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i. Metal-carbon o complexes

A number of metal alk,ls have been prepared by oxidative additiom.
Treating Pth(PPhy AsPh3) with Q-XCHZCGHACN (X = ¢i, Br) yields trans-
PtX(CHZCGHI.CN)Lzlll. Ligands L can be displaced by bidenta:e phosphorus
ligands, and facile insertion of CO into the Pt-C bond occurs, The trans

L CH,C H,CN L CHp L CH,
So” 00 4 agBEy N~ +ROH Not”
7N AN B% PN 8F,
b3 L [ NC L N=C
vy

flo N el N

L SOCHCHCN L /CH.‘,CGH‘CN ‘AgBE, L Lo /cuzcemcrd
Pt =) ——— - Pt

SN N e N

X L L X X L L

somplex is thermodynanically the stable isomer but cis-trans isomerization
by free L occurs in CHZCI2 solvent. Similarly the oxidative additfion of
XRCN (X = C1, Br; R = (CHz)n, n=1, 2, 3) to PtL[‘ (L = PPh3, PHePhZ,
AsPh3) yields cis- and/or trana-PtX(RCN)Lz[Zl. The reaction of Mel with
..(Sl‘ie)PhL]2 (L = PH.ezPh) gives PtI(Ph)SHez(L)[B]. Similarly

[Pt(ﬂ‘le)Hele glves PtHezIz(L)SMez.
that alkylation occcurs on the platinum center. Arylnickel(II) compounds
have been prepared by the oxidative additfon of RC6HAX (R = H, m or p-Me,
~Cl, -CN, and OPh, p-OMe, -COMe, and COPh, and m-CO,Me; X = C1, Br, I) to

2
Me
Me\ /5 e hp Me ?e :e Teue L
/Pt \Pt/ —_— \Pt/ \)’t/ -slow Me»l:t—I
L \s/ N L/ll\ae l\‘L SMe,,
Mo
Mel
fast
Me T* L Me T" L
Me,§5  + Npe” el e~
L 1\1 w.~zs/|I i

Ni(PPh,),. A linear correlation of rates against Hammett's d is found
with ¢ > 0.23 for eluctron withdrawing substituents {4). Benrylnickel(II)

Isolation of [1“‘!:(5Me)MezI(I.))2 verifies

BF,
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complexes have been prepared by the oxidative addition of benzyl halides to
Ni(CZHI‘)(PPha)2 [5]. Trime:hylétannane displaces alkane from PtRz(DPH) (R
= Me, Et) to give PtH(SnHe3)2(DPH), which reversibly dissociates SnMe3H to
give P:(SnHeB)Z(DPH). The following compounds are also described:
Pt(MHe3)He(DPH) (M = Si, Ge); Pt(PbPh3)2(DPH); PtHCl(SnMe3)2DPH;
PtCl(SnHe3)DPH [6]. A compound PdCl(CHZSHe)(PPha) (1) has been prepared
from Pd(PPh3)4 and MeSCHZCI, where the HeSCH2 group acts as a chelate
ligand [7]. Preliminary X-ray structural data suggests the molecule to be
square planar about the platinum, and the 1H nmr spectrum shows magnet-
ically equivalent methyleng protons at —30°C because of inversion through
the sulfur atom. Alkoxalyl complexes of Pd(II) and Pt(Il), trams-—
MCl(COCOZR)L2 (R = Me, Er; L = PPh3, PMePhZ, PEt3) have been prepared by

C1CH, SCH L
L, Pd — 2 3, ,PA(C1)CH scna‘___ Pd/
4L
cr \
(1) CH3
Hy
NaSSCR(CH,),, >Pd< > <
CH,SCHz s cH, (L = P(CHL) )

oxidative addition reactions of ML, with ClCOCOZR. In solution the s-
trans and s-cls conformers are postulated to exist [8]. The compounds are
decomposed by Cl to Ptclsz, and transesterification with EtOH[EtO- gives
PtCl(COCOZEt)(PPh3)2 from the methyl derivative. The palladium analogs
undergo decarbonylation in solution to form carboxylato complexes
PdCl(COZR)LZ. Reaction of Ni(DPP)2 and N:l(DPB)2 with acyl halides RCOX (R
= Ph, Et; X = Cl, Br) gives haloacylnickel(¥I) compounds [9]. NiBr(Ph)DPB
is carbonylated to the acyl with CO. Acyl platinum complexes trans—
PtC1(COR) (PPh,), (R = Ph, C/H,OMe—p, CgH,Cl-p, CH=CH,, CH=CHMe, CMe=CH,,
CH=CHPh) have been prepared from Pt(CZHA)(PPh:,)2 and RCOC1 [10]. The
sulphonato complexes trans-PrC1(SO,R) (PPh,), (R = Me, Ph) have been
obtained by a similar route from RSOZCI. The complex trans—
[PtCl(COCH=CHPh-££gg§)(PPh3)2] undergoes thermal decarbenylation to trans-
[PtCl(CH:CHPh—trans)(PPh3)2]. Values for v indicate a medium trans

Pt-Cl
influence for the SOZR group. The in situ generation of Ni(0) has been
used for aryl coupling {11]. Complexes of Pd(IV), PdCl1, (C Fg ),(L-L)
(L—t - eﬁ, bipy, phen, pn), have been claimed from the chlorination of
Pd(C6 2(L-I.) [12].

A uide range of alkyls have been obtained by metathetical replacement
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reactions. Benzenethiol reacts with cis—PtHeZLz (L = PMe PHeZPh, PMePhZ,

3'
PPh3) to give CH, and trans—PtMe(SPh)Lz or trans-Pt(SPh)

4 2LZ. Observation

cis—PcMez(PHezPh)z + PhSH -+ trans—PtMe(SPh) (PHeZPh)Z + CH['

of a signal for Bu'MeNO in the presence of ButNO has been presented as
evidence for a contribution from a radical chain pathway [13]. These
authors have also carried out a similar study on the cleavage of methyl-
platinum{(II) bands by halide. A series showing the gradation of methyl-
ating power for several meithylmetzl complexes has been developed [14].
Complexes (g-xcsu,‘mz)zxi (PR3)2 (¥ = F, C1, Br, Me; R = Et, Bu) have been
prepared by treating the correspording nickel chlorides with the approp-
riate Grignard reagent [15]. The cross coupling of bromobenzene and o-
bromotoluene with MeLi and MeMgBr has been studied. Intermediate methyl—
arylnickel(II) complexes have been prepared and interestingly the reductive

-elimination of alkylated aryl is accelerated by oxygen and by aryl bromides
NiBr(Ar) (PEE,), + MeLi + NiMe(Ar) (PEr,), %2 | arMe.

[16]. A procedure to prepare PtIMe, in yields of 80Z, has been reported

f17]. The Grigrard or lithio methog, followed by anion replacement, has
been used to prepare complexes ux(c6c15) (1’1’113)z M=Pd, X=2C1, Br, I,
NCO, XNCS, N3; M = Ni, X = NCS, NCO, N3) [18]. This method was extended to
prepare complexes Nix(cscls) (DPE) (X = Cl, Br, I, NCS, NCO, N3, CN, NOZ)
{19]. The halide can be replaced in these complexes by 3,5-lutidine to
yield the cationic compounds [Ni(c6cj'5n'3—n(3'5-1“‘:)nIC1OA (L = PMezPh.
PMePh,; n = 1, 2, 3) [20]. Haloarylnickel bipyridyl complexes have been
prepared from EtZNi(bipy) and aryl halides for aryls:- phenyl, o-tolyl, m-
tolyl, p-tolyl or o-chlorophenyl and X = I, Br, Cl. The reaction has been
followed in the visible region of the electronic spectrum {21]. In
combination with Lewis acids such as AlEtclz and AIEtZCI the complexes show -
higher catalytic activity for propylene dimerization than do Niclz(bipy)

and NiEtz(bipy). A reexamination of the reaction between compounds PdClsz
(L = PPh3, PPhZH.e, AsPh3) and TlBt(C6F5)2 yields binuclear. compounds (2)
mixed with mononuclear compounds {22]. Addition of further ligand L

converts the dimers into monomers Pdcl(CGFS)Lz. Complexes of tetrachloro-

phenyl have been prepared by treating PdCl(‘u—C3HS)PPh3, PdCi(!-C3H5)py

L c1 c.61='5
» »—\?d—/ \Pd/
"5"6/ e \L
L @ '
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and PtCl(w-C3H5)PPh3 with (2,3,5,6-”DHC14)3T1,when the halide is replaced

by CHCL, [23]. The compound trans-PtI(CF3)(PEt3)2 is obtained by treating

EéﬁrPtMez(PEt3)2 with CF3I for 48 hr at 25°C [24]. 19F nmr data is

reported. Aryltrimethyltin reagents have been used to prepare aryl-

plat inum(II) complexes under mild conditions [25]. The reactivity of

PtClz(COD) + SnArMe, » PtClAr{COD) + SnClMe

3 3
PtClAr (COD) + SnAr'He3 + PtArAr' (COD) + anlMe3
Group IV compounds appears to decrease in the sequence Pb : Sn  Ge ™~ Si.
Phenyl (acetylacetonato) nickel(Il) complexes NiPh(acac)L (L = PCyJ, PPh3)
and NiPh(acac)(PEt3)2 have been prepared from Ni(acac)2 and AlPhg-EtZO
in the presence of a slight excess of phosphine at ~-20°C under am atmos-
phere of Nz [26].

A number of ring opening and alkyl transfer reactions have been
reported. Kinetics for the ring opening of benzocyclobutene-1,2-dione,
3-phenylcyclobutene-1,2~dione, 4-methoxy-3-ochenylcyclobutene-1,2-dione,
anu 3, 4-dimethoxycyclobutene-1,2-dione with the zerovalent platinum
complexes Pt(EEEHEfPhCH:CHPh)(PPhS)z and Pt(PhCECPh)(PPh3)2 show the
reaction follows first order kinetics in platinum complex and zero order
in dione. Thus the rate-deternining step is dissociation of stilbene or
diphenylacetyleae. Inrerestingly for the ring opening isomerizatfon step

the activation entropy in CHC1, is zero, but in benzene it is markedly

3
positive, Two schemes are presented to explain this latter effect, with

scheme I being preferred [27). Horonuclear methyl transfer between

Ph 0 Ph 0
[EE——
(Ph,P) Pt =[Pt (PPh,) ) + EK
— I H
W Ph
(Ph:‘P)ZPQ
0
0
SCHEME 1
Ph 0 Ph 0
(Ph3P)2Pc e Ph3P + (Ph3P)Pt
0 1(1) o,
P phpype” N FR
("‘3”2"; Z (11) (Ph,P)
P——.
0 0 0 0

SCHEME 2 (1), -PPha: (11), + PPh3

Refarence p. 488
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and heteronuclear methyl transfer between platinum and palladium is facile
[28]. Reaction of cis—PtHez(PHezPh)2 and cis-Pt(NOB)z(PHeZPh)2 yields
cis—PtHe(N03) (PHezPh)z which undergoes subsequent slow isomerization to

(-]
PtMe, (COD) + PACL, (PhCN),, ———= PtC1Me(COD) + PdCIMe(PhCN) )

20°C

PrClMe(COD) + PdClZ(PhCN)Z PtCIZ(COD) + PdC].He(PhCN)2

the more stable trans isomer [29]. Alkyl transfer from threo- and erythro-
HeCH(NHez)ca(ugcl)xe to palladium(IXI) proceeds with retention of configura-
tion. Degradation of threo- and etythro-MeCB(N}iez)CH(He)PdCI(PhCN)2 to

the free amine can be effected with LiAlDA {301.

A number of vinyl and ylide compounds have been reported. Complexes
of the chloro-Pd(II) and Pc(II) with ligands PhZP(CHZ)z-;(th)EHC(O)R
(n=1, R=Ph; n =2, R= Me, OMe) have been prepared (3) [31]. The

" erystal structures of two addition products of hexafluorobut-2-yne with

palladium(II) B-diketonate rings: cis-bis[l,2-bis(trifluoromethyl)-3—
acetyl-&-oxopent—l—enyl—o,CI] palladium(I¥) and ab-[1,2-bis(trifluoro-
methyl)-3-acetyl-4-oxopent-l-enyl-0, c1 1-cd-{2-(dimethylamino)methyl]

NMe. H NMe H NMe H
2 e PdC1, (PhCN) . 2 2 e LiAID, 2 e
- ? ‘ THF - ’? < Vs - ’3 <
B wd  hga1 Bw’  pd-c1 B Me b

(threo) (threo)

Me, Me . e, Me NMe, Me
N ~H P4Cl1, (PhCN), . \‘ ';B LiAlD, }_:(H
" - , - - -

Fud  Yar THF B\é Jpa-c1 B e D
(erythro) (erthyro)
c(o)r
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phenyl-Cl,N} palladium(II) (4) (5) are reported [32]. A study of the vinyl

rearrangement of Pt(C2F3Br)(PHePh2)2 and P:(CZFBBr)(PPh3)2 indicates

intermediacy of a pentacoordinate species. The reaction is favored by

Me\ /Me
C=0 o0=¢C
HeC(O)-CH/ ~~ Pd - >cu-c(o)ue
S
CF3 CF3 CF3 CF3

uy” Tz =

¢ «

\ 2 Pd \CH-C(O)He
/CQC/ Ne=c

CH 7/

N\ cHF3

- cu \ca-//

CF3

(5)

coordinating solvents. The reaction has been used to prepare complexes

PtX(CF=CF2)(PMePh2)2 and Ptx(CF=CF2)(PPh3)2 (X = SCN, N02, N03, OAc) {33].

F, %
(Ph_MeP) P& + L —— (Ph_MeP)_,Pt— CF.
2 2 2 2' 2
CFBr <l:1=/
Br
Fh, MeP CF:CF L
2 // vt2 :
Pt e———  [(Ph,MeP) Pt—CF:CF,
v \PHePh .
2 Br

Anionic phenylpalladium(II) complexes are formed when compounds of
type [R'R3P]2[Pd(cﬂ)2] are allowed to warm above -40°C [34]. Infrared

spectra are reported and discussed. Complexes Liz[Ni(czPh)al.ﬁTBF,

sz[rd(cu)zl.xm3 + chu + A[R'RBP]x _=3&°C _

e “"[Pd(PgZ’n'_) 51 + 4K, [PA(R () ;] + 4RX + SX N,
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Liz[NiPh[‘] -4THF, and Liz[NiMel.].ZTHI-‘ are obtained by treating l‘h‘.(dp:l.)2 (dpi
= anion of 1,3-bis(2-pyridoylimino)isoindole) with LiCzPh, LiPh, or LiMe
at -78°C [35]. The crystal structure of Pt(Ph)z(DPM) shows internal ring
angles at Pt and P which are approximately 15° less than the unconstrained
P-Pr~P and Pt-P-C angles [36]. The angles are normal and it is suggested
that the unusually low Pt-P coupling constant is a consequence of the

distortion of these valence angles in the 4-membered ring.

Ph Ph
\ ﬁas 2)
P fh
1.86 (2) 230(1) 2.05(1)
H,C 95 73 Pt 87
100
96
106 P 120 Ph
106
Ph Ph
H
H{1b) b2 HAD HO2)
® O O
HO3)y H(21)

HEa) €)Xy O
. o) Ct

O H(3b)
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A series of metal alkyls having keto groups have been reported. The
crystal structure of PdCl(CHZCOCHZCOOCHzPh)(py)2 has a square planar ’
geometry about Pd. The benzylacetoacetate is coordinated by the terminal
carbon atom. The acetoacetate moiety in the benzylacetoacetate ligand is
bent perpendicular to the coordinmation plane, and the terminal benzyl group
is again bent with its phenyl ring approximately parallel to the coordina-
tion plane [37]. Compound (6) has been obtained by the route shown [38].

A coupling constant of 113 Hz betwéén lgsPt and the methine proton, in
Ph Ph
oMe™ A52 Ccl A52
@: \PtC1 NPt S — @[ "\ Pt(acac)
Ve

c—ca (;.H/ o

CHZOMe 2 CHZOHe
(6)

addition to the'observation of a temperature dependence of the methylene
protons, is presented as evidence for the formation of the 5-membered ring.
A detailed analysis of the infrared spectra of complexes (7) and (8) (M =
vo, Co, Ni, Cu, Z2n, Pd for n = 2 and M = Fe for n = 3) has been performed
[39]. Assignments have been assisted by using isotopic metal substitution.
The C O groups retain the keto character even after coordination of the

second metal. For the allyloxycarbonyl- and N-allylcarbamoylplatinum(II)

' 1
c1 C:H3 :
+ CH O/P:t—c &::;!
K ~f .o B >=o’
BT ol "
3
®)

complexes Pc(coxcuklcxz—_-cnk:’)cn.i x =0, NH; RY, RZ, RD = H, Me; L =
'PPhZHe, PPh3) there is no significant interaction between platinum and the
C=C bond [40]. The compounds undergo quite facile decarboxylation upon
treatment with an equimolar amount of AgC104.

) 2 “agCl L~ ~ o2
p:(cmzcn=caz)cn2+ agclo, —28So, o Pt—-—:>—R clo, + co,
.Possible mechanistic pathways are discussed. The crystal structure of
thCl(C COCF Cl)(PPh3)2 shows. a very long Pt-P bond trans to —CFZCOCF cl
j[hl]-r 18 nmr study of the trimethylplatinum(IV) . compound (7) shows that
;kinetiéally rigia diners are ‘present in solution.. The 1:1 adducts vith Py
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aad bipy have been prepaved {42}, A guantitarive analysis, hawever, of
the lﬂ nmr of the compound (7) (R = Me) hasé shown that exchange of the
scetylacetonate ligand is first order and proceeds predominantly by dimer

cfa4
cley)
cled
(80X)
€(sS
2
k)
Cls)
Me
R
1
Mo ”,0 C//’/f
e g
Me
() e C(
R, - . K,

(7)

1 n
(!I - X = pe® R o Me, 27 = OEv: R! = Me, R = Odte: R' = R° = OFt:

R= R = OMe)

A

diggoriation Into twe separated pentacoordinmated speciea. The activation
energy 1a €1.5 + 0.B kJ mol " [43]. The anionic compleses pentamethyl (8)
and hexamethyl (9) platinate(IV) have heen prepared from (Ptmea)6 and cis-
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PtHeQ(PHePhZ)Z with methyllithium [44}. The infrared and 1H nmr spectra of
a series of complexes PtHe3(ngCGHACH=NR)X with X = lutidine, PPh,, and

R = H, Me, Pri, CHZPh, Ph have been studied [45].

12LiMe
(PtIMe3)4 4Li2(PtHe6) + 4LiI
PPh, [ 8LiMe
4LL[PtMe (PPh,)] + 4LLI ALide | 4L1,(PtMe,) + 4PPh,
(8) 9
LiMe
CiS-PtMel. (PMeth)z m’ Li[PtHeS (PMeth) ]

LiMe [ —PHePh2

Liz(PtMes)

Thermal decomposition of complexes ﬂ-cpNi(PPh3)R (R = Me, Et, Pri,

Prn, Bun, Bus, PhCHZ, Me3SiCH2) has been studied by 1H nmr spectroscopy

in aromatic solvents [46]. For compounds having a 8-hydrogen, decomposi-—
tion occurs by a B-elimination reaction. The order of stability is

Me SIiCH, > PhCH, > Me > Et ~ Bu? > Pr® > BuS ~ Bul. Radical pathways are
not involved. The pyrolysis of diarylplatinum complexes is facilitated by
the presence of added ligands because of the promotion of the reductive
elimination reaction [47]. A study has been made of the displacement of

PtPh,(DPE) + DPE  —0Xe pe(pPE), + Ph,

the cyclopropane moiety from PtXZ(C3H6)L2 (X = C1, Br; L = THF, py, en).
Depending on the new ligand reacting with the system, either L or cyclo-
propane is preferentially displaced. Rate law plots for the evolution of

cyclopropane are given. A speculative mechanistic scheme is suggested [481.

] i
L L
\PO (CL,) ===L+ \PO (cL)
L} 2 I .
x X
x- . +

L_| L _
CL) + ¥4 —> :Q (MCL) =——2= \PtO X (McL)®
I u>‘|, % , M|

X : X -
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L +
L ~ —
(MeL)' + L — | NP X~ (MCL)!
e 2
n-l
X
- +
Ll i}
(MCL)"* + M /= Pt X (M,CL)'
. M/l 2
X
(MCL)* +§ ——mm cyclopropane
+
M\ _
aLeL)’ =—— M+ L+ Pto X o'
5CL) <

M —
e ——m > \P:<> —>M,PtX, + CH,CH,CH,
x|

X

Further work has been carried out to deduce factors involved in the
cis-trans isomerization of square planar complexes PtBr(Ar')(PEt3)2(A:' =
Ph, o-MeC.H,, o-EtC.H
made with the rates for halide substitution by MeOH [49]. Treating

4, > 2,4,6-] Mea 6 2> P MeC6 4 p-FC Hl;)' Comparison is

+
[PtBr ] with aqueous Ag+ in acid solution yields [PtBrHeZ(H20)3]
which converts to [PtBr(OH)Hezln upon neutralization. These compounds
undergo a variety of reactions with halides, lutidine, and nickel complexes

of salicylaldiminate or S8-thiodiketonates {50]. The enthalpies of the

Prewy)erxiat, ] Pticr,),BriNg, Lt 1

tLut [P'.(CH,)zAcacBr]z {Heat

fPrecrerx, B {Prcn L eroNCILLt, ]
\ prow), Br(HZO); 4: Lut

[’.‘1 (CH:): Br ‘-]2 /

\| st

. wo'llow

7 lLul L o~ [PucH,BroHLLL,]
[Prcr,),Bruitut] [

PuaH,),BroHl,
fpooe
[Procyneg-PUOH ), acacy ]
L - Ssl<N-R or thio-#-diketonate .

SCHEME 1
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reaction of a series of Group V donors with [PtMe(THF)PZ]PF (P = PMe_ Ph)

shows a geod correlation with the come angle L [51]. The rgnge of :
enthalpies from 27.8 to 0.5 for ~iH in Keal moli1 are reported correspund-
ing to a change in cone angle of 107° to 190° [HezPCHZCHZPMe2 Lo
P(D~9~C6H3(Mez))3]. Alkyl- and aryl-(bipy}Pt(11) complexes have been
prepared hy treating the appropriate 1,5~COD cowpounds witn o,.~oivyridine,
Analogous PtMaz(phen) complexes have been prepared {52]. The electronic
spectrd 1n the charge~transfer region are considered to be suggestive of
m~honding in the Pr~Ph bond. A svstematic studv ha< been made of the 13C
nmr spectra of three series of the --bonded 1,5-C0OD complexes of plarinum,
PtMeR(COD), [PtMeL(CO]))]PF6 and PtRR'(COD) where R and R' are anionlie, and
L is a neutral ligand. Linear correlatlons‘of ‘C(FHZ) vs *C(FOD) and
QJPtAsC v IJPtC(COD) are presented {53]. 13C amr spectroscopy has also

been used to determine the position of deuterium incorporation into alkanes

and tertiary phosphine plitinum(lI) complexes [94].

I71. Metal complexes formed by insertion and related reactions

An interesting report of the insertion of ethylene into a2 Pt~H bond
has been published [53]. The hydroplatinum(II) complex contains a
hidentate ligand (10) which spans the trans pesitions, and cannot become a
cls chelate. The observatior of facile insertion of ethylene to form an
ethylplatinum(Il) complex shows that ethylene insertion occurs even in
cases when the hydro and olefin ligands cannot adopt mutually cis-orienta-
tions in a square-planar complex., For complexes Eggggf[PtHL(PEt3)2]PF6 (L

= acetone, CO, PEtj, Asth, P(OMe)B, P(OPh)l) and trans—PtHX(PEtE)7 (X =

00 l-!zPPh2 ]+

3
trans~[PLH(C,K IL, 17 + Gt - [PERICH ) L, ]
9 v “ h
CHEPPh., l ()
+
(10) trans-[PtEt(SIL,]" + C,H,

Ccl, NO3, NOZ’ CN) the facility to insertion of olefins and acetylenes
follows the order: L = acetone ~> €O ~ AsFh, > P(OFh),, PEt,; and X = NO,
> Cl » NOZ. CHN. PhCECMe inserts more readily than CZHL [56]. 1In a stud,
of the insertion of R Cii-CR2 (R1 M, R2 = Ph, COZMe; Rl = Ph, Rz = Ph,

1
CF3; R, # CO,Me, R_= cozue) into PtHX(PEt3)2 (X = “03' Cl, acetone, MeOH)

1 2 2z
the rlkenyl group has been shown to be cis about Pt and H. The formation

of a cis geometry about Pt is not always observed but is favored by (1)
electron withdrawing substituents on the acetyleme (i1) a coordinating

solvent for cationic complexes and a non-planar solvent for neutral complex:

References p. 488
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(iii) the presence of a more strongly coordipmating anion X [57]. Complexes
PtMe(Rzszz)L (R = Et, Ph; L = tert. phospﬁine, isocyanide) form stable
acetylene complexes with PhCSCPh and PhCZCMe (11). With HeOZCCECCOZMe and
the methylvinyl compounds are obtained [58]. 1In a continuing

Q o

N—N,

\\ l c—nr'
Pt /A
/@»/ i

CF3C=CCF3

)

study of the reactions of dimethyl acetylenedicarboxylate with palladium(II)
chloride the structure of {{chloro(methoxycarbonyl)(1,2,3,4,5-penta—
kismethoxycarbonylcyclopenta-2,4~dienyl)-2-MeOCO]methyl} (acerylacetonate) PA(1II)
has been reported (12) [59]. This compound is formed from the chloro-

bridged dimer, and products obtained from treating this dimer with PPh3,

CN , Br , HCl are also described. The insertion of dimethyl acetylenedi-

carboxylate
COZHe
COZHe COZHe
HeOZC
,/Cl
C
\
Pd(acac)
Me,.C C::::o’/’
2"/
OMe

Q2)

into the Pd-C bond of :rans—Pdcl(CECPh)(PE:3)2 yields crans—PdCl[C(coznb)=
c(cozue)cscph](rzt3)z (13)[60]. Treating PdCl, with Me0,CCZCCO, Me in MeOH

Et, » ) fEt3 Co,Me
C1-Pd-C=CPh + HEOZCCECCOZHe -+ C1-Pd—C_. .
_ i Nc-co,Me
PEL, S - PEr,

 omro—
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yields {PdCIIHCS(Cozﬂe)al}2 which gives PdClpyZIHCB(CozHe)Bl {14) with
pyridine. A single crystal structure of (14) shows it to be a 5-coordindte
PA(I1) complex [61]. Ni(allyl)2 effects the stereospecific cis~diallyla-

(R = Co,Me)

tion of PhCECPh and PhCECMe in 30-50% yield. The formation of 1,4-
dzalkadiene from the deuterolytic workup leads the authors to postalate a
nickelole intermediate ([62].

Diels-Alder reactions of PtMe(nl-C5H5)C0D and Pt(nl-CSHS)ZCOD

with CF3C:CCF3 yields adducts (15) and (16). A single crystal structure of

compound (15) has been solved [63]. Addition of CAFG to the ring on the

side opposite the Pt atom substituent is presented as implication that there

o <

Pt Pt

V R

(15) (16)

is no metal participation via a template or activation mechanism and no
precoordination of the attacking C,Fe molecule. A c¢rystal structure of the
adduct (17) of 7,7,8,8-tetracysncquinodimethane (TCHNQ) to trana-
?:(M)z(m3)2 shows that part of the TCNQ is bonded to the a-carbom,

Reforencs p. 468
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and the other part to the S—carbon of the propynyl ligand [64]. Electro-

PMe,_ Me CN
‘ 3

HMeC=C-Pt CN

PHe3

CN

an

philic olefins such as 1,1-dicyanc-olefins add to complexes MOZ(PPh3)2 (¢,
= pd, Pr) [65]. 14 omr evidence is presented for the structures of the
compounds (18).. The Pt compounds undergo facile decomposition only at
temperatures of 10 0°Cor higher, whereas the corresponding Pd complexes
ﬁended to be unstable at room temperature. The complexes are cleaved with
CPBCOZH' An ionic type mechanism is proposzd for the formation of these
compounds. The preparation of C-monchapto-vinyl complexes of type M-
C(NHHe)=CRZR3(L)n from the addition of active methylene groups to
isocyanides has been reported [66]. The insertion of CyNC into the Pd-N

bond of complexes (19) gives a new compound (20) [67]. Azido bridged

rt X
0—0 _1
\__/ : AW R
(Ph_,P)_MO. + _— (PhP) M
372772 3 \/
c\Rz
2
R Y
M = Pd or Pt (18)
RE=RE=X=Y=cN
X =Y CN, R' = &? =,
X =Y=CN,R1=H,R2=C6H5
X =Y=CN,R1=H,R2=B_—CHOCGH4
= = 1: 2= -]
X =Y=cN, Rl = B, R Pm2c64
X =CN, Y =N Z,R = H, B2 = Cgh,
1 2
X =CN, Y = N0,, R' = §, R® = p-CH,C,H, .
= ) = l 2
X =CN T _mz'R =8 K ~2-CH3 By
X =H, =N, =8 = oy
X =Y=CFCL R =R =H:



X =YY= COC'H3,R = H, R =C6Hs

CO,Et, R™ = R = CH,
2

b
]
o
i

2
X =¢CN, Y= C02Et, R™ =R = CH3

=

O
(PhyP)M \c_) o—0o g'
—{ , = [/ \/

x—C==C—R (PnyPpm _ C
N, € ..
Y R /S N\ R

X Y

24 _ ’,NHMe
[M(CNHe)A] + ZHZC(R)CN 4+ 20H - (MeNC), M | -C + 2H,0
2 cen 2
(M = Pd, Pt; R = CN, COZME) R

complexes [HN3(diene0Me)]2 (M = Pd, Pt) react with CO to form the cyanato-

bridged compounds, and with CSZ’ CF3CN and SCNPh by 1,3-cycloaddition to
form thiatriazolate or tetrazolate groups as bridges [68]. Acylpalladium(1l)

I§iHea
Ph_P=N-C
PhyP-N c1 CyNC, H.O 3 s c1
Pd’/ __§37_2____;. CyHN Pd/
\ —>1Me N,
Cy:Ec/ a1 2 CyNEC/ c1
(19) (20)

complexes have been formed by insertion of CO into the c-alkyl compounds
obtained from nucleophilic attack of EtZNH on the Pd(1II) chloride complexes
of C,H,, C3H6 and 1-C,Hg [69]. A similar approach has led to isolation of
acylpalladium{II) complexes from carbonylation of the products of attack by
NH3, PhCH2NH2 and phthalimide on PdCIZ(COD) [70]. A study of the
carbomethoxylation of o-bonded mercurials in the presence of stoichiometric
amounts of L:l.deCIA and CO proceeds with predominant retention of configura-—
tion at carbon [71]. This leads the authors to the conclusion that

exchange of Pd for Hg occurs with predominant retentions.

IITI. Metal carbene complexes
Cationic carbenes of nickel(II) (22) have been prepared by treating

the nickel acetylide (21) with ROH in the presence of an equivalent amount
of perchloric acid [72). Subsequent addition of base ylelds a further

L

}‘ o ¥ _OR Et.N r_or
X-Ni—C5CH — - X-Ni-C7 Cl0, === X-Ni-C
e THEL 1N 4 “HC10 N
! o & 1. Me 4 ! cH,

L
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stable nickel carbene complex (23). Carbene complexes of palladium(II)
(26) were obtained in good yield by treating [RyP'CH,Z],[Pd,Cl
(RyP = PhsP, Z = COMe, CO,Et, CONH,, CN; R,P = PMe,Ph, Z = COPh) with

sodium acetate [73]. The crystal structure of cis-dichlorobis[methyl-

6l

Z
/ \ /CHPR3
+ 2- 2NaOAc
[R3P CHZZ]Z [Pd2616] _TNaC]._. /Pd Pd\
—2HOAc R3P('!H CY Cci
(24)

amino(methoxy)carbene]Pd(II) shows expected angles about the carbene

carbons [74]. Complexes of type MC1l (yl:l.d)2 were isolated from treating
Pdc12 or P:C}z in refluxing CH3CN with an ylid of the type R3ZCR R @ =

P, R= Pl:, R =H, 5 = COPh, COMe, CO_Et, COZMe CN; R = Me, R = COPh,
C(')zEt; R "= COFh, R = COPh; R = Bu, R =H, R = COPh; Z = As, R = Ph,

R =H, R = COPh, CO Me) Me SCHCOPh and CSHSNCHOPh. The ll-l nmr of the
methine proton in the complex is downfield shifted relative to free ylid
{75]. Kinetics of the addition of secondary aromatic amines P-YC H,NH

(Y = MeO, Me, H; R = Me, Et) with compound (25) to yield carbenes (26)
leads to the proposal of a étepuise mechanism involving direct nucleophilic
attack of the entering amine on the isocyanide carbon, followed by proton

transfers to yield the final carbene complexes [76]. A single crystal

Cl PPh3

PACL, (PPh,)CNC H,X-p + p-YC.H,NiR -22° > pa””  NHC H,X-
23 R0 R ATR T Bl R, c1” Ngo 66 E
(25) i
R” Nl Y-p
(26)

structure of (27) shows values of 2.034(11) and 1.973(11) for Pt~-C(Ph) and
Pr—C(carbenoid) {77]. A series of heterocyclic carbene and carbanion
complexes of Pt(II) containing C(2)-bonded oxazolines, oxazoles, pyrrolines,

MeHN PEt,
G
N Pt a1 cio
. l s s
N pEey | -
- en 3
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pyrroles, and imidazoles have been prepared in high yield by treating
[PtCl(CNCHZCOZEt)(PPh3)]BFz with the respective 1,3-dipolarophiles [78]. A
3¢ nmr study of carbene complexes 55525-[PtHe(CNHHeCGB4x—2)]PF6 has
deduced from comparisons of the a+ substituent constants for X, with the
carbene 13C shieldings, that both o and m interactions occur between the
carbene and the aromatic ring. The phenyl rings adopt cis orientations
with respect to the carbene methyl groups. Coupling constant and chemical
shift data are reported [79]. These authors have done a similar study of
complexes [PtR(carbene)L,]PF, (R = Me, Cl, I; L = AsMe,, PMe,Ph; carbene

is a range of substituted N and O heteroatom carbenes) [80]. Stereo-
chemical implications are discussed, and it is noted that for JP:CNC the
coupling of a cis methyl to Pt is greater than that of a trans methyl. The
aminolysis of a series of methyl Pt(II) alkoxycarbene complexes has been
described [81]}. The general reaction converts compounds of type (28) into

those of (29). The reaction is extended to carbene complexes of cyclic

T _oMe I _NRR
Me-Pt—C PF, + HNRR —» | Me-Pt—C PF. + MeOH
i \Me 6 i \He 6
L L
(28) (29)

ethers. Treating the hydro coumplex, :rans—[PtH(MeOH)(PCy3)2]PF6, with
terminal acetylenes yields hydromethoxycarbene complexes (30) rather than
vinylic derivatives [82]. Platinum carbene complexes have also been

trans-[PtH(MeOR) (PCy. )., 1PF, + HC=CR %«  [PrH(C(OR)CH,R) (PCy.), 1PF
Lrans 3)21%Fg 2 3)21FFg

(R = Me, Ph; R. = Me) (30)

prepared by this research group by protonation (31) or alkylation (32) at
nitrogen of a product arising from insertion of an isocyanide into a Pt-H

bond. Infrared and 13 nmr data of these cationic secondary carbene
complexes are reported [83]. In a study of the thermolysis of complexes

PCC1(CHNR) (PEX,), .-%ET [PLCL(CHNHR) (PEL ), 1X
Me,50, (31)
Nacm,"
A Agc10,
. [PECL(CHNMeR) (PEL,),1C10, ————  [Pr(CENMeR)L(PEE;),1(C10,),
(32)

!ﬂ.i(qiazéa];kﬁe)'y(n'? Ni, Pd; L = nutnc,;m:‘; diazoalkane = 9-diazofluorene,
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diphenyldiazomethane) a fluorenylidene complex is obtained [84]. A series
of carbene complexes [PtCl[C(SR)Y]Lzlx ( R=Me, Et; Y = OMe, SEt, NMez;
L= PPhj PHéPhZ; X = BF,, CI-'3SO3 ) have been prepared by alkylation at
sulfur of the thio esters PtCl[C(S)OHe]L or PtCl[C(S)SEt]LZ, or thio~
carbamyl complex PtCl[C(S)NHeZ]LZ, with [Ec OIBF or HeOSOzF. Coumpounds
[PtCl[C(SR )NMe, ] (PPhy) 1K (R = PhCH,, CH,=CHCH,, MeHg, H; X = BF,) have
been prepared by treating the thiocarbamoyl with the appropriate halide, or
CF,SO0.H for the latter [85].

IV. Internal metallation reactions
Carbonylation of a series of o-palladation products from azobenzene,

benzaldazine, acetophenone dimethylhydrazone, l-methyl-l-phenylhydrazones,
and tertiary benzylamines has been used to prepare a range of heterocyclic
organic compounds [86]. Metallatior of tri-o-tolyl phosphite occurs with
compound (33) via an elimination of alkene. The resulting halo complex
(34) undergoes o-metallation of the phosphite by HCl elimination to yield
compound (35) [87]. A single crystal structure of a complex Pt(TP)(TP-H)X

(0—:0159)2
/N
L oa . G, e’ cpPd 0
_— > —_—
cppd‘\\//J*§> P Nc1
° -ie
(33) (35)

(35)

(L = P(0-tol-o0) ;)

(X = Br, 1,; TP = 2-(2"~thienyl)pyridine) shows the platinum coordinated to
two pyridyl nitrogens mutually trans to each other, a thienyl carbon, and
an iodide [88]. The sulfur atom in the thiophene ring is not coordinated.
The ferrocenyl derivative C_H_.FeC_H,CH_NMe_, reacts with NaZPdCI4 and sodium

55 542 2
acetate to give the internally merallated binuclear specles (36) [89]. The

NHe
Na,PdCl, + CJH FeC_H CH,NMe, ———= (\

&k

36)

dimer can be cleaved with acac, PHezPh, AsHesz P(OHe)3, PPh3 Compounds_
di—c—(Z-azoaryl)Pd(II) can be obtained-in:good yield by" treating I T
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Pd2(dibenzylideneacetone)3 with the corresponding mercury compound [90]. A
series of o-metallared compounds have been obtained from LiZPdclA and
dimethyl yellow, 4,4'~azobis(N,N-dimethylaniline), azoxybenzene, and
4,&'—azoxyanisole [91]. The dimer from %,4"'-azoxyanisole can be cleaved by
Tlcp. New 6-membered ring compounds have been isolated from the pallada-
tion of N—aryl—amidine and amides. These dimers can be cleaved with
NaCp, allylMgCl, Tlacac, LiN(Rl)C(R;):SRl {92]. A study has been made of
the internal metallation reactions of Pd(II) and Pt(II) with osazones. The
transformation studied are shown. Anoéalous features found for the
metallation of Asazones are discussed [93]. Treatment of halo complexes of
Pd(1II) and Pt(II) with ylides PhCOMN CSH5 gives metallated betaines [94i.
The mechanism is considered to involve initial coordination of the ylide

H-N-Ph
N cl (ii)
I u” — > [MCL, (L-H) (dmso) ]
H-N-Ph 3” 2 =
—Ph
~ N\M/Ll @
<N “c1
i —N-] \\ —P N—Ph
H-N-Ph H-N-Ph P hc
~ (in) ::[:
M-Cl —
I I\/ /
N—Ph
Possible
intermediate

[acl(L-3H)(P(oue)3}2,

(i) -HCl; (ii) dmso; (iii), -HZ; (iv), P(OHe)3.

followed by intramolecular electrophilic attack by the metal. Monomers (37)
are formed with Pt and dimers (38) are obtained with Pd. Complexes trans-—
PdClsz {L = PBut(benzyl)z, PButz(benzyl)] only undergo intermal metalla-
tion with difficulcy [95], with the former ligand being the most difficult.
Since the analogous compounds PBuzt(grtolyl) and PBut(g_-tolyl)2 undergo
metallation under mild conditions to form an analogous 5-membered ring,
steric rather than electronicrdifferences are considered to be responsible

for the failure of the former ligands to undergo facile metallation.
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1
M /l i
. c1
9/\NI > //’Cx\/ N Yo
L O '

= ) C
U J 0
-HC1 M=pd  (38)

H
o \X;l’ If/
/N N\
J ¢
M=Pt  (37)

V  Metal carbonyls anc thiocarbonyls

Compound 1;-cpM((20):Sb(l'fe)zl‘ﬂ(co)3 has been prepared by treating Ni(CO)a
w.th rv-—cpH(CO)JSbMez (M = Ccr,Mo,W)[96]. Infrared and mass spectral data
a-e tabulated. A series of tricarbonyl{orgavophosphine)nickel (0} compounds
hive been prepared by gsubstitution reactions oam the tetracarbonyl [97].

Tie phosphines used arc P(CHE3)3, P(Cﬂea)zmie P(CHe)(EMe3 97 P(EHe3)3
(=51, Ge, Sn). Tabtlated infrared data, along with the band assignment
given. The 13C nm spectra have been obtained for a serles of Lan(C0)¢
dirivatives {n = 0~3) vhere L = PR PthY, PPhYz, P(GR‘)3 and PC].3 (R =
M:, Et, Bu, Ph; R' = Mg, Et, Pri, Ph Y = Cl, Me, OMe, OPh) [98]. The data
is tabulated and the 12 ‘C nmr chemical shifts plotted against the infrared
s.retching force comstant for the carbonyl, snd alao plotted against
Kibachnik’s o. Good correlations are found in each case. Both the
£ :quential replacement of carbonyl by phosphiine ligands, and the change of
Y in the ligand, has an additive effect on the carbonyl chemical shift.
Tie 13(: nor data for chemfcal ahfts of the carbonyl group in platinum
cirbonyls has heen reported [99]. For the meries trans-—[Ptx(co)Lz]BF"
(< =H, c634c1. cuzl’h. NCS, N03, Br, C1, I; L = PEca. PPhJ. AsEta), cis-
PtClz(CD)(AsEts)z, and [pr][Ptcla(CD)] the chemical shifts and coupling
canstants are reported, The chemical shift decreasss with increasing
crarge on the complex, but shows little sensitivity to the nature of the
cis ligands. For ligands X of high trang influence, the values for
1301%%pe-13¢) fall 1a the range of 960-990 Hz, but Eor ligands of low trans

influence, the values range batween 1658-1817 He. A sories of
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cyanocarbonylpalladium(0) complexes, R{PA(CN)(CO)] (R = PPh4. PHePh3),
Ba[Pd(CN)(CO)]2 have been isolated by treating Kz[Pd(CN)Z] with €O in
liquid NH3 and precipitating the complex with the appropriate cation.
Values of Veo in the range 1780-1790 cm_l are found [100). The structure
of the anion in [NPran]Z[PtZCIZ(CO)Z] consists of two slightly distorted
square planar [Ptclz(co)] entities linked by an unbridged Pt-Pt bond,
giving a dihedral angle of 60° [101]. The carbonyl groups occupy the
transoid sites on the adjacent metal atoms. The Pt-Pt distance of 2.584(2)
R has a strong trans influence on the Pt-Cl bond lengths. A study of the
chemistry of hydrazine derivatives of platinum has been made, and a number
of species are suggested to arise from the carbonylation reactions [102].
The following are proposed to be formed in the carbonylation of
[PtNZH(PPh3)2]2{BF4]2: [PtNZH(CO)(PPh3)2]BF > [PtH(CO)(PPh3)2]BF >
P:(CO)Z(PPh3)2, Pt3(C0)3(?Ph3)4- Infrared and Raman spectra for compounds
££E§§7PtC1ZXY (X = CZHA’ CO; Y =4-R-py; R = NHZ’ Me, Et, CHZOH. H, C1, Br,
COZEc, COZH, COMe, CN) have been studied [103]. Variation of R has little
effect on v(C=C), and only a small influence on v(C=0). The values of
v(C=0) for a series of complexes PdClz(CO)L (L = thiolan, Przs,
‘(PhCHZ)ZSO, EtZSO, HEZSO, HezS, EtZS) have been reported [104]. Correla-
tions with v(Pd-C) and values of v(S=0) are discussed. A trigonal
bipyramidal meral cluster [Nis(co)g(uz—co)3]2' (39) has been investigated

by X-ray crystallography [105]. The structure (39) can be described as a
trigonal cluster of transition metal atoms in which a planar N:[3(C0)3(u2-C0)3
fragment is symmetrically capped by Ni-Ni interactions to two identical
apical-Ni(CO)3 groups. New cluster compounds (CO)SCOZ(CO)thz(CO)(PPh3)2
(40), (ﬂ-cp)z(CO)2H02(C0)4Pt2(PP 3)2 (41), and Pts(CO)Z(PPh3)4 {(42) have
been obtained by treating PtClz(PPh3)2 with Na[Co(CO)4] or

a)
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Na[(ﬂ-cp)Mo(Co)BI. The structures are based on infrared spectroscopy,
w.th substantiating preliminary X-ray results for (40) and (41) [106].
Tte X-ray structure of compound (40) has also been published separately
1107]. The reactivity sf cationic thiocarbonyls of platinum to nucleo~

Cc? o)

kynha*i}"ﬁ(ﬁou>

[=J1_¥]

(40)

O (CHylsP P{CHy)y

e N
/ N\

/ ”
Mo !\\\:& N
oc L2 / N .
/ \r/p‘\\ P!/‘—“““_"“‘“Pt\
/cg 5} PPRy e \\‘\ //’ \\P(CSH,);,

(Cereh P ™ N o

P '\’P ('41) (ﬁz)

rhiles has been used to prepare compounds (43) and (44). When a solution

_MeOH PECL{C{~S)OMe] (PPh,),
[P:cl(cs)(rr’h3)21’ P~ (43)
Me,,NH
T PLC1[C(=5)MMe, ] (PPh.,)
(44) 2 32

($4 IPtCl(CS)(PPb3)z}BFﬁ in CE2012~hexane is allowed to stand in air at 25°
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for 1-2 days, the compound [PtCl(PPh3)Z(CSZ)Pt(PPhJ)ZIBFa precipitates. An
X~ray study shows the compound to be a metallodithioccarboxylate complex
{108].

VI. Metal olefins

Treatment of KthCl4 with 2-propencl, 2~butenol, and 3-buten~2~ol
yields initially the complex [Ptcl3(olefin)]", followed by a rearrangment to
gingtC12(diolefin) [109]. The resulting olefinic ether complex (45) ia

considered to arise from the series of reactions:

[PtCl ]2" + CH,=CHCH,0H === (PcCl (cu =CHCH om]’ +C1

2

{PtCL(CH,=CHCH ou)] + CH,=CHCH, O f===f PLCL, (C H,\0) + ci” 4+ W0

2 2

(45)

(45)

Compounds PtClz(CZHQ)(N-N) have been prepared by reaction of Zeise's salt
vith a series of chelaring nitrogen ligands. These pentacoordinate
compounds lose ethylene [110]. Zeise's salt reacts with Me3SLCHZCH=CH2 t
yield compounds K[PtClz(Me381CHZCH-CH2)] and [PtClz(HeSSiCHZCH-CHZ)]2
j111]. A report has been published that CZH reacts with PtCl, to gpive
[PtCl (C 4)]2. which converts to H[PtClB(C )] with HCl [112}. Halo~
olefin Pt(II) compounds have been obtained ftom [PtCl ] and EtOH {113].
Alkylallyl erhers undergo ether abstraction te form n-olefin complexes

(Cn 2nPdClzl2 and w-complexes ICnH2n~1PdC1]2 with Pdc12 [114]. Two
diastereomers form on complexation of the chiral olefin to Pt(I1) in trans.
PECL, (py) [R(Me)—CH-CH=CH ] [115]. The proportion of each diastereomer in
solution is dependent on the bulkiness of the R group; the configurational

aasignments were made using lﬂ nmr and CD spectroscopy. Polarography and
thernodynanic stabilicy of cis~[PtCL(C,H,)(NH,),1" has been sctudied.
Photochemical elimination of clefin from PtClz(olefin)(anlne) is facilitated

Rafevences p. 488
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2P\:C12(olefiu) (amine) P:ZCI (am:i.:le)2 + 2 olefin

by inhreasing the substitution on the olefin [lli]. Compounds cis—
PCCIZ(C2H4)L (L = py, p-anisidine, PPh3, PEt3) have been obtained by
cleavage of the resulting dimers by ethylene. Replacement of trans-
butene-2 in tréns(N,olefin)-chldro-L—prolina:o-irans-butene—z platinum(II)
shows a second order rate constant with AH* = 10 K cal 11101-1 and AS* = =25
to -46 cal mol ™t [118]- The steric interaction between the olefin
nucleophile and the coordinated ligands is a very important factor in
determining ease of substitution. Stability coanstants Kl and K2 below have

NaZ[Pd2016] + olefin _é Na[PdZCIS(olefin)] + NaCl

<2

Na[PdZCJ_S(olefin)] + olefin —=—* [szcll.(olefin)zl + NaCl

been measured in acetic acid, and are found to be independent of chain
length of hydrocarbon (cs-cg) [119}. A similar study with Pd(OAc)z has
found that again only two complexes are found, Na[Pd{OAc)S(olefin)] and
Na[Pd(OAc)3(olefin)]. These authors find the data inconsistent with the
formation of PdZ(OAc)l.(olefin)2 [120). The rate of exchange of vinyl
propionate with acetic acid solvent to give vinyl acetate is catalyzed by
Pd(OAc)z and reaches a maximum when [NaODAc] is 0.2 M. Rate laws are
discussed, and acetoxypalladium is considered to be nonstereospecific
{121]. A kinetic study is reported of the catalysis by PdCl (PhCN)2 of
the oxidation of octeme-l by p-benzoquinone [122]}. 13 nmr data on
complexes PtCIZ(CZHA)L (L = substituted pyridine) has been presented and
used to demonstrate halogen, olefin and/or L exchange [123]. Irradiation
of EggggrPtCIZ(CZHA) (isoquinoline) with UV light causes isomerization to
its cis isomer [124]. Ring opening of a haloalkylpalladium(II) complex by
HC1 has been used to synthesize a haloalkylfuran compound [125]. Complexes
chciz(alkene)z (alkene = 3,3-dimethylbutene-1, 3,3-dimethylpentene-1,

3,3-dimethylhexene-1) have been prepared and the 1H omr of these asymmetric
compounds discussed [126]. Alkene exchange is preceded by dissociation of
monomers. Electronic absorption spectra of EsgggrPtCIZXY X = » 6284, Co;

= 4-R-py) show two UV bands which are sensitive to R [127]. Ome band is
a ligand n-n* transition, and the sgcond is a CT transition between Pt and
Py 13C mmr spectra are reported for compounds Ni[P(Ofgrcol)alz(olefin)
(olefin = C_H,, acrylonitrile, fumaronitrile, methyl acrylate, dimethyl
maleate, maleic anhydride) [128]. ‘A rough correlation betﬁeen 6(0)5 T
and other measures of back-bonding such as. v(C=C) and d(C=C). exists,,

although exceptions. uete.noted., Values of J (C-B) of" ethyleme couplexes  :i a

are all near to 160 Bz. A detailed spectroscopic'study of: Zeise '"sal:
again identifies the CC stretchinz (v.) mode of coordinated etbylene ‘at
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1243 cmfl. The local electronic state of coordinated ethylene is regarded

as the core of a doubly excited radical anion of the free species, or as a
near-radical-cation [129]. Correlation of 1H, 13C nmr, vibrational
spectra, and extended Hiickel treatment, leads to the conclusion that the
coordination bonding of ethylene to Pt(II) is dominated by the ¢ donation
from ethylene to platinum, and the bond strength between C2H4 and Pt (II)
increases with decreasing trans influence of L, the trans ligand [130].
Calculation of approximate force-fields for ethylene-Pt bonding show that
many of the normal modes are derived from more than one type of intermal
coordinate, and hence vibrational wavenumbers are of limited application to
discussions of bonding [131]. The compound Nikacrylonitrile)z has been
used to prepare a number of organic compounds resulting from trapping a
reactive intermediate from a catalyzed ring opening of quadricyclane. The
species was trapped by electron poor olefins [132]. Complexes of
triphenylphosphine stabilized Ni(0) with aldehydes and ketones as ©—

acceptor ligands have been reported [133].

Crystal structure data has been reported for Pt(CzFI‘)(CZHa)2 (46) and
Pt(C7Hlo)3 (47) (C7H10 = bicyclo[2.2.1]heptene) [134]. In addition to the
preparative procedures for Fhese compounds, the authors also report the
isolation of Pd(C7H10)3, Pd(l,S—COD)z, Pd(C2H4)3 or 4° H(C2H4)2L (M = pPa,
L= PCy3; M=Pt, L= PHe3, PCy3). The crystal structure of
Pt(61’4—bicyclo[2.2.0]hexene)(PPh3)2 (48) shows a long distance for the

can

[

we 47)
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CC bond of the coordinated olefin (1.52 A), and a dihedral angle of 3.2°

between the PtP2 and Ptcz planes [135]. The crysral strucrture of a complex

Pt(caPa)(PPh3)2 (CAFB = Octafluoro-trans-butene-2) (49), previously reported
by this author, shows unusually long C-F bonds [136]. The dihedral angle
between the Pth'and PtC2 planes is 10.8°, and considerations of bonding

F{8)




leads the authors to question whether the Dewar-Chatt-Duncanson model is
appropriate. The structure of Pt(CZFh)(AsPh:;)2 shows a distance of 1.45 ;
for CC [137]. A neutron diffraction study of Zeise's salt show the
hydrogens of ethylene bent away from the Pt atom [138]. The lengthening of

the C~-C bond is less than in metal complexes of C7F4 and CZ(CN)A'

A series of complexes Ni(TCNE)(CNR)3 have been reported where the
magnetic equivalence of the isocyanides is considered to be likely due to a
free rotation of TCNE, rather than to a dissociative exchange mechaniso
[{139]. Compounds Pd(l,S—COD)2 and Pt(bicyclo[2.2.1]heptene)3 have been
obtained on the gram scale by treating the olefins with Pd atoms at low
temperature {140]. A report has appeared of the failure to repeat the
published rearrangement of 4-vinylcyclohexene to 1,5-cyclooctadiene with
PdClZ(PhCN)2 [141). The product is identified as the n,7—complex of 4—
vinylcyclohexene. Rearrangements of cis, cis-1,3-; cis, trans-1,3-; and
1,4-cyclooctadienes has been found to be solvent dependent [142]. The
synthesis of compounds [HClz(diene)]n (M = pd, Pt, diene = cis, cis-—
cyclonona-1l,5-diene) is reported [143]. Unusual compounds result from

treating Ni(1,5-COD), or Ni(trans,trans,trans-1,5,9-cyclododecatriene)(CDT)
2

with lithium in the presence of N,N,N' ,N'-tetramethylethylenediamine
[144]. The stoichiometry of rhe product from the latter reaction
corresponds to [(CDT)Ni{Li(HeZNCHZCHZNMeZ)}2]. Possible structures are
presented. The compound di-p-chloro-(1l.4.5-n-7-chlorocyclioctenyl)
dipalladium (50) has been prepared by treating PdClZ(PhCN)2 with
cis-bicyclo[5.1.0Joct—-3-ene [1451. Complex (50) slowly rearranges to a
w-allylic compound. The complex Pt(G-cp)z(C7H8) (51) is reported. The
g~cp Tings are fluxional with a low activation energy, and in solution the
complex rearranges slowly to a further o-mn one (52) having a w-cp ring
coordinated to platinum and a further cyclopentadienyl group attached to
the dienyl ligand {146]. Cowmpounds (53) (54) and (55) have been prepared
by treating the palladiacyclopentadiene compound Pd(cARA)(bipy) (R =

(exo) HH

9 Pf/
Hy

(endo)
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8 a R & o R R o

o ST - = — /c\‘_{
{bipy)Pe {bipy)Fd {bipy)Pd ) (p-Cl-C6H4C0P:Clz)2?d

=R \ \

R

R R

\ : ] R 13
(W C1-HSQ,C el C1-HEAL 4 ,-Cl-p
3 (56) (55)

with the appropriate N,N-dichloroamine and amide [147]. A nickelole
complex (56) has been prepared from Niclz(PPh3)2 and the dilithio ‘
derivative {148]. The compound gives a substituted benzene when treated
with dimethyl acetylenedicarboxylate or diphenylacetylene, and tetra-
phenylcyclopentadienone on treatment with CO. Reaction of CE(CI-'3) 6 with
triaugulo~Pc3(ButNC) 6 °F Pt (PhCH=CHPh) (PHe3)2 gives the metallocyclohepta~-
cis,cis,cis-trienes Pt(C(CF;)=C(CF,)C(CF,)=C(CF,)C(CF,)=C(CF,L,. The

CeHs Hy
. Ne o
C‘Hs_c\ﬁ L SR
LNiCly
My . ° .
CGHS COOCH,y ﬂ ;l ) c‘“ﬂ\ /Cg"g C‘}%\ - /f‘H
CHyO—C~C=C—C—0OCH, Cenon € o o
P— — +I R // \\
Cets COOCH, : sl N QHsmC G
CeHs N e

- Ln ) [=3

Lo = Bc‘":’:’:l!cz'
Lo = (G PCHCHPCHL,]T Yy,

CHCmCCH,
1 o8 catalyst
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complex with L = ButNC has been structurally investigated by X-ray cr-
ystallography [149]. Treatment of Pt(l,S-COD)Z with Bu'NC yields

t -
Pt3(Bu Nc)6 (57) {150}, and with PCy3 or C2H4, Pt(PCy3)2 and Ft(C2H4)3
respectively. In similar work with Pt(0) compounds. treating L’v:(PCy:,‘)2

7

with H2 the compoind PtHZ(PCy3)2 is obtained. A series of compounds are
formed when Pt(COD)2 ig treated with hexafluorocacetone and tetrafluoro-—
ethylene [151]. The mglecular structure of Ptz{C(CF3)20}(COD)2 shows two
platinum atoms, 2.585 A apart, with one bonded to the carbon atom of
hexaf%uoroacetone, Pt-C 2.08 K, and one bonded to the oxygen atom, Pt~0 =

1.96 A. When Pd(gfbenzoquinone)(PPh3)2 is treated with two moles of

NP

g™
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butadiene a new compound (58) is obtalned [152}. For complexes Pd(p~
n

benz§qulnone)L2 [L = PBu 3 P(Ocﬁﬂaﬂefa)3. PPh3, P(CEHACl«g)a, P(OPh\WI

the “H chemical shifts and v{C0) of the henzoquinone correlate witn the

o

i\

LY

(PPh) ,Fd t 2 N (PPhS)ZPdW
0

(58)

basicity of the phosphorus ligand {153]. The structure of a duroquinone-
like complex: dicarhonyl(l,4~diflvoro~2,3,5,6-~tetramethyl-1,4~
dihoracyclohexa-1, 3-dienyl)nickel(0), has been sclved [154]. WUhen .'«((I’Phj):J
(M = Pd, Pt) is treated with hexafluorobicyclo[2.2.0] he: 1~2,5«di¢ne,

bath monomer (59) and dimer (60) complexuvs of these metals 1re obtained
[155]. The 19? nmr spectra of these compounds are presented and discuseed.

Complexes Pt(un)(Pf‘hs)2 (un = methylenecvclopropane, trans~2,3-~dimethoxy-

F._E.F siow FELE
I;"]' ];pamsw; = [::I[ + [PdiPhypl,]
¥ F F FETE
(59) i/ 3
vost | | famt I PlePh,l;
FFE R
F
¢ " F_F_F
. [PhyP1,Fd Fa{PPhyt,
E v

(60)

carbouylmethylenecyelapropane, ¢is-2,3~dimethoxvearbonylmethylene~
cyclopropane) and Eigggf[PtCIZ(un)py] (un = ¢ia or trans-~2.3~dimethoxy-
cmemumumwdmmmm)mubmnmwﬂﬁ.TMnAmmw
methylenecyclopropane ligands dre inert toward heat and UV radiation (156].
Comprehens {ve lH and 130 omr data 1s given. Crystal structures of 1,2-
dimethyl- aud 3~methyl~cyclopropenebis(criphenylphosphine)Pt(0) show the
cyclogrOpene rving rewalns intact upen coordination, with a C~C distance of
1.50 A between the coordinated carbon atoms of the-ring [157]. Hydroxy~-
palladation of L,5~cyclooctadiene gives a trans product, Indicating that
axypalladation proceeds exciusively with attack by the nucleophile (water)
from outside the conrdination aphere of pal adiwm [158). Kinericas of
methanolysis on a C=C bond of PdClz(norbarnadianm) shows & complicarad
mechanism {159]. Aceryl bromide reacts with Pd(dba)n to yield an ipscoluble
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- 2SN oh. . _ - - -
Lpd—e— o }J _recolr kh—c4ﬁi>cmxomacn=cnmﬂ
2dn TNaOH 4 l n
PdBr
© (61)
HBrfHOAC |
7 THRCOCHCOR)
Pn Ph Ph Ph
~4 2 T
= =\
MeCOO OCOMe
Pd Pd_
o o g o
AN AL, AgPF, [1.5-COD
{R = Me) (R = Me)}
(R = CHR) (R = CRy)
MeCOCHCOMe)™
+
{;_:n—ci‘//F*C(ocom)CH#:Hpﬂ PR
, Pa
PhCH cmc'-cncpnucn-n(corm)z PAN
<0 LA
+
(Pncu=o|?-cnapn)z
ACO

polymer (61) which can be cleaved to prepare the fluxional 5-diketonates
[160]. Enthaipy measurements show relative Pt-olefin bond strengths:
trans-l,Z—PhZCzH > cis-1, Z—thczﬂz > PhHCZHZ {161}.
VII. Metal acetylenes

Complexes Pr.(Arca:Ar')(PPh3)2 (Ar = Ar' = Ph, Ar = Ph, Ar' = 2-py;
Ar = Ar®' = 2-py; Ar = Ar' = 2-(6-Me-py)), with the acetylenic triple HSond
coordinated to Pt, have been prepared [162}. A second metal e.g. Co, Pd
will coordinate to the compounds through the chelating pyridyl nitrogens.
The X-ray structure of (PPh3)2P: [cz(z-py)zl(CoCIZ) has been solved showing
a tetrahedral coordination about Co(II). Complexes tr:ans--l-’t:[C.’;’(':CR]_Rz(OR)3I2

- = = = Ph

(I'KezPh)z (Rl RZ H, Me: chRz cyclohexylide.ne R3 H, Me, )s
trans—Pt(CﬁZCHZCEZOH)Z(PHe Ph)z. trans~Pt(E-toly1acety1:lde) (PMe Ph)z,
"trans—Ptx(z_-tolylace:yude) (m!e )2 have been’ prepared using the sodium~
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tertiary hydroxy compounds dehydrate to ene-yne compounds with Aczolpyridine
Analogous compounds with primary hydroxyl groups do not dehydrate but give
acetates. 13c nmr data is given, and the use of Eu(fod)3 is discussed to
analyze the 4 nor spectrum of trans-Pt(C—CCH2 2OH)Z(PHe2Ph)2

Subsequently these workers found that these acetylides could be reduced by
hydrazine hydrate to dialkylplatinum(II) compounds (62) f164). Reactions
with HCl and details of the 1!!, 13C, 31? nmr spectra are discussed.

. - Y
trans—-Pt (CGCR) 2 (PHeZPh) g ¥ NH, - H,0 ~ trans‘-Pl: (CH=CHR} 2 (PMe 2Ph) 2
. (62)
R = CHZOHE. CMEZOH , Ph)

Oxidative addition of RG=CH (R = Ph, Bu, MeBC, C!-12=cue) to Pd(PPh3) 4 gives
compounds PdH(C=CR) (E’Ph3)2 in 55-90% yield [165]. Alkali metal acetylides

in liquid ammonia or methylamine react with gis_—PtCIZ(DPE) to give monomers
cis—Pt(C=CR),(DPE) where R = H, Me, Fh [166]. Use of excess acetylide

leads to polymers [K Pt (C=CR) A(DPE)] . Use of the dianion from o-diethynyl-—
benzene yields cis—[Pt(Ca:)z " A(DPE)] Compounds 1:rans-}?d(C‘:’(I-(:ECH)Z(PBu.i)2
give polymer on treatment with Cu(.‘.]_—O2 [167}.

A number of articles have appeared describing cyclization reactions of
acetylenes. A complex Ni(CF3CECCF3)3PCy3 (63) results from treating trans—
[NiH(PCy3)2L]BI-'A (L = Me-py, MeCN) with CF3CEICF3 [168]. A cyclic ring
structure is proposed. Twelve and fourteen-membered ring organic compounds

(63)

have been p_repared from a,w—dodecatrienediylanickel and dimethyl acetyl-—
3CC-=-CCHezOH with I-.’dcl2 (PPh3) 2
gives a m-olefin complex which cyclizes to give a further complex with a
furan ring w-bonded to palladium(II) [170]. In a study of the products
arising from Hesc(‘ECB and SiF. 2 further cycloaddi.t:lon occurs. :Ln the
presence of tu(co) 4, an ox:ldative addition of the Si—Si bogd to Ni(o) :ls .

proposed [171]. Treating i‘l:clz(oo)2 w:l.l:h hexyne—3 leads‘ to complexes of :

enedicarboxylate [169]. Complexation of Me
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of ButCECH, the first step occurs with cis-chloropalladation of the

acetylene [173].

sequence of reactions given.

E4,0.THF . CgHg

The structure of compound (67) has been solved and a

PHCOLCL, + Et—C=C—Et AT

(66)

5

cO
Ct Ci
£t Et | Et Et
— 1l O @
et £t N, Et Et
a © < Ct
(64)
l 173
o EI@E?. / l
. Pt
eer
ol
Et Et <
p———— Pt
Et Et
Ct
o 2
(65)
r O
Ct
Et Et
. Pt
Et Et ]
it
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H
c +BuC M
FACI(PhCN), + tBuCs=sCH ~ Cl——-f’id‘—-ﬂ e
1 ~C
C ‘::'Bu
1M
,P o By (BCH
/U
t-Bu H
t-Bu
“g MeSCHISMe Mes :{;
CH S**Pd
l t+-Bu
C t~B
! N (67)
H_tBu H, ,tBu
- Cl LY Cl
T\ g = .
t-Bu t  tBu LB ! +-Bu
rac -, - )

A number of othet crystal structures of alkyne complexes have been
eported, The comples Pt(MeCECPh)(PPh3)2 shows an expected deviation of
W0° from linearity for the coordinated acetylene. Tre carbon~carbon bond
.ength of the coordinzted acetylene is 1.277(23%) R [1764]. These authots
1lso report the structure of PtHeEEtzB(pz)zl(Meﬁcvh) {175]. Assuming a
;ingle coordinarion position of the acetylene the platinum coordination
teametty is square planar., The acetylene substituents are cis-bent away
from the acetylene; 1 .7(1.0)° for the Me and 21.2(9)° for the phenyl. The
:arbon~carbon triple hond length is 1,227(10) R. The structures of
?t(CGHB)(PPh3)2 and PL(C7H10)(¥Ph3)2 (66H3 = cyclonexyne; 07310 cyclo~
wepryne) show dihedra. angles of 4.4(3) and 7.9(3)°, acetylenic carbou~
:arhon distances 1.287(8) ; and 1.2B3(5) ; reapectively [176]. The crystal
structures of Ni,(C0) (CF,C,CF.), (68) and Ni,(C0),(CF,C,CF,) (GgHg) (69)
shov the compounds to be clusters [177). The cyclooctatetraene ring in
(63) iz uonsusl In beiog planar.

Energetics of reactions involving acetylenes and compounds of this
triad have atrracted some sttention. A mechanism has been presented for
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the decomposition of PtClMe(bipy) (HeOZCC':'CCOZHe) (70) to PtCiMe(bipy) (71)

with loss of HeOZCCECCOZH.e [178]. The rate is first order but strongly

(69)

solvent dependent. The data is rationalized in the following scheme for

which k; = 0.0122 min‘l, k, = 0.179 min~! and k_2/k3 = 1.65 x 104 1 mo1"l.
The enthalpy AHZQB of the reaction of PhC,Ph with Pt(CZHA) (PPh3)2 is
SCHEME (NN = 2,2'-bipyridyl, R = COzHe)
He R
N Me
\P:/ - N,
/‘ \” k]. PF + RCCR
(70) (71)
k.z kZ fast
I‘ Me + . N Me] +
Npe +c1” 3 Npe” + C1” + RCCR
/ \ﬁ’ —_ N/
C R

—82 + 2 kJ mol f179}. Ethylene is gas phase and other reagents
crysta.lline. The entha.lpies of reactions between HC1 and Pt(PhC=CPh) (PPh )2
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.
hove been measured, and used to set up a table of bond dissociation

erergies Pr~X (X = C1, PHCzCPh, C{¥h)=CHPh, Ph) {180]. In mass spectro~
we try complexes Nichz(RCZR') decompose by loss of alkyne, loas of

Pt(PhC!CPh)(PPh3)2(cry5t) + HC1(g) PtCl(CPh*CHPh)(PPh3)2(cryst)
BH = =90.2 + 6 kJ mol”t

Pt(PhCECPh)(PPh3)2 + 2HC1(g) + gég—?tClz(PPh3)2(cryst) + trans~CHPh=CHPh(g)

BH = <139.0 + 16 kJ mol™?

crelopentadlene, loss of cpNi fragment, or fragmentation of R groups [1B1].

V I1. Metal Allvls

A series of namallylic complexes of palladium have been prepared by
tre addition of PdH[Ph:,ECHl,CHzEth]"' (E = P, As) to 1,3-dlenes, cycloocta-
1 5~diene, cyclohepta-l,3,5~triene and cyclododeca-1,5,9-triene [182].
« eating H(diheﬂzylideneacetone)n (M=Pd, n= 2; M=Pt, n=13) with
P13CC1 gives an insolutle compound [HCl(CPhB)]n whizh converts into
M(acac)(CPha) upon trestment with Tl(acac). 1H and 13C nor is used to
s udy fluxionality about the triphenylmethyl ligand [183), The 1H e
siectru of [na-CBHSPthCyB)ZIPF6 shows a "static" n3~ally1 structure at’

Criy CH +
Hy Hl Hl 3 Hl
Y"“ % ™ L3 ,“"‘“-\.‘(
e
P1 Pt
il \[ a
kL I
», v Lo ¥
I
.Q +
Hy (’ e H
L ; M
[l
%' * CH +
Hz Hy Ha ? Hy
7 o b
My M Hy He
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room temperature. Non-equivalence of the syn protons is observed at rocm
temperature. This magnetic non-equivalence is ascribed to the restricted
rotation of the PCy3 groups about the Pt-P bond [184]. A series of
compounds Pt(2-}le allyl)(L-L) have been prepared. Bases which are good
nucleophiles to Pt(II) give stable 1:1 adducts, which are dynamic in
solution at room temperature, and apparently have a nl-allylic structure at
low temperature [185]. The proposed mechanism is outlined in the scheme.
The insertion reaction of EEEEE[PtMe(ﬁ—allene)(PMezPh)ZIX (X = BF,, PFG;
SbFs) to s}gr[Pt(n-Z-Heallyl)(PHezPh)Z]x is first order in initial complex,
and shows a relative anion dependence on AH' of SbF6 ~~ BFA > PFG’
Reactions of I , N03 . Py, CO, PPh3 are described, and general reaction
schemes discussed [186]. Stable w-allylnickel complexes (72) have been
prepared which are structurally rigid even in the presence of phosphines

and phosphites [187]. Air stable complexes

x = c1o,,

PFG) (Rl = H, Me, Ph; R2 = H, Me) are obtained in high yield by treating

[Ni] PPhie, © PPhiMe,
CH.,CH=CHCH. MgC1 CH A -ni-c.C1_| —> N:L/
3 2 3 1=Cets N Ne a1
PPhMe, cHy 6
CH,CHCH=CH, (72)
MgCl
[Ri]
PhHez PPhHez
= | —butadiene }
- -Ni- —————
>_T1 CeCls H »Iu CeClg HC,Clg
cH PPhMe, PPhMe,

3

. [Ni] = C6C1 Ni(PPhMe ) Cl

+
Ni(CO)4 with salts [chﬂxcxchZOP(N!ez) 1X followed by addition of PPh3

-[188]. . A high yield synthesis of m-allylnickel complexes has been reported
fusing nickel halides and conjugated dienes in.the presence of metallic zinc
[;89] Treating chloronickel(2—methy1a11y1) dimer with norbornene yields a
- _(73) uhich can ‘be- converted :o the chlorotriphenylphosphine— -
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nickel(2-methylallyl) derivative (74) with PPh3[190]. Treatment of
PdClz(PhCN)z with substituted cyclopropenes leads to the formation of

. /c1 - /c1 PPh, p /c1
Me —<—Ni + CjH—>Me ‘—Ni —_— Me —Ni
\\ \8 N\ \
2 PPh

(73) (74) 3

indenyl complexes (75) in addition to open—chain m-allyl complexes [191].

Compounds of type [Pd(1-3-n—ally1)(ngC6H4?==CH==HCGHAR<E)]2 (R = H, Cl,

R3 Rlo / Rl Cl
2
[ (PhCN) deCI 21

CBHS’ room temp.

(75)

RE=r2=rR3=pnh, * =1
Rl =% = Ph, RO = R® = Me
R = Ph, B2 = R% = R* = Me
RV =R? =R3 =M, R* = pn
Rl = Rz = R3 = Ph, Rﬁ = Me
R1=rR*=Me, R”Z=R> = Ph
Rl=r?=p>=r*=pn

Me) are formed by treating [Pd(1—3—n—a11y1)C1]2 with Li(N,R'-diarylforma
imidido) {[192)}. Two conformers exist. At 80-100° one conformer undergoes

an intramolecular prOCESs"bringiﬁg the allyl grdup to eduivalencé,_and'a
mechanism involving :l_nvets:lpn of the czn41’42- ting via a chair conformation

is proposed. 'Additional structural work has -been done on-these triazendo-
allylic systems [193]. Chlorobenzylpalladium(II) dimer’ (76) has been - . .
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Pd atoms + @/CH Cl Cr\yd/ \ ZAO

(.

(76).

obtained in good yvield by treating Pd atoms with benzyl chloride in a low

temperature matrix {194). The use of metal atoms is discussed in a series

of articles in Angewandte Chemie, one of which [195] discusses applications

to the synthesis of nickel allyls. The distribution of organic products
from treating bis-w-allylnickel complexes, derived from isoprene and
allene, with active mecthyiene compounds, amines, and aldehydes, has shown
the first two groups attack at the m-allyl site, whilst aldehydes attack at
the c-allyl group of the nickel complexes [196]. The o,n-complex (77)
undergoes spontaneous reversible ring closure to give the endo-phenyl

allylic complex (78) in addition to an irreversible ring closure to the

most stable exo-phenyl allylic isomer (79). The crystal structure of the

It !

{Batosecopt™=Imoaescond}  [ottepdio-octa-1S-denelPRG
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acetylaceronate derivative of (78) is reported {197]. A quantitative
measure of the ability of a coordinated carboxylate to stabilize inter-
mediates by chelation has been obtained from a variable temperature nmr
study of (n-Z—methylallyl)Pd(GZCR)(PMeZPh) [R = Me, CH2c1. CHCL,. cc13,

CF3, CMe3, CPh3, CHZPh] {198). The order of increasing AG*T (R = Me <

[

(78)

CﬂzPh < CHZC1 < CF3) for 3,4-allylic proton exchange is in agreement with a
decreasing ability of the carboxylate ligand to stabilize the carboxylate
as a chelate. Complexes NiI(C3H5)L (L= PPh3, SBuz) have been prepared
from [NiI(c3H5)]z and L; THF, l,4-dioxane, and Etzo do not react [199].
Trearing n—crotylnickel halides with alkyl and allyl iodides gives attack
mainly at the CBZ group to form 2-alkenes and I,S—alka&1enes [200]. The
thermal decomposition of [PdBr(c3H5)]2 gives allyl bromide, benzene,
diallyl, PdBrZ, and Pd; while [PdI(C3H5)]z gives benzene, diallyl, PdIz,
and Pd [201]. Complexation of 1,2-dihydrofulvene with NadeCI4 gives (80),

He, G Me,C
PdCY
CHe3 CHe3
He3c (o2 § Hb3c Ccl
2
(80)
He3c
Pdclz—f-
3
Me € H
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which gives (81) on treatment with HCL. Complex (80) can also be prepared
by treating PdClz(PhCN)2 with Me3CG=CH [202]. Treating Ni(1,5-C0D)2

with allyl chloride and RNC (R = Me, Et, Bu) gives NICL(CNR) (7=C . H,)
[203]. The reglospecific oxidation of steraidal m-allylie palladium
compounds with 3-chlorobenzoic acid Ig described {204]. Steric effects of
this reaction are considered [205]. The charge transfer transition of
bridging halide to palladium is a characteristic band, and i{s found at 227
nm and 245 nm respectively for the Cl and Br complexes [PdX(C3H5)]2 [206].
The crystal structure of di-u-trifluorcacetrato-bia[2~(methylallyl-3-
norbornyl)N1(I1) has been solved [207]. Compounds {(+)-r~RNiX and
(-)-7-NiBr (R = pinenyl; X = Cl, Br, I) have been prepared\from (=)=
(18,58)~8-pinene and (+)~(1R,5R)~n~pinene respectively by a p&otochemical
oxidation reaction with Px3 and reaction with Ni(l,S*COD)z. The compounds
(+)—(W-R)2Ni (82) and (—)—(W-R)zNi ha e been prepared from (+) and {~)~+=~
RNiBr respectively with allyl MgBr, with digproportionation of the inter-
mediate w-allyl-n~pinene nickel compound [208]. The authors report the
crystal structure of (82).

IX. Delocalized carbocyclic systems

Triflucrcacetic acid protonates nickelocene to give [C5H5N1C5H6]+.
Deuteration experiments are used to show that electrophilic artack occours
at one of the ring ligands rather than at the metal, leading to the
entering proton occupying an exe-methylene position [209]. The single
crystal structure of a ring opened tetraphenylcyclobutenyl palladium
complex has been reported. Mechanistic pathways are discussed [210]. A
reduction~-complexation reaction between nickelocene and phosphine sulfides

leads to complexes of type (83) (211]. 1,4-Difluoro-2,3,5,6~tetramethyl-

@~41/I e
£ \P/‘ l

/

Ph

(83)

-1, 4~diboracyclohexa~2,5-dlene displaces CO from Ni(CO)Q to give compounds
tudy of

(CkHeABZFz)Hi(CO)2 and (C Me B,F,) Ni (84). A single crystal study

tompound (B4) shows it to have a sandwich structure with idealized Doy

symmetry, The molecular structure and spectroscoplc properties of the
complexes closely regemble those of the isoelectronic complexes of
dutoquineme [212]. An electron diffraction atudy of cpNiNe shows a linear
Ni-R~0 arrangement with distances of 2.128(%) and 1.58(1) A respectively

Raferences p, 488
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MCHO)

for the Ni-C and Ni-l distances [213]}. Reaction of (2-methylallyl)cyclo-
pentadienylpalladium and PR3 (R= OMe, OPh, Ph) 1in exactly stoichiometric
amounts leads to a d 'mer CPsz(C4H7)(PR3)2 (8%) [214]). The crystal
structure of (84) shows it to have both the 2-methylallyl and cvclopenta-
dienyl ligands in br'dging positions. The crystal structure of 1,1-
dimethylallene bis(t ' iphenylphosphine)platinum shows that the olefin with

no adjacent methyl groups 1s coordinated to platinum [215]. Treating

i
cdeEr(PPr3 ) with Mg in THF gives a compourd u—cp»u-ﬂr?dz(PPr3i)2, where
the crystal structure shows the palladiums bridged by Br and a cyclopenta-
dienyl ring with une¢ual C~C bonds [216]. Use of the shift reagent
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ca

C(5) C(4)

ca)ce) €3
p(1) PdQ) Pd(2) p)

Br

Eu(fod)3 has been used to provide evidence for preferred conformations and
rotational barriers for complexes cheCOCN(PPhZMe), cheCOCN(PPhMeZ), and
cpNiCN(PPh ). For the nickel compound the phenyl multiplet remains sharp
to -65°C. Effects of Eu(fod)3 on the aromatic protons is reported [217].
1 9Sn Mossbauver spectra are reported for eleven Sn-Ni complexes of type
Cl’-tSn[N:i.!_cp]amx (L = co, PPh3; x = 2,3) and ClBSnNichpS (5 = solvent
molecule). For compounds with an Sn-Ni bond, cpHi(PPh3) is the best donor
and the Sn~Ni bond has the highest s-character. CpNi(CO) is a slightly
poorer donor and the Sn-Ni bond has smaller s-character.[218].

X. Metal hydrides.
A series of " complexes trans-PtH(PEc ) CN+L have been prepared. The

tabulated data for J(Pt—ﬂ) can be used as a measure of the relative

‘acceptor s:rengthg,of{:hg Leuis,acids,(L)- Coordination of the cyanide to
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(87) have been prepared which are the first examples of linkage isomerism

Table. 1J(Pt-H) for Lewis and (L) adducts of crans-PtH(PEt3)2CN

L lJ(Pc-H)(HZ)
AlCl3 860
B(Eftoly1)3 854
B(naphthyl)3 851
B(o-tolyl) 3 851
BEt3 844
CoCl2 . 843
B(CHZPh)3 842
ZnCl2 832
B(OPh)3 820
AlHe3 816

of the cyanide ligand in a platinum(II) compound, where both isomers have
been isolated and isolated and characterized [220]. Treating Pt(PPh3)3

PEt PEt

3 | 3
HPLC=N. BPh, . HPtN=C.BPh.,

PEC, PEc,

(86) (87)

[
with aphydrous HCl or HBr gives g}grPtxz(PPha)z (X = Cl1, Br) and hydrogen.
With the Pd analogue the reaction proceeds further, since the trans—
Pdch(PPh3)2 formed itself reacts with liquid HC1l to give [Ph3PH]2[Pd2C16]
[221]. These authors also report their results from the reaction between
Pt(PPh3)3 and HZSOA' CF3C02H- The oxidative addition of HeSCBZCHZSH to
Pt(PPh3)3 yields (88) [222)}. The hydride PtH(SBt)(PPh3)2'has been

identified in solution from treating Pt(PPh3)3 with EtSH. The platinum

Me
i

(PPh,), ' SN aomen

Pt (PP a2 T+ MeSCH,CB,SH -——'3"\-[: Pt o o 4 2PPh

33 - 272 CNs N, 3

T
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hydride (89) is obtained by treating P:(PPh3)3 with diphenylphosphine oxide
[223]. Ni(acac)2 reacts with ethylaluminum bromide and triphenylphosphine

H =0

Pr(PPhg), + Ph,P(H)0—> P
373 Ph,p \P:::o)
Ph,,

(89)

to give NiHBr(PPh3)
[PtFL3] (L= PPh PEt Ts,
[Ptz(OH) ] thch react with excess phosphine to give [PtHL ]

2 [224]. Hydrolysis of the fluoroplarinum(II) complexes
PMe Ph) yields hydroxy-bridged complexes

Reaction of P:(PPh3) with excess anhydrous HF gives [PtF(PPh3)3][HnFn+l]
(n ~ 2-3) [225]. The compound P:H[Si(gyFC6H4)3](PHezPh)z has been obtained
in low yield by treating Pt(co )(PMe Ph) with the SiH(EfFC6H4)3 [226].
Similarly the compound cis.trams, cis-P:H (SnR ) (Pﬂe Ph) (R = Ph, PhCHZ,
o, m-, p-MeC.H ,) can be prepared by tteating Pt(coz)(PHezPh)2 with R,SnH
[227]. Treating [P:(n-allyl)(PCy3)2]PF6 with sodium mecrhoxide leads to
EgggngtHZ(PCy3)2 [228]. These authors' data agrees with the previous data
of Shaw for this compound, and not with that of Kudo. An X-ray crystal
structure shows.a short Pt-P distance and a trans arrangement for the
phosphines. Hydrido transfer from IrH5 > to P:ZCI4L2 or Pd2C14L2 (L=
PPr3) proceeds via a hydrido bridged intermediate (90). This compound

slowly disproportionates to give a platinum hydride which is tentatively

H fpr H c1 22
AN / N Npe”
/l \c1/ \PPr e’ Na”” \H

PPr 3 3
(90) (91)

assigned structure (91) [229]. Semi-empirical SCF-MO calculations on
EggggyPtBX(PH3)2 (X = halogen, CN) show a high electron density (ca. 1.25
e) on the H ligand, which decreases in the order F > C1 > Br > I > CN
[230]).

XI. Metal carboranes

When Nicbz is treated with 39312- and sodium amalgam a complex [cp-2-
Ni(B 89)] -{92) 1is formed, which can be converted to [cp-;—N1(59H9)] 93)
by thermal isomerizatian {231]j. A report has appeared of the first
.1cosahedra1 metnlloborane species derived from the hypothetical Bl1 11
}and 310810 ions. Ibe conpounds are cpNi(B ) and (cpNi)2 10 o {23z].

4—
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~

(92) (‘):, 3

Reaction of Pt(PEL )3, Pt(PMe ) (trans-stilbene), Pt(PMe. Ph)[‘, Ni(l,5~
COD)Z, hL(PEt3) (1,5-COD), Pd(CNBu )z with closo-2, 3—‘{e -2,3- C,Bgl>!9 g.ucs
the closo-metallocarboranes 1 1—Lz-2 la—Mez—]. 2 la-JCngHg (M = Pt, L = PEr,,
PMe3, P‘leZPh; M = Ni, Lz =1,5-C0OD, L = PEI:3; M =Pd, L = Bu NC). The
complex (94) from Pr(PMe Ph)[' has been investigated by X-ray crystallo-—
gtaphy [233]. These authors also report the reaction of Ni(COD) (Bu® l\c)z,
Pd(Bu ‘\(‘.)2 and Pt(PE:B) (:rans-st:.lbene) with [ios_c_:_—CBlol-lll] and closo-
2—\'3!& -2-CB, . H. to give the closo—metallocarboranes {3, 1-1,,,—1._ HCBIOHH_]

1010

~L.=-2- - —X = = =
and 1,1 L2 2 .D'le3 1,2 XCBloHlO ™ Ni, Pd; L Bu® NC; M = Pt, L PEt3).
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A single crystal structure of the Pd complex is given [234]. Reaction of
Ni(l,S—COD)(PEt3) with 5,9- HeZ—S 9-C B Hll gives N1(C2B7H9!2)(pgt
Analogous reactions between C2 - llde, and Ni(1l, S-COD)(PMe3)2, Pt(PEt )
(stilbene), P:(PMe3)2(scilbene), Pc(PPh3)2(stilbene) gives respectively

: Vg
NI(C287H9He2) \PMe:;)2 Pt\C,,B7H9Me2) (PEE3)2, PC\C B H Me )(P.le )
-Pt(CzB7Hll) (PEt3)2. A ‘structure of [6,6-(PEc3)2-5,9-Me2—6,5,9—N1C287H9]
shows the metal bonded to a B,C system in a 1,2,3-n bonding mode [235].
Reaction of closo-2, 4—C B H7 with Pt(PEt3)2(styrene) gives closo-
2,3‘[?!—::3]2—1 2,3,6-CPr CBSH7 Reacting Pr(l1,5-COD) (P}Ie3 2 with 1, 6—C258H10
gives nido—L(A,S)—[(P‘ie3 ch] 8,8—-[(PHe ] 7,8,10- CPCCBBHIO. which on
treatment with activated charcoal gives nldo-8,8-[(PHe3)7] -7.8,10-

CPtCBSHIO. X-ray structures of all three compounds are given [236].

XII. Metal isocyanides
Binuclear complexes [PdC1l,(CNR)}], (R = Ph, EfNeCGH ) have been
prepared from PdClZ(CNR)2 and PdCl.,(MeCN)Z. Treating the dimers with donor

ligands causes bridge splitting. Carbenes result from treating the tri-
chloro complex with methanol [237]. A similar chemistry with platinum
isocyanides has been used to prepare PtCl (C\TR)%, PtCla(CNR) (PMeZPh),
[PtCl (CNR) (PMe Ph) ] [PtCl (C\'R) (PHe Ph) ] (R = Me, Bu:, Cy, p-
:olyl)- The Pt(IV) comple\;es are ob:a:.ned by add:.::.on of Cl, to the P:(II)
compounds. Complexes PtCl (CV) (CNR)2 and [Ptcl (CN)(CVR)(PHe Ph) ] =
Bu® ) are also reported [238]. An interesting Eluorescent compound
[Pt(CNPh)zl[Pt(CN)A] has been reported along with the [Ni(CN)alzw
derivative [239]. Treating Pt(CZHl.)(PPh3)2 with Bu®NC gives Pt(CNBut)z(PPh3)2.

cis or rans {PA(RNC)LCT; ]
{L = PPh; or pyridine)

p-toluidine

GHuNC |
cis-{PA(RNCHC Hy NCYCh} ————— cis-[Pd{C(NHR)NHC HaMe} (G Hy e NC)CL:)

H, [PA{C(NHR)OMe)ChjAsPh,

[PIRNCICLL AP [PA(RNC)ChL]AsPh,

p -toluidine

{PA{CINHRINHC HoMc}{H;NC HyMe)C:]
{excess)

H,N-C;HLN

——————
@ aminopyriding) [PA{CINHRINHG, H,N}Cl}

Eviﬂence is presented for analogous compounds’ with RNC (R = Pr » Cy¥ys, p-
HeOC Hl, E-CIC H; )-' These compounds ‘add- I,,, MeI, CI-‘ I, SnClPh,. Treating
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PE(C,F,) (AsPh,), with RNC (R = Bu®, Pr') gives Pt(CNR),(C,F,). The
compound Pr.IZ(CNHe)2 is obtained from Pl:(CN)z(PPh3)2 and MeI [240].

Careful synthetic work leads to compounds [Pt(CNR)Z(CNR')Z][Pt(CN)A] and
(Pe(CNR), 1[PE(CN) ) [2411; The compound [Ni(szcmzz)31+ (R = Et, Eun)
reacts with CNR* (R’ = Bu , 27C1€63A) to give iNi(CNR’)Z(SZCNRZ)] {z242}.
The reaction of CO and triphenyl(phenylimino)phosphorane in the presence of
PdclZ gives a phenyl isocyanide palladium(II) complex (95). In the

presence of a large excess of CO, complex (95) is converted into a

carbonylpalladium(II) compound [243]1. A dark red cluster compound

_ +
4] PP
R "3
2PhN=PPh + PdCl + CO — —Pd —C—NPh

3 2 i

(PhN=PPh3)PdC12(CO) -~ (PhN=PPh3)PdC12(CNPh)

(95)

Ni,(CNBu®), has been prepared from Ni(1,5-COD), and BuNC. The 'H nmr
spectrum shows stereochemical nonrigidity by a two-step process, the lower
energy step being one involving the bridging ligands. The structure of
(96) has been solved [244]. Acyl chlorides or phosgene have been used
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to convert the carbonyl compound (97) into the isocyanide compound (98)
[245]. Electronic absorption and MCD spectra of H(CNR)4Z+ (M =Pt, R=
Me, Et; M = Pd, R = Et) shows intense M — L charge-transfer transitions in

the visible or UV region. Spectral assignments and d orbital participation

PPh PPh
/NHR cocL, | 3
Ph,P-Pt-C < NET Cl1-Pt-CNR
| 0 3 |
c1L c1
97) (98)

in bonding are discussed [246]. The compound [PdZ(CNHe)G](PFG)Z (99)
results from treating NadeCl4 with MeNC. The lH nmr spectrum is

temperature dependent. The crystal structure shows a Pd-Pd distance of

-]
2.531 A, which is the shortest recorded distance for this bond [247]. The
structure of Ni(Oz)(CNBu )2 shows a value of 1.45(1) A for the 0-0
distance. The angle about the N of BuNC is 172(1)° [248].

¥XI11. Catalytic reactions involving complexes
Diphenylphosphino-funct1onalized polystyrenes coordinated with Pd61
or Pt012 have been used for the homogeneous hydrogenation of monoalkenes
-{249]. A mixture of P:(acac)z and pyridine has been used for the conver-—
,»s:lon of nltrobenzene to sniline in 90X yield [250]. The complex
fPtB(SnClS)CO(PPh3) has been prepared, and used for the hydroformylation of
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greater than 95% yield [251). The structure of the complex is uncerctain,
and it is reported to be relatively unstable. Homogeneous NathC14, and
heterogeneous Pt, catalyze the exchange in DZO of naphthalene, anthracene,
and pyrene. Naphthalene yields initially P-orientation with E—Dé being the
final product. Only with the heterogeneous Pt does prolonged exchange give
naph:halene—DB- Intermediates of the n-bonded tvpe are suggested to be
involved with both types of catalyst [252]. A similar comparative study
has been made by these same authors with diphenyl, m- and p-terphenyl
[253]. This latter work is also published in communication form [2541].
Alkenes RC(Mez)CH=CH2 (R = Et, Pr, Bu) undergo H-D exchange with a
D20/CH3C02D solvent containing HClOA and a homogeneous Pt(II) catalyst.
Incorporation of deuterium into the alkyl part of the alkene occurs
exclusively at C(5). FExchange of the olefinic hydrogens is also observed,
and is considered to be an acid-catalyzed reaction [255]. Complexes PEZCI L

(L = PPrg, PBua, PButPtZ, PBuEZPr, PPrPhZ, PPrZPh, PBucPhZ) undergo a

regiospecific H-D exchange in DZOICH3002D to give complexes with deuterium
in the alkyl groups of the tertiary phosphine, however with PBu"Ph
deuterium is incorporated in the aryl group. Steric factors are considered to
be dominant, and in intermal merallation of Pt, the ease of ring formation
decreases in the order: 5-membered > 6-membered > 4-membered [256]. The
reaction of 12331H with buradiene catalyzed by PdCl (L = PhCN, CyNC,

Bu NC PFPh ) PAC1L(PPh ) (L = CyNC, Bu NC), and [PdC1(1—C 5)]2 has been
re1nvest1gated. In addiclon to l-trimethylsilyl—z,6-octad1ene, the
follouiné compounds are also formed: 4-trimethylsilyl-l-butene, i-trimethyl-
silyl-trans-2-butene, l-trimethylsilyl-1,3-butadiene, 1,4-bis{trimethyl-
silyl)—2-butene. The analogous reaction with Me351D has been carried out.

A mechanicm involving n-allyls is suggested [257]. The major products from

Y,Pd A R,SiCH;CH,CH=CH,

C.H.I

Y_PdL — s v Pd’;ﬁki
CeHa )L\}{th
N\

-

R _SiRy~) SiRj-,
RySiH Pd’& {_) Y'Pd————- Cdle, Y’Pd¢——3'
+CaHe H,c
l l C'H, CHyCH=CH—(CH});
_ l , !
S H H H_ CH, . .
R;SiCH=CH—CH=CH, : ~c=C_ ~c—=C R, SiCH;CH=CH CH,),CH==CHCH,

RySi” - “CH, ~ RySi” . "H
+YaPaL|

‘v_p(s‘ R’,‘)b' R " R,SiCH,CH=CHCH,SiR;
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the hydrosilylation of butadiene with C1_SiH are l-trichlorosilyl~cig~2-

butene and l-ttichlorcsilyl—ggggg—Z-buteie. The catalysts used are of type
N1x2L2 (=F, C1, 1, N()j, MeC{~0)=CHC(=0)Me, MeCH(OH)ICOO; L = PPh,,

pnug, PCy,, P(OPh),, AsPh,; L, = DPE). Similar allylnickel intermediates
arc postulated [258]. Hydrosilylation of HOCH,CH,CH=C=CH, with Et.SiH in
the presence of HZPtCl6 glves HOCH2CH2CH*CHCH2§1E;3. Similar cata{yzed
additons are reported [259}. The system Ni(acac)z—Et3A1 catalvzes the

addition to Me,SiH to butadiene to give gi--trimethylsilyl-z-nutene{260].

3

Acetylenes add HSiCl3 or HSiClEMe to give silyl-olefins, The reaction
is catalyzed by NiEtz(bipy). and double silylation occurs [261). A variety
of zerovalent nickel compounds catalyze the addition of silames to the
carbonyl group of crotonaldehvde. Addition across the carbon-carbon double
bond dees not occur [262]. Acvl halides XcﬁH&COCl (» = H, p-Me, o~MeO,
p~Me0, p-Ci, p-Br, R—NOZ) are coverted Into aldehydes XCbHACHO by treat~

Ni(copy,
£rans-CH CHSCHCHU  + HSIX. ~3ooe—5%  trans~CH,CH=CHCH 081X,
-rans-CH, - trans

Mo~
LUu

(X = OMe, OEL)

ment with Et,SIiH at 120°C in the presence of gii-Pt01ﬂ(PPh3),. The

proposed scheme i{nvolves an fnitfal oxidative addition [263}. A product

Et351H
PeCl, L, PLHCL, (S.Ety)L,
I ~RCHO —Fr]51€I

! ReoLl ¢ 7
M D aammam
PtHClZ(LOR)Lz PtHc:u.2

(L = pph)

distribution is reported for the catalyzed isomerization of homocubane.
Compounds used are PtClz, PdClz(PhCN)Z, PdClZ(PPhj)z. PdIZ(PPhJ)z [264).
These authors alao report a similar study on the catalyzed 1,8-bishomo-

cubane rearrangement [265).

Polystyrene-divinylbenzene resin~anchored Ni(CO)Z(PPhJ)2 has been used
selectively to oligomerize butadiene to either 4-vinylcyclohexene or 1,5-
COr. Anchored IrCl(CO)(PPh3)2 catalyzes the hydrogenation of 1,5-COD
to cyclooctene [266]. The catalytic system HiBrz(PPha)z mixed with NaBH,
gives a 95% yleld of one specific linear product (E,E)-1,3,6-octatrie-e
(267]. The chloro analog gives only 81X yeild. The polymet bound analog

References p. 488
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of the bromo compound gives 91Z of the product. Further work on anchored
and free Ni(co)z(PPh3)z shows that butadiene can be cyclooligomerized to 4-
vinylcyclohexene, 1,5-cyclooctadiene and (E,E,E)-1,5,9-cyclododecatriene
[268]. This work has been extended to a multistep process when these

three dienes are hydrogenated to alkane on the same polymer anchored
catalyst used for their synthesis from butadiene [269]. The complex
Ni(C0),(FPPh,),
pseudo-norbornene. The catalyst then further is involved with the addition

catalyzes the cycloaddition of norbornadiene to a dimeric

of this product to a third molecule of norbornadiene to give a trimeric
addition product [270]. Isomerization of complexes Niszz is likely
facilitated by ligands L which possess m-acceptor properties. This
facility of isomerization between tetrahedral and square geometries is
discussed in relation to the catalytic actiivty of these and similar
compounds {271].

XIV. Complexes and reactions of general interest

The reduction of Nixz(PCyB)2 (X = C1, Br) with sodium yields

[NiX(PCy3)2]2 or Ni(PCy3)3. Similarly Nix2L2 (X =Cl, Br; L = P%t3,
PBug, PEtzPh) to compounds NiL4 are obtained. These compounds react with
NZ to give Ni(NZ)L3. Electronic absorption spectra are presented and
discussed for these compounds [272]. Treating Ni(PCy3)3 or [Ni(PCy3)2]2N2
with CO2 glves Ni(CO)Z(PCy3)2 (100). The infrared spectrum shows bands at
1740(vs), 1698(vs) and 1150(s) cm-l, which are assigned to vibrations of

the coordinated CO,. The single crystal structure of compound (100) is

2
P2} )
c
= - m
v
[} -
B T~
! om
P (100)

shown [273]. A series of complexes PdL (n = 2, 3, 4) have been prepared.
Ligands L cover a wide range of phosphines, the lower coordination number
beingrfavored by the more bulky phosphine ligand (e.g. PBuEPh). Dissocia-
tion equilibria has been studied by 13c omr spectroscopy [274]. The,;
crystal structure of Pt(PCy;), shows a bond angle of 160.5° for PPtP [275].

PE(C,H,) (Prh3j'2(crys:_;) + cs,(g) > PE(CS,) (PPha)zﬂ'(cArygt.)". ‘+_,_czn4(_g) o
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disuifide has a AH of -44.0 + 2.2 kJ mol‘l. The bond dissociation energy

D(Pt—CSZ) is slightly greater than D(Pt—QZHA) [276]. Enthalpies have teen

measured for the reactions:

PrL, + nCS, - PtL,(CS,)) + (n-1)CS
2 2 24572 2 @ = peny)

Pth(olefin) + CS2 > PtLZ(CSZ) + olefin

This data, when combined with previous work, shows the relative strengths
of the Pt-olefin bonds decreases in the order trans-1,2-diphenylethylene >
cis-1,2-diphenylethylene > phenylethylene > ethylene [277]. Treating cis-
HClZ(PhZCECCF3)2 (M = Pd, Pt) with HCl vields trans—PdClZ(thPCH=C(Cl)CF3)2
and ¢is-PtCl, (Ph,PCH=C (C1)CF3)2 by trans addition to the triple bonds.

The structure of the palladium compounds confirms the stereochemistry about
the double bond [278]. Treating PE(HCECPh)(PPh3)2 with E_-FC6H4NZBF4 gives
Pt(CECPh)(HNNCGHAEE)(PPhs)Z.
to have a trans configuration about the N=N bond [279]. A series of u-
bonded diazene complexes of nickel have been prepared [280]. The compound
Ni(PhN=NPh)[P(Efcolylj3]2 exhibits photochromism. The compound obtained
from bis(p-methylbenzoyl)diazene with nickel{(0O) exhibits fluxionality. The
structure of PdClz(azobenzene)2 shows a N-N distance of 1.238(9) ;. Steric

The crystal structure of the product shows it

crowding within the molecule leads to a twisting of the phenyl rings [281].
When ketoximes are heated at 60°C in the presence of Pd(PPh3)6 and
molecular oxygen, a Beckman fragmentation of the ketoxime occurs to give a
nitrile and an aldehyde [282]. When the cyclopalladated dimer of aceto-—
phenone hydrazone (101) is treated with py, PR3 (R = alkyl, aryl), Ast3,
SbPh3, the monomers are formed. In the presence of excess phosphine a
second molecule coordinates in place of the nitrogen. With ethylenediamine

an jonic complex is formed, and with DPE a dimer is obtained with the DPE

X

PN Pa X =Cl, Br, I
Me \f‘/ » »
R = H, Me, Ph i
ph/”n‘\\g )

(101)

molgcule'hridging_tuo palladiums [283], The compounds RiL, and NiL(PPh3)2
bave been obtained by treating Ni(1,5-COD), or Ni(C,H,)(PPh,), with
‘N,N'-bis(p-nethylphenyl)ethylenedinine(L) . Similarly Ni(C,H,)(PPh,),
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reacts with PhCH=NPh to give Ni(PhCH=NPh)(PPh3)2 [284]. The compounds
of Ni(0), Li[NiPPh,]2THF, Li,[Ni(SiPh,),]5.5THF, and Li[Ni(SiPh,);].
STHF are reported [285]. The binuclear Ptz(Pth)z(PPh3)2 (102) and
trinuclear P§(PPh2)3Ph(PPh3)2 (103) cluster compounds have been obtained
by refluxing Pt(PPh3)A in benzene for several days under a NZ or Ar
atmosphera. The verification of the structure comes from an X-ray study
[286). Paramagneric species have teen observed on treating compounds
Nil’.4 (L = PEC3, PPh3;
cvanoethylene. The initial transient paramagnetic species are not
observed [287]. The compounds PdK(BugNO)L (X = C1, Br, I; L = PPha,
AsPh,, P{(OPh) ) have been prepared. The nitroxide is "side-on" bonded and

L-L = DPE) with electron acceptors such as tetra-

the 1H nmr and infrared data for thé compounds is reported [288].  The

érystal structures of compounds - (104) and (105) have been solved-n The - .-
'_——_I B

compounﬂs are prepared by :rea:ing compoundsrPt N(R)N=NN(R)L (R = Fh, 27
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small amounts of hydrate (CF3)2C(OH)2 [289]}. The liquid phase oxidation of

—CF

L o-c "3
Npe” N € L = PPh, (104), PMePh, (105)
L= ~o—c=—CF 3 2
- 3
\\\cp3

benzaldehyde is catalyzed by PdOz(PPh3)2, Pd(PPh3)4, PtOz(PPh3)2. The
products are benzoic acid and perbenzoic acid. The latter compound
resembles triphenylphosphine "in markedly retarding the reaction [290]. Aan
intermediate of type (106) is considered to be a possible intermediate,

but work by us {291] on the oxidation of ketones by these complexes

‘//O_OC\\\ H
PPh_) Pt cCr
372 ~Ph
o///
(106)

concludes that a free-radical chain mechanism is operative. Low frequency
vibrations have been observed for Ni(Nz)n, Pd(Nz)m and Pc(.\’z)m (n = 1-4 and
m = 1-3), and are assigned to metal-nitrogen stretching modes. The
compound Pt(Nz)2 has a value of Vyy 3E 2197.6 cm_l, and for the asymmetric
Pr-N stretch at 360 cm-l {292). Condensation of Ni, Pd and Pt atoms with
02, Nz, Ar mixtures at 6-10°K gives compounds M(Oz)x(NZ)v' The assignments
of the vibrational spectra are made with the assistance of isotopic
labelling [293]. "End-on" bonded nitrogen and "side—on" bonded oxygen are

observed. Mixed halocyano complexes (107) have been prepared by the

Pt(PPh3)4 + XCN - PtX(CN)(PPh3)2 (X = C1, Br, I)

(107)

oxidative addition of cyanogen halides to Pt(PPh3)4 [294]. Metathetical
replacement of X by N3, NCO, NCS, CNO leads to the corresponding pseudo-
halide compounds. Infrared data is reported. Under suitable conditions
halogens (X) (Clz, Br,, 1,) add to Pt(PPh,), to give trans-PtX, (PPhy),
[295]. The conditions are such that subsequent isomerization of the
compounds to the cis isomer does not occur. This can be done by using
excess halogen which reacts with any free triphenylphosphine. The complex
bis[1l,2-bis(difluorophosphino)cyclohexane]lnickel(0) is a white powder which
is stable to air. An aﬁalysis of the 19? umr spectrum of the complex has
concluded that two isomers exist [296]. A crystal structure of
-rd(ozc6c14)(Pph3)é‘(108)'ghous the quinone chelated to the metal through



(108)

oxygen donors. Bonding parameters within the quinone ligand are comsistent

with a hydroquinone electronic structure {297]. A unified molecular

orbital treatment of pentacoordination in transition metal compounds has

appeared which is of general interest to any workers in transition metal

organometallics [298].
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