and
cis-1,2-divinylcyclobutanes, or the appropriate substituted COD. The
configuration of the dienes in the complexes was determined by 1H NMR
spectroscopy [186]. The [PdClZ(PhCN)ZJ—induced Cope rearrangement

of substituted cis, trans-cyclodeca-1,5-dienes to substituted cis-1,2-
divinylcyclohexanes has been studied. Complexes of the type [PdClzL]
(L = substituted E;g—l,2—divinylcyclohexane) were isolated [187].
Reaction of [P4Cl,(PhCN),] with cis, cis-1,4-cyclononadiene gave the
complex (67) (M = Pd); no isomerisation of the diene was found to occur
on complexation. The anzalogous PtII complex was also reported [188].
A series of complexes, [PdC12(homotropilidene)] (homotropilidene =
barbaralone, dihydrobullvalene, bicyclof[5.1.0]Jocta-2,5-diene, bullvalene
or benzobullvalene) have been prepared and characterized by 1H NMR
spectroscopy or sodium borohydride reduction of the palladium-carbon bond.
The chemical reactivity and rearrangements of some of the complexes weré
discussed [189].

-_::MCIZ
(M=Pd or Pt)

(67)

The reactions of palladium or nickel bis(1,2-ethylenedithiolate)
complexes with dienes gave cycloaddition products [190, 191]. That
there is no interaction between the double bond of the diene and the
metal atom has been shown by X-ray crystallographic determinations
on the 1:1 adducts bis(cis-1,2-diphenylethylene-1,2-dithiolato)palladium
cyclohexa-1,3-diene [190] and bis(1,2-bis(trifluoromethyl)-1,2- dithiolato)
nickel 2,3-dimethylbutadiene [191]. Exchange reactions of a n-vinyl
alcohol group in [PtCl(Acac)(vin)] with 140—1abe1ed CH5CHO has been
observed [192]. The Markovnikov addition of Et,NH to m-ligands in
neutral 21_;—31:(11) m-complexes (e.g. [PtClz(CZH4)P(OHe)3]) is controlled -
by electromc factors. With bulkier olefin substituents anti-Markovnikov
additions were observed [193].
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Vit Acetylene compleies

The subject of metal-induced carbonium ions, ﬁth particulér
reference to organoplatinum chemistry, has been I-eviewéd. Many of
the reactions discussed involve platinum-acetylene complexes [97 refs.]
[194]. The crystal structure of [PtMe(MeCECHe)(PHezPh)z]PF6 has
been determined by X-ray diffraction. The coordination around the
platinum is essentially square planar (68) with the acetylene bond

approximately perpendicular to this coordination plane [195]. The

reactions of K[Pt(Ac)X3] (ac = MeZC(OH)CECC(OH)HeZ; X = C1 or Br)
with amines gave as the initial products @-[Pt(.&c)(NHRlRQ)Xz]
(Rl =H, R, = H, Me, Et, CHMe, or CHe3) which then reacted with more
amine to give vinyl amine complexes [196]. The structure of
[PtCl3[Me20(OH)CECC(OH)Hezj] BPh) , determined by X-ray cx?ystallography,
showed square planar coordination of the platinum which was bonded to
the acetylene ligand only through the carbon~carbon triple bond [197].

Kinetic studies on the reaction of [Pt(PPh3)3] with MeC=CPh ‘
showed that both associative and dissociative pathways are important

of
in the formation *[Pt(PPh3)2(Me(F—‘CPh)] [198].
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The reaction of palladium acetate with diphenylacetylene in;methanol
vielded [sz(p—PhCECPh)(n-CSPhS)2] in 90% yield. The structure of
this complex was confirmed by X-ray crystallography and a mechanisi for

its formation suggested [199].

Weak protic acids (HX) readily reacted with the cyclohexyne
compléx, [Pt(CGHB)DPE], yielding the air-stable pelT complexes
[Ptx(c6H9)DPE] (X = CH,NO,, CH,COMe, CH,COPh, CH(CN)Ph, OH, OMe or p-MeCgH 4o).
The new compounds were characterized by IR and ‘HE NMR data and also by an
X-rzy structure determination on [Pt(CHchPh)(CGHg)DPE] (69). The long
Pt-C distance (2.175 &) of the PtCH,COPh unit suggested some ionic character
in this bond [200]. Reactions of [M(CF3C‘E'CCF3)L2] (M = Pad or Pt; L =
PPn,, PMePh,, PMe,Ph or PEt,Ph; L, = DEE) with CF;COOH gave the alkenyl
complexes [H(OCOCF3)(CCF3’—"CHCF3)L2] [201,202]1. The kinetics of the
reactions of [Pd(CFBCECCFB)LZ,] (L = PPh3 or DPE) with CFBCOOH, CF,HCOOE or
CCI3COOH have been investigated and showed that the reactions of the
triphenylphosphine complex followed a second order rate law [201].
HgX, reacted with [(rt(cr CECCF3)L2] to give mercurated products of the

type [PtX{CCF3=C(Hg01)CF3312] (X=¢ClorBr; L= PPhE or PI-IePhZ) [202].
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The reactions of Cp-nickel complexes with ace'ﬁylenes have' been - °

investigated [205,204].  Cp,Ni with CF;05CCF; at 85° gave [CpNifc

3 5% -

(cF,cecF,) 31 and [cPNlcF3cggF3j4. The latter complex contains

four chemically unigue nickel atoms and a (wrmickelacyclopentadienyl)—

nickel system, as shown by X-ray crystallography. Reaction of
[(CpNi)Z(CF3CCCF3)] with CF;CSCCF; at 90° gave the new complex

[ ¢p 2N13(CF30CCF3)3] [203]. The rates of the reactions of

[CpNi(CO)]Zwith alkynes, to give [CﬁNiZRCZR'] (R = H,R' = Ph or COOMe;

R = R'=Et, Ph or COOMe; R = Me, R' = Ph), have been measured and the .

mechenisms discussed [204].

The reaction of the phosphinoacetylene Ph2P0'='CCF3 with [HX4]2-
(M = Pd or Pt; X = Cl or SCN) caused cleavage of the acetylene bond
and gave novel complexes of type [MXZ{PhZPCHZC(CF3)=CHPPhé}]a The
crystal structure of the Pd(SCN)z—derivative (70) has been determined
by X-ray crystallography [205]. Three isomers of the complex
[Pd(SCl\I)Z(I’hZ]?CECBu.t )2] were prepared; the structure of cne of these
was determined and showed a) the thiocyanate groups to be S-bonded)
b)‘ trans—phosphine ligands and ¢) no interaction between platinum and

c=c [206].

2.278(6)

2 371(6)

2.369(7)

(70)
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VIIY Metal cyanides

IR and Raman spectra have been recorded for the complex anions
[?t(CN)sx]Q‘ (X = Cc1, Br or I) in the regions 2250-2000 and 540-35 en ™t
.and many of the fundamental frequencies have been assigned. The
apical Pt-C and C-N frequencies were shifted to lower energies in the
order C1 > Br > I. From IR intensity measurements it was concluded
that the metal-C ni~back~bonding is considerably less than in metal
carbonyls [207]. The polarized single crystal absorption spectrum
of [Ni(CN)4] [N(Bu™ )4]2 has been measured at 5°K and band assignments
made [208]. Stopped-flow techniques have been used to study the
kineties of the reaction of CN~ with [Ni(1, S-dlazacyclooctane) ]2+.
The mechanism for the formation of [Nl(CN) ] via the stable square-
planar intermediate [Ni(2Z, S—dlazacyclooctane)(CN) ] was discussed [209].
An EPR study of the irradiated dizmagnetic [Nl(CN) ]2 in a NaCl lattice
identified two paramagnetic species characterised as Jow-spin d7 and
a? complexes and suggested to be [Ni(cn)4012]3’ and [Ni(cn)4c12]5‘ [210].

The reactions of bifunctional phosphonium cations with complex
cyanides of Fe, Co and Ni have been studied. For Ni, the products
Bl[Ni(cN) 41-28,0 =nd B [Nl(CN) 1 (8t = [P P(cm,),Prh ]2+ .82 =

PhBPCH2C6H4,2 CH PPh ] ) Wwere isolated whereas 1ron and cobalt gave
in addition, phosphonlum—hydrogen derivatives. IR data were reported

and thermal decomposition of some of the complexes was studied [211].

The crystal structure of the dibenzene clathrate complex
[Cu(NH3)2Ni(CN)4‘206H6] has been determined by X-ray crystallography
[212]. The copper and nickel ions were linked by cyanide ions teo
form a polymeric two-dimensional network, the benzene molecules being
trapped between the layers of the networks. ESR spectra of the
magnetically dilute single crystal of [(cd, Cu)(NHB) Nl(CN) -2C¢ 6]
were recorded and interpreted [212]. The crystal structure, reflectivity
spectrum and conductivity anisotropy of [KéPt(CN)4Brb_3 2.3320] are
reviewed [213].

Reaction of [Pt(trans—stilbene)(PPh3)2] with CF3CN'yie1ded the
n-bonded trifluoroacetonitrile complex (71). IR spectra showed a

drop of 537 cm—l in v(CN) on coordination of CFBCN. Some reactions
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C

Pt—|lI
N
(71)

of (71) including displacement of CF3CN by (CF ) CO0 and PhC=CFh were

reported [214]. 14N NMR and spectrophotometrlc study of the

exchange of MeCH on NiII and CoII complexes of 2,2',2'"'- triaminotriethylamine
and 2,2',2''~tri(N,N—dimethylamino)triethylamine has been made [215].

Reactions of [Pd(PhCN) ] with carbodi-imides gave complexes [Par, L, 2] in
good yields (X = Cl or Br, L = MeN=C=NBu! or * BuN=c=NBu® ). On the

basis of IR data, it was suggested that the carbodi-imide is coordinsated
through the nitrogen lone pair. The 1,2-addition of methanol to di-o-

tolyl-, dicyclohexyl- and methyl—t—butylcarbodl—lmldes was found to be
promoted by pall [2i6]. :

IX Allyl complexes

The following crystal structures of several m—allyl complexes

have been reported; (i) 3-thio-1,3-diphenylprop-2-en-l-one-l-norbornenyl—

2-methallylpalladium{TT) (72) [217); (ii) (w—2-methallyl)glycinato)

(72)
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(73)




(76)

palladiuwm(1I) (73) [2181;  (iii) (w-methylallyl)2-(R,S)-e-phenyl-
ethyllmlno—g-penten—4—o"ato)valladlum(II) (74). [219);  {(iv) [CBHGle
(C3H ) 1 (75) [220]; (+) —p—acetato—bls—[(2—methylallyl—3—norbornyl)
paﬁladlum(II)](76) [221] which had a distorted square pyramid ‘structure

around the Pd with thé C=C vinyl bond bent 12. 7° away from the normal to the :
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basal plane; (vi) twe isoﬁéric forms of the analogbusrnickei complex.
(77arand b) [222] in -which a strong irans-structural effect was observed

-for the ¢-bonded norbornyl carbon atom. ’ o

A detailed examination of the H NMR spectra of the symmetrical allyl
Pd complexzes, [Paxz(cjr%)z] (X=0C1orI) and[Pd‘I(C3H5)] (¥ = acac,-Cp ),
has shown that the spin system should be described as AA'BB'C.
3¢ wvr spectral shifts and J(13 -lH) values were also reported, 'the’formerr
being interpreted in terms of the canonical forms (Scheme 1k) [223] .
The use of the "simpler" 130 NMR rather then the more complex “H NMR
spectra for the determination of stereochemistry in bis-phosphine metal
complexes has been questioned. The cis phosphine complex [Pd(2-methallyl)
(PEL Ph) ][BF ] exhibited a triplet for the allyl-CH,
unless analysed for an AAX' system (A = 31P X = 130) could be misleading
[224].

resonance, which,

(scheme 14)

g NMR studies have shown that (HFacac)(w—allyl)platinum(II) exists
as a monomér/dimer mixture (78) in toluene or chloroform solution. The
P~allyl dimer exhibited temperature dependent tautomerism which did not
appear to involve the intermediacy of the monomer [225]. In asymmetric
w~allylic B-ketoamine palladium complexes, there is an equilibrium at room
" temperature between diasterecomers, one of the two faces of the allyi.
group being preferentially bound to the metal gtoﬁ. Analysisiof the lH
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H
3
H \\\Hz
(HFAcac)Pt Pt({HFAcac)
H
H H

H
(78)

NMR spectra has allowed the assignment of the absolute siereochemistry of
the coordinated allylic group provided that the stereochemistiry of the

chiral ketoamine is known [226].

In the reaction of [(mn-C H7)Pd01]2 and Ph3P the time-averaged
"JC NMR 211yl spectra above 40° were interpreted in terms of free and
bonded Ph.P. The kinetics observed from 31P measurements inferred
[(c,m 7)Pac1 (PPhS) ] and [(c H, )Pac1 (PPhB)J] intermediates whlch
decomnosed to [C B, PdC1PPh, %3 [c H7Pd(PPh ) ] and [P4C1(PPh )” [227].
The downfield shift in the C NMR of crotyl or allylpalladlu_ ha_ldes in
DMSO w.r.t. CDC1l, has been atiributed to the formation of C4H7Pd(DMSO)2+

3
[228].

IR and Raman spectra were recorded for [(ﬂ_03H5)2H] (M = §i, Pd),
[(ﬁ—methylallyl)ZNi], [(n-c335)3rv1] (M = Bn, Ir) [229], [(11—(;3}15)1>d)(]2
(X = c1, Br) and for X = Cl the perdeuterated analogue [230], and complete

vibrational assignments were proposed [229,230].

A disparity between the results of an ab_initio computation of the
electronic wave function for bis—(+— allyl)-nickel and the photoelectron
spectrum of the compound have been rationalised by teking into account

the electronic relaxation upon ionization [231].

Bis—{m-21lyl)nickel reacted with duroquinone {DQ) in ether, at 0° C
to give [(ﬂ—CBHB) NiDQ] (79) where only one of the DQ double bonds is
coordinated to the mickel and under reflux to give [(DQ) Nl] [232].

The improved synthesis of (80) has been achieved under the specific
conditions of stirring a solution of hexamethyl bicyclo [2.2.0] hexa-2,5-

diene in CH,Cl_, together with [Pd012]n at RT for 504 hours [233].

272
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Ni =-=ome-
I Ko CH,
O
(79)
%
CH, _Pd
81)

Treatment of PACl, with spiropentane gave [n-ClCHZCHZC(CHZ)ZPdCI]2
[254] and (81) was prepered from [Pdclg(CN)z] and B-pinene [235].

Using 2,4-hexadiene as a model compound, it has been shown that
dienes add stereospecifically to palladium chloride to form (I-chloroalkyl)
—m—-allylpalladium chloride complexes. The three diene isomers (cis-cis,

cis-trans, and trans-trans) formed a pair of epimeric m-allylpalladium

diastereomers one of which was formed from both the cis—cis and the

trans-trans-isomers, and the other from the cgis-trans diene. Excess
of a strongly coordinating ligand reversed the reaction. The two

diastereomers epimerized when their solutions were warmed to room
temperature. This, together with a solvolysis reaction, were studied
mechanistically [236].

The reaction of methylenecyclobutane with PdCl2 and [Rh(CO)201]2
has been re—-examined and the formation of the m-allylic complexes previously
reported must be attributed to some spiropentane impurities. ‘The earlier

suggested structures, however, remain uncontradicted [237].

A series of dinuclear palladium(II) complexes containing a bridging -
2,2 ~bis-m—allyl ligand has been prepared (82a-d). Complexv(82é) reacted
with basic ligends to yield (83a-c), and with a variety of silver carboxy~-
lates to yield (84a-e) in which the two carboxylate ligands b:idgéd,thea
metal atoms.: Preatment of (84 a, f, g) with pyridine or t:ipﬁépy;pho;phine
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a): X =Cl; L=Py

a): X=cCli b):X=C[;L=ph3

b) : X = Acac €): X =Cl; L =AsPh,

¢) - X = Hfacac d): X =O,CCH,; L=Py

d): X =m-CgHg e): X =0,CCF3;L=Py
f): X =0O,CCClg;L =Py

(82 g): X =0,CCF3; L =PPhy
h): X = O,CCCly:L =PPhy
(83)

a):R =CHs; e).-R=PhCH>
b): R = CyHg f):R=CFy
€): R = (CH3),CH g):R =CCl4
d):R=Ph

resulted in cleavage of the carboxylate bridge to give (83d—h), while
treatment of (84a) with trichloroacetic or trifluoroacetic acid
effected carboxylate bridge replacement producing (8hf,g).

Similerly, reaction of (8ke) with 1,3-di-phenyltriazene yielded

(85) with the liberation of acetic acid [238].

The reaction of TiCl, with [(n- 03H ) Nl] in pentane at —80° nroduced
— — 2
[(w 0355) NiTiCl ] end [(n-C ES)NJ.Cl C3H5T101 1 [239].

A method for the conversiorn of conjugated dienes into allenes via

allyl Pd and Pt complexes has been reported. Thus, the reaction of choro-



897 -

(85)

prene, [Pd(PPh3)2012] and methanol produced l-methoxy-methyl—2-chloro—f—
allylpalladium chloride which reacted with an excess of tri-n-butyl-
rhosphine to give 4-methoxy-1,2-butadiene. An analogous route via
platinum was unsuccessful, leading instead to insertion of the platinum
into the vinylic carbon-chlorine bond to give (86) [240].

The reaction of Pd(II) with branched olefins produced a mixture of

n-2llylic complexes with initial isomerization of the double bond cccu I"ring.

Ci L
LoPH(CH,) + c1—< ——= Cl~Pt

L CHyCH
(a)

H(b)
H(c)

(86)

In branched olefins without substituents at the double bond isomerisations
occurred at the thermodynamically most favoured position at the branching
point of the olefin which then formed the m-allylic complexes.

Oxidation of these m-allylic complexes produced unsaturated carbonyl

compounds in which oxidation occurred at the ends of the allylic system

(Scheme 15) [241].
' CH
_ 1 £ 2\_‘ Cl
>H—C<> HaC—C _Pal *
il

CHas

HpC=C(CH3)—CH,—CHy + PdCl,

HC—C(CHy)=CH—-CH; + PdCl,

2

+ PdCl2
+Hy0

OHC—C(CH)=CH—CH, + H,C=C(CH;)~CO~CH, + 2 Pd + 3 HCI _
(scheme 15)
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Insertion and migration of the C=C bond has been found to occur
in the reactions of some allylic acetates and N-allylacetamide with the

platinum hydrides trans-[PtH(PR,),(acetone)] * end trens-|Ptu(PPh,),(C10,) T,
to give (87) end (88) [2k2]. '

. — — -+
¢ T
(':HR2 CaHs
1 CH CH
R4 P R3P Vs
2T >pi Yo X~ >p{ TNH X~
RLPT N/ RsP7N _
C)==(:\> O=C_
IVa,PR'; = PPhyMe,R2 =H, X = BFg4 Va, PR3 = PPhoMe, X = BF,
b,PR'3 = PPhoMe,RZ=CH3 X =BFy4 b, PR3 = PPh3,X=ClOg4
c PR3 =PPh3,R2=H, X =ClO4
(87) (88)

Insertion of allene, methylallene, 1,l-dimethylallene and 1,3-
dimethylallene into the a2llylic-palladium bonds in the complexes

[(n—All)PdX] (X =¢1, n = 2; X = Acac, EFacac, n = 1) produced the series
n
(89 znd 90). A mechanism was proposed in which the 1,2-diene coordinates

to palladium via its less substituted olefin function generating a

&—-allylic intermediate (Scheme 16) [243]. Addition of the strained olefins

norbornene, norbornadiene, benzonorbornadiene, and bicyclo [2.2.2] octene
to [(m-211)M(HFacac)] (M = Pt, Pd) complexes gave enyl products via =z

reversible [(r-a2llyl)(n—~olefin)M(HFacac)] intermediate. The insertion

reaction accurred a2t the least substituted terminal allylic-metal bond [244].
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Y w
(scheme 16)

CH
PPN
C4D7CHCH™ | "~CH,
Nil
(91)

The reaction of butadiene with [(ﬁ—CD30D=CDCD2)NiI] gave 100% (91).

The insertion reaction with other olefins was reported [245].

A kinetic study of the reaction between PdCIE- and 1,3-cyclohexadiene
in the presence of methanol suggested 2 mechanism in which a w-1,3-
cyclohexediene intermediate, having only one double bond coordinated to
the metal, was formed. Nucleophilic attack from outéide the coordination
sphere of the metal on the coordinated double bond, was the rate determining
step leading to the methoxy-n-allyl product [246].

The kinetics of the oxidation of [(n—c3H5)Pdci]2 by p-benzoquinone
has been studied as a function of [H+] and [C17]. Oxidation is first order
in m-allyl complex and p-benzoquinone [247]. Pyrolysis of m-crotyl,
pentenyl or cyclohexenylnickel chlorides in various solvents has been
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investigated, and the initial reactions suggested to be cleavage of the

Ni-C bond to form radicals [248].

Synthesis of oxo-m-allyl- and w-allyl palladium complexes via
diazoketones and vinyldiazomethanes has been reported (Scheme 17) [249].

: A _C!
CHy=CH—CH,N, + (PhCN)PdCl, ——— —-P|d~
c” ¥
R—ﬁ—CHNz + (PhCN),PdCl, —= R—C/ == CHCI
Aol
o O pal
X
2
R = Ph
R = CHg3

(scheme 17)

lH NMR and 130 NMR spectroscopy and molecular weight studies of a
series of hepta-2,6-dienylpalladium(II) carboxylate complexes have shown
the existence of an equilibrium between trihapto dimeric compiexes with
bridging carboxylates and pentahapto monomeric complexes with terminal
carboxylate ligands. These systems provide models for the m-allylnickel
carbo_mlate catalysed cis-1,4-polymerization of 1,3-butadiene [250].

The direction of isoprene polymerization has been shown to be a function
of the nature of the metal and of the substituents on the allylic ligand.
The presence of acidic ligands in the w-allylic complexes of Zr, Cr, Mo,
and Co, contributes to 1l,4-addition, and for m-allylic nickel complexes,

increases the selectivity towards cis-1,4 structure formation [251].

The reaction.between [Ni{P(OPh)3§4
formation of an orange m-allylic Ni{II) derivative without free-radical

], isoprene, and cc14 led to the

polyrerization of the diene as is the case of the reactions with styrene
and methyl methacrylate. A mechanism was proposed, based on Kkinetie
data, involving an initial step of ligand exchange between diene and
rhosphite followed by a redox reaction with CC1, [252].
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X Delocalised carbocyclic systems

The comparative chemical characteristics of metallocenes of cobalt’

and nickel, containing 200 references is reviewed [253]-

Complete ligand field perturbation calculations, including spin-orbit
coupling, have been carried out for-dl(dg),dz(da)_and'd3(d7) configurations
in axial C: symmetry using the straong field formalism. The application - -
of the results to the interpretation of the d-d electronic spectra
of metal sandwich complexes is discussed with particular reference to
the vanadium, cobalt and nickel metallocenes [254]. A series of
communications reporting the formation reactivity and structural determi-
nations of metallocenes have appeared. CF_.C = CCF. and [szNi] gave the
new products cG(CFB)G’ [CpNi{CSH5(CF3CCCF3)2}][CpNiCF3 ccer;l, (92) and
[Cp2Ni3(0E3CCCF3)3] (93). The structure of (92) was verified

cp.
O\N' 2.370
l \\\\\\\ Cp
Ni
2.029 Cp
2.000 Ni
|\ 7
C
C/
O——
| S\
Ni Ni
2.466 P
N \
NiCp
NiC
X P
(92) (93)

crystallograﬂhically'[255 ] Preatment of [CpZNi) with P(OR) . (R=Me,Ph)
in CCl, gave. [cp Ni c1 P(OR). ] [256] whereas [Cp Ni C1 Pij) and
lithiated chloroferrocene or [L105H Mn(co)élproduced (94) and

1
[ClePPh3Céhﬂh(CO) ] respectively [257]. Electronic and 31p NMR spectra
of [CleX(PP%)] (x = ¢1,Br,I,NCG,NCS, NO,, CN,SnCl;,SnPhy,PbPhy alkyl,
aryl) have been recorded and a spectrochemical series interpreted [258].
The rate constants for 2H and 3H exchanges have been determined for systems
of [CpyNi] with Me;COH-Me,SO-Me COK and O(CHZCHZOH)2—M93COH-H93QOK. I
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@-NiCpPPh3

Fe
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comparison of rates with [Cp2Fe], Ph3CH and Ph2CH2, found that the kinetic-:
acidity increased in the order Cp,Fe < CpMn(CO) <.Ph2CH2 < Phch < Cp2N1 L259].
The reaction of [P’c(PE ] with (CF ) has afforded [Pt[c (CF ) 63(?31:3)2]
(95) in which the Pt atom was found cnysta‘lographlcally to be- bonded to -
two adjacent carbon atoms of the non—planav' benzene ring [260] ‘The R =
corresponding nickel analogue and CF5C = CCF; gave (L N1(0F3CCCF )21 :

(L = P(OMe)3, AsMean) shown to be (96) (L. = P(OMe).. ] from 1n1t1a1 X-—ray

data [260]. Additions of %tolan and MeCOOC= CCOOMe(d:dma) o palladium
acetate and [Pd(PhCN) c1 ] respectively produced [ (}PhC=CPh)(m-C Phs) sz] (97
{261] ana [Pa {c (co Me) (co I-Ie)C(CO Ne)Cl}Cl] {2627, the latter of which

(97)
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is readily converted to [Pd{CS(COZHe) 4(002Me)c(002Me)CJJAcac] (98) on
treatment with TlAcac. Complex (97), which is formally Pd(I) and the
first example of an acetylene bridging palladium is structurally analogous
to the corresponding nickel product, and to postulated to be formed as in
(Scheme 17). Another route to (98) is given in Scheme 18 . The
absolute configuration of endo-dicyclopentadiene (99) has been determined
via the crystal structure of [(+)—(endo—dicyclopentadiene)PtClz] (263).
Treatment of & sodium naphthalide reduced solution of [Me N][CpCoIII(n—
c137118)] with NaCp and [NiBr2,202H4(OMe)2] produced [CpCo® I(n—CB7H8)NiIVCp]
(100) isolated in at least four isomeric forms [264]. Structural analysis
of [(Me4c4)(CF3)Pt(PMe2Ph)2]SbF6 (101) indicates & distorted tetrahedral

geometry around the Pt atom. Parameters obtained from 2866 observed



Reactanfcs —_—

Ph

Ph on Ph OMe
. HOMe OMe
Ph Pd” - Ph Ph o
-PhC(OMe); Pd
Ph _H'I- .
Ph Ph Ph
N‘;hzcz
(97)
" {scheme 17)
1 rR" R
'}
\R Br2 e Br
Pd 1 —_—— Brli\d ]
7" o=¢,_ "
OMe
n n
R2c=cR?
PhgP PhyP
_ RRPRE
R1 R1 R1 MeQO, R2
PhP. /R  Bra =
D Br R’ o/ R
PhyP 2R - / Y R!
R! hy ~ 1 Pd Br
/Pd R AN
Br S pPPhy _br

(scheme 18)
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(101)

1

10.049) were Pt-P = 2.365(4)8, Pt-C(CF.) = 2.103(16)R
1.47(2)R [265]. Certain alkyl groups in [CpNi(PPh,)R]

have been observed to have interesting dynamic NMR properties (Cf. R = CH

reflections (R
and c-c(ckmeh)

]

35
SiMe3,CH2Ph,CH20H20H=CHA). To account for the observed low temperature

~ - b
spectra the possibility of diastegiotopism from restricted rotation about

P-aryl bonds leading to é barrier between enantiomeric conformations
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which have their origins in H-E repulsions has been initially investigated
[2661. . Low yields of (102) were obtained from-2 2';dilithiobiphényl
or 2, 2'-dlllthlooctafluoroblphenyl and CHy PtCl [267] . When a propionic
anhydride solution of [wi, (c R) ]BF4 or [Nl(C5H4R) ] is acidified with’
HBF4 in the presence of dlenes,r the products [(05H4R)N1(§1ene)] (r =1,

Me, 3704H9, diene = norbornadiene, 1,5-COD) result [268]. Bi— and
tetrametallic derivatives of macrocyclic alkadiynes of :‘ormulse [alkgdiyne
(NiCp)x](x =2 (103), 4 (104); alkadiyne = 1,7-cyclododccadiyne) have been -
characterised. With 1,7-cyclotridecadiyne, 1,7-cyclotetradecadiyne, 1,8--
cyclotetradecadiyne and 1,8-cyclopentadecadiyne only {(104) is  formed -
[269]. The salt [Cle(PBu.) jC1 has been utilised as a precursor Ior

the formation of the neutral comnlexes [Cle(pBu,)L] (L= XC6H4Y, X = Se Te,
Y = H,p-CE;0, p-CHg, B-C1, m-CFy; X = Se, ¥ = m-Cl B-CH,CO [270];

L = SC(S)CH2 P! 5 [2721)- Slmllar compounds prepared were [Cle(PPh )x]
(x = SnMe, GePhj, SnPh;, PoPhg, CN, NCS, NCO, NO,, CH,CMe ) 2nd
{cpuif Fe(cO) }PPh 1 CoHg- [Cle(PPh )SnPh ) and I, gave [chl(PPh3)1]

whereas the correspondlng germanium and lead.analogues gave[Cle(PPhB)Ph]
[272]. Treatment of [CpN"PBuBSC(S)CHZCGHE] with HC1 gave [CpN:LSC(S)CG 5]
[271]. [ coNi(Ph,PCH,PPh, )SCH ]and[Cpr(PPh ,CH,PPh, YcN]can act as
bidentate ligands formlng [CpN1 -p—x—pP(Ph PCH_PPh, Mo (co) 4] (X = SPn,CN)
hTth[C7“810(CO) 1[273]. A range of complexes of the type [Cle(HRS)L]
(R = halide, alkyl, aryl; M = Si,Ge,Sn; L = R.P, R;As, CgH,,NC) are
reported [274]. The reactions of Cp,Ni with thiols RSH gave the
derivatives [CpHiSR]2 [275], whereas with [(DPE)Nin], [szNi] is converted
into monomeric or dimeric products depending upon X. For X = Cl1, Br

the novel ionic salt [CpNiDPE]2[NiX4] is obtained, but with X = I, CN,
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[CpNiX]Z—u—DPE are the sole isolable products [276]. Evidence has

been obtained from IR spectroscopy for the reversible production of the

ion pair CpNi+NO— by photolysis of [CpNiNO] in an argon matrix at 20K [277].
Binuclear secondary ions have been observed in the mass spéctrum of
{coNino]. In the presence of donor molécules, L, additional ion

molecule reactions occur to form [CpNiL], and even hexane or cyclohexane
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RO © R R

‘ R" erll
' N ' CeHs H ' 4
"/// \\\\; / CeHs ™~ CegHy H
Rm Ni Ni R. 7C6H5 'C6H5 C'6H5 H
\\\\N_ ~ |%ets Cetls CeMs  CeHs
l .
1 t-Bu H H H
@ t-Bu t-Bu H H
Rll N :
(106)
[Cp,Ni] + PPh; + CCl, —— CIDQ
Ni
Ph,P”  Cl H  CCi3
lNaH
Cl Ci
(scheme 19)
produced [CpNi(ene)]® (ene = hexene, cyclohexzene) [278]- Reduction

of [CoNiNO] with LiAlH4 + AlCl3 in THF afforded [szNi] and a paramagnetic
complex assigned as [CpNi]4H3 (105) from mass spectral y IR and preliminary,
X-ray data [279]. Bridging organonitrenes of formula[{Cp‘Ji}3 NR](106) are
the resultant products obtained from the reactions of LiR(R = Ph, t-Bu) with
[cpNilO ] in THF or ether [280]. Addition of PPy
of CCl4 produced (trichloromethyl) cyclopentadiene which was dehalogenated

to [szNi] in the presence

to 6,6-dichlorofulvene (Scheme 19). Analogous reactions with CBrA and
(trichloromethyl) benzene occured, and 3-bromopropene gave allyleyclopenta-

diene [281]. The synthesis of a series of platinum metallocycles, together
with an exemination of their thermal stability is reported. Two features

of the data are significant; (i) +the platinocycles are much more stable
thermally than platinum alkyls and (ii) +the products of decompositidn‘
suggest that their broad mechanism of formation resembles that established
for simple alkyls [282]. V - '
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X1 Metal-Hydrides

A review on transition—metal hydrides containing 287 refs. has appeared
'[283]-

The structure of [(Et3P) Pa(E)C1l] has oeen resolved crystallograph_cally.
The long Pd~C1l bond length (relative to P4 c12 ") is ascribed to the strong
trens effect of the hydride ligand (107) [284]. Recent suggestions that
the broadening of the hydride resomance in the NMR spectra of trans—[PtH
(wes)z, ] (. = phosphines, Et3As) is not due to interaction with the Ty
nucleus has now been refuted [285]. The first stable dihydride complexes
of platinum(II) and palladium II, trans—[PtHzLZ] (L= PCy,, PCy,-i-Pr,
PCyZEt) {(cy = cyclohexyl), and trans—[PdHe(PGy3)2} have been prepared by
the reaction of [H(Acac)Q] (M = P4, Pt) with trialkylaluminium in the
presence of bulky tertiary phosphine ligands. A trang-square planar

(107)

structure was proposed on the basis of IR and 1H NMR evidence.
[ptm (P0y3) ] reacted with CC1l, to produce equimolay amounts of the
7 mono-hydride species [Pt(H)Cl(PCyS) ] ana CHCl3 [286], [Pt(PPh3)2 H
(n—CH CeH, N-N=N-C.H —CH3—2)] was prepared from cis-[PtCl (PPh3)2] and
n—CH,C W NH-N= -C6H CH3-D in the presence. of H_NNH_H 0, and is in dynamic.

6 4 2 272
equl,lbrlum at RT probably via a cyclic intermediate [287]. - The addition
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of BX to trens-[PtEY(PEt,),] (XY = €1,Br,1) at 90°, gave &is and frans-

[PtH XY (PRt )2] Scrambllng of the halogen~ (X4#Y) occurred on allowlng
the solution to warm to —20° ¢ [288].

Similarly, BX added to trans-[Pth(PEt3)2] gave [PtHXYa(PEt3)2],
with H trans to X. A hydride trens to the lighter halogen was the
preferred orientation which was attained by rearrangement if X was beavier
than Y. Addition of X, to Eggggr[PtHX(PEtB)z] produced a mixture of :

[PtHZXZ(PEt 1 and [Ptx4(PEt 1 [288].

32 302

The reactionsof trans—[Pt(PPh ) H(ClO )] with allyl alcohol, allyl
chloride and bromide, in behzene and aqueous acetone have been studied.
Allyl alcohol gave the w—allyl complex [Pt(FFh )2 (11—0335)}.,10 in benzene.

aq
With C (X = €1 or Br) in benzene, complexes containing a coordinated
propene, [Pt(PPh3)X(CBH6)]ClO4 were obtained. In aqueous acetone, the

reaction with allyl alcohol gave a mixture of the n-allyl and the propene
complexes whereas with allyl halides a mixture of the w-2llyl complex and

trans—[Pt(H)X(PPh3)2] was formed [289].
The insertion of olefins into the Pt-H bonds of trans—[PtH(NO3)(PEt3)2]
has been investigated (Scheme 20). The ipitial step in the insertion

was suggested to be the substitution of NO.by the olefin to give a cationic
hydrido~olefin intermediate. The Pt-C g-bond in [Pt(CHZCHZCOHe)(PEt ) 1
BPh (108) was readily bydrolysed to give [Pt (OH) (PPt ) ]2+ and ethyl methyl
ketone [290].

The presumed cationic complex [PtH(PMe2Ph)2]+ [SOBF]—, formed from
trans—[Pt(H)Cl(PMezPh)z] and MeSO,F, effectively catalyses the isomerizarion
of oct—l-ene, and hex-2Z-ene [291]. The mechanism of double-bond migration
induced by the platinum(II) hydrides, trans- [PtH(PPh ). (acetone)] s trans-.
[PtH(ClO4)(PPh ) 1, and trans—[PtH(NO )(PPh Me) 1, has been studied using
platinum II—deuterldo analogues as wel1 as 2—deuterated allyl methyl ether.
Both the stoichiometric reaction of diallyl ether with Pt-H and the catalytic
conversion of allyl alkyl ethers to cis-propenyl alkyl ethers were found: to :
involve the initial reversible gnti—Markowﬁikov addition of Pt-H across the
terminai C = C bond before double bond migration.’ The ieomerization_of ‘
l-butene to 2-butene occurred readily at room temperature_ﬁithoﬁt .

stereospecificity [292].
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XIT Hydibsirlylatioq/gemylation reactions 7

Structural characterisation of (+)1££§§§5[PtC1tSiﬂ§(1—C10H7)Ph3(PMeZPh)é]~
(109) has revealed an absolute configuration (S) for-the molecule [293]. ’
[Pt(GeCl3)5]3- has & distorted trigonal bipyremid structure about. the Pt; Pt-Ge

bond parameters average 2.406(8)R [294]. A preliminary report on the

formation of bj.ssilyl platinum complexes frdm.g-(MQZSi)206H4 and g—(HHeZSi)

CGH4CHZSiHeéH by reaction with [Pt(PPh3)20234]‘or [pt(PMeZPh)4] has appeared.

The products are (110) (n = 0,1). A four membered cyclic species

[Pt(SiR08iR,)(PPh,),] (R = Me,Ph) was also characterised [295].  Silylacetylene
. and silyl perfluoromethyl acetylene react with trans—[HPtCl(PEtB)z] producing v

trens-[YCSTSIH PtCL(FEtL,) ] (Y=H{CF5)- ' These acetylemes react with [PtI(PEt),

to give initially [HPtIZ(SiHQCCY)(PEtS)Z] which decomposes to give [YCSCSiHIPtI
(PEt3)2].' No evidence for Pt-acetylenme interaction was observed [296].

19 MMR chemical shifts for the complexes trans-[PtAY(FMe,Pn),] (¥ = SiPhy,
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Me,
Si
/ /
L,Pt~ } |
N A
Si—(CH,)
2°n
Me,
{(110)
X = CgH,F-m, CgH,F-p; X = CgH,F-m, ¥ = c1) and(m- or_B—F06H4)331X (%=Br,H,
Me, Ph, PtCleetrans; L:AsHezPh; PMezPh) indicates that the PhBSi group acts
as a good g-donor and n-acceptor [297]. A study of the stereochemistry of
formation and cleavage of Si-Pt bonds is reported. New complexes identified
are (+)—trans-[PtX(SiRS)L2] (R3Si = Me(l;cloﬂ7)PhSi; X=C1,Br,I,I=PMe Fh; X=H,
I:PPhE)ﬂ The silicon hydride starting materizal for these preparations can

be regenerated with almost 100% retention of configuration with LiAlH4.
It is suggested that cleavage of Si-P% occurs via oxidative addition — reductive
elimination sequences with almost complete retention of configuration.
Corresponding germanium complexes have been tentatively identified [298].
A highly stereospecific preparative route to RIRPRPSiH involving the reaction
between RlRZRSSiX(X = OMe,F,Cl) and Grignard reagents possessing B-hydrogens
(e.g. Et,Pr2, Pr=, B2, BuZ) activated by [¥iC1,(PPhs),] has been communicated
[299]. This reduction was found to tzke place with retention of configuration
at the Si atom for X = MeQ or F, and suggested to occur via a Ni-H species
formed by B-elimination of the Ni-R intermediate [300]. With non-reductive
Grignard reagents and Si-B groups it was found that in the presence of nickel(II)
salts Si-C bonds were readily formed [301]. [CpNiCO]2 was Tound to be a very
good catalyst for the addition under mild conditions of HSiCl3 to styrene to
form l-trichloro-silyl-l-phenylethane in high yield [302]. A variety of
[NiXZLZJ(L = phosphine) complexes are only effective catalysts for the
hydrosilylation of olefins and acetylenes above 900. Two products were
obtained, the ratio of which was found to be dependent upon the donor properties
of L [303]. [Ni(C2H4)L2] (L2 = DPE,DPM) complexes were found to have a
lower induction period for hydrosilylation than[NiXZLZ]compounds though the
reaction profiles were similar [304]. Above 120° the silylation is accompanied
by an interchange of H and Cl on silicon [303]. Isomerisation of the olefin
occurred during the reaction, with gis-addition taking place preferentially [303]
_ The reactivity of the silcon hydrides decreases in the order ﬁSiCls>HSiMe012>
ESiMe ,C1>HSiMe, {3031. A mechanism for the reaction is proposed [304] (Scheme
21). When the nickel(II) chloride complex with 1,2-bis(dimethylphosphino)-

1,2-dicarba-closo-dodecaborane is used as a hydrosilylation catalyst for
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(111)
(scheme 21)
olefins, intefnal as well as terminal adducts are formed. The intermediate

o—-complex {ITI in scheme 21) can be regarded as carbanionic in nature and

it seems likely that equalisation of stabilities between the primary and
secondary carbanions is related to strongly electr®m accepting carborane ligands
[305]. An investigation into the effects by which dinuclear olefin complexes
of platinum catalyse hydrosilylation of styrene has shown the retardation
effect of donor solvents and ligands [306]. From Kinetic investigations

the reactions appear to depend upon the halogen-bridge cleavage by the
chlorosilanes [307]. The best catalyst for the reactions of Me.SiOH with
butadiene to give l-trimethylsilozy-2,7-octadiene was found to be [PAC1,(PhCN),]
[308]. Treating H2Pt016 with 3,3-dimethyl-l1-butyne in isopropanol gave
H2[(Me3cczc)Pt(OCHMe2)c12] whose catalytic activity in the hydrosilylation of
butyne and l-hexyne was studied [309].

A reinvestigation [310] of the reported reaction of 812016 with
[Pt(m3)4] to fom[Pt(Pij)z(SiClj)Z]has shown that the product of further
reaction of this compound with PPh3 is not 2 novel silylene complex
but an impure partial hydrolysis prcduct formed from trace ammounts of

water. Further reactions of 512016 with transition metal complexes are

a2lso reported.
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XITT Other Synthetic and Catalytic Reactions Involving Ni,Pd,Pt.

A review containing sections of hydrosilylation and dimerisation
of olefins using Ni and P4 catalystshas appeared, [311] and the synthesis
of heterocyclic compounds via transition metal intermediates is covered
{312]. The multitudinan catalytic reactions stemming from and related
to the "Nickel Effect™ have been published in memory of Karl Ziegler
[313 - 51.

Nickel

A mixture of LiAlH4 and Ni(A.cac)2 in THF was found to be a good
hydrogenation catalyst for aromatic compounds [316]. The reduction of
_E;Rc6114N02 (R = C1,0Me) by NaBH, with [NiXZ(PPh3)2] (X = ¢1,Br,I) gave
. 80-88% of B-RCGE,NE, [3171. The (COD)ZN:'L catalysed isomerisation of

(112) produced (113) and (114) by an intramolecular [o2 + g2]-rearrangement

[318]- Methylene cyclopropane is converted quantitatively into (115) by
Z
- /: +
COOCH;3 COOCH;5 COOCH,
COOCHS3 COOCH;3 COOCHS3;
{(112) {(113) (114)
' 49:51%
AN
115)

[NiBrZ(PBug)Z] and Bulld in p-hexane [319]. A study of the catalytic
activity of several [Ni@ﬁphosphine)z]/acid systems for the cis-and trans-
isomerisations of olefins has found that for l-pentene the sterecoselectivity
of the isomerisation is dependent upon the cocatalyst. To explain

the different routes for the different catalysts it is suggested that in
certain instances a g-alkyl mechanism is in operation whilst in the other



4
-cases a 'n—allyl mecha.nlsm predom:l.n.ates [3201. The formatlon of allqlene
carborates from alkylene oxldes, Co, and nickel(0) catalysts is thought to :

occur via a repeating segquence of ondat:.ve addition, insertion a.nd
reductive elimination steps involving the intermediates (116f;18) [3211.

, ’}3f42
LnNi CHa>
c A o <l>
Hao C . O.
. N o ~ 7
LnNi CHa LaNi” | c
(116) (117) 118)

The oxidative addition of aryl halides to nickel(0) complexes and the
subsequent reaction of the product with NaCN has been found %o

be a useful process of converting aryl halides to aryl nitriles (Scheme 22)
[322]. Catalytic amounts of certain protic acids (e.g. C#5CO,, H) to
amine, butadiene and [Ni(COD)Z] mixtures enhanced the formation of
butenylamine [323]. Phenoxybutenes are the main product of the reaction
of phemol, butadiene and nickel(0) complexes when excess_ﬁhosphorus 1i gands,
good electron donor ligands or a high ratio of phenol to butadiene are used
(Scheme 23) [324]. A series of products from allyl transfer reactions

in the presence of [Nixz(PBu’;)z]-g—Buox x = 01,Br,N03) have been obtained
(Scheme 24) [325]. The almost total formation of ethane and ethylene
from the decomposition of ethyl Grignards by (_!oCl2 and Ni(’.!l2 indicates the

absence of radical steps in soluticn [326]. An improved synthesis of
PR4 -
. b NaCN
NI(PR3)4 + ArXx -——m» Af‘—f;ll—‘x —
PR3

ArCN + Ni(PR3), + NaX-
(R=Ph, CgH,y3 X =CL,Br, 1)

(scheme 22)

CHs

— NiL 4 N B S

OPh

{scheme 23)
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- / .
CHs . .
/\/”\/\/\O;Cﬁ + EtOH Ni(PBus),Xp = 4+ oOctadienyi
C N t-BuOK ethyl ether
- CH3
R3 . R3
Ni(PBu3)X =
R"]/\[_OH + YH 372 R1_]/\|'Y + H,0
Ry Ry t-BuOK Ro Rg4

(Y = HN{ O; R =alkyl, H)
. //C)
NitPBuy)Br, + NaBH, + CH,=CH-CH,OH ——= 7
H

(scheme 24)

cephalotaxinone (119) using [Ni(COD)z] in one of the steps has been revorted
(Scheme 25) [327]. A study of the oxidations of benzoylhydrazones of
aldehydes, ketones and 1,2-diketones with nickel peroxide has been presented
[328]. It has been shown that the alkyl group isomerisation accompanying
the nickel-catalysed cross coupling of secondary alkyl Grignards with
organic halides depends upon the nature of the halides [329]. The high
cis-stereoselectivity ' observed in the: alkyl Grignard cross coupling with
1,2-dihaloethylenes catalysed by nickel complexes strongly suggests an elimi-
nation-addition mechanism is operative. Under similar con&itions with
monohaloolefins stereospecific cross-coupled products resulted [330].

High yields of aromatic acids have beern obtained from the carbonylation

of arometic halides in dipolar aprotic solvents at atmosheric pressure

in the presence of nickel complexes [331]. A mechanism has been suggested
tc account for the products obtained from the nickel carbonyl induced reactions
of olefins and dienes with allyl halides and CO in protic solvent (Scheme 26)
. [332]. The alkylation of benzaldehyde by a2llyl chloride using & reduced
nickel catalyst occurs in a similar pattern to that of Grignard reagents
except that protic solvents can be used [333]. The reaction of norborna—
diene and methylenecyclopropane with the aid of phosphine-nickel(0)
catalysts gave highly selective [2 + 2] cross-addition (Scheme 27) [334].

A catalyst prepared fromr[Ni(COD)z] and various phosphines is an excellent
‘trimerisation catalyst for methylenecyclopropane (Scheme 28) [335]. -
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An efficient comversion of COD to (120) us:Lng a soluble nickel(II) selt
and EtAlCl, is reported [336]. : ;

of dienesrhas appeafed. The "
(X = halcgen,Rand R = alkyl) produced (115) and n-octatrienes with
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(120)

. butadiene [337]- When the system Nl(Acac) + PBug + LiBu® in methanol is
used, the oligomerisation of butadiene produced more isomers than’ prev1ously,
reported. A Their mechanism of formation was dlscussed [338] A survey A
has appeared on the rwelative react1v1t1es of a series of dlenes in .
copolymerisation by various catalytic systems of transition metals 1nc1ud1ng
nickel [339]. The po1jmer1 sation of methyl me‘chacrylate :Lnltla‘ced by -
[Ni{P(OPh)S'} A
involving the radical CCl3 as the initiator (Scheme 29). The retardation

] and CCl4 has been investigated, and a mechanism proposed

effect of isoprene on this polymerisation has been explained in terms of

an incorporation of isoprene umits into the polymer producing (121) which
then terminates this polymerisation process by a2 reaction of (121) with
(122) to give a terminal m-allylic unit [340]. The reactions of allenes
with nickel(0) catalysts under varying conditions produces a variety of
products. Fvidence has been presented supporting a multistep reaction
path for the metal-assisted cycloadditions. In the nickel-phosphorus
ligand systems, the nature of the ligand determines the selective catalytic
reaction pathway, by either varying the m—g- allyl coordination equilibrium
(1232-b) or effectively blocking a coordination site (scheme 30) [341].

The major product from the »eaction of allene and amine or active methylene
compound catalysed by nickel(0) complexes was (124) [342]. [NiBrZ(PBu%)2]
is a regiospecific catalyst for the symmetrical cyclic trimerisation of
a-hydroxyacetylenes of formula HC—:—C—C(Rl)(OH)R2 to give. 1,3,5-tris-
hydroxyalkylbenzenes in high yields [343].

Studies on olefin dimerisation catalysed by [ViBr(l—naphthyl) (PPh,) ]
—BF Et 0 indicated a mechanism involving the steps for e.g. the codlmerlsa—
tion of ethylene it ¥ C o8, NiE(CE=CH,) ____,Nl(c E;) (CH—CH) Fa

Nl(CH20H2C320H.5)(CE ~CH )-—>N1H(CH—CH2) + C,Hg [344]. T‘ne catalyst activity
depended considerably on the solvent used [345]. The products formed from ‘
the [Nl(C )ZP(CHFeZ) ] - BF3 .0Bt, oligomerisation of 0234 were 015—2 and

trans—Z-butenes,;—methyl—l— and 2—pentenes and l—trans—z and 3—hexene [;46]
Butadiene and {(125) gave (126) with the catalyst system Na_BH4 and [NlBr (PBuj) 1.

[147]

References p. 441




424

Ni(O)-L

fast\g CaH,

(123a) \
(scheme 30)
R
o .
! R = [], (j, PhNH, Ph(COMe)CH,
N N~ ph(CNICH, (CO,Et),CH
(124)

e

(125) (126)



425

Palladium and Platinum .

A review of the importance and versatiiity of the complexes of -
zerovalent Pd and Pt-phosphine complexes in the field of industrial
organic synthesis has appeared (84 refs.) [348].

A reduced solution of [PdClz(PPhs)z] catalyses the dimerisation and
Selective hydrogenation of butadiene specifically, in the presence of formic
acid. The selectivity of the 1,7-dienes formed was as high as 80% [349].
Catalytic hydrogenation and rearrangement of allyl alcohol and 3-cyclohexenol
to propionaldehyde and cyclohexanone has been effected with sulphoxide complexes
of Pd [350]. The arylation of a series of olefins with XPh3 (x = P,As,Sb,

Bi) end palladium{II) salts is reported [351-2]. With Ph3N and styrene
only trans-p-diphenylaminostilbene is obtained presumably because of a

stronger N-C bond [351]. The mechanism suggested involves initial aryl-
palladium formation by cleavage of an X-C bond {351-2]. Aromatic compounds
are coupled under oxygen pressure in the presence of palladium salts [353-4].
Addition of Acac or EDTA promoted the yield of coupled products, substituents
on the aromatic ring effected yields and isomer distribution, and acids,
bases, IiCl and polar solvents inhibited the reaction [354]. A large isotope
effect was found for deuterobenzene (¥B/kp = 2-1 to 2-5) at 150° under oxygen
pressure and a two-step hydrogen abstraction mechanism was proposed with
oxygen reoxidising reduced palladium(0) species formed during the coupling
reaction [355]. = Oxzidation of C,D, by PdCl, gave > 95% of CDCDO. The
kinetic isotope effect [k(C2H4)]/[k(C2D4)] was 0.8 and the results indicate
that hydroxymetallation of ethylene is the rate determining step [3561.
Phenylation of nitroolefins are effected strongly by the nitro group and

tend to occur on the olefinic carbon atom adjacent to that bearing the nitro
group [357]. The metallic palladiumAcatalysed arylation of olefimns with
iodobenzene has been discussed in terms of an oxidative addition of PhI to

a palladium complex of low oxidation state [358]. During the arylation -
and vinylation reactiorns of benzo-[b]furan and corresponding deutercanalogues
it was confirmed that no hydride shift occured [359]. - Isoflavones have
been obtained in high yields by the action of arylpalladium compounds with
4-chromanone enol esters in acetic acid (scheme 31) [360]. In the lH—zﬁ
exchange in alkanes in CHBCOOD/ﬁéO mixtures in the presence of_palladiuh '
complexes it is suggested that it is more reasonable to regard the ionisation-
potential correlation for linear hydrocarbons as an index of po;arisability?i_

of the CH bonds towards electrophilic insertion, which méy be 2 synchronous

References p. 441



. 426

R, O
R4 Z
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Ar—HgCI(II) O
Pd(OAC)2
R, O
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o) O
-[HPax]
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R-‘ Z# Ar
OGCH3
o]

(scheme 31)

.

process of 2H insertion and "H acceptance by a catalyst species such as
[DPtClZ]+ [361]. The near—to-random distribution of deuterium in the
CO0D and CH_,OD

3 s

mixtures are consistent with a relatively rapid hydrido-m—-olefin mechanism

palladium(II) catalysed isomerisation of olefins in CH

in which the rate determining step in the reaction is the exchange of olefin
between catalyst and substrate [362]. Further confirmations for this
hydrido-n-olefin isomerisation mechanism have appeared [363-5]. From the
microwave anzlysis of [zﬂl] propenes formed by deuterium exchange of propene
with CHBOD using Pt,Ni and Rh complexes it was inferred that the high deuteration
of but-l-ene for platinum was a consequence of preferential anti-Markovnikov

Pt-D additions [363]. The isotopic exchange reaction of CH,OH containing

3
a Pt(I1)-5n(II) chloride mixture, with D,, is first order in deuterium, and
proceeds at a rate which is at a maximum for Sn/Pt ratios of 5.5, indicating that
[Pt(Sn013)5]3- is the intermediate [364]. The three-term rate law; rate =
1

- - . z s 2 -
(kl[ledeCls]AL1C1lT kz[lePd2016].+ k3[L12Pd2016] J{1-chloropropene] has
been observed for the palladium(II)—catalysed isomerisation of cis- and

. tréns—l-chloropropene. The k2 term is explained as resulting from non-



stereospecific chiofopélladationydechldropalladafion»in which the éhiéride

adds to the carbon carrying the methyl and the palladium to the gcarbon. .~ -
carrying the halide. The k, and k2 terms'corfespond ta formation‘of monomeric.
and dlmerlc.ﬂ—complexes respectively and the 1somerlsatwon is suggested to

occur through these m—-complexes without m-2llyl or Pd-H formations. -

The mechanism suggested is rearrangement of the w-complex to a Pd(II)—d— _ 7
bonded carbonium jion which undergoes rotation before reverting to the

m-complex [367]. A mixture of [PdClz(PPh_),)z] and NaOPh is effective for

the exchange of ether groups in allyl ethers with carboxylates from acetic-
aphydrides (Schéme 32) [368]. A series of studies of acetoxylation of
oiefins are reported [369-72]. A pumber of oxidants e.g. KéCIéO7, NaNOZ,
Mn0_, CuBr, , Pb(0OAc) 4 T1(0Ac)3, T1C1; and HAuCl,, were found to be effective
in 1ncrea51ng the rate at which palladium(II) salts in acetic acid oxidise

ethylene to vinyl acetate [369]. The reaction of PACl, + NaOAc + CH_CN

2 3
R3
;?1 \C¢O (“) 531
AN
ROCH—CH=CH—-R® + /o — = R3C-O-CH—-CH=CHR?
R3/C\O +
i
R3C—O—-CH—-CH=CHR' + R3>-C-OR
R = Ph, CH;CO, CH;CH,CO ii I, :
o) R

RZ=R'=H, CH=CH,
3 _
R3 = CH;, CgH

(scheme 32)

with dihaloethylenes produced trans-diacetoxyethylenes, as well as 1,1-
diacetoxyethylene and a small amount of the cis-diacetoxy derivative [370]..
The addition of acetic acid to bicyelo [2.2.1]hepta-2,5~-diene in the
presence of platinum complexes has been shown by the use of CH3COOD to

involve a highly stereoselective skeletal rearrangement of the substrate to

produce syn-T-deuterio-exzo-5-acetoxybicyclo [2.2.1] hept-2-ene. Possible
mechanisms were presented [371]1. Quantitative yields of acetoxyoctadienes -

were obtained and significant degrees of isomer control obtained when o-
alkyl or o-aryl substituted triaryl phosphite complexes of palladium were
used for the cyclo—oligomerisation of butadiene in acetic acid [372].
Effective removal of a2llyl groups by formic acid from allyl phenylvéther.
and allyl carboxylates to give ?henol and the chrespondiné carboxyiic acids

has been obtained with triphenylphosthine derivatives of palladium [373].
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The rate. expression for thehydration of vinyl acetate to acetaldehyde is

given as; Rate = k[LiZPdZCIG][CZH3OAc][HZO]D/[LJ‘.CI] where n is between 1 and

2, and is consistent with attack of non-bonded water on a dimeric palladium(II)
vinyl acetate n—complex. The mechanism then postulated is that the enol
acetate formed is saponified, and acetaldehyde is released by attack of the
acetic acid solvent on a palladium(lI) substituted acetaldehyde formed by the
saponification process [374]. The oxidative dehydfogenation of 3-hexenedioate
to 2,4-hexadienedioate by Pd012 in acetic acid solution is catalytic in the
presence of CuCl2 [3751. The reaction of butadiene with an enamine proceeds
via nucleophilic attack of the enzmine to give octadienyl products and not
cocyclisation compounds when Pd(Acac)2 + PPh3 are added to the reaction
mixture (Scheme 33) [376]. The carbonylation zt 100° under CO pressure of

( ) 1) Pd catal.
_D

N
+ 2 CH,=CH—-CH=CH
2 2 2) nhydrol

@] O

+

R = —CH,~CH=CH—(CH,),—CH=CH,

(scheme 33)

a methanol solution of LideCl4 and e.g. 2-chloromercurifuran gave (127) and
{128) as the major products [377]. The products (130(31) and (132) were obtained
from the dimerisations of (129) (Rl = CHz3 R, = Ry = B) and (129) (Rl = H;
R, = R3 = CH3) respectively [378].

Butadiene and methanol gave l-methoxy-2,7-octadiene with [PdClz(PPh3)2]
and NaBH4 {3791. A mechanism has been proposed for the reaction C,H, + ROH

274
—3CH, = CHCO,R catalysed by pa®’ ioms [3801.

Qchn - O—ﬁ@ " @g-@wa

(127) (128)



Rr~¢2\74 Pd(Acac), + PPhg
-CH30D o

Facile cyclisation of a,B-unsaturated ketoximes with palladium complexes
leading to the corresponding 3isoxazoles has been effected (Scheme 34) [381].

The reactions of p-benzoquinone which is m-bonded to palladium and platinum

have been studied. With reagents XY (X=Me, Y=I; ¥Y=201, X= CH3CO, NO,
CH2 = CH - CH) the products XO—CGH4-OX were characterised [382], whilst with
monoolefins anthraquinone derivatives were formed [383]. The blue complex

formed from [Pd(MeCN)Z(BF4)2] and tetra-p-anisylethylene in MeCN reacted

with 3, 5-lutidine to give a phenanthrene derivative. The mechanism of the
PA(II) reaction was suggested as (i) initial formation of a m-complex

followed by attack of a nucleophile at a ring position to give an aryl Pd adduct
and (ii) attack of a base at an a-hydrogen (if available) to form a benzyl

Pd adduct and/or (iii) direct collapse to give a Wheland-type intermediate [384].

2 3
R R
rR' Sc=c’
N\ 7 R R
(I:l H PdCI,(PPh3), 7
' N
N\\ NaOPh N0 R3
OH
R'= Ph, RZ2= H,R®> = Ph
R' = +-C4Hg,R?=H, R®= Ph

R' = Ph, R® = Me, R® = i-C3H,

(scheme 34)
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Aryl cyanides have been synthesised by the substitution reacﬁion of

aryl halides with cyanide ions in the presence of palladium(II) saits in

DMF [385], whereas with platinum compounds, the hydration of nitriles to
carboxamides has been observed [386]. m-Allylpaliadium complexes have been
found useful for convefting various amines to secondary or tertiary amines
via a m-complex of Schiff base bearing a Pd-H bond (Scheme 35) [387].
Additions of catalytic azmounts of palladium complexes were found to accelerate
the dehalogenation of.aliphatic and aromatic halogeno derivatives by

1 2
Pd R3R4NH RICHFNR
RICH.NHR?Z ——= [R'CH=NRZ2| — & |R® Pd—H
H—Pd—H r H
R1(l:H—N|R2 R1CIIH2
2
3/N\,4ﬁd:+{ —_— 3/N\ . + R°NH, + Pd
R R H H R R

(scheme 35)

NaAlH2(002H4OCH3)2 [z88]. The alkylation of a m-allylpalladium complex
produced & carbon-carbon singlebond with 2 high optical yield (66-88%)
(Scheme 36) [389]. The formation of methyl ethers from the [PdClZ(PhCN)z]
catalysed rearrangement of (133) has been ascribed to an acid-catalysed ring

opening, the acid being formed from the reaction of a m-allylpalladium

Cl/\< .
Nog V2 ligand o C,oH0,C_CO,CHy
L NaCH(COLCHg),
/\7/\ \
CHs3 ; CHs

(scheme 36)

species with methanol (Scheme 37) [390]. Pd,Pt and Ir(I) complexes catalyse
the decdmposition of thiirene 1,1-dioxides t6 802 and the corresponding
acetylenes via a thilrene digxide-metal compiex intermediate [391]. .-
~ e 2+ e : S
- =CHCHECH= C-0 wi _ - =
‘l‘[“h_e B-lactone CH, =CHCHCH;-C-0 with Pd~ gave 50—8A5‘%7 of CH,=CH~CH = ch02117 [392].
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PdCla(PhCN), XY

-

(133)

lHCl/MeOH

OMe

(scheme 37)

The effect of additions of phenol on the oligomerisatiop reactions of isoprene
catalysed by the [PdBrZ(DPE)2]+PhONa system has been investigated.  Five
linear dimers were identified from the reaction and the distribution of the
isomeric dimers was remarksbly effected by the iolar ratio of phenol to
isoprene [393]. An effective synthesis of l-phenyl-1,4-hexadiene from the
codimerisation of styrene and butadiene in thé presence of [('n—C3HS)PdCI]2
and BI*‘_J..Pl-"h3 is reported [394]. A catalytic amount of water was found
to increase significantly the activity of the [Pd01(ary1)(PPh3)2]—BF3.Etzo
system for the formation of 3-phenyl-l-butene from ethylene and styrene [395].

XTIV Complexes and Reactions of General Interest

Reviews have appeared on the steric and electronic factors influencing
the structure of nickel(II) complexes [396] and on the trans-influence, its
measurement and significance [397]. A review with 33 refs. on the synthesis
of optically active organophosphines and the preparatibp of the cofreépondihg i
Ni,Pt and Rﬁ complexes has been published [398]: )

A general synthesis has been developed for P(OR) P(OR 21’11' and
P(OR)Ph derivatives of platinum and the coinage metals [399]

X—ray crystal structures of  the follow:.ng compounds have been pubhshed- S
cis-bis{dimethylphenylphosphine) bis—{ S—methyltetrazolato )panad_umﬁ:T) { 1;4) _
{4007; dlchloro(bls{dlphenylphospha.no}ethylamlne)palladlum(II) (135) [401], .;
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(134)

(135)
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[ni (tren)z(NCO)z] BPh, [tren = N(CHZCH NE,, 3.1 (336) [402], [Pt(SO )(PPh ) ]
(137) (4031, [Nin(c,E,);] (138) [404], [PdI (PPng),] (139) [405], [N:LBr
(PFBu—) ] (140) [406], bls(trlphenylphosphlne)(u1benzoy1hydraz1do)platlnum
(141) [407] [(PHL1)6N12 \Et 0) 1 {142) [408-9] in which the mclecular
nitrogen is n—bonded to the transitidn metal; [PtCl2(BGH10)2] (143) [410];
end trams-bis(-l-acetyl-3-t-butyl-1,2,I-triazabutadiene)platinum (144) [411].

During attempts to prepare water-soluble complexes of the group(VII}
halides for catalytic studies the following complexes were characterised,
cis or trans-[#X,L,] [M = P4 or Pt, X = C1,Br, or I, L= P(CH ocome)
(CHZQCOMe)Z, PEt(CHZOCOMe)2 PMe (CH 0COMe), FBu, (CH QCOMe), PPh (CH OCOMe)

9(03203)3, PI-Ie(CHZOH)Z, Pth(CHZOH)] The few water soluble complexes isolate
did not show exceptional catalytic behavior [412]. A cis—trans—eguilibrium

and the existence of rotamers is proposed to explain the shift differences and

temperature dependence of the l9F and 1H NMR spectra of the new compound

(139)



7 g5’

(141)

References 0. 441



436 )

Y% N ra
LN

s X
Q' O ’0‘
@,
/N )
I
Oc




437

(144)

[NiClg(PBuzF)z] [413].  The sddition of organic acids to M(PFh;)_ (M = P4,
P, X = 3,4) has provided a new route to carboxylate complexes f4141.

The following new complexes have been characterised: [PtX(Pth)(PPhZH) ]2
(X = ¢1,Br,I,Ncs) {415]; [miz(tvpp)] (M = Ni, X = C1,Br,I,NCS,CN;
M = Co, X = Br,I; M = P4, X = C1; tvpp = trans-1,2~bi sdiphenylphosphincethylene);
(Pa (tvep){cNs) 4] [4163; [Nix (pEM)] (X = ©1,Br,I) where the iodo complex
forms a five-coordinate iodo-bridged dimer in CE (1, solution [417];
(NiX PhP(CH,CH,CH,PPh,),] and [NiXPhP(CH,CH,CH,PPh,),IPF, (X = C1,Br) [418];
[wi(pm,) {P(0Pn);}, 1 (x = 1,2) [419; trans-[PaX,L,] (X = C1,Br,I,N0,;
L= B,S,Et,S,Et,Te,PhRS,PhBtSe) [420]; ¢is- or tz'ans~[M(SCF3)2L2] (M = Pt,Pd,
Ni; L= P}':‘h3); cis~or trans-[MCI1({SCF )Lz_] (K = Pt,Pd; L = PPb_j,PEtE), trans~
[PtH(SCFB)Lz] (L= PPhB,PEts) [421]; [wix,L,1 [X = €1,Br,I,NCS; L, = gis-
(~2~diphenylersinovinyl)diphenylphosphine(= vasp), 9,10-bis{diphenylphosphino)
phenanthrene (=dpph)], [NiLZ] {c1o 4)2, [Ni(vasp)?}(]Y (£=C1,8r,1,80S; ¥ = 0104;
BPh,) and [Ni(dapph) KO 1BPh, [422]; [wizx] (c10,) (% = C1, Br, T3
L= tha.sCBZCHZN=C(CH3)C(CHS)=NCH2032AsPh2) [4237; [N12L3(Hao)](c;o 4) 4
[Nilxz] (x = €1,Br; L = bis{g-diphenylarsinophenyl)phenylarsine, bis({o-diphe-
nylarsinophenyl), [NilXly (X = ¢1,Br,I,NCS,N0,; ¥ = 01,131-,1,0113,1103,13?114;
L = tris{o~dimethylarsinophenyl)stivine) and [win, Ja(z = c10 4,BPh4_) [424-51; .
[mxzzaggxgl (M = Pa,Pt;X = C1,Br,I: L = tertiary phosphine or arsine) [426];_ :
and [NiIX] BPh, (X = €1,Br,I; L= (145 &, b or c) [427]). T ~
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Ph
CH,CH,P
Ph
Ph Ph
Ph__ ! I _ph . _-Ph
PCH,CH,PCH,_,CH,PCH, CH.,P P—CH,CH,P
PR 22—t 2—-e 2-'2 ~en \ ~pPh
Ph
(a) cHcHP
¢ Ph
(b)
P
Ph,P
3
(c)
(145)
New preparations of [Ni(PF3)3PH3] [428] and [Ni{P(OPh)3} 4] [429] have been
reported. cis-Dichlorobis(tertiaryphosphine )platinu.m( IT) reacted in

reflu xing ethanol with 1,2-dibenzoyl-and 1,2-diacetyl-hydrazines in the
présence of sodium bicarbonate to give [1,2-dibenzoyl-and diacetyl—hydrazido}

bis(tertiaryphosphine)platinum(II) the structures of which could be

(146 a or b) [430]. The complexes [Ptc12L2] (L= m(c6015)1=h2; M = P,As)
undergo ligand replacement by more basic phosphines [431]. The cis—-isomer

of [PtCl4(PPh3)2] has been shown to exist [432].

o o
! !
Ph3P\ NT TR PhyP NI TR
N
/Pt >Pt< i
c
-~
PhyP ~c-R PhyP o~ R
Il
o)
(a) (b)

(146)

The step-wise complex formation of triallkyl phosphite and nickel(II)
thiocyanate has been studied spectro-photometrically [433-4]. U.v.
spectroscopy was also used in the study of the step-wise formation of
trialkylphosphite complexes of nickel(II) iodide. Instability constants
were clculated [435]. Oxidative additions of the organic disulphides RSSR

(R = Ph, o~ and -m-CH 41\102,13113,011) to [M(PPhs) 4] (M = P4,Pt) gave the momo and
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dinuclear compounds‘[M(PPh3) L, } iz = sph, S(m—NO 2CH 4), S(o—NO 06H );

M = Pd,Pt] and [Pt(PPhB)z(SPh) L} (= Ho(CO) ,Pdc1 )whlch were formed
by cleavage of a sulphur-sulphur bond [436]. :

Stable octahedral, low-spin Ni{TII) complexes of the tetradentate ligand
2, 3—d1methyl—1 4,8,11-tetraazacyclotetradecane, [Nle ]c1o (%=Br,C1,NCO,NO
and - SO ) were synthesized by oxidation with (NH ).S

3!
2 5 8 1n agueous or
concentrated HNO3. Magnetic moment and epr measurements gave unequivocal

evidence for the oxidation state of the Ni atom [437].

The new novel nitroso complexes of platinum, cis- [Pt(NO)ClSX] (x =
NH;, MeNH,, Me NH) and Cs[P‘(NH3101 (NO)] have been prepared from NO or
N02 and the 2;§rd1am1neplat1num(ll) complex in HC1l [438]. Stability
constants for the reversible hydrolysis of a series of acido~tetramine
nitrosyl complexes, [PtA4(NO)X]2+ (a = NH, CH3N32 or ¥ en, X = NOB—,HSO4—)
have been measured [439]. The nature of the ligand trans to (NO) was

found to be of primary importance in influencing the stability of the complex.

Nickel, palladium and platinum atoms have been inserted into the B18
cage in n- or i-B, H,j 2- by the metathetical reaction of [MLCl 1 (1 = ni,Pd,Pt,
L= PPh ; L, = DPE) with n- or_;r[Bla 20]2 [440]. The equlllbr1um between
tetrehedral and square planar forms of the complexes [NiClZ(PBl%)Z] [441] and
[Nix2L2] (X = halogen; L = PRS,PRzPh,PRth, R = cyclopropyl or cyclohexyl) [442]
has been studied by NMR. The equilibrium was effected by solvent and ligand
electronic effects. A 130 NMR study has shown the major importance of steric
effects in dictating the coordination number in some Pd(O) complexes [a43].
Extensive NMR data and several NMR studies have been recorded and done on
the complexes [MX {D(OAr) } 1 (1 = P4,Pt; X = C1,Br,I; Ar = Ph,p-CiC, Hé
o-,m~, or B—tolyl) [424]; [Ptc14_n(ﬂ3p) ](’1 22 ana [Ptc1g_ (RP), j(@=2)x
(n = 1-3) [445]; [MX(PMe;);1[NO;] (M = P4,Ft), mer—[PtXy (PMe:g/ 1oz 1,
[psz(P Me3)3][NO3], and [Pt(PHe3)4][BF4] (446]; n[p(ocn3 = +(M = Nl,Pd Pt)
[4471; £;§,[Ptx2(pau3)2], EEEEET[PtXE(PBuB)Z] and [PtX(PEtJ) ] c1o4

(x = N03,N3,Nco,Ncs,noz,cn,halogen) {448].

31P NMR showed that the addition of equimolar amounts of bromine to
trans—[PtCl (PRB)L] (R = Et, L = Py, 3,5-Me,Py, 4~BuiPy, PEtg; R = Bu®,
Py) or of trans—[bt01 (PEt )(Dy)] to trans—[PtBr (PEt )(Py)] resulted in
hzlogen scrambling glVng an approx1mate1y statlstlcal dlstrlbutlon of
- f = 0- . '
trans-[PtBr 1, (PEt;)L] (= 4) [449]
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The NME spectra of the pal_ad_umﬂ])benzylphosphlne complexes [Ph3 _nE"
(CH Ph) ]2PdC1 (n=1 2,3) have been investigated. The complexity of the
spectrum for n = 2 was ascribed to hindered rotation around the phosphorus

carbon bonds giving rise to a number of rotamers [450].

Kinetic studies on the replacement of tributyl phosphine in the five-
coordinate bis(diethyldithiophosphato)nickel(II)(tributyl phosphine) complex
with bidentate ligands has shown that the replacement proceeds via a
dissociative mechanism [451]. The results of U.V. kinetic studies and
variable temperéture NMR have supported a consecutive displacement mechanism
in the gigrtrans—isomerisétion of complexes of the type gigf[PtXZLz]
£x1= C1,I, L-= Me,FPhP, (o-MePh) MezP.} and cis-and trans-[PdClz(MeagrtolP)z]
catalysed by tertiary phosphine ligands [452-3].

The application of high external pressure produced a solid state
structural change between the tetrahedral and square planar forms of
[Ni(PhZPCHZPh)ZBrzj EESE]. Anamzlous molecular weights and IR spectre
observed for [(PhBP)2M(N,N—difgrbutylselenocarbamate)] (M =Pd or Pt) in
dilute solution suggested the partial dissociation of the Ph_P ligand as a
result of the selenocarbamate ligand acting in a bidentate mammer [455].

The relative trans-—-effects of the PPh3 an% SbPh3 ligands in the complexes
352257[Pt( )2Lcl]+ (v = PPh3’ prh3) have been determined by measuring the
metal-halogen IR stretching frequencies, and in the complexes trans-
[Pt(NHS)ZL 320]2+ (L= Ph3P,PhBSb) by measuring the pka values [456].

The products of the condensation reactions of Ni, Pd and Pt atoms with N2

at 4.2 - 10°K in Argon, 14N2a1ﬁ4N2/15N2 matrices has been investigated by IR

and Raman spactroscopy. The stoichiometries of the products were
established as Ni(NZ)n, Pd(NZ)m (n = 1-4, m = 1-3) [4571, Pt(NZ¥_ (p = 1-2
{458]; p = 1-3 [459]) and Ptx(Nz) where x or y » 2 [458]. Pt(N2)2 was
postulated to have "side-on" bonded N, ligands [459]. When gaseous

oxygen or oxygen argon mixtures were used with Ni, Pd and Pt atoms, the
binary transition metal dioxygen complexes MO, and M(OZ)Z were formed [460].

Isotopic frequencies and bond intensities were fcund to be in close
egreement with calculations using the Cotton-Kraihanzel approximation

which allowed the assignment of structures to the differvent products [457-59].

-The X-ray photoelectron spectra of about 70 compounds of nickel in

all its known oxidation states have been measured. The binding energies



< a41 .

of the N1(2p3/ 1/2) levels were correlated with llgand electronegat1v1t1es,,
delocallzatlon of charge on the llgands and stereochemistry. = A relatlonshlp
between paramagnetisms and the shake-up transition was establiQhed [461].
Binding energies of'fhe AR levels have béen measured in a ‘series of bls—
(triphenylphosphine)platinum(II)pseudohallde complexes by XPS. - Although

the maximum variation was. only 2.8 eV, variations due to the pseudchalogen

were observable and were interpreted in terms of current bonding theories
[462]. ’

A preliminary account of the reactions of MeOSO,F and [EtBO][BF4] with
a variety of organometailic complexes has appeared. Four distinct types
of reactions were observed; (i) halogen abstraction occurred in complexes
in which the ligands (dienes,Group V ligands) were more strongly bonded
than halogen and had no additional electrons, (ii) alkylation of the ligand-
occurred when the ligand had additional lone pairs available, (iii) oxidative
addition occurred in coordinatively unsaturated complexes, (iv) simple

oxidation of the metal occurred when the halide was not labile and the other

ligands were unreactive [463].
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