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i Stmcturai stuthes h*ave teen carried 0111 on s‘evemi mganopi*annum compo‘unﬁs The
- - previously: reported complex, (PEt3)a(OH)PtGePh3, has been-reformulated as L‘IS-(PEt3)2
: (o-}"h}?t {Geﬂ'zz {OH)} as a resuit of an X'ray crystaﬁographw szzzdy . The complex
fC=H5PtC13] « Which results from the interaction of cyclopropane and H,PtCle reacts
witlr pyvidine to give the derivative {3 P Th witicly, ir e crystaliine state, is
 suitable for X-ray-analysis structure (1)*2. Among the reactions of thxs complex are the
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conversion of this compound to [Et(Py)CH] PyPtCl, by heating in benzene and to
[Et(Py)CH] PyPtCl,-CHCI; by refluxing in chlorocarbon solvents. (2a, 2b are the two forms
of the former complex found in the unit cell and 3 is the structure of the latter complex).
The mean metal—ligand distances for these complexes have been found to be independent
of the formal oxidation state?®. The tetrameric complex, (Et3PtCl), (4) is structurally
similar to its methyl-platinum analog®. The CHj’s of the ethyl groups are held rigid by the
steric repuisions within the molecufe®. (n-C;H,jPtMe; has been found fo have a “piano

stooi” stereochemlstry with mean bond lengths: Pt—C(Me) 2.114; Pt—C(zr-C.sHs), 2324,
and C—C, 1.43 A% R

. Morrow and Beauchamp have asSIgned the stretchmg vibrations of the Me group in
cis{PPhs);PiMe; as », 2934 em ', v 2878 o}, and overtane from €, deformatmn 2806
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“emt by apphcatlon of the Average Rule for the 1sotop1cally subsntuted specxes Me = CH3, -

CH,D, CHD;, and CD, * . Three intense absorptxons in the electronic spectra of trans- '
{L, M(C=CR), ] have been observed where M = Ni or Pt in the range 220-360.nm. (The
M = P4 system has unresolved bands at low wavelength). The bathochromic shifts of the
Jowest eriergy trand i irorease i tre serres: R =1 < CH; < CHF < CH=CH <HC=C < .
Ph < CH,C=C fax trans- [(PELL,NiI(C=CRI:R=H < CH; < HC=C < Ci,=CH <"
CH;3C=C < Ph < PhC=C for trans-[(PEt;3),P{C=CR),];and R=H < CH; < CH,=CH<
Ph for trans-[{PMe; )» PH{C=CR), } . The linear correlaiion of the position of the band with
the ionization potential of the free alkyne has led Masai ez al. to assign this band 10 the
“rartstero bretwsen Yne Thotecnta: -orbitels invelsad in A, metal—alkyoyl baod Op the
Hasis of the dathaciiromic stifts and the mfrared spectrat data for the complexes
(PEta)zM(C-:-CR)Q which show a linear correlation between the square of the M—C stretch-
ing freguency and Taft’s.nnlar constants for R, the anthors propose the existence of an
extended w-interaction between tae two alkyayl groups through the metal®7.

The similarity of the mass spectra of ¢is- and trans-PtL,;Xa., (L = NH;, Py; X=Ci, Br, I}
has prompted the suggestion that excitation of the compliex to a tetrahedral state may. oc-
cur on electron impact®. In other camplexes (L = PPha) the spectra for cis- and rrans-
isomers differ significantly and are different than those of chelated complexes (L, = Bipy,
or di-e-pyridylmethane, X = CI)8.

PPh, PPhy
/Pt\
CH,COEt CHCDEt

(5}

The deuterium decoupled *H NMR spectrum of (5) compared to a calculated spectrum
and assigned a “cis” configuratior.. The parameters for the spectrum were derived by com-
parison of theoretically calculated spectra and the cbserved spectrum of the methylene
protons®. For cis-[PtMe, (EMe, Ph), }{E = P,As) J(*¥ Pt—"2C) and J(**°P1—! H) values of
594 and 67.1 Hz (E = P, and 685 and 72.2 Hz {(E = As) respectively are chserved!?. These
results reflect a lower platmum—methyl bond strength in the E=P compound as is also
suggested by the lower »(M—C) stretching frequency for this complex!?

Polarograms of the species (H,0)3PtMe3*, obtained from Me;Ptl + AgSO4, display four
well-separated waves at such negative'potentials as to indicate extreme robustness of the
complex ion. Supporting evidence for the formulation of a tris-aquated complex ion has
been derived from the NMR spectrum** '

A popular preparative route to metal—-o—carbon complexes is the oxidative addition

reaction

M(PR;),, + RX > RMX(PR;),

The order of thermal stability for a series of complexes (PPh3);Ni(aryl)(X) made by
References p. 274 ' ‘
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thls approach was. found to be 0- tolyl > p—chlorophenyl > phenyl > p—tolyl p-m'ethoXy-
: phenyl >m- tolyll 2.The order of reactmty of organic halides with Pd(PPh;)s was found

s to be PhI > PhBr> PhCI; the PhCl being unreactive at +135°. Electron-withdrawing sub- :

- :stltuents on R enhance react1v1ty p-NOzC5H4Cl >p-CNCgH,Cl > p—P‘lCOCGH4Cl > PhCl
It has-been suggested that this reaction may be regarded as another example of aromatic-
' nucleophlhc substitution in which bond breaking is rate determmmg13 Pt(PEt3), func-.
tlons asan unusually strong nucleophile for this reaction undergoing oxidative addition =
- with benzomtnle, PhCl, allyl chloride and hydrogen to give tmns—(PEt;,)Pt(CN)Ph, trans- -
- (PEt3), PtCI(Ph), (rr-allyD)Pt(PEt;),* and H,Pt(PEt;), respectively'?. The oxidative addi-
- tion of cis-1,2-dichloroethylene to Pt(PMePh,),; occurs-in the presence of ethoxide ions in
' refluxing ethanol to give the acetylide (PMePh,); PtCI(C=CH). It is suggested that strong
bases such as the ethoxide ion serve to promote formation of chloroacetylene which then
reacts with the Pt° -complex. trans-1,2-Dibromoethylene adds to give the expected pro-
duct, frans(PMePh,),Pt(CH=CBrH)Br, which readily eliminates acetylene to give the di-
- bromide. The analogous chlorovinyl complexes will add chlorine to give new platinum(IV)
species (6)'°. trans{PPh3), PtX(alkenyl) complexes can also be obtained either by the

X\ Cl X\ /Cl
PhMeP c=c phmMer S c=c
\P / Ny c, 2! \ ' / ~v
/ t\ _— - /F‘t
ci PMePh, o (l:'l PMePh,
(X.Y=H,Ct) ~
6)

reaction of (PPh3),Pt and vinylbromide or by the oxidative addition of HX to (PPhj3),(acet-
ylene,2t®, (where X = Ci, O,CCF3). Similarly, 8-bromostyrene will form trans-{(PMe, Ph),-
MBr{CH=CHPh) from the hydrazine reduction of cis-{MCl, (PMe, Ph), |

(M =Pq, Pr). 'H NMR studies have shown that in alkenyl complexes prepared by protonation
of acetylene complexes, the metal and proton are cis on the multiple bond with protona-
tion according te Markownikoff’s rule. With 2-propynylic halides the product is trans-
[(PPh3), PtCI(CH=C=CR'R?)] *¢. Carbon—carbon bond cleavage occurs on oxidative addi-
tion of MeC(CN)3 to Pt(PPhs), to give (PPh3), Pi(CIN)[C(CN),Me]*”. Observation of
changes in the infrared spectrum of some dicyanoacetylene compounds after several

years storage led to the discovery of their photochemical 1somenzatlon to acetylide as
verified by X-ray structural analy51s on (7)'8.

) /CN -
- : PhaP CcN
Ph3P < ] 3 \232
,\Pt’/ l hv \ /2 o2
> : a5
. N 233
Phap/ - C i - PhyP \ —cCN

: . N\ b

JeNC N ¢ )
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A complex (Dias)PtMe,; contammg a chelating arsine hgand undergoes ox1dat1ve addl-
non with methyl, acyl, or allyl halides to give (Dlas)PtMez(R)X as readﬂy as the corre-
spondmg complexes containing monodentate arsines!®. Spectral studies have indicated the
addition is trans for acetyl and benzoyl halides and cis for allyl and 2-methylallyl halides..
Further, this type of reaction has been shown to be stereospecific by the spectral analysis
of the products of the addition to (rac-Dias)PtMe, and (meso-Dias)EtMe, 2°. The complex
trans(P-i-Pr;),Ni(Me)Cl obtained from the corresponding dichloride and MelLi is stable in-
definitely at —6° under an inert atmosphere?' and can undergo metathetical displacement
to give the complexes rrans-(P-i-Pry), NiMeX (X = Br, !). These complexes react with PPh,
to give NiX(PPh3); (X = Cl, Br, I). The complex NiMel(P-i-Pr;), reacts with methyl iodide
to give lustrous red crystals of stoichiometry, [P-i-PrzMe] ™ [Ni(P-i-Pr3)I3] . The complex
_ (diphos)NiCl, and MeLi yield a dimethy! derivative which reacts with phenol to give a
stable phenoxy complex (diphos)Ni(Me)OPh?'. ,

PEL PEt
Br 3 3

/PEt:, Ni
n /N‘_‘C‘ +2nti —=(3) @: @ + nLiCl +nLiBr
PEt, /N'
PEty PEt;
(8a) (8b) PEt3
or j@ o =
PEt3

(8c)

A stoichiometric reaction of lithiun: metal with (8a) results in abstraction of the o-Br
to give bright yellow crystals. This product has been assigned the formula, [C¢HsNi(PEt3),] 2,
on the basis of NMR and reactions with I, and Cl,C=CCl,. Molecular weight studies in
n-butane have been interpreted in terms of the equilibrium (8b) = (8c) shown??2. Reactions
of the lithium and Grignard reagents of CH; SiMe; (= R) have led Wilkinson and coworkers
to a variety of complexes®*: Pt;R¢(SMe,); was obtained from cis-PtCl;(SMe, ); ; cis-L, MR,
from cis-L,MCl; (where M = Pt, L = PPhs, PMe, Ph, AsPh; or L, = COD; M =Pd, L = PEt3);
and trans-(PEt3),PtHR from trans{PEt3), PtHCL. In all cases the trimethysilylmethyl
ligand gave more stable complexes than the corresponding alkyl and appeared to have a
trans influence equivalent to cyanide on the basis of the low metal—hydride stretching
frequency (»(Pt—H) 1955 cm™!) and the low coupling constant (J(1?5Pt—'H) 705 Hz at
7 16.8 ppm) in the hydride complex®>. The complexes trans-L,Pd(R)X (L = SeEt,, TeEt;;
R = aryl, and X = halogen) have been prepared from their corresponding dichloride and
the appropriate Grignard reagent. The complexes with R = p-chloro or p-fluorophenyl
were unusually stable with stability i increasing in the order Cl < Br <I,ané SEt; < SeEt,
<TeEt3* For the analogous piatinum system stable complexes wete formed for L= TeEt,

References p. 274 -
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o 'cnly The only dlsubstltuted compound prepared was trans-(TeEtz)z Pt(o-tolyl)g 2 A senesv ’
" of platinum(IV) complexes (PtX;Me,),,, X = Cl; Brand I, have been- prepared®®:To gen- -

" erate (PtBrzMez),,, [IPtMe3} 4 was refluxed i in liquid. brormne with HBr for8h. A product B

U= ;ana.yzmg as, PtMe;I- PtIzMez, is obtamed from the reactxon of K;PtCl, wuh MeMgI This ~
‘ complex undergoes reactlon With En to give a m:xture of [(PtMegEn)zEn] I, and

-~ Ptl;Me,(En). The latter complex ylelds (PtIzMez),, on treatment with HI or HCIO,. “The
. ’(PtCleez)n may be obtamed from the bromlde (PtBrzMez),, by the: followmg reactlon

"sequence -
(PthzMez)n + PY - PtBl’zMez(PY)z
HCCI
PtBrzMez(Py)z + Cl, —2> (PyH),(PtClsMe;)
. H,O
(PY H)thCIa.Mez —l;y—" PtClsMe,(Py),
PtCl,Me,Py, + HCIO, — (PtClyMes),,

The complexes (PtX;Me,),, are presumably polymeric as evidenced by their insolubility
and the presence of both terminal and bridging »(Pt—X) stretches in the infrared?.

- A o-carbon bonded palladium g-diketonate complex {Pd(Acac),L] has been obtained
from addition of L = PPhs, Py, or NHEt, to Pd(Acac), 27, Pd(Acac), L contains one o-car-
bon bonded Acac ligand.

Halpem and Boyd have studied the equilibrium

' k
PtCI(PPh3).(CO)* + ROH —= PtCI(PPh3),(COOR) + H*
7N kot (B)

‘spectrophotometrically at 300 nm using a variety of alcdhols”. The system follows the
rate law: o

d[PtCI(PPh3),(COOR)] /dz = k, [A] [ROH] — k_, [B] [H"]

with k; being dependent on ROH over the range (MeOH) k; = 11.1 M™! s7* to (2-
propanol} k; = 0.68 M s™!. The reverse reaction was relatively insensitive to the nature
of R28, The cations  [PtX(CO)L,]* have been prepared from NaX and [Pt,Cl,L4]2* in
the presence of CO*°. [PtX(CO)L,]* reacts with- H,O to give trans-PtHXL,; and with

- ROH to give mms—PtX(COOR)L2 (X = NOs, CFs, SCN; L = PPh;)?°. Reactlon of :

V'M(NCO)z(Ph3P)2 (M = Pd, Pt) with CO and ROH gives the complexes
(Ph3P);M(NCOXCO,R). [(Ph3P)2PtX2Pt(PPh3)2] 2+, (X = azide or isocyanate), reacts

- with CO in CH;Cl, to give the cation [(Ph;;P)thCO(NCO)] wmch in turn can be

) treated w1th CO and ROH to give' [(Ph3P)2PtCO(COOR)] *. The reactions of thls latter

, Valkoxycarbonyl .catlom., complex m_cludey displacement of CO by Ph3P; conversion of
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COOR to COOR . by addition of excess R’ OH and reactlon w;th azide ion to glve v
(Ph3P)2Pt(NCO)(C02R)3° The carbonylation of the complexes (Ph3P),PtN:X (X = N3,
' NCO, NHSO,CsH;Me) in ROH solution also yields (Ph3P), Pt(NCOXCO, R)3!.-Forma-
tion of the alkoxy carbonyl groups is. thought to occur via nucleopmhc atrack by ROH
on a coordinated CO group29 31
Acyl complexes, trans—PdX(COR)(PPha)z, (X Cl, I R = Me, allyl vmyl) may be ob-
“tained from the oxidative addition of RX to Pd(CO)(PPhs); *?. In the case of methyl
iodide, cis- and trans-Pd(Me)(I)(PPh3), are formed as side products®2. The acyl complex
(10) has been obtained from (9) by a slow reaction with CO under mild conditions®3.
The intermedi ‘e shown is proposed on the basis of the time dependent infrared spec-
trum of the reaction mixture. The organic product (11) obtained from carbonylation
of the palladium analogue of (9) (X = CI) lends credibility to the proposed structures®3

X pt—"" — O o ( j[ Pt
MeO \

PPhy

0

PPh3

(9)

co X
MeO % /
Me Pt
~
g | & een,
S ) MeC a

(1) (10)

II
: o]
(X =Ct, Me,Ph)
1co

From infrared kinetic studies on the reaction Pt(CO)CI(C,Hs)AsPh; + AsPh; —
Pt(COC,;H;5)CI(AsPh3), Mawby and Glyde have proposed a two step mechanism in
which the major rate-determining step involves the combination of ethyl and carbonyl
10 give a propionyl ligand without assistance from solvent or nucleophile34

Beck et al. have undertaken a study of the oxidative addition reactions of stable or-
ganic radicals such as (12a) to (PPh3)4Pt° to give products such as (12b)3®.

NO, NGy
P N Pr__ TP"!!
- —2F
Pt(PPha), + N—R NO, L N—Pt O NO,
o CeH ~ |
Fn PPN,
NO, NO, .
(12a) (12b)

Insertion of platinum into R substituted cyclopropane rings RC3;H; was effected by
the displacement of C,H, from (C,H4PtCl,), with the order of reactivity being R =
n-C¢H,3 > PhCH, > Ph, (no reaction being observed for R = CO, Me, COMe, CN)35. The
insertion is mto the 2,3-bond of the ring and occurs in hxgh yield. Only forR= Ph was a

References p. 274
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sert_lon mto the T 2-bond observed However f’ r\R p—tolyl the
r. nrnduct as ewdenced bv the structiire of th hm-nvnrhma addL 18

LML Tas LYIUGLIICLLE 1Y 2300 oISl VL. AT 222l aliliues

'1__: 4‘(13) In ali cases the structures were ass:gned on the’ basis of the NMR of the. bls-pyndme E o

denvatrves For trans-dlsubstltuted cyclopropanes the stereochermstry of the’ pyndme el

-~ derivatives is as in (14) while cis-disubstituted cyclopropanes led to isomerization re sactions.
::The dxffenng reaction’ pathways have been interpreted as indicative that the reaction is not

'solely determmed by differential coordmanon of the cyclopropane but by the energetlcs -

w7 of the subsequent Ting opexung36 L : BT

= mmor produ ‘t‘due to i

Hl"."’

- Attempts to isolate b_enzyne—platinijm complexes have led to several other platinum
‘compounds®”. The compound (15) resulted from the reaction of Pt(PPh;), in C¢Hg with
benzenediazdnium-Z—carboxylates. Extrusion of CO; could not be achieved photochem-
ically or thermally even where R, and R, were labilizing groups. Similar attempts to pre-
pare a,benzyhe derivative from (16) or (17) also failed but under some conditions did

“yield triphenylenes presumably formed via organoplatinum intermediates®”. Reaction of

: b'enzenediazonium-z-carboxylate with ( PhCz)(Cl3C2)Ni(PEt3)2 in refluxing CH,Cl, pro-
“duced (18a) and (18b)3%2. Neither of these products was ubtained in the presence of ex-

cess furan. The authors have suggested that benzyne does indeed form in the reaction
mixture and that the Ni—C bond adds across the multiple bond in benzyne to give (18a)>%2.

' (PR3):Ni(C=CR)H complexes have been isolated in low yield from Nl(Acac)2 + A]-l-Bu3

-+ RC=CH + PR; *b,

PPhy . PPhS :

T \
* O | CiO > @I
RN A~ N
“15)  ; IR as) - (7)
) v /ph . C/Ph
Z° 2

. . c o cZ

oL -0

TN eELY, - T Gl
L asay R )
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Symhesm of hererocychc mckel compounds has been t‘ﬁe topxc for a rev1ew thch in- - S

cludes organonickel complexes®®%. . . e :

_ Preparatlon of systems in which the organonetal complex contains a chelatmg llgand' L
“bound via 2 o-carbon and a Group VA donor have been: reported. Reacnon of Ni(Cp), '
“with (19a) has led to several complexes (19b). In’ ( 19b) with R; = Cl, R, =R;3 =H, Teac- .
 tion witha second Ni(Cp), molecule can take place 10 give a binuclear’ complex Related _

products obtained from (20), (21) and Ni(Cp), have also been reported3?:4%_ -

ortho-Palladation of p-xylenedizmine with Pdrl1Z" had led to two binuclear organo-

palladium derivatives in a ratio of 7/3 Whlch have been asmgned the structures (22) (23)

from spectroscopy and chemical reactlvnty '

{19b) Ry = Rpz Ry=H
Ry = H,Rp=H,R3=F
Ry = H, Ry=F, R3=H

OO @@

(20) 21
' Me Me
E{ /Et Et /E‘L \
N
N cL N . A \
N\~ N MeCH
Pd_ Po
\\ '/ \
/‘Pd\' Fd
cf N : N/ N
N\
Et CEt
(22) - I ' (23) V 24)

Some resolution: of optically active phosphines has been achieved by the stereospecific
coordination of phosphine to ar asymmetric palladium complex (24) ({a] 27 +53.4°,
(c 1.22, C¢Hg)) 2 A bridge cleavage reaction of (24) with a two fold excess of L= racemic
PPh(a-Np)(o-tolyl), and PPh(a-Np)(p-EtOCeH,) leaves unreacted phosphine which when
“ isolated from the reaction mixture shows some activity (le]%F = +2.39°(c 1:78, CH,Cl,)
and [e]]5 = —2. 57°(c 6. 80 CH,Cl,) resgectlvely) D1Splacement of the coordinated phos-

References p. 2 /4
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‘fr;'phme L w1th dlphos yrelds free L wn.h [a] 26 = 1. 1.04° (c 7 72, CHzClz) and [a] 26. — :
'+0 91° (c 6. 06 CH;CI;) respecuve[y“2 S N L
' Intemal metallatron reactions occur on prolonged rﬂﬂuxmc of solutxons of tmns-Pth I.Q' o
,wherc Lisa. bulky temary phosphme contammg t-Bu or o-folyl groups The tendency to: ,
metallate isX=ClI<Br<lIandis substanually increased by the presence of lithium salt“3 v
i The. preference for formation of ﬁve-membered chelate rings. can be seen m the metalla-- -
- tion reactions of trans-MX, [PPh(o- CsHiMe), ], which react in ‘the. opposite trend for '
_X(C1> Br> I)-and the same trend for M(Pt > Pd) as the previous complexes to give the
o products (25) in which a five-nembered chelate ring is formed despite the possibility of -

~ attack on ,the 'methyl group in the o-tolyl phosphite to give a six-membered ring?*. Similar
: » P(OC6H4Y)3 ' '

\/

. @( i /P (OCH 4Y )2
o] -

Y (25) X =CL,Br, I
=HoMepMe,m -Me

products have also been obtained for Ni, Pd, or Pt by reaction of the 2{diphenylphosphino)-
benzyl potassium salt with L,MCl, (L SEtz, PBu; for M Pt; L = SEt;, PEt; for M= Pd;
and L = PEt; for M = Ni)*5.

The ligands o- CHz CH(CH,),,CsH4PPh,, n = 0 1, form compiexes of the type (PtBr,
ligand) which give the insoluble PtV complexes (26) on bromination. Alcoholysis of (26)
gives metj.hoXy and ethoxy derivatives formulated as PtBrz(0-ROCH=CHC¢H;sPPh,), R = Me,
Et for n =0, and as (27) for n = 1%6.

k CH, Br Ph Ph
C/ ’ \P/ B
CHp)y—CH r
@( 2)n l Br ’ @[ \Pt/
. ) e AN
[P e Pt o C / er
S\ V4 ‘ /? : T \C—R’ :
Ph Pn Br 4 ]
: 1%

(26) 27)

In the study of the polymerization of 2—methyl-3-buryn-2-ol to linear polymers (mol. wt

ca. 1700) in the presence of cis-(PPh3),PtCl, the complexes [nﬂns-(PPl13)2Pt[(",ECC(CH3)2-
" OH] ;] and (frans{PPh,),PtC1{C=C—C(CH;),0H] ) have been isolated and identified as

~ being analogous to the intermediates in the polymerization of phenylacetylene’" The: .
-~ complexes were 1dent1ﬁed by companson of the UV spectra w1th the analogous (PPh3)2Pt
phenylacetyhde '
leenzylldeneacetone has been found to form Pd° and Pt° complexes whrch are suitable
reagents for further reaction with substztuted acetylenes“" »50 -In the trim: enzatxon of
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L= PPn._,,P(oPh):,
‘o - Toluidene

R g’ R R
L
R R R ~ =
== Pd
Br L r/ o
R
R . B R ) R R
R R

YL = Bipy, Diphos, Phen
R’ = CO,Me, Ph

Scheme 1. Reactinns of the palladiacyclopentadiene moiety.

RC=CR (R = CO,Me) to hexamethylmellitate a novel palladiacyclopentadiene intermediate
has been isolated (see Scheme 1).

Benzonitrile reacts with (Bipy)Ni(Et), to give a (Blpy)Nl(PhCN)2 {which is an active
catalyst polymerizing acrylonitrile) and n-butane®!. Thermal stability of (Bipy)NiR, is
R = Me > Et > allyl > Bu and the decomposition is first order. Olefins will also displace
R to give BipyNi(olefin),. The unstable intermediate [R,Ni(Bipy)olefin] has also been
isolated for olefin = acrolein or acrylonitrile. Both the intermediate and the product have
a m-bonded olefin. The stability constants for the products and intermediates have been
determined for various R’s and olefins®%:°3,

The reaction of (28) with organomercury compounds yields a coupled product and a
mercury complex®?

IS

(Py),PdCL ClHg R

(28) " "'R=Ph,H=CHMe,

Comparison of the rate of spontaneous conversion of cis<(PEt;),PtCl(o-tolyl) to the
trans compound in alcohol and the rate of substitution of chloride by CN™ or I has been
made. The substitution reaction follows a rate law, kobs“ ki t+k,[X] with &; being two

orders of magnitude larger than k; the specific rate constant for the approach to lsomer
equilibrium which is a first order proce5355

The reaction of trans- [QthMeCl] (Q = nhosphme or arsme) w1th RCN and AgX in
References p. 274 ‘
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alcohol has been found to gwe ca.Jomc mtnles ﬂ-mmles and imino ether complnxes de- E

v —'pendmg on the nature of the reagents and solvent6:57. Aryl nitriles favour the formation

- of normal mtrﬂe cornplexes Wlth perﬂuoroaryl nitriles, imino ether complexes can form o

. dependmg on the nature of the anion X = BF4 > PFg ~ SbFg~ and of the alcohol, |
s 'MEOH > EtOH >n-PrOH > (CF3),CHOH ~ Me2CH0H Me2C0 In the case of :
i *NCC5F4CN W1th (PMezPlr')thMeCl and AgBF, in EtOH, the product has been descnbed

asa n—mtnle {PtMe(PMezPh)z [1r-NCC5F4C(OEt)-’\IH] PtMe(PMe,Ph), }(BF;),. Since re- -

. . fluxing a o-nitrile complex in MeOH yields no imino ether after 6 hours, Clark et al. have

. proposed that this product results from the nucleophilic attack of the alcohol on a nr-
- nitrilic intermediate. -

II. METAL—CARBENE COMPLEXES

- The cationic m-acetylene complexes [PtMe(R!'C=CR?)Q;] are highly susceptible te
nucleophilic attack by alcohols to give alkoxy—carbene complexes of the type shown in
Scheme 2°%:59:%¢_ The cationic species “[PtCF3(R'C=CR?*)Q,] " results in the polymeri-

trans - PtQaMeCl + AgPF + R’ C=CR

R Q
r 1 I < L [
PtMeQ, P —~—— Me—Pt——(lll P Me——Fl’t—L PR,
R%R% CH; Q = PMe,Fh, AsMe, q R ' l_ q
R, R%:Me,Et;Q =AsMe; isolated for G =PMe,Ph, AsMes; L=acetc
: . R’z Me.R%:Fh
R’z R2= Ph’ : tallene. o°
EtOH, . . R'=Ph.R%: CPth;I o H
MeOl fo- G = PMePh ; R, R2=Me,Et Q +
Q CHsz + / eZD l \C(
] /. Me—Pt—f
Me——F,’t—C\. - (l) c
OR i
Q C
MeOH w” Sh
R=Et.Me . “/MeoH
" R'=H; R Et,Pr, Bu,H,c-CHy +
. : Q
: . QO + Me—{Pt/
ST A - e
: Me —pPt—C
CHy + Pt[R'C=C(oMelr?]* N
: Ha

vinyl ether complex )
' R,R2-COMe, COH, CHZOH R’z H3 R% CH,CHOH
Q- PMeZPh , o ,

. Scheme 2 Reactmns of the spef'xes [MePth (‘R1 Rz)j+.
. zanon of R1 C‘=‘CR2 In non-nacleopluhc solvents a tetramethylcyclobutadlene complex

" 'may be lsolated e.g. [PtCF3(C4Me4)(PMe2Ph)2] PFg, together with polymer The
R platmum(IV) complex PtMez(CF3)(PMe2H1)2I + AgPFé nges a spec1es which: readlly



NICKEL PALLADIUMANDPLATINUM R R ‘ 227,"'

~ ~polymenzes acetylenes Wxth ﬂ‘H—CCHzCHZOH in acetone (29) is: 1sc)lated‘Sl Reactlon of -
© [PtHX(Me, PhP),] with AgPF in the presence of “base” and C,H., yields the products
trans-[PtEt(Me, PhP)(base)] *PFg " (base = CO; 2,4,6-trimethylpyridine, or carbene)®?. -
Nucleophilic attack by LH on coordinated isocyanides in the cations, [Pt(CNE1),-
(PMe,Ph), ] (PF¢), and trans-[PtX(CNR)(PEt;),]ClO, give the carbenes; trans- [Pt(EtNC)
(PMe,Ph), {C(NHEt)L}] (PF,), (L = EtO, p-MeC¢H, NH, PhNH, PhCH, S)® and trans-
[PtX{C(NHR)L}] ClO; (L =PhNH, EtNH, EtO; X=Cl, Br; R =Ph, Me)®*. Alkyl alcohol
or primary amines react with the neutral isocyanide complex, czs-Pth(RNC)(PR3) (PR3 =
PEt;, PEt,Ph, PMe,Ph; X = ClL, Br,I; R =Ph, Me) to give the cis-platinum carbene com-
plexes®s. The corresponding palladium complexes cis-PPh3PdCl,(PhNC) have been treated
with HgPh,, PbPh,, PbPh,Cl, SnPh, and BiPh; to give (30) which will undergo bridge

cleavage and protonation to give carbene compounds (31)%6.

Chiz l PMe,Ph » ¥
/ 2 Ph3P Ny AN Ph3P a |”
/ \ Ph—HN \Pd/
PhMe,F CF3 . C/ 2 N N
(o ~N e
Ph
' x=q,n=0
X = PPh3, n =1
(29) : (30) ' (31

Analogs of Chugaev’s salt, [M(CsHgN4R)(MeNC),]* have been prepared for M = Pd;
R=H;M=Pt, R = H, Me, Ph, CONH,, and the isocyanide ligands have been displaced by
a variety of neutral ligands87-68. Neutral complexes, M(C3H,oN4)X, (X = Cl, Br, I, CN)
in which the carbene moiety is protonated have been obtained by reaction with mineral
acid or by metathesis. The struzture of one of these molecules, (C4H;oN4)PdCl,, has been
determined (32)¢7-68,

A structural determination of (33) [obtained from the reaction of (PEt;PtClz)g and
(34)] has found the PtCNN plane of the heterocyclic carbene to lie at an angle.of 70°
from the metal coordination plane®®

R T
1395 Ct
Chiz N—N 1309 CHy 230 N N N
\N—-C/)'ns.s NerazzyAaa EtPy Jt——-c/ j [ >:< j
H/ \Pd /948 \H ‘&2 \N Pil lil
ct »
o \23” p{,’ Ph Ph
=2) ' . (33) : (34)

An unusual reagent, LifRCONi(CO);] has been used by Fukuoka et al. for the di-
methylcarbamoylation or alkoxycarbonylation of organic halides in high yields for R =
NMe, or O-t-Bu”®. Reaction with R'COCI gave R'CONMe, (75-95%) 2ad with Ph(CO)Ph
gave on hydrolysis PhCPh(OH)CONMe, (30%). . ,
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_ Beck has’ revzewed the ﬁeld of metal fulmmate chemlstry'” ‘and has pubhshed anew

_route to (PPhg)zP*(CNO)z by reﬂuxmg (PP!13)4 Pt in EtOH/Hz O/C5H6 /CH3N02 R

yyy)= - o
. The strucmre of Nl(PhN—NPh)(t-BuNC)2 has been found to contain'a ﬂ-bonded azo-.
benzene with the NiCC plane at a dihedral angle of 1.2(3)° to the NiNN plarie”. .
Preliminary descnp‘tlons of the structures of cts-PtClz(EtNC)(PEtzPh) and cis-PtCl,-
(PhNC), point out the equivalence of the Pt—C distances (1.89 A) and note the small
- deviation from linearity in the RNC unit (172°; and 178 and 175° respectively)”*.

* An infrared study on the ligand substitution of (F3P)sM® (M = Ni, Pt), by (c-C¢H; ;NC)
in n-alkane and toluene has concluded that the reactions-are Sy1. Enthalpies of activation
and thermal decomposition temperatures have been used to suggest that M—P bond
strength in the complexes varies as Ni > Pd > Pt75.

A diamagnetic palladium(l) dimer, [(t-BuNC),PdX], (X = Cl, Br, I) was reported as
the product of Pd(t-BuNC), and PdX,(t-BuNC), at —30° in CcHsCl. Oxidative addition
of PhCH;I to Pd(t-BuNC), also have the species in the presence of t-BuNC. Attempts at
bridge cleavage gave compounds of the type [(PPh3)Pd(t-BuNC)I], and [DiphosPdl],¢.
These complexes are formally Pd! and clearly worthy of a detailed investigation.

Displacement of CoH, from (PPh;3), PtC,H, by t-BuNC gives (Ph3P),Pt(t-BuNC),. This
complex will take up CO to give (PPh;},Pt(t-BuNC)CO and will oxidatively add Mel,

CFsl and I, to yield salts formulated as [(PhsP),Pt(t-BuNC),R]177.

Salt-like complexes, rrans-[PtQ,(CNR)alkyl] I (Q = PPhs, PMe,Ph; R = CgH,,, t-Bu),
have been formed from the appropriate iodide complex by displacement with RNC. Re-
fluxing the salts (alkyl Moy in C6H5 resultsin a reammgement to Pt(PMe.Ph),i-
[C(Me)=NCsH,,]"*

[MesO] BF, will methylate platinum(1I) cyanides to give isocyanide complexes. Ligand
substitution reactions on (PR3);PtX,; by MeNC yield a variety of cationic and neutral
complexes depeﬁdin’g on the naturé of PR3, X, and on the reaction conditions. Dealkyla-

[32Pt (MencT]" —d—-- [aPt(MencCNMe)]”
_ CAIPI%S T e QaPt(CNMe),
N% =diphos LiR * where Ny
el [ ™ \ox- o=~ ¥
QPt(MeNC)(CONHCHy) : AN N
[ o . ' ] Ga=diphos 'i‘/
CHa
QPtR; + QGPt(MeNC)I R, [ortmencrciorI=NCHI]*
. R=Cgfg, Me . or [aet {C(om NCH),|
7 (i) MeOBE,
(ii) OR

[szt{C(DR) NHCH;{C(OR) N(CH,E}][BF:L

Scheme 3 Reactlons of catlomc platmum lsocyamdes
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thIl of a coordmated 1socyamde has been observed for [DlphosPt(MeNC)X] X"9 Heatmg
- this complex in C¢Hg y'elds the cyamde complex with the loss of MeX. A wide: range of
anions have been substituted into-catinnic and neutral Dxphos~platmum 1socyamdes with
some- of the reactions bemg outlined in Scheme 37%.

Coordinated isocyanides are susceptible to nucleophilic attack by OH, bH‘ ‘NHR™ to
give complexes such as (PhsP)th(MeNC)’CONHMe)* Ph3P)2 Pi( M..NC)’ CSNHMc-\+ and
(P113P)2Pt(MeNC) (C(NR)NHMe]"80 :

IV.METAL CYANIDES

The anions M(CN),2~, M = Ni, Pd, have been determined structurally with different
cations. The anions are square planar: Ni—C, 1.86 A; C—N = 1.15 A and Pd—-C, 1.99 A,
C—N, 1.16 3432 A crystallographic analysis for the complex anion Rb, [Ni(CN)] has
also been reported®3. Two five coordinated nickel complexes (5-alkyl-5H-dibenzo-phos-
phole) Ni(CN),, alkyl = Me, Et, have been analyzed by X-ray crystallography. Depending
on the solvent from which it has been crystailized, the methyl compound has a tetragonal
form or a trigonal bipyramidal form which is the form found for the ethyl analog®*

A mechanism for the oxidative addition of Br, to Pt(CN),2?” and Pt(NH;),?* has been
discussed with regard to kinetic studies®*. Potentiometric equilibrium constants have been
obtained for the substitution of bromide by H,0 in (PiBr, X, Y (X=NH;,n=2+;X=Cl,
NO,, CN, n = 2-)86,

The oxidative addition of HCN to Ni[Ph, P(CH,),PPh, ], yields [Ni(CN), (Dpb)j. and
Ni(CN),(Dpb)3”.

Cyanogen will add to M(Ph,P(CH;),PPh;), M=Ni,n=2,3,4;M=Pd,n=2,3) and
to Pt(PPh,), to give dicyanide complexes in a reaction which is far more rapid than the
corresponding addition to PtCl,(PPr;),5%8

Replacement of Cd ions in the clathrate Cd-En-[Ni(CN),]-2CsHg gave three new clath-
rate compounds with Ni, Cu and Zn®°

V. METAL CARBONYLS
A novel reaction between Ni{CO), and dinuclear metal decacarbonyl anions of Cr, Mo

and W give transition metal atom cluster systems [M,Ni3(CO); 4] * -structure (35) (X— :
rays)?°.

ONi ®Cr,W,Mo
-0-0 —CO
(35)
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o The mfrared spectra for the series Nl(CO)n, =1 to 4, has been recorded at4°Kinan ..
L argon matnx'" Ab initio calculatron of' the bondmg in Nx(CO).; has been treated ina-
i nubhcanon by Hillier and baunders o
.- .The complexes Nr(CO)3L L= P- t-Bu,F P-t-BuFﬂ were prepared as part of a study
;on the ligand properties of L7 A study of the complexes of cis-1 ,2-bis(dimethylarsino)-
" ethylene included the eomplex NI(CO)2L94 The complex’ Nl(CO)z(thPCHZCHz)zPPh
- was prepared as part of a series of syntheses using polydentate phosphines and it is re--
- pqrted to lose one CO on heating®>. One or two CO units can be picked up with the loss
“ of phosphine byr(PPh3)4Ni and by Phos, Ni® (Phos = Ph; P(CH; ), PPh; ; n =2, 3 or 4). For
Phoser(CO) complexes, one unidentate Phos unit is proposed®®. The phosphite com-
- plexes, [(PhO);P]3NiCO have been prepared from Ni(Acac), + P(OPh); + AlEt; + CO,”
‘or by addition of CO to Ni[P(OPh);]4°”. The former reaction can also be used to prepare
dicarbonyl products®”?
- Dehydrohalogenatlon of HPh,PM (CO),, (M Fe n=4;M =Ni,n=23) w1th metal
halides in the presence of HNEt, has provided a route to dinuclear complexes of the type
(36) and (37)°8. .

HPhaPFe(CO), + CgHgNi(CO)I

R

[csHsm (CO) ' PPh,Fe (CO)4]

|

Ph

i
C H :
CortgilNFe (o) ; ; /\
sHs '\p — 1 HPhaPNI(CO)3 + CgHgNi (COYI  —= CsHsNx\ P Ni CGH,
~ P
Ph \F'h Ph/ \Ph (10%)
(36) : - (37)

The drterhary arsine ligands, ferrocene-1,1'-(AsMe;), (Fdma) and ferrocene-1,1'-(AsPhz);
(Fdpa) formed complexes of the type (Fdma)MX, (M =Pd, X =Cl, Br; M= Pt, X=Cl,

Br, I) but the analogous M = Ni compounds could not be isolated®®. The compound
LNi(CO)L,, L = Fdma, Fdpa, was formed however from LNi(CO), and I,°°.

‘The dimer [(PEt3)2PtCl],>* has been found to yield zrans-[PtCI(CO)}(PEt;),]" in re-
‘actions with C;F,4 and H,O or aldehydes and to cause the catalytic decomposition of
formic acid'°. e :

Platinum halides heated in d.lmethylformamde give a solution contammg carbonyl
halide species: Addition of N(alkyD4Cl gives Pt(CO)Cl5"; Bipy gives COCL,Pt(Bipy)PtCl,CO;
and addition of HCI followed by Bipy gives Pt(Bipy)COCI"Pt(CO)Cl5’ 101, Dimeric pla-
tinum carbonyls, COXth(NN)PtX2CO can be prepared with bridging En or 4,4"-bi-

prndvl(NN) by displacing C;Ha or Me, C(OH)C=CC(OH)Me, from the n-organoplatmum
dimer with CO. Detaﬂed assrgnment of the mfrared spectra of these complexes has been
g reported"” ' : : S
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PtL4 reacts w1th Ru3(CO) 12 and HzOs(CO)4 to glve platmum-—carbonyl cluster com-
pounds (38), (39)'9%2.

. The trinuclear cluster [Pd3(CO)3(PPh3)3] has been obtamed by treatment of equx-
molar quantities of Pd(acac),, and PPh; with CO in the presence of AlEt;. The mono- '
nuclear complex PA(CO}PPh3)s heated in ether gwes an equlhbnum with another cIuster
COIT!pOU‘ld [Pdg(CO)g(PPhg)4] 32 o

Ni(CQ)4 has been used synthetlcally in the carboxylat:on of methylenecyclobutane
propene’ 23, arylphenylpropenone!®3 and ary] halides' °>®.

103b
b

(
O Q.
N
e e ‘
pL Ru3(CO)12 . < L \M/Pt\ M= Ru;
4 -
or H0s(CO), / \ c—o0 L= z';ha'PMeth
C - / e,Ph, AsPha
0/ 0/ A t\ M=0Os; .
(38) L L =PMePh,
(o]
¢
L
Ot—_hld'/_C—O M =Ru;
\ L = PMe,Ph
LR c—0©0 M=0s;
| \M/ L = PMePh,
SN e
(o) c L
\ b
{39}
. HOs(CO),
(PPh,),PtCH, ——— = (38)
L:Pph3

VI. FLUOROCARBON COMPLEXES

A full X-ray structural determination has been published for the mixed bis(aryl) nickel
complex frans-(PMePh,),;Ni(C¢F5)(CsCls) (see AS ’70, p. 209). The molecule is of C,
symmetry with Ni—CsCls (1.905(10) &) shorter than Ni—C¢Fs (1.978(10) &)'°4.

Decarboxylation of (RCO,), NiL (R = C4F;, p—MeAOCGF.; or p-EtOCgF,; L. = bipy,
phen) has been used as a preparative route to fluorocarbon—nickel complexes'®. The a-
substituted Phen complexes (40) were separated (1—11% yield) as a minor side product.

The 19F NMR spectra have been reported for the series of complexes Pt(C,F4)L,
(L2 = Bipy, Phen, S-methyl-o-phenanthrolme Diphos; L = PEt,Ph, PMe,Ph, PMePh,,
P-n-Bus, PPh3)1%6.

Reaction of C;F4 or CF3C=CCF; with #rans-PtXCH;L, (X = halogen, L= phosphme
arsine, stibine) forms 1/1 complexes PtXCH;L,'C,F4 and PtXCH;3L;'C,F4 (41). If the
_reaction with C4F; is carried out in a sealed tube over several weeks rearrangement and
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C"":ai - o3
N . — |l
o o O N
® A
' V'<’(4o) T L (41

R zR'zp- Meocsﬁ‘ Ro-H
R:=R'=R%p- MeOCF,
R=R'= p-E10CF, R2- H

insertion take place (Scheme 4) *97_ Reaction of L,Pt° + C4F gave compounds of the
type I.QPtC4F6 (L PMEPhg, PMe;Ph PMe2C6F5)108

~trans-PtClCH3Lz- + C4F5

41)
room / several weeks
tem e room temperature
2weeks
CH;
C/CFa L CHy a L C/C —CF
L
Ne” ‘ + \Pit/ gy
N\ 7N PN
t N CHy ¢ b c L
Cr5
L = PMe,Pn L = AsMe,Ph

Scheme 4. Sealed tube ;eactions of (41).

Reaction of perfluoropropene and perfluorocyclobutene with frans-PtHCI(PEt3), in
cyclohexane at 120° gave PtCI(PEt;),(CF=CFCF;) and PtCI(PEt;)z(cyclo-C4Fs). Reac-
tion of these products with SiF,;/H,0 in C¢Hg gave trans-[PtCI(PEt;),(CO)]SiFs and
PtCI(PEt3), (C4 F30) (42) (along with some #rans- [PtCI(PEt;), (CO)] SiFs) respectively'®.

C4F¢ reacts with (COD),Ni to give (COD)Ni[Cs(CF3)¢] and (CODY,Ni, [Cs(CF3)s].
Displacement reactions on the monomeric complex yield L;Ni[Cs(CF3)s] (L. = PMePh,,
AsMe,Ph, PPh;, P(OMe);, (OCH;)3CMe)’ 10 C4Fs with Ni(AsMe,Ph), gives the same

-product while the PPh3 complex can also be reached by direct reaction of C4(CF3)s with
(Ph3P)2N1C2H4 The binuclear product reacts with L = P(OCH,);CMe to give L,4N12
- [CG(CF3)6] (43) which has been described as fluxional in the NMR!®
- -cis-Platinum acetylides result from the addition of CF3C=CH or CF;CF,C=CH to
- Pt(PPh3); while CF 3 —CCF 3 forms a m-complex!!!.

L

. . CF
c Vi‘-!t 'c/ gF
L . CE

(a2) -
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Treatment of L.;Nx (L = AsMe,Ph, 0-(AsMe,),CgHy) with C,F4 and C2F3H results
in the isolation of the chelate compounds, L,NiCF,CF,CF;CF, and LgNlCFzCFHCFHCFz
The halides C,F5X, (X =C}, Br), CF,CCl, and CFCICFCI oxidatively add to form vinyl-
- chloro or -bromo complexes when treated with the above Ni? species, Pd(t-BuNC), or
LsPd° (L = AsMe,Ph)*12-112. C4F; gives the cyclic olefin complex (AsMe,Ph),
NiCF,CF=CFCE,. With bis(2-methylallyl)nickel, C,F, gives purple red crystals for which
the molecular structure (44) has been proposed. The complex [0-(AsMe,),CsH,]Ni(CF3),CO -
reacts with (CF3),CO or (CF3),CNH to give a five-membered insertion product (45)' 2.
Pd(t-BuNC), and (AsMe,Ph),Pd°® also give this type of insertion product with (CF3),C=X
(X = NH, O), whereas (PPh;);Pd° gives (PPh,), PAC(CF;),NH'%.

Direct reaction of (CF3),C=X with (t-BuNC)4Ni® gives (1-BuNC),NiC(CFs),-X-C(CF5),X
(X = NH, O) as for the analogous palladium compounds' *?+**3. Another route to these

i&/ Hz\C& | VAN,
T{“\K S

Ch Ni

v
CH As —_—C—
c \ O (&

(44) (45)

five-membered ring systems is by insertion of ketone or imine into (t-BulNC),NiC(CF;).X
(X =0, NH). In the case of imine insertion into the X =0 compound the product is
(t-BuNC),NiC(CF;),NHC(CF;),0 (47) only, whereas the combination of ketone and

X = NH gives two different insertion products. If PANC is used, reaction with the ketone
leads to (PhNC);NiC(CF3),0 which can then insert imine''*. C;F4, C4F in reaction
with (t-BuNC)4Ni® form (t-BuNC),NiCF,CF,CF,CF, and (t-BuNC),NiCF,CF=CFCF,
whereas (CN),C=C(CF5), or CF1CF=CF, yield (t-BuCN),NiC(CF3),C(CN), and
(1-BuNC),NiCF,CFCF;''*. The analogous palladium compounds have also been prepared’ *>.
Addition of C(CF3),CO to (t-BuNC),NiO, gives an unusual ring system, (t-BuNC),-
NiOOC(CF3),0 which readily loses 1/2 O, in Et,0 to give a four-membered ring com-
pound (t-BUNC)leOC(CF3)20.

On the basis of all the above reactions, it is clear that activation of (CF3),C=X toward
reaction with another electronegatively substituted unsaturated molecule occurs on nickel
complex formation!!2-113,114

Preliminary X-ray crystallographic data have been reported for a three-membered ring
compound, (Ph3P),NiC(CF3),0 (46) and a five-membered ring compound, (t-BuNC),-
NiC(CF3),NHC(CF3),0 (47)15.

t-BuNC

B 2R : 135
\ 9/413'/\18_77'}6 PPh \N- 86. 5'\
B N m "’7 200 /1 }Cr—‘,
Ch . PP, . . t-BuNC /C\ \

(46)
(47)
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[ (CF3)2C—N—N—-C(CF 3)1 on reactron Wrth M° compounds affords the complexes B
I4M' (CF_,,)IC-N—N-C(CF_,,)z (M =Ni, L, = COD, L= t-BuNC, PPhy; M=Pd; L= t-BuNC,‘ ~
" CeHy1NC and M = Pt, L. = PPh;) which have a square p]anar structure (48)”5 T
S . The lrthrum reagent (CFg)zC’-N-—LI (RLl) ‘and the appropriafe. metal chlonde have -
. been used to generate the ketemmzdes c:s—(PPh3)thRCl trans—(PMezPh)th(R)H cig-

CFR .

C%';.c/ :
, N/ : Py H
. 2‘“ e \44 PR, _ ’ o e .
RaP Pt“iaz“c\\\cﬁ phap/ \C(CF3)2
R3P/ ' “H , |
: @8} ' k (49}

(PMe,Ph),Pt(R)CI, cis-(PMe,Ph),PtR, and frans(PPh3),Pt(R)H (R = (CF 3)2- 5=N—). The
. last complex isomerizes in the presence of phosphine to give (49117,

VII. OLEFIN AND ACETYLENE COMPLEXES

Monooleﬁn and acetylene complexes of nickel, palladium and platinum have been re-
viewed by Jonassen and Nelson (230 references)® 8. The role of this type of complex in
catalysis is discussed in a review of m-complex intermediates in catalyti~ exchange reac-
tions!!?. Theoretical treatments of cycloaddition reactions carried vw: with olefin—transi-
tion metal catalysts have also received attention'?%:12!,

A great deal of work has been published on the chemrstry of species L,M(z-R). Struc-
tural determinations where 7-R = CIFC=CF;, C1,C=CF,, Cl,C=CCl,'?? and C1,C=C(CN),'23;

-L = PPh;3; M = Pt, have been reported. For the last complex, Pt—C (of _Cl,) (2.00(2) A)
" is shorter than Pt—C (of =C(CN),) (2.10(2) A) and the CN groups are bent back further
© (69.9 £ 3.3°) than the chlorides (48.4 £ 2.3°). In all cases the ethylene units lie very close
‘to coplanar with the PtPP plane.
In (Ph3P)2N1(C2H4) the C=C bond is twisted out of the plane by 8 4°‘24 (50) In

A

as( €

143

,;%_ e,
- - 50} Ni—C, 199 »
'(Ph3P)2Pt(C2‘-l4) the out-of-plane twist is only 1 3 Evidence from the NMR of these

' complexes in toluene indicates C;Hy dissociation forM = Pt but'not for M = Ni, although
exchange of free and coordmated ethylene wrll occur in the presence of excess oleﬁn
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_(E =117 kcal/mole) An assocxatlve mechamsm has been proposed for reac’nons of the
~type "L,Pt(n-R) + acetylene! Lth(acetylene )+ R, where R is an acetylene or olefin125-126
". Cook and co-workers have also presented ESCA* data for a series of low valent platinum - '

complexes (PPhs);PtL. They found that the trend of binding energies for Pt 41 7/2 elec-
“trons correlate reasonably with the expected. trend in the degree of metal oxidation, i.e.
L = (PPh3),. < PhC=CPh ~ H, C=CH, < CS, <0, < (Cl),. The values of oxidation state of
platinumn being taken as O for (PPh3), and 2 for (Cl), respectively; the other hoands corre- '
spond to 0.7(PhC=CPh), 0.8(H,C=CH,), 1.3(CS5), and 1.8(0,)'".
Reduction of Pd(Acac), with AlEt,{OEt) in Et,0 in the presence of C2H,s and L has
resulted in the isolation of L,PdC,H, (L = PPh,, P(cyclo~C5H1 1)3 and P{o-tolyl)3). The
{oss of ethylene can lead to Pd[P(cyclo-CeHyy)3] 2t
“X-ray analysis has led to the structures (51), (52), (53) for 7-bonded cyclohexyne
(51)'?%, cycloheptyne (52)'3° and 1,2-dimethylcyclopropene (53)!3!. In (53) the methyls
are bent out of the ring plane, the angle Abetween (MeC=CMe) and (ring) is 112°. Treat-
-ment of (52) with HOOCCF; gives the g-cycloheptenyl derivative [(o-cycloheptenyl)-
(OOCCF;)PH(PPh,),] 13°. :

7
2055136872023 2.0681 5, #/2.041
N7 !

Pt P{
2.27 Ne27 228/ \227 223/ ng
PPn

PPhy PPh, PPh, FPh,
(51) (52) ) (5‘3)

150,
2"\ “-29
3

Spectral studies on a series of complexes (PPh3),PtL (L = CH,=C(CN)H, CH,=C(Ph)H,
(CO,Me)HC=CH(CO,Me), maleic anhydride, CH, = CHAc, CH,(H)C = CHCHO, PhHC =
CH(CO- Et), AcOC = COAc and PhC = CAc) have supported the hypothesis that the
presence of electronegative substituents increases the interaction between the metal and
ligand! 32. A similar conclusion has been reached for a series of compounds where L is a
quinone’ 33, Several fashions of bonding have been observed in these complexes. para-
Quinones are symimetrically bound presumably via both double bonds. For duroquinone
structure (54) has been proposed and (55) represents the oxidative addition product ob-
~ tained for chloranil!33. ortho-Quinones are thought to coordinate via the carbonyl oxygens
on the basis of IR and NMR data, i.e. (56)'33. These compounds have been compa:ed to

Ph3P ct

o]
/Pt . ci PI13F" Q
ﬁlsp \p/
t -
. , 7\
i Cl | PheP o
(54) (55) " (56)

. *ESCA = electron épectroscopy' for chemical analysis.
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B the related M(NO)(PPhg)zL cornplexes for M Co Rh and Ir where L is an actrvated
1387 - :
] (PPhs)de(NC—C%—CN) has been prepared by dlsplacement of fumaromtnle from S
- (PPh3)2Pd(C4N2H2) with NCC=CCN'3% .- From studies of the equilibrium Nz(Brpy)(solvent)
-+ olefin = Ni(Bipy)olefin + solvent. A set of stability constants for a variety of olefin com-
plexes has been obtained"*°. The m-acceptor ability of the olefin was found o be an im-
- portant factor in the formatxon of a stable complex with the stability constants showing -
‘ ‘a linear correlation with the energy- of the w* orbitals (as estimated from- the ionization
potentlals and 7 to 7* excitation energy of the olefin) and aiso with the Alfrey-Price e

. values which are indicative oof the polarity or electron density of the vinyl group. The

stability constants for Rsz(Blpy)(oleﬁn) (R = Me, Et, n-Pr, i-Bu) were measured visually
and some cor"elatlon was observed with the specific rate constants of the reaction of
R, Ni(Bipy) with olefin at 30°13¢.

Some difference was noted in the chemistry of (thP(CHZ),,Pth)zNP dependmo on
whether n =4 (Dpb) or n=3 (Dpp). Reactivity towards a variety of olefins and acetylenes
was found to be Ni(Dpb), > Ni(Dpp),!3”. Polymerization of and reaction with acetylene
was noted for both compounds. (CN),C=C(CN), reacted with both to give complexes such
as (CN),C=C(CN),Ni{Dpb}!37.

Reaction of (PPhs),Pt(CH3C=CCH,) with HX (X = Cl, Br. HCOO, CF3C00, CH;COS,
CsH;s COS and picrate) gives (PPh3),PtX; and an isomeric mixture of ¢is- and trans-2-.
butenes (cis predominating)'32. A greater yield of rrans-butenes is favoured by sulfur con-
taining HX and by the presence of thiophene, allylmethyl sulfide or aniline. A mechanism
for the decomposition via Pt and PtV hydrides (from the oxidative addition of HX) and
an isolable vinyl intermediate (57) has been postulated®®,

57)

1r-01eﬁn nickel complexes (PR3)2N1PhHC =CHPh (R = Ph, Bu) were obtained by dis-
placement of azobenzene from (PhNNPh)Ni(PR3), or directly from Li/THF reduction of
- (R3P),NiCl, with stilbene® . The isocyanides {t-BuNC),MR (M = Ni, Pd) have also been
reported for R = azobenzene, (CN),C=C(CN),, (MeOOC)C=C(COOMe), PhC=CPh, fumaro-
nitrile, dimethylmaleate and maleic anhydride!4%141,
Activated olefin complexes of stoichiometries (+-BuNC);ML or (t-BuNC), ML, (M=Nij,
- Pd) have been prepared!*%. The two stretching frequencies of the isocyanide v,, v, show
- alinear correlation with the electron affinity of the olefin as does the quantity (V5 — V).
~The authors have proposed the use of (v, —v}) as a measure of the effective back bonding
- of the. olefm“” Reaction of (PhNC), Pd(CN),C=C(CN), with PPh; or AsPh, yields
Pd(PhNC)(EPhg)(oleﬁn)142 The reactlon with two phosphites or Diphos d1$placed both
B 1socyamde hgands :
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“The structures of a Pt°- and a Ptll.allene complex have been teported thh allene in the

srmox14 ronsl

coordination plane {36 143 and perpendicular to it (59)!** respectively.

- C

1420 C \

me/*/ c—C

& 1.36 CL—
213&412#2.03 151~4Kc_ 207 lzz*

P | et
229, 2.28 Ccr22s5 f227
PPhy Pfhy / \ Ct

c c

(58) (39)

A high resolution NMR study.on a series of complexes (PPh3),PtL (L. = terminal
acetylenic and methylacetyienic alcohols)! % has been published. The complexes have been
found to be planar in solution with dissociation occurring for the methylacetylenic alco-
hols. In CDCl;, these complexes appear to undergo an irreversible oxidative addition with
the solvent since the amount of free ligand is not the same before and after temperature
variation. The product of this reaction has been formulated as (Ph3P),PtCI(CDCl,;)'*>.

Scheme 5 describes the chemistry of (PR’3),Pt(RC=CR) with tetrachloro-o-quinone
and mercury halides"*€.

R <t Ph
/ Q ct \C cl
L\ o
e IR — N o
g Ct o DA
Cl ph3p (o) Cl
i}

+ /p,,a l x
HgX,

lreﬂux EtOH c ph\c
CEy CE o Ct i X
N 3 AN AN /
PMePh, Sco=c e pr" X
/ N N\
Pt HgX PhyF O Cl Ph4P X
a

PMePn, X X = C1,Br

Scheme 5. Reactions of platinum—acetylene complexes.

Admission of olefins to a system in which Pt was supported on silica gave rise to ultra-
violet absorption bands at 270 and 310 nm which- disappeared on hydrogenation'*”. Ad-
mission of acetylene gave rise to these bands only when hydrogen was simultaneously in-
troduced. The bands have been assigned to the charge-transfer bands of a coordmated
olefin of the type observed in Pt(PPh3),C;Hs and Zeise’s salt'*”.

The inertness of platinum metal depends on its physical state since while bulk metal is
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. unreactwe meta.l vapour wﬂl react with a vanety of unsaturated substrates condensmg at :
: 196°148 ‘Reaction wasnoted with propene,’ l-butene l 3-butad1ene allyl chlonde and’.
~COD by analysis of the products obtained**®. . :
- Several’ mvestlgatxons on the nature and chemistry of Ze15e s salt have appeared in 1971.
A redetermmanon of the crystal structure by Jarvis ez al. differed from previous work
_ principally-in the nature of the potassium coordination polyhedra!#®. A SCF—MO treat-

.- ment was undertaken by Kato and used to assign the ultraviolet spectrum®5°. Zeise’s salt

wasifor:rh:e,d in low yield by a new preparative route from Na,PtCly, N(n-Bu)4Cl, and

~ EtOH at room temperature'>!. Adamson has elucidated the photochemistry of Zeise’s
salt'32_ A 35C1 NQR study has assigned the lowest NQR frequency (16.0001 MHz) to
trans-Cl, and the two higher frequencies (20.134, 20.370 MHz) to cis-Cl in Zeise’s salt! 3.
Comparison with other olefin platinum(lI) anions and neutral dieneplatinum chlorides has
also been-made!*3. '3C NMR studies on a variety of organotransition metal complexes
included Zeise’s salt! 54, :

Formaticn constants for the related complexes C,H,PdCly, C,H4PdCl, H20 have been
measured potentiometrically for the C,Hg + aqueous PdCl,2™ system!5%.
The molecular core binding energies of a given cis/trans-isomer pair, L,MX, (M = Pd,

' Pt; L= PR3, Me(H)C=CH,; X = halogen) (obtained from photoelectron spectroscopy
studies), show that the binding energy in the metal is the same but that the binding energy
of the halide is considerably lower in the cis-isomer (a change expected on the basis of
previous metal—halide bond distances and >**ClI NQR data)**S.

Comparison of metal—olefin stretching frequencies for [Cl, M olefin] , have been related
- to the order of coordination strengths with the conclusions: Pd < Pt; vinylalcohol ~ vinyl

ether ~ C,H, (for M = Pt); propenyl ether > vinyl ether; and 2,2,2-trifluorovinyl ether >
alkyl vinyl ether!57. A normal coordinate analysis of coordinated vinyl alcohol has led to
the suggestion that the high C—O force constant indicates the contribution of a resonance
structpre CH, —-CH—OH in the complex '57.

The structures of [(w-trans-2-buten-1 4-dxammonium)PtCl3] C1'58 and (PPhy)[(n-cis-
2-buten-1 4—diol)PtCl3] 159 (60) and (61) respectively, have been reported.

The 1/1 adduct of (CN),C=C(CN), and trans-PtXCH;L, (L = AsR3, PR3) has been

isolated and characterized as a formally six-coordinate species'®°.

1 7
N 142 /«/ C—N c 18 R C
C== 140
\C/\J ==
R 215\ ’2.11 2.18\\33&_]‘,’2,9
. Y Ct
Ct P*a—Cl Cl———mn pt ——=—
9 : . 230
ct . : (o]
6oy ' ©n

o A complex formulated as Clth [HCECC(CH3)3] (CH; ,2CH0H has been isolated during
a study of the hydrosﬂatlon of the acetylene in l-PrOH by H,PtCl, 6H20“” :
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" The pdsitioxis"of the protons relative to the metal in trans-Cl; PtPy (CHg—CH‘() (R =.
Me, i-Pr, t-Bu), have been discussed on the basis of NMR spectzoscopy!%2.. :
The ligands (62) form derivatives PtBr,(ligand) in which the ligand coordinates as a
chelate via an olefin and the Group VA donor’ ¢3. Facile exchange occurs between the
* coordinated and two free olefins in solution as observed in the '"H NMR. Bromination
with 2 moles o: Br, per complex saturates the free double bonds to yield (63). A similar
set of ligands CH,=CH(CH,),,PPh, (n = 1, 2, 3) have been treated with (PhCN),PdCl, and

7 5o

\_/ \
E=P As
(62) (63)

PtCl,. Chelation is possible for n =2, M = Pd, Pt; n = 3, M = Pt only. Nucleophilic attack
on the nroducts results in addition at the § carbon to give dimeric complex (64) which
can undergo bridge cleavage reactions'$*. A bidentate ligand, complexing through one
sulfur and one olefin, has been observed in the complexes PALCl, and PtLCI, (L. = o0-alkyl-
N-ailylthiocarbamate)' 5. This structure has been confirmed by X-ray crystaltography for
Pd[C3H ;-NH-C(OMe)S] Cl, 56 (65).

Optical activity in olefin—metal complexes has been reviewed!®” and has been the

c e
N T
RO™ + (i, PY —_— [o-izca (OR)(CHZ)nFPnzp’:x] P za N
\2)"/ N z 230N _C™
PPh, Cl Xz=Cl,R=Me n=23 2 34 S \
X=0QAc,R=Ac n=2 o
(64) (65) c
i
c C
' (R) (4(5)
v C
@ BN
208
135 = < gt
@R NG e G
_CT Y 2 C—emC ’
TN j23s
e Cl 7"
Oee Pt—C, 216,278 .
(66) (67)
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8 theme of several research papers Structuralstudles have a551gned the absolute conﬁgura-
" tion of (+)-czs-d1chloro((S) 1-butene H(S)-a-methylben: 'ylamme)-platmum(ll)ws (66) and :
trans-dichloro ((2R, 35)-3-methyl-1 -pentene)(benzylar nine)platinum(11)'%° (67). -

Palaro et al. have-described the formation of a comlex (68) which can be lsolated as
_one or-two diastereomers depend_ng on whether itis prempltated slowly or qmekly from

- the Teaction m1xture”° -
s - —NHCHCHPh
O (e

+ (S) -PhCH(CH3NH, ————= -
p< e bt CHLCLy /P\
c -t ' o cd a

©8)

__The racemic mixture of the diastereomers (+ and —) of (68) can be dimerized with base
“(Na,CO3) to give the dimers (+,+) and (—,—) which can be fractionally crystallized. The
electronic spectra and circular dischroism spectra are reported! ’®. The absolute configu-
rations of the two diastereomers of (68) have been determined as (69a) and (69b)'7!.

ct
ct
G l ' )
pt—-Cl ~—
C<‘c—" ‘ - ,\ _Ctspt ci
: C
CommC ‘N s C \C-——C
(S)\c/ \c)/ (R we
o \N tg)
L ]
H
c
(69a) (69b)

Seven PtCI((L)-prolinato)(olefin) complexes have been isolated as diastereomers by
crystallization and assignment of the absolute configuration. The rate of racemization
has been determined by circular dichroism with the rate being related to the strength of

_the olefin—metal bond (styrene > propene > trans-2-butene > 2-methyl-2-butene)! 2. A

" quadrant rule for the assignment of stereochemisiry on the basis ~f the d—d transitions
in the circular dichroism spectrum of platinum(II) olefin complexes has been developed
by Wrixon and Scott73,

* An unusual planar frans-butadiene bridge has been revealed in the structure determi-
nation of (NMe3Et), [Pt,Clg(CsHg)] (70). The olefin makes an angle of 81° with the co-
ordination plane' ™. A nsutral DMSO derivative of this complex has been reported' "5

Abstraction .of chloride from [1-(1-chloroalkyl)-n-allyl)] or 11yur1de from (1-alkyl-n-
allyl)PdCl/z by strong acid or SbFs gives a species identified by Kramer and Lucas from

" _NMR data as a cationic {tetrahapto—butadlene] palladmm chloride complex which on reac-
tion with base gives [(hydroxyalkyl}n—&lyl] PdCl/,
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Cl 2—

-Cl

(70)

A bidentate butadiene (and cyclopentadiene) complex has been isolated with
Ni(P(OCgH4-0-CgHs)3), at low temperature or from the thermal rearrangement of L,Ni-
(methylenecyclopropane) '””

The interaction of 1,5 hexadlene PtBr, and TlAcac to yield Pt, (A"ac)4(1 S-hexadlene)
has been described by White' 75,

An unstable species isolated as a by-product in the Pd(OAc), catalyzed auto-oxidation
of 1,4-cyclohexadiene has been formulated as a palladium(I) complex [Pd(CsHz)(OAc), -
3HOACc] on the basis of elemental analysis and chemical reactivity?°.

The preparation of COD derivatives of platinum(II) halide have been described in
detail'®°,

Vibrational infrared and Raman studies have been developed into an evaluation of
force constants for the Pt—Sn cluster compound (71). In particular, the Pt—Pt force con-
stant (1.36 mdyn/&) is of interest as it is somewhat lower than that expected for a normal
Pt—Pt single bond'%*.

Cl Gt Ct

(cob).. ’@ (coo)

(con)-*

cl
ad &

(71)

Because of the interest in 1,4-COD complexes as intermediates in isomerization and re-
arrangement reactions a broad range of transition metal complexes have been reacted
with 1,4-COD to give products containing both 1,4- and 1,5-COD. Of special note,
Pd(PhCN),Cl; and K,PtCl,; react to give Pd(1,4-COD)CI, and Pt(1,5-COD)C1,'32_ The
diene MCl, complexes, (72), (73) and (74), have been synthesized and characterized!832-184,185
Reaction of hexamethyl Dewar benzene with (CoHg)PtCl,/, gives (75)* 6. In acid con-
ditions however the reaction with PtCl,?~ results in the formation of a cyclopentadiene
complex (76) which may also be obtained from PtCly*” and CsMesCHXMe (X = H, Cl,
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Cl Ct
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(76)

OMe, OEt) in acidic MeOH. This latter reaction with (C,H;)PtCl,/, results in a mixture
~ of (76) and (77). Complex (77) may be formed directly from the appropriate cyclopen-
tadiene and (C,H,)PtCl,/,. Complex (77) which has an endo viny! substituent can be
isomerized to the exo analog by an unusual hydrogen catalyzed reaction'®®. The com-
plexes Pd(CsMes Y)Cl, have been assigned a stereochemistry on the basis of NMR with Y
being exo with respect to palladium for Y = Et, CHCIMe, CH(OR)Me and endo for

=H'837_A complex containing two eny! units and of stoichiometry Pt{CoHy);, has
been prepared from excess o-allylphenyl Grignard and PtX,'3°. Reaction of Pt(C,H,),
with 2HCI, 2PPhgs, or 2CO gives the derivatives (7-CoH, o)PtCl,, (0-CoHy), Pt(PPh3), and
- ¢is-(0-CoH),Pt(CO),. The phosphine derivative will oxidatively add Br, or Cl, and the
dicarbonyl on standing in benzene develops a ketonic CO stretch!3°. [(COD)Pt(Acac)] BF,
may be forced to the enyl system (79) by the addition of Bipy*°°.

Treatment of norbornadiene metal halides with AgOOCR has produced the carbo:zylate
bndged complexes (80) (M B3, Pt)!91:192_ Both the ester and bridging OCCR will ex-

PPhS——M—OOCR

S 7oy sl ey . 8N
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change with free HOOCR but by independent mechanisms'®?. Addition of PPhj to the
dimeric norbornadiene system (80) generates a nortricyclene system [(RCO,C,Hg)M-
(O,CR)PPh;] , (81)!?2. White has reported that K,PdCly, COD, and Br™ in basic aqueous
solution will yield [(2-hydroxy-5-cyclooctenyl)PdBr] ,'?3. Treatment of preformed
[(CODXt+-Bu(CO)CH(CO)Bu-t)M] BF, with aqueous base will give (2-hydroxy-5-cyclo-
octenyl) complexes for M = Pd, Pt with an additional product, xdennt‘ ed as (82) bemg
formed ror the M = Pt reaction'?3.

Elimination of AgCl from NBDPtX, on reachon with AgSCF; generates NBDPt(SCF;;)z‘“
With the palladium complex addition of SCF3 to NBD also takes place to give two yellow
crystalline products [(C4HgSCF3)PdCl] ; and {(C;HgSCF3)Pd] ,CI(SCF3) which by NMR
have been assigned the nortricyclyl structures (83)' 4.

The enyl complex (C,oHnOMe)PtPhL (L = Py, PPh;; C,gH;, = dicyclopentadienyl)
has been obtained by reaction of the chloride analog with LiPh'®%.

Wilke et al. have treated olefins with 1,5,9-dodecatrienenickel(O)L to give (olefin), NiL.
(L = P(cyclo-CcH, )3, olefin = C,H,, CH,=CHCH;, 3-vinylcyclohexene, divinylcyclobutane,
butadiene; and L = PPhj;, olefin = C,H,4)'°¢. The dibutadiene and divinylcyclobutane com-
plexes both decompose with excess PPhy at +80° to give butadiene and its dimers. With
CO at —78° both complexes give vinylcyclohexene!?®. From the chemistry and spectral
data, a common species for both cemplex s in solution has been described as (84)'772

H
H Py -
o] o
l pt<0"' %‘/ Y P/

(CHy)-S
X=Y=Cl
X = Cl;Y = SCF,

(82) (83) (84)

This complex %ias been isolated from the reaction of [P(cyclo-CgH; ;)31 4Ni,(N2) with
butadiene by Brown ez al. who suggest that it is formed not only in solution but retains
this form in the solid state'®7?. A

Treatment of (PPh3),;NiC,H, with boron halides displaces the ethylene to give a variety
of phosphine nickel halides and in the case of BPh,Br, a phosphine boryl nickel complex
with bridging (BPh;) groups!?3.

In recent work, decomposition of the complexes C;sH;oPdCl, and CygH3oPdCIBr (ob-
tained from the reaction of di-t-butylacetylene with (PhCN),PdCl,) using H, and Br;
have given what are now established to be fulvene derivatives on the basis of the chemical
and structural properties of the decomposition products’®®.

VIII. ALLYL COMPLEXES

Structural determinations on allyl complexes included the centrosymmetric product
(85) of the reaction of allyl NiCl/, with dihydropentalenylenedilithium?®°. Broadbent
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" and Pringle have confirmed the structure of [(C,_-,HSCI)PdCI] (86) to'be as suggeated by

e 'Schultz“‘ The insertion: croduct of cvclohexanone oxime into the ¢ ﬂ-allvl-Pdf‘Da bmdma ;
'system '1as been determmed to be as’in (87)’°2 o '

"
: 1
HyC
‘ \c c/’C iy
P {

-(87) e:=Cl

SCC-MO treétxrient of metal—allyl complexes indicate that metal—carbon overtap popu-
lations for bis(n-allyl) metal compounds lie in the sequence Ni ~ Pd < Pt and in the se-
quence Ni < Pd < Pt for the halide dimer?%3. A major conclusion of the work is that the
w-allyl functions almost exclusively as an electron donor?°3.

The enthalpies of formation of crystalline {—107.6 = 1.7 kJ/mole) and gaseous"

(+18 + 2.5 kJ/molc) w-allylPdCl/, have been determined by differential scanning calori-
metry?®*. The bond dissociation energy for the palladium—allyl bond is > 237 kJ/mole?°*.

The activity of PPhs or DMSO as a bridge cleavage reagent for m-allylPdCl/, has been
confirmed by a laser Raman study?%%..13C NMR data for a series of #-allylic complexes
have been reported?®6. The mass spectral fragmentation patterns for a series of m-allylic”
palladium halides*®” and the equilibrium constants for n-allylPdCl/, in aqueous solution
over a range of pH’s have been published??%.

m-Allyl metal complexes may be prepared from the metal salts by several methods.

The interaction of olefins with PdCl, to yield {m-allylPdCl] , species is favoured under
mild conditions when dimethylformamide (DMF) is the solvent?°°. The formation of
[(DMF),H] ;" [Pd,Cls]*" occurs simultaneously and the role of the solvent in proton ab-
straction from the olefin has been discussed. The preparation®*® of (1-acetoxyalkyl-m-
allyDPdCl/, from substituted butadienes and PdCl, in HOAc/NaOAc has been reported.

Ring opening of methylenecyclobutane by PdCl, resulis in a mixture of the two -
allylic products (88), (89)2!!. The reaction of 1,1-dimethylcyclopropane with H,PtCl,
in Ac,0, or in propionic anhydride however yields the cyclobutenium cations (90) and
(91) respectively and PtCl, %~ 212,

2,2,4-tmnethy;—3—pentenol reacts with PdCl, to give the m-allylic complexes,

| | *r | ?“3 0
2 c:\ LC—H Cl \ .
: [:_/!/ + Pact, , z.lCsz.Hz——c- \ / + CicH —c. Pd / COCHMe
R= Me
-” o : ‘R=Et

. (88) . 89 . (o) .-
. 91)
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{ [(CH,CMeCH)-CMe,CH,-X] PdCl}, where X = OAc for the reaction solvent H,O/HOAc
and X = OH for dimethylformanide?’>. The platinum chloride reaction yields an olefin
complex [Me, C=CHCMe, CH, O-PtCl1, 23, The dienols, R3 R, C=C(R, )C(OH)R, )CH=CHj
with PdC1,%” in MeOH give symmetric 1,5- or asymmetric 1,2-dimethoxy (w-allylPdCl),
derivatives depending on the structure of the dienol*!%. In diethylene glycol the reaction
gave, by 1,2-addition, a dioxane derivative (92) or a polymeric product by 1,5-addition®'%.

Allyl chloride and N1,PdCly in MeOH react with various reducing agents to give allyl-
palladium chloride. The yield depends on the nature of the reducing agent increasing in
the order Cu ~ Zn < Fe < TiCl; < CO < SnCl,2!5. The SnCl, preparation has also been
used to prepare allylplatinum chloride in high yield?'%. The mechanism of the reaction of
allyl chloride and higher homologs with PdCl; in presence of H,O to give (w-allylPdCl),
species and diacetyl has been discussed?!®.

7 —en 3
-SRIV 3
R—gme—cd SH CHz=CH—CHz—C__ LI
H R CHZ_O \Pd
Pd ’ : s N2
Cl/ \ |
\ L=PhNC,PPh3; R=Ph

{92) (93)

Cleavage of allylsilanes by palladium halide salts in hydroxylic solvents has been found
to give (m-allylPdCl), and organic cleavage products such as (Me;Si),0, Me;SiOMe, and
CH2=CHCH3 27,

The interaction of SnCl, and (r-ally)M(PPh3),Cl gives the complexes [w-allyIM(PPhs),]-
[SnCl;] and [m-allyIM(PPh3)SnCl;], where M = Pd, Pt?!8.

(m-AllylPdCl), reacts with RNC te produce (ir-allyIPd(RNC)C1)?'?. This complex re-
acts with SnCl, and GeCl; to give {m-allyIPA(RNC)M’'Cl;] and reacts with RNC or PPh;
by rearranging to (93)21°. Cyano-bridzed tetramers such as [Pd(CIN)n-allyl] , have been
reported by Shaw et al.2?°. Studies of the modes of decomposition of (ir-allylPdCl), by
Ph,Pb®?! and by NaOMe/MeOH or NaOOCH/MeOH?22 have been reported.

Coordinatively unsaturated cations have been generated in THF solutions from allyl
and eny! paltadium and platinum species and reacted with ligands as shown?23:

L = phosphine, arsine

Pd(mr-allyl)* — [Pd(m-allyDL,]"

or L, = Bipy, Diphos, COD
Pd(diene—OMe)" ~- [Pd(diene—OMe)L, J*
diene = NBD, COD; L, = Bipy
diene =Dcp; L, = Bipy, CcoD

Py(Dcp—GMe)' ~ [PH(Dep—OMe)L,]*
L= PPh3 A '
or L, = Bipy, COD, Dcp

References p. 274
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On reactlon with dry HCI monomeric Pt(all)z gives a product [ClPt(all)] n whose struc- -
" ture depends on the nature of all. For all = allyl, n = 4 with both the allyl andthe chloride
.. bridging whxle for all= Z-methylallyl n =2 with bridging chlorides and 7-2-methylallyl
"ligands®2%. The tetramer on reaction with TI(Acac) gives a binuclear complex [Pt(Acac)-

+ . allyl} ,: Reaction of [CIPtall],, with neutral ligands L gives products in which the allylic-

ligand is n-bonded. o-Bonded allyls tesult in the reaction of EPh; (E = P, As) and Pt(2--
methylallyl), o give [Pt(c-2-methylally]),(EPh3),] : The complexes [CIPtall] , could also
‘be prepared by heating olefin complexes, [PtCl,(olefin)] , with 50% aqueous HOAc?2*.

AS part of a larger study on the reactivity of transition metal sandwich cations and 8-

- diketonates; the acetyl-acetonato, dibenzoylmethanato, and ferrocenoyltrifluoroacetonato
complexes of allylpalladium were prepared and their electronic spectra recorded?2°.

In a general paper on optical activity in asymmetric transition metal complexes, allylic -
palladium derivatives have been cited as examples of optically active complexes which
have asymmetric centres in the ligands®26.

The dynamic stereochemistry of n-allylic palladium complexes is an area of continued
investigation. The mechanism for syn—anti allylic proton exchange has been confirmed
to be a w0~ process in which the intermediate contains a o-allylic unit. The complex
(94) has been found to be particularly useful for such studies since it gives several alter-
native site exchanges for the measurement of the parameters of the exchange?27. Several
groups of researchers have proposed and supported the 7—>o—>7 mechanism from studies
of the asymmetric allyl systems, (7-ally)Pd(L)X. The Shell research laboratories have
published investigations of the dynamic stereochemistry of these substituted allyl com-
plexes where X = Cl, OOCR; L = PMe,Ph??®. Exchange of the R’, R" groups in substi-
tuents at the 2-position of the allyl complex (95) has be2n observed only when syn—anti
(3,4) exchange is observed. The authors argue on the basis of this okservation that a flip
mechanism wherein the metal flips from one face of the allyl to the other does not operate.
If the 2-substituent is a bulky isopentyl or isobutyl group (3,4) exchange is inhibited in
(95) and (1, 2, 3, 4) exchange is the first observed process on raising the temperature. The
authors attribute this inhibition to the sterically hindered rotation of the 2-substituent
required during the (3, 4) exchange??2. .

Me H X Ha
. 'i' - (‘:/HB
PMe5sPh
S5—C7 \_/ ¢
RT3 1 Pd,
R" C - ‘\x
Me H Pd H|/ H2

/7 :
(94) cr 2 {95)

) For systems such as [(1-acetyl-2-methylally)PdCl(amine)] assignment of peaks has
been achieved for the syn and anti isomers in CDCl3/CgHg solution by comparison w1th
- model compounds and by nuclear Overhauser techniques?3°. The (disubstituted-r-allyl)-
'PdCl(amine) systems have been studied by a variety of NMR techniques to determine
steric factors and kinetic parameters. Use of spin saturation experiments has enabled Faller.
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etal. to distinguish the processes occurring in the observed collapse of the syn and anti
protons of the two isomers of (1-acetyl-2-methylallyDDPdCI(Py) in solution?3C.
Variable temperature NMR studies on 7-allyl and #-2-methylallylPdPPh3(SnCl;) (96) have
" been interpreted in terms of an intermediate (97) during H2—H* and H! —H3 proton site

interchange?3!.
he R\c cHy
—H. Co=tHa
R f 3 /F’Ph3 TN /, : ol
. eal = Fry— ba
y—Ha SnCiy I Npeny
Ha (98) SnClp 97

The presence of two conformers of w-allylPd-carboxylate dimers has been shown by
variable temperature NMR studies?**. An intramolecular process has been noted at low
temperatures which exchanges the environments of the allyls in the isomer (98). At higher
temperatures equivalence of all the allylic units via a bimolecular exchange occurs. Aliyl
ligand exchange in the system (7-all)PdCl/, and (w-all)Pd{OAc)/, has been ascribed to the
intermediacy of a mixed species®?°. The related triazenc systems, (7-ally)Pd(PhNNNPh)/,
and (r-allyl)Pd(PhNNNMe)/,, also have several conformers in.solution but the NMR spectra
are temperature invariant®>>2. Trofimenko has reported the preparation of the dimeric
pyrazole complexes (wr-allylic)Pd(pyrazole)/, and (99)*33. These n-allylic complexes were
stereochemically non-rigid®33.

77 @\ Xor
Pd Pd /N-— N\
o-/ \o\_;.)/_.\o N~ p‘{ /

\‘C')\t'/ 7\
/ £t Et
Me Me (98) (99)

The presence of a terminal vinyl group in complex (100A) (obtained from the insertion
of isoprene into (2-chloroallyl)PdCl/,) leads to preferential isomerization of the syn- and
anti-isomers in solution before the exchange of syn/anti protons H! and H? occurs?3*. The
isomerization takes place via a o-allylic intermediate (100B) stabilized by chelation involving
the terminal vinyl group.

‘;‘1

H Cl

a~C_ N
cn-“"'\c = \A
~. |

2

ct CH,
(100 A)

(100 8) 2

The difference in the chemical shifts (A3) of the H! and H? protons of both (101A)
and (101B) has been found to be dependent on X and L”S.‘A fairly good linear plot of
A9 against dp" of X gave intercept values (for Ad=0) of oy = 0.27 (2); 0.24 (b); 0.21 (o)
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Cotioray SRS “(101°8) .
' 'L;Acac,:(c) ] ‘ ~ L=Acac, (a)
L=Cp, (d) a . L=Cp, :(b),

X= -Br, CL, H, CHa, CH3O

~ and O. 03 (d) correspondmg to the o substituent constants of the 1<(a and b) and 2{(c
and d) positions in the 1r~allylpallad1um-L complex?33. s
A survey of the influence of ligands on the activity and sp=cificity of transition metal
catalysts includes a discussion of the oligomerization of butadiene via allyl-nickel species®>®
Addition of PRF, to allylmetal halides results in ligand coupling®37.

(7-2-R'-ally)MX/, + 8RPF, - 2CH, = CR'—CH, X + 2M(PRF,), (M = Ni, Pd).

(7-allyINiOOCCF ), dimerizes styrene stereospecifically to rans-1,3-diphenyl-1-butene3%.

_Arcmatic substitution has not been found to mﬂuence the reaction whereas olefin substi-
tution inhibits it completely. ' o

Norbornene insertion into the allyl—-palladmm bond occurs at the least-substituted-
terminal allylic carbon of the complexes (m-all)Pd(hfacac) to give enyl complexes which
are structurally analogous to (102B)?3°. The nickel complex (102A) is obtained by addi-
tion of norbornene to [(7-2-methylallyD)NiCl] , *°. Reaction of (102A) with NaOAc gave
(102B).

An X-ray structural study of the palladium analog (103) has verified exo-cis insertion

of the norbornene as postulated for the two previous systems?*1.
Me H.C
{ 2 \ /Me
/C( PN / c
Me—{i Ni NaoocMe PN éHz

3 : Ni
e U
1oza) (102 8> 2

(103)

Addition of 1,2- or 1,3-dienes to w-allyiic PdX (X = Cl, Acac, or hfacac, Pd/diene > 1)
gives synjanti exchange via a w0~ process involving reversible coordination of the diene
to give a o-allylic (w-olefinic) species before the formation of insertion products®#2. The

- rate of product formation therefore is not dependent on coordination of diene to give the
o-intermediate. The rate of product formation (for butadlene) correlates with the relatlve
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stability and hence the lifetime of the g-species. The conclusion reached is that the rate-

determining step is the actual diene insertion?*?. Medema and Van Helden?*3 have also -

reported the nature of the reactions of conjugated and cumulative dienes with m-allylic

palladium halides. For conjugated dienes, substitution occurs at the most substituted

allylic carbon (contrary .to the mode of substitution for CO and allene) with the rate de--

o creasing for X ="C1> Br >I and for &- and {- allyl substituent C1 > COOR > H > Me.
(ﬂ-Aﬂyl)PdOAc/ 2 hasbeenused asa catalyst for 2 variety of butadiene reactions2%.

In C¢Hg, n-dodecatriene i is produced via the isolable complex (104). In the presence of

X
C4Hg al //\
—— R : Pd
an 1‘§~ ~ 2
Rz
X =0Ac

(104)

PPhj, linear dimers are obtained. In MeOH, the butadiene is converted to octadienyl,
dodecatrienyl or hexadecatetraenyl methyl esters depending on the reaction conditions?#*
Dodecatetraene has been reported as the product of the catalytic reaction of butadiene
with a series of allylPd chelates?45. 'H NMR studies on the system butadiene + (m-allyl-
PdX), (X = halide) have been reported®*%:247, In the latter study, small amounts of diene
have led to a syn/anti proton exchange (observable in the NMR) which depends on the
concentration of [dimeric complex]! and [butadiene] ®° and which correlates with the
rate of polymerization with different allyls and X. It has also been noted that the electrical
conductivity of the system increases exponentially over this concentration range suggesting
that jons are present?*7. NMR studies of the reaction of (w-crotyINil), with butadiene
have been reported for three cases involving: C4 D¢, perdeuterated complex and undeuterated
reagent5248.

Insertion of the 1,3-diene occurs at tirz least substituted terminal allylic carbon in con-
trast to the above palladium systems?%8:249_The interaction of butadiene with the catalyst
system (m-allyl),Ni and {(7-allyl)NiCl} , results in a mixiure of cyclic dimers, trimers, a
high boiling fraction containing cyclopolyenes of the types (105A), (195B) and a waxy
residue?®°.

n : n
{105 A) (105 B)
nm=1—-6 nN=1—-6

In the presence of an organic peroxide (such as benzoyl p roxide) [m-allyINiX], poly-
merizes butadiene (and vinyl ether) stereospecifically to 90% cis-1,4 content polymer. The
active catalyst is thought to be a benzene insoluble nickel complex whlch is composed of
oxygen, halogen, a g-allyl, and nickel?5!»252, :

Polymers of 1,3- dlsubstltuted propadienes give interesting pOSSlbllltleS since the basic
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. umt of the polymer has an’ asymmetnc center and tnsubstltuted double bond present"""3
. Polymers generated by’ (ﬂ-aﬂyI)Nﬂlz from optlcally active monomer contain- -sequences -
of stereoregular structure and are optically active which requires structure (106).
.- . (PPh3),Ni® catalytically converts alléne into a mixture of oligomers®**. The initially
- formed complex (H13P)2N1C31-14, was isolated and characterized. Mechanistic routes have
.. been discussed in light of the reaction products and the products from competitive experi-
oo ments with ethylene and methyl acrylate“" Wlth Nl(COD)z as catalyst 1 2 4 ,6,9-penta- -

' N
PhCHOH :

(105) ' {107) . (109)
- /.
\ .
P
/d\o JPT Ph O
O, X O (110)
e
/ \
(108)

methylenecyclodecane is the sole product?®5. An unstable complex which has been isolated
- from the reaction and formulated as Ni(CoH} ) has been treated with PPh; to give (107)%°5.
- (108) has been obtained by direct reaction of allene and Pd(OAc), cr by insertion of
 allene into (2,2-bi-n-allyl)Pd,(OAc),25C.
(m-ally)PdCl/, + NaOFPh + PPh3 provide a catalytic system for the reaction of butadiene
with PhCHO to produce (109) and (110) in a ratio controlled by the ratio of Ph;P to Pd.
An explanation of this control is offered®s”.

IX. DELOCALIZED CARBOCYCLIC COMPLEXES

. Two w-cyclopropenyl nickel complexes have had their full molecular structure published;
(7-CsHs)Ni(m-C3Ph3 3?58 (see preliminary stricture AS 1970, p. 252) and its analog
(m-C3Ph3 )NIiCI(Py), Py (11 1)%? . The nickel-ring distance in (111) is 1.941 & (as com-
pared to 1.961 A for (w-C3Ph3)Ni(7-CsHs))?5%.

.- - Combination of the appropriate dichlorocyclobutene compounds w1th Nx(CO)4 gives
the partially and tetra-alkylated cyclobutadiene complex (112)?¢°.
Attempts to liberate cyclobutadiene from nickel or palladium complexes by the addi-
tion of dithiolene have led instead to (7-CsMes)NiS;C>(CN), and (-C4Phs)PdS,C,(CN),?%".
" .. The acetylenes RC=CR (R Ph, p-CICsHs, p-MeCgHy, p-MeOCgH,) combined with

, ,(PhCN)deClz in CsHg or EtOH (except for the Iast case) to give on treatment with HX -

- the complex [(ﬂ‘-C4R4)PdX2]2. The .,omplexes will undergo hgand-transfer reacuons as -
:-shown mScheme 6792 . ‘L S :
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Ry. = ,CH3

oo ) -
: 3224 7
BLLONNE gt )§Emc12
. M%‘oé«& Ra -CHgy )
P (i: Py X Ry=Ro=H
Pr Ry=CHg3,Ry=M
R,= CH3 R=Et -
® =Ni R)= Ry=Et
(M (112) ‘Ry= CHa,Ry=i-Pr .

_251.

Ri=R,y=i- Pl“

Reaction of Pt(CO)2C1, + PhC = CPh in ether gives fetracyclcne hevaphenylbenzene :
and the Pt complex, [(7-C4Ph,)PtCL,],,2%3.

The product of the reaction of Na(CsHjs) and PtCl, has the unusual structure (113)2%4,
Raman spectra of (-CsHs)PtMe; have been recorded in solid and solution states with
assignment of the polarized lines at 561, 263 cm™! to symmetric Pt—Me and Pt—(ring)
stretching vibrations consistent with a pentahapto CsHs ring?%%.

Ni(n-CsHs), has been investigated by several physical techniques. X-ray PES recorded
the molecular core binding energies of transition metal carbonyl #nd cyclopentadieny!
complexes including Ni(CO), and Ni{m-CsHs),2¢®. Polarographic behaviour of nickelocene
showed reversible oxidation to (CsH;),Ni* and (CsHs),Ni** and irreversible reduction to
(w-CsHs)(mr-cyclopenteny]l)Ni?¢7. Under polarographic conditions (7r-CsHs){(Ph3P)NiCl dis-
proportionates to give nickelocene?®”. On the basis of 'H NMR contact shifts for three
nickelocenium cations, the presence of a w-delocalization has been established?¢8,

[a]aipd_@]* Et o"%m_x

abe abgc
CeHeFelCOLBr £ on
24 (24
R R

(e +
Co S
S [Egpd] R2 R R
2 NHCO),
- R R
3*\
Ni(CO),

40° R R

R R (PR}) PdCt,

FJﬂd‘%u(CO)_-,
R

a,b,c,d

o
a,b,c
R R R_- R ‘l
Fe(CO)y :
Fe(CO); ~e——— - Nixg 3 a;R=Pnh
" e b
. =P- 4
ab,c,d a,cg d; R = p—MeOCgH,

Scheme 6. Reactionsof [(x-C,R,IPdX,1,.
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L NitPRy), : -
R3_n—8u3,Ph2—n Bu,Ph-n Buz (10h}

b o],
S R pmaTe e
S R _" 3.,%( '.a , ,_P(Ph-n-Bu2)3 (5h)
- Co e altyl haiide . : ’
RT ew— = 7 N(C -
Nl oX " P-n-Bus . P2

S N :
P-n-Bu3 P—n-Bu3
R'SH -

Me,C=C=0 ' @

- ) R Ni
Me  _Me . : R /

z
|
o
s
a—

o .
. + A nickel.carbonyl complex @ @

Ni -
]
S
R'

Scheme 7. Preparations from nickelocene.

A preparation of substituted nickelocenes from Na/THF and EtC;Hs in the presence of
Ni(NH;)sCl; has been reported?®®. The catalysis by nickelocene of the decomposition of
(7-CsHs)NI{CO), in DMSO has been investigated 2.

Reactions using nickelocene as a reagent are shown in Scheme 7271-272,273,274

Germyl derivatives of (w-CsHsg)Ni complexes have been generated by two methods one
of which uses nickelocene?”s.

‘The ionic chloride in [7-CsHsNi(PBu3),]}*CI” may be replaced by X~ = NCO", NCS' ‘

‘N3, C1047, Cl05™, N03 and NO; . Except when X = CIO,; or NO3, the original chloride and
the products dissociate in non-polar solvents or above their melting points276:277,

' : A, solvent . :
[(n-CsHs)Ni(PBu3)z]f X - m-CsHsNiX-PBuy + PBug
' : : + PBU3

- Treatment of the chloride salt with Ph,P(CH,),,PPh,, (n = ]) gave {1 14) which in ben- -
. zene_ gave (115)2 7%. The other chelating phosphines gave similar chelating cations for. =
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4+

Ph_- Ni . _Pn
p cr’
/ b ° :

~
\t‘
A3
(114)
1C6H6

Nx,

Cl
4 \Ph
ph\ CHo

p
Npn

(115) .

n =2 to 478 Reaction of TI(CsH;s) with (R5P),Pd,Xs (R =Et, i-Pr, Ph; X=Cl, Br, ) or '
(R3P);MX; gives the analogous covalent complexes (R3P)Y(n-CsHs)PdX?7°. The com-
plexes (m-CsHs}(R!3P) PtR? (R? = Ph, o-toly! for R! = Et and R* = C(O)Ph for R' = n-Bu)
were obtained from [(R!3P)R?PtX] .. The covalent compounds so formed react with
phosphines to give salts (as above) or unstable o-bonded CsHs complexes depending on
the solvent and phosphine used®”®. '

The dimer, [(7-CsHs)NiCO] ,, has been assigned a solvent independent puckered bridge
stereochemistry (116)?%°. Two studies on the kinetics of reactions of this dimer followed
by infrared spectroscopy have been published?®*:2%2,

i:(ﬂ'-CsHs)NiCO] 2 1 2L -~ Ni(CO)sz + Ni(ﬂ'-Csﬂs)z

For L = AsPh;, P(OPh);, PPh; and PEtPh, in toluene, decalin and THF, a second order
rate law was followed, first order in each reactant®®!. Another study on this reaction, in
petroleum ether or n-heptane noted the reaction as being Sy, for L = CO, PCIPh, , PPh,
and P-n-Bu;%%2. For L = PhC=CPh the products for this reaction have been described as
(7-CsH;5),Ni,(PhC=CPh) + 2CO. A two-stage mechanism with a reversible, first order
process as the rate-determining step has been proposed®®2. The thermal insertion of SnX,

(CO)

. (CeHg)
g gO Ni—)-v*5
\
W p (CO)ZCO"—‘ 7‘Co(c.o\
Co___——C\
118y B (117)
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(X Cl Br) mto the nlckel——mckel bond of the drner was followed spectropbotometncally '

-at 600 nm The ‘resulting kinetic data have been’ mterpreted in terms of a bunolecular

" mechanism involving direct attack of the tin halide on the dimer?®3, Reaction of -
> [(TT-CSHS)NI(CO)] »-with other metal carbonyl species has resulted in the preparation of
- {(m-CsHs)NiCa3(CO)s, (n-CsHs)lezFe(CO)s and [MesN] [(m-CsHs),NipMn(CO)s] which
- “have all been characterized?®*.-On the basis of IR studies structure (117) has been suggested
. for the cobalt compound; and structure (118) for the iron complex in theé solid state and
1‘».: for the manganese anionic complex. In solution a mixture of isomers appears probable for
the last two compounds. Reactions of the dimer with Ru3(CO),, and Mo(CO)s-THF gave
‘the known compounds [(7-CsHs)Ru(CO).] and [7-CsHsMo(CO);1,284.

X. HYDRIDO COMPLEXES

- The nickel hydride complexes, trans-(PR3),NiHX (X = halcgen, SCN, CN; R = C¢H;,
or i-Pr), have been- prepared by the reaction of trans-(R3P),NiX, and NaBH, %% Prepara-
-tion of the palladium complexes by this route failed. The stable palladium complexes
- trans{R'3P),PdHX (X = Cl, Br, I, NCS) were produced instead using the nickel boro- .
‘hydride, trans(R3P), NiH(BH, ), as the reducing agent. The nature of this reaction was
followed by NMR and found to involve a reduction and subsequent phosphine exchange
between the hydride complexes to give a mixture of six hydride phosphine complexes.
Subsequent reaction via the cyclic Scheme 8, allowed complete removal of the nickel
* analog in two cycles and increased the amount of (R'3P),PAHX present®3S,
_ Birnbaum has noted the hydride chemical shift increases X =1 <Br < Cl in trans-
[(PEt3),MHX] (M = Pd, Pt) and in frans-[(AsMe; ), PtHX] with Pd < Pt?87.

A correlation of decreasing metal—hydride stretch with increasing frans-activity for the
trans ligand L has been documented in the infrared study of a series of platinum(II)
hydnde5288 »289

Oxidative addmon of HX to Pt(PPhj3), in the presence of excess HCI has previously
been described as affording a PtV species, (PPh3),PtH,Cl,. On the basis of spectral data
on the complex in solution and solid, Dumber and Roundhill conclude the “Pt!V dihy-

[:trahs-[(Cyclo;C6H1,)3P]2PdHCl + saome Ni analog]
NaBH4
) [(c_yctp ~Cgthp)yP], PAH(BH,) ~——y

16 tn-BusPLPaCt,
(ii) (cyc!q-CsH“)aP
S

" trans-[tcycio -CeHp),P], PaHCI

. NaBH4

. Schem’e 8. Purifimﬁon of crude product in the preparation of trans- [(cyélo-Cﬁ H,,),P],PdHCL
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[(pph;, P:H] BR; + N2+ PhR . .
' | R=OMe,Mef - LpPt(SiRy),

Hz,MeOH‘ - S U
. ~Hg

r S -
{(PPn3), PtN=N-CgH; R~p] X

(PPR3),PtHX l | LPt(HISIR,
X-SCOCH3,SCOPh ' : o S
CoHaS,N . |Diazonium 1
sait —zHz
2+
P“spxpt/"-\ PPy [Ftirrng,] : L\pt/(SiR:’)\‘;t/'T
enp” 7 Speng ' L7 Msirg)” ML
(121) (e s _ MHR
ILiClo., J .
trans-(PPhy),PtIMRIH (120)
[ptF(pprb)a]H;_—z [pts(ppna)Jm + Pt(ppha)zMHa in solution
. n9) M =3,Se
Lmu R =H,Ph
SO,
[ptr(PPny), ]BX,
X=F, Ph [rtstsocprny, ],

Scheme 9. Preparations from Pt(PPh,),,.

dride” phase, is actually frans{PPh3),PtHCl in a different crystalline state?°. Oxidative
addition to Pt(PPh;),, provides a synthetic route to Pt-hydrides, Scheme 92°1:292:293,294,295_
The behaviour of adducts (120) and (119) towards oxygen, HC=CH, H,C=CH, and C=0
has been related to poisioning in platinum metal catalysis?*®®. The reaction of HF with
Pd(PPhs), gives a dimeric dication, [PdF(PPhs),],F>, analogous to (121), and with
PtY,(PPhs), (Y = Cl, Br) gives cis-PtYF(PPh,),2°".

The oxidative addition of HSnMe; to the chelated complexes (Diphos)PtCi(SnMes)
or (Diphos)Pt(SnMej}, yields the octahedral complexes (Diphos)Pt(H)Cl(SnMe;), and
(Diphos)Pt(H)(SnMe,);2%¢. Hydrogenolysis of (Diphos)Pt(SiMes), causes the loss of tri-
methylsilane to give at 25° the hydride [(Diphos)Pt(SiMe3)H] while at higher tempera-
tures a (Diphos)3 Pt cluster compound is formed?%.

Halogen exchange in the reaction of trans(PEt3),PtHX with MH,_ X, (M Si, Ge;
X =Cl, Br, I; n = 0—3) in C¢Hg leads to trans{PEt;),PtX(MH;_, X,;) in which the heavier
halogen is bound to the metal for the MY case (Y = F, Cl, Br, 1)??7. Addition of MH;X
to the diiodide trans-(PEt3), Ptl, gives a six coordinate complex, (PEt;), Pt((MH, X)(HD)I,

which loses H, at room temperature to give trans-(PEt3), Pt(D)(MHXI)*?7. v

~ CS, insertion for trans-(PR;),PtHX (R = Ph, Et; X = Cl, Br, I, CN) gives an S-bonded
derivative PtX(S,CH)(PR,), in what has been described on the basis of a kinetic study
as a two step process involving a second-order coordination of complex and CS; followed
by an mtramolecular rearrangement?°3,
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(122) obtained by displacesent of acetate from IPHOCACHT The square glmss 9{ Jas
mizfs i}ﬁi rwards to t&éuce the span bﬂégeﬁ by the acetoximate groups. .. - A
" The rapid, thermally reversxblel addition of coniugated. dienes tn Tgis(l 2.-@&!31&&:%
msmysemesxe-},;-é}imda&}}} Cmicke} gwes a&dtrcts of the type (IZJ) w1f.h i,3-dimethyl-
butadiene®®®.
A tfertiary phase equBna study in the system U—Pt—C has shown the existence of
' Ihe ternary c.a:bzde U,P-ICQ which is fem%d peﬂ{eﬂ{tcaﬁy i ethhnum with UC, U,Cas,
!)P(:L -~ UPt;_ C30 !
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Two papers have appeared dealing with the reductive alkylation and ring opening of a

" nickel corrin system°? and the alkylation and rearrangement of a nickel corrole3°3.
Cs(B3Hj) reacts with L, PtCl, in acetonitrile/NEt; to give complexes L,PtB3H, (L =

PEts, PPh; PEtPh,, P(o-tolyl);)3*. The platinum has been assigned an oxidation state

of +2 on the basis of the Pt 4f7/2 molecular core binding energies. A w-borallyl structure

analogous to 7-ally! has been suggested>® . 2,2 . Dilithiobiscarborane reacts with NiBr,

in anhydrous Et,0 to give the diamagnetic anion, (Et4N);Ni[(B;0C,H;0)2]2 which has

(]
o0

(_124) -
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“been chéractenied as a square planar structure (see AS 70, p. 256)3% . Treatment of
-the carboranes B;oH;2CH and BmH 12NH; with strong base (Li-n-Bu or NaOH) in the
prcsence of NlCIg has given ‘the metallocarboranes (B1oH10CH),Ni*~ and (B, oH; oCNH;3), Ni )
in which 2 format oxidation state of IV has been syabilized by fhe I;gz_nﬁs:‘e" A-ATkylated
carborane, B,0H12CNH20H2P}1 gives {(B 10H} oCNH;CH:Ph),‘Nl] and methylation of
Q&}»%}Mz\p&\%&m&k»«@&fﬁ&.‘WLL'&«Q.“'&fl{{g&&wkxg.&'g&kﬂam{mme
Treatment of (B oH; oCNH3),Ni with nitrous acid gives (B;oH; oCOH):Ni which illu-
strates the stahility of the hasic woit (12415

XIl. REARRAT.GEMENT OF STRAINED POLYCYCLIC HYDROCARBOUNS

Considerable interest has developed in the use of metal catalysts to overcome the prin-
ciphe of conservation of orbital symumetry in concerted organic reactions. ’

An extensive survey has been carried out on the influence of various transition metal
species on an electrocyclic ring opening of hexamethyl-Dewar-benzene to yiceld hexa-
methylbenzene. No apparent correlation between activity and the metal d configuration
(d®—d"®) was noted®®” . Among the active catalysts (with conversion %) were (PhCN),-
NiCE, (8%, {(PRCNIL,PACE, {21%), PACL/E1OH {(100%), PaBr,/Et0H (100%),
[PA(C2H4)Clz] 2 (60%), and 10% Pd on C (5%)3°". A comparison of Ag! and Pd! isomeri-
zatien of bicyclobutane reveals that the metals were different in product distribution and
substituent effects. The product distribution for (125), (126) and (127) for (PhCN),PdCl,
catalyst shows the sensitivity of the reacion course to substituents®°®. The mode of
cleavage of (128) has also been shown tc be dependent on the ligands in the catalyst3°%.
(PhCN),PdCl, gave 13/1 = D/E; m-allyl FdCl/, gave 3% of C and 72% of 3/46/41 = D/A/B
and (1-chloromethyl-m-ally]) PdCl/, gave 3% of C and 40% of 55/26/19 = D/A/B. At low

1_ NSNS N

(125) )
PhCN),PdCl

w (PRCNXPACt, 51 : 24 : 24

126} ' -

' PRCN),PACI :

D | onewnpac _

zTy ; 7

(28) A B CH ¢ D £
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,LOMe- - 27 . -l S—COxMe - T 5~ COMe
N e . COzMe'. -
CO.Me - ) : - COzMe COxMe
: (13’2: e " (133) t134) (135)

catalyst concentrauons llgand exchange involving the dxene D was observed and in ail cases the

- catalysts slowly promoted polymerization of the products®®”. (129) was catalytically ring

- .opened 10 (130) by [r-allylPdCI] , and (PhCN),PdCL,*°%>!" and to (130) 62% and (131)

. 24% by Pt0,319:311 Mechanistic conmderatlons for these processes have been discussed 308-311
Another transmon metal catalyzed 1somenzat10n involves the 1,1'-bishomocubane system

~(132) which opens to give (133)—(135) in the presence of AgI PdII Rhl cata.lysts312

XIII. REACTIONS WITH’OTHER ORGANOMETALLIC COMPOUNDS

5Reac'fi0ns of nickel énd palladinm compounds with organometallic compounds of other
metals has led toa variety of coupling and exchange reactions. Pd¥ salts in the presence of
nucleophxles X=0Ac, N3, Cl, NOz, Br, CN, SCN couple the aromatic subsutuents of HgR"

accordmg to3‘3' '

2RHg +PdH+X'—>R2+Pd°+2Hg2"-rX'

Addition of oxidants (CrVL, Pb(OAc),, etc.) changes the course of the reaction to give RX,
Hg?* and Pdl as products®!3._ Similar coupling reactions occur for 2RXC=CRHgX and
R;C=CHHgX in the presence of Pd! to give RXC=CR—CR=CXR and R, C=CH-CH=CR, 3.
The aromatic substitution of olefins by RHgCl in the presence of Pd!l has been carried
. ‘out for two cases. PhHgCI reacts in protic solvents in the presence of PdCL,?" to give two
. types of addition products for (136) and (137) whose ratio depends on the solvent system
The e S-unsaturated acyl chlorides (e.g. CH,=CHCOCI) give, on reaction with PhHgX

,'Z‘; 0 OO o P"
.y ph‘ch,‘ __, OO . A'+: .éh_

T (137) R

315

OIIII

“Quw
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(PdII catalyst), ketene denvatlves (10. 5%) (1solated as saturated esters on reactlon w1th
alcohols) along with unsaturated esters (1.8%)3'6.
. ‘Diaryl or dialkyl ketones have been prepared in excellent yleld (95%) from the reac-

thIlal 7.

2PhHgCl + Nx(CO)4 VI PhCPh + 2Hg + NiX, + 3co
-l

8]
This reaction has been adapted to produce unsymmetrical ketones*!”.
—Co ’ ArHgCl
PhI + Ni(CO)s [PhC—NiI(CO), | ArCPh (96%)

i i
O AY)

Biaryls can also be obtained froin the thallium complexes, PhTIX, (X2 = (OAc),, Cla,
(D2C,F3),, ClO4(0Ac), and PhCl) in a reaction with PdCl, /NaOA\. to glve yields of
Ph—Ph up to 59%°!5.

PA(OAc); catalyzes the reaction of ferrocene and olefin (CH,=CHX, X = Ph, CN, CO,Me,
CHO, n-BuO) to produce alkenyiferrocenes with the rate of reaction increasing with the
electronegativity of the olefin substituents3'?.

Alkyl Grignard reagents undergo a variety of reactions with mckel and palladium com-
pounds. Substitution at a phosphine phosphorus in (PPh;),;NiCl, by MeMgBr folilowed by
hydrolysis gives a mixture of products, PhH, PhMe, Ph,, Ph,MeP and PhMe, P although
reaction between free PPh; and MeMgBr does not occur32®. The structures of Grignard
compounds produced by alkyl—olefin exchange:

. NiCl,
RCH=CH, + CgHSMgX ——> CH,=CH, + RCH;CHzMgX + CH3CH(R)MgX

or olef‘m insertion

NiCl, :
RCH=CH, + PhMgX — PhC(R)HCH,MgX + PhCH,CH(R)MgX

have been analyzed for a variety of olefins and Grignards?'. Reactions of alkyl Grignards
with NiX; or PdX, (X = halide) have been postulated to occur via an alky! transition
metal species which decomposes to dialky! or to an alkene and an alkane (disproportiona-
tion). Oxidative coupling was favoured by Agl or Cull catalysts and by alky! groups with- -
out a B-hydrogen®22. Disproportionation is the common route for other cases. -

Exchange reactions have been observed in the interaction of a-olefin and optlcally ac-
tive compounds of Be, Zn, B and Al in the presence of Nill compounds contammg
chelating ligands323. '
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AI(CHzCHRR‘) + CHzc—CR2R3 _— AI(CH2CHR2R3) + crr,—c/\R1 e

By the varia’ﬁon in sterebs)electivity‘and the diffe'rence'in ‘catalyﬁc activity, ithas been -
,concluded that at least one chelating ligand is retained in the active catalytic species.
' Alkylanon and subsequent hydnde formation appear to play an ummportant role in the
- catalytic process on the grounds that for bis(N-alkylsalicylaldimino), nickel there is a lack
‘of éct1v1ty in the'récei-mzanon of optically active 2-methy1butylbery1hum and aluminum
do.anvatwes"”'3 The mechanism shown in Scheme 10 is proposed. The kinetics of this re-
- action has been found to be’ complex including an induction period and a first order de-
" pendence on nickel, olefin, and aluminum linked 2-methylbutyl groups32*.

NHL-L); + x AIR3 ———a L,Ni
LpNi + CH;=CHR' ———n CHz-—“CHR'

L,Ni
\/Et
CHy= CHR CH,—C% _ Et
' + JAICH,CHEtMe —— AL “H ——= CAICH,CHR + CHz—C\Me
L,Ni CHz-—CHR
n . L,,Nx
Lan
et CH,=CHR £t
CH,= =
Hzl “Me 4+ CH,=CHR ——= + + CH2=C<
LoNi LaNi Me

Scheme 10. Mechanism for alkyl e'xchange.- :

XIV. HYDROSILYLATION/GERMYLATION REACTIONS

In the presence of PPhgs, palladium compounds PdX, (X = Cl, OAc), and Pd metal are
all active hydrosilylation catalysts for olefins and dienes with HSiCl3 and HSiMe332%.
HSiCl; > HSiMe; and conjugated dienes > 1-olefins > inner olefins have been presented
as the orders of reactivity®25. Use of Pt(PPhs), as catalyst leads to hydrosilylation of
terminal olefins (but not internal olefins) without isomerization for HSiCl,Me32¢,

The widely used Speier’s catalyst for hydrosilylation (H,FtCls-6H,0 in Me,CHOH)

 has been found to contain acetone, HCI, and some Pt suggesting the reaction3”

: HthCL; + MeZCHOH - HthCL. + CH3COCH3 +2HCI

The hydrosﬂylatlon of di-tert-ace tylemc-oz-glycols with this catalyst ylelds two products
.. assigned by spectral data to (138), (139)°2°. [Cl, P{(HC=CCMe;)], in i-PrOH has been
reported as-a better catalyst than Speier’s catalyst>>:16!, Butad1ene hydros:ly]atlon has
: _been reported for several Pd and Ni catalysts33°,

Use of Pf((,2H4)L2 (L PPh;) asa hydrosxlylatlon catalyst gave good convemon of
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g QH OH ' - R OH oH
: Rz>c——(|:—~CECH‘ + HSiEty ———e o2 c <': -C=CH,
Me IR . Me SlEt3
‘ (13s) -
SiCls L . R CI)'-I OH
o+ G- c C—CH(SrEt3) :
R Me
(140) (138}
PhGe H PhyGe _Pn PnyGe M
_c=c{ e=C{ _ ,c=c{
H Pn H H en H
(141} 1142) 143)

terminal olefins with a variety of silanes without appreciable isomerization33*. Several
complexes were isolated from these systems®3!.

The square planar NiCl, -(P-n-Bui), complex was found to be a more active catalyst
than the tetrahedral NiBr,(PPhs), for the reaction of styrene + HSiCl3332. Ni[(OPh);] 4
was found to equal the best previously known Ni° catalyst. Addition of CuCl to this type
of system dramatically increased the yield of products, which were predominantly the «
adduct (140)332,

Hydrogermylation of PhC=CH leads to products in the proportions (141) > (142) >
(143) for the catalysts H,PtClg-6H,0 and cis(PPh3),PtCl, with retention of configura-
tion at the germanium center for HGe*Ph(Me)Np333,

Addition of HSiMeCl, to a-methylstyrene using frans-dichlorobis [(R)-benzylmethyl-
phosphine] nickel(II) with *PR; of optical purity 81% gives a product dichloromethyl(2-
phenylpropyDsilicon with about 17.6% optical purity>3*. Asymmetric hydrosilylation
has been reported also with cis{C,H,)*PR3PtCl, and (R3P*PtCl,), for the addition of
HSiCl,Me to a-methylstyrene and to 2-methyl-1-butene®3>. The results were poorer than
for the nickel complex above with about 5% (K) enantiomeric excess for the first catalyst
with PhMeC=CH, and less for the second catalyst. The butene gave only 0.9% bias to-
wards the (R) isomner for the first catalyst and less for the second®3®.

Disproportionation of Me;SiSiMe,H catalyzed by trans-PtCl,(PEt;), has been proposed
to proceed via a-elimination to give “dimethylsilylene’ (perhaps from a metal complex of
Me;SiSiMe, H) which can be trapped by PhC=CPh to give 2Me;SiH and (144)33%,

Me*  Me
(144}

Dehydrocondensatmn of phenol and silane is catalyzed by several Ni, Pd, Pt compounds

and by the metals in certain physical states®37 e.g.:

catalyst A
R3SiH + PhOH ~———— R;SiOFh + H;
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= o + PdClz
SaMe3 e

T LTl R e Ph CHCVIVCH/PdC! -
-P'i“.»“'f T e ) R T SiMeq
. i e Pd°+ HCt s , ] ,
S COzMe . ) : : . ’
: (35%) R : CuCliz.MeOH o —S8iCiMe3 -
R ©T 1 CHy=CHCO,M&~ _ ‘
\_\qu] »

CuCty,MeQH . (145)
S . o + \—\
© Ph . - . — o S(Me3
N I ' (-SiCiMes)
cpzcuzc: + PgCl, g
95/5 trans/c:s(BO%) oh
\a o
Pd
Ph_
== + pd°
(79%) "

Scheme 11. Interaction of vinylsilane with PdCi,

Extension of the catalytic reaction using dihydric phenols and dihydrosilanes in bulk or in

a solvent at > 1507 gave high molecular weight polymers containing a Si—0O—phenylene -
linkage in the main chain®37.

' The interaction of vinylsilanes w1th PdCl, hasled to reactxons w}uch might be expected

for vinylpalladium species such as (1 45)338 (A summary of reactions is shown in Scheme

11).

XV. OTHER SYNT HETIC Al‘ D CATALYTIC REACTIONS INVOLVING Ni, Pd, Pt

A. Nickel
. Homogeneous hydrogenanon of exght-membered cycloolefins has been carried out
using 0- and p-dihydroxybenzene as hydrogen donors and Ni(PPh3), X, (X=1>Br=Cl)
~as cataly _,'st339 Hydrogenation of oxygen contauung unsaturated compounds by nickel
‘boride occurs quanntanvely without rearrangement hydrogenoly51s or carbonyl reduc-
tion34%_ The catalyst system n-BuLi-—nickel octanoate has been found to be less active
. than the related cobalt system for hydrogenation of cyclooctene3?!. :
The reductmn and rean'angement of butadiene by aqueous N1(CN)6 2 has been studled
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: kmetlcally and two dlstmct reaction 1ntenned1ates (a n—allyhc specxes and n-dxene spec1es)'
have been proposed to account for the production of rans- and cis-butene®*?. The pres-
ence of nickel ions on 13X-type zeolites enhances the catalytic rearrangement of n-butene'_ '
to trans-2-butene (probably via radical mten’nedmtes):*"3 Detailed analysis of the ex-

: change products of the reactions of D, and 1-butene aover NiX catalysts to yield butane -

shows that €xchange is comparable to isomerization and that hydrogenation is accompanied ’

by a substantial redistribution of H and D3*3, Supported acid metal saits isomerize butene
with activity and selectivity (cis/trans) increasing with the acid strength of the catalyst““

These observations were explained by a mechanism involving a sec-butyl carbonium ion344

Skeletal rearrangement of dlenes promoted by systems which presumably give nickel
hydride species, ( [(o-tolyD)zP} sNi and HCl in THF), resuits in conversion of (146) to

(147) via the proposed intermediate (148)>*°. Similar systems including [P(o-tolyl);] 2-

NiC,H,4 + HCI rearranged (146) to (147) (74% conversion in 2.5 min) and (149) io (147)3%5.

Miller ef ai. have discussed the mechanisms of nickel complex catalyzed rearrangement of

the types; 1,4-pentadiene to isoprene and 3-methyl-1,4-pentadiene to 1,4-hexadiene®*”.

The reaction mechanism of the latter rearrangement has been shown to occur via inter-

mediate (150)%%7. '

//\/\l - /k/\ (62 %)

(146) . (147)

+ o 3T NiLa ™
catalyst : - Ni=—}t - : ;
(146) TR L, [Y\)] —_— [/Q:] - J ~— (147)

NiL, -

{148) -
S
—_— - N + 2,4-hexadienes
{149) {147)

cis ar trans

=R =

H/D exchange between C;D4 and C;H, in the presence of H, and NiX,(PPhs), occurs
via a hydrido intermediate®*®. Bis(V,V-diethyldithiocarbamato)nickel will catalyze the ex-
change of halogens in a,&'-dibromo-o-xylene in refluxing CH,Cl, formmg a,a'-dichloro-
or a,&’-bromochloro-o-xylene34?.

Direct thermal reaction of Ni{(COD), and aryl halides (1 > Br > Cl) in DMF has been
found to be a satisfactory route to certain biaryls®>°. Methylation at the ortho position in
phenols at 350° was performed by the nickel oxide—ferric oxide catalyst with gasification
of methanol taking place simultaneously as a side effect®®!. The effect that addition of
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. various metal ch!onde salts to.a stablhzed mckel catalyst has on the ratio of benzene
 toluene, and benzaldehyde produced from benzyl alcohol has been documented352, 2-
".Cyanopy'ndme has been’ catalytlcally hydrated to 2-pyrxdmecarboxam1de using - NJ(En)3-

" Cly-2H,0, and Nl(L—-L)2C12 2H,0 (L-L) = 2-pyndmecarboxam1de)35 3 (PPh3)2N1(CO)2
,mechates the ehmmauon of anhydrides: from compounds like Q 51)- to give the correspond--
-ing olefin (53%)3%*. Acidic metal sulfates including the nickel salt on silica gel at 300° de-
_hydrohalogénate haloethanes with actmty and selectivity correlating wnh the electro-
negatw:ty of the metal®®®. . , :

5
CO, for X=0
@x - .ﬁb T €O onPs for x=s

X=5.0
T (151).

Polymerization of phenylacetylene has been studied for a variety of Nill, Pt!! complex
catalysts by analysis of the reaction products and ESR spectroscopy®*®. The spectrum of
stable paramagnetic species present in the polymeric fractions of the reaction products
and of transient species formed during the reaction have been observed. A mechanism
based on insertion of monomer into the o-metal—carbon bond has been proposed on the
basis of the results obtained®3%, Nickel complexes such as Ni(MeCOCHCO,Et), will
convert acetylene to H,C=CHC=CH at 80° in Py>57. The most effective catalysts for the
dimerization of butadiene to (152) (in the presence of ROH) were (BuzP),NiX,/LiR,
(o-tolyDNiX(PEt3), .and (7-allyINiBr), + P-n-Bus 38, For the arylnickel catalyst CH; OD
has been found not to deuterate the toluene which is reductively cleaved from the nickel
before dimerization occurs. CD;O0D on the other hand gives monodeuterated toluene.
The cyclodunenzanon is thought to involve a hydrogen migration from the protic com-
pound.

Oligomerization of butadiene by electrolytically reduced nickel species has been de-
scribed in two publications®59:36°_ Oligomerization during the electrolysis of solutions
containing NiCl, and electron donors depends on the nature of that donor. When Py was
used (with or without the presence of electrolyte) a number of linear and dihydrogenated
oligomers along with a small amount of branched oligomers were obtained. When PPh;
‘was used n-octatriene and alkoxy octadiene were catalytically produced and accompanied

- by formation of (PPh3)4Ni. A mechanism involving (153) and (154) has been discussed35°.
'Electrolytic reduction of NiCl,/PPh; or (PR3),NiCl, will give catalysts for the conversion
~ of butadiene to 4-vinylcyclohexene and COD3°, Addition of Diphos yielded (89%)

b -
T(s2) (153) . 154y
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Q ) NitL)a R,C=CRCH, COOMe R,C=CRCH; H
+ CH=CHCOOMe —ggate . + .
ol : ' 36n - CHYMH : H.V COOMe
155) : N2 o 7 _
a R=H ' a R=H (65%) a R=H (35%)
b R=Me b R=Me (65%) b R=Me (35%)
H oz z .
z zZ 2 Nle
+ ——— 6‘/. others
HY z
b v
55% 45% (158 sa%
2=CO;Me

(Diphos),Ni suggesting a Ni® species is present in the electrolytic reduction. Acetonitrile
and DMF were the solvents best suited to the reaction.

Bicyclo{#n.1.0] aikanes react with olefins (fo- # = 1, 2) to give different products under
the mediation of bis(acrylonitrile)nickel(0) than under thermal reaction3®!_ Representa-
tive reactions are illustrated for n =1 (155) (156)3¢! and n = 2 (157)3%2. A rationale for
the products in n = 2 cases has been advanced.

Reaction of (1/10) allene/butadiene in an autoclave with tris(2-biphenylyl)phosphite
nickel(0) gives 35% of 8- and 9-methylene-cis, frans-1,5-cyclododecadiene®¢3. 1,1-Dimethyl-
allene or methoxyallene and butadiene with nickel catalysts (Ni®—L) afforded the anal-
ogous products which were isolated after Cope rearrangement to (160)363. Reaction of
butadiene and amines (primary and secondary) gives octadienyl and butenyl substituted
amines by utilization of catalysts which produced nickel(0) species®*®*. A similar catalytic

257 2, £y - O

(60%) - -~ z
+ p—
- 2=COOMe (66 %) 2=COOMe (22%)
[z CHCHZ (50/50G)
- D Z=CN (75%) Z=CN (16%)
Z=COOM 2 (62/38)
Zz : ® Gsn =\,
(8%) , _ 2=COOMe -
+ (158) (74) + (159)(25%) : |
(155) (159)
(89%) (119.)
Ry
Ry x
=
(160) - (161) (182)

R' =R®=CH; (45%)
R! or RZ=OMe, RZ2or R'=H (40%)
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'system telomenzed butadlene thh alcohols to g1ve 2,7 -octadlenyl ethers as the major
'products“s - B S SERe L RS
"AlEt; used w1th NlClz or Nl(Acac)z wﬂl isomerize a—oleﬁns to mternal cis, trans oleﬁns

5 Dxmenzatlon of propene by a variety of these systems has been undertaken by Jones who -

- has reported the production of about 30% ri-hexene and 70% methylpentene at reaction
. temperatures of 40—80°. (Higher temperatures favour n-hexene formation)?%7. Propene

- and other 1-olefins dlmenze with Nl(Acac)z*AL..tz(OEt) to linear dimers with a selectlvxty

- of. 7<—80%3f'3 Solvent influence on the polymemanon of acetylene by NiCl,/AL-i:Bus
. “was studied36® Ohgomenzanon of butadiene by Ni(Acac),/AI(OEEt; to cyclic olefins

" ‘and with AlBr; or HOOCCF; to polybutadienes has been reported®7°. Ni(PCl3),/AlBrs/BuLi
*. dimerizes C;H,, isomerizes 1-butene and codimerizes C,H, and styrene®”’. The
1\11C12/Al"1Et2/2PH13, Orx Ni(Acac), /AlEtz Ci systems codimerize NBD and butadiene to give
* small yields (relative to the NBD introduced) of (161) and (162)372.

- BF5-Et,0 has been used as a co-catalyst with (PPh;),Ni(0-Np)Br in dry CH2C12373

"The system exchanges H/D in C,H,; and C,D, whilst dimerizing ethylene at a much slower

 rate. Co-dimerization of C;H, and styrene occurs also with this catalyst®74.

' B. Paliadium

A review 6f addition and elimination reactions of palladiumn complexes with olefins
written by Heck has been published®7s. , :

PdCL* ona basic ion exchange resin will hydrogenate oleﬁns in alcohohc solution at
25°376 The activity and kinetic behaviour differs from that of metallic palladium and
PdClL,?~ does not act as a catalyst in the absence of a co-catalyst375.

A novel allylic isomerization patthy has been proposed by Henry for Pd!I catalyzed
reactions of the type: !

Palt
MeCH—CHCHzOOCEt = Me(OOCEt)CHCH=CH2

By --u labellmg it was found that alcohol oxygen of the 2-butenyl propionate becomes
the carbonyl oxygen of 1-buten-3-propionate®””_ This observation along with data on ex-

change reactionsled to a mechanism with a 1,3-acetoxonium type ion intermediate (163)377.
Et Et
]
~ : —o
c
. , o ?/ \ol O
. Q. 9 ;
MeCHTCHCH;O—-C—Et === | MeCH-CHCH, | == MeCH—-CHTCHz '
Pd - : o : Pd : Pd
' : C (153) :

v Henry has studxed the PdII catalyzed czs/tmns isomerization of enol propionates (and
vinyl hahdes) and has found that it occurs without exchange reactmns and is cons1$tent

thh the lcmenc e\:pressxon""’8 '
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k[lePd2C15} [enol proplonate]
k=
{Licy)

Ori the basns of his observatlons the. authoz has ehmmated reactxons via -n'-allyhc or hydndxc
intermediates. A 1r~csmplex mtermed:ate is consistent with the data378 PdII catalyzes ex-.
change:
HOOCCH,

HOOCCD,

CH,=CHOOCCD, CH,=CHOOCCH,

For 1-acetoxy-1-propene exchange occurs only with cis/trans isomerization and kinetic
and stereochemical results have led to the proposal of a mechanism:

& !
C,H3;00CCD; + '-PldOOCCHg, - —'P’dCHZCH(OOCCDg)(OOCCH—:;) -
{.
-P'dOOCCDg +C,H;00CCH,

Consistent with this mechanism is the non-reactivity of cyclic enol acetates and the in-
hibition of the process on vinyl substitution37°.

Cyclohexene, 1,5-cyclohexadiene, or 1,4-cyclohexadiene react rapldly with Pd(OAc),
to form benzene but the reaction depends on the presence of some elemental Pd° being
formed in the reaction®®°. Preparation of ,8-unsaturated aldehydes and ketones from the
corresponding saturated aldehydes or ketones has been carried out by an oxidative de-
hydrogenation by air or oxygen in the presence of Pd(PPhs),Cl, and a co-catalyst such
as Cu(PPh3)2C12 or a quinone in HOOCR3®!. 15—30% converssion of (164) gave 80—95%

lectivity to (165) which converts slowly to (166) when in continued contact with
metalhc pal]adlum 381

’ o : Te) OH
o 100° O &
n 2 [o]
oo o
Cj + Pd cocatalyst @ + @ + PdT 4+ HO
(184) ' (16%) (186)

; Y
X"Q /Cl\ ,N§N
FPd Pd
- N\\N/ ~ct” \©x
O

(167)
X=¥Y=H,Clt

- References p. 274,



: ;.xsolable mtermedrate {1 67) formed from azobenzene and the catalyst PdClz

5 268 e B T.m JACK, 3. PO‘WELiJ
. ortho—Hangenatlon products of azobenzene, (as in the conversron of 2—chloroazobenz-
~eneto 2,6,2",6 -tetrachloroazobenzene) result from the reaction of Clz (or Br,) with an’

382 -

. Elemental palladmm ona silica support has been found to oxidize CO in a process

L promoted by hydrogen”:" In the pallachum—catalyzed synthesis of vinyl acetate from =

ethylene Pd(OAc)z was formed under condltlons of high parual pressures of HOAc and

0, and at low temperat'ures:"84 B

: Acetoxylahon of unsaturated substrates can be camed outin the presence of PdII

B compounds. Pd(OAc), nuclear acetoxylation of aromatic compounds containing ortho,-

 para-directing substituents gave meta-acetoxy-products®3%. A rationale for this reversal
of onentatlon pattern in the products has been suggested (Scheme 12)38°, The reaction

X E o X . X
PdOAc o

Pd(OQAc): ©: : . :

— o+
- . CAC . : QAc
where X is ortho,para PdOACc
directing - —V ~

’ l PdHOAC

X

Scheme 12. Mechanism for metg-acetoxylation.

of isoprene with HOAc catalyzed by PdCl, + NaOAc and an electron donor (PPh;) has
been studied with respect to the reaction products under various conditions>2°. The use
of non-polar solvents yielded isoprene monomer acetates as the main preducts while
polar solvents favoured isoprene dimer acetates®6. Two groups of researchers have re-
‘ported investigation of the mechanism of acetoxylation of cyclohekene and deuterium
labelled cyclohexerie in the presence of PAll and a co-catalyst (CuCl,387 and HNO;,
HNO,, or Hg(OAc),°*%) in HOAc. Both studies found that the reaction led to a 1/1 mix-
ture of acetates (168) and (169). A competing though less important reaction is the for-
mation of (170). Synthesis and reaction of 7-cyclohexene and w-allylic cyclohexenyl

D’ OA‘? N OAc
(168) - €(170)
S ,
B
PR ) OAc,: .
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N model compounds were carried out and found to support the mterventlon ot mono-
* meric m-allylic intermediates in the above allylic oxidations389. . :

A catalytic conversion of olefins to ketones in high yields has been developed mvolvmg
the addition of a methanol solution of Hg(OAc), and oleﬁn to a solution of PdCL;" and
CuCl; (followed by hydrolysis with NaHCOQ3)3?0. o

The oxidation of (172) by Na,PdCl, in 2/1 glyme/H,O glves proplophenone (l7lb)
and phenylacetone i71a); the former favoured by large amounts of catalyst”‘ :

Fh—q e PD/Y + Pn)J\/ + ome P'l/\\/
[e]
(172) a €171) b

o 7 . Pdla /‘\_/_L
2 7/ N\ + no + co, JT?;)%-— on + #Z N N
: 3 1u73) .

OH

+ //——\—)_\\ + octadienyl ethers

(174)

] OE¢t
(175)

Butadiene with (Pd(Acac), + PPhs) catalyst reacts with H,O in the presence of CO,
to give high yields of the octadienols (173) along with other dimeric alcohols (174),
ethers and dimers®°2. A similar carbonylation dimerization of butadiene in the presence
of (Pd(Acac), + PPh3) and CO and EtOH gives (175) along with ethoxyoctadienes3?3.
Substituted conjugated dienes may be carbonylated with CO in alcohol using PdCl,
catalyst to give unsaturated esters as the general product3?®. Allyl alcohols with PdCl,
and H,O give allylic ketones and aldehydes (after dehydration of the initial products
with acid)3®%. PdCl, is reported to catalyze insertion of CO into a nitrogen—chlorine
bond in the conversion of chloramine to carbamoyl chloride3®®. EtOH and CO react
under the influence of LiCl + PdCl, to give ethyl chlorocarbonate and ethyl acetate, to-
gether with Pd and an unidentified compound3°7.

In the case of the autooxidation of cumene at 35° catalyzed by (PPha)4Pd, chain ini-
tiation has been attributed to decomposition of the hydroperoxide still present in the
cumene and not to oxygen activation by the transition metal3?8. A similar conclusion
has been reached in the oxidation of cyclohexene (l 76) catalyzed by (PPh3),PtO, or
(PPh3);Pt at 65° and 1 atmosphere 0,3°°. The process does not involve oxygen activa-

OOH
O —=- @
(176) . s

References p.- 274 .
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tlon by the platlnum The effecnve actxon of the transmon metal has been attnbuted
instead to its interaction with’ preformed cyclohexene hydroperox1de to form rad1cals3”

It has been prewously reported that reaction of butadiene with malonomtnle, catalyzed '

by platmum complexes gives only a small amount of2 7-octad1enyl derivativesand a
 large amount of yellow solid which has now been identified as (177)%°°; Methyl acrylate

. reacts with PdClz ~NaOAc'in HOAc at 100° to give a low yield (4.6%) of trimer along

. with small amounts of other aromatic products‘“" Pd¥ catalysis of butadiene oligomeri- -
- zation gave dlfferent products depending (i) on whether or not the anions present were

. non—complexmg (C104 )or complexmg (CI', RCO,"), (ii) on the nature of added electron

* donors (PPh;) and (iii) on the solvents®92:493,

Arylation of olefins involving pallad_um compounds is an area of active interest.
Phenylatlon of [B.8- 2H,] styrenes with benzene in the presence of Pd(OAc), in HOAc
was found to give frans-stilbenes without a hydride shift occurring*®®. The same sort of

~ reaction was achieved for benzene or toluene on reaction in refluxing HOAc with the pre-
viously prepared a-olefin—palladium(Il) complexes (178) and AgOAc*®>. The reaction
of benzene with either cis- or trans<{f-chlorovinyl)palladium(II) complex (178) led to

NC CN ’ YO H
N ‘ Ne=c? PPhy

1 7(/ \Pd/

C—NHg . / N\

Ly PPy !

2 : Y=X=Ci

CN . r=Ci,X=H

=H.X=Cl

177y - - .ta78y - Y

trans-3-chlorostyrene in high yield. The use of mild oxygen pressure has been reported V
to make the coupling of styrenes (or ethylene) and benzene in the presence of Pd(OAc),
a catalytic process by preventing the reduction of the catalyst*°%. The reaction of Phi

with olefins in the presznce of (PdCl,/KOAc) was found to be catalytic and proceeded

. as follows“"

PhI + CH,=CHX + KOAc - PhCH=CHX + HOAc + KI
X=H, Ph, Me, codMe

A sxgmf cant kinetic 1sotope effect has been observed for the phenylanon of styrene
- with benzene or benzene-d6 in the presence of Pd(OAc)z

C5H5 + C6D6 + PhCH—CH2 + Pd(OAc)z
tranS—PhHC—CPhH + tTans—PhCH—CH(CGDs) + Pd° +HOAc + DOAc

' For ﬂus reactlon KH/KD 5.0, and suggests that Pd—aryl ¢-bond formation is the slow
*lrtever31ble step in the reactlon"08 The course of arylation and carboalkoxylatlon of
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olefins with aryl and carboa]koxypalladium compounds to form styrenes and unsaturated
esters respectively has shown that in general addition is sterically controlled with the
larger organic group addmg to the least substituted olefinic carbon and the palladmm
group adding to the most substituted even though electronically the organic group prefers
the more positive center*®®. In some appropriately substituted olefins chelating interac-
tion may direct the organic group to the most substituted carbon against steric and elec--
tronic controls. Such chelating effects have been noted in the arylation of various methyl-

substituted allylic alcohols where 3-aryl carbonyl compotnds are formed (179)*°°.
(QAc)
OH ?ﬂ f?d CI)H
MeC':CH(l:HMe + [PhPdOAc] ——= Me—? —-:l: ——-(.l:—Me
Me M H
l—HPdOAc

_ Pn Pt Cl)H
t 1
Me—C¢—CHpCOMe ——— | Me—C—C=C—Me
¥
Me Me H

(29 %)

(179)

Alkylation or arylation of mono- or di-substituted ethylenes by methylcobalamine
and related organocobalt chelates in the presence of Li,PdCl; at 20—50°. Allylcobalt
ccmpounds under the same reaction conditions give stable w-allyl palladium derivatives

In the PACL, L, (L = NH3, Py, PPhs, AsPhj)—basic salt, Pd(PPh3),, PdCl, —basic salt
and Pd(NO, ), (NH,), —basic salt catalyzed reaction of active methylene compounds with
1,3-butadiene, (180) and (181) were the main products with some (182) being formed*!%:413,
Reactions with isoprene give the derivatives of a tail to tail dimerization while 1,3-penta-
diene results in a head to tail dimerized adduct. The platinum systems [PtCl,(PPh;),—NaOPh]
and [Py(PPh;)s—NaOPh] were also used as catalysts. Formation of (182) was observed
along with 1/1 and 1/3 adducts as well as (180) (a 1/2 adduct) and (181) (a 1/4 adduct).

The intermediate (183) has been suggested®!2:#?3_Co-dimerization of styrene with vinyl
compounds is catalyzed by (styrene),Pd,ClL, under mild conditions when the viny! com-
pounds are CH,=CHX (X = COOMe, OAc, C(O)Me)*!%. A mechanism is proposed in wich
a hydride shift occurs between cis-coordinated styrene and coordinated vinyl groups in an
intermediate palladium complex (184)%!4_ Oxidative coupling of toluene or xylenes in a
mixture of CH3COCH,COCHj; and Pd(OAc), heated under O, pressure gives biphenyls in
the yields toluene > o-xylene > m-xylene > benzene > p-xylene**>.

Butadiene and RCO,H with a PdCl,, CuCl, cata]yst gave crotyl and methyl allyl ester‘"‘
Pd(OAc), and PPh; catalyzed the reaction of butadiene with ammonia in acetonitrile to
yield tri-2,7-octadienylamine®* ”.-Similarly 1-nitropropane and butadiene witha
(PPh3),PdCl,/NaOPh catalyst in n-BuOH gave (185) and (186)*'”. Conjugated dienes on
reaction with isocyasiate gave divinylpiperidones via a 2/1 cyclization when using

410,411

References p. 274
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R

¢ === HC—(CHpCH=CH(CH,),CH=CHo) -

) o RZ CURZ (1800 e

‘where R',R? are’” . AR R‘ ) :

activating groups: - - 00 - 'l AR : I

SR et L e T 4 QICHCHSCHICH, ) CH=CH), S
: . R2 181) ; S

?’ . CH=CH,
+ ‘.HCIZ—CH(CH2)5CH=CH2
rRZ - (182)

: , Cl_ 4 .Gl
N H o W fH X
L—-.llaq' - \c"\ﬁa/\\c':/ -
7 N\
Ry . 'Rz )
. C C

§183) pn” S H H

(184)
: GaHs
CH=CH(CHZ),CH=CHCH,CHNO, _
(185)

?2”5
(CH,=CH(CH,),CH=CH,),CNO,
(186)

PACI(PPhy), X=CLBr; R=Ph,H

_ . : i —n=c{
L N
[cuteHppt—n=c] ClPPhyPd=—1II - . - X-Pd—X + 2RCH=CH;
60 % : 50% 7 N\ S
as2) . -~ . asn - ' -

S €190)

RoNH- - ’
a 25" . -
. R\ /R
. Me . N-

Me [ OMe
. 2HC-NH~CH-CZ
o Yo

s R : 1- B O
R _2HC—NH~-CH-CZ
. “OEt” ° s L7 NoEt
PR T pd® S PR :

. - Ph + PACI(NHRZ), .-
" R=H,n-Pr - e
R (193).
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’ Pd“(PPh3) catalysts‘"8 For the reactlon mvolvmg 1, 3 butadlene and PhNCO equal
amounts of (187) and (188).were generated418 :

_Reaction of (189) with metal compounds gives the’ complexes (190) (191) (192) Re-
“action of (190) with nucleophiles R,NH and MeOH gave (193) and (194) respectively®??.

: ci Platinum

The initial rates of hydrogenaflon of acetylene and ethylene catalyzed by methanohc
Ptn/SnClz systems are given by an expressmn

, Initial rate = kKHCPHcPH/(l + Kﬂ'c'PHc) '

where k, K¢ are constants, Py is the pressure of hydrocarbon and Py is the pressure of
hydrogen. The initial rates exhibit maxima at a particular Sn/Pt ratio present*2°. Acetylene
is consecutively hydrogenated to ethylene then ethane with little incorporation of deuterium
when D, is employed. Exchange of deuterium in the hydrogenation of C,D, to predomi-
nantly c¢is-C,D,H, with H, is hardly observed whereas the exchange proceeds considerably
in the case of the hydrogenation of C,D,. The results have been interpreted in terms of a
heterolytic cleavage of the hydrogen, competitive coordination of C;H; and C,H4 and
successive reactions with hydride and protonic hydrogens. _ '

H/D exchange in alkanes has been observed for the catalyst K,PtCl, in a CH;CO,D/D,0O
solution containing DClOg, pyrene, and an alkane. Homogeneous catalysis exchanged the
protium in the alkanes for deuterium from the solvent with the rate of primary C—H >
secondary C—H > tertiary C—H*?!. The exchange is preceded by dissociation of CI”
ligands to give a neutral Pt!l species and is related to the ionization potential of the n-
alkane C—H bonds. Cycloalkanes are'moré reactive than n-alkanes. The exchange mecha-
nism has been suggested to include the oxidative addition of alkane to platinum to give a
hydride species*?2. Deuteration in the side chain in long chain alkylbenzenes using
Na,PtCly, CH;CO,D, D,0 and DC] at 120° occurred primarily at the a- and terminal
carbon positions with isotope incorporation progressively decreasing from n-butyl to n-
nonylbenzene®?3. H/D exchange in polycyclic aromatic hydrocarbons in heterogeneous
and homogeneous systems leads to identical deuteration patterns and may be divided into
two classes of compounds; condensed polycyclics and polyphenyls*?*. With the first
group, initial deuteration is exclusively stepwise and to the - or equivalent position. In
polyphenyls multiple deuteration occurs, with exchange occurring one ring at a time in
the meta- and para-positions. The authors have suggested from their results that homo-
and heterogeneous catalysis in these systems is by an ana]ogous 1r;complex mechanism.

The system was observed by EPR techniques*?®.

The PtCl,(PPh3),—SnCl; system under hydrogen pressure in methanolic solution (or
aprotic solvent solution) will isomerize vinylcycloalkenes (195) to four products (65%
yield). Isomerization of (196) was also camed out to give 40% of {197) when 61% isome--

rization had taken place®?S.

_ References p. 274
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(197)

‘Reduction of olefins and acetylenes by formic acid and formates proceeds slowly with

platinum metal catalysts. (H,PtCls—SnCl;) and cis-(PEt;),PtCl, both show some small

activity at 100° toward the reduction of 1-octene to octane
7 “The oxidation of CO by Fe®" in the presence of Pt(CONHX), (X = Cl, Br, I} depends
on the concentration of [Pt] and [CO]} but not on [Fe3*]427,

426

REFERENCES

1

R.J.D. Gee and H.M. Powell, J. Chem. Soc. A, (1971) 1956.

2a R.D. Gillard, M. Keeton, R. Mason, M.F. Pilbrow and D.R. Russell, J. Organometal. Chem., 33

(1971) 247.

2b M. Keeton, R. Mason and D.R. Russell, J. Organometal. Chem., 33 (1971) 259.

R.N. Hargreaves and M.R. Truter, J. Chem. Soc. A, (1971) 90.

G.%. Adamson, J.CJ. Bart and J.J. Daly, J. Chem. Soc. A, (1971) 2616.

B.A. Morrow and Y. Beauchamp, Can. J. Chem., 49 (1971) 2921. :

E. Masai, K. Sonogashira and N. Hagihara, Bull. Chem. Soc. Jap., 44 (1971) 2226.

H. Masai, K. Sonogashira and N. Hagihara, J. Organometal. Chem., 26 (1971) 271.

P. Haake and S.H. Mastin, J. Amer. Chem. Soc., 93 (1971) 6823.

G.M. Whitesides and J.F. Gaasch, J. Organometal. Chem., 33 (1971) 241.

A.J. Cheney, B.E. Mann and B.L. Shaw, Chem. Commun., (1971} 431.

X. Kite and D.R. Rosseinsky, Chemn. Commun., (1971) 205.

M. Hidai, T. Kashiwagi, T. Ikeuchi and Y. Uchida, J. Organometal. Chem., 30 (1971) 279.

P. Fitton and E.A. Rick, J. Organometal. Chem., 28 (1971) 287.

D.H. Gerlach, A.R. Kane, G W. Parshall, J.P. Jesson and E.L. Muetterties, J. Amer. Chem. Soc.,
93 (1971) 3543.

J. Lewis, B.F.G. Johnson, K.A. Taylor and J.P. Jones, J. Organometal. Chem., 32 (1971) C62.
B.L. Shaw, B.E. Mann and N.I. Tucker, J. Chem. Soc. 4, (1971) 2667.

J.L. Burmeister and L.M. Edwards, J. Chem. Soc. A, (1971) 1663.

W.H_ Baddley, C. Fanattoni, G. Bandoli, D.A. Clemente and U. Belluco, J.- Amer. Chem. Soc.,
92 (1971) 5590.

A.J. Cheney and B.L. Shaw, J. Chem. Soc. A, (1971) 3545

A.J. Cheney and B.L. Shaw, J. Chem. Soc. 4, (1971) 3549.

M.L.H. Green and M.J Smith, J. Chem. Soc. A, (1971) 639.

J.E. Dobson, R.G. Miller and 1.P. Wiggen, J. Amer. Chem. Soc., 93 (1971) 554.

B. Wozniak, J.D. Ruddick and G. Wilkinson, J. Chem. Soc. A, (1971) 3116. :

S. Sergi, F. Faraone, L. Silvestro and R. Pietropaolo, J. Organometal. Chem., 33 (1971) 403.
S. Sergi, F. Faraone and L. Silvestro, Inorg. Nucl. Chem. Lett., 7 (1971) 869.-

J.R.Hall and G.A. Swile, Aust. J..Chem., 24 (1971) 423.

S. Baba, T. Ogara and S. Kawaguchi, Inorg Nucl. Chem. Lett., 7 (1971) 1195

~J.E. Byrd and J. Halpem J. Amer. Chem. Soc., 93 (1971) 1634.



NICKEL, PALLADIUM AND PLATINUM - 7 S 275

29 W.J. Cherwinski and H.C. Clark, Inorg. Chem., 10 (1971) 2263.

30 W. Beck and K. Von Wemer, Chem. Ber., 104 (197 1) 2901.

31 W. Beck, M. Bauder, G. La Monica, S. Cemm and R. Ugo, J. Chem. Soc. A (1971) 113

32 K. Kudo, M. Hidai and Y. Uchida, J. Organometal. Chem., 33 (1971) 393.

33 G. Carturan, M. Graziani and U. Belluco, J. Chem. Soc. 4, (1971) 2509.

34 R.W.Glyde and R.J. Mawby, Inorg. Chem 10 (1971) 854.

35 W. Beck, K. Schorpp and K_H. Stetter, Z. Naturfors::h B, 26 (1971) 684.

36 K.G. Powell and F.J. McQuillin, Tetrehedron Lett., (1971) 3313.

37 C.W. Reed, T.L. Gilchrist and F.J. Gravelling, J. Chem. Soc. C, (1971) 977.

38a R.G. Miller and D_P. Kuhilman, J. Organometal. Chem., 26 (1971) 401.

38b G.A. Chukhadzhyan and Zk. Evoyan, Arm. Khim. Zh., 24 (1971) 530; Chem. Abstr., 75 (1971)
118393g. .

38c H. Kanechika, Kagaku No Ryoiki, 25 (1971) 723; Chem. Abstr., 75 (1971) 129857n.

39 LV. Barinov, T.I. Voyevodskaya and Yu.A. Ustynyuk, J. Organometal. Chem., 30 (1971) C28.

40 Yu.A. Ustynyuk, V.A. Chertkov and LV. Barinov, J. Organometal. Chem., 29 (1971) C53.

41 S. Trofimenko, J. Amer. Chem. Soc., 93 (1971) 1808.

42 S. Otsuka, A. Nakamura, T. Kano and K. Tani, J. Amer. Chem. Soc., 93 (1971) 4301.

43 A.J. Cheney, B.E. Mann, B.L. Shaw and R.M. Slade, J. Chem. Soc. 4, (1971) 3833.

44 E.W. Ainscough and S.D. Robinson, Ckem. Commun., (1971) 130.

45 G. Longoni, R. Chini, F. Canziani and P. Fantucci, Chem. Commun., (1971) 470.

46 M.A. Bennett, W.R. Kneen and R.S. Nyholm, J. Organometal. Chem., 26 (1971) 293.

47 A. Furlani, P. Bicev, P. Carusi and M.V. Russo, Polym. Lett., (1971) 19.

48 A. Furlani, P. Bicev, M.V. Russo and P. Carusi, J. Organometal. Chem., 29 (1971) 321.

49 K. Moseley and P.M. Maitlis, Chem. Commun., (1971) 982.

50 K. Moseley and P.M. Maitlis, Chem. Commun., (1971) 1604.

51 M. Uchino and S. tkeda, J. Organometal. Chem., 33 (1971) C41.

52 T. Yamamoto, A. Yamamoto and S. Akeda, J. Amer. Chem. Soc., 93 (1971) 3350.

53 T.Yamamoto, A. Yamamoto and S. Akeda, J. Amer. Chem. Soc., 93 (1971) 3360.

54 E. Vedejs and M.F. Salomon, Chem. Commun., (1971) 1582.

55 G. Faraone, V. Ricevuto, R. Romeo and M. Trozzi, J. Chem. Soc. A, (1971) 1877.

56 H.C. Clark and L.E. Manzer, Chem. Commun., (1971) 387.

57 H.C. Clark and L.E. Manzer, Inorg. Chem., 10 (1971) 2699,

58 M.H. Chisholm and H.C. Clark, Inorg. Chem., 10 (1971) 1711.

59 . M.H. Chisholm and H.C. Clark, Inorg. Chem., 10 (1971) 2557.

60 M.H. Chisholm, H.C. Clark and D.H. Hunter, Chem. Commun., (1971) 809.

61 M.H. Chisholm and H.C. Clark, Chem. Cormmun., (1971) 1484

62 H.C. Clark and H. Kurosawa, Chem. Commun., (1971) 957.

63 H.C. Clark and L.E. Manzer, J. Organometal. Chern., 30 (1971) C89.

64 E.M. Badley, B.J.L. Kilby and R.L. Richards, J. Organometal. Chem., 27 (1971) C37.

65 E.M. Badley, J. Chatt and R.L. Richards, J. Chem. Soc. A4, (1971) 21.

66 B. Crociani, M. Nicolini and T. Boschi, J. Organometal. Chem., 33 (1971) C81.

67 G. Rouschias and B.L. Shaw, J. Chem. Soc. A, (1971) 2097.

68 W.M. Butler and J.H. Enemark, fnorg. Chem., 10 (1971) 2416.

69 D.J. Cardin, B. Cetinkaya, M.F. Lappert, L. Manojlovic-Muir and K.W. Muu, Chem. Commun.,
(1971) 400.

70 S. Fukuoka, M. Ryangand S. Tsutsuml,.f. Org. Chem., 36 (1971) 2721.

71 W. Beck, Organometal Chem. Rev. A,7 (1971) 159.

72 W. Beck, K. Schropp and F. Kein, Angew. Chem. Intern. Ed. Engl., 10 (1971) 66.

73 R.S. Dickson, J.A. Ibers, S. Otsuka and Y. Tatsuno, J. Amer. Chem. Soc., 93 (1971) 4636.

74 B. Jovanovic, L. Manojlovic-Muir and K.W. Muir, J. Organometal. Chem., 33 (1971) C75.

75 R.D. Johnston, F. Basolo and R.G. Pearson, Inorg. Chem., 10 (1971) 247_.

76 S. Otsuka, Y. Tatsuno and K. Ataka, J. Amer. Chem. Soc., 93 (1971) 6705.

77 G.A. Larkin, R. Mason and M.G.H. Wallbridge, Chem. Commun., (1971) 1054.

78 Y. Yamamoto and H. Yamazaki, Bull. Chem. Soc. Jap., 44 (1971) 1873.



S o276 T T S '-T.R.JACK,J.;POWE;L

79 P. M Trelchel AR Knebel and R.W. HeSS, J. Amer. Chem Soc., 93 (1971) 5424
- 80" W.J. Knebel and P.M. Treichel, Chem. Commun., (1971) 516. -
81 L.D. C. Bok, S.S. Basson, 1.G. I_expoldtand G.FS. Wessels Acm Cryst B 27 (1971) 1233
.82 'S. Jeromie-Lerutte, Acta Cryst. B, 27 (1971) 1624.
- 83 O. Jazchow, Z. Anorg. Allg. Chem., 383 (1971) 40. -
84 H.M. Powell, D.J. Watkin and J.B. Wﬂford,J Chem. Soc. A, (1971) 1803.
"85 W. Roy Mason, fnorg. Chem., 10 (1971) 1914.
. 86 V.1 Dubinskii and E.A. Ranneva, Russ. J. Inorg. Ckem 16 (1971) 1451.
87 B. Corain, P. Rigo and G. Favero, Inorg. Chem., 10(1971) 2329.
° 88- M. Bressan, G. Favero, B. Corain and A. Turco, Inarg Nucl. Chem. Lett., 7T (1971) 203.
89 A..Spokova, J. Chomic and E. Matejckova; Monatsh. Chem., 102 (1971) 961.
90 1.K. Ruff, R.P. White, Jr. and L.F. Dah), J. Amer. Chem. Soc., 93 {(1971) 2159.
91 -R.L. Dekock, Inorg. Chem., 10 (1971) 1205. -
92 LH. Hillier and V.R. Saunders, Chemn. Commun., (1971) 642.
93 O. Stelzer and R. Schmutzler, J. Ckem. Soc. A, (1971) 2867.
94 H.G. Metzger and R.D. Feltham, Inorg. Chem., 10 (1971) 953.
95 R.B. King, P.N. Kapoor and R.N. Kapoor, Inorg. Chem., 10 (1971) 1841.
. 96 M. Bressan, G. Favero and B. Corain, Inorg. Nucl. Chem. Lett.,, 7(1971) 197.
97 I.R. Olechowski, J. Organomeral, Chem., 32 (1971) 269.
98 K. Yasufuku, and H. Yamazaki, J. Organometal. Chem., 28 (1971) 415.
99  A. Davison and 1.J. Bishop, Inorg. Chem., 10 (1971) 832.
100 K.R. Dixon and D.J. Hawke, Can. J. Chem., 49 (1971) 3252.
101 J1.S. Varshavsky, N.V. Kiseleva, T.G. Cherkasova and N.A. Buzina, J. Organometal. Chem., 31
: (1971) 119. '
102 T. Theophanides and P.C. Kong, Inorg. Chim. Acta, 5 (1971) 485.
103a M.L Bruce, G. Shaw and F.G.A. Stone, Chem. Convmun., (1971) 1288.
103b P. Diversi and R. Rossi, Synthesis, (1971) 258; Chem. Abstr., 75 (1971) 63189n.
103c S. Kunichika, Y. Sakakibara, T. Okamoto and K. Takagi, Bull. Chem. Soc. Jap., 44 (1971) 3405.
103d G. Ayrey, C.W. Bird, E.M. Briggs and A.F. Harmer, Organometal. Chem. Syn., 1 (1971) 187.
103e M. Nakayama and T. Mizoroki, Bull. Chem. Soc. Jap., 44 (1971) 508.
104 M.R. Churchill and M.V. Veidis, J. Chem, Soc. A, (1971) 3463.
105 P.G. Cookson and G.B. Deacon, J. Organometal. Chem., 33 (1971) C38.
106 R.D.W.Kemmitt and R.D. Moore, J. Chem. Soc. A, (1971) 2472.
107 H.C. Clark and R.J. Puddephatt, Inorg. Chem., 10 (1971) 18.
108 H.C. Clark and K. Itoh, Inorg. Chem., 10 (1971) 1707.
109 W.JI. Cherwinski and H.C. Clark, J. Organometal. Chem., 29 (1971) 451.
110 J. Browning, C.S. Cundy, M. Green and F.G.A. Stone, J. Chem. Soc. 4, (1971) 448
111 W.R. Cullen and F.L. Hou, Can. J. Chem., 49 (1971) 3404. -
112 J. Browning, M. Green and F.G.A. Stone, J. Chem. Soc. A, (1971)453.
113 H.D. Empsall, M. Green, S.K. Shakshooki and F.G.A. Stone, J. Chem. Soc. 4, (1971) 3472.
114 M. Green, S.K. Shakshooki and F.G.A. Stone, J. Chem. Soc. A, (1971) 2828.
115 R. Countryman and B.R. Penfold, Chem. Commun., (1971) 1598.
116 3. Clemens, R.E. Davis, M. Green, J.D. Oliver and F.G.A. Stone, Chemn. Commun., (1971) 1095.
117 B. Cetinkaya, M.F. Lappert and J. McMecking, Chemn. Commun., (1971) 215.
118 I.H. Nelson and H.B. Jonassen, Coord. Chem. Rev., 6 (1971) 27.
119 J.L. Garnett, Catal. Rev., 5 (1971) 229.
120" F.D. Mango and J.H. Schachtschneider, J. Amer. Chem. Soc., 93 (1971) 1123.
121 G.L. Caldow and R.A. MacGregor, J. Chem. Soc. A, (1971) 1654.
122 J.N. Francis, A. McAdam and J.A. Tvers, J. Organometal. Chem., 29(1971) 131.
123 "A.McAdam, J.N. Francis and J.A. Ibers, J. Organometal. Chem., 29 (1971) 149,
124 P.T. Cheng, C.D. Cook, Chung Hoe Koo and M.T. Shiomi, Acta Cryst. B,27(1971) 1504.
125 P.T. Cheng, C.D. Cook, S.C. Nyburgand K.Y. Wan, Inorg. Chem., 10 (1971) 2210 :
126 C.D. Cook and K.Y. Wan, Inorg. Chemn., 10 (1971) 2696. :
127 C.D. Cook, K.Y. Wan, V. Geluis, K. Hamrin, G. Johansson, E. Olsson, H. Siegbahn, C Nordling
and K. Siegbahn, J. Amer. Chem. Soc., 93 (1971) 1904.



NICKEL, FALLADIUM AND PLATINUM : ; : ' 277

128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
158
156
157
158
159
160
161

162
163
164
165
166
167
168
169
170
171
172
173
174
175

176
177
178
179

R. Van der Finde and R.O. de Jongh, Chern. Commun., (1371) 563.

G.B. Robertson and P.O. Whimp, J. Organometal. Chem., 32 (1971) C69. :
M.A. Bennett, G.B. Robertson, P.O. Whimp and T. Yoshida, J. Amer. Chem. Soc., 93 (1971) 3797.
3.P. Visser, A.J. Schipperiin, J. Lukas, D. Bright and J.J. de Boer, Chem. Commun., (1971) 1266.
S. Cenini, R. Ugo and G. LaMonica, J. Chem. Soc. A, (1971) 409. i

S. Cenini, R. Ugo and G. LaMonica, J. Chem. Soc. A,(1971) 416.

G. LaMonica, G. Navazio, P. Sandrini and S. Cenini, J. Organometal. Chem., 31 (1971) 89.

G.L. McClure and W.H. Baddley, J. Organometal. Chem., 27 (1971) 155.

T. Yamamoto, A. Yamamoto and 8. Ikeda, J. Amer. Chem. Sac., 93 (1971) 3360. -

B. Corain, M. Bressan and P. Rigo, J. Organometal. Chem., 28 (1971) 133.

P.B. Tripathy, B.W. Renoe, K. Adzamli and D.M. Roundhill, J. 4Amer. Chem. Soc., 93 (1971) 4406.
H.F. Klein and J.F. Nixon, Chem. Commun., (1971) 42.

S. Otsuka, T. Yoshida and Y. Tatsuno, Chem. Commun., (1971) 67.

S. Otsuka, T. Yoshida and Y. Tatsuno, J. Amer. Chem. Soc., 93 (1971) 6462.

T. Boschi, P. Uguagliati and B. Crociani, J. Organometal. Chem., 30 (1971) 283.

M. Kadonaga, N. Yasuoka and N. Kasai, Chem. Commun., (1971) 1597.

T.G. Hewitt and J.J. DeBoer, J. Chem. Soc. A, (1971) 817.

J.H. Nelson, J.J.R. Reed and H.B. Jonassen, J. Organometal. Chem., 29 (1971) 163.

D.M. Barlex, R.D.W. Kemmitt and G.W. Littlecott, Chem. Commun., (1971) 199.

Y. Soma, Bull. Chem. Soc. Jap., 44 (1971) 3233.

P.S. Skell and 3.1. Havel, J. Amer. Chem. Soc., 93 (1971) 6687.

J.A.J. Jarvis, B.T. Kilbourn and P.G. Owston, Acta Cryst. B, (1971) 366.

H. Kato, Bull. Chem. Soc. Jap., 44 (1971) 348.

F.R. Hartley, Inorg. Chim. Acta, 5 (1971) 197.

P. Natarajan and A.W. Adamson, J. Amer. Chem. Soc., 93 (1971) 5599.

T.L. Brown and J.P. Yesinowski, Inorg. Chem., 10 (1971) 1097.

L.F. Farnell, E.W. Randall and E. Rosenberg, Chem. Commun., (1971) 1078.

0.G. Levanda and L.I. Moiseev, Kinet. Katal., 12 (1571) 354; Chem. Abstr., 75 (1971) 68112s.
D.J. Clark, D.B. Adams and D. Briggs, Chem. Commun., (1571) 602.

Y. Wakatsuki, S. Nozakura and S. Murahashi, Bull. Chem. Soc. Jap., 44 (1971) 786.

R. Spagna and L. Zambonelli, J. Chem. Soc. A4, (1971) 2544.

M. Colapietro and L. Zambonelii, Acta Cryst. B, 27 (1971) 734.

H.C. Clark and R.J. Puddephatt, Inorg. Chem., 10 (1971) 416.

V.B. Pukhnarevich, S.P. Sushchinskaya, B.A. Trofimov and M.G. Voronkov, Russ. J. Gen. Chem.,
41 (1971) 1890.

R. Lazzaroni and C.A. Veracini, /. Organometal. Chem., 33 (1971) 131.

D.IL Hall and R.S. Nyholm, J. Chem. Soc. A, (1971) 1491.

R.N. Haszeldine, R.J. Lunt and R.V. Parish, J. Chem. Soc. 4, (1971) 3705.

T. Tarantelli and C. Furlani, J. Chem. Soc. A, (1971) 1213.

P. Porta, J. Chem. Soc. A4, (1971) 1217. .

G. Paiaro, Organometal. Chem. Rey. A, 6 (1971) 319.

C. Pedone and E. Benedetti, J. Organometal. Chem., 29 (1971) 443.

S. Merlino, R. Lazzaroni and G. Montagnoli, J. Organometal. Chem., 30 (1971) C 93.

A. De Renzi, R. Palumbo and G. Paiaro, J. Amer. Chem. Soc., 93 (1971) 880.

C. Pedone and E. Benedetti, J. Organometal. Chemn., 31 (1971) 403.

K. Konya, F. Fujita and K. Nakamoto, Inorg. Chem., 10 (1971) 1699.

A.L Scott and A.D. Wrixon, Tetrahedron, 27 (1971) 2339.

V.C. Adams, J.A.J. Jarvis, B.T. Kilbourn and P.G. Owston, Chem. Commun., (1971) 467.

Y.N. Kukushkin and I.V. Pakhomova, ZA. Neorg. Khim., 16 (1971) 430; C'hem Abstr., 75 (1971)
6073w.

1. Lukas and P.A. Kamer, J. Organometal. Chem., 31 (1971) 111,

M. Englert, P.W. Jolly and G. Wilke, Angew. Chem. Intern. Ed. Engl., 10 (1971) 717.

D.A. White, Syn. Inorg. Metal-Org. Chem., 1 (1971) 59; Chem. Abstr., 15 (1971) 6069z.

IM. Davidson, Chem. Commun., (1971) 1019



195
196

TR JACK I POWELL :

D. Drew and J.R. Doyle, Inorg Syn., 10 (1971) 47; Chem. Abstr 75 (1971) 98666t.

"A. Terzis, T.C. Strekas and T.G. Spiro, /norg. Chem., 10 (1971) 2617. -
“-H.A. Taymin and M. Kharboush, Inorg. Chem., 10 (1971) 1827. ‘ .
- J.K.A. Clarke, E. McMahon, J.B. Thomson and B. Zeeh, J. O)ganometal Chem., 31 (1971) 283. -

D.M. Roe and A.G. Massey, J..Organometal. Chem., 28 (1971) 273. :
E.E. Van Tamelen and D. Carty, J. Amer. Chem. Soc., 93 (1971) 6102.
P.V. Balakrishnan and P.M. Maitlis, J. Chem. Soc. A, (1971) 1715.

P.M. Maitlis and P.V. Balakrishnan, J. Chem. Soc. A, (1971) 1721.

M. Aresta and R.S. Nyholm, Chem. Commun., (1971) 1459.

B.F.G. Johnson, J. Lewis and D.A. White, J. Chem. Soc. A, (1971) 2699.

L Lewis, M.N.S. Hill and B.F.G. Johnson, J. Chem. Soc. A, (1971) 2341.

S.J. Betts, A. Harris and R.N. Haszeldine, J. Chem. Soc. A, (1971) 365%9.

D._A. White, J. Chem. Soc. A, (1971) 145.

R.B. King and A. Efraty, norg. Chem., 16 (1971) 1376.

G. Carturan, L. Busetto, A. Palazzi and V. Belluco, J. Chem. Soc. A, (1971) 219.

P.W. Jolly, 1. Tkatchenko and G. Wilke, Angew. Chem. Intern. £d. Engl., 10 (1971) 328.

197a P.W. Jolly, I. Tkatchenko and G. Wilke, Angew. Chem. Intern. Ed., Engl, 10 (1971) 329.
197b J.M. Brown, B.T. Golding and M.J. Smith, Chem. Commua., (1971) 1240.

198
199

200
201
202
203
204
205
206
207
208

209
210
211
212
213
214
215
216
217
218
219
220
221
222

223

224
225

226
227
228
229

C.S. Cundy and H. Noeth, J. Organometal. Chem., 30 (1971) 135.

M. Avram, E. Avram, M. Elian, F. Chiralev, I.G. Dinulescu and C.D. Nenitzescu, Chern. Ber., 104
(1971) 3486.

A. Miyake and A. Kanai, Angew. Chem. Intern. Ed. Engl., 10 (1971, 801.

T.A. Broadbent and G_E. Pringle, J. Tnorg. Nucl Chem., 33 (1971) 20089.

Y. Kitano, T. Kajimoto, M. Kashiwagi and Y. Kinoshita, J. Organometal. Chern., 33 (1971) 123.
D.A. Brown and A. Owens, fnorg. Chim. Acta, 5 (1971) 675.

S.1. Ashcroft and C_T. Mortimer, J. Chem. Soc. A, (1971) 781.

L.A. Leites, V.T. Aleksanyan, S.S. Bukalov and A.Z. Rubezhov, Chem. Commun., (1971) 265.
B.E. Mann, R. Pietropaolo and B.L. Shaw, Chem. Commun., (1971) 790.

H. Lammens and G. Sartori, Org. Mass. Spectrom., 5 (1971) 335; Chem. Abstr., 75 (1971) 26820r.
L.A. Katsman, M.N. Vargaftik, A.P. Belov and Y.K. Syrkin, Jzv. Akad. Nauk S.S.S.R., Ser. Khim.,
(1971) 1091; Chemn. Abstr., 75 (1971) 63946g.

F. Conti, M. Conati, G.F. Pregaglia and R. Ugo, J. Organometal. Chem., 30 (1971) 421.

O.G. Levanda, G.Y. Rels and L1. Moiseev, Zh. Org. Khim., 7 (1971) 217.

R. Rossi, P. Diversi and L. Porri, J. Organometal. Chem., 31 (1971) C40.

D.B. Brown and M.J. Strauss, Chem. Commun., (1971) 128.

L.K. Atkinson and D.C. Smith, J. Chem. Soc. A, (1971) 3592.

K. Tsukiyama, Y. Takahashi, S. Sakai and Y. Ishii, J. Ckem. Soc. A, (1971) 3112.

3.H. Lukas and J.E. Blom, J. Organometal. Chem., 26 (1971) C25.

R. Jira and J. Sedimeier, Tetrahedron Lett., (1971) 1227.

J.M. Kliegman, J. Organometal. Chem., 29 (1971) 73.

J.N. Crosby, R.D.W. Kemmitt and D.W. Raymond, J. Organometal. Chem., 26 (1971) 277.

T. Boschi and B. Crociani, Inorg. Chim. Acta, 5 (1971) 477.

B.L. Shaw and G. Shaw, J. Chem. Soc. A, (1971) 3533.

G.A. Domrachev, K.G. Shul'nova and V.A. Varyukhin, Russ. J. Gen. Chem., 41 (1971) 1938.

" A.P. Belov, LI. Moiseev, N.G. Satsko and Y.K. Syrkin, Izv. Akad. Nauk. S.S.S.R., Ser. Khim.,

(1971) 265; Chem. Abstr., 75 (1971) 19537a.

R.R. Schrock and I.A. Osborn, J. Amer. Chem. Soc., 93 (1971) 3089.

B.E. Mann, B.L. Shaw and G. Shaw, J. Chem. Soc. A, (1971) 3536.

G.A. Razuvaev, G.A. Domrachev, O.N: Suvorova and L.G. Abakumova, J. Organometal. Chem.,
32(1971) 113.

H. Brunner, Angew. Chem. Intern. Ed. Engl., 10 (1971) 249.

C.W. Alexander, W.R. Jackson and W.B. Jennings, J. Chem. Soc. B, (1971) 2241.

P.W.N.M. Van Leeuwen and A.P. Praat, J. Organometal. Chem., 29 (1971) 433.

3. Powell, J. Chem. Soc. A, (1971) 2233. :



230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245

246
247
248
249

250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269

270

271
272
273
274
275

 NICKEL, PALLADIUM AND PLATINUM R S 219

J.W. Faller, M.E. Thomsen and M.J. Mattina, J. Amer. Chem. Soc., 93 (1971) 2642
M. Sakakibara, Y. Takahashi, S. Sakai and V. Ishii, J. Organometal Chem_  27(19

asnl, o. anc ¥ A5, S UVEAROTIeiLL -3 X i

T. Jack and J. Powell, J. Organometal. Chem., 27 (1971) 133.

S. Trofimenko, Inorg. Chem., 10 (1971) 1372.

D.J.S. Guthrie, R. Spratt and S.M. Nelson, Cheimn. Commun., (1971) 935.-

Y. Takahashi, H. Akahori, S. Sakai and Y. Ishii, Bull. Chem. Soc. Jap., 44 (1971) 2703.

G. Henrici-Olivé and S. Olivé, Angew. Chem. Intern. Ed. Engl., 10 (1971) 10S.

H.T. Dodd and J.F. Nixon, J. Organometal. Chem., 32 (1971) C67.

F. Dawans, Tetrahedron Lett., (1971) 1943.

R.P. Hughes and J. Powell, J. Organometal. Chem., 30 (1971) C45.

M.C. Gallazzi, T.L. Hanlon, G. Vitulli and L. Porti, J. Organometal. Chem., 33 (1971) C45.

M. Zocchi, G. Tieghi and A. Albinati, J. Organometal. Chem., 33 (1971) C47.

R.P. Hughes and J. Powel), Chern. Commun., (1971) 275.

D. Medema and R. Van Helden, Rec. Trav. Chim. Pays-Bas, 90 (1971) 304.

D. Medema and R. Van Helden, Rec. Trav. Chim. Pays-Bas, 90 (1971) 324.

A_S. Astakhova, A.S. Berenblyum, L.G. Korableva, L.P. Lavrznt’ev, B.G. Rogachev and M.L.
Khidekel, fzv. Akad. Nauk S.S.S.R., Ser. Khim., (1971) 1362; Chem. Abstr., 75 (1971) 88750b.
G.M. Khvostik, [.Y. Poddubnyi, V.N. Sokalov and G.P. Kondratenkav, Dokl. Akad. Nauk S.S.S.R.,
199 (1971) 893; Chem. Abstr., 75 (1971) 141223k.

V.N. Sokolov, G.M. Khvostic, I.Y. Poddubnyi and G.P. Kondratenkov, J. Organometal. Chem.,
29 (1971) 313.

M.I. Lobach, V.A. Kormer, I.Y. Tsereteli, G.P. Kondratenkov, B.D. Babitskii and V.I. Klepikova,
Polymer Lerr., (1971) 71.

M.I. Lobach, L.Y. Tsereteli, V.A. Kormer, G.P. Kondratenkov, B.D. Babitskii and V.I. Klepikova,
Dokl. Akad. Nauk S.S.S.R., 196 (1971) 114; Chem. Abstr., 74 (1971) 87092f.

A. Miyake, H. Kondo and M. Nishino, Angew. Chem. Intern. Ed. Engl., 10 (1971) 802.

T. Matsumoto, J. Furukawa and H. Morimura, J. Polym. Sci., Part A-1,(1971) 875.

T. Matsumoto, J. Furukawa and H. Morimura, J. Polym. Sci., Part A-1, (1971) 1971.

L. Por, R. Rossi and G. Ingrosso, Tetrahedron Lett., (1971) 1083.

R.J. DePasquale, J. Organometal. Chem., 32 (1971) 381.

S. Otsuka, A. Nakamura, S. Ueda and K. Tani, Chem. Commun., (1971) 863.

T. Okamoto, Bull. Chem. Soc. Jap., 44 (1971) 1353.

K. Ohno, T. Mitsuyasu and J. Tsuji, Tetrahedron Lett., (1971) 67.

R.M. Tuggle and D.L. Weaver, /norg. Chem., 10 (1971) 1504.

R.M. Tuggle and D.L. Weaver, /norg. Chem., 10 (1971) 2599.

H.A. Brune, H.P. Wolff, W. Schwab and H. Huether, Tetrahedron, 27 (1971) 4361.

E.J. Wharton, Inorg. Nucl. Chem. Lett., 7 (1971) 307.

P.M. Maitlis and D.F. I llock, 7. Organometal. Chem., 26 (1971) 407.

F. Canziani, P. Chini, A. Quarta and A. DiMartino, J. Organometal. Chem., 26 (1971) 285.
K.K. Cheung, R.J. Cross, K.P. Forrest, R. Wardle and M. Mercer, Chem. Commun., (1971) 875.
J.R. Hall and B.E. Smith, Aust. J. Chem., 24 (1971) 911.

D.J. Clark and D.B. Adams, Chem. Commun., (1971) 740.

S.P. Gubin, S.A. Smirnova and L.1. Denisovich, J. Organometal. Chem., 30 (1971) 257.

H.P. Fritz and F.H. Koehler, Z. Anorg. Allg. Chem., 385 (1971) 22.

AN. Nesmeyanov, E.V. Leonova, N.S. Kochetkova, S.M. Butyugin and 1.S: Meisner, /zv. Akad.
Nauk 8.5.S.R., Ser. Khim., (1971) 106; Chem. Abstr., 75 (1971) 36315u.

G.G. Petukhov, V.I. Ermolaev, E.E. Znil’tsova and R.V. Kaplina, Zh. Obsh. Khim., 41 (1971) 889;
Chem. Abstr., 75 (1971) 62878z.

E. Uhlig and H. Walther, Z. Chem., 11 (1971) 23.

P.C. Ellgen and C.D. Gregory, Inorg. Chem., 10 (1971) 980.

M. Sato, K. Ichibori and F. Sato, J. Organometal. Chem., 26 (1971) 267.

M. Sato, F. Sato and T. Yoshida, J. Organometal. Chem., 27 (1971) 273.

V.1. Ermolaev, Y.A. Sorokin, E.N. Gladyshev, N.S. Vyazankin and G.A. Razuvaev, Russ. J.
Gen. Chem., 41 (1971) 1889.

1Y 139
1) 139.




280

250
291
292
© 293
294
295
296
297
298
299
300
301
302

303

305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
- 320
321
322
- 323
324
325
326

" T.R.JACK, J. POWELL

M. Sato, F. Sato arid T. Yoshida, J. Organometal. Chem., 26 (1971) C49.
M. Sato, F. Satoand T. Yoshida, J. Organometal. Chem., 31 (1971)415.

"F. Sato and M. Sato,J Organometal. Chem., 33 (1971) C73.-

R.I. Cross and R. Wardle, J, Chem. Soc. A, (1971) 2000.

P. McArdle and A.R. Manning, J. Chem. Soc. A, (1971) 717

P.C. Eligen, fnorg. Chem., 10 (1971) 232. .

P.L. Staghellini, R. Rosetti, C. Gambino and G. Cetini, norz. Chem 10 (1971) 2672.-
P.F. Barrett and R.R. Clancy, Can. J. Chem., 49 (1971) 2627. ’

A.T.T. Hsieh and 3. Knight, J. Organometal. Chem., 26 (1971) 125.

-M.L.H. Green, T. Saito and P.J. Tanfield, J. Chem. Soc. A, (1971) 152.

M.L.H. Green, H. Munakata and T. Saito, /. Chem. Soc. 4, (1971) 469.
E.R. Birnbaum, Inorg. Nucl. Chem. Lett., 7 (1971)233. .

LV. Gavrilova, M.1. GeP’fman, N.V. Ivannikova and V.V. Razumovsku, Russ. J. Inorg. Chem.,
16 (1971) 596.

LV. Gavrilova, M.1. Gel'fman, N.V. Ivannikova and V.V. Razumovskii, ZA. Neorg. Khim., 16
(1971) 1124; Chem. Abstr., 75 (1971) 150588q.

J.T. Dumler and D.M. Roundhill, J. Organometal. Chem., 30 (1971) C3S.

R.D.W. Kemmitt, R.D. Peacock and J. Stocks, J. Chem. Soc. A, (1971) 846.

D.M. Roundhill, P.B. Tripathy and B.W. Renoe, Inorg. Chem., 10 (1971) 727.

S. Cenini, R. Ugo and G. LaMonica, J. Chem. Soc. A, (1971) 3441. .

W. Fink and A. Wenger, Helv. Chim. Acta, 54 (1971) 2186.

R. Ugo, G. LaMonica, S. Cenini, A. Segre and F. Conti, J. Chem. Soc. 4, (1971) 522.

A.F. Clemmit and F. Clockling, J. Chem. Soc. 4, (1971) 1164.

J.E. Bentham, S. Cradock and E.A.V. Ebsworth, J. Chem. Soc. A, (1971) 587.

A. Palazzi, L. Busetto and M. Graziani, J. Organometal. Chem., 30 (1971) 273.

A. Mawby, G.E. Pringle, J. Inorg. Nucl. Chem., 33 (1971) 1989.

J.R. Baker, A. Hermann and R.M. Wing, J. dmer. Chem. Soc., 93 (1971) 6486.

H. Holleck, Monatsh. Chem., 102 (1971) 1699.

H_H. Inhoffen, J.W. Buchler, L. Puppe and K. Rohbock, Justus Liebig’s Ann. Chem., 747 (1971)
133.

R. Grigg, A.W. Johnson and G. Shelton, Justus Liebig’s Ann. Chem., 746 (1971) 32.

A.R. Kane and E.L. Muetterties, J. Amer. Chem. Soc., 93 (1971) 1041.

“O.A. Owen and M.F. Hawthormne, J. dmer. Chem. Soc., 93 (1971) 873.

W.H. Knoth, Inorg. Chem., 10 (1971) 598.

C.J. Attridge and S_J. Maddock, J. Organometal. Chem., 26 (1971) C65.

M. Sakai, H. Yamaguuchi and S. Masamune, Chem. Commun., (1971) 486.

P.G. Gassman, G.R. Meyer and F.J. Williams, Chem. Commun., (1971) 842,

P.G. Gassman and T.J. Atkins, J. Amer. Chem. Soc., 93 (1971) 1042.

P.G. Gassman and T.J. Atkins, J. Amer. Chem. Soc., 93 (1971) 4597.

W.G. Dauben and A.J. Kielbania, Jr., J. Amer. Chem. Soc., 93 (1971) 7345.

P.M. Henry, J. Org. Chem., 36 (1971) 1886.

C. Doebler, H.J. Kreuzfeld and H. Krause, Z. Chern., 11-(1971) 147.

H. Horino and N. Inoue, Bull. Chem. Soc. Jap., 44 (1971) 3210.

R.F. Heck, J. Organometal, Chem., 33 (1971) 395. )

Y. Hirota, M. Ryang and S. Tsutsumi, Tetrahedron Lett., (1971).1531.

S. Uemura, Chem. Commun., (1971) 391.

R. Asano, 1. Moritani, A. Sonoda, Y. Fujiwara and S. Teranishi, J. Chem. Soc. C, (1971) 3691.
M.L.H. Green, M.J. Smith, H. Felkin and G. Swierczewski, Chem. Commun., (1971) 158.
L. Farady and L. Marko, J.: Otganometal Chem., 28 (1971) 159.

M. Tanuira and J.K. Kochi, Bull. Chem. Soc. Jap., 44 (1971) 3063.

L. Lardicci, G.P. Giacomelli, P. Salvadori and P. Pino, J. Amer. Chem. Soc., 93 (1971) 5794.
G.P. Giacomelli, L. Lardicci and P. Pino, J. Organometal. Chem., 33 (1971) 105.

M. Hara, K. Ohnco’ and J. Tsuji, Chem. Commun., (1971) 247. -

W. Fink, Helv. Chim. Acta., 54 (1971) 1304.



NICKEL, PALLADIUM AND PLATINUM : 281

327 M.G. Voronkov, V.B. Pukharevnch S P. Suschmskaya, LI Kopylova and B A. Troﬁmov, Russ.
J. Gen. Chem., 41 (1971) 2120.

328 K.I. Cherkezishvili, R.I. Kublashvili and I M. Guerdtsiteli, ‘Russ. J. Gen. Chem 41 (1971) 2071. _

329. V.B. Pukhnarevich, S.P. Sushchinskaya, B.A. Trofimov and M.G. Voronkav, Zh Obsh Khim.,
41 (1971) 1879; Chem. Abstr., 15 (1971) 151902v.

" 330 8. Takahashi, T. Shibano, H. Kojima and N. Hagihara, Organometal. Chem. Syn., 1 (1971) 193.

331 K. Yamamoto, T. Hayashi and M. Kumada, J. Organometal. Chem., 28 (1971) C37.

332 E.W. Bennett and P.J. Orenski, J. Organometal. Chem., 28 (1971) 137. -

333 R.J.P.Corriu and J.J.E. Moreau, Chem. Commun., (1971) 812.

334 K. Yamamoto, Y. Uramoto and M. Kumada, J. Organometal. Chem., 31 (1971) CS.

335 K. Yamamoto, T. Hayashi and M. Kumada, J. Amer. Chem. Soc., 93 (1971) 5301.

336 K. Yamamoto, H. Okinoshima and M. Kumada, J. Organometal. Chem., 27 {(1971) C31.

337 Y. lwakura, K. Uno, F. Toda, K. Hattori and M. Abe, Bull. Chem. Soc. Jap., 44 (1971) 1400.

338 W.P. Weber, R.A. Felix, A.K. Willard and K.E. Koenig, Tetrakedron Lett., (1971) 4701.

339 T. Nishiguchi and K. Fukuzami, Chem. Commun., (1971) 139,

340 T.W. Russell and R.C. Hoy, J. Org. Chem., 36 (1971) 2018.

341 J.C.Falk,J. Org. Chem., 36 (1971) 1445.

342 D. Bingham and M.G. Bumett, J. Chem. Soc. A, (1971) 1782.

343 N.E. Cross, C. Kemball and H.F. Leach, J. Chem. Soc. A, (1971) 3315.

344 M. Misono and Y. Yoneda, Bull. Chem. Soc. Jap., 44 (1971) 3236.

345 L.W. Gosser and G.W. Parshall, Tetrahadron Lett., (1971) 2555.

346 R.G. Miller, P.A. Pinke, R.D. Stauffer and H.J. Golden, J. Organometal. Chem., 29 (1971) C42.

347 R.G. Miller, H.J. Golden, D.J. Baker and R.D. Stauffer, J. Amer. Chem. Soc., 93 (1971) 6308.

348 N. Ando, K. Maruya, T. Mizoroki and A. Ozaki, J. Catal., 20 (1971) 299,

349 1.C. Previdi and R.A. Krause, Inorg. Nucl. Chem. Lett., 7 (1971) 647.

350 M.F. Semmelhack, P.M. Helquist and L.D. Jones, J. Amer. Chem. Soc., 93 (1971) 5908.

351 T. Kotanigawa, M. Yamamoto, K. Shimokawa and Y. Yoshida, Bull. Chem. Soc. Jap., 44 (1971)
1961.

352 M. Ishige, K. Sakai, M. Kawai and K. Hata, Bull. Chem. Soc. Jap., 44 (1971) 1917.

353 S. Komiya, S. Suzuki and K. Watanabe, Bull. Chem. Soc. Jap., 44 (1971) 1440.

354 B.M. Trost and C. Francis, Tetrahedron Lett., (1971) 2603.

355 L. Mochida, Y. Anju, H. Yamamaoto, A. Kato and T. Seiyama, Bull. Chem. Soc. Jap., 44 (1971)
3305.

356 D. Cordischi, A. Furlani, P. Bicev, M.V. Russo and P. Carusi, Gazz. Chim. {tal., (1971) 526.

357 G.A. Chukhadzhyan, Z.I. Abramyan and M.A. Manukyan, Zh. Org. Khim., 7 (1971) 900; Chem.
Abstr., 75 (1971) 76040¢g.

358 K. KXiji, K. Masui and J. Furukawa, Bull. Chem. Soc. Jap., 44 (1971) 1956.

359 T. Ohta, K. Ebina and N. Yaimazaki, Bull. Chem. Soc. Jap., 44 (1971) 1321.

360 W.B. Hughes, J. Org. Chem., 36 (1971) 4073.

361 R. Noyori, T. Suzuki, Y. Kumagai and H. Takaya, J. Amer. Chem. Soc., 93 (1971) 5894.

362 R. Noyori, T. Suzuki and H. Takaya, J. Amer. Chem. Soc., 93 (1971) 5896.

363 P. Heimbach, H. Selbeck and E. Troxler, Angew. Chem. Intern. Fd. Fngl., 10 (1971) 659.

364 R. Baker, D.C. Halliday and T.N. Smith, Chem. Commun., (1971) 1583.

365 T.C. Shields and W.E. Walker, Chem. Commun., (1971) 193.

366 T. Suzukiand Y. Takegami, Kogyo Kageku Zasshi, 74 (1971) 1371; Chem. Abstr., 75 (1971)
76039p.

367 I.R.Jones,J. Chem. Soc. C, (1971) 1117,

368 J.R. Jones and T.J. Symes, J. Chem. Soc. C,(1971) 1124.

369 G.A.Chukhadzhyan and Z.1. Abramyan, Arm. Khim. Zh., 14 (1971) 329; Chem. Abstr., 75 (197 1)
77372d.

370 S.Miamoto and T. Arakawa, Kogyo Kagaku Zasshi, 74 (1971) 1394; Chem. Abstr., 75 (1971) 118671w.

371 C.G.P. Dixon, E.W. Duck and D.K. Jenkins, Organometal. Chem. Syn 11971 77 Chem. Abstr.,
74 (1971) 75956¢.

372 A.Carbonaro, F. Cambiss and G. Dall’Asta, J. Org. Chem., 36 (1971) 1443,



R T v S "~'T.Rl,ilACK,;f;-POWELL

) 373_;!(- Maruyama, T Kurok: T Mlzorokl a.ndA Ozak1 Bull Chem Soc Jap 44 (1971) 2002
" 374 N Kawata, K. Maruya, T Mizoroki and A. Ozaki, Bull, C'hem Soc Jap., 44 (1971) 3217.
: 375,'R.F. Heck, Fortschr ‘Chem. Forsch, 16 (1971) 221., : : Sl
) 376;;RL 'Lazcano and LE. Germain, Bull. Soc. Chim. Fr, (1971) 1869
+377 _P.M. Henry, Chemn. Commun., (1971) 328. .
378 . P.M. Henry, J. Amer. Chem. Soc., 93 (1971) 3547.

. . 379.-P:M.Henty, J. Amer. Chem. Soc., 93 (1971) 3853:

. ‘380 R.G. Brown and J.M. Davidson, J. Chem. Soc. A, (1971) 1321 O
-381 : R.J. Theissen, J. Org. Chem., 36 (1971) 752. . .
. . 382 D.R. Fahey, J. Organomeétal. Chem., 27 (1971) 283. .
- 1383 R.L. Goldsmith, M. Modell and R:F. Baddour, J. Phys. Chem_, 75 (1971) 206S.
384 - S. Nakamura and T. Yasux,J Catal.,; 23 (1971) 315.
". 385 - L. Eberson and L. Gomez-Gonzales, Chem. Commun., (1971) 263.
"~ 386 K.Suga, S. Watanabe and K. Hijikata, Aust. J. Chem., 24 (1971) 197.
.-387 P.M. Henry and G.A. Ward, J. Amer. Chem. Soc., 93 (1971) 1494.
-.388- S. Wolfe and P.G.C. Campbell, J. Amer. Chem. Soc., 93 (1971) 1497.
389 S. Wolfe and P.G.C. Campbell, J. Amer. Chem. Soc., 93 (1971) 1499.
390 'G.T. Rodeheaver and D.F. Hunt, Chem. Commun., (1971) 818.
391 .R.L Quellette and C. Levin, J. Amer. Chem. Soc., 93 (1971) 471.
392  K.E. Atkins, W.E. Waiker and R.M. Manyik, Chern. Commun., (1971) 330.
- 393 W.E: Billups, W.E. Walker and T.C. Shields, Chem. Commun., (1971) 1067.
394 S. Hosaka and J. Tsuji, Tetrahedron, 27 (1971) 3821.
© 395. R. Jima, Tetrahedron Lett., (1971) 1225. )
396 T. Saegusa, T. Tsuda and Y. Isegawa, J. Org. Chem., 36 (1971) 858.
397 M. Graziani, P. Uguagliati and G. Curaturan, J. Organometal. Chem., 27 (1971) 275.
398 R. A. Sheldon, Chem. Commun., (1971) 788.
399 A. Fusi, R. Ugo, F. Fox, A. Pasini and S. Cemm,J Organometal. Chem., 26 (1971) 417.
400 K. Takahashi, A. Miyake and G. Hata, Bull. Chem. Soc. Jap.,44 (1971) 3484 :
401" T. Sakakibara, S. Nishimura, K. Kimura, S. Fujicka and Y. Odaira, Tetrahedron Lett., (1971) 4719.
402 E_G. Chepaikin and M.L. Khidekel, fzv. Akad., NaukSSSR Ser. Kiim., (1971) 1129; Chem.
) Abstr., 715 (1971) 87760t.
403 T. Arakawa and H. Miyake, Kogyo Kagaku Zasshi, 74 (1971) 1143; Chem. Abstr., 75 (1971)
75669¢.
404 8. Dano, I. Moritani, Y. Fujlwara and S. Terashi, J. Chem. Soc. B, (1971) 196.
405 1. Moritani, Y. Fujiwara and S. Danno, J. Organometal. Chem., 27 (1971) 279.
- 406 R.S. Shue, Chem. Commun., (1971) 1510.
_ 407 T.Mizoroki, K. Mori and A. Ozaki, Bull. Chem. Soc. Jap., 44 (1971) 581.
408 R.S. Shue, J. Amer. Chem. Soc., 93 (1971) 7116.
409 R.F.Heck, J. Amer. Chem. Soc., 93 (1971) 6896.
410 M.E. Vol'pin, L.G. Volxcova, LY. Levitin, N.N. Boronia and A.M. Yurkevwh C’hem Commun.,
- (1971) 849.
411 ME. Vol'pin, LY. Lev1t1n and L.G. Volkova, fzv. Akad. Nauk S.S.S.R., Ser. Khim, (1971) 1124;
. Chem. Abstr., 75 (1971) 63941b. -
412 G. Hata_ K. Takahashi and A. Miyake, J. Org. Chem., 36 (1971) 2116.
413 K. Takahashi, A. Miyake and G. Hata, Chem. Ind. {London}, (1971) 488.
414 K. Kawamoto, A. Tatini, T. Imanaka and S. Teranishi, Bull. Chem. Soc. Jap., 44 (1971) 1239
415 H. ftataniand H. Yashimoto, Chem. Ind. {London), (1971) 674.
416 S. Sakai and Y. Ishii, Bull. Jap. Petrol. Inst., 13 (1971) 73; Chem. Abstr., 75 (1971) 1292894.
417 'T. Mltsuyasu M. Hara and J.- ‘Tsuji, Chemn.-Commun., (1971) 345.
418 K. Ohno and J. Tsuji, Chem. Commun., (1971) 247.. )
419 .1.Y. Chenard, D. Commereuc and Y: Chauvm, J. Organometal. Chem:, 33 (1971) C69.
. 420 'L Yasiumori and K. Hirabayashi, Trans. Faraday Soc., (1971) 3283." -
421 R:J. Hodges, D.E. Webster and P.B. Wells, Chem. Commun., (1971) 462. -
. 422 R.J. Hodges, D.E-Webster and P.B. Wells, J. Ciem. Soc. A, (1971)'3230.




423

424
425
426

427

| NICKEL, PALLADIUM AND PLATINUM o as3

1.1L. Gamett and R.S. Kenyon, Chem. Commun. ‘(197'1)7 1227.°

"K.P. Davis and J.L. Gamett, J. Phys. Chem., 15 (1971) 1175.

J.E. Lyons, J. Org. Chem., 36 (1971) 2497. :
M.E. Vol’pin, V. P. Kukolev, V.O. Chernyshev and LS. Kolommkov, Te etm}zedron Letr (1971)

4435,
NL.X. Eremenko, K.L Mateev, SXK. Katanakhova, L.N. Rachkovskaya and L.F. Mel’Gunova,

‘Kinet. Katal., 12 (1971) 147; Chem. Abstr., 74 (1971) 103495x.



