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ABBREVIATIONS
dpm bis-1,2-(diphenyiphosphino)methane
dpe bis-1,2-(diphenylphosphino)ethane
dae bis-1,2~-(diphenylarsino)ethane
dpp bis-1,2-(diphenylphosphino)propane
dpb bis—-1,2-(diphenyliphosphino)butane
bipy 2,2'-bipyridyl
phen 1,10-phenanthroline
Py pyridine
Me methyl

Nickel, palladium and platinum, .Annual Survey covering the year 1975, see
J. Organometal, Chem., 126 (1977) 431-499,
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ABBREVIATIONS (cont.)

Et ethyl

Ph phenyl

Lut Jutidine

H Sal salicylaldehyde

HAcacNCHs 4L—_methyliminopent—3—-en—2—-one
Sbzae 3-mercapto-l-phenyl-2-buten~1l-one
acac acetylacetonate

THF tetrahydrofuran

1,5-COD 1,5-cyclooctadiene

p2 1,2-pyrazine

cp cyclopentadienyl

im imidazole

I. Metal-carbon g complexes

Coordinately unsaturated complexes of Ni(0), Pd(0) and Pt(0)

oxidatively add triphenylphosphine. When Ni(PEt (PPh3) is heated,

)
373
complex (1) is formed, along with biphenyl and triethylphosphine

[11]. Similarly one of the products of the reaction of C6F5PPh2

th

2 Ni(PEt3)3(PPh3)-———e- RN N + 3PEt, + C

H
Et P// \\P/’ 3 1210
Ph

(L)

with Pd(PEt )3 is crans—Pd(C6F5)(PPh )(PEt3)2.
N13r2L2 (L = PEtzPh,PEt3) with LiC O[CH 1, 066 4L1 (Lizx) gives a
compound NiL

Treating trans-—

(W)

6 4
X containing a trans—-bonded bldentate chelate 11-

membered rinz- With platinum(II) the compounds formed are
binuclear species of type (2). The dibromo complexes
[(Bu“Me,P),BrPt(C H,0[CH,] OC H )PtBr(PMe,Bu ©),1 react with NaBH,
with replacement of the bromide by hydride. Palladlum complexes
of type [(Et3P)2XPd(C o[cu ] oc 4)PdX(PEt3)2] (X = C1, Br)

have also been reported. H and P nmr data are given [2]. X-ray
crystal structures have been solved for complexes

[(P__-YC6 4ca=caz)P:012(g-—Xpy) for (1) Y = NMe,, X = Me; (ii) Y = H,
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(2)

X = Me; (iii) Y = NO,, X = Cl. The platinum-ethylene distances
correlate with J(195§c_13c) when both are plotted against o+, a
measure of the electron-donating ability of Y [3]. A scudyphas
been made of the pyrolysis of diarylbis(phosphine) platinum(II)
complexes [4]. The compounds studied in the gas phase are PtR,L,
and PtRZ(L—L), where R = Me,C6H4Me—R; L = PPh3 or P(C6H4Me—2)3;
L-L = dpe, dpm. The primary decomposition step is reductive elim-
ination to form RZ' Secondary decompositions give non-stoichio-
metric amounts of biaryl and arene. A mechanism involving bridg-
ing diphenylphosphido groups is postulated, and intermediates
similar to the compounds obtained in ref [1l] are suggested. In a
following paper the pyrolysis is studied in the presence of excess
phosphine ligand [5]. This change in conditions has the effect of
promoting the reductive élimination of biaryl from EEE”PtRng

(R = aryl) complexes, and suppressing secondary decomposition

modes .
The rates of the uncatalyzed cis—-trans isomerization of com-—

plexes EEEfPt(PEt3)2RBr (R = Ph, CgH, Me-p, C6H4Me—g. CgH, Et-o,
2,4,6-C HZMe3) have been measured in methanol and compared with
the rates of bromide replacement in methanol [6]. The isomeric
equilibrium is well cver in the trans form. o-Substitution in the
phenyl ring little affects isomerization rates but dramatically
reduces the rate of attack by MeOH. The authors conclude an
associative mode of activation for solvolysis with isomerization
proceeding via a dissociative asynchronous mechanism. In this
reaction the rate—determining step is one involving Pt—-X cleavage.
Rates and activation parameters are presented.

The complex (3) has been formed by the oxidative addition of
opticaily active 8-(c-bromoethyl)quinoline to Pt(PPh3)3 [71. The

complex has opposite sign to that of the initial quinoline, and

Pt(PPh3)3

PPh_)Br

(3
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from coprsideratiors of relative polarizabilities about the chrial
center it is concluded that the addition occurs with inversion of
configurafion. A series of cationic pentachlorophenylnickel(II)
complexes trans—[C6C15NiL?_(CNR)]ClO4 (L = PPhMe2, PPh2Me; R = Me,
CH,Ph,Ph) have been prepared from the neutral chloride, and then

treated with alcohois in Et3N to give imidate complexes (4) [8].

1

. R OH . _ 1
crans—[CGCISNle(CNR)]ClO4 _EEF;. trans—[C6C15N1L2(NH—C(R)0R )]ClO4

(&)

Infrared and 1H nnr spectral data is reported. Bridged thiolato
complexes EEEf[PC2X2(PMe2Ph)2(u—SMe)2] (X = Cl, I, Me, Ph) and
Eigf[Pt,X,(PMe,Ph),(u—SEt),] (X = C1, Me) undergo a fluxional
process_i;volv;ng Enversio; at the sulfurs. Treating the complexes
with Mel gives oxidative addition-reductive elimination sequences
leading to monomeric organoplatinum complexes. 1H nmr data is
reported [91. The complex PdCl(CGHAMe—g)(phen) has been prepared
from Pd[(PhCH=CH)2C0]2 and Hg(CGHQMe-g)Cl. Treating Pt(PPh3)3

with Hg(C6F5)2 gives Pt(CsFS)(HgC6F5)(PPh3)2, which is converted

to Pt(C6F5)(02CCF3)(PPh3)2 with CFBCOZH [10]. Complexes Pd(Cl)R

(R = Ph, C6H4Me-2, C6H40Me—2, C6H4N02‘E) prepared from LiZPdC14

and RHgCl, react with N,N-dimethylallylamine to give

[Pd(Cl)CHZ
give Pd(Cl) (py)CH,CHRCH,NMe, [11]. Methyl acrylate reacts with
PtEc,(bipy) to give ethylene and Pt{CH(OMe)(CO,Me)},(bipy) [12].

The reaction is first order in both methyl acrylate and platinum

CHRCHZNHeol,- These complexes react with pyridine to

complex, and is strongly retarded by excess bipy. A mechanism is
proposed involving initial displacement of bipy from platinum by
methyl acrylate, followed by 8-elimination of ethylene from the
ethylpnlatinum groups, insertion of methyl acrylate into the result-—
ing Pt—H bonds, and re—-coordination of bipy. The complex is pro-
posed to have the structure (5). Continuing mechanistic studies

on electrophilic attack on Pt-C bonds has been extended to con-

plexes cis—Pt(CsﬁﬁY)z(PEt Kinetics have been reported for

3)2'
the formation of (7) from (6) [13]. The mechanism shown is one
which accomodates the experimental findings. Correlation between

13

the C nmr spectra of complexes crans—PtX(CBHS)(PEt3)2 has been
made with sets of both Taft and Swain—-Lupton substituent para-
meters. The results show reasonable correlation to use these
parameters to describe the effects of substituents bonded to plati-—

num. An anomalous behavior of substituents ¥ and Br is found, and
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PtEtz(bipy) + CH_,=CHCO_Me

5 2 T PtEtZ(CH2=CHC02Me) + bipy

-1

k
PtEtz(CH2=CHC02Me) ———Eéb products

Me
CH—CO Me
- 2
(blpy)Pc<
CH—CO, Me
Me
(5)

evidence is presented supporting significant @ interactions between
platinum and an aryl ligand [14]. From a study of X-ray photo-
electron spectroscopy of aryl—-nickel complexes it is concluded that
w—bonding between nickel and the aryl is of little importance.
Binding energies for Ni2p3/2, Cl2p and P2s for the compounds
NiCl(aryl)(PPh3)2

on varying the substituent groups on the aryl [15]. Arylnickel com-

are reported, and as expected show little change

plexes have also béen used as reagents for the synthesis of indoles
[i61l. .

Reaction of the methylnickel compounds trans—-NiXMel, and
Ni(acac)MelL (X = C1l, Br, I, CH3Cdz; L = PMe3) with CO yi;lds com—
pounds trans—NiX(COHe)LZ and Ni(acac) (COMe)L. The reaction can be
reversed by adding Ni(PMe3)4, which is itself converted to
Ni(CO)(PMe3)3. The rate of decarbonylation increases in the order
acac < CH,CO, < C1 < Br < I. Strong protonic acids liberate CO

3772
and CH, but no acetaldehyde [17]. 1In the following paper is re-

+
. H - ~ .
c1s—Pt(C6H4Y)2(PEt3)2 —————’.c1s—Pt(u6H4Y)Cl(PEt3)2 + CGHSE
c1”
(6) 7)

(Y = OMe-p, Me-p, H, F-p, F-m)

ported the crystal structure of the complex NiCl1(COMe)L, (8) [18].
Comment is made on the C-Me bond length being unusually—long- The
dialkylnickel complexes NiRzL2 (R = Me, Et, Pr; L = PEtB; L2 =
bipy, dpe) react with CO to give ketones, diketones, and aldehydes.
The nature of the product depends on the alkyl group and reaction
temperature [19]. The dialkylpalladium cgmplex PdMeZL2 (L = PEt3,
PMePhZ) reacts with CO, to give complexes PdMe(COZ)L2 [20]. Evi-

dence is largely based on 1H nmr and infrared spectroscopy, and
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the finding that HZSO4 releases quantitative amounts of CH4 and
CO2 from the complex. In non-polar solvents MeI adds to Ni(PMe3)4
to give the compound NiIZ(PMe3)3, whereas in polar solvents the
cation [NiHe(PMe3)4]+ is formed [21]. Convenient high yield syn-
theses of Ni(PMe3)4, Ni(CO)(PMe3)3, and Ni(CO)z(PMe3)2 are des-—
cribed. New stable complexes NiX(CGCIS)(dpe) (x = NO,, CH,CO,,
C¢Clg0) and [NiL(C6C15)dpe]C104 (L = py, im, 3,5—Me2 pyrazole, a-,
8-, v-picoline) have been prepared from Ni(ClO4)(C6015)dpe. Spec—

tral properties are reported. Treating NiClZ(bipy) with 06015H501

L Ar H oo
~ - - N -+,
Pt + H —_ Pl
L Yar L~ “Ar
t-ArH) Slow
4=
H.. -
L. _: ZAr
e
L7 Dar
I
L Ar L Ar L
Mt WS N o *  teCiY N S
-— Pt ju—— pt —— Pt
FAERN AN RS
S L L L7 ar L7 Mar
tscmer:zatica Retention of

Contiguration

LL=PEY ;. Ar = CuH,Y ; S =sclvent?
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gives NiCl(Cscls)(bipy) [22]. When NiR(acac)(PPh3)n (R = Et, n =
1; R = Me, n = 2) is treated with CO the acyl complexes (9) are

obtained. These complexes show a tendency to decarboxylate at room

Me
o PPh
NiR(acac) (PPhy)  + CO m———= Sni” 3
o~ T~c—r
Me g

- (9)

temperature and undergo disproportionation. A variable temperature
1H nmr study reveals that the acac ligand in these acyl complexes
exchanges according to the equilibrium shown. Rate data is pre-

sented [23]. 1In a further study on the dynamic behavior of

*
Me Me
NS L5 0, — "%
0~ Sc-r ] -0 C—R
Me 5 Me”

complexes of this type, the complexes NiR(acac)(PPhB)n have been
investigated [24]. The exchange process is accelerated by added
triphenylphosphine and the 31P nmy Spectrum Shows replacement of
this ligand by pyridine in that solvent. The activation energy for
acac interchange is 10 kcal/mol. Interestingly, upon standing in
solution the complex Ni(CHZCDB)acac(PPhB) undergoes H-D scrambling.
Addition of tertiary phosphines to [Pt(acac)Z], which is
O-bonded, causes rearrangement of one of the ligands to a C-bonded

tautomer (10) [25]. 1In the following paper a similar type of

'Yy 2 0
Me Me Me =0
o _O© L o r/
Pt —_—— ’/Pt Me
o~ So o ~1
Me Me Me
L = PPh (10)

effect is noted with pyridine. From heating the solutions both

compounds (11) and.(12) can be isolated [26]. A single crystal
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Me Me Me
yd

Me Me Me

(12)

structure of the compound Pd(CHZCOZH)(acac)PPh3 has been solved

down to an R value of 0.032. The molecule forms a dimer through

an inter-molecular hydrogen bond hetween acetic acid moijeties [27]}.

Treating NadeCl4 with ethyl acetoacetate in aqueous alkali yields
2 compound which on treatment with pyridine gives Pd(l-ethoxycar-

'bonylacetonato—cl)zpy . The C-bonding of ethyl acetoacetate to Pd
has been verified by "H nmr and infrared spectroscopy, and by sin-

gle crystal structure analysis [28]. A method for the introduction
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of carbon chains at the C-5 position of pyrimidine nucleosides using
palladiﬁm compounds has been reported [29]. An unusual coordina-
tion for compound (13), obtained by treating PdClZ(PhCN)2 with

acacH followed by triphenylphosphine, has been proposed. The

c“z\ PPhH
ol
—~ ~7.. Tc1
B CcH .
\0==C//
~
Me
(13)

basis for the structural claim is the 1H nmr and infrared spectral
data [30].

The compound Pt:(CzHl')(PPh:;)2 reacts with 1,1,2,2~tetracyano—
3-ethoxycyclobutane and 1,1,2,2-tetracyano-3-(p-methoxyphenyl)
cyclobutane to give platinum cyclopentane complexes [31]. A single
crystal of the former complex (14) shows that the platinum has
inserted into a C-C bond. An isomerization reaction of the plati-

num metallocyclobutane complexes Pc(CHPhCH7CH7)C12py2 and

CN CN CN
NC —C2H4
Pt(C,H,) (PPh,)  + ———— > (PPh )7Pt X
274 372 NC X 372
CN NC CN
(X = OEct) (14)

Pt(CHZCHPhCHz)Clzpy2 is described, and the relevance of the obser-
vations to olefin metathesis noted {[32]. Thus compound (153)
isomerizes to give (16) and (17) in a 1:2.3 ratio in 435 min at 50°.
The use of bipyridyl nickel (0) compounds for the synthesis of cy-
cloalkanes has been reported [331]. These authors have also iso-
lated compound (18) as a dark green crystalline sclid, which liber-
ates cyclobutane on treatment with strong w-acceptor ligands. The

c€rystal structure of PtIQ(CHZ)[J(PMeZPh)2 (19) shows a Pt-carbon

Ni(0)-bipy
X[CH,]_X [cuzijn

o
distance of 2.15(1) A [34]. Methylated cyclopropanes react with

chloroplatinic acid in acetic anhydride to give diacylation and

References p. 416
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a
_N 2' CH
cH” O\
[[Pici,cipni), ] et s CH: Pt< >H,
N
Zpyl (15) l\r‘v“lez l a’*z
Cl
C*HPh

c?n —_—
/ | \eH/ /l\é*/

(]

Ni(l,S-COD)2 + &4bipy + Br[CHZIABr ————a-(bipy)Ni<::]
+ [Ni(bipy)3]Br2 + 4 1,5-COD
(18)
pyrylium ion formationm [35]. The thermal decomposition of the met-
allocyclic compounds Pt(CHz)A(PPh3)2, Pt(CHZ)S(PPhB)Z’ and

Pt(CHZ)6

chain homologues. These authors suggest the higher stability of

(PPh3)2 shows considerable retardation over the straight

the heterocyclic compounds is a reflection of the failure of éhe
relatively rigid 5- and 6-membered rings to permit cthe PtCCH di-
hedral angle to assume the preferred orientation for B-elimination
and hydride formation. Product distributions are presented and
the mechanism proposed is the one shown below [361].

Multiple-resonance methods have been used to determine the
signs and magnitudes of 3J(31P ..... 'lH) and 3J(31P.....19F) in
methyl and trifluoromethyl complexes of Pt(II) and Pt(IV). Values
for 3J(3 P..... lH) are most negative when the coupling path is

trans than when it is cis, but the converse is true for
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(19)
I'\ NR L
,/PL\/”\ 1 L
TN N = > = O
-L 1 1 15
’ !
IN\PF/\V/R l L
\/\R
N N
. S o)
| |
H H
oGt ® > g
; N CH
‘>’ H i ﬁ?ﬁ\R ?
R | 1.?1-—;
LN‘R
T{ +—H;L\/;R
R
3J(31P ..... 19F)[37]. Data and correlations of 195Pt chemical shifts

for 78 platinum complexes (most having Pt-C bonds) have been

rabulated [38). A pentacoordinate methyl nickel complex (21) has

been prepared by alkylation of the macrocyclic nickel precursor (20)

with dimethylmagnesium [39]. Aerobic incubation of micromolar
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levels of KZPtCI6 and methylcobalamin at pH 2.0 results in com-
plete demethylation of the cebalt compound to aquocobalamin with-
out the accumulation of any corrinoid intermediates [401.

A series of cyanomethyl complexes of PAd(II) and Pt(II) have

been isolated and characterized by lﬂ nmr and infrared spectro-

cna [ ) oH
Al //N |
[:;:)4 :] (CF:S0y); + (CHYMg —bs

(20)
red

i (CF,S0y)

(22)
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scopy. The range of complexes of type Hx(CHZCN)(PPh3)2 are for X =
2 . further
N3, NCOo, NOZ’ N(C0)2C6H4, N03, CH3C02, Br, I [41] In a fu
article the "H nmr spectra of complexes cis—Pt(CHch)(SCHZPh)(PPha)Z,
crans—Pt(CHZCN)(SCHZPh)(PPh3)2, and PC(CHZCN)(SCHZPh)(PHZPCH=CHPPh2)
are discussed, and methods outlined for determining stereochemis-
tries of these cyanomethyl complexes [42]. The complex
hi(CHzNMez)Cl(PPh3)2 (22) has been prepared by treating nickel(0)
compounds with iminium salts [43]. A single crystal structure
shows that the complex is a trigomally coordinated molecule with
the iminium cation wn-bonded to the nickel.
When [PtBrZMez]n is treated with hot NaOH, a solution contain-

. - 2—- .
ing the anion [PtMeZ(OH)A] is formed. Upon acidification a white
precipitate of PtHe,(OH),(HZO)2 is formed. The substitution chem-—

istry of this compound is shown here [44]. The symmetrization
reaction between Sii—PtMez(PHezbh)z and Eii‘PtClz(PMezph)z to give
gig—?tClMe(PMezPh)z has been found to be catalyzed by
Pt,Ci,(u-Cl),(PMe,Ph), [65]. It is proposed that the catalyst is
in;ti;lly meghylazed gy EiéfPtMez(PHezPh)z to give gingtzﬂez(u—
Cl),(PMe,Ph),. A more detailed study has been made of the alkyl

transfer reaction. The propyl group appears to be unique among

)
"Pt Me"™ + Rh,C1,(C0), — = "Rh—C—Me" _MeOH_ e o

Me

functional groups R studied in being the only one to undergo appre-
ciable isomerization. Suggested pathways are presented [46]. An
1H and 13C nmr study over a range of temperatures for the system
NiRz(biPY)(R = Me, Et, Pr), and the system NiRz(bipy)-alkene, has
been made [47)}. The formation constant K for NiEto(bipy)(alkene),
and the thermodynamic parameters AG®, AH®°, and AS°-have been meas-—
ured. The chemical shift changes and the thermodynamic data sug-
gests strong coordination with alkenes which are stronger 7-
acceptors. When PtMeC1l(1,5-COD) is treated with dpe or dpp, the
nonomeric complexes PtMeCl(dpe) and PtMeCl(dpp) are formed. With
the ligand dpm a low yield of the compound PtMeCl(dpm) is obtained.
Similar procedures have been used to prepare PtMez(dpe) and
PtMe,(dpp), and the effects of phosphine on the oxidatrive addition
of I; or Mel is discussed ([48]. The platinum(IV) complexes
[PeMeX(CH,), 1
MeBr or Mel to Pt(CH

(X = Br, I) (23) have been prepared by addition of

2)4(1,5—COD). Cleavage with L = bipy, PMeZPh,

dpe gives monomers (24) [49].
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[PtMeX(CHZ)A]n + 2nL -————a—nPtMeX(CH2)4L2

(23) (24)

The chemistry of NO and N02 with methylplatinum(II) complexes
has been investigated [50]. Wicth PtMez(PMezPh)2 the reaction with
NO first gives 315—31533357PtMe2(N0)2(PMe2Ph)2, which then isomer-—
izes to the cis-cis—trans isomer. The final products are trans-
PtMe(NOz)(PMeZPh)2 and EéngtMe3(N02)(PMe2Ph)2, formed by reaction
of Ei§fPtMe2(PMe2Ph)2 with PtMez(Noz)z(PﬁezPh)z. On treating
gingtMez(PMezPh)z + 4NO — PtHez(NO (PMezPh)2 + N

2)2 2
PtMeZ(NOZ)Z(PMeZPh)2 + cis—PtHeZ(PMeZPh)Z————~€>

PtMe3(N02)(PMe2Ph)2 + PtMe(NO)z(PHeZPh)Z

cis-P t}[ez (PMez
PtMez(NO3)2(PMe2Ph)2. The complex trans—PtHI(PMe,Ph)2 reacts with

Ph)2 with NO7 the product is cis—-cis—-trans-

NO to give Ej._g—PtI(NOZ)(PMeZPh)2 which is also formed from cis-
Pt(NOz)z(PHezPh)2 and PtIz(PHezPh)z. Triorganotin chlorides add
to Pt(0) with Sn-C rather than Sn-Cl bond cleavage. Products of
type EEEfPtR(SnR;X)(PPh 1 Cl, MePhCl, Me,Cl,

3), (R = Ph, R,X = Ph
BrPh Ph,I, PhZOH, PhZONOZ, Ph3) are formed from Pt(C2H4)(PPh3)2

X [51]. The known complex cis-PtPh(GePh,0H) (PEt

2 2
2

and SnPhR can

2 302
be formed by insertion of Pt(PEt3)2 into a Ge-Ph bond. A series
of mononuclear methoxy complexes MR(OMe)(PPh3)2 (M = Pd, R =
aryl or alkenyl) have been prepared by treating the corresponding
chlorides with NaOMe. The complexes will hydrolyze to the hydroxy
complexes. Stabilities of the compounds are discussed [52]. Treat—
ing benzylpalladium(II) or platinum(II) compounds with m-chloro-
perbenzoic acid yields the compound 5—C1C6H4C02CH2Ph [531.

When the compounds NiMeZ(bipy) and NiEtZ(bipy) are reacted
with D the former complex gives CH_D and CH4, and the latter com-—

2 3

plex gives c2D6’ CZHDS’ CZHZDA’ C2H3D3 and C2H4D2, in addition to

CZHSD and CZHé' A mechanism involving oxidative addition, B8-
elimination, and hydrido—deuterido excahnge is postulated [541].
Interestingly H atoms in the 4- and 6-positiomns of the bipyridyl
ligand also undergo exchange with D2' Phenylselenol, diphenyl-
phosphine, and diphenylarsine cleave the Me-Pt bond in Pt(II) com-
pounds, but N-bromosuccinimide and 2-nitrophenylsulfenyl chloride

oxidize the complexes without Pt—Me cleavage to methylplatinum(IV)

References p. 416
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complexes [55].

The new complexes Pt(CGFS)dee and cis and trans—Pt(CGFs)L2
(L = PBu3,
products of Cl2 and Br2 [56]. The palladium catalyzed cross-

AsPhB) are described along with their oxidative addition

coupling of aryl halides with Grignard reagents yields a variety
of biaryls and alkylbenzenes [57]. A kinetic study of the reaction
of Ptth(bipy) with Mel to give Ptth(I)Me(bipy) follows the rate
law: rate = kz[Ptth(bipy)][HeI]. The rate is enhanced in sol-

vents of increasing polarity [58]. Oxidative addition of

o] (o] ol H o
+D? \ \ / 2 . i
Nx_gHs —_— Ny—CoHy T—— Ni=———— n per——r— Ni—CH,CH,yD
L) l CH2
H

CH,DCH,D  +  Ni—H
~ ‘C
\ CHyCH, D + No—D
o D
H H
RiiT— CHyCHD { \ S
- M.— CHDCH2D
/
N:'— CHLCHD,

MeSCH7C1 to Pd4dL (L = PPh PMePhZ) gives a complex Pd(MeSCHZ)ClL2

4 37

PdIPh(PPh3)2

PhI + PhMgBr Ph-Ph + MgBrl
PhMgBr MgBrI

PdIAr(PPh3)2 PdArPh(PPh3)2
PhAr Arl

which dissociates in solution [59]. In the thermal decomposition

of the compounds PtX(C3H6)L—L (X = Cl, Br; L-L = bipy, phen) the

PdL, + CICH,SMe Pd(CH,SMe)ClL,
(25)

products are cyclopropane, and the reaction is first order in
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HC L HC L
2{ >pal + pPh, 2| Sra c1
s~ Tc1 = s L
Me/ ‘\\ Me”
PAdC1(CH,SMe)L
2 2
(25)

platinum complex {60]. The complexes PtMePhZI(L—L) (L-L = bipy,
phen) can be prepared by the oxidative addition of MeIl to complexes
PtMez(L—L). These stable compounds can be used for metathetical
replacement of I by Cl, Br, CN, SCN, CNO, N3 {61]. The complex
gig-PtMez[P(OMe)B]z (26) can be prepared by treating [PtMe3N3]4
with P(OMe)3 [62]. Nucleophilic addition of alcohols, thiols and

excess P(0OMe)
% PeMe,[P(OMe) 41, + N, + MeN==P(OMe),

PtMe3h3

(26)

water to the coordinated CN group of
cls—[Pt(ngHZCGHl‘CN)(PPh3)2]2(BF4)2 gives stable N-bonded imino-
ether, iminothioether and amide complexes [63]. In further work
these authors have extended this study to amines when stable

amidine complexes are formed [64]. Similar starting compounds

PA(CH,CN) ,L, (L = PPhg, BugP; L, = dpe, bipy) (27) have been pre-

pared from lithium cyanomethanide and PdCl,L, [65].

—-70° -
i 21
PdClZL2 + 2L1CH2CN —————e-Pd(CHZCN)ZL2 + 2LiCl

27

Neutral and cationic pentafluorophenylpalladium(II) complexes,
PdX(C6F5)(AsPh3)2 (X = Br, I, CN, SCN, CNO, CH3002, N03, 0104) and
[Pd(C F)L(ASPhy),1(C10,) (L = py, PEt;, PPhy, SbPh,, OPPh,) and
[Pd(C6F5)L3](C104) (L = AsPh3, PY>» PEt3, PPh3) have been reported
[66]. Similarly a series of new complexes PdX(C6C15)(PEt3)2 (X =
cl, I, NCS, NCO, Ng, N02, CN, 0C,Cl., C104) and
[Pd(C6C15)L(PEc3)2]C104 (L = py, a-pic, B-pic, y-pic) have been

prepared from PdBr(C6C15)(PEt3)2 [67]. In a 31? nmr study of ex-—

change reactions of NiBr(_c_)_—tolyl)(PPh3)2 with tertiary phosphines
it has been concluded that the ligand exchange equilibria are dom-—

inated by steric factors [68]. Mechanistic studies on the reaction
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L CH_C_H, CN L L CH
N S eRATN S + HY o
Pt Pt (BF)Yy —— 2 Pt BE,
S\ pd \L (Y=0R, SR) L/ \N-C

E NCGH,CHS =
H Y
l+ Hy0 l + ArNC
L CH,C.H ,CONH L : ArNC cH
N & i NS : ~ M2
/Pt\ /Pt\ (BF4)2 /Pt\ . BF,
L NH_COCH, CHS L : L /N:C\
H Y
l + OH™ #HCl
L H , CONH L L cL CH
RN ~ @: 3
Pt Pt 2 Pt + 2
v \uucoc6n4cu2/ N L Na CONH,,

NiBr:(g_-tolyl)(PPh3)7 + 2PPh, Me —> NiBr(g—-tolyl)(PthMe)2 + 2PPh3

of the complex Ni(CN)Ph(PEt3)2 with EtzPCHZCHZPEtZ, leading to
reductive elimination of PhCN, indicates the rate—determining elim-
ination step is preceded by substitution of PEt3'by EtzPCHZCHZPEt2
[69). A five-coordinate intermediate is proposed. The complex
PtClz(CHZCHZNHEtZ)PPh3
reagent. One pathway (with XZ’ CNBr, C0O) involves Pt-C bond

attack, a second one involves reactivity at the nitrogen (bases),

(28) reacts in a manner depending on the

—2PE¢t
Ni(CN)Ph(PEt,), + L-L ————3 e Ni(CN)Ph(L-L)

fast
L-L ﬁ -L-L
slow

PhCN + Ni(L-L)L-L == Ni(CN)Ph(L-L)L-L
5 (L-L = EtzPCHZCHZPEtZ)
Ni(L—L)2

and the reaction with acids and electrophiles forms a platinum-

olefin complex [70]. The crystal structure of (29) is also reported.

'Cis—Pt(CHZCHZNHEtz)ClZ(PPh3) + Brz——.[01CH2CH2NHEt2][PtClBrz(PPhB)]
(28) (29)



353

cis—Pt(§HZCH2NHEt2)c12(PPh3) + EtzNH————Pt(CHZCHzNEtZ) Cl(PPhB)

A\ ]

+ Et,NH.HC1

cis—Pt(CHZCHZNHEc2)012(PPh3) + BF3——+-cis—PtClz(CZHQ)PPh3

+ 3.Et NH

A crystal structure of the compound (30) has been solved and

interpreted in terms of zwitterionic type compound [71].

Cl OMe
cu —c
MeO Pc:: OMe
+ c—cny e ~eu
MeO
(30)
ITI. Metal complexes formed by insertion and related reactions
Carbonylation of a wide variety of complexes MX(R)ER; (M = Ni,

Pd, Pt; X = ¢1, Br, I; E = P, As, Sb; R = Ph, Et, Cy, OPh, etc.)
shows pseudo first—order kinetics. Triarylphosphine ligands with
electron donating substituents produced stepwise reactions, and the
data is explained in terms of thg mechanism shown below [72]. N-

Carbethoxynortropidine (31) can be obtained by rearrangement of

PRl PR
1 3
R—M—X + CO X(PR )ZCO(R)M ————*';Et——H——Y
PRl R PRl
3 L 1 3
—-PR PR
3 3 1 1
PR3 —PR3
1 ‘' PRY
X(PR;)CO(RIY Se_MotR3
R ~x

N-carbethoxy-8-azabicyclo [5.1.0] oct—3-ene in the presence of
PdClz(PhCN)2 [733. The complex nS—CpNi(PBu3)CH(CN)2 readily inserts
ethyl or phenyl-isothiocyanate to give compounds

n’-cpNi(PBu )SC(NRH)=C(CN), [74]. With compounds RNCS, complexes

of type ns—cpNi(PPh )SC[NEtH]=C(CN)2 or n5~cpNi(PPh )SC(=NPh)CH(CN),
are obtained. Treatment with PBu3 gives ionic complexes. Reac-—

tion of trans- PdX(R )(CNBu )2 (R = Me, PhCHZ) in the presence of
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a nucleophile L gives the mono-insertion product

NCO,R
NCOR __
O él (31)
a, R = CH,CH,
b, R= CH3

(i)

!rans——[PdX(R)(CNBu‘)Z] [pdx(CRzned)(CNBu‘ﬂ(sr_-tvmed)

R=CHPh X =1 (V)
R= CH.ZPh_ X =8r fiiil
R = CHPh. X = Ci
R= Me X=1
BU'NC, X Bu'NC X
//,Pd ///p
au‘N=cl: 2 Bu‘N:(l: L (32)
! ] I
(1), solvent, slow; (#:), fast; (ifz), L, fast
PhyP. —
[M(PP@J + /= — >M<F?\C°z“"e
Br COZMe Br F’h3
M= Pd
M=Pt
P~ | N
LNR >M\ coMelBr —— ‘I"I‘
RNC PPh, Ph,P. C/\\
3 \ /
M =Pt, R=Bu' /M\ cGMe
M =Pt R=p-MeCH, Br PPh,

M :Pd,R:p-—MECsHL
M=P{, R :p—MeCsHL

PdX(CRl=NBut)(CNBut)L (32). The authors have also studied intra-
molecular insertion reactions and given a rationalization of these

insertion reactions [75]. Finally these authors present examples
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Ph,

P
\ ¢
] /Pd\Br CO,Me| + 4CNBu

Ph, \
r -
But [Bd
N N
2§
( \Pld N\
g, co,Me
] Ph,
(33)
of mulriple insertions of the isocyanide ligand (33). Carbon di-

sulfide has been found to insert into the Pt-H bond of trans-

PtHZ(PCy3)2 to give trans—PtH(SZCH)(PCy3)2 (34). A single crystal
structure of (3&) shows it to have the sulfur group bonded as a

monodentate thioformate anion [76]. The cis-trans isomerization
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of cis-PtMe(Cl)(PEt3)2 is considered to proceed by a dissociative
asynchronous mechanism [77]. Rate data is presented and is dis-—

cussed in terms of a three-coordinate intermediate being involved

\ / kp N +
Pt - Pt + Gt
L/ \R ko L/ \R
kr
Ct L
N N
Pt ?’ Pt
ast
R/ \L R/ \L

in ethylene insertion into the platinum-hyarogen bond. Treating
nickelocene with l1-chloro-2-butene and with 3-chloro-l-butene gives
mixtures of l-methyl-2-propenyl-, trans-2-butenyl-, and cis-2-
butenyl-cyclopentadienes [78]. A scheme involving allyls and in-
sertion reactions is suggested. When the complex [PdCl(C6H4N=
NPh)]2 is treated with CyNC the insertion product
PdCl(CNCy)Z{(C=NCy)206H4NNPh} (35) is formed [79]. 1In the pres-
ence of the complex PdClZ(PhCN)z,
with alkenes to give chloro(syn—l-chloro—anti-l-aryl-syn—-3—

diarylacetylenes are coupled

NR
C
C ClI N C
\/\/ CgH,.4NC (excess) //\
/Pd\ r-a\ 6711 5s CI-—Pd-(S) N
N - CoHe rl,
C
N
R
(35)
alkyl)n-allyipalladium compounds (36) ([80}]. lH nmr data is pre-

sented which is used for structure assignment.

III. Metal carbene and ylide complexes

When the compound t%ans—PtClz(cis—ethylene-dz)py is treated

with excess pyridine at —15° reversible formation of the C-bonded
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C1l
Ar

R
PhC=C—Ar + .>C=—=CH, —— Ph €—PdC1
RL/ 2

R

Rl

(386)

zwitterion (37) occurs. On release of the olefin to finally give
PtClzpyz, no isomerization of the olefin occurs [81]. Complexes
of general formula PdClz(ylide), are formed in high yield on treat-—

ing alkylphosphoranes (XYZP =CHCOR), arsonanes (Ph3As =CHCOR) and

N~/ Cl Cl

c I
I—P:t—py + py =——= @LCHZCHZ—PIc—py
/p\ cl cl
(37)

pyridinium ylides (C5H5N+—C_HC0R) with PAC1(PhCN), [82]. Cross
exchange between different series of ligands has been observed.
The complexes trans—[PtH(CNR)LZ]Cl (R = p-tolyl; L = PEt3, PMeZPh)
undergo insertion of isocyanide into the Pt—-H bond to give formi-
midoyl éomplexes (38) [83]. 1H nmr studies of equilibiia between

syn and anti isomers is reported. 1In a further study of these

% L ewrf|t L _H
—Pt—CNR| + CNR——> |H—Pt] —— [rvc—re —c
I ~Sewr | N

L L

(38)

isocyanide systems, it has been found that protonation of (38)

leads to the formation of a cationic secondary carbene product (39),
and alkylation with methyl sulfate gives (40) [84]. Further-lﬂ nmr
studies are reported and the reactions with p-toluidine studied.

In an X-ray photoelectron study of carbenoid complexes of Pd(II)

and Pt(II) it has been concluded from considerations of the Pt4f7/2
and Pd3d5/2
is MeNC. Correspondingly the Cls binding energy of the carbenoid

binding energies that carbenes-are better donors than

ligand is less positively charged than the C atoms of the coordi-
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PE; Fi'Et3 "
P HX 7~
a—pt—C I a—pt—C, X
\NR ———— l -
NEty NHR
PEt3 L PEty

(39)
Me,SO, .
(NaClQ, or NH,PFR)

PEty
/H
@ —Pt—CZ ClO(PFg)
NMeR
PEta (4 0)
nated MeNC [85]. Complexes of a vinyl carbene—-type ligand attach-
ed to platinum will bond to a second metal jion. These complexes

contain a (methoxy) (N-arylamino) methyl ligand, and are found by
treating an aryl isocyanide in alcoholic base sclution with the
metal ion. Treating an aryl isocyanide in methanol with Ptclz(dpe)
gives a complex (41). This complex will bind a second metal such
as Co, Rh, Cd, Hg in the bidentate N-chelate ligand position [86].
A single crystal structure of the complex dichloro
(benzoylmethylenediphenyl-2-diphenylphosphinoethylphosphorane)-
palladium (42) has been solved. The shift in v(CO0) has previously

MeO\ /Ar

oR =X -
PeCl,(dpe) + 2MeOH + 2ArNC———>(dpe)P:\ + 2C1
- C=—=
Me0” Nar
(41)

been used to identify coordination of the ylide carbon [87]. In a
later article [88] these authors have prepared a range of complexes
of this ylide ligand with a range of halides and pseudohalides,

and with different substituents on the ylide ligand. The palladium
and platinum complexes of a similar ylide have been reported (43)
[89)]. The ylide is prepared as shown along with the structure of
the complexes (43). Cationic ylides of formula [Mc:L(Y)L]BPh4

(M = Pd, Pt; Y = thp(caz)n$ph26u, C(0)Ph(n=1, 2); L = &-Mepy,
3,5~-dimethylpyrazole, PPh3, PCy3, PMePhZ, P(OMe)3, AsPh3, SbPh3)
have been prepared. Complexes [MY2(4—Mepy)2]BPh4 (M = Pd, Pt) are
also characterized [90]. In their final article of the year, these
workers prepared the keto-stabilized mono-ylide complexes of
thp(cuz)nﬁphzéﬂc(o)R (R = Phs n = 1,2; R = Ph, Me, OMe) with pal-
ladium(II) and platinum(II) [91)]. A series of palladium{(II) and
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(PhCHZ)ZPCHZCHZP(CHZPh)2 + Ph(CO)CHZBr —————1
[(PhCH ) PCH CH7P(CH Ph) CH (CO)PhIBC
2

(PhCH ) PCH CH P(CH Ph) CH(CO)Ph

M=Pd(II}, Pt(Il)
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platinum(II) complexes of phenacylides have been reported [92].

These compounds are derived from the ligand (44) with a range of

0
|
?—CHCPh (Z = p-Mepy, MePh,P, Ph,As, Me,S)

(44)

substituents. The reactions of Cl2 with the complexes

cis~— Ptclzlc(NHR )(NHR YIPEt,, Eii-PtClz{C(OR3)(NHRZ)}PRg and trans-
[PtCl{C(VHR )(VHR )}(PEt3)2]C104 shows that when R1=RZ=Me, the
platinum(IV)-carbene complexes PtCl4{C(NHMe)2}PEt3 and

[Prcl {C(NHMe),}(PEt;),]1C10, result, but when &Rl = Me, Et, and R? -
Ph, o- C1C6H4 or p-— 0106H gfmetallation cf the phenyl group occurs
giving the complexes PtCl, {C(OR )(\IHC6 301—2)}PR§,

[PtCl {C(NHR )(NHC6 3Cl _E)(PEt3)2]C104 and PtClZ{C(NHMe)(NHC6H3C1~
gﬂ(PEt3)2]C104 [93]. Spectral data assignment is given. The
structure of crans-Pt(CC1=CHZ)Z(PMeZPh)2 (45) shows a long C-Cl
bond. On dissolving the complex in methanol the complex trans-

[Pt(CCl=CH,)(COMe(Me))(PMeZPh)2161 is formed [94]. The crystal

ct'
Pl
1.809(6)
2053(5)
1.316(7)

2.295(1)A

(45)

structure of the platinum(Il) carbenoid complex cis-
-cc12{c(ost)NuPh}PE:3
oid) distances (1.96 A) known [95)]. Complexes of the ylides

Z-cu(COYPh (z = PhyMeP, PnyF, Pnjak, e ®) witn PAC1(BujNO) have
been prepared [96]. The klnetlcs of carbene formation from cis-

PdClz(CNR)PPh3 (R = BfNOZC

(46) shows one of the shortest Pt-C (carben-

1
6H4’ P- u1C6H4, o~ MeC6H4, ©,0 —Me2C6H3)
shows a stepwise mechanism via an intermediate formed by nucleo-

philic attack by amine on the isocyanide carbon. Steric strain in
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H H H H
\c/ i \c/
CHa‘s/ \Pd/ \Pd/ Ng?
0" N N N CHs
RS SN
H H H H
(47)
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the intermediate caused by o-substitution decreases the rate [97].

A complex [PdI(MeSO(CHZ)Z)]2 (47) with a2 new me:hylsdlfoxonium
dimethylide chelate has been reported [98].

Iv. Internal metallation reactions

High yield syntheses are reported for complexes (48-~50) [99].
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o-Metallated complexes of phenyl and p-tolyl(l,2-pyrazoles) are
reported, where chelation is attained to Pd(II) or Pt(II) by co-

ordination of the carbon in the aryl, and the nitrogen in the

(52)

pyrazine [1001]. The crystal structures of chlorobromo(N-(phenyl-
amino)—-a-methylbenzylidenimino-2-C,N)bis(triethylphosphine)pal~-
ladium(II) (52) have been solved. In the latter compound the ni-
trogen is uncoordinated [101]. Treating acetylferrocene N,N-
dimethylhydrazone with lePdCI4 gives the dimer (33) which can
be cleaved by L (L = 4-Mepy, PPh ) to give the complex (534) [102].

CH3 NCHa) Ctis N(CHa)2

@

(53)
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1
A crystal structure of trans-py—dichloro-bis(phenylazophenyl-2C,N" )~

diplatinum(II) has been solved [103].

Complexes containing a2n o-

metallated phenylazo group have been converted into solvated ca-

tions (55) using silver fluorophosphate in acetone [104]. The
/’Cl' (s) ~
Pd 2AgPF, —— = 2 /}d\\ PF + 2AgCl
C§§ﬁ 6 C§§N 6

}I// 1 \\\\ // 1

€ N Me N
L e - P

S = acetone (55)

diazadiene, glyoxalbis(diisopropylmethylimine) forms é complex with
nickel bromide, which reacts with o-tolylmagnesium bromide to under-

go metallation wich'a.methyl group in the y-position [105]. The

compound PdClL(g—PhNHN=CHeC6H ] can be used to prepare new bimetal-

4
lic compounds. The metal-metal bond is trans to the Pd-C o bond.

Complexes with Mn(CO)g and che(CO); have been prepared in solution
[1061. NPhR or PhCHZ; R = Ph, Me,

fi) with acetophenone gives the cyclopalladated dimer [PdCl(C6HLCMe=

Trgating trans—PdClz(NHZX)2 (X =
NX)}, with the acetophenone ring o-metallated [107].

v. Metal carbornyls and thiocarbonyls.

A theory combing extended Hiickel one-electron orbital energies
with atom—-atom repulsive energies on structure and energy levels
are calculated for Ni(CO)4 {1081.

has been made with GVB and GVB-Cl wave functions.

A detailed calculation on NiCO
This leads to
a qualitative description in which the Ni atom Is neutral with a
4513d9 atomic configuration. The d# pairs on the Ni are slightly
involved in back-boanding to CO. Excited state levels and vibra-
tional energies are given [109]. An INDO molecular-orbital method
developed for -use with 3& orbitals has been applied to Ni(CO)A.
The Koopmans theorem values for ionization potentials agree with
photoelectron spectroscopy data [110]. Values.of ionization poten-—
tials and electron affinitiées within the nickél triad have been
discussed in terms of staHiiization of the zerovalent stéfe for

these elements [111]. o . . SR

On chemisorbed nickel it has been
18

possible to observe the
oxygen exchange reaction between H, 0 and carbon monoxi&e [1121.
When Ni(CO)4, mixed with various phosphines and A1C13, is_used in

a suitable solvent the mixture is an active catalyst for propylene
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dimerization [113]. The mass spectra and appearance potentials
for the major singly charged ioms from Fe(c0)5, Ni(c0)4, and mix-—
tures of the two, have been presented [114]. The mean M-C bond
dissociation energy for Ni(CO), is 156.5 kJmole !. Nickel carbon-
yl has been used to cleave a cyclopropane ring in l-vinylspiro

[2.4]hepta-4,6-diene to give a mixture of compounds [115]. Nickel

Ni{CO)a CH3

a / o

ocC

carbonyl has also been used in an organic oxidation reaction [116].
Nickel cluster carbonyls of < 3 Ni atoms are formed by con-
densing at low temperatures monatomic Ni vapor with CO [117].
Supported platinum aggregates have been prepared by pyrolysis of
—Pt6 carbonyl clusters in highly dispersed form in SiO2 and

Ptl5

Y—A1203.

the 2000 cm-l region [118]. Reduction of Ni(CO)4 leads to the

The infrared spectrum shows bands due to carbonyls in

isolation of the anioms [Nig(C0),,1°  and [Ni (C0),,1°7. The
anions are air sensitive and readily interconvert. The structure
of [NiS(CO)lz]Z- shows 3 edge bridging carbonyls about the trigonal
plane, and 9 terminal carbonyls with three on each axial nickel.
For the anion [Ni6(C0)12]2- the nickels are arranged in a trigonal-
antiprismatic geometry generated by two staggered Ni3(C0)3(u—C0)3
triangular units [119]. In the following article these authors
report isolation of the cherry red [Nig(CO)lg]z- ion, both by redox
condensation of Ni(CO)a and [Ni6(C0)12]2—, and by oxidation of
[Ni6(C0)12]2— with nickel(II) chloride [120]. The structure con-
sists of three triangular Ni3(C0)3(u—C0)3 units stacked along the
ternary axes. These authors also report a series of new dianions
[Pt3(CO)6]§- (n =~ 10, 6, 5, 4, 3, 2, 1) by reducing Na,PtCl .6H,0
or PtClz(CO)Z under C0(25°/1 atm) in the presence of base [121].
Infrared spectra and structural features are discussed. Treating
the compound [NMealZ[NiB(CO)B(HZ—CO)BIZ with PhPCl2 leads to the
cluster compound Nis(CO)s(ua—PPh)6 (56) [122]. The structure

shows a cube of nickel atoms with each square face symmetrically
capped by a phenylphosphido ligand and with the carbonyls terminal.
A cluster compound Pt3(CO)3(PCy3)4 (57) has been prepared by treat-
ing trans—PtHZ(PCy3)2 with CO at atmospheric pressure [123]. A
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tal structure shows edge bridging carbonyls. Cluster

ave been obtained by treating both monomeric and clus-—

s
carbonyls h
n

ter triphe

ylphosphine platinum compounds with CO. Compounds

;;Q
I
e

(573

|33

A(CO)S(?PhB)B’ Pt3(C0)3(PPh3)4, and a material
e either PtS(CO)S(PPh3)4 or Pt6(C0)5(PPh3)5 [124]. A
mplexes of the tripod ligand tris(2-diphenylarsino-

th nickel have been isolated. Of interest to the

chemist are cationic complexes containing a single
cartonyl or phenyl group [125]. A similar carbonyl nickel complex
(58) has been prepared with tris(2-diphenylphosphinoethyl)amine
[1286]. Arn X-ray structural analysis of the phenyl compound shows

it to have a trigonal bipyramidal structure with the phenyl group
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o-bonded in the axial position. Bimetallic nickel carbonyis
[Ni(C0)3]2PR2 have been obtained by carbonylation of the product

of treating Ni(l,S—COD)2 with LiPR2 and ethylene [127]. Ameng a

series of similar carbonyl complexes there is a report on the coum-
i i Ni A M C
pounds (CO)3N1PMe2PMe2N;(CO)3 and (CO)ZNl[P“eZPdeZIZ(,r(CO)

where the phosphorus ligands are bridging [128]. The crvsc

ture of'Ni(CO)3(PBu§) has been solved [129]. The chemistryvy
phosphido complex che(CO)z[P(CF3)2] has been studied which wil
form a tricarbonylnickel complex che(CO)Z[P(CF3)2]Ni(CO)3 by vo-—
ordination to the metals by a bridging phosphide [130]. A cationic
complex [Ni(Cacls)CO(PPhMez)2]0104 has been prepared from
trans—Ni(Cscls)Cl(PPhMeZ)2. Treatment with ROH gives
[Ni(C6C15)(COOR)(PPhMe2)21C104 [131]. A crystal structure of the

Cco

Ni(c6c15)01(P1>hMe2)2 _A—gc_l—o: [Ni (csc15)c0 (PPhMez) 2]Clo4

Telie--

r

compound cis—PtClZ(CO)PPh (59) dindicates that C0 exerts an ex

ly small trans influence in chloride [132]. The possibilitv of =z
weak cils influence of a carbonyl group is suggested. Complexes
Ni(CO)(dpb)Z have been prepared where one of the ligands is mono-
dentate. Treatment with P(OR)3 gives Ni(CO)(dpb)[P(OR)3]. Other
reactions of the complex are described [133].

Carbon monoxide has been used to catalyze the isomerization cf

cis—PtClZ(PBu to trans—PtClz(PBu§)9 [134]. There is a report on

n
302

a tungsten-nickel carbonyl complex having a methylstibine bridge

[135]. Organogermyl- and organostannylphosphine complexes of Ni(CO)3
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(59)

have been prepared by substitution reactions of Ni(CO)4 [136]. The
vibrational spectra in the carbonyl region, and both the lH and 31P
nmr spectra are discussed. Triphenylphosphite reacts with the com-—
plex Ni(CO)(dpb)2 in dichloromethane with quantitative displacement
of one dpb molecule. Interestingly the rate is accelerated by the
presence of protonic acids, and these authors suggest the inter-—
mediacy of a labile hydrido nickel complex [137]. A second report
has appeared on the structure of the anion [PtCl3(CO)]— [138}1. The
crystal structure of PtMe(CO)[HB(pz)3] shows a square planar geom-—
etry with only two of the three pyrazolyl groups coordinated to
platinum. The Pt-C(methyl) and Pt-C(carbonyl) distances are
2.070(12) and 1.798(16) Z, respectively [139].

The carbonylation of complexes Pd(C6F5)(C104)L2 (where L = PR3
or L2 is bipy or phen) gives compounds [Pd(C6F5)C0L2]C104 [140].

—————-Pd(C6F5)(C104)L2 + AgCl

PdCl(C6F5)L2 + AgClO4

~Pd(C6F5)(ClO4)L2 + CO————-[Pd(CaFS)(CO)LZ]C104

When PtClZ(PPh3)2 is treated with CO in the presence of an amine
the compound Pt(CO)Z(PPh3)2 is formed {[141]. Secondary amines under
these conditions yield the dicarbamoyl complexes Pt(CONRZ)Z(PPha)Z,

and c—amino esters give carbamoyl complexes MC1[CONHCHR COzR](PPhB)2

(M = Pd, Pt; R = Me, Et; R' = H, Me).
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A published review on carbonyl complexes includes those of

palladium and platinum [142].

VI. Metal olefin complexes.

When all-trans-1,5,9-cyclododecatrienenickel (0) is treated
with a mixture of NaPh/EiPh and ethylene in diethyl ether two com-
pounds (60) and (61) are formed [143]. These complexes have the
stoichiometries (NaPh)2N1C2H4(Et20)2 (60) and (Llyh)zN%(C2H4)Etzo
(61). In the following paper the crystal structure of a similar

= s T 5 2
compound [rthchHl‘]zNaa(THF)5 is reported (62) [144]. The red

compound is composed of two PhZNiC2H4 units and four Na(THF)x (x =
1, 2) groups. A similar type of ethylene nickel complex‘:anion
[R—Ni(diH4)2];_(R = Me, Et, Ph) has been prepared by treating
Ni(l,S—COD)Z.with ethylene and alla®lithiums [145]. The crystal
structure shows a trigonal planar geometry about the nickel atom.
Ethylené éhemisorbed on_silica—éupéortéd Pd and Pt catalysts

indicates coexistenceiof m-bonded specieé_with g-bonded M-CH,CH,-M

types. Evidence from.infrared spectroscopy is presented [146]. The
cocondensation of Ni atoms with CZH& and’CithAr matrices of 15K 1is
a direct route to complexes Ni(C2H4)ﬁ'(n = i; 2, 3) [1471]1. The in-

frared active v(C=C) stretching modes for all three complexes are
assigned as are the respective Ni - CZH4 charge transfer transitions
in the uv. Experiments in solid C2H4 show, that both Ni(C2H4)3 and
Ni(02H4)2 form on decomposition at 15K, but Ni(C2H4)é, rather than

Ni(C2H4)3, is the favored complex on warming in the 20-60K range.
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Relevance to catalysis is discussed. Detailed synthesis of com-
pourds Pd(CZH4)(PR3)2 (R = Ph, Cy, g—Me06H4O) from Pd(acac)z,
ethylene, and the appropriate phosphorus ligand have been published
f148]. When Zeise's salt is treated with hydrazones, complexes of
formulae trans—Pt(CZHA)ClZ(hydrazone) result [149]. Relative con-
formations are discussed. Further coordination chemistry of vinyl-
phosphines has been reported. 1,3-Bis[(o-diphenylphosphino)phenyl]
—~trans—~l-butene reacts with dichloro complexes of Ni(II), Pd4d(II),
Pe(II). For Ni(II) a 1:1 isomeric mixture of (63) and (64) is
formed. For Pd(II) complex (65) is formed, and a crystal structure
is reported. For platinum treating PtClZ(PhCN) with the ligand
gives a complex (66) whereas treating PtClMe(l,5-COD) with the-
ligand gives (67) [150]. Enantioselective m—coordination of )
styrene has been investigated by 1H nmr and cd spectroscopy for

Pt (I1) complexes of L-alanine in trans or cis-(N, olefin) form.

Equilibration studies are reported for addition of free styrene
[1511]. Crotyl platinum(II) complexes PtCl(CHZCH=CHMe)(PPh3)2 and
PtClL(CHZCH=CHMe)(AsPh3)2 have been prepared by addition of the com-—
pounds CH2=CHCHMeCl or trans—HeCH=CHCH2Cl to PtL4 (L = PPh3, AsPh3)
[152]. In benzene solution the o-allylic form is the dominant
species, but in chloroform the complex has the ionic m-allylic
structure. The crystal structure of trichloro-(s-cis-pent-3-
enylammonium)platinum(II) shows that the cis-pentenylammonium ca-
tion, coordinated through its double bond, has lost its pure cis
configuration [153]. Complexes of di- and tri-peptides with Zeise's
salt are reported [1541]. An infrared study of the compound

?cc13(uzc=cucu,§u3), which has the ligand coordinated through the
2 1

double bond , shows v(C=C) at 1349 or 1416 cm ~. The band near 415
cm ! ois assigned to the stretching frequency for v(Pt—-alkene) [155].
The coupling constants between alkyl protons and lgsPt in

PtClZ(C2H4)(RlRZC=N.NR3R4) is higher when the alkyl group is cis to

the metal, with respect to the azomethine double bond, than when it
is trans to it. Chemical shifts and coupling constants are report-—
ed for a series of these hydrazone compounds [156]. ZInfrared,

Raman, and 13C nmr spectroscopy on complexes trans—PtCl7(olefin)py

is related to bonding properties. A series of olefins ;ith electron-
withdrawing groups have been compared to ethylene and propylene.
Infrared data shows that acrylates are the most strongly coordinated,
and the 13C data is correlated within the Chatt-Dewar-Duncanson
model. The w—-energy levels of some of the-olefins has been meas-
ured by photoelectron spectroscopy [157]. Similar work is also

reported from these same laboratories on complexes trans-—
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Ptclz(C2H4)L. The 13c nmr shift of ethylene varies linearly with

the bond character of ethylene and correlates well with the total
1

Pt-C,H, bond strength. A correlation of § 30 (ppm) with v(C=C)
13

and 8(CH) is shown [158]. C Nuclear magnetic resonance spectra
for complexes PtHe[HB(pz)3](olefin) (68) again show-a relation to

M + olefin © back-bonding [159]. A similar study has also been

iz o

(68)

carried out with complexes PcCl(NH3)2(olefin) (olefin = RYC6H4C CH2
RCH=CH2, RHC=CHR, CH2=CH(CH2)HX)- The data is in agreement with
donation from olefin-w to platinum—~oc being the predominant compo-
nent of the olefin-metal bond [160]. In a study of the signs and
magnitudes of lgSPt—l3C coupling constants in olefin and carbonyl
complexes it has been found that 1J(Pt—c) is positive 1in
[PtCl3(C2H4)]-, but in Pt(II)-cyclooctadiene complexes both positive
and negative signs are found. The greater magnitude of 1J(Pt-—C) in
EPtCl3(C0)]— is related to the s orbital coefficients of Pt and C
[161].

A new preparation of Ni(l,S—COD)2 using finely divided manga-
nese as reducing agent has been described. In addition these au-
thors give procedures for Ni(maleate)z(HeCN) and Ni(fumarate)Z(MecN)
(69) complexes [162]. The decomposition of PtClZ(Czﬂh)(bipy) to
PtClZ(bipy) proceeds with different mechanisms depending on the sol-

vent used. In 1,2-C_,H,Cl., a single step mechanism operates, but in

4772

CH,

I
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aqueous methanol the cationic complex [PtCl(CZHA)(bipy)]+ is an
intermediate. Activation parameters are given [163]. A kinetic
study of the reaction of bipy with PdC12(1,5—C0D) leading to
Pdclz(bipy) has been interpreted on the basis of the following

stepwise mechanism [164].

PdC1,(1,5-COD) + solvent— = [PdCl(solvent)(1,5-C0D)1"

1lsolvent

[Pd(bipy) (1,5-cop) ]t 4&—2121—[Pd(solvent)2(1,5—C0D)]

lzc1'

Pdclz(bipy)

2+

The crystal structures of :rans—Pt(CH=CHCH20Me)Z(PMezPh)2 [165]

and Pt (CO.OCMe C=CH2)(PPh3)2 (70) [166] have been published. New

2

(r)y (&)

-CHj H H
A N R
Oy
N
CH, H

{) H
. (L)
(71
ry (&)
CH; H H
CH
d : PPh R N R
(3]
Mez(l:/ \Pt< 3 ON/ =
o—c/ PPh,
3 CH, 4 H
73!
(70) (70)

complexes of N-allylpyrazole (71) with Pd(IXI) and Pt(II) have been
isolated with both the pyrazole nitrogen and the olefinic double
bond being coordinated to the metal [167]. The crystal structure

of l-methyl-2-phenylecyclobutenedione bis(triphenylphosphine)plati—

References p. 416



374

num(0) (72) shows the ligand coordinated via its double bond [168].
A crystal structure of PtClz(Czﬂa)[Me(H)N.N=C(Me).C(Me)=N-N(H)Me]

(72)

has also been reported [169]. Treating complexes Pd(dba) (bipy)
with PPh3 in 1:1 and 1:2 molar ratios gives sz(dba)(PPh3)2 and
sz(dba)3(PPh3)3. The product from P(OPh)3 is sz(dba)Z[P(OPh)3]3
(dba is dibenzylideneacetone) [170]. The structures of the com-
plexes trans—PtClz(C2H4)(Me2C=N—NMePh) and trans—PtClz(CZH4)(MeHC=
K—NMe,) have been reported [171]. The hydrazone molecule coordi-
nates—through the imine nitrogen. From the numbering system given
it appears that C-C bond distances in the ethylene molecule of
1.33(5) and 1.71(9) R are obtained, which seems unusual. The crys-
-tal structure of the platinum-olefin complex PtClz(PhCH=CH2)
[Me(O)S(C6H4Me)] his alsoc been reported. The double bond of the
olefin (1.360(11) A) is at an angle of 77.6(6)° to the coordination
plane [172]. The structure and absolute configuration of
[(S)-tert-butylmethylphenylphosphinell(+)-(1R,5R)~3-2-10-5-
pinenyllnickel bromide (73) shows the pinene coordinated in exo
position via a non-symmetric w—allyl group. The absolute configura-
tion has been determined with a high degree of certainty [173].

An alkenyl cross—coupling reaction of alkenylalanes with alkyl
halides is catalyzed by nickel or palladium [174]. Detailed
syntheses of platinum vinyl compounds have been reported [175].
Zerovalent nickel complexes of bipy or triphenylphosphine have been
used in the reaction of ethylene with methylene dihalides to give
propene. Similarly isobutene has been obtained with propene [176].

Calorimetric results are reported for the following reactions. The
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Ni(O)—PPh3
RCH=CH2 + CHZX2 R—?
[

(73)

[PtClz(olefin)]2 + 2py ———*-2?:C12py(olefin)
PtClzpy(olefin) + P(OPh)3-———>-PtClzpy[P(OPh)3] + olefin

PrCl,py[P(OPh) ] + P (OPh) y ——= PtCl,[P(OPh) 41, + py

relative displacement energies follow the sequence P(OPh)3 >>
C2H4 > cyclooctene > cis-butene > styrene > cyclopentene >
nitrostyrene > cyclohexene. The ordering of olefin interaction
for Pt (II),

[1771. Treat-

depends on the metal: for PdA(II), C8 > C7 > CG > CS;
Cg > €, > Cg > Cg3 and for Ni(0), Cg > Cg > C, > Cg
ing Pt(l,5-cyclooctadiene)2 with butadiene leads to a 2,5-
divinylplatinacyclopentane complex having in addition a coordinated
1,5~cyclooctadiene. The crystal structure of this complex (74) has
been solved in addition to that of complex (75) formed by addition
of ButNC [178]. When trans- and cis-2,3-dimethoxycarbonylmethylene-

cyclopropanes react with Pd012(MeCN)2 the products are isomeric ring
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t
<Hg (1,5-COD) Pt 212 FC o (ButNC),PE
B

Pc(1,5~C0D)2 + C

(74) (75)

TR

opened if-[B-chloro-l,Z—bis(methoxycarbonyl)but—3—enyl}palladium(11)
complexes (76) [1791. A wide range of substitutent nmr data on
these compounds is compiled and mechanistics are discussed. In

the following paper the crystal structure of one of these complexes,
Pdclpyz{CH(COZMe)CH(COZMe)C(C1)=CH2} is presented [180].

A study of the replacement of styrene by pentene-1 in com-
plexes crans—PtClz(olefin)L (L = substituted aniline) has been
studied by stopped-flow methods [181]. The rates of olefin sub-
stituion decreases as a2 function of the. p—substituent on the ani-
line in the order Cl1 > H > Me > OMe. Chloro-bridged complexes

[M,Clo(diOIEfin)z](BF4}2 have been prepared by treating

(74)

MClz(diolefin) (M = Pd, Pt) with [Et3O][BF4] [182]. The diolefins
used are 1,5-COD and norbormna-2,5-diene. The palladium c?mplex
forms 5,6—5~cyclooct-5-enyl complexes with MeOH, MeCOZH or HZO‘

When PPh3 is added one obtains [PdZClz(PPh3)4][BF4]2 and [PtCl(l,5~



377

H H

MeO,C H + Pd{MeCN},Cl, —> CO Me

12
-

H coMe Pd

Ct

COD)PPJB][BF4]. Butadiene reacts with hexatriene nickel phosphine
compounds to give divinylcyclohexene nickel complexes (77). The
complex obtained from 2,4,6-octadiene is similar and has been con-
firmed crystallographically [183]. The crystal structure of
[Ni(COT)]2 (COT = cyclooctatetraene) shows a sandwich type mole-—
cule with both metal atoms between the COT rings. Each nickel
forms w—allyl type bonds to three carbons of each COT ring [184].
A series of dichloro-platinum adducts of methyl-substituted cyclo-
propanes and olefins have been prepared which in acid anhydride
solvents result in B,yvy-unsaturated carbonyl complexes [185]. A
mechanism is proposed involving eiectrophilic attach on the cydio—
propane or olefin. The reaction of Ni(CO)4 with spirof{2.4]hepta-
4,6—-diene results in C-C bond cleavage and insertion of CO to form
the complex (78). A further complex (79) can be isolated, and
treatment of (79) with triphenylphosphine gives (80) [186]. The
carbonylation of octadienylnickel and bis-n-allylnickel complexes
to give ketones is reported [187}. A study of the fluxionality of

?-cyclohepta—z,4—dieny1pa11adium shows that a 1,3-shift mechanism
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(CeHy )z P-Ni (A NFNF)

N

X

Ni—-P(C )
PG

(77)

P(CoHs)y.25°C
—— e
N{CO)a. &
(80)
is operative- A relation between AG# and the trans effectiveness

of L in Pd(C )L or [Pd(C )L ]PF

has been found [18813. The

reactions of PtCl (diene) wlth nucleophlles oPr™ > NHzPh, SPh~ and

SCN are tepotted. Attack can occur

at the diene or at the metal,

with the latter being most likely with the S—-nucleophiles. A

scheme of reactions is shown with Y

being a neutral ligand such as PPh3.

being a nucleophile and L

A wide range of compounds is
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reported [189]. The conversion of dienes to allylic ethers via
allylpalladium compounds 1is reported. The solvent system is water
or aqueous acetone and some of the intermediates have been isolated
[190]. The organic products arising from the methanolysis of
PdClz(l,S—COD) in the presence of base have been identified [191].
Complexes PdClz(diene) react with maleimide or phthalimide to give
compounds Pt(imidate)z(diene) (diene = 1,5-COD, dicyclopentadiene
and norbornadiene) (81) {[192]. The compound PdC1l,(1,5-COD) has
been used to prepare a series of sulfur-chelate p;lladium com-

pounds [193]. Complexes Ni(bipy)(PR3)2 have been prepared from

[pt{c HR1OMel]trrny)]

Rl
PPhy
[Ptlatkenyt-R}X)L]
PPh3
NE% [
Pt(CwH“NHPh)(PPhs)z]
L
[Pt(nor—C7H80Me)Cl(dppe)]
[{Ptiatkenyt-RIX],] +=5> [Piatkenyt-RNL-LIJCt
R
. [Ptlatkytene -R,RNL-L)]
R_ r
[{Pttnor—c v RitcL}] ——> [Ptinor-cHRICULIL']

[Pt(diene)Clz] -Y—-> [Pt(diene)(X)YJ —L—> [{PtL(X)Y]Z]

bipy and Ni(1,5-COD)(bipy), or from NiEt, (bipy) and PR3 [194].

Stilbene ligands 2-R0PC6H40H CHCGH4PR2—0 react with halide complexes

of Ni(II), PAd(II) and Pt(II) with loss of HCl and the formation of
chelate o-vinyls of formula MX(o-R PC6 C=CHC6H4PR -0). Analogous

6 4C CHC6H PRZ—O) are obtained from

PtMe, (1,5-COD). . The '8 nmr spectra of compounds with R = o-tolyl

methyl derivatives PtMe(o R, PC

show temperature dependence because of interconversion of enanti-
omers caused by restricted rotation about the M-P and M-C bonds

[195]. When PdClZ(l,S—COD) is treated with aqueous sodium carbonate
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"\Pt/(:j@
D

(81)

a2 c-bonded hydroxypalladium enyl complex (82) is formed. Carbony-

lation to give lactone (83) shows that hydroxypalladation occurs

stereospecifically trans [196].

HZO? OH
Y Ct Ct
N4 - HCL 1 o ;Z(
~ 2 A
// L /% (82)
lz co
H\O'?
o)
- [¢]
(83) - o
“7Cx Pd(CO)CL
~o e
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VII), Metal acetylene complexes

Thermochemical data has been published on the bonding of

acetylenes to platinum [197]. New complexes of the type Pt[RlCE

CCR2R3(0H)](PPh

1H and 31

3)2 (R = H, Ph or CHZOH) have been prepared and the

P nmr spectra are discussed. Significant second-order

character in the 1H nmr patterns of the methine proton is noted

[198]. Upon carbonylation of the above complexes with Rl = H, R2 =
R% = Me; and Rl = CHZOH; R1 = R2 = H; the cyclic compounds (84) and
(85) are formed, the crystal structure work having been previously
surveyed in this article [166]. The crystal structure of

Ho_~Hp H\\ /,CPhoH
i i
PR C R PhsP, G
A i\ J t\C T
R
— —0
PhyP //C Phy P° S
o B a
(84) (85)

Pt(l—ethynylcyclohexanol)(PPh3)2 shows two independent molecules in
the asymmetric unit which are isomers having the acetylene equa-
torially bonded to the cyclohexane in one molecule and axially
bonded in the other [199].
bonded to platinum and adopts the cis-bent configuration.
tal structure of K{PtCl3[EtMeC(OH)CEC-C(OH)MeEt]} (86) shows the

acetylenic bond perpendicular to the plane of platinum coordination.

The acetylene group is symmetrically

The crys-

The higher trans influence of the acetylene as compared to chloride
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is exhibited in the Pt-Cl bond distances [200]. When complexes
Pt (HC=CR) (PPh )7 [R = CMEZOH CMeEtOH, C(OH)CH CH CHZCH CH ] are
treated with a-hydroxyacetylenes the product is Pt(HC=CR) (PPh3)2
(87). By contrast when oc-hydroxyacetylenes are reacted with cis-

PtClz(PPh3), the products are chloroacetylide or chloroeneyne com-

pounds [201]. The compound PdClZ(PhCN)2 reacts with o-substituted
R
[
C—R
Prp e 4?§//‘\bu
C
» Nt ? PnBF.\\ //'C
/;*\Jg + H—C=C—C—R — = - +
PhJP Eé\ /OH (l)H C/ \PPn:,
C R 3%
7N\ AN
24 C
I/i
" L
(87)
CHs
i l —HCI
cis—(Pn3P),PtCl, + H—C=C-—C—CH;
OH /CH
C
CHg3 // Q%
l C CH.
//
Ph3P \ C=C—C—CHj thp /
/ OH _—HO \
/ \PPh3 PPh,

diphenylacetylenes to give cyclobutadiene complexes and higher oli-
gomers [202]. A binuclear planar complex trans- (Et ), ClPt c= C—
C6H4—CEC—PEC1(PEE3)7 (88) has been prepared from cis— PtCl (PEt )7

~N
(¢]
3]
0
|
]
[nd
(3]
'—I
-~
]
[yl
[nd

+ NaCZ(C6H4)C2Na _—

w
~
~N

trans—(Et3P)2C1PtC2(C6H4)C2PtCl(PEt3)2

(88)
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and the disodium salt of p-diethynylphenylene [203]. The crfstal

structure of (cpNi)ZCHECH at room and 77°K shows a short Ni-Ni

separation. The acetylene is cis-bent with a C-C
o

distance of

1.341(6) A [204]. Base promoted coupling of phosphinocacetylenes in

the complex cis—PtClz(thPCECCF

cis—PtClz[PhOPCH=C(CF3)C(PPh9)=C(OH)CF3].L (L = E

leads to compounds

tzNH, EtBN, Me

3
PrBN) [205}]. The crystal structure of the complex with L = EtzNH
Ph, H Ph, H
v Ve
Cl F/P——CQ§C——CF Cl\P‘/P——CQ§C—~CF
3
ct” p—c” ct” p—c” 3
Ph, N\ Ph;
CI_CF3 C—CF,
i
(o] (?_.
H H
. ‘>+
H—N—Et H—N=—Et
Et Et

has been solved. Treating [Nicp(SCF3)]2, Niep,, Nicp[cp(CF3C,CF3)],

Nicp[cp(C2F3Cl)], and [(Nicp)Z(CF302CF3)] wich CF3CZCF3 gives the
new compounds Nic?[(CF3CZCF3)2H]’ Ni3cp2(CF302CF3)3,
Nichz(CF3C2CF3)3, Nicpz(CF3C2CF3)3, Nicp[cp(CF3C2CF3)2],
[Nicp(CF3C2CF3)]4, and (CF3C2CF3)2[cp(C2F3C1)] {206, 207]. Struc-
tures, reaction schemes, infrared and nmr data, in addition to pre-
parative details are given-. The crystal structure of the compound

[Pt(NCS)(PEt3)2]2—B—C6H4(CSC)2 shows two parallel planes of

PEt, H H PEt,

!
s—c—.—z.N——P‘t—cEc C=C—Pt—N=C—S

PEt, H H PEt,

The crystal structure of the compound (1.',,(\]2)—PhCECPh)[‘.\‘i(l,S—COD)].7
shows each nickel atom w-bonded to cthe t;o double bonds of a single_
1,5-C0OD 1ligand, and bonded to the bridging diphenylacetylene ligand
through a u-type bond [209]1. The additiog of HC1l to trans-Pt(C=
CH)Z(PMeZPh)2 leads to a sequence of Pt(II) promoted addition-

elimination reactions [210]. Cuprous acetylides have been used to
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prepare bis(acetylide) platinum(II) complexes from Pt(CZHA)(PPhg).

4 Pe(C=CH),L, + 4HC1—=Pt(C=CH),L, + 2Pt(C=CH)(CC1l=CH,)L,

2 2

+ Pt(CCl=CH L

272L9

2 Pt(CECH)(CCl=CH2)L2====Pt(CECH)2F2 + Pt(CCl=CH2)2L2
Pt(CC1=CH2)2L2====PCC1(CC1=CH2)L2 + CH=CH

Pt(CECH).)L2 + PtCl(CCl=CH7)Li——i-PtCl(CECH)L2 + CH=CH

(L = PMe,Ph)

The acetylene HC?CGF5 reacts with Pt(Czﬁl‘)(PPh:;)2 to give

2 p i = 1 —
Pt(q<—HCZCGF5)(PPh3)2, but with Pt(PR3)4 (R = Ph, Et) to give com
plexes crans-PcH(Cst)(PR3)2 f21171. The compound Pt(l,S—COD)z

reacts with CZPhZ to give Pt(PhCzPh)2 (89). This complex gives
Pt4(PhCZPh)3(ButNC)4 (90) on treating with ButNC. Crystal struc—

tures of compounds (89) and (90) are presented [212}].

[Funs-caHl] O~
PAC,Ph Sg%if/ib
Y Ph
ctz}
B W e At
é ys .

2
@Qum;;hBJMﬁ] éiyl, 4)
o

(90) (89)

F

A review article has been published on the palladium induced
oligomerization of acetylenes [213]. Dihydropentalenes have been
prepared by treating phenyl- or p~-chlorophenyl-acetylene with
SMe)(ButC=CHCH=CButCI)] [214]. These materials are

[PdCl(MeSCHZCHZ
isostructural with the compound Ph4C884 obtained from phenylacety-
lene and PdClz. A strucrture of this tetramer, along with the dihy-

dropentalene obtained from phenylacetylene by the first reaction,
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are published. The linear polymerization of 2-methylbut-3-yn-2-ol
is reported [215]. Tetrasubstituted cyclopentenones have been pre-
pared in 25-70Z yields from dialkyl- or diaylacetylenes and Ni(CO)4
[216]. Cyclopentene-1,2-diones have been prepared by treating
Ni(CO)4 with diphenylcyclopropenone and ketenes. The reaction is
considered to go via a nickelacyclobutene complex (91), which can
be formed from nickel carbonyl and diphenylacetyleme [217]. The

structure of Ni(echylfumarate)z(MeCN) shows a slightly distorted

Ph Ph
Nee—c" Ni(CO),
\k/' Ph Ph
[ po—
o S l H20 PhCH=— CPhCOOH
C——NJ(CO),
o
NI(CO)a
Ph——C=C—Ph :
(91)

trigonal symmetry for the four C atoms of the —-C=CH- groups and the
N atom of acetonitrile [218]. The torsion angles around the —-CH=CH-
grotps are significantly different from 180°. The four asymmetric
carbon atoms of a molecule have the same absolute configuration

with SSSS and RRRR molecules present in the unit cell. The com-
plex trans—-M(C=CPh) [(MeOZC)(H)C=C(COZ‘~Ie)](PEt3)2 has been prepared
from trans—MH(CECPh)(PEt3)2 (M = Pd, Pt) and dimethyl acetylenedi-

carboxylate. The results are tentarively interpreted as supportive

trans—PtH(CECPh)(PEt3)2 + MeO CCECCOZMe——————§>

2

trans—Pt(CECPh)[(Me67c)(H)C=C(CO7Me)](PEt3)2

of alkenylalkynyl intermediates in the polymerizations of terminal
acetylenes [219]. When a toluene solution of Pt(MeOZCCE
CCOZMe)(PPh3)2 is heated at 130° the orthov metallated complex (92)
is formed [220].

VITII. Metal allyls
A mew route to allyl palladium complexes is to treat LideC14

with a mixture of an alkene and a vinyl mercury compound [221]. A
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)
COOCH-, "

\
PhyP l / COOCH3
”‘ >
\Pt< E I _s0c Ph,P—Pt H
// \W
PhyP PPhs
(92)

wide range of allyls has been obtained in high yield using this

\n>_c/’ + CH,=—CHR’ + Li,PdCl,
SHgCl
i

— R——cF/£k§C——CHJ¥

HCIH

method, either with substituents such as esters, cyanides, or al-
kyls, or with the simplest olefin ethylene. The crystal structure

of the dimeric complex [PdC1(C8H11)]7 (93) derived from 1,5-COD is

shown to have a 6-allyl structure [222]. A series of g-allyl

(93)

complexes [Pt(o—allyl)Cl(CNR)zl (R = Me, Cy, E-CIC6H4, 2,6—Me

have been prepared by treating the m—allyl complex Pt(ry -

CeHy)

ally1)C1(CNR) with the appropriate isocyanide [223]. The crystal

structure data on the MeNC structure is presented. A list of 13C

nmr data for allylpalladium chloride dimers has been publi_hed and



387

the upfield shift of the resonances of the allyl ligands noted
[224]. The reaction of butadiene and phenylhydrazomnes in the pres-—
ence of Ni and Pd complexes yields a series of azo compounds. A
mechanism is presented involving allylic intermediates [225]. The
chloro bridges in di-u-chloro-4-methoxy— and di-i—-chloro-4—acetoxy-—
2-methyl-but—-2-enylchloro-palladium a2re split by EPh3 (E = P, As,
Sb) [226]. These allylic complexes are readily decomposed to

CHy CHg CH,
44%:§¢,CH2X //1\\V//CF%X A4%>§v//CH2X
PhE
Pa i—. /pd or Ph
VAR N N
Cl /g/ PhiE ct Ct EPhg

isoprene by HCl. Complexes of type [PdHL2]+ (L = dpe (94)

dae (95)) are generated in situ and reacted with a wide range of
dienes to give complexes Pd[(allyl)LzlPF6 [227]. Equilibrium stud-
ies on complexes Pt(allyl)ClL2 (allyl = CH2CH=CH2, CH2CH=CHMe,
CHsze=CH2; L = PPh3, AsPh3) have been reported [228].

The He(I) photoelectron spectra of bis(s-methallyl)Ni, bis(w-
crotyl)Ni, and bis(s-1,3-dimethylallyl)Ni are related to bis(n-—
allyl)Ni. An assignment for Ni(ailyl)7 is given which differs from
previous work and brings the agreement-with Koopmans type calcula-
tions closer [229}. The vibrational spectra and force constants
NiI]Z, [r-C HSNiCl]Z, and [=-C HSNiI]Z

for [ﬁ-CSH NiCl]Z, [w-C

9 sHg 3 3
have been reported. The nickel-carbon force constants of the
pentenyl complexes are greater than those of the allyl complexes,
but the reverse is true for the nickel-halogen force constants
[230]. A complete vibrational assignment has been made for
[(C1C3H4)Pdcl]2 which indicates a weakening of the Pd-C bond as
compared with that in [C3HSPdC1]2 [231].

Treating [PdCl(CH20H=CH2)]2 with CdEt2 in toluene at -15° for
30 min. gives 0.25 mole ethane, 0.13 mole butane, 0.48 mole pro-
pene, 9.46 mole ethylene, 0.07 mole diallyl, and small quantities
of benzene and hydrogen, together with Cd, CdCl, and Pd [232].
The dimerization of alleme at 20-180° over ﬁ—aliylnickel
bromide/A1203 gives 1,3-bis(methylene)cyclobutane. A 4-membered
cyclic activated complex is postulated as an intermediate [233].
The complexes (-f—Rc3H4)pd[R1NS(RZ)NR1] (R = H, Mé&; RY = aryl;
R2 = Me, But) have been prepared by the reaction of [(r?—

RC3H4)PdCl]2 with Li[RlNS(RZ)NRl]. Two isomers are produced
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Me
Ph
(94) a E\z A \I
CH,= CHCH= CHMe + -
1
Ph,
Menl/n;E= P
b;E = As
; [ ]
CHy= CMeCH=CH, + (94)—= |@iphosiPd—)2Me |PE + | (diphosPd—)= MelPR,
_/‘
M, H
Mef) et
\
r N
L
@ + (94) —— |(diphos)Pd —z@ PFg
1
L 7
" Ph,
[ L
(94] a N
+ i PF,
O 5 — | s |
E b]
th
~
Ph, 4
| ! (94) u[E\ >
or + | — Pd— 2 PF,
(95) g’ ° )
th !
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[+ \ 5 a ~ 5
O+ on— | e s | C oA,
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differing in allyl group orientation. ompounds [(r?~

3 4)Pd(R N R )]2 and [(9 RC )Pd(R NC(R )NR )], (R = H, Me;
R = Me, aryl; R4 = H, Me) are also reported. Possible isomers

of the 5 compounds are shown [234]. A series of o- and m—-allyls

from 1- and 2-trialkylsilyl-3-chloropropene-1 have been isolated

with Pd, and an in situ silylallyl Grignard reagent has been usead

to prepare the Ni complexes [235]. When vinyl- and allylsilanes

cl,(C ) a rapid coordination step is follow-

are reacted with Ptz
2,6-Disubstituted

ed by cleavage of the activated Si-C bond [236].

pyrylium salts react with PdCl2 in a ring opening reaction to give

The crystal structure of this com-

a mw—allyl complex (96) {237].
and the

t R
pound (R = Bu ) verifies the structure of the compound,

R R
| 1
o=¢C ¢=°
(‘IH PN CH
/‘ \‘\ d N s ‘I
HC§~ _-Pd__ /,Pd R Len
H o cH
()==é ?::(}
) R
(96)

reaction is proposed to proceed via protonation and hydrolysis of
The w-allyl complexes [Pt(ﬂ—C3H4R)(PPb3)7]X

the pyrylium ring.
= PPh3, CZHA)’ along with compounds

are formed from.PtL(PPh3)2 (L

[(CH2=CRCH2)NHnEt3_n]X (R =H, n =0, 1; R,= Me, n = 0; X = ClOA,
BPh4) [238]. The compounds [(1,3—9—C3H4)Pq(R—MeC6H4NNNC6H4MefR)]2
(97) shows two stereochemically equivalent allyls with the carbons

pointing out. The rigid triazenido groups cause a close Pd-Pd sep-

aration of 2.86 A [239].
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PhaP
-L ~a )
PLPPR, )L + [CH=CRCH,NH.ELy |x  ——— Pt >—R X + NHpEty_,
Phy P

(L =PPhy,CGHy; R = H, Me; n=0,1 X = ClO,4, BPhy)

(87)

IX. Delocalized carbocyclic systems.

The reaction of nickel atoms and styrene at -196°C gives,
after work—-up at -40°C and recrystallization a2t -80°C from toluene,
red—-brown crystals of Ni(styrene)3. This compound reacts with bipy
at -30°C to give Ni(styrene)(bipy) [2540]. Supported nickel cluster
catalysts for olefin hydrogenation and the 'oxo' reaction, have been
prepared by pyrolysis of compounds cpzNi, cp2Ni2(C0)2, and
cp3Ni3(CO)2 [241]. The Raman and infrared spectra of nickelocene
shows that the cp ring tilc vibration VlG(elg) is very low and close
to 200 cm—l. This vibration is associated with an alg(metal)—cp
stretching mode. The spectra of ferrocene and nickelocene are
analyzed in some detail, with the bands in the latter compound gen-
erally coming at lower energy {2427]. The heat capacity curves for
ferrocene and nickelocene have been determined, the latter in the
130-300 K range. A high order transition in nickelocene is sug-—
gested by the deviation from a normal variation in the range 170-
240 K [243]. The data from about forty X-ray powder diagrams in
the temperature range 5-295 K for nickelocene also show an order-

disorder transition in the 170-240 K range. This is analyzed as
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being due to the existence of domains and frontier zomnes, and the
reorganization of the molecular packiag, in the order phase. The
Nicp2 molecule is likely eclipsed (DSh) in the ordered phase [244].
Nickelocene in ion cyclotron resonance spectroscopy experiments has
been shown to be a very strong base in the gas phase. In equili-
brium proton—-transfer reactions with EtzNH the proton affinity is
218.9 + 1.0 kcal/mel, as compared to a value of 201 + 1 kcal/mol
for NH3

unreactive. Rate constants for the reactions of the primary frag-

[245). The anion [Nicpz]_ has a long lifetime and is quite

ment ions at 70 ev are given. In a further article these workers

have compiled a list of binding energies and proton affinities to
e . . . . .+

cpNi . The ligand binding energies to cpNi follow the sequence:

Me3P > PH3, Me,0 > MeOH > H,O, Mezs > MeSH > H,S5, and is also
larger when the methyl substitution on carbon ¢ to the base site is

increased:

He3C0H > MeZCHOH > EtOH > MeOH,.Etzﬂ > Me70, MeCN > HCN. Finally
the sequence:
Me3P > Me3N, MeZS > MeZO is noted [246].

A series of cyclopentadienyl platinum(II) complexes containi

a range of other organometallic ligands have been prepared as out-—

lined below [247]. Diels—-Alder adducts of CF3CECCF3 or maleic

anhydride to the ‘;—ring are reported. H and 13C nor data are

presented for some cp complexes. The crystal structure of the

PrC1X(1,5-COD) + Tlep —= Pt(ni—-cp)¥(1l,5-COD)
(X = Me, Cl; Y = Me, C1, r%—cp)
P:Me(v}—cp)(l,S—COD) + L — PtMe(x;-cp)L

(L = CQ, P(OMe)3, P(OPh)B, P(OMe)Pn,)

N, 1 THF
T

CH
CH l Pr/l43 L (:::7
[ O S
A e

unusual complex [Ph(Na.OEtZ)Z(PhZNi)ZNZNaLi6(OEt)4.0Et2]2 (98) shows
a pseudocenter of symmetry between two (Ph,Ni), N, units in which the
N, ligands bridge ‘'side-on' to nickel atoms of a (Ph,Ni), system-

The two (PhZNi)2 units are linked by two sodium atoms and two
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LiG(Et)AOEtZ_aggregates [248]. Thiophosphinates will reductively

complex to nickelocene to give 1,2-oxaphospholane complexes (100)

(98)

[249]. Thus when nickelocene is treated with phenyl-2-thio-2-
oxaphospholane-1,2 (99) in the présence of methyl- or allyl iodide,
complex (100) is obtained. These authors have carried out a simi-
lar chemistry to prepare complexes cpNiI(L) from a bhosphine sul-
fide (L=S) [250]. Alkylcyclopentadienyl palladium complexes
cdeRl(PR3) (R = Ph; RY = Me, Bu®, Ph. R = Pri; R' = Ph) have

been prepared from cdeBr(PR3) and R1MgBr at —-78° {251}1- The
complexes insert 302 to give cde—S(Oz)R(PR3). A series of cyclo-
pentadienyl palladium complexes cqu(CHZR)(PPh3) and cde(CHZSMe)

have been prepared from the corresponding chloro complexes and

I
77 -(C-H)Ni
5''S \/—— )
o> \
4 Ph//, Oo—
S Ph
(99) (100)

Ticp [252]. 1Imn further investigation of reactions of cyclopenta-
dienyl compounds, the decarbonylation of aldehydes has beer studied
by ion cyclotron resonance methods [253]. These authors suggest

- + s,
that decarbonylation reactions effected by Nicp are specific for
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aldehydes, require significant stability for RCO+, and involve a
final intermediate from which competitive elimination of C0O and RH
occurs.

From the photolytic reaction of Pd(C3H5)cp and hexafluorobu-
tyne—2 the dinuclear complex PdZC&(CF3)4(C3H5)cp is formed. This
contrasts with the reactions of the Fe and Mo systems [254].
Tetrakis(methoxycarbonyl)palladiacyclopentadiene Pd[Ch(COZMe)A]
(norbornadiene) has been prepared by treating Pd[ch(COZMe)A] with
norbornadiene. The structure of this metallocycle shows evidence

of electron transfer from norbornadieme to the electron—withdrawing

metallocyclic ring. The parent oligomer Pd[C4(C02Me)4] is an
effective catalyst for the cyclocotrimerization of two dimethyl-
acetylenedicarboxylate molecules with norbornadiene to give 1,2,3,4-
tetrakis(methoxycarbonyl)benzene [255]. An angular dependence of
hydrogen magnetic resonance contact shifts in substituted nickelo-
cenes has been noted, and the crystal structure of bis(qs—isodi—
cyclopentadienyl)Ni (101) solved [256]. The crystal structure of
Ni[HZB(pz)Z]2 supports the recent suggestion that the methylene

H atoms of the Ni[EtZB(pz)Z] complex do not act as apical ligands
[257]. Fluxional pyrazolyl groups in the complexes PdB(pz)4L

(L = N,N-dimethylbenzylamine, o-phenylpyridine, azobenzene) and
Pd[HB(pz)3]L (L = benzo(h)auinoline-2-C,N) are reported {258]. The

fluxionality is suggested to be due to a tumbling process involving
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Ni/,

(101)

the coordinated and uncoordinated nitrogens. The crystal structure

of [(HeZN)3C3],Pt,C16 has been solved and single crystal spectral

data presented in detail [259]. The crystal structure of the cyclo-
butadiene nickel complex (102) shows coordination of the nickel to

two bromides and the cyclobutadiene ring [260]. An unusual nickel

HyQ HQ FH3

S S
BEr

%& CH3 %f CH3
(102)
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complex (103) has been prepared by treating cpNi(CECR3)(PPh3) with
1._,..2 i
cpCo(PPh3)(R C=CR"). The R groups used are phenyls and methyl

1 2 3 cO
cpCo(PPh;) (R"CZCR") + cpNi(C=CR”)(PPhj) —== ”2 rR3
R’; Y
PPhg
(103)

esters [261]. Alkali borinates M[CSHSB—R], where boron is a ring
hetero-atom, will coordinate to platinum to form complexes

PtMe3(CSH5B—R) [2621. The 1H an? 130 nmr spectra of nickelocgne
and a series of alkyl substituted derivatives have been reported

[263].

X. Metal hydrides.

Two papers have been published on the mechanism of ligand assoc-—
iation in solution of complexes [MHL3]X (M = Ni, Pd, Pt) [264,265].
The methods used are to measure the noise decoupled 31? nmr spectra
of the compounds over a range of temperatures, and to use a com-—
puted permutational line shape analysis to investigate the exchange.
The situation is covered where both intramolecular and intermolecu-
lar bond breaking processes are simultaneously involved. Thus for

the equilibrium shown below there is the added component to the

problem that HPdL+

3 is planar and rigid, whereas [PdHL4]+ is

[PdHL3]+ + L [PdHL4]+

(L = PEt3)

fluxional. The conclusions reached in the second paper are that

+
comparison of ligand dissociation k-l from [MHLA] as compared to
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intramolecular rearrangement km leads to the observations in
pELi1: kg >> k (Pe)s k_ v 107 k_(Pd); kI, << k (Ni). In each
case it is considered that the two species involved are of planar
(CZV) and distorted trigonal bipyramidal (C3v) geometries. The
complexes MLa(H = Pd, Pt; L = PEtB), prepared from the dichlorides
with potassium metal in THF, protonate to [HHL3]+ with ethanol
[266]. The salts [NiHLZ]+ (Ll = PHe3, PMezPh) were obtained using
Ni(l,S—COD}2 and Ll in ethanel. A range of Lewis acids give stable
adducts with tran5~PtH(CN}(PEt3)2. The 'H nmr spectra in the high

field region of these complexes (104,105) are compared. As the

L L
I i
H—~?b——CEEN——4»MC12 H—wft—~CEEN———9-X
L L
(104) (105)

(L = PEt_; M = Zn, Co, Ni)

acidity of X increases the c—donor power of CN will correspondingly
decrease. Thus as the ¢ bond strength of CN decreases there will

be an increase in the Pt 6s character of the Pt-H bond. From the

value of lJ(Pt—H) the acid strength decreases in the order:

alcl, > BAr, > BR, % CoCl, > PrHL) (106) > AlAr, > ZnCl, > B(OAT), >
A1R3 > Ale(OR). The Pt compound in this list (106) is prepared by
treazting PtHClLZ and trans—PtBCNLz with AgPF6 [267]1. Pentacoordi-
nate nickel hydrides, NiH(CN)L3 (L = PEtB) have bein prepared by
adding HCN to NiLa. A line shape analysis of the "H nmr spectrum

indicates the phosphine exchanges by a disssociative process [268].

AgPF, L L

PEHCIL, + PCHCNL, ——>> |H—Pt—C=N—Pt—H | PF,
L L
(L = PEE,) (106)

The compound HS(CHz)ZS(CH,)3SHe oxidatively adds to Pt(PPh3)3 to
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give PtH[S(CHZ)ZS(GH2)3SMe](PPh3) which has the terminal thiocether

group uncoordinated [269].
The first cis-dihydride platinum(II) compound has been re-
ported. This complex PtHz(BugPCHZC H4CH2PBu§) is obtained in very

high yield by reduction of PtCl,(Bu,PCH,C H,CH PBu;) with NaBH, in

276 472
ethanol. The monohydride PtHCl(Bu;PCH206H4CH2PBu;) is also report-—
ed. 1H, 31P nmr, and infrared data is given [270]. A similar

phosphine ligand has been prepared with the methylenes in a meta-
rather than an ortho-position. This ligand undergoes metallation
very readily, and Ni, Pd, and Pt hydrides have been prepared where
the phosphines span the trans positions [271]. When K, PtCl, is

2 4

treated with PPhZ(CGHAOH—g)(L) an intermediate PtClZL2 is formed,

which readily loses HCl to give cis—Pt(OCGHAPPhO)Z. With NaBH4

Phoy
R\ //H
Pt\\
C:o/ PPh, ¢ N\

HO

(107)

the hydride complex (107) is formed [272]. A group of hydrido-
platinum(II) complexes PtH(YCN)(PPh3)2 [y = (CHz)n(n=1—3);
-370H2C6H4:] have been prepared. Carbon disulfide inserts into the
hydride [273]. The effect on the 4 omr spectra of complexes
trans—PtH(NCS)(PBug)2 and trans—PtH(NCS)(AsBug)2 from using a wide

range of solvents has been investigated [274].

Platinum hydrides have been reacted with a variety of silanes
and germanes. The products are silyl- and germyl-platinum complexes
formed via unstable Pt(IV) intermediates. The interesting compound
trans—PtH(SH) (PEt )2 is obtained from trans—PtHCl(PEt3)2 and
SiH3(SH) [275]. H nmr data for this compound is given. In the

+ SiClH

trans—PtHCl(PEt3)2 + SiH3(SHa-————»trans—PtH(SH)\PEt3)2 3

References p. 416
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foilowing paper the products arising from reacting PtHCl(PEt3)z with
silyl-amines and phosphines are published [276]. A very interesting

compound :rans,trans—{PH,[P:H(PE:3)7]2}+ is reported from

trans—PtHCl(PEt3)2 + PHZ(SiHB) —*»trans—PtH(Pﬁz)(PEt3)2 + SlC1H3
trans—PtH(PHv)(PEtB)2 + trans—PtHCl(PEtB);————e>

trans,trans—{PHZ[PtH(PEt3)Z]Z}Cl

PtHCl(PEt3)2 and PHZ(SiH3)- The palladium hydride PdH(N03)(PCy3)2
reazcts with L (pyridines, pz, im.) to give complexes
[PdH(L)(PC_v3)2]+ [2771. 1H nmr and infrared data is given. A
series of hydrides PtHX(PBz3)2 (Bz = benzyl) and [PtH(L)(PBz3}2]Y
(X = N03’ Cci, Br, I; L = NH3’ PPhB, AsPhB, SbPhB; Y = BPhé, Cth)
have been prepared by treating the complex trans—PtHZ(PBz3)2 with
HX, and then subsequently with L aand NaY [278]. These authors also
report similar analogus with PC_\'3 [279].

When Pt(CZHQ)z(PCyB) is reacted with HZ or R3MH the hydride
bridged compounds [PtH(u—H)(PCy3)]2 (108) and [PtMR3(u-H)(PCy3)]2
(109) are formed [280]. The structure of the triethylsilyl complex
shows a Pt—-Pt distance of 2.692(3) 3. A series of platinum hy-
drides trans-[PtHL(PPh3)2]Clo4 have been prepared where L is an
allylic amine [281]. The complexes can eliminate amine to give
w—allylic cationic Pt(II) compounds. Fluxionality for complexes
crans—PcH(ArNNNAr)(PPh3)2 is considered to occur via a pseudo
peénta—-coordinated intermediate having both nitrogen atoms o-facing
the metal through two lone pairs. The structural parameters for
the compound with Ar = p-tolyl are presented [282].. This crystal
have been prepared using hydrazine or borohydride as reducing agents
[2841. Calculations have been carried out on the molecule
PrHCY (PH )Z [285], and the compound [N,Nl—ethylenebis(salicylalde—

hyde)Pd]“” is discussed in terms of hydrogenase model [286].

XI. Metal carboranes.

In a2 comparison of the ligand field strengths of Nicp2 and
. 2-
§1(B9C2H11) the carborane ligand shows a weaker field. Four
parameter ligand field theory is used to assign the bands, and the

spin-orbit coupling constants and relativistic nephelauxetic para-

meters are estimated [287]. When the compound closo—3,3—(PPh3)2—
3,1,2—NiC789H11 is heated in benzene the hydrido compound closo-
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A\ -
R3J\\Pt/,H\\Pt/,PCy3
Cy 427 ~g~ \MR3

R,M = H (108); M = Si, R

3
M = Ge, R = Me (109)

is formed quantitatively [288].
and a resonance

3,8-—(PPh3)2—3—H—3,l,2—NiC239H10 N
The hydride is identified by v(Ni-H) at 1984 cm

at T 28.4 (JPH = 89.0; JPHI = 7.5 Hz). A crystal structure of
H6 (110), formed from Nicp, and Na/THF, shows the

nido—(cpNi)3CB5
polyhedron [289].

molecule to consist of a nine-vertex '"opened"
This communication has been followed up and complexes
Me) have been isolated in several isomeric

(cpN1)3CBSH5R (R = H,
ceystems with

forms. The compounds are formulated as mixed-valence
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substantial mixed-valence charge transfer [290]. Complexes
ML(PPh3)2 (L = o-carborane dianion) have been prepared by treating

MC1 (PPh (M = Pd, Pt) with Li, L [291]. Ligand displacement rea-

302 2
actlons have been used to convert Pd(Blo 12)(PPh3) into
[Pd(CN)Z(Blo 12)]"', [rdic, (CN) ](PPh ) ]‘_, and Pd(phen) (B,4H,,)-
This 1,l0-phenanthroline complex can be reduced with butyllithium

to [Pd(Bloﬂll)]z(phen) [292]. The crystal structures of closo-
carbaplatinaoctaboranes 6,8-dimethyl-1,1-bis(trimethylphosphine)
(111) and 1,l-bis(ctrimethylphosphine)-6,8-dicarba—-1-platinaocta—
borane (112) have been solved but not refined [293]. A series of

complexes PtH(o—-carb.)L2 (carb = 2-R-1,2—- or 7-R-1, 7-B

10%2%10

cary.

O c{13)
c{13%)
Bl2} B{2'}
cte k CI6"
Bl7*) Bl7)
(111)
with R = H, Me, Ph; L = PEt3, PPh3, PHePhZ, PMezPh) have been pre-

pared by treating the chloroplatinum(II) compound with the lithium
salt of the carborane [294]. Interestingly both the complexes with

the carborane cis or trans to hydride have been isolated.

XITI. Metal isocyanides.
Complexes trans—PdX{C(=NR)C(Rl)=NR}(PPh3)2 (X = C1l, I) are

formed by treating the compounds ClS—PdCl (CNR) (R = Ph, E—MeC6H4,
1

E—weoc ) with HgR (R™ = Me, Ph), followed by addition of PPh3
[295]. Spectroscoplc data is presented for this range of complexes.
1
R
2PPh Sc=nr

P4X,(CNR), + HgR;——>[PdX(CNR)CR (NR)]2~——~—§> (PPh,) de——c;:
: NR

Compounds [PdX(CNR)Z]n and {sz(CNR)G]Y2 (X = €1, Br; Y = Cc1, Br,

PFG; R = But, Me) are reported. Complexes of the former type are
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obtained by treating Pd(dibenzylideneacetone)3 with PdClZ(PhCN)2

and RNC. Addition of excess MeNC to [PdX(CNMe)Z]n gives
[PdZ(CNMe)G]XZ. This dimer is considered to have a Pd-Pd bond, and
to have orthogonal coordination planes about the palladium [295].

In a report on the chemistry of the cation [Mz(CNMe)6]Z+ it has been
found that triphenylphosphine substitutes in an axial position.

This pattern emerges for both the monosubstituted (113) and disub-

stituted product (114). The palladium complex is fluxional which

— ¢ T 2+ — 2+
a
2 g
C C C
b /| . / |
CH;3NC /M T PPh, [x ]2 PRyP Pd T PP, x7],
VA / :
N N a < N
] cHa CHy | i Chis CHy ]
(113) (114)

is considered to be a consequence of rotation about the Pd-Pd bond
succeeding the attainment of ﬁetrahedral geometry about palladium
[297]. 1In a study of the reaction of the isocyanide compound cis-
PdClZ(CN-B—C6H4Cl)(PPh3) withAN—methylaniline to give the carbene
derivative EingdClz{C(NH—B—C6H4C1)NMePh}(PPhB), it is concluded
that B-bond formation with the solvent shows the rate of reaction.
The nucleophilic attack of amine on the C=N carbon atom of the co-
ordinated isocyanide is favored by low steric requirements and a
high w-acceptor ability for L. Activation parameters are given

f{298)]. In a further paper on the chemistry of isocyanide complexes

Ct PPhy 5 CI PPhy
N, S N A4
Pd\ - + /N C) oo /Pd\ otk
Cl/ cu@x R i \cl:/ o
N
(¢-9] R/ \CGH‘Y

(X = MeO,Me.H,Cl,NO2; Y= MeO.Me.H,Cl; R= H,Me, Et)
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with HgMg“ and PPh the initial product will function as a chelate

2 3
ligand to a first row transition metal ion [299]. A more detailed
account has been given of the syntheses of [sz(CNMe)6][PF and

[PtZ(CNMe)G]XZ (X = PF

6]2
6° BFA) [300]. These compounds, which are
formally Pd(I) and Pt(I), show little tendency to disproportionate,
and the M-M bonds are quite resistant to homolytic cleavage. The
cleavage reactions of halogens do occur, however, and are shown in

the equations below:

2+ _ 2+

[sz(CNMe)ﬁ] + I, = [Pd(CNHe)A] + PdI,(CNMe),
2+ 2+ +

[sz(CNMe)6] + Brz—%>[Pd(CNMe)4] + [PdBr(CNHe)B] + PdBrz(CNHe)7
2+ . +

[Ptz(CNMe)G] + hz = Z[PtX(CNMe)3] (X = I, Br)

The molecular structure of [sz(CNMe)6](PF6)2.%Me2C0 shows a Pd-Pd

distance of 2.5310(9) A which is the shortest Pd-Pd distance record-
ed. The Pd-axial bonds to carbon are significantly longer than the

equatorial omes [301]. The compound [Pd(CNMe)AI(TCNQ)AZMeCN has

been synthesized and the structure solved. Semiconductor behavior
is found for the triclinic material, but there is no interaction
between the anions and cations [302]. The electronic structure of
[Pt(CNMe)4](PF6)2 shows 9 bands in the electronic spectrum.
Assignments are presented and a state diagram is shown [303]. The

complexes [Pt(CNR)A][PtC14] and [Pt(CNR)z(CNRl)O][PtCIA] have been
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synthesized with a range of R groups [304].

The crystal structure of Ni4(CNCMe3)4[u3(l)z)-—PhCECPh]3 shows
a slightly compressed nickel tetrahedron with a terminal isocyanide
bonded to each metal atom. The diphenylacetylene ligand is bonded
to one of the three trimetallic faces [305]. A structure of
PtHe[HB(pz)B](CNHEB) shows the isocyanide linearly coordinated at

a distance of 1.86(2) ; for Pt-C [306]. A series of isocyanide
nitroso complexes M(ArNO)(CNBut)2 [M = Ni; Ar = _p_—XC6H4 (X = NMez,
oMe, Me, H, Cl1, Br), 3,4—C12C6H3; M = Pd; Ar = E'C1C6H4] have been
reported. A good correlation exists between the N=C stretching
frequencies (Al and All modes) and the Hammett ¢ constant (Gp) of
the para substituent. Consistently a linear correlation is found
between At of the metal protons and the cis stretch-stretch inter-
action Av(N=C). The reaction of PhNO with CNBu®' to give Bu'NCO,
PhN=N(0)Ph, and PhN=C=NBut can be carried out catalytically [307].
Calculatidns are reported on molecules Ni(OZ)(CNH)2 [308] and

Ni(HC=CH) (CNH), [309].

XIIT. Catalytic reactions involving complexes.

In a comparative study of the hydrogenation of acetone to

isopropanol the complex PtClz(PPh is effective,

3)2
Pt(OCOCF3)2(P?h3)2 is less effective, and'isopropanol is not obtain-
ed with the compounds MClZ(PPh3)2 (M = Ni, Pd). Somewhat surpris-

ingly CF3COZH is the best solvent [310]. Butyraldehyde and ben-

References p. 416



404

zaldehyde are hydrogenated to the alkyl trifluorcacetates; cyclo-
hexanone is converted to the ether, and acetophenone and benzo-
phenone to the hydrocarbons. Treating [PdCl(’;3HS)]2 with PPh3,
and reducing with NaBH4 in air, gives an active catalyst for the
hydrogenation of hexene—1l, cyclohexene, benzaldehyde and nitro-
benzene [311]. Active catalysts for the hydrogenation of aromatic
compounds have been prepared from Ni(acac)2 and LiAlHk or NaBHa
[312]. The temperatures used for the catalytic work are in the
150-200% range, and the catalyst has been used to hydrogenate tol-—
uene, xylene, and naphthalene to saturation. An interesting report
considers the -stereochemical consequences in product distribution
for hydrogenation occurring on platinum by attack of chemisorbed

hydrogen on chemisorbed aromatic, or by gas—phase attack by hydrogen

frem bettomside,
1 maor recction
. (1}

AN ey

Cetalyst ssface

fromn topsica,
maor reaction

(116) (115)

on chemisorbed aromatic. The ratio of compounds (115):(116) is
10:1 indicating predominance of the Rideal mechanism of topside
attack [313]. A polymer-palladium complex, prepared from PdCl2
and styrene—divinylbenzene copolymer with iminodiacetic acid
groups, catalyzes the selective hydrogenation of conjugated dienes
to monoenes at 30°C under an atmosphere hydrogen pressure [314].
The stereochemistry of the Pd-catalyzed exchange of deuterium with
the allylic hydrogens in cholest-8(1l4)-en-38~0l shows only one
allylic methylene group participates. This is considered to be
in disagreement with previous mechanistic concepts. The isomeri-
zation of cholest-7-en-~38-0l is catalyzed by PdC12(PhCN)2 but not
by RhH(PPh4)4 [3157]. Complexes Pcclz(PPh3)2~X (X = Snclz, cec12,
SnCla, PbClZ, SiCla, SbCl3) catalyze the hydroformylation of ole-
fins to aldehydes. Conditions of temperature and pressure are
given for the conversion to linear straight-chain aldehyde with
high selectivity [316]. A mechanistic catalytic cycle is presented.
The complex NiClZ[(R)~(PhCH2)Me(Ph)P]2 is a good catalyst

precursor for the asymmetric hydrosilylation of 1,l1-disubstituted
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prochiral olefins with SiMeCl,H [317]. The highest optical yield

of 20.9% was obtained with l—iethylstyrene. The addition products
were obtained in much lower optical yields with chiral platinum(II)
complexes. The details of the synthesis and use of these chiral
platinum(II) complexes as asymmetric hydrosilylatiom catalysts is
described in an earlier article by these authors [318]. An inter-
esting disilane metathesis occurs between fluorinated disilanes
and 5-membered ring silanes (117) at 100° in the presence of

Pdclz(PPh3)2 as catalyst to give a mixed fluoro-cyclic silane (118)

[319]. The complex [PtClZ(PMeZPh)]2 is reported to catalyze the

Me 2
Me,Si F Me, Si
F_Me SiSiMe F_ + | —_— s " o
m 3-m 3-n n . .
Me, S F_Me Si
m 3-m
Mez
(117) (118)

hydrosilylation of ketones PhCOR with SiMeCl,H [320]. PdClq,

P4d(PPh and Pd(OAc)2 have been anchored to diphenylphosphinated

P
styrene-divinylbenzene resins and the resulting materials used as
catalysts for the oligomerization of butadiene [321]. The product
distribution is unchanged from comparable homogeneous catalysts
using the same phosphine:palladium ratio. In view of the effective-
ness of Ni(0) to catalyze [27 + 2n] cycloaddition of strained-ring
olefins to cyclobutane derivatives, an attempt to isolate possible

intermediates is of interest. The complexes (119-121) have been

{bipyINi {bipyINi (bipy)Ni

(119) (120) (121)

isolated as air-sensitive dark green crystals by treating Ni(l,5-
COD) (bipy) with 1,l-dimethylcyclopropene, methylenecyclopropane,
and norbornadiene respectively [322]. The complex NiClz(dpp) is

useful for the coupling reaction of B-bromovinyl ethers with
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Grignard reagents to form the corresponding alkylated and arylated

vinyl ethers in high yield [323].

NiClZ(dpp)
BrCH=CHOEt + RMgBr RCH=CHOEt

Reduction of PdClZ(PPh with NaOPr in the presence of cis-

)
372
and/or trans-CH2=CHCH=CHMe, or isoprene, gives complexes Pd(diene)
(PPh3),. These compounds catalyze the dimerization of dienes to
give conjugated linear dimers in high yield with negligible con-
comitant trimerization [324]. The complexes Ni(PPh3)4,
Nl[P(OEC)3]4, NlClZ(PPh3)2, or NlCl(PPh3)3 and BF3.Et20 catalyze
propene dimerization. The addition of acids enhances catalytic
activity [325]. The complex [Pt(MeCN)A](BFA)Z, prepared from
PcClZ(MeCN)Z and AgBF4

catalyst for the dimerization of branched olefinic monomers at room

in acetonitrile solution, can be used as a

temperature in nitromethane as solvent [3261]. The oligomerization
of propene has been effected by catalysts formed by reacting
Ni(C3H5)2 with the hydroxide groups of silica gel, and complexation
with the different Lewis acids TiC14, A1C13, AlBr3 and RnA1Cl3—n
(R = Me, Et; n =1, 1.5, 2, 3) [327]. The temperature and pre-—
ferred Lewis acid has been optimized. In a similar manner a com-
plex has been formed from nickel(II) chloride and ethylaluminum
dichloride which can be used as a catalyst for butadiene
polymerization [328].

Skeletal isomerization of cis-9,l10-dicarbomethoxypentacyclo-

[4.4.0-021503’804’7

lJdecane with Ni{0) complexes gives exo—~ and
and only a small amount of c¢is-9,10,dicarbomethoxypentacyclo-—
[4.4.0.021403’§05’7]decane. Using Ni(1,5-COD), or Ni(acryloni-—
trile)7 alone is ineffective for the transform;tion, but the use
of add;cional electron-deficient olefins or PPh3 casues the trans-—
formation to proceed smoothly [329]. A molecular orbital approach
to the mechanistics is discussed. Nickel complexes such as
Ni(PPh3)4 have been used for stereoselective alkenyl-aryl coupling
between trans—alkenylalanes and aryl bromides or iodides [330].

In a stereochemical study of the reaction of C0 with cis- and
trans—2—-butene it has been concluded that the exclusive pathway
involves stereospecific methoxypalladation [3311]. In the subse-
quent paper, the synthetic utility of this reaction has been

explored [332].
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path a | +
Z]
yA yA
Z
M
Z l path b
Z
Z
Z
Z = COOCH;

Aryl, benzyl, vinyl, and heterocyclic halides RX, can be con-

verted to the acids RCOZH by adding the RX along with a small amount
to a mixture of PdC17(PPh3)9, NaOH, and BuZNI under a CO

Benzaldehyde has been obtained in good yield by

of PPh3

atmosphere [333}].

RX + CO + 2Na0H————>—RCO7xa + NaX + H,O0

the formylation of PhI with CO and H, in the presence of PdClzl

pyridine as catalyst [334]. Kinetic data is presented which is

interpreted in favor of a mechanism involving formyl- and benzoyl-

palladium(II) intermediates. These authors have also made a kinetic

study of the formation of methyl cyclohexanecarboxylate by the car-

bonylation of cyclohexene in methanol using a PdCl,)/PPh3 catalyst
[335]. The rate is first-order in cyclohexene and is not affected

by changing the mole ratio of PdClZ:PPh3 from 3 to 8. A mixture of

Pd(0Ac), and acetic acid in benzene is an effective catalyst for

the additiond of benzene to PhCH=CR(COPh). The reaction formally

4

CgHg—AcOH
= —_—— =
PhCH=CR(COPh) Pd (0Ac) , PhZCHCHR(COPh) + Ph,C CR(COPh)
(R = COPh, NOZ, COZEt)
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involves addition of benzene across a C=C double bond [336].
Ethyl 3-phenylpropiolate can be prepared by the carbonylation
of styrene with CO0 and ethanol, using complexes
Pd[PhZP(CHZ)nPPhZ] (n = 3, 4, 5) as catalysts [337].

Nickel (0) complexes promote cleavage of C-0 bonds in phenyl
carboxylates and alkenyl acetates to give nickel carbenyls and
nickel phenoxide. A mixture of Ni(l,S—COD)2 and a phosphine is
quite effective [338]. Asymmetric induction in the hydrocarboxyla-
tion of olefin§ has been studied using a (-)-4,5-bis(diphenylphos—

phinomethyl)-2,2-dimethyl-1,3-dioxolane/PdCl, catalyst [339]. The

2

catalytic addition of CO to butadiene in the presence of phosphine

2
palladium complexes gives, in addition to butadiene cligomers,

a small amount of 2-ethylidenehept-5-ene-4-olide (122) [340].

Formic acid has been catalytically synthesized from CO2 and H,
using complexes Pd(dpe)z, Pd(PPh3)4, and Ni(dpe)2 as catalysts in
the presence of an amine. Catalytic quantities of water increase
the yield of formic acid considerably [341l].

An aqueous solution of palladium salts will oxidize benzene-—
l,4—diol to benzoquinone. The first stage of the reaction involves
the conjugate base of a Pd(II) aquo ion and leads to formation of
an isolable palladium{(0)-benzoquinone intermediate. This inter-
mediate slowly decomposes in the second stage. Chloride ion in-
hibits the reaction [34]. In the oxidation of olefins by
Nadez(OAc)6 in acetic acid the rate of oxidation of 3,3~-dimethyl=-
i-butene is slower than ethylene [343]. The rate is decreased upon
increasing the olefin concentration. Rate and equilibrium con-
stants have been measured, and an important feature of the mechan-
ism is the requirement of a vacant coordination site on P4d(II),
before Pd(II) hydride elimination can occur from the acetoxypal-
ladation intermediate. A palladium catalyzed oxidation of e-allyl
and a-3-butenyl ketones has been used to prepare 1,4~ and
1,5-diketones [344].

XIV. Complexes and reactions of general interest

In addition to the work on hydrides described earlier, the
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- - - *+, =
du Pont group have measured free energies of activationm (AGT) for

the equilibrium:

u[p(osc)3]§+ M[P(OEt)3]Z+ + P(OES)

(M = Ni, Pd, Pt)

The planar association-trigonal bipyramidal reaction coordinate
appears to involve tetragonal pyramidal intermediates or transition
states, implying that the axial ligands in the trigonal bipyrimid
do not remain collinear with the metal throughout the reaction
[345]. The method of probing the system is by use of P nmr
spectroscopy. Calculations have been carried out on the molecule
Ni(PF3)4 [346], and electron diffraction work on Pt(PF3)A concludgs
the structure to be tetrahedral with a Pt-P distance of 2.229(5) A
[347]. The PF3 groups freely rotate. An X-ray structure of
Pd(PPh3)4.0.506H6 shows aotetrahedral geometry with 4 equal Pd-P
bonds of length 2.443(5) A [348]. The platinum complexes
Pt(PPh3)2(PC6F5)2 and Pt(PPh3)2(AsC6FS)2 have been prepared from
Pt(PPh3)3 with (PC6F5)4 and (AsC6F5)4 respectively [349]. A crystal

structure of the phosphorus derivative shows a distorted square

Pt(PPh3)3 + (EC6FS)_,.-————3>Pt(PPh3)2(EC6F5)2

References p. 416
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PtP, planes of 20.4° [349]. Treating PPh3 with Ni(l,S—COD)2 in a

ratio of 3:1, followed by addition of PhCN, gives Ni(PhCN)(PPh3)3
(123). The structure of (123) shows a pseudo-tetrahedral geometry

Ni(l,S—COD)7 + PPh., + PhCN ———a—Ni(PhCN)(PPh3)3

3

(123)

about Ni. The PhCN is coordimated through N. For PPh3, three

P~-C bonds take up nearly eclipsed conformations while the other
six are in nearly staggered positions [350]. Linear complexes
PdLZ (L = PBug, PPhBug (124), PCy3) have been prepared from

Pdcp(CBHS), and analogous compounds PtL, (L = PBu® PPhBut (125),

2 3 2
PCy., PPrl) from trans-PtCl,L, and Pt(l1,5-C0OD).. Crystal structures
3 3 —_— 272 2

for (124) and (125) show a slightly bent linear coordination

o
176.6(1)° (124), 177.0(1)° (125). The M-P distances are 2.285(2)A
(124) and 2.252(1)A (125), and there is no indication for the
formation of ML3 with PPhBug [351]. The isolation and characteriza-

tion of a series of triarylstibine complexes of Ni(0), Pd(0) and
Pr(0) is reported [352]. An X-ray structure of Pt(triph05)3

(triphos = MeC(CHZPPh7)3) shows the molecule to be electron precise

because one phosphorus containing arm of each triphos is bent away
from platinum and is not coordinated [353]. Sulfur dioxide and
carbon disulfide adducts of Ni[l,l,l-tris(diphenylphosphinomethyl)-
ethane] have been prepared, and an X-ray structure of the SO2 com—
pound (126) shows the mo}ecule bonded through sulfur with a Ni-S

bond length of 2.013(3) A [354]. A structure of a further SO2
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(124)

18869 '77 °¢"w cin) ‘@C{M)
Ql
N c(3)

A e
Ae
~,
,
.

(125)

adduct, Pt(SO (I’Ph3)2 (127) shows a severely distorted tetrahe-

)
dral oeome:rvzazout platinum with P-Pt-P and S-Pt-S angles of
158.58(6)° and 106.33(8)° respectively [355]. 1In a further paper
these workers have published the structure of Pt(SO ) (PPh, )1.0 7SO
(128) which again shows the S-bonded sulfur dioxide molecule [356].

T =1
i aai

i
n

e

imetric study of Ni(l,5-COD), with PR, and Bu'NC,
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the extent of reaction and mean Ni-P bond strength decreases with

increasicg ligand size. This data is tabulated with the cone

angle values of the ligands in order to estimate steric strain
energies in NiL4 complexes [357].

Two articles have appeared on
the oxidative addition to Pd(0) complexes [358,359]. From work
with optically active benzyl chloride it has been concluded that
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the addition proceeds with inversion at carbon. In the second
paper the course of reaction leading to organic products is deter-—
mined by the stability of the alkylpalladium intermediate. In-
stability can lead to B-elimination or to a free radical
decomposition leading to coupling products.

In a re-investigation of the reaction of N-sulfinylanilines
with Pt(PPh3)202 and IrCl(CO)(PPh3)2, the former compound yields
PE(SOA)(PPh3)2 as the only isolable producct. These authors do,
however, report 1l:1 adduct formation (122) between p-substituted

N-sulfinylanilines and Pt(PPh3)2 [360]. The first stage of the
@
L N
Pt(C H,)L, + X NSO ——» \\Pt’/l + CLH
274772 L= g 274

§§O
(129)

(L = PPh3; X = H, Me, NOZ)
reaction between organomercurials and complexes of Pt(0) yield
organoplatinum mercury compounds. These compounds have been found
to be quite stable when perfluorinated groups, or steric hindrance
in the vicinity of the metal-metal bond, is present [361]. The
species Pt:(PPh3)2 and Pd(PPh3)2 will insert into the Hg-Ge or
Hg—-Sn bond in the compounds (C6F5)3M—Hg—R (M = Ge, Sn; R = Et,
Ge(C6F5)3, Sn(06F5)3 to give the tetrametallic chain compounds (130)
[3627. Complexes cis- or trans—[PtX(R—N=S=N—R)L2](C104) (X = C1;

1 1 1 1
(C6F5)3M -Hg—M (C6P5)3 + M(PPh3?ﬁ—q’{C6F5)3M —Hg—M(PPh3)2—M (C6F5)3

(130)

(M = Pe, M' = Ge; M = Pd, M} = Ge; M = Pt, M’ = Sn)

= - = t = - = - =
L = Et, ,Ph, PMe,Ph; R = Me, Bu'. X = Me; L PMe,Ph; R

Me) have been prepared. The intramolecular and intermolecular con-

S, AsMe

versions between isomers in solution is reported [363]. Complexes
Pt2014(olefin)z react with alkyl- and aryl-silanes with cleavage of
the silicon—-carbon bond [364].
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. - + a .
PL2C14(C2H4)2 + ZHe351R——>Pt2C12(C2H4)ZRZ + gMe3SLR

2Me SlR + H O—%>Ie381 0-Si 1e3 + 2HC1

PtZClz(C2H4)2R + 2HC1-——-—PEZC14(C2H4)2 + 2RH

2

Among a set of data on 13C nmnr of transition metal carbonyls
is reported trthe spectra of [cpN (CO)]Z. Chemical shift data for
terminal and bridging carbonyls over a range of temperatures is
reported [363]. Chiral (aminoalkylferrocenyl) phosphines have been
used as ligands for nickel complexes which will catalyze asymmetri-—

cal Grignard cross—coupling te form an optically active hydrocarbon

PhieCHMgCl + CH,=CHBr _ N8 ppyechicn- cH,

[366]. The first exazmple o0of a monodentate mode of bonding for the

1,3-diphenyltriazenido ligand is found in the complex cis-Pt(PhNNNPh)

(PPh3)9 (131) [3671. An interesting compound Ni(toluene) has been
PPh3 PPh3
sae
Vi

/ \,,/
Ph/'“' ‘ \Ph \’

(131)

prepared from nickel atoms and toluene. The complex is considered
to be a m—complex and can be used to prepare Ni[P(OEt)3]4 [368].
The controlled hydrolysis of Sig-PdCIZ(PhZPCECCF3)2 leads to the
complex PdCl[PhZPCHC(CF3)O][PhZP(OEt)] (132), which has been veri-
fied by an X-ray structure {369]. A series of tricyanomethanide
complexes Pd[NCC(CN)z]L2 (L = PPh3, AsPh3; L2 = dpe)

have been prepared from Ag[C(CN)3] [370]. Hhen'PtClz(PhCN)z is
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t
3C.CHzPBu2

formed. A crystal structure shows that o-metallation on the neo-

reacted with Me the compound [PtCl(PBu;CHZCNEZCHz)]2 is
pentyl group has occurred [371]. Transition metal complexes of
bis(trifluoromethyl)nitroxide, including one of Pt{(II), have been
prepared from Pt(0) and Pt(II) precursors [372]. A nickel(I) (dg)
intermediate hag been identified by epr on irradiation of

NiCl(NO) (dpe) wiPh 02. The final product is NiCl(NUZ)(dpe) [373].
A kinetic study on the addition of ketones to the compound
Ptﬂz(PPh3)2 to yield cyclic ozonide products (133) has been inter-—

preted in favor of a dual mechanism. The faster pathway is one

OH
N
Ph, Ph, J—CF,
cL_ _P—C==Cc—CF, H,0 Cl__P—CH
Pd _ - /Pd
c1— “‘P-—Czsc——cpg cl “‘P——CEEC——CFS
Ph, Ph,
-HC1
CF3‘C__ P CF3“C==C’/H
o “PPh o NpPh
‘Mpd/ 2 EtOH “"'\Pd/ 2
c1~~ TSPOE: =CF3C=CH oy~ ““P~—C==C——CF3
Ph, Ph,
(132)

which is first order in each reactant, and is considered to involve

coordination of the ketone prior to insertion. The slower path is

Pt(Czﬂa)(PPhB)2 =+ (CFB)ZNO' -——a-Pt[DN(CFB)ZIZ(PPh3)2

PtCl, (AsPh,), + [(CF,),NO],Hg —= Pt[ON(CF,),1,(PPhy), + HgCl,

[PtX(CU)Lz]BF + [(CF )?NOINa ~—= PeX[COON(CF

4 3 3221,

(L = PPhg, AsPh3y; X = C1 . L = PPhy; X = Br)

less well understood, but is independent of ketone in the transi-
tion state [374]. The compound Pt(NO,),(PPh3)2 has been prepared

from Pt(PPh3)4 and NOBFﬁ [375]. A complex Pt(SiPh,)3SiPh with

27
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Ph, P ) Ph_P 0—o0
3 >pe | + R,c=0 — 3 \P< /C<R
Ph,p O Ph3P/ o R
(133)

platinum incorporated into a silicon ring, has been prepared from
p . ° —
_t(czﬂh)(PPh3)2 and 51aﬂzph8 {376]. The crystal structure and ab
solute configuration of the complex (+)—trans—PtCl[SiMe(l-ClOH7)Ph]
(PMeZPh)Z shows the (S) absolute configuration which corresponds to

that of its precursor (R)(+)—Me(l—CloH7)PhSiH [377)1. The crystal

structure of ?cCl[Si(OCHZCH2)3N](PMeZPh)2 shows a Pt—-Si bond length
k-] -

of 2.292 A [378]. The reaction of Ni(CZHA)Z(PPr;) with BF3 act -78°

gives a compound Ni(BFB)B(PPr;), which on warming to room

temperature gives Ni(BF3)(PPr;) [379].
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