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GENERAL
The plenary lectures of the 14th International Conference

on Coordination Chemistfy have heen published. Topics of
" of interest to organometallic chemists include the synthésis

and properties of transition metal to carbon bonds (1), vitamin B,
and modsl compounds, and rsductive cleavage of the cobalt-carbon
bond (2), and reactions af carbon dioxide with transition metal
compounds (3;. The papers presented at the 6th International
Conference on Organometallic Chemistry have been listed, with
authors?! affiliations (4). Procedures have been given for the
preparation of cyeclic diolefin compiexes of palladium and platinum;
of speciss XssiCo(CU)4 (x =c1, CHs, F); triallylchromium and
diallylnickel; metal-metal bonded species including RUS(CU)12,

033(80)12 and Ir4(C0) and phosphine and phosphite complexes of

127

low valent metals (5); and of KPtC13C2H4’ (RhCl(cyclc-actene)z)n,
and arCI(cyclo-octene)z)n (6). A book about inorganic thermo-

dynamics includes a chapter on organometallic compounds (7).

REVIEWS (See also under individual sections)

Reviews have appearsd on organometallic electro-chemistry (8)
and radiochemistry (9); on thsrmodynamic data for olefin and acetylens
camplexes of transition metals (10); transition mstal hydridss (11),
and dinitrogsn complexes (12), and dioxygen complexes of Group VIII
metals (13); on spectroscopic studies of metal-phosphorus bonding
in complexes (14) and stereo-chemical studiss of metal carbonyl
triphenylphosphine derivatives (15); and on silicon-bonded and
silicon-carbon-bonded transitienmetal complexes (16); while trans-
ition metal carbene comadlexes have been reviewed mors than once

(17, 18). oOther classes of transition metal complex reviewed by



type of ligand include isocyanide complexes (19), complexes of
carbon-cyanide and nitrogen-cyanide ligands (20), 'new organic
ligands! (trimethylenemethans, tetramethylene-ethane, pentadienyl

and benzyl) (21), and complexss of chaelating group U-olefin ligands
(22). Organic compounds of cobalt (III) have been reviswed twice
(23, 24), and reviews have appeared on thse CosC cluster (25), on
mixed valence Perrocens chemistry (26), an the reactions of
cobaltocene and nickelocens (27), and on organo-platinum chemistry,
with emphasis on metal-induced carbonium ions (28). Several

revieus have concentrated on specific types of reaction such as
insertion of carbon monoxide into transition metal-carbon bonds {29),
olefin oxidation and related reactions with Group VIII noble metal
compounds (30), "t-ligand transfer reactions (31), the synthasis of
heterocycles via transition metal intermediates (32), conjugated
additions of organoccopper reagents (33), and the formation of carbon-
carbon bonds via nickel w=allyls (34). Other topics reviewed include
binuclear compounds in which transition metals are linked through a )
common unsaturated ligand (35), and 7-membesred conjugated cyclic
compounds (including a section on mstal w-complexes) (36). A
general rsview of stability, reactivity, and orbital correlations in
organo~transition metal complexes has appeared (37), and a literature

guide has besen updated te 1971 (38).

THEORETICAL STUDIES
SCCC-M0 calculations have appsared on speciss CGHGCr(CU)S_n(Nz)n
and CsHsmn(CU)z_n(Nz)n. Carbon monoxide is always a bet?gr w-acceptor
than is dinitrogen, but in the spacies for which n=1, N2 is a better
overall (o +ay) donor than is cO (39). Similar calculations have
. 3 5 ’
been carrleq out on h (_CSHS)CO(CU)3 and on h (CSHS)CO(CO)Zo The

Mulliken metal-carbon bond population is higher in the latter compound,
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for two reasons; C5H5 is a net donor to the metal while C3H5 is a net
acceptor and orbital averlap geometry is also more favourable, This

- is cqnsistent with the observed higher metal-carbon and lower carbon-
oxygen stretching frequencies (40). The electric dipole moment matrix
has been calculated, using a multi-exponent basis set, for benzene-
chromium tricarbonyl. Three-centre integrals must be taken into
account, since their omission leads to a reversed, and presumably
incorrect, sign (41). Closed shell SCF-MO CNDO calculations have been
carried out for complexes of Ag(I) and olefins. Methylation of the
double bond is calculated to increase the ligand-metal bond energy.

The largest single bonding interaction is calculated to bs that between
the olefin mw-orbital and the vacant S’orbital on silver, and the forward
donation described by this interaction does more to reduce the carbon-
carbon w-bond order than daes back-bonding (42). Two studies have
usaed an LCAO-SCF-MO Gaussian basis treatment to explore the consequences
of excitation and ionisation in transition metal complexss. In the
former, it is found from studies on Ni(CG)4+ that Koopman's approxima-
tion gives the correct ordering for the ionisation potentials of Ni(CU)4.
The extension of one-elsctron energy levels to excited states does,
however, lsad to error in other situations. Thus in Ni(CN)az', one-
electron energy differances are smallest for 1:&7: transitions, but
d-d transitions nonetheless occur at lower energy; however, one-
electron energies do appear to give the correct order for the possible
d-d transitionse. The failure of the simple model is attributed to

the effects of Coulomb and exchange integrals, and the changes in these
on excitation (43). Relatedly, calculations on the cation Ni(03H5)2+
compared with NJ;.(CSHS)2 show severs breakdown of Koopmans! assumptiops,
thus explaining differences between the observed ordering of ionisation

potentials and those inferred from calculations on the neutral spscies
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alone (44). Calculations-have been performed on a rangs of iron com-

pounds including Fa(CU)5 in order to interpret their Mossbauer spectro-
scopic parametaers. Isomer shift relates satisPactorily to calculated

electron density at ths iron nucleus, which is sensitive both to the

Fe 4s population and to overlap effects on the normalisation of the Fe

3s orbital (45). The ligand field treatment has been given of the

2 and d3 in strong axially symmetrical fislds,

configurations dl, d
including the effect of spin-orbit coupling, and the results applied
to available data on visible esr spectra and magnetic propsrtiss of

sandwich complexes (46).

IONISATION STUDIES AND MASS SPECTRA

Major routes in-the mass spectroscopic fragmentation of titanocene
dihalides are loss of halogen to give (CSHS)ZTiX+’ which in turn loses
eithar directly or after further halogen loss, and lass of CSH5
-
s C3H3T1X2 s

Cghg :
followsed by acetylens and halogen to give in turn CSH5T1X2+

-+ . N
and 03H3Tix . Species CSHETiX3 show similar routes, and alsco formation

+ Do I -
of Cehig (loss of T1X3) and TJ.X2 (loss of CSHSX) from the parent ion.

HX loss occurs in the spectrum CH3C5H4

mation of a fulvene complex (47). The spectrum of silacyclopentadiene

TiXS, indicating presumably for-

cyclopentadienylcobalt,I, shows a strong peak for loss of CH3, and no
lover peaks.  Presumably (p - 15)+ corresponds to thé silacobalticenium
ion (48). The fragmentation of cyclo-octatetraene dérivaiives is
modified in their tricarbonyliren derivatives. Thus CHH§ﬂH20CH3+ shous
«~ cleavage to give C6H7CﬁéUCH2+ and :HZDCH3+, but CBH%CHZGCHSFE+ shows
loss of CH20. This is thought to be a fMclLafferty rearrangement of what
may now be regarded on a neutral, ebén—eiectrén species complexed to

Fet (49). "Free radical loss from cyclopentadienes complexed to iron

in the mass spectraknf speciess (II, n=2, m = Fe(EU)S) is confined
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: (CH)n
Co . N
Ph
R
— m

(1
(1) ) (R = H,Ph)

to the exo substituent; this appears to be a general characteristic of

specias of type (II) (50).

The ionisation potentials of arenechromium tricarbonyl complsxes
carrelate well with the CO stretching parameter, and wiyh the parameter

af the substituent. The same is true for the energy required to
remove one or two CO groups from the parent ion, but the correlation for
loss of thse third CO is less good (51). In MstiMn(CD)S and spscies
Na351mn(00)5_x(PF3)x (x = 0 - 3), loss of methyl competes with less of
C0 and of PF3. - The ionisation potentials are higher than expscted from

tha properties of the Me, Si radical, presumably because of X -bonding.

3
The metal-~-hydrogen bond in Hmn(CD)5 is very weak (D = 30 + 50 k3J mul-l)
(52). Appearance potantial studies on the specises mesﬂmn(CU)s
(11 = Si, Ge, Sn) lead in each case to:approximate values of 250 k3 mol_l
for dissociation of the MMn bonde Approximate force constant calcula-
tions suggest, howsver, that the manganese-silicon bond has a higher
force constant than that betwesn manganese and gsrmanium (53).

Positive and negative ions have been observed in the spectra of

the bis (cyclopentadienyl) complexes of iron, cobalt, nickel and

magnesiume The anion CSHS- is Pormed at low slectron energies in all
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cases, the cross-section for capture aof an electron increasing Prom
iron and cobalt through magnesium to nickels The transition metal
complexss show compound nenative ion resonances below 1 sV (54). In

the high-pressure (around 0.01 Torr) mass spectrum of ferrocena,

reactions
+ +
Fe <+ clOHIDFe - Fe + ClDHloFe
+ +
CSHSFE + clUHlDFe - clSHlSFBZ
CHFet +  ©, H.F C.HFe + ¢, H, Fe¥
5'g © 10M0"® = 55 9 LioMin' ®

has been obssrved and reaction rates inferred (55). Ion=-molecule
. U S
rgactions are shown by E5H5N1ND in the presence of donors; ions

< F . +
C_H_N i
ghg il ares obssrved and cyclochexene gives CSHSN:LCGH12 (56).

The photoelectron (HeI) spectra of (tsm)acr, (tsm)45n, (tsm)4Pb
and tsmCIl, and of (np)AEr (tsm = trimethylsilylmethyl, np = nsopentyl)
have been given. Bands at binding ensrgies of 7.25 and 7.26 sV in
(tsm)4Cr and (np)4Cr are attributed to the chromium d electrans, while
a band between 8.4 and B.7 eV, split by spin-orbit coupling in the lead
compound, and absent in tsmCl, is attributed to the tsm-metal bonding
electrons. Thus the carbon-metal o-=bond in (tsm)4Cr appears perfactly
normal (57). The HeI, HelIl and valence region X-ray photo-electron
spectra of the Group VI hexacarbonyls have been assigned (58) using
eparlier MO calculations (53). Orbitals in order of increasing
binding energy are *metal! d-orbital, CO 1% and 5¢ levels, CO 4o ,
and at 35,5 eV CO 3z (oxygen lone paid). This last is calculated
to lie at 43 eV, but the ionisation energy is possibly lowersd by
large relaxation effects. The Hel spectra of HSSiN and HBGEN
"M = Mn(CD)S, Re(CD)S, £a(CB),) have been reported, along with those

of me351mn(cu)5, HRe(cn)5 and HCD(CD)#. In no case are bands due
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- to the electrons of the metal-mstal o°-bond resolved. The binding

energiss of the d-slectrons increases from methyl &o germyl to silyl
»dezivatiue, but this is as true for the b2 level in octahedral complexes
as for the a level, and the trend is therefore due to overall charge
balance rather than to specific d -~ d back-bonding (60). The 9a,
(o Mn-X) electrons in pentacarbonylmanganese halides, and in E_j:_s_:—l"ln(CU)4
(CMMe)Br, have been resolved and are located as predicted between 8e
(mainly X p) and 7e (mainly d(xz yz)), with 2b, d(xy), at higher
binding energya. Thae relative attributions of 8e and 7e are confirmed
by a spin orbit splitting of 0.30 eV in the first ionisation potential
af mn(60)5I, and a splitting of the third ionisation when CO is
replaced by MeNC (61).
Core shifts have been reported from the XPE spectra of

Cr(CD)s, Fe(CU)S, Hszn(co)s, HMn(c0)5, mn(cu)sx (X = B, 1, CFS)
CH3C5H4Nn(CU)3? and Re(CU)5C1, and compared with the results of
calculations. The agreement is not good, suggesting that (if the
calculations are adequate for this purpose) the core shifts are
powerfully influenced by relaxatiaone. The effects aof changing the
nature of X in an(CD)5 are small, and less thén calculated, and

axial and equatorial carbonyl groups are not separately resolved (62).

The XPE spectra of metallocenes (the metals varying from

vanadium to nicke;) all show C 1ls at low=r binding energy than in free
benzene. Multiplet splitting is observable in the metal 3s ionisation
‘for the complexes of vanadium, chromium and manganese, and i§ explained
in terms of spins partly but not entirely delocalised onto the rings
(63). The Fe 2p binding energies increase along the series ferrocens,

+ o
- CH -
dibenzoylferrocene, ((C5H5F905H4)2 ) BF (one 51gn§l only),

(E5H5)2F2+BF4- (64). In the carbon 1ls region each of the species

14 A + >l‘ ~ +
(CGHG)ZCr, (CHg) ey CGHGCrCSHs, (cgh) (C H,)Cr and (CSHS)(L7H7)Cr
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gives oniy a single line, showing the real charges on the rings. are
the same within l/BAelectrons. Unlike the C 1s-signal, tha‘chroﬁium
core signals are sensifive fe overall charge an the complex. The
value found even in the neutral species corresponds to real positiue
charge on chromium, and the (CGHG)(CSH5)Cr signal is in the same range .
as that of the othar neutral species, daspite the formal presence of
Cr(1) (65). Shake-up satellites have bsen reported in the spectra

af (CGHG)ZCr, Cr(CU)3 and Cr(cu)ﬁ, and attempts mades to identify

CGHG
the promotion processes involved by comparison with slectronic spectra
(66). The Sn 3d binding energies in complexes of type (t-Bu)ZSn(B)(m)
(m = Fe(ca),, B = DNST, pyridine; m = c(CO),, B = DMSO, pyridine,
THF) are in the Sn(IV) region, consistent with a tin—’c—ransition metal
ylid-like double bond; the tin Mossbauer spectrum is élsb con;istént
with this (67).

When methylene amino complexes, CSHEMO(CU)ZNCRZ, are comparedﬁ
with the related aza-allene specias CSHSNO(CU)Q(RZCNCRZ), Fhe latter
show 2 higher binding snergy for the nitrogen core electrons, while
those on molybdenum are higher in the former series. Isoﬁerism in
the made of aza-allene to metal bonding leads merely to unresalved
broadening, but thers is a qood cnfrelation overall bétueen ﬁolybdanum
core binding energy and CO frequency (68). In the cumglex 05H5”“(50)2N2’
the nitrogen core binding energies are obssrved at 403.0 and 401.8,
while that in c5H5mn(cu)2Ni43 is at 403.1, although free ammonia gives
a lowasr value than doas free dihitrogen. The difference befwaen the

two atoms of coordinated dinitrogeﬁ is almost twice that in the corres-

pending hydrazine complex. These facts can be understood if N2 is a
poorer net donor than NHS’ and if -w-bonding (expressiﬁls as a con-

. - T + o
tribution from such formulations as QSHSNH(CU)2=N =N") concentrates

charge on the nitrogen atom furthasr from the metal (69)._ in
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'(pth)ZIr(cU)CloTpNE, the iridium binding energies place it in the iIr
(II1) rather than Ir(I) range. Addition of acetonitrile lowers the
core binding energy at Ir, but does not alter the Mossbauer- spectrum;
this result can be understood if acetonitrile acts as a w-acceptor as
well as a o-donor (70). Ethylsns, however, does not shift the nickel
signal from the Ni(0) to Ni(II) region in C2H4Ni{P(UCGHACH3)3)2,

despits the long carbon-carbon bond (71).

ELECTRONIC SPECTRA

Ths‘electron§c spectra of species of type m(c0)5 and M(CU)sL
(M = Cr, Mo, W) have been discussed using a simplified molecular orbital
diagram, assigning the lowest energy observed band as d — d in origin,
and making some rather far-fetched assumptions about the energiss af
the orbitals involved. However, the principal conclusion, that the
frsquency of the lowest observed band increases with w-acceptor
character of L (72), is reasonable enough. The spectra have been
examined of a number of species of type (NN)mo(CD)4, when (NN) is a
bidentate ligand attached to molybdenum through two spz-hybridised
nitrogens. When the two nitrogens are part of the same conjugated
system of the free ligand, the M(d) % (NN} (#«*) charge transfer occcurs
in-the visible region, but shifts toc the ultra-violet if the conjugation
is broken; thus coordination through metal does not of itself praovide
a conjugated pathway (73). The UV spectra of silver(I) complexes of
benzene, toluene and xylene show bands at 260 and 230 nme The former
is essentially a forbidden transition of the aromatic ring, made
allowed by coordination to metal, while the latter is a charge transfer
band (74). Trends in the electronic spectra of species CSHsNi(PPh3)X

1

fit the accepted spectrochemical series for X, but 3 P nmr shifts Pit

no such simple pattern (75). Absorption and magnetic circular dichroism

spactra of (85H5)2Fe+BF ~ have been recorded at 290° and QDK, and ths

4
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esr spectrum at 20°k.  The ground state is assigned as E ¢ Eg)

(algzg293), mixed with E7 (2Eg) by a lou-symmetry perturbation, and
the assignment of the 16,200 em~! band as L(elu) - N(azg) charge
transfer is strongly confirmed (76). The visible spectrum of species
(CBH7R)2U shifts to longer wavelength whsre R is elsctron-releasing,
and is accordingly assigned as L = M charge transfer (77,78). The

substituents have little effect, howaver, on the Mossbauer spectrum and

magnetic properties (78).

PHOTOCHEMISTRY AND PHOTOLYSIS

Ths complex CsHsmnC7HB(E7HB = cycloheptatriens), otheruwiss
accessible only with difficulty, can be prepared photochemically from
CsHsﬂn(CCl)3 and C7H8 (79). A more surprising total decarbonylation
is tnat of Cr(CD)6 in pentane at room temperature, in the presence of
excess NGO, to give Cr(NO)4 (80). Reactions betuween metal carhonyls
and NO have also been investigated in argon matrices, as have the
photochemistry of carbonyls and nitrosyls in matrices rich in CO.
Fe(Cﬂ)z(NU)2 and its new analcgue Us(CO)Z(ND)2 have been preparsed in
this way, as have CD(CU)3NU and ﬂn(CD)(NU)3- CD(CU)3N0 is photo-
convarted to trigonal Ca(CO) 4 in a CO matrix, while Nn(CU)(NU)3 sesms
to give more than one product (81). Co(CU)4 had earlisr been preparsd
by CO matrix photolysis of C02(CU)8 (82); the advantage of this
technique is that it suppresses the simple loss of CO that is otherwiss
dominant. In an argon matrix, Fs(CU)5 is photolysed to a species
Fe(CO)4. This process is readily photoreversed, even whils an infra-
rad spectrum is being run, by the red light from an unfiltered Nernst
glower (83). The first observable process in the flash photolysis of
Cr(CG)6 in cyclohexane at room temperature is assigned as co loss,

and the absorption maximum of 503 nm for the new species confirms its

References p. 394
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for@ulation as Er(EU)s; this species is, howsver, rapidly destroyed
by unidentified impurities (B4). Vacuum UV photolysis of Ni(80)4,
Cr(CCI)E and probably FB(CO)5 in low temperature matri;es gives charge

separated species m(cu);_l -and co’ (85).

Photolysié of MO(CU>5PCR3 (tx = éyclohexyl) in hydrocarbon
glass gives two épebiés,\assigned as MO(C0)4(PCx3) (cis-vacancy) and
MO(CB);(PCX3}(Egéggrvacancy) cn the basis of their ir spsctra and
analogy with Mo(cﬂ)5. The Ezgggfuacancy isomer is slightly more‘
thermally stable, but is photochemically converted to the cis isomer
(B6). Photolysi§ of the cyclobutadiene complex C4H4FB(CU)3 in
an argon matri¥ gives only C;HaFe(eU)z énd‘GU as detectable fragments,
with no loss of cyclobutadiene (87). This is hardly surprising;
Fe(CU)S(P(4—EGH4FH3)3)2 and Eggggrw(ca)d(P(i—Pr)S)z both show
C0 loss but no phosphine ligand loss on irradiation in hydrocarbon
glass, but photqinﬁuced replacement pF ang phosphine by added CO
in mobile solutiaon at room temperature, and it may simply bs thét
heavier fragments are being discgrded but are unable to escape in.

a rigid matrix and recombine (88). There is_infrarad evidence

for the formation pf an iqn pair C5H5Ni+ N0~ from the photolysis

of C5H5NiN0 in argon ‘89). 7

Photolysis qf mnz(ccpln in tetrahydrofuran solution gives an

esr signal, attributed to mn(cp)s radicals ggu). Photolysis of
Rez(Cﬂ)lu in ganon tetrachloride gives Re(CU)SCl. The quantum yield
and stoicheiometry indicate§ that @he first step is formation of RB(CU)5
radical§, which then abstract chlprine frpm solvent (91). The system
mnz(l:l])l0 —_I:ZF4 is an effic;ent photoinitiator of polymerisation; this
property is atﬁributgd to thg stab;lipy of ¢+—bonds between manganess

and fluorocarbons, as in the suggested active species (DC)SMn.BFZCF2° (92).

Photolysis of vinylgermanium derivativas mezGe(CzHa)mCD did not lead to
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germa-allyl complexes, but teo a rangs of other products, such as
”"2(c°)1n (mco = Mn(CU)5), 111 (m = C5H5Fe(CD)), and both Qc5H5Mu(cn)3)2
and the novsl species (CSHSNQ(CO)Z)Z (mCO = CsHsﬂo(CU)ﬁ)A (93). Photo-
lysis of NezGe(mCD)z gives species of type III for mCO = CSHSFe(cu)z,

Co(CU)4, but the compound Me Gemnz(CU)g does not appear to be pre-

2
dominantly CO-bridged. Photolysis of species Me,GeCl.mCO (mCD::Nn(CD)S,
Co(C0)4, CSHSCr(CU)S, r:sHsm;:(co)S, CSHsFe(CO)z) proceeds with overall
loss of CO and Cl to give the bis~germylene-bridged product IV (94).
Photodacarbonylation of the acetyl complex Va gives, stersospecifically,
the product Vb. Presumably this occurs via decarbonylation of. the

metal and methyl migration (95), since photodecarbonylation of
csHsre(cn)213c00H3 gives CSHSFe(CD) (l3cn)cn3 (96). Photolysis of
CSHSFE(CU)ZCJ' in DMSO gives. (CSH5)2F92(CU)4 5 CcHp and free chloride
ion are also generated. Photolysis of CsHsmo(CU)SCl, on the othsr
hand, leads to (CSHSMU(CD)2C1)2 and the tungsten analogue behaves

similarly (97). Loss of phosphine and phosphite ligands has also

Me,GE GeMe, Ph Me

M

1
Ph3p Fe

(Iv) X

ta) X = CO ;Y = COCHs
(b) X = CH5:1Y = CO

References p. 394
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been gsmonstréted, sincg}CSHSFB(CG)P(OPh)EBr and CEHSND(CG)ZLCl

(L = P(OPR) 5, FPhy, PCx;) aive (CoHg),Fe,(C0), and (CgH Ma(CO),E1),
- respactively; C535¥e(£9)9$h39r, howevsr, gives rise to (CSHEFE(CO)Z
<PPh3)¥Br‘ (98). 1Irradiation of Pferrocene in carbon tetrachlorids-
stkeégﬁfmixSsase-ﬁx~ﬁhe-pfs&ﬁnms-aP SMITONT areialy (OuAsS enoed
faccacenscardoxylate, fc. COOEE. The active species is presumably
not that formed from ferrocens, since the product in the presance of
azulens is-sthyl l-azulenecarboxylate (99).

QOrganocabalt{III) complexss of ths typs

(Co(III)(NH3)5 - org (w) » Cu(l)), in uh;ch the organic group is
unsaturated and acts as a ligand to Cu(I), are unstable with respect
to internal electron transfer, but the reaction is slow in the dark.
However, irradiation either in the cobalt d-d or in the copper-ligand
charge transfer region causes photoacceleration (100). Oxygen
photoinsertion into the cobalt-carbon bands of alkylcobaloximes is
acceleratsed by the coordination of a weakly basic ligand to the initial
caobalt complex, or by organic groups which readily form fres radicals
(101). Light greatly enhances the activity of RhH(CU)(PPh3)3 and
of IrCl(CU)(PPh3)2 as isomsrisation catalysts towards l-heptene but
doas not alter the final EEETEEEQE ratio. A detailed electronic
mechanism is proposed (102), but the reviewsr would be reluctant

to exclude activation by simple ligand loss. Relevant to this
suggéstion is the Cr(CD)6 - photoassisted 1,4-hydrogenation of

conjugated dienes. Competition experiments show the reaction to

occur most readily for dienes that can adopt the S-cis conformation
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VI, and the process is a true photocatalysis, procseding in the dark

after photoinitiation (103).

MATRIX ISOLATICON (See alsoc Photochemistry and Photolysis,
AxArafional Specteat.

The use of transition metal atoms in inorganic synthesis in
matrices has been reviewed (104). Ca-condensation of titanium atoms
(or molybdenum atoms) and benzene gives species (CﬁHﬁ)zﬂ (M =Ti, Ma).
The titanium compound is diamagnetic, gives a proton nmr singlet,
and has an infrared spectrum related to that of the vanadium and
chromium analogues (105). Co-condensation of arenas with chromium
atoms may also be used to prepare normally inaccessible species
(arene)ZCr in which the arenes are chlorinated or fluorinated.
Chromium atoms trimerise acetylene to bhenzene, isomsrise l-butene
to a mixture of 2-butenes, react with cyclopentadiene to give
(CSHS)ZCr, and complex to butadiene and to propens (106). The same
route has also heen used to incorporate cumene and m-di-isopropyl-
benzene in bis(arene) chromium complexes. In the presence of PF3,
condensation of chromium or iron atoms with benzene gives speciss
cr(PF and C

Fe(PF Manganese atoms with NO and PF3

CaHgCr (PF3) 5 gtisre(PFg)ye
give Nn(NU)SF'F3 (note: exposure of metal atoms to NO is HAZARDOUS)
(107). Deposition of palladium atoms in an excess of CEFSBr gives

a polymeric materizl (Br.Pd.CGFs)n (1r08).

Co-condensation of neodymium or yttrium with carbon monoxide in .argon
gives rise to a range of carbonyl complexses. In the case of neodymium,
analysis of the CO stretching bands of samples and the effecks of
annsaling lends to the assignments of many bands to carbonyls of high

symmetry, up to and including octahedral Nd(CG)ﬁ (109). The species

pdca, pd(cu)2 (linear), Pd(cn)3 (trigonal planar) and Pd(CU)é (tetrahedral)
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12,26, _ 12,18

have been characterised-in inert gas matrices using CT 0

"mixtures to place thg assignments beyond doubt. The metal-carbon force
~constant in Pd(CD)4 is estimated at 82 Nm-l (for Ni(cu)4,>the corres-

ponding value is 180 Nm'}) (110). Ssimilar results have been found

) 16 13 - .
for the Dt-lzc g - ‘JCIEU system either on its own or in an argon host. ,

“The CO force constant falls surpéisingly slouly from Pt(CU)4 to PtcCOo,
compared with either the pailadium or the nickel series (111). - The
- co-depesition ‘of Ni and CS in argon-is said to give’Ni(CS)a, detected
by its mass spectrum (112).

Co-condensation of nickel atoms, N,, and CO gives a range of

2
species Ni(Nz)ﬁ(CD)4-m (m =1 - 3). The ir spectra are interpreted,

by comparison among each other and with those of species Ni(CU)x, as
showing that N2 is at once a poorer o-donor and a poorer w-acceptor

than €0 (113). Co-deposition of nickel with isotopically labelled

B . 1
N2 leads to the observation of two lines corresponding to'Nil4N 5N

and N115N14N in the N-N stretching region; this confirms that the

dinitrogen is bound end-on, not side-on (114). Indeed, co-condensation
gives all of the species Ni(Nz)x (x =1 - 4) and Dd(Nz)y (y=1-3).
Ni(N2)4 is tefrahedrai in argon, but the site symmetry seems to hs

lowered to C, in a dinitrogen matrix (115). Species PtN, and Pt(Né)z‘

" have been prepared by similar techniques, together with other, less

well characterised species. There is evidence that platinum atoms

are more mobile in an argon matrix than are N, molecules (116).

2

VIBRATIONAL SPECTRA
An inaex of vibrational spectra of inorganic and organometallic

compounds has begun to appear (117).

The single crystal Raman s3rectrum of hexacarbonylmolybdenum has

besn analysed (118). The spectrum of Fe(CU)5 in argon or in xenon
sﬁoms extfé bands, attributed to a local ch environment. Annealing



2z

reduces the inﬁeﬁsiﬁy of these hands, probably by the formation of -

[

ocal pockets sof hexagonal symmefry or by migration of Fe(€OJ. to- -

sifes Iess distorted from DSH (119). The spectrum of Ni(CG)4 in argon

“*.ir band shous

has been studied under high resolution. The 422 cm
structure dorrespending to the isomer distribution of nickel, thus
confirming the assignment of this band as principally a metal-carbon
bond, while ths NiCO band at 458 c:m-l is structursless (120). AThe
ir and Raman spectra of Cu(CD)éND have been fully investigated using
isotopically labelled CO and NO. A force field was fixed by can-
straining some interaction constants to take the same value as in Ni(CU)é-
Comoared with Ni(CD)a, the metszl-carbon free constant _is greater, asj
is the value of the MC,CO interaction constant, while the CO farce
constant is less.” All tﬁese results indicate more metal-CO w-bonding
in the cobalt compound. The MN,NO intefaction constant is very small,
a result that indicates competition between o and 4 interaction effects
(121). -

A full treatment has appeared (122) of the vibrational spectrum
of Nn(CU)SBr, slightly modifying earlier preliminary ;eéulté (123).
The energy Tactored carhonyl stratching field for octzhedral species
cis—N(CD)aL2 contains five parameters to be fixed from four frequenciss.
An iterative procedure has been described that apparently splves this
impossible task, presumable by converging on one within the fairly small
range of possible solutions, and a new recipe proposed ébr disantanglingA
g - and T-infiuences of ligand (124). Absolute intensities have been
determined for all the ir-active bands of the Group VI hexacarbonyls,
Dipole moment derivatives have been fouﬁd, and interpreted in terms of
a set of feffective charges? on the various atoms; unfqrthnatel&, the
results are amb;guous since the relative phases of the various oscilla-

€ions are not knoun {1z5j. The treatment has been further extended
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to Ni(Cquiand to Co(CG)é_. A moving charge dipole model places

positive eharge on carbon an& négatiue charges on the metal in all these
;césaé (126). The ir intensities of a range of complexes of the type
1§;§;M(CU)4L2 have been measured, using analytic functions to deconvolute
‘overlappipg bands. The results are then further analysed in terms of
—the fuéce f;elq of ref. (124) ; the conclusion, which can only be as
7 trustworthy as that analysis, is that orbital following in the M-L honds
ié required to _sxplain otherwise anomalously high intensities in the
highest frequency band (127).

The spectra of the anions ((UC)SNn—N(CU)s)- (M < cr, Mo, W)
hauaEbeen analysed in some detail but ignoring interactions across the
metal-metal bond. The metal-metal force constant increases from Mn-cz”~
to Mn-W~ to Mn-Re. If the pseudo-diztomic approximation is to be used-
this is best done by taking the M(CO)(axial) unit as the pseudo-atom
(128). "~ The carbonyl region spectra of (UC)SMn-Co(CD)4 (129), (130)
and (UC)SRe—CQ(CU)4 (129) have been analysed, using the local symmetry
appfoximation for each half of the molecule. For the Tormsr compound

- at least, it is necessary to go Turther and consider coupling of local

a, and e modes on differsnt (ﬂCU)n fragments; in particular such

1
coupling accounts for the existences of only one very strong ir-active
E mode (130). The spectrum of TcCu(CD)g has been reported and
assigned by analogy (131). The effect of isotopic labelling on

the spectrum of CDS(CU)4(SNB)5 has Eeen investigated. it is

Pound that bridge-termiqal interactions ars tao small for labelling
of one typs of carbonyl to cause any detectable shift in the spactrum
6? therather (132). A range of speciss of type (arena)Ca4(CD)9 (viz)
héve bsen prepared and their infrared spectra analysed. Since
Eridge-terminal coupling may safely be neglected, the observation of
two 1330 bands suffices to make the problem determinate. The three

different kinds of interaction parameter linking CO groups dn different



(V1)

metal atoms are all different and non-negligibls (133). The binary
combination regions of the spectra of spacies Hg(Co(CU)SL)2 are too

rich for the selection rules of the D molecular point-group, and

3d
it seems passible that a proportion of molescules are in a D3h config-
uration (or indeed, the reviewer would suggest, an intermediate D3
configuration) at any one time (134). The infrared spectrum of

shows the existence of both trans and gauche forms,

3)2

the latter being favoured by polar solvents. A more surprising

(CSHSMQ(CD)

finding is that in acetone at-low temperatures. the two different
conformers give differsnt nmr signals; the relatively high
coalascence temperature (3000) implies that barriers to rotation
around crowded metal-metal bonds cannot be presumed negligible (135).
The complex (NNN)Fe(ED)z.EDEH3 (NNN = tri-l-pyrazolylborato) shous
four terminal metzl carbonyl and two acyl carbonyl bands: thus two
of the possible isomers (VIII a, b, c) are present in solution,
including presumably VIIis which is the form found in the solid.
Interconversion, howsver, appears fast since there is only one methyl

proton nmr signal (136). o )
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13c0 and C IBO modes of isotopically labelled CsHsmn(CU)3 and related

species CSHSNn(CU)2L, have bsen reported. One notable case is that
of CSHSMn(CD)zcs, in which the CO groups may be exchanged but the CS
group remains attached (137). There is infrared evidence for the
reversible formation of the speciss Pt(CU)3PPh3 and Pd(CU)3PPh3 from
F’t3(CU)3(F’F’h3)4, Pd3(CU)3(PPh3)3 or Iil‘l:((fll.'])z(F’F‘hs)2 at room temperature
in p-xylene under 350-550 atm. CO0; but no evidence for tha simple
tetracarbonyls could be cbtained (138). A further high-pressure
equilibrium followed by the same technique is that between (Rh(CU)ZX)2
+ CO and Rh(CU)SX (139).

. There is evidence, from the number of w(C0) bands in solution,
for conformational isomerism based on rotaticq round the metal-sulphur
bond of species CsHsﬂn(CG)ZSRZ; the 1300 satellites of both conformers
are obser&ed and assigned (140). Rather more surprisingly, species of
the type r-C H4XCO(CD)2PR3 (R = OPh, DOMe, Ph; X = H, 1l-Me, 2-Me,

3
2-C1) show anomalausly rich carbonyl spectra, attributed to restricted
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rotation azround the phosphorus-carbon or phosphorus-oxygen bonds (141);

conformational isomerism arcund cobéit—ligand bonds does not explain

the effects of change of phosphine on the spectra. The intensities -

of the CO stretching modes of the correspending species 17-E3H4XEO(CU)3

have been measured, and used to estimate the CMC angles. These imply

that.-the steric requirements of a w-allyl group are intermediate

between thaose aof NO (in'Co(CU)SNU) and butadiene (in CaHﬁFa(CU)S) (142). -
Carbonyl infrared data for the phosphine sulphide and selenide

complexss (UC)SN.SPPh3 and (UL‘)SI'I.SePPPh3 place these ligands in betwsen

amines and triphenyl-phosphine in net apparent acceptor character (143).

The ligands CFzPH, and (CFS)ZPH readiiy replace one ar two CO groups

from Ni(CD)4, and one CO group from Cu(C0)3ND; ir data an the praducts

show the ligands to resemble each other, and P(CF3)3, more closely

than PH_ (144). A most useful extension-of the carbonyl frequency

probe method is exemplified by the species CsHsFe(CU)ZCNNX3‘(N = B,

X =H, F, C1, Br, Me; M = AL, Ga, X = Ci, Me). Hera raising qf the

Co frequency ( 1J2 was chosen) measurass the electron pair acceptor

strength of MX;, giving the orders BH, < BF3 < BClz, BC1l., > GaCl, > A1C1

3 3 3 3?
and All‘le3 > ‘BNQS ~ Gamss. It is noteworthy that BH3 is a poarsr

acceptor "than BF, but a far better acid, supporting the view that

3
BF3 requites a greater distortion eneray (145). In species (arene)Cr-
(CU)Z(Naleic anhydride), the CO stretching frequencies, and the stretching’
parameters derived from them, are higher than in (arene)Cr(CD)3. Both
metal andranhydride acyl CO frequency are lowered by electron-donating
substituents an the arene (146).
Further studies, including Raman depolarisation studies, of the

vibrational spectra of species X3I'IC0(C0)4 (X = €1, Br, I3 M= Si, Ge, Sn).

lead (147) to the modification of earlier (148, 149) assignments.

Infrared and oriented film low temperature Raman spectra oF\CéHSCn(L‘.D)3
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give results in general agresment with earlier assignments (150),
_although soms-discrepancies occur bslow 700 c:m_l (151), The
iscelectronic species CsHSFB(CU)zmu, and its perdeutsriated dserivative,
have beesn examined in.liquid and solid phases, and the spectra assigned
" in the point-group Cs, using single crystal Raman spectra as an aid to
assignment (152). The spectrum of CSHSMn(CG)3 has besn re-examined
(153), and the longstanding literature assignment (154) proved incorrect.
There are too many bands for it to be said that the ring shows five-fold
symmetry (in contrast to the spectra of (CSHS)ZRU and (CSH5)2Fe, in
which the sslsction rules for CSV do apply). In particular, the e,
bands become infrared-active and e, and 8, both partly polarised in

the Raman spectrum, as is possible in Cs, although the splitting of

the ®doubly degsnerats! bands is not in general resolved. The Nn(CL‘l)3
fragment can, however, be treated as if of effective Cau symmetry, and
the new assignments correlate well with those for the metal carbonyl
fragment in CGHGCr(CU)3 (155). The spectrum of CSHSM(CU)3CH3 has

been reported and assigned (156). The 2 (CO) spectra have been
examined of copper(I)-zeolite-carbon monoxide complexes. Coordinated
CO absorbs at 2160 cm_l, which shifts to 2080 on addition of ammonia.
This is taken to indicate migration of Cu(I) from smaller cages into
supercages on coordination of ammonia. In the presence of ethylenediamine,
frequencies at 2090 and 1916 ‘::m-l occur and are attributed to terminal
and bridging CO respectively (157).

The pre-resonance Raman spectra of azide complexes and of
pentacarbonyls of type M(CG)SL have been studied. Pre-resonance
enhancement is most marked in the M-N(azide) and M-C(carbonyl) regions
(158). Rescnance Raman spectroscopy leads to an assignment of the
visible spectrum of the bridged acetylene complex Fe2(CU)4(t-Bu282)2 (IX).

The high iron-iron frequency of 284 cm°l supports the formulation of.tha
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\/‘C\/
/‘\Dl/\

(IX)

complex as containing an iron-iron double bond, but irradiating at 528 nm
praoduces only pre~-resanance enhancement of this frequency. True resanance
is induced in the 531 cm—lband, which is thought to be dus to a2 metal-
alkyne stretch., Thus the visible band is assigned as iron to alkyne
charge transfer, and transitions involving the iron-iron bond are located
at higher frequency (159).

The spectra of species CgHgTiXo, (CSHS)ZNX2 (M=Ti, Zr, HP) (X= Me, Hal)

have been examined from 600 cm -t to 50 cm_l; the use of methyl complexes

eliminates some problems due to band cverlap. The metal-ring stretech in
CSHSTLCI is at 311 cm-l and the 430 t:m-'l band assigned to this mode by
earlier workers (168) is in fact due to a degenerate ring tilt (161).
Torsional frequency has been calculzated as a function of barrier height

for (C5H Fe and (C6H6)2Cr' Earlier estimates appear to be far too

5)2
low for the accepted frequencies (162). In the infrared spectra of
crystalline films of ferrocene, ruthenocens and osmocene, 'forbidden? -

bands occur and e modes show site group splittinge. Factor

10’ S2u
group splitting is apparent in the low temperature spectrum of

ferrocene, and appears more caonsistent with Cl site symmetry than with
C2 (163). In an independent s@udy, the librational modes of ferrocens

and fsrrocene-d were discussed, but assignment of this part of ths

10
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lou;temperatﬁre sFectrum was regarded as not possibles until the louw
‘temperature crystal structure is known (164). _Assignments in other
pérté of the spsctrum proved more tractable and accepted assignments

wers modified in soma cases - in particular, the ring-metal-ring
deformation was re-assigned from 166 to 179 cm-% (165), a value confirmed
in other recent work, in which Raman spasctra of ruthenocene and

Perrocene were compared doun to 80K (166). The infrared and Raman
. spectra of species (C,Hg) Ni, (C5Hg),Pds (CH,CMeCH,),Ni, (CH.).Rh and
(CSHS)SIr have been assigned, assuming effectively non-interacting ligands

of Cs symmetry. The skeletal modes are assigned in C foer the complexes

2y

of type (all)zm, and C, for the species (a11)3m (167). The polarised

3v
infrared spectra of oriented films of CEHENiNU and CSDENiNU have been
measured down to 100K. The solid state splitting indicates at léast
four molscules on C, sites in a D2h cell (168).

In complexas of type L2Pd(maleic anhydride), where L is a phos-
phorus ligand, a more basic L causes the acyl €O frequency to shift
to lower frequencies, but causes a downfisld shift in the maleic
anhydride proton signal (169). In complexes of the type
trans-PtCl(CUR)(Pth)z, the platinum-chlorine frequency is in ths
rangg 254-272 cm_l, showing the acyl group has a pronounced trans
influence (170). From the vibrational spectra of ths spacies
.(csnsptuz)z, (csﬂapterz)z, and their palladium analogues
(CSHB = cyclopentene), it is concluded that platinum is acting as a
better w-donor but a poorer ¢-acceptor than palladium (17i). Raman,
infrared, and proton nmr spectra have heen presented for a range of
Fomplaxas of typs MBAUPR3 and MeSAuPRS. The vibrational spgctra were
’anaiysed using the Urey-Bradlsy force field modified by the inclusiocn
of somé_interaction constants. There is mixing of HCH and AuP modes.r

In meAqueé, there is a large negative interaction constant, i.s.
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stretching the gold-phosphorus bond increases the equilibrium carbaon-
gold bondlength. In mezAque3, the two mutually trans methyl groups
show a lower C-Au force constant than that for the group tranms to

phosphorus, and are linked by a positive interaction constant (172).

NMR SPECTRA: STATIC SYSTEMS

Nmr spectra of cyclopentadienyl compounds have been reviewed (173).
The chiral complsx (CSHS)(C9H7)T1(61) SCHMe, shows diastereotopic methyl
proton resonances; indeed the conformation at titanium is stable encugh
for diastereomsrs to bs separable by fractional crystallisation (174).
Relatedly, proton nmr shows magnetic nan-squivalence of phasphins msthyl
groups in {X), and of ring methyl groups in (XI) (175). Nmr spectroscopy
shows that the acyls CSHSMD(PMQZPh)(CU)Z.CUR exist exclusively as trans
isomers, in contrast to the alkyl analogues which exist as a mixture

of cis and trans isomers (176). Steric effects on ring orientation

CH3
@ CO, Me @ CHs
Cr Cr
\ ~ / \
OC/ \ PMe,Ph oc \ P(OEt),
cs cs
(X) (X1)

have been studiad in w-indenyl complexes of molyhbdenum and tungsten,
using the magnetic anisotropy of the a-indenyl group as an aid to
structural assignment (177). Previous reports (178) that in
CSHSM(CU)3H the hydride ligand is effectively pseudo-axial

are not supported by a closer aﬁalysis of the nematic phase proton nmr

Referencesp. 3904
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~spectrum (179). The nematic phase spectrum of the clustsr complex

HSRus(CD)SCCH implies a structure (XII) in which the three hydrides

3
are in a plane beneath the three metal atoms (180).

The pro?on nmr spectra of Perrocenylcafﬁénium ions suggest that
the fulvene ligands are distorted from plaparity (181) (compare (199),
below). - Howsver, ths long rénga proton couplings in the spectrum of
tricérhanylirun dienes suggest a planar structure, consistent with
the Pormulation (XIIIa); a large contribution from structures of
type (XI1Ib) would impose non-planarity on the g-bonded ligand carbohn
atoms (182). In equilibrium studies on ferrocenylcyclohexanes sub-
stituted at position 4, nmr spectra are usad to distinguish isomerse.
Chromatographic analysis then shows that the ferrocenyl substituent

has about as much influence on conformaticnal thermodynamics as does

phenyl (183).

CHs

N

(OC)yRu Ru(CO),
H/
H ‘//,//’H
Ru
(CO)4
(X1I)
CO)~-
(co), (€
(a). . 7 (b)

(XTI



Norbornenyl complexss of type (XIV) have been investigated by
proton and carbon-13 nmr spectroscopy. The results indicate
distortion, relative to norbornenss, towards a homo~allylic system,

with a high degree of carbon p character in the metal-carbon <'-bond

(184). In the complex (XV), the proton signals of H(6), H(6') accur .

at ¥ = -2, over 4 ppm dounfield from the corresponding resonances in

333

biphenyls; this effect is attributed to very short, formally non-bonding,

hydrogen-nickel approachss (185). 1t has been shown for a range of
cationic copper(I)-olsfin complexes that chemical shifts on 7
complexation are related to ligand denticity and coordination (186).
220 MMHz nmr has been used to show nucleophilic-addition of amines to
olefins coordinated to platinum. Bonding occurs at the Q-position,

and the reaction is restricted to unhindered secondary amines of

PEt3

Y Cl——Ni
He' _PEt,
™~ © NiZ—Cl
M _—
PEt,
M = Pd (D, Pt(I)
(XD (XY)
7
l Me
N N\ l F F
N r‘\l/l F F .
s S~"
HB™ Nt
T
(XV1)
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highrbas;city (187). .The proton nmr spectra of w-allylpalladium
complexes have besn sxamined under improved rasuluﬁion. It is found,
for example, that the central hydrogen of (Pd(03H5)1)2~§ives a signal
split into Piftesn components, which must be analysed as part of an
(AB)ZC system (188). The spectrum of g;g:mezpt(Pmes)z is of type
(AR3X9)2, not (AX3)2 {1839).
The platinum-fluorine and platinum-vinyl hydrogen coupling

constants in complexss of the type (trans-(Pmezph)2ﬁt(L).C(CFB):CHUme)+
(whers L is a neutral ligand), and ik the corresponding nsutral speciss
in which L has been replaced by an anionic ligand, correlate with the
platinum-hydrogen coupling constants in the related methyls. Thess
"results may be explained if the variation in coupling constant is
attributable in all these cases to changes in the degres of platinum
6s-character in the platinum~carbon bond (190). The hydrogen-fluorine
caupling in complexes such as (XVI) is thought to take place by a
through-space mechanism, and in (XVI) both methyl and H show 1:2:1
triplet structure due to coupling to two fluorine nuclei (191). Other
claims for through-space coupling have proved less convincing. it

had been argued (192) that the ring proton-ligand phosphorus coupling

in complexes trans-CSHSU(CD)ZPR3X was of this type, since the ring

carbon-1ligand phosphorus coupling is near zero. However, the former
coupling would always be positiue, while the latter depends in
magnitude and sign on the hybridisation at phosphorus; thus the low
vaiue of the latter does not in fact imply that through-bond intsr-~
actions in such a system are negligible (193). It may be relevant
that methyl proton to phosphorus coupling, in platinum(II) methyl
complexes with phosphorus ligands, is positive when phosphorus and
methyl are mutually cis but negative when they are trans, while the

phosphorus to methyl carbon coupling is negative in 211 cases (194).
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Iin U(CU)SPNB Ph, and by implication in tungsten carbonyl phosphins

2
complexes ganarally,rthe phosphorus-tungsten coupling constant is
positive, consistent with dominance by the s-overlap term (195). The
cmr (carbon-13 nmr) spectra of series of complexes of typs I'I(CD)G_nLn
have been reported (M = Cr, Mo, W5 n = 1,2). The chemical shift

of CO depends on the donor capacity of L, and cis and trans groups can
he distinguished. The phosphorus-carbon coupling varies with the
nature of phosphine ligand in the same way as does the phosphorus-~
phosphorus coupling, and a comman dependence on shared metal s-density
is suggested. There is a general correlation batween £0 stretching
constant and carbonyl carbon-13 chemical shift (196), confirmsd by an-
independent study of the metal hexacarbonyls, species w(CU)G-nLn, and

norbornadiene and arene Group VI metal carbonyl complexes; the

correlation does not, however, sxtend to the rather differsnt species

Cr(CO),

(XVT11)

<4

l \ ++ Pt Pt

Pt
(a) (b) . (c)

(XVIIT)
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CSHSM(ED)SNB (197). The complex (XVII) shous a separate signal for
each r?ng carbon atom, while the cmr spsctrum of C3H5F3(CU)31 gives
eyidénce for two geometrical isamers, but CBHBM(CD)3 isi?aund to be
fluxional (19?).A The cmr spectra of ferroccenylearbonium ions
C5H5F985H4CHR+ (R = H, Me, Ph), énd of their parent alcochols, have
been examined, and it is‘concluded that the formal positive charge

is delocalised over both rings (199) (compare (181) above). In
para-substituted styrene camplexes of platinim, the chemical shifts

of £(1) and C€(2) correlate with substituent a}*’,shuwing a significant
contribution Prom structures (XVIII b,c) (20G). The low Pield
pcsition of -the carbene carbon signal in complexes

(uc)sm:c(x)R (M=cCr, W3 X= NH,, OR; R = Me, Ph etc), and the
strong interactions with X and with phenyl, are in accord with the
view of carbene carbon as a *stabilised carbonium iont. Changing

the solvant from chleoroform to THF causes a 6=-7 ppm upfield shift,
attributed to donation from THF oxygen lone pair te carbene carbon.
More electron-donating carbenes shift the gcigs CO group to lower fields
the trans CO group is also affected but less markedly (201). The

cmr spectra of carbene complexes of the type cis and trans
mxz(PRS)rﬁWR (M = Pd, Pt), of Fe(cu)4m@n, and of
g;E-Cr(co)4(c(sme)2)2 have been reported. In the palladium and platinum
camplexes, the carbene carbon is dashieldad as the trans-influence

of the trans ligand increases (202). Rhodium-carbon coupling constants
have pbeen determined for a range of oclefinic aﬁd cyclopentadienyl
carbonyls. These constants are always smaller than those between
rhedium and carbonyl or olefin carban (203). The lsc shielding

and carbon-platinum coupling constants in complexgs of type

L¥) have been discussed

trans—(MePt(Asme,) L), trans-(MePt(PMe

3)2 3)2

using the rehybridisation theory of nmr trans-—influence (204). The




changes in cmr spectrum of alkeness and arenes occurring on coordination
to Ag(I) have been discussed (205). Cmr of coordinated CO showed the
presence of three distinct types of Fe(II) in rabbits' blood; this
is attributed to heterogeneity of blood proteins rather than to the
existence o% different sites on identical molecules (206).

From lgF nmr shifts in a range of complexes, including
jggggr(Pmezph)zpt(SiPh3)(m— ar p-C6H4F), it is concluded that SiPhg
is a good o°~donor and alsoc a good i-acceptor (207). The method
has also been applied to a rangs of spsciss of ths type

m— or p—c6H4F.CH2m (m = CsHsFe(CU)z, Mn(CD)S, Mn(co)apphz, CSHSNO(CD)z,

CD(CU)SPPh3, Co(III)(dmgH)zL, Rh(III)(dmgH)ZL) and to cis-(p-c6H4F.CH2)2

Pt(PEtS)Z. The transition metals in general appear to be good
hypercon jugative donors, though Co(III) is least good and comparable
to organic aroups only (208). Species

Ir(Cst)(CU)(PPhS)ZXY (XY = g €1,, Br,, HC1, HBr), prepared

by oxidative addition reactions, show five separate fluorine
rasonances, due apparently to restricted rotation of the CGFS

ring (209). The SSnn spectra have been obtained of a range of
species of the type Xzﬂﬂn(CD)5 (X = c1, CeFge CgHgs M = Ge, Sn, Pb).
The large range of chemical shifts is attributed teo an increass of
>*-donor =2bility along the series GeCl., SnCl;, Sn(CGFS)S’ Si(CﬁFs)S,
Pbth,_Geth, SiPh3. tine width is attributed to quadrupole
splitting and is related to partial gquadrupole splittings in Fe(II)
Mossbauer spectroscopy. This implies a positive electric field

gradient (210), in conflict with the results of calculations (211).

NMR SPECTRA: DYNAMIC SYSTEMS (see alsc refs. (135, 136) above)
The rearrangements of non-rigid tris-chelate complexes have
been treated (212) according to the Longuet-Higgins group theory

of non-rigid moleculaes (213). Rapid intramolecular rearfangements
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© fop S-coordinate transition ﬁetal complexes have bsen reviswed (214).

In'fﬁa-protqn‘nmr spectrarof solid ferrocene_deriuaéiues, 1ina shapes

B

‘provide evidence for ring reorientation.motions (215).

" The speciesrc,zHaCr(Cf;l)3 (C,;H8 =7;§c;oheptatriene) shows only
one ;300 éignal/a£ room temperature, but this splits in ths expected
2:1 intensity ratio ?A cooling (216). in the cmr spectrum of
_(05H5)2Rh2(cu)3, known to have the structure XIX, the bridge and
termina; CO signals havs peep unequivocally assignsd a? low tempera-
ture both by relative intensity data in the pressnce of the relaxation
zgent Cr(acac)a, and by the splitting of the bridging CO signal into
a triplat‘thraugh coupling to two equivalsent metal atoms; it is then

possible to follow the interconversion of bridgs and terminal CO

oc\nh_/—i—\th/CsHs
AN

HsCs co

XIx)

betwsen -60°C and 20°C (217). Cmr data have besn presented for the
isoelectronic species (CsH5)2Cr2(NU)4, (c5H5)2mn2(CD)2(ND)2’ and
(C5H5)2F92(CU)4, and thes crystal structure of the manganese complex
reported. On average, this is centrosymmetric, with discrder of NO
and CO over terminal and bridging sites. The trans-cis ratio, and
the activation energies for gig-trans interconversion and for
bri?ge-terminél interchange, Pall from Cr to fMn to Fe (218). Ther
proton and carbon nmr data for (CSHS)ZFGZ(CdL » and for
(CSHS)ZFBZ(CD}Z(CNNQ)2, have bsen re-interpreted. A1l the data
éan be fitted to two assuﬁpt;ons, namaiy that bridges open and clase

only in pairs and that the rotational barriers in unbridged isomers.



are important. The idea‘af 1:1 bridge-terminal interchange is

- 552592
(219J. The idea of a significant rotational barrier is also invoked

unnecessary, and incompatible with the data for (C_H_) Fe (Cﬂ)z(CNﬂe)2

to explain results for‘csusﬁo(cn)3.mo(cn)2(c5H5) (Chme), which exists
in solution as a mixture of non-bridged isomers and dsgenerats
permutamers, all scrambled by unimolecular processes at room
temperaturae. An important feature is rapid exchange of the isonitrils
ligand between the two ends of the molecule, and doubly bridged species
are suggested as intermsdiates. The solid, like (05H5)2N02(CG)5
itself, exists in the solid as the Egggg rotamer only (220).

The temperature variable cmr spectrum of Rh4(30)12 has been
studied in 13CD-enriched samples, The structure in solution is the
same as that in the solid, and collapse of the different signals
towards the single peak of the high;temparature limit is uniform at
all sites (221). The spectra of speciss (CSHS)SRhS(GO)(RGCR)' shown
to have the structure XX in the solid, show temperature dependencs,
averaging of (CSHSRh) fragments occurring below room tsmperaturs

for R = CEHS’ but only above room temperature for R = CoF g (222).

R R
'
Rh
GsHs

Rh Rh

\\\\\\ /////’ \\\
CgHg 8 CHs

(XX)

The proton spsctrum of H2Ru3(CU)gC8H12 shows two distinct

fluxional processes, one for interconversion of the hydrides and

ong for a conformational equilibrium in the ligand such as

(XXIa = XXIb) (223).
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M‘ﬁ M= RU(CO)3 , Os (CO)3
| 2=
\ .

. M :
;4—””’/”

{a) (b)
{(XXT)

Fluxionality in.metal phosphine hydrides has attracted
attenion. Thus the species ReHS(dppe)2 and ReHz(dpae)2
(dppe is PhéPCHZCHZPPhZ;rdpae is PhZAsCHZCHZAsth) show low
temparature hydride spectra fitting A82X4 and A82 patterns
respectively. This is consistent with two of the hydrides being
in mirror—imaged»positions while the third is unique. In

ReHs(dppe)(PPh the hydride signal is a triplet of tripletss;

3)2
thus three squivalent hydride nuclei are coupled to two distinct
pairs of phospherus atoms (224).7 The B-coordinate species
ReHs(PthEt)3 and ReHé(AsthEt)3 have alsc been investigated. In
the arsine.complex, the low temperature limit consists of four
lines mifh intengity ratio 1:2:1:1; thus only two of the hydrides
ars equivalent. If we label the system as HaHszcHd (moving
upfisld), then between -100°C and 30°C one can distinguish merging
of 1 and Hd, merging H® and H®, and finally general merging (225).
Stereochemical non-rigidity has bsen examined in iron and ruthenium 3
phosphine hydrides of the types H,ML,CO and H,ML,. Hydride f?
migration is describable as a jump between faces of an NL4
near—tetrahedran. The barriers to this process appear insensitive

ta the steric or eléctronibveffapts of L but are higher for ruthenium . A;

than for iron (226). - The unsaturated phosphine and arsine chelates




g I TS
(b)

(o-CgH,(EPh,).C HIM(CO), (E = P, As; M = Mo, W) exist in two isomeric
forms, presumably XXIIa and XXIIb, but the solution nmr spectrum

shows only a time~averaged signal at room temperature (227). The
compounds XXIII show a slightly different kind of time-avsraging,

in which the palladium atom confers an average plane of symmetry

by moving from one double bond of the ring to the other (228).
Fluxionality due to rotation of an acetylenic ligand has heen
reparted for complexes of type (XXIV) (229), while rotation of the

vinyl fluoride ligands in C Rh(CHZ:CHF)2 gives riss to all six

s's
isomers (XXV); rotation is less facile than in CgH 5Rh(c )2,
but is fast enaugh to cause time-averaging above room tempsratura
(230). Spin-lattice relaxation in the protons of solid CJ.Ir([32H4)4
batwesn 77K and room temperature is largely due to interactions on
different ligands, and is ascribed to a relatively facile 18g°
rotation of coordinated ethylene around its band to metal (231).
Dimerisation and ligand interchange,have been studied by proton
nmr in the complex C.H-Pt(hfac) (hfac = CF.CO.CH.COCF.). The
signal from the non—-equivalent protons in the dimsr is temperature
dependent, and the phenomenon is attributed to the interchangs of
degensrate isomers XXVI(a),(b) (232). ((CH)B)ZTi, knoun to

A

contain h8 and h cyclooctadiené rings, shows fluxiaonal intra-

molecutar interchange of Iigands {233). Ths matsrial XRVII,

F.eferenceAsg. 394
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]
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-
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] ol C L

F
(XXY)
<P T
(nfac)PTt Pt(hfac) (hfac)Pt - Pi(hfac)
\) <t/
(a) (b)
(XXV1)

prepared by reaction of cycloheptatriene with RUS(CO)IZ’ contains

T a flux;bnal C7H7 group, mobils to -100°c, and the same is true of -



oc— R —co

7 N

(OC),RU

~o P
~ -
>~ -7
~,
~

(XXVTIT)

(@R =H
( C )R = CH3

(d) R = CgFs

(XXIX)

Ru( CO)2

\ [| + Festco

]

Xl = (a) —CH,—
(b) —CH,CH,—
(¢c) —CH——CH—
~
CHa
(d) —CH——CH—
/
cHC
() —CH—CH—

CHy—CHy
(XXX)

the materials XXVIIl, formed from XXVII by reaction with iodine,

€c1l, or CBr4 (234).

in complexes of bridging C,H, may bes widespread.
77

There is reason to think that such behaviour

Reaction ué

(Ru(CU)asiﬂez)2 with substituted cycloheptatrienes gives species

References p. 394 _
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XXIX. In %XI1X(a), derived from cycloheptatriene itself, the
organic ;ing is mobile down to —QOOC,-uhile in the phgnyl derivative
kuXb, the spectrum betwssn -50°C and +60°C is highly temperature—
dependent (235). The emr (ring and carbonyl) spécéra of the five
Faz(cn)s(triane) complexes XXX(a)-(e) have been examined. 1In all
cases the organic ligand appears to possess a mirror planes at
high temperature; this may be real, or due to time-averaging.
The carbonyl- ligands give twe distinct signals for XxX(a),(c),
but one signal only for the others. This indicates fluxional
behaviour of the carbonyls, which may contribute to time-
averaging in the organic ligand. In the species XXX(b),(e),
at least two separate processes are involved, -and these may
represent separate fluxional behavicus of ring and CO groups (236).
The low temperature limiting spectrum of XXX(e) is consistent with
the instantanecus structure XXXI, found crystallographically in
the solid (237).

“"Cobalt phosphite methyls CH3C0(P(UR)3)4 do not shouw
low-temperature limiting spectra even at ~160%, but Hg(Co(P(DMe)S)a)Z

31

is fluxional, showing AB3 > A4 behaviour in the P spectrum.

CDZ(P(GNB) is more sterically encumbered, and is rigid up to

3)8

100°c.  The w-allyls C_H_Co(P(OMe) and (CH3.CH.CH.CH2)C0(P(DMe)

35 33 33
do not show syn—-anti scrambling within the «-allyl ligands, but

do show high temperaturs squivalence of the phosphorus atoms with

low tempsrature limiting spectra freszing out between -90°¢ and
-130% to A82 and ABC patterns; the suqgested mechanism is rotation
of the allyl ligand. The w-benzyl complexes show equivalence of

the two ortha (and of the two meta) carbon atoms sven at —1300,

indicating that the exchangs XXXII(a) = (b) is fast (238). 1In

CH3CD(PF3)4, the methyl proton signal is a quintet, indicating



(OC)3FG Fe(CO)3 :

(ZXX1)

M [i%%::] ﬂ::{fijTA
A

(XXX11)

scrambling of all the PF3 ligands, while the fluorine signal is

a doublst of quartets, as required for an (A3X)4 system with small

AA' or XX' coupling. Incidentally, the methyl proton signal at

71 8.9 indicates a low degree of polarity in the carbon-cobalt

bond (239). The camplexes CSHSN(CU)LZX (M = Ma, W; L = phasphine

ligand) shouw temperature-variable nmr spectra; possible
processes are (a) rastricted rotation around metal-ligand bonds
or (b) cis-trans isomerisation at the metal. The latter
explanation is preferred because of effects on ring (as wsll as
ligand) proton signals, but difficulties then remain in explain-
ing the influence of ligand size on rate of averaging (240).
Comparison of diastereotopic behaviour in systems PhSP-CHz— and
ph3nNi(c5H5)

the non-equivalence of the methylene protons is dus to incipient

—EHZ— suggest that in the latter, as in the former,

chirality, caused by propeller-like packing of the aromatic rinés
attached to phosphorus (241).
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In the speé;es tcSHS)ZUR’ an éllyl group R is_ponohapfo
but fluxional, while an isopropyl group R shous restricted
-roéatién‘éround the U-R bond. The.nﬁf'spectrum—of the R group
shous:large contact shifts, gith negétiue spin density on the
carbon atom bonded to metal (242). The spectra of the complexes

(acac)Ni(PPh,) fMe and (acac)Ni(PPhs)Et (acac = acetylacetonato)

32
are étrongly dapandaﬁt on solvent. At room temperature in both
complsxses, the acac methyl groups are nun—equivélent in benzene
but equivalent in pyridine: this equivalence is frozen out in
the ethyl complex below -36%. The ethyl group of this complex
gives rise to a single proton signal in benzene,acetone, THF or
toluene down to —100°C, suggesting very rapid, reversible
Q—elimination; this process is suppressed by such strongly

donating solvents as pyridine or tristhylamine, in which the

ethyl group gives rise to a normal A2X3 pattern (243):

ESR AND MAGNETIC STUDIES

The paramagnetism of solid vanadium hexacarbonyl has been
studied from 4.2 toc 300 K. Abova 66 K, the molecules are
cctahedral but the 2T2g ground state is strongly ‘coupled to the
nuclear motions. Below 66 K, an axial Aistnrtinn appears, as
does magnetic pair exchange (244). The esr spectra in dilute
glasses have been obtained for a range of complexes of ths type
(CSHS)ZUXZ and (C5H5)2Nbx27 (X = €1, SCN, GOCN, CN). 1In most
cases the odd electron is in a non-bonding d(zz) orbital with
soms d(xz-yz) character, but in the cyanide complexes there is
delocalisation into ligand atom p-orbitals (245). The esr and
nmr spesctra of (cSHS)Cr(cﬁHﬁ) and ((C5H5)Cr(C7H7))+ have besn

- examined; the results are similar to those for the isoslectronic



spacies (E:rfﬁsﬁﬁ}z}é- (246}. The diamagnetic compisx {ssﬁs75r€s.éﬁ77 =
can be reduced iﬁ*dime%hﬁxyafﬁane'ia the corresponding radical :
anion,'the esr spectrum of which suggests that the odd .electron

is occupying a ligand 7 —orbital (247). However, the esr )
spectra of radical anians gensrated in this solueﬁt fram

(cﬁna—csn 4)Nn(CD)3 and iFs methylated derivatives indiqate_
considerable spin density at the metal (248).; Radical anions can
also be generated by reduction of the cluster chéounds RCC03(CU)9;
in this case the extra electron is delocalised over the Vth:.;ee o
equivalent cobalt atoms (249). Esr has beén used to investigate
the sffect of Co gamma-irradiation on the complex (CGHB)FG(CD)ZPPh3
(CGHB = cyclchexadiene) under various conditions. Either in
2-methyltetrahydrofuran glass‘(in which irradiation generatss
solvated electrons) or on its own, the complex gives riss to a
radical anion, in which the extra electron seems to be in an

iron d-orbital. Irradiation in butyl chloride followed by
annealing gives a different product, formed by addition of a

butyl radical to the diene (250).
Fe Fe
OO

L _J

(XXXTI)

The biferroccenylene dication (XXXIII; n = 2, X = nothing)

has been reported as diamagnetic with two different anions by
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two different groups of workers (251, 252); howsver salts
of the diferrodenyimethane dication show intermdlecular but

-no intramolecular exchengs (252). - o .

MOSSBAUER SPECTRA (ses also (67) above)
- ‘mgssbauér épeétroscopy has been widsely used in the

investigation of exchange phenomena in oxidised or partly
iuxidisad species containing Ewu %arrocenyl or ferrocenylene
fragments. » For a;émpie, (PhCUEsﬂé)zFe and the diferrocenylmethans
monocaticn’ (as fluorcborate) give very similar spectra, showing

the iron atoms to be equiuaient an the relgvant time scale in

the lattsrrcnmp;und; this is in accord with ESCA results cited,

but should be contrasted with magnetic data-(252) for the dication
and also with results (below) for tha biferrocenium monocation.
(CSHS)ZFEBF4 givas a spactrum similar to that of other
ferrocenium salts, although earlier uorkefs had reported it as
anomalous (253). . ‘The biferrocenylens monocation (as picrate)
gives rise ta only ons, split, Mossbauer signal, showing again
that the iron atoms are equivalent; this is in accord with the
magnetic momsnt, which unlike that in the ferrocenium cation
shows quenching of the orbital contribution (254). Egquivalence
in the biferrocenylene cation (this time as tri-iodide) has
been confirmed; but the biferrocenium monocation gives two
separate signals, implying an exchange rate less than lﬂ—ls_l.
Consideration of tha electronic (near ir) spectrum leads to

an over-estimate of the exchangs rate, and p0531619 reasons
for this are discussed (255). The large quadrupale splitting
in thé spectrum of the biferrocenylens dication has been

ascbibed to Fe~Fe interaction. The temperature dependence

of the spectra of the ferrocenophane monocations (XXXIII,



A =1, X = CH,, CHMe) is unusual. At 300K (X = CHMe) there
ars distinct Fe(II) and Fe(III) signals, while at 4.2K thare
are three signals the third of which is asecribed to an averaggd—
valence spscies. For X = CHzf the averaged valence sbecies
is in evidence even at 300K (256).

The room temperature Mossbauer spectra have been cbtained
of seven complexes LFe(CD)4 and fifteen complexes L2Fe(CD)3.
The s-electron density of the nucleus increases with w—acceptor
character of L, a result explainea By synergic enhancement of
¢” —~donor power (257). In substituted iron carbonyls, the
magnitude and sign of the slectric field gradient at the iron
nucleus are markedly affected by substituents, such as
bis(diphenylphosphino)ethane, that destroy the 3-fold symmetry,
but Massbauer spectroscopy is not helpful in giving further
storeochemical details (258). The 57Fe spectra of the
tetracarbonyliron dihalides have been rs-examinsed, giving results
differing from those of earlier work, and the 1291 spectrum of
the di-iodide has also been analysed (259). Partial guadrupole
splittings have been derived from data on series of compounds

of the type Fs(CU)ZL it turns out to be necessary to

2%o3
postulate that the pgs of €O is sensitive to the molscular
environment (260).

The 1195n spectra of series of compounds of the type
RaXbSn(Co(CQ)a)n have been discussed. Tha pqgs af 80(00)4
indicates it to be a poorer donor than either mn(CU)5 or
Csl-lsl:'e((:l.'.!)2 (261). The high isomer shift of iridium in
(PhSP)3Ir(CU)H, as compared with (Ph3P)3Ir(CU)CN, is attributed

to the high o0-donor power of ligand hydride (70). -
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MISCELLANEOUS PHYSICAL PMETHODS
Ion cyclotron resonance has been used to study-reactions
between neutral metal carbonyls and anionic fragments.

Binutlear species praduced in this way include Crz(CU)s— (from

‘Cr(t0)3- and -Cr(C0) ) Crz(qo)a" (from Cr(cn)4‘ and cr(C0).),

faz(cn)s" (fiop Fe(co)d' and Fa(CO)B) and Niz(CD)B—(from Ni(cu)3'
and;Ni(CD)a) (262). Nuclear guadrupole resonance studies on X

in species XSSnMn(CU)S (X = C1, Br, I) have been parformed both

-at room temperaturse and at 77K. The chloride and bromide

appear to have similar crystal structures while the iodide

shows non-equivalence of iodine atoms. The degree of ionic
chara;ter in the Sn-Cl bond in species Xénl’.‘l3 indicates that
mn(co)s aé X is a more electron releasing group than C1,
Co(C0)4, or even, more surprisingly, n-butyl (263). The
microwave spectrum of C4H4F9(C0)3 indicates it to be a symmetric
top, with rotational constants in accord with the molecular
dimensions found by electron diffraction {264). The electrical
conductivity of aryl ethynyl copper(I) compounds is vastly
enhanced by light, especially in the presence of dry air,

which is thought te trap electrens and leave mobile holes

ggmrc(cu)5

behind (265). @ ~decay of, ggmo(CU)6 gives the

radical, which reacts with mn(CD)SI to give ITc(CU)5 (266).
Polarographic oxidation experiments on bridged

biferrocenss add to the information cobtained from the

Mossbauer and ESCA séudies already menticned. Biferrocene

itself, biferrocenylenz, and diferrocenylmethane all undergo

two quasi-reversible one—electrog oxidation steps, while biferrocenss

with ionger bridges show a single irreversibls 2-slectron step (252).

In the one-elsctron oxidation of a range of species of type



m(co) _ L, E% "closely follows the apparent net donor-acceptor

balance far each ligand. This is-taksen to bs-an indirect‘efféct,.—’

since calculations do not éhnw ths mstal d-alectrons- to be intsnsely
delocalised even over such substituents as trimsthylphosphine Dr‘ -
cme{oMe) (267). One elactron and two electron oxidation has been
studied in a range of tricarbonylechromium derivativaes of substituted
benzenes. The half wave potential depends on ths number and nature
of the substituents but not on positional isomsrism, and corrslates

well both with E% for the free ligands and with the ionisation

potentials both of ligands and of their complexes (268). Oxidative

voltammetry has been carried out an a range of complexes of typs
(CSHsm)Z(SR)2 (m = MeNO, FeCO, Co, Ni). One oxidation step is
detected in all cases, a second step being detected for the iraon

and nickel complexes (263%). Complexes of the type((C5H5)2U52CNR2)+
show two reduction waves at a dropping mercury electrode. The
first of these is fully reversible and is assigned to the placing of
an electron in a non-bonding d-arbital on vanadium. The reducedr
spgcies loses an S2CNR2— anion, in the presence of which mercury is

é
oxidised to Hg(I), giving an £cEe process (270):

((CSHS)ZV(IU)SZCNR2)+ + 8 > (CgH),V(III)S,CNR, E
(£ Hg) ,V(ITT)S,CNR, > ((EHg) ,V(ITT)) T+ S, ENR,™ €,
52CNR2‘ + Hg > Hg(I)SZCNR2 + a E
2Hg(I)SZCNR2 - Hg(u)(szcmﬂz)2 + Hg c,

The ferrocenylcarbonium ions (CSHS)FeCSHACRR'+, generated in acid
from their parent alcohols, are reduced at the dropping mercury
elactrode. Controlled potential elscirolysis establishes the
mechanism as slectrodimerisation of free radicals generated in an
initial one-slectron process (271)-. _Diferrocenylmercury shows -an

anodic wave for oxidation to a monocation. Farrocenylmercuric
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-chloride shows tuwo reduction,uaves; the first corresponds to the
formation of ferrocenylmercury(I) with loss of chloride, while the
second gives ferrocene and free mercury. Cymantrylmercuric
chloride shous similar behaviour, as indeed do organomercuric
chlorides in general (272). Mono- and disubstituted cobalt-
icenium salts undergo two successive one-elsctron reduction steps,
in éccord with a sequencs

(RCH,),00" > (RCH,),Co >  (RCH,) Lot

In acid, catalytic polarographic currents are observed; this is as
expected if the anion is first protonated to a species (RCSH4)280H.
This species could then react with excess protons to give dihydrogen
and regenerate the original cation (273).

Vapour pressures and triple points have been measured for the
species (CSHS)SLn (Ln = La-Gd) (274). A calorimetric study of the
reaction of dicobalt octacarbonyl with bromine in carbon tetrachloride
gives a heat of formation of solid Coz(CD)8 of -299 kcal mol-l, and
an estimated average metal—CO dissocigtion energy of 33 kcal mol_l,
intermediate between the accepted values far Fe(CD)5 and Ni(CD)4 (275).
High temperature microcalorimetric studies havs been carried out
for the thermal decomposition, and for the reaction with iodine,
of dibenzenechromium and a range of arenechromium tricarbonyls.
Hexamethylbenzene is attached to the Cr(CU)3 fragment with greater
binding energy than is benzena (276). Relatedly, studies of
competition aquiiibria show than an electron-releasing group Y in
a potential ligand Y Cst(p).CH=CH2 increases complexation with
palladium(II); the importance of ligand p (w) metal donation is
thus reaffirmed (277). Similarly, complexation betuween silver(I)
and species XCHZC = CH in water~ethanol mixtures is apparently

facilitated by electron-releasing groups X (278). The



353

therﬁodynamics of alkene complexation to rhodium(I} in methylene

chloride have been studied. The order of displacement enargies

for dienes is the same as that found for Pd(II), and the

replacement of two monoenes by a diene is strongly exothsrmic (279).

The use of methylene chloride is important in minimising solvation

effects; thus the ordsr of heats of complexation of various ligands

to hexafluoroacetylacetonatosilver(I) in CH2C12 is

Ph3P > cyclo-octene > 1,5-cyclooctadiens > cyclchaxens > cyclocheptene)

cyclopentene

which is totally differsnt from the order in better solvents.(280)
DTA/TGA studies of the thermolysis of species (arenEZCr)I 7

indicate that in air an intermediate areneCrI is converted to Cr203,

while in vacuo this same intermediate disproportionates endothermically

without weight loss to Cri,_ and (arene)ZCr; the latter is converted

2
eventually to chromium metal (281). The dipole moments of substituted
benzene and thiophene tricarbonylchromium complexes depend on the
substituents. In general, thiophene complexes have moments 0.385D
higher than their benzens analogues, a difference attributed to a

high S-Cr bond moment. Dipole moment comparisons show that
benzo(b)thiophene tricarbonylchromium has the structure (XXXIV) (282).
Dipole moment studies on complexes thsnFe(CU)z(ND)L

(L=Cco, PPh., Asphs, P(DPh)3) and (LFe(CD)Z(ND))ZHg(L = P(DDh)3 shou

L to occupy an egquatorial position in the coordination trigonal

Cr(CO),

(XXXTVY) .
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_bipyramid, in marked contrast to what is kmown about species
49h55n€a(59)3L {283).

" The usefulness of high speed liquid-liquid partition

chromatography has bsen demonstrated in the separation of

tricarbonyliron complexes of dienes and diencnes (284).

"KINETICS AND MECHANISM (See also Catalysis)

The replacement of amines from complexes Mo(CO)S(amine) by
phosphines in hexane obeays a two-part law. The first part is
dissociatian with competitive recombinatian. The secaond is
kinetically second order but with very little dependence of parameters
on the nature of the incoming ligand, aAd is suppressed in mors
coordinating solventss it is attributed to a dissociative interchanéa
in which acclusion of substrate and entering group in the.same solvent
cage precedss or ‘accompaniss amine loss (285). Similarly, replacement
of amine in species cis No(CO)4(PPh3)(amine) ig first order in )
substrate, and independent of the concentration of the entering ligand
L at low L concentrations. Competition reactions give, for rate of
attack on the intermediate Mo(CO),PPh,, an order
P(UCHZ)CHCHS> SbPh3 > piperidine) PBu3n > AsPh3 > Cg
Howsver, even addition of CO must be rapid compared with isomerisation
of the intermediata, since use of 13ED leads exclusively to formation
of the cis-substituted product (286). Kinetic parameters have been
obtained for the reaction of (UC)SCrzc(Ume)Ph with species H-ER3
{E = Bs, 5n, Pb) in pyridine to give (DC)SCrNCSH5 and HC(DNB)PhER3.
Again there are both first and second order components, but the first
order component has a negative entropy of activation, indicating

that the transition state doas not invelve rupture of the Cr-C bond

(287). Carbenes from chromium carbonyl complexes may also be
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trapped by electron~-demanding alkenes, giving cyclopropanes. -

* . *
Complexes L Er(cu)ac(DMB)Ph\(where I. is optically active) giva .
rise to optically active.cyclopropanss, demonstrating that the

e otill cnordinated

e

carbene, at the mément of attack on olefin,
(288). The displacement of dipyridyl from w(cC0) 44iPy by phosphites
shou; complicated kinetics, interpreted in terms of three pathuways;
raversible dissociation of one nitrogen, dissociative loss of CO,

and association (289). The effects of pressuis on the rates of
carbonyl substitution imply positive volumes of activation for the

first order reactions of Ni(CU)4 with P(i'.!Et)S, and of c:r(t:u)6 or
ND(CO)6 with PPh3, negative volumes for the reaction of N(CD)G with PPh3
(uwhich is second order), and a near-zero change for the sscond-order
reactiaon betusen Cr(L‘.D)6 and the azide anion. This last result

lends to the postulation of a transition- state, such-as XXXV, in

which both bond-making and bond-loosening have occurred (290).

B ]

O

—me

(XXXV)

Reactions of ths metal hexacarbonyls and of species w(CU)sL with
methyl lithium have been studied by the stopped flow msthod, using
ether as solvent. The reactions are first order in substrate

and of order 1/4 in methyl lithium, indicating pre-eguilibrium
between CH3Li and (CHzLi)a, and subsequent attack by monomer on

subgtrate. The rates are in the sequence W > Mo > Cr for the
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" hexacarbonyls and L = P(UPh)3 > L=AsPh, > L = PPh3 for species -

- w(co)gL. This is in marked contrast to the order Mo > W; Cr~ O
for §,2 attack by phosphine ligands, and it is suggested that
phosphines and methyl lithium initially attack at different sites.

The dependence of the rates in the substituted tungsten carbonyls
on the nat;ra of the substituent is low,-suggesting yst a different
kind of initial association (291,292). Attack by amines on cations
M(CO)4L2+ (M = Mn, Re), to give complexses of type N(60)3L2.

CONHR, is second order in amine and first order in substrate,
indicating a base-catalysed asscciative mechanism (293). The
reactions of dipyld(CU)4 with stannic chloride, organotin(IV)
chlorides and gsrmanium tetraiodide indicats that two successive
revarsible  additions of oxidant to carbonyl complex occur, and are
followed by other rapid steps (294). The epimerisation of the

complexes XXXVI occurs by a first order process and is fastsr for

the tungsten than for the molybdenum complex. The mechanism is

AN

CHMeFPP
(XXXVT)

thought to be an intramolecular psesudorotation (235). The reaction

betwsen iron pentacarbonyl and iodine has been interpreted (296) in

terms of a scheme



Fe(C0). + I, Fe(c0)..I,

-co Lsre(co)

a'2

Fe(CD)5.12 is provisionally identified with the known (297) spscies
of this formula. Reaction of phosphine and related ligands with

species Fez(cn)s(s-org-s) is second order. The corresponding

reactions of Fez(CU)G(SR)2 ars complicated by syn-anti interconversion

processes, but each of these iscmers reacts with phosphine by a
(presumably similar) second order mechanism. Steric effects can
be understood if the entering phosphine enters the coordination
shell of iron gcis to the bridging sulphur; the reviewer notes that

this is caonsistent with breaking of the bridge by an 5,2 edge

N
displacement process at the metal (298). The reaction of
(CSHSNi)Z(CU)Q with alkynes has been further examined. Thera are
two mechanisms, one dissociative while the other is bimolecular
associative; the rate of this latter process is greater with more
electron-withdrawing alkynes (299).

The reactions of (Nn(CU)4P(UPh) and of (Re(EU)d‘PPh

3)2 3)2

with triphenylphosphite are of order 0.5 in the metal complexss,

and the products show esr and ir gpectra characteristic of monomeric
N(CU)SLZ' The rates are independsnt of the concentration of
phosphite, and it is suggested that the slow step is loss of CO fram
spsecies M(Cu)aL in equilibrium with the parent dimers. Rslatedly,
the oxidation of dimanganesa dscacarbonyl is of arder 1 at louw
concentrations cof complex, but 0.5 at higher concentratiaons; this

suggests that either dissaciation of dimer te monomer, or reaction

of monomer (in equilibrium with dimer) can bes rate-determining,
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‘déﬁending on conditions (300). Therse is an interasting correlation

‘Egtueah the rates of reactions of this type, ths estimated
~AE;#al—metal Force»cunstant,vahd the;frsquency oé the mAﬂ&éfb$lr§kband
(301).  The re;ctions of RUZ‘CD)lzruith phosphorus and arsenic
" . donors are saéund urde;, and the rates are very highly Aebandant
on tﬁé naﬁyre of the incoming ligand, indicating a high degree of
bond-making in the transiticn_ state (302). The first product
datactabls is Rus(cq)ng, suggesting fast-moving CO bridges in
intermediate species. The behaviour of RuS(CU)lu(!\IU)2 provides
an interesting contrast. The final product is Ru3(CU)B(N0)2L2’
with an intermediate (presumably Ru3(CU)g(NU)2L) being detected
spectroscopically. The primary substitution is dissociative and
the two steps are comparable in rate (303). i
The displacement of cyclo-octena from CSHSMn(CO)(CS)(CBHl 4)
~ by triphenylphosphine is first order in substrate, zero order in
phosphine, and has a high positive entropy of activation; thus
the process is dissociative. The alkens is more labile than in
(C5H5)Mn(CU)2(CBH14) (304). Displacement of tropylium from
C7H7N(CU)3+BF4— (M = Cr,Mo,W) by acetonitrile in, for example,
l,2-dichlorogthane, is associative, in acecord with the mechanism
of Scheme 1 (305). The deuteration has been studied of substituted
cyclopentadisnylmanganese and benzenechromium carbonyls by

deuterisacids. It>appears that, while replacement of CO by phosphins

increases the rate of proton (deuteron) uptake (presumably at
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the metal)}, it is a saparate,prnceés of hydrogen migfatiun to ring
followed by ring proton loss that controls exchange (306). Ring-
substituents generally lower the rate aof reaction betueen::
chlorobenzené chromium tricarbonyl and thioccyanate. Complexation _.
increases the dissociative nature of the reaction (307). The ‘
complex XXXVII reacts with phosphines by two ssparate mschanisms.

R dissociative pathway leads to replacement of CO by phosphine,

while association gives the ketone XXXVIII and Fe(CU)3L2 (308).

The slectrocyelie ring closure of cyclooctatriene iron tricarbonyl

tp XXXIX is first order and proceeds at 10200 to-over 99% B
completion; contrast the uncomplexsed species, in which cyclooctatriens

is thermodynamically favoured over the bicyclic iscmer (309). The

A : .

Fe(CO)x

Fe(CO),.
(XXXVI) (XXXIX)

( XXXVTI)

(a) (b)
(XL)

reaction of methylenecyclopropanss XL{a) with FBZ(CU)g is -
completely disrotatory, giving products XL{(b); it is suggested
on this evidence that thermal ring openiﬁg of the free ligands

would be coniotatory (310).
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’:;::Tag~éxi§at§§n of bis(areﬁe}ch?emium—e%Amalybdenumrsgmplexas
by*o;Qqéé is not glﬁwédfﬂbwn by Fféé radical reaciioﬁ inhibitors,
is cat;éiyséd by 7uaj:arr although water is not essential, and is

accohbéniéd by oxidation of ligands (e.g. conversion of

é£h§1béniéné to écetéphénone) (311). The oxidation of optically
ractivafi—methyl, 2—etﬁylcyciobutadiene iron tricaréonyl in the
>presence of:dimethylmaleate leads to the formation of the
expected bicydiic Diels-~Alder product as a racemic mixture;
this loss of chirality implies that the diene adds to the
alkene anly ;fter having been released from the camplex (312).
The addition of CD,NH, to ((CHSNC)B\RU)-Ht to give the
carbane ((cusuc)sﬂucwncﬂs)(mncos))His an example af a known
-reaction; heating leads to exchange between the CD3 group of
the carbene and the isonitrile. The suggested mechanism  is a
series of interchanges of type XLI(a) & XLII(a). In the iron
complexes XLII(b) scrambling is sven more facile, and a similar
process involving intermediates XLI(b) is invoked (313). The
feaction of cnmplexgé PtX(R)L2 (L = phaosphine ligand) with
isonitriles to give the insertion product PtX(—C(R):i\lR')L2

proceeds via a 1:1 adduct, presumably a S—coordinate Pt(II)

complex (31¢4). Evidence has been prasented that a complex

:\lIHR
| , «CNHR'
.C——NHR \
(RNC), M NR
(RNC)sM L
- ‘CNHR
CNR
- (@) M= Ru (@) M = Ru

(b) M = Fe by ™4 — Fe.
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Ni(NZC(CN)z)(CNBut)3 is an important intermediate in the reaction
of dicyano-diazomethans with Ni(CNBut3)4‘tn give the keteneimine
complex XLIII, the-structure of which has hesn determined
crystallographically. It is possible that the role af nickel
is to generate and stabilise singlet dicyanocarbens, since free
dicyanodiazomethane does not show stereospecificity in its
addition to alkenes, and reacts in a totally different manner,
not involving nitrogen loss, with free tert-butylisonitirle (315).
Halide promotes the reaction
RCOCL + C,H, +Ni(€0), + H,0 > R-C:CH.CH,~CO.0 + NiC1OH + 3C0 -and
it is suggested (316) that a key step in the process is
RCOCL + Ni(CD\a)F ». R.CO.Ni(CO),4C1 + CO.+ X . The i
additinn af spacims LNi (L = PEty, PPh;) ta cis or trans -
bromostyrens gives products PhCH:CH.NiLzBr with retention of
confiquration; configuration is also retained in the
deuteriocacidolysis or:carboxymethanolysis products PhCH:CHD a9d
PhCH:CHCAOMe.  Thatmalysis gives bistyryl. again on the uhole

with retantion (317}.- The addition of trifluorocacetic acid

ST 5. %5
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to pd(dppe)(CFacst:t:Fg), giving pd(—o—cocrs)(-c(crs)iCHcrs) is
second order. For the corresponding triphsnylphosphine complex,
the kinetics are more complex; there is a dissociativa pathway,

and the phosphines in the product are mutually trans (318).

Activation ensrgies have been determined for the reactions

L Pt CFXCF L PE(X).C
27t - 2 > 2PE(X) .CFaCF,
(L = PPh,,; X = C1, Br). For the corresponding reactions of cis

3’
and trans CFC1:CFCl complexes, stereochemistry at carbon is retained,

suggesting a mechanism (such as migration of bhalide within a tight
ion pair) that allows formation pf Pt-X and rupture of one Pt-CFX
bond to be synch?nnous (319). The addition of methylgold(l)
phosphine complexes to hexafluorobut-2-vne gives a material

(CHSAuL) , which decomposes toc givs either LAuC(CF3)=C(CF3)AuL

2t4fe

and ethane, or cis—LAuC(CFS):C(CFS)CH3 and CH_AulL; tha inter—

3
mediate has besn shouwn (320) to have the structure XLIV, so that

the two decomposition pathways correspond to two different reductive
elimination processes at the Au(III) centre.

The nature of the metallation of coordinated azobenzene has
been studied by product analysis using as a probe.a msta fluorine
substituent (which is ortho or para to the possible substitution
sites). Palladation is electrophilic, occurring mainly in the
unsubstituted ring, while such metallation as does occur in the
substituted ring takes.place para to fluorine. Reaction of
msthylpsntacarbonylmanganése, however, gives metallatiocn of the
carbon grtha to fluorine, and thus most activated towards
nucleophiles by the inductive mechanism (321). The reaction of
1202(cO)(PPh,),, with species YC_H,5(a)s(b)-CcH,(NO,), is:first
ﬁider in each component and is insensitive to the mature of Y;

thus we seem to have nucleophiiic attack of Ir(I) on S(b) in all



cases (322). The rate of attack by Ir(Hal)(CO)L, on methyl
iodide increases with increasing basicity of L; it also falls -
with increasing atomic number of the halogen while the €O stretcﬁing
frequency increases. This halogen dependence is the reverse of
.that found for the addition of dioxygen or dihydrogen, and it
is suggested that the differsnce is in accord with a differanca
in mechanism; the attack on methyl iodide being nucleophilic
(backside) attack at carbon rather than frontal oxidative insertion
(323).

A theoretical treatment has bean attempted ef the reaction
of the co(cm)53' radical with alkyl halides. The most facile
pathway found involves approach of the CX bond at an angle, rather
than directly along an axis, towards the vacant metal site,-and
in the transition stats ths C—XAbond is weakened by ovsriap with
the filled d(xz) orbital (324). The reaction of IrCl(CD)(PM93)2
with PhCHF.CH{CDDEt)Br procesds to give the same product mixture
whatever the stereachemistry of the starting material, and

CHSCHBrCUUEt reacts with IrCl(CO0)(PMePh with loss of activity,

2)2
in contrast to earlier (325) findings. Galvanoxyl inhibits.
pt(ppr3)2c2H4 also reacts with ethyl a-bromopropionate, destroying

its optical activity, and it thus seems that reaction of a-bromoesters
with low-valent transition metal complexes is quite gensrally a fres
radical process (326). Such a process could plausibly be regardsd

as halogen atom abstraction, and indesd a range of radicals R

can be trapped as their tert-butylnitrosyl adducts in the reaction

of RX with zerovalsnt platinum species, which in the absence of

this radical trap gives finall? the 'oxidation addition? hroducts

L2Pt(X)R (327). Free radicals have also been invoked in Pt-R

bend cleavags, in ths raam"temperétura dark reaction of (bipy)PtR2

References p. 394
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uith giethxl.fumaratp and tert-butylnitrasyl to give radicals B
RCH(cqut)pH(cqut)N(u)But (328).

CiDnNe experiﬁents show that the Faclzr-catalysed reaction
of Grignards with alkyl halides involves alkyl radical production,
presumably by halogen transfer to Fe(1I}, but that the decompasition

. of the nrgann-irnn‘spec;es proceeds by non-frees-radical processes
(329). Bound radicals (XLV) have been suggested as intermediates
in the redu;tion of vinyl halides and acetates to vinyl hydrides
by pentacarbonyliron; the reaction proceeds most smoothly in a

» hydrogen atbm_dpnor solvent or in the presence of a hydrogen atom

reducing agent (Bun SnH), and reaction in dry dibutyl sther followed

3
by workup with Déﬂ gives no incorperation of deuterium (330).

7 The nmr evidence for rapid §-elimination equilibria in
(acac)Ni(Pth)Et has bsen discussed abovs; it is also re}euant that
in the presence of excess pyridine this complex decomposes to give
(acac)zNi(py)z, (thp)zuic2H4 and C,H, (243). Revarsible
Q-migration, lesading to a 1-2 shift, is presumably also responsible
for the quantitative first arder reafrangsment af ButmezAuPPh3 to
the isocbutyl species. The reaction is inhibited by excess phosphine,
and a disspociative pre-equilibrium would -appear plausible (331).

The reactions of (CSHS)ZMQD2 with dimethyl fumarats and
dimethylmalsate have been studied. The first step is cis-addition
of a metal-deuterium bond across the double bond of the alkenes
followed by reductive elimination of deuterium and a carbon to
give stereospecifically dideuterated species NeDZE.EﬂD.CHD.CDZNe.
Kinetic studies of these processes wers complicateq by the
preformation of charge transfer complexes (332). The stersochemistry

has also been studied of an interesting new process, oxidative

carboxyethanolysis of groups attached to metal in the presence of
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tu{fi). Thus reaction of cisf{or trans) {(phenyIsulphonyl), - -
4-methylcyclohexane with the Fp~ (i.e.‘(CSHS)Fe(CD)2-) ion gives --

trans (or gis) metallo-4-methylcyclohexans; the inversion is as
expected;and’is confirmed By the nmr of modsI compounds. ~ These -

species react with copper(II) in sthanol to give carboxyethyl,
4-methylcyclohexane with retention. It is suggssted:that the

first step is l-electron oxidation of GSHsFe(CU)ZR to a radical

catian. This process will increass the électrophilidity of

coordinated C8 and thus lead to an alkyl shift giving IZ:E.,HSFB([:[]).IZ:EIR-'j

(with retention at R)-followsd by ethanolysis to RCOOEE (333). -
Reactions of species (CSH5)F8(CU)2R with liquid SO, have been
Pollowed using changes in -Y (C0) over the range —70°%¢ to -23°%C.
Rates decreasse with increasing Taft o *.of R and with ¥ (C0),
sxcept where steric effects distort. The suggested mechanism is
electrophilic attack by 502 at R to give-a tight ion pair Fp+502R—,
which rearranges in turn to O-sulphinate and finally S-sulphinate.
The associative mechanism is in accerd with the obServed negative
entropy of activation (334). Retention at iron in this process
has been elegantly established by circular dichroism correlation
studies on the reaction of C5H5Fe(CU)(ﬁbhz)CHZCUDclong

(oc = (-)mentholate), converted by S0, to .

10H19

CSHSFB(CD)(PPh3)502CH2CUUC The mentholate servss to make

100"
possible the separation of starting material epimers, but doss . N
not affect the CD-spectrum since the spectra of these spimers are . -
mirrer-images, and 502 insertion fails to reverse the CD spectrum

(335). The mechanism of oxygen insertion into the.cobalt-carbon - -
bond of an ailkyl (pyridine)cobaloxime is clearly-quite different, .-

since optical activity at C(X) is thereby destroyed (336). . .. .

Metal-carbon bonds including those in species TiCH.C1,, NiRz(bipy), <
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: CrEtClz(py)s; FeR, (bipy)2 and CHSBU(PPhs)3 are activated towards
cleavage by aluminium trialkyls. Iﬁ the case of the nickel
complexes, it has been shown that the rate of cleavage is proportional
to aluminium trialkyl concentration at low concentration, but

excess aluminium trialkyl inhibitse. fhess results are explained

by competition betwesn dimerisation of the aluminium alkyl and
formation of a labile nickel-aluminium complex (337).

The pyrolysis of triméthylsilylmethyl copper(I), which is
approximately tetrameric, gives tetramethylsilane and other products,
consistent with a free radical mechanism (338), but examples of
the importance of‘Qfe}imination and concerted elimination processes
in the thermolysis of transition metal-carbon bonds continus to
accumulate., The thermolysis of speciss (CSHS)BUR takes place with
hydrogen abstraction from a cyclopentadienyl group to give RH,
the configuration at C(x) of R being retained (242). Decomposition
of CH3TiC13.2THF in dB—toluene does indeed give CH3D, but this
very likely arises through specific abstraction from coordinated
éoluene. In ether-alkene mixtures, CHBD is formed when the ether
is labelled but deuterium is not abstracted from labelled alkens;
thus we are dealing with a concerted reaction of the CH3TiU(RD)2
system rather than with a free radical process. In pure (C205)20
solution, the main product is methane, CHSD not being produced
even by light, which does, howaver accelerate the reaction; it
is suggested that the reaction is autocatalytic and binuclear (339).
The reduction of activated halides RX (R = e.g. benzyl) by UCle’y4
or vanodocene gives RR not RH; it is suggested that V(II)-acts
as an sfficient trap for R radicals gensrated by halide abstraction
from RX, or elses that the reaction between V(II) and RX is an
oxidative insertion, but in any case a VR bond is clearly formed

and its cleavage is not a fres radical process (340).



367

Reaction between Li NnPh6 and moCls.3THF gives benzyns,

3
trapped by addition to benzene (341). - Thermolysis or photolysis

of pyridylcobaloxime alkyls RCHR!. CHR. Co(Dmg)z(py) gives both

the expected products of §-elimination, RRY:CHR and HCo(DNG)z(py) (342).
The reality of a reverse process, and of Ca(III) w-complex

formation postulated (343) to explain catalysis of rearrangements

by vitamin B 27 has been confirmed by the conversian of

1

CH,:CHOEE to (Co(III))CHZCH(UEt)z or (Co(III))CHZCHU by

cobalamin(III) bromide in ethanol or water, and of

——
40H to CD(III)CH2CH.0.82H4.G by hydroxecobalamin in.

water (344). Labelling and kinetic experiments show that thermolysis-

CHZ:CH.UCZH

of (Phl'lszp)zptlme3 gives (thszp)ZPtIMQ and ethane by a first order,
intramolecular process, whose activation energy is lsss than ths mean
platinum-methyl dissociation snergy (345). The thermal stability
of Pt(II) dialkyls is greater when the C-Pt-C system forms part

of a 5- or 6-membered ring; this sffect is attributed to the
unfavourable geomstry for Q—alimination, which nevertheless appears
from product analysis to bs thas favoursd pathuwaye. Sacondary
derivatives are no lass stable than primary, and the decomposition
of the Pt(II)(CHz)5 ring is accelsrated by added triphenylphasphine
(346). Biaryls but not arsnes are major prpducﬁs from the air.
oxidation of copper(I) aryls and similar results are found with
1ithium organccopper tats' complexes; thus we are dealing with
concerted or near-concerted eliminations rather than with free
radical processes, even, presumably, in Cu(II}-Ar bonds (347).
The‘cleévage of ethyl-silver bonds, formed.in-silver triflate-
catalysed decohposition of tetraethyllead, can take place by more
than one mechanism. In acetic acid, the main products are ethanse.

and siluer acetate, but there is some formation of metallic silver.-
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In THF butane is .formed by an oxygen-insensitive cgﬁcentraﬁion-
dependent process, presumably bi~ or polynuclear. There is some
production of ethane, inhibited by oxygen, while ethylens

Apruductiun is upaffected,-and it is suggested that the reaction has
some free radical component (348). The decomposition of

Etrans EtmazaﬁPh3 in decalin gives propane, while that of the cis
isomer gives a mixture of propane and ethanas, thus the reductive
elimination is gcis. - Added phosphine retards the reaction; thus
elimination is in this case faster from a phosphine-free intermediate,
but within this 3-coordinate intermedia£e the initial stereochemistry
is maintained (349).-7 The reductive elimination of ethane from
species ((CHS)ZAUL2)+ is facilitated by steric crowding, i.e.

by bulkier ligands L (350). The decomposition of meAuPPhs\in
decalin gives ethane by a first order process retarded by
triphenylphosphine; a probable slow step is loss of triphenylphosphine ~
- from the complex followed either by revefsal or by a dinuclear
elimination involving both complexed and phosphine-free gold

methyl. The ethyl complex gives predominantly butane, but the
isopropyl and tert-butyl complexes gave mainly the disproportionation
products RHy R ~ H (351). The reaction between cobaloxime(III)
alkyls and hydrated chromium (;I), to give in acid- ths cobaltous

ion, penta-aquochromium(IIi) alkyl, and fress dimethylglyoxime, -

is first order in both reagents. The reaction, which is slowed
doun by substitution at C(&), appears to be either a true SH2

radical ﬁransfer, or a carbanion ion tr;nsfer with linked electron
transfer (352). The mechanisms of methyl group transfer betwsen
cobalt ions in various environments have been considered in terms

of electrophilic, nucleophilic or radical attack on the cobalt-carbon

bond. The methyl donor. pouer -of a cobalt complex depends on the



369 -
other ligands in the same way as doss the Co(II}-Co(III) coupla.

Trends in equilibria of the types

Chel-Co(III)Me + Chel-Co(III) = Chel-Co{III) + Chel-Co(III)Me

1

Chel-Co(III)Me + Chel-Co(I) & Chel-Co(I) + Chel-Co(III)Ma

ars opposed,-consistent with the expectation that the former procsess,
formal methyl anion transfer, is reductive, while the latter,

formal methyl cation transfer, is oxidative (353).

The formafion of silver-carbon ©’-bonds is thought to be
implicated in the silver-catalysed isomerisation of a range of

double-bonded species capable of enolisation (Schems 2) (354).

O,
H Q + O, H+
Ag -t _ -
— S — \>_ O2C‘/Ag
0,C — tast Wozc//_l—ﬁ\>;==;/ o
OH Ag—i-‘,OH
~o,C o
2
N = — =
H == ’ T0o,C
Scheme 2

Studies continue on the silver(I)-catalysed isomerisation of
tricyclaoheptanass to bicyeloheptenss, cycloheptadienss or
mathylenecyclohexengs. The course of reaction is markedly
influenced by substituents, which seem to determine which of the
strained bonds is attacked by the silver ion, and steric

cangestion and steric accessibility both piay a part in determining
the reaction pathways (355). Carbenoid intermediates, postulated
in rhodium(I) - catalysed rearrangements of bicyclobutanes, havs

besn trapped by addition to methyl acrylate. The complexed
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carbene is a nucleophile rather than an electrophils, being more
efficiently trappad by more electronegative alkenes; this -

indicates extensive back-donation Prom metal to carbene carbon (356).

Methoxypalladation of trans-but-2-ene, follpuisd' by
carbnnylat:ian and methanolysis, is stersospecific. Uéing the
knouledge (357) that carbonylation of a palladium-carbon ¢ -bond
takes place with retention at carbon it is possible to construct
Scheme 3 for the processss involved, and it follows (358) that
the initial methoxypalladation is initially trans, cgntrary to

what had commonly been supposed. The reaction of diphenylmercury

Me Me Me Me MeO *';‘ Me MeO - }? Me
N N >_< . >_<
/ N PN X >
" " H { - Me ;l PdID M :l oyt

Pd(11)
Scheme 3

with NBDF’dCl2 (NBD = norbornadiene) gives XLVI, the structure of
which has bsen established crystallographically. Howsver, this
endo- addition is not truly anomalous, since the corresponding

reaction of NBDF"l:l:l2 gives NBDPtClPh(and sventually NBDF’tF’hz), so

R
He-—2
co
-] H-_- /
25" 0, o
R R R
0
H O\ -30 H=—- N\ .
cs ——= c : [ni]
H / H-- /
o) o
R R 25° Ar R
R

Scheme 4
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that the observed product could arise from the insertion of one
part of the diene into a pre-formed Pd-Ph bond (359). The :

rearrangemsnt of XLVII(a) to XLVII(b), catalysad by (Rh(c0)201)2,

63
carbsne can be trapped by cyclohexense. Cycloheptatrienes

gives in addition the carbene abstraction product cﬁme the
also show carbene elimination, and 1,6-dimethyloxespine undergoss
elimination of an oxygen atom (Pats unknown) to give o-xylens’

(360). These results clearly support the suggestion of carbeana

_ . ‘
H
\\PdCﬂ
Ph
! 15
(a) (b)
(XLVH)~

‘elimination in rhodium(l) - catalysed rearrangsments of strained
polycyclic systems. Carbene complexes are alsc implicated in

the conversion of thiocarbonates to alkenss by (COD),Ni

(cob = 1,5-cyclooctadiene). The reaction is highly stereospecific,
and if carried out in the presence of oxygen gives the carbonats,

in accord with Scheme 4 (361).

The dimerisation of 2,3-dimethoxybutadiene by

References p. 394



372

OMe - OMe -
- OMe - OMe
7 , o 77N
D Pd
MeO MeO.
OMe OMe
(XLvi ) (XL1X)

palladium(II) ac;tylacetnnate in tﬁa presence of triphenyl;
phosphine, with CHSUD as solvent, gives XLVIII and isomers.
This result suggests the intermediacy of such species as XLIX,
and confirms the importance of protonolysis by solvent in the
formation of acyclic dimers (362). The allylic complexes

CHZCHCNezm(PFz)z (M = Co, Rh) isomerise on heating to anti- and

syn-~ CH, CNaEHMsN(PF3)3 respectively. The suggestad mechanism

2

involves the formation of h4—2-methy1butadiene.N(PF as

3)3H
intermediate (363). The kinetics have been studied of the knouwn
methoxypalladation of cyclohexadiena by tetrachloropalladate(II)
in methanol and the results understood in terms of Scheme 5 (364).
The reaction of hs—cyclopentadienyl, h3—a11ylnickel with
triethylphosphite te give the metal tetrakis-phosphite complex
obeys a third order rate law, while ths corresponding palladium
complex reacts with triphenylphosphite according to second order
kinetics. The proposed mechanism inuvolves addition of
successive moleculas of phosphite, presumaply with reduction
in ths degree of attachment of the organic ligands and their .
inal reduc?iue eliminaticn. The kinetics then indicate that
for the palladium case the first phosphite addition is
rate-determining, while in the nickel case it is rsversible

.

and the second addition of pﬁosphita controls the rate (365).
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Scheme 5
In support of this mechanism, low tsmpsrature nmr spectroscopy
shows speciss of the type hs(CsHs)hl(CSHs)PdL, as well as the
coupling oraduct of the allyl and ecyclopentadienyl groups,

which subhsequently isomerises (366).

Labelling experiments show that doubls bond migration
induced by platinum(II) hydrides proceeds by a series of

rgversible anti-Markownikov additions; thus CHZ:CH.CHZUR is

converted to CH,:CD.CH,OR and to CHLCHDCHO (367). The mechanism
of the FezﬁCG)g- induced coupling of &,% - dibromoketones to
alkenss has besn further d;écussed. Thes process takes place
with retention of olefin configuration, but this is not

necessarily proof of concertedness, and the isolation of the open

chain species C,H;CO.CHMe.CH:CPh, from the coupling of N

2
-dibromodiethylketone with 1,l-diphenylacetylene is cansistent

with Schems 6 (368). The concept of 'a' unique mechanism for a
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Scheme 6

process is -of course misleading, and further confirmation of this
comes from the reaction of tris(triphenylphosphine) platinum

with but-2-yne to give (Ph3P)2Pt(alkyne). This reaction occcurs
both by a dissociative pathway (via Pt(PPhs)é) and an associative

route (via Pt(PPh3)3 alkyne) {(369).

CHEMICAL RESULTS OF GENERAL INTEREST

Carbyns complexss have bsen prepared, in which the grouping
CR acts as a three-slectron donor. The crystal structurs of
IM(éD)A(CPh) shows a tungsten-carbyne carbon bond shorter by 26 pm
than the tungsten-carbonyl carbon bonds (370). A new techniqus
in the synthesis of organometallic complexes is rsversed .osmosis
in_which, for example, a semi-permsable membrane allows loss of
a reversibly dissociated ligand. Thus Rqu(Pth)4 under nitregen
in a cell with membrans perméabls to triphenylphosphine givas under
nitrogen the known species RUHZ(NZ)(pPh3)3’ and the new speciss

(PhSP)ZRu(Cl)Cl3Ru(N2)(PPh and RuH(Nz)(N3Ph2)(PPh3)2 may be

3)2
similarly prepared from RuClz(PPh3)4 and RuH(N3Ph2)(PPh3)3
respectively. The extensions to the coordination of weakly held
carbon ;igands,and to the’fagmat;on of metal-carbon 6 -bonds by

oxidative addition, ars chviaus (371).

Ph



The protonation of organometal carbonyl complexss has besn -
studied quantitatively by ir; the order of increasing basicity is,

for given L,

L £
csl-lsmn(cu)2 < CSHSV(CU)SL < C Cr(CD)ZL < C_.H Re\CD)ZL

6te shs
< CgHNB(EO) AL

(372). CH,SO,F and (CH,),0° can donate a methyl cation to

3)3
low-valent metals in the. same way as acids can donate a proton;
the reaction has been demonstrated for ((thPCHz)SPPh)RhCl, Pt(PPhS)S;

In(PBh.. ), (CO)C1 and l'Iu(phen)(PBu3)2(CU)2 (phen = o-phenanthroline)-

3)2
(373, 374): OFf course, the carbonyl lipgand provides a donor site ~
independent of the metal, and has besn shoun by ir to function in
this‘may in the spscies Caz(CO)aAlBrz, (CSHS)ZFBZ(CU)A(BFS)n and
(CgHFe(Cn)),(BX,)  (n =1, 2; X = F, Cl, Br) (375). The dame

eppears to be true on ir evidencs far a whole range of spscies of

type (m(c0) ) Ma(py), (m(c0) = co(cB),, CgHFe(CO),, Mn(CO)g;

py = pyridins) and on X-ray evidence for the species (m(CD)n
Csst(CD)s); thus the earlier supgestion (376) that speciss of
this kind were 'metal Grignards! with a transition mstal bonded
to magnaesium must be revised. The reagents are nonsthaless
usaful as a sourca of nucleophilic metal carbonyl anions in
non-polar media; thus (mn(CU)S)zﬂg(py)4 in toluens, inike the
(Nn(CO)S)- ion itself in THF, reacts with triphenylsilyl chloride

to givs (UC)5MnSiPh3 (377). A rare example of a CO ligand linsarly

375

bridging two transition metal ions is provided by (CSHSND(CO)S)ZNn(py)a,

prepared by the reaction of. (CSHSND(CU)S)ZHQ in THR with mangansse
metal followsd by recrystallisation from pyridine (378). Howsvsr,
yttrium, lanthanide, and manganese tmetal- Grignards'!, with no
louw-frequency CO stretching modes and mheierappropriate with

suitable f-f spectra, have been claimsd; Nn(CU)SBr, czﬂsﬁe(cu)z;,
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(85H5N0(80)3)2 and CSHSCr(CG)3H961 wers used as starting materials
- (379).

Isonitriles react with dicobalt octacarbonyl to give hoth
ionic products ((RNC)SCG)+(CD(CU)4)- and covalent, €O-bridged speciss
(RNC)XCOZ(CD)B-X (x = 1-3). Cyclopentadienyliron dicarbonyl dimer
giues only covaleht_substitution products; these exist in solution
as mixturses of cisoid and. transoid and of CO- and RNC-bridged
isomers, with bridging isonitrile less in evidencs for bulkier R (380).
Nitric oxide in chloraform has bsen investigated as an oxidising
agent for cachonyl complexes; ﬂo(CU)z(dppe)2 undargoss a l-slectron
oxidation in chloroform, whils (CSHS)zFez(CD)4 is converted to the
(CgHFe(co),)" cation. Relatedly Mn(C0) 5(P(OPh),;) Br reacts with
NO in the presence of air (i.s. with N02) to give a simple cation

by one-electron loss; but if air is excluded the product is

Mn(ND)Z(P(DPh)s)zBr (381).

The alectron-rich alkens shouwn in fig. L, which we shall
write as (RZC:CRZ), acts as a source of the RZC: carbene ligand.
It is comparable with triphenylphosphine in reactivity, and able
to displaze €O, alkene, phosphine or halids; Species prepared
include cis-Cz(c0),(CR,),, Fe(CO),CR,, (Ir(CD)(CRZ)(PPh3)2)+BF4—,
(Ir(cu)(CR2)3)+BF4', (Au(CR2)2)+BF4‘, (Nipl(ca2)3)+EF4‘,
‘zans-(PdC1(CR,) (PEt3)2)+BF4_, (PE(R) (CR2)3)+BF4— and
(Ptc1((y-c3H5)(CR2)éPPh3)+c1‘ (382). Oxidative addition of
2-chlorsbenzthiazole to IrCl(CD)(DMePh)2 gives LI, which is reversibly
pratonated to the carbene complex LII; 2-chloro-4-methylthiazolas

and 2-chlorobenzoxazole bshave similarly, and Pt(PhCH:CHPh)(PEt3)2

undergoes similar oxidative additions (383).

A range-of monocyclic di&nes, such as 1,7—cyclqdodecadiyne,

react with (CSH5)2N12(CU)2 and with cUz(cn)B to give praoducts
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(LIt
(diyne)(NiCsHs)z, (diyne)(NicsHs)4 and (diyne) (c°2(c0)6)2; in all

these cases, the diyne is acting as a source of cne or two bridging
alkyne groups (384). The acetylens mg35iCCSiNe3 forms complexas

of the type (alkyns) Fe(co),, (alkyne)Coz(CD)6 and (alkyne)Nn(CU)ZCSHs;
the diacetylene me3SiC4SiNe3 gives some related derivatives, but

reacts with Fe3(CU)12 to give LIIT {385).

Reaction of tsm or np lithium or Grignard derivatives
(tsm = trimethylsilylmethyl; np = neppentyl) with metal halides
gives products ((tsm)zl'l)z([:Sil'lazx)2 (M = NB, Ta), np,M (np = Ti, zZr),
npzTal?l2 and Noznps; the products formed fram \JCl4 ar UUC13 are
less clearly characterised (3B6). Spacies of- type mCH,,C1 (m = céHsmo(CU)S,
CSHSM(CU)s’ CSHSFQ(CU)Z) have been prepared by nucleophilic attack
an ClCHZI by m ;3 they are net, howsver, suitable intermediates

far the preparation of species mL‘Hzm, since nucleophilic attack

References p. 394



378
would displace ® from C in preference to displacing Cl~ from € (387).

The oxidation of species Ar.m(CO) by ceric ion in methanol
(m(co) = CSHSNO(CU)z, CSHSM(CU)S, CSHSFE(CU)Z) gives products
ArCOO0Me, probably by Ar-migration in intermediatss (Az.m(c0))”,
folluweﬁ,by solvent attack on (Ar.CO.m)+’(388). The 2-alkynyls
mCHZC:CR (m = mn(co)s, CHg gHg

trioxide (or, better, its dioxan adduct) to give products

Fe(CU)Z, c MO(CO)s) react with sulphur

| eusne—
m-C:CR.SDz.D-CH2 (389). The clasely related reaction with

chlorosulphonyl isocyanate, CISUZNCG, gives m-é:CR.CG.hKSUZC1).EH2,
while for m = CSHSFB(CU)2 2-alkenyls have been used, to give a product
in which the ring is saturated (390). The acyl groups in
CSHSWD(CU}3.CUR and CSHSFe(CD)Z.CDR loss carbon meonoxide to
Rh(Pth)SCI, to give a mixture of products CSHSN(CO)n_l(PPhS).CUR
and CéHSN(CO)nR. The probable mechanism is loss of carbonyl €O,
followed eithar by triphenylphosphine capture or by alkyl migration
to the vacant site (391). The tricyanomethanide grouping has been
introduced into a range of complexes by the use of tricyanomethane
or its isomar {NC)ZC:C:NH, both of which react with Pt(Pth)4 to
give (Ph3P)2Pt(H).C(CN)3- Species (Ph3P)2PtX2 and their palladium
analogues react with tricyanomethane to give products (phsp)zm(x).c(cw)s.
(PhEP)ZRh(CO)X and the iridium analogue give (Phap)zm(CO).C(CN)3,
but mn(co)5 Br and Re(CU)SCI give products (N(CO)S(NC)C(CN)Z n?
which react with triphenylphosphine to aive m(CO)S(PPhS)Z.N:C:C(CN)2
(352).

RCL(NO)L, (L = PPhy, PMePh,, PMe,Ph) and Ir(PPh;) NO react
with tetrafluoroethylene to give the iscelectronic products
RuCl(NO)LZ(CZF4) and Ir(ND)(PPh3)2(02F4). Hexafluorobut-2-yne
reacts similarly with the ruthenium campounds givina preoducts LIV,

but the iridium complex gives the dimeric species LV (393).
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L CF;
ON [
~
Ru
a |
L
CF;
(Liv)
R,
CFy
R'l
\\\ CF5
rn”O

(adm = Fe(CO)3 ; R1= R2= Me
(b)) m = (CsHg)Rh; R, = Me R, = H

(Lv) (cl)m = (CSHS)Rh,'R., = H ; RZ = Me

(d) m = (HO-C(CF,), - CgH,) RhiR, = R, = Me

(LVI)

*
Coordinated hexafluorobut-2-yne undergoes reactions
.CiC. > . :
m(cr3 C:iC CFS) + HX m(x) c(crz) CHCF3

(m = (PhSP)ZPt, (Ph3P)2Rhl31, (PhSP)ZIr(CD)Cl; HX = CF.,Co0H

3
or HCl; Cl-HgQCl reacts similarly to Cl-H towards the platinum

complex) but the rather differently bonded species CH3CNM(C4F6)3

does not shou the reaction (394). Hexafluoroacetaone inserts inta a
metal-carbon bond of 2,3-dimsthylbutadisnsiron tricarbonyl to give
LVI(a), and reacts similarly with the related species (isoprene)
Rh(CsHs) to give the isomers LVI(b,c). However, with (:i.scu::rene)Fe(lfll.'.\)3
the 2:1 adduct LVII was isolated, which isomerised on heating to

LVIII, and with (CH2:CNe.CNe:CH2)Rh(CSH5), attack on the ring and -

on the diene-metal bond both occur to give LVI(d) (395).

The oxidative additiaon of hexachlaorodisilane to Pt(PPh3)4 giving
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RC CFy C(CF3),OH

o CF3
& )<CF3 cF
3
\  er o
Fe(CO), Fe(CO);
(LVIE) ’ (LVILD)

(PhSP)zpt(SiCl 21 has bsen confirmed; but the alleged (396)

)

dehalogenation of this species by triphenylphosphine to a silene
P ——)

complex is more probably hydrolysis to (PhSP)ZPtSiClz.U.SiCl2 or a

related species. §1,Cl. reacts with (CSHSNO(CD)3)2 to give

Mo(c0)351c13, and with IrC1(CO){PPh to give IrCl(CD)(PPh3)2(SiCl3)2.

CeHy 3)2
Reaction with Fe(CD)S gives evantually (Fe(CU)4)2(51C12)2 (397).

L ]
Tha de-amination of NaSSnNmaz by metal hydrides has been used to

prepare species (85H5)2Ta(H)25nl‘183,(CSHS)ZNO(H)SnMe3 and

(CSHS)ZM(H)SnMe these latter are oxidised by alkyl halides to

53
products (CSHS)zl‘l(X)SnNe3 (398). A more surprising route to
trimethylstannyl derivatives is the reaction between (NBSSH)SN

or (ﬂeBSn)ZU and a ranges of dimeric metal carbonyls to give

products mSnMe, (m = CSHSND(CU)3, CSHSFE(CU)z’ CSHSNi(CU), Nn(CU)S,
Co(CD4))uith, it would seem, generation of N, or O, (399).

Trialkyltin phenylacetylides show 2 range of reaction types with

metal complexes; there are examples of metathesis (with RhCl(CD)(PPh3)2
SnCl), oxidative addition (with

to give Rh(C:iCPh)(CB)(PPh and R

3)2 3
Ir(CECPh)(CD)Lz to give Ir(C:CPh)Z(SnNeS)(CU)LZ; with Pt(PPhS)S to
give Pt(EECPh)(SnmeS)(PPhZ)Z) and oxidative cleavage (uwith

. g . . .
(CSHSND(CU)3)2 to give CsHsﬂn(C0)3 nl"lez) (400) Allyl trimethyltin

is a novel reagent for the preparation of 1v-allyls from metal

carbonyl halides rather than for the preparation of metal-tin
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baonds; 4y-allyls have been prepared in this way of many
organometallic groupings including Mn(CD)a, Re(CD)a, Fe(CU)SI,
mo(co)z, c

Ru(cO) and C Ru(CU)z. The reaction may be

C5hs 55 35
ussd to give complexes of the « -indenyl and aother substituted
#-allyl ligands, while dimeric species such as an(CU)lD, Coz(CU)8

react to give 2 mixture of W-allyl complsx and metal-tin compound

(401).

There has been considerable interast in complexes of nitrogen
ligands. Sodium dicyanomethanide reacts with Group VIII chlorides
to give spscies of type m.N:C:CH(CN), as well as thse anticipated
complaxes m.C(H)(CN)2 (402). Several complexes of the diazonium
group have been prepared, in some at lsast of which it is acting
as a 3-elsctron donor. Thus benzenediazonium tetrafluoroborate

reacts with Fe(C0),(PPh,), to give a product PhNNFe(CO)z(PPh3)2+BF4 ,

3)2
in which (403) the PhNN grouping shows a CNN angle of 1209, the

NNFe grouping is linear, and the phosphines occupy the axial sites
in trigonal bipyramidal coordination around irone. Related species,
formed by reaction of diazonium salt with a carbonyl or similar
anion, followed by triphsnylphasphine, are AerFa(CD)(ND)PPh3 and
ArNZCo(CU)ZPPhS. Reaction took place with u(ca)s‘, Mn(ca)s',
cSHEFe(cu)z', Ph3SnFe(CU)4_ and CEHSN;(CU)‘, but the products

could not be isolated (404). A complex fTormulated as LIX(a) is
formed by the reaction between dicyclopentadienyltitanium

dicarbonyl and azobenzene; this is hydrolysed to hydrazobenzene.
Vanadocene adds azobenzene to give a species with one unpaired spin,
formulated as LIX(b); in both cases the ease with which azobenzene
can be displaced rules out ortho-metallated structures (405). uwhile
tetracarbonylcobalt hydride is known (406) to react with ethylene

oxide to givs (UC)4CD—CH2CH20H, in the reaction of aziridine with
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(C.H ) M m
5 572
AN HyN
(a) M = T; Ph
(b)M= vV (LX)
(LiX)
= l
X
\ N l
\}h P——-ﬂn
(@) \\‘o
(LX11)
(LX1)

metal carbonyl hydrides Hm(CO) (m = ﬂn(C0)4, mn(CD)SPPhS,
CSHSNQ(CU)z, CSHSM(CU)Z) the presumed intermediate m(CU).CHZCHzNH2
rearranges to give products of type LX (407). Benzo-h-quinoline
(BgH) is readily metallated to give products of type MBg (LXI);

thus Eqﬂn(CU)4 and EqRe(CU)4 are prepared from the pentacarbonyl
metal methyls, the carbonyls N3(CD)12 (M = Ru, Os) give products
m(cu)2 (Bq)z, and (Rh(CU)ZCl)z gives BqZRh(III)(L‘.l)th(I)(CU)z (408).
New ?'sanduwich' complexes of the poly-l-pyrazolylmethane family

. +4 + ++
include (CSHBRU(PZSCH)), (Ph4C4Ca(P23CH)) , and (Csmesﬂh(PZSCH))
(409). The mono- and dicyanocyclopentadienyl derivatives of
tricarbonylmanganese and tricarbonylrhenium are analogous to the
cyclopentadienyl derivatives, but species (Ne4N)(N (CSHS(CN)2)3(CD)6)

can be prepared in which the dicyanocyclopentadienyl group bridges
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through nitrogens, and more extensively cyanidated rings give rise
to N-bonded polymers only (410).

In complexes of type LXII (m = Er(EU)S, w(cu)s, Fe(CU)4,
Ni(CU)s), even when Y is fairly bulky group (cases Y - Cl, OMe,
SPh, Ph, Me, Nme2 have been studied) the ligand ring appears in
all cases, from the size of the nmr coupling co~stants, to adopt
a chair conformation with m equatorial (411}. F2H4 gives

complexes P2H4(Cr(CU) and P2H4(Nn(CSH5)(CU)2)2, both far less

5)2
reactive than the free ligand (412). The photochemical reactions

of 7,8-BngDCHP- and the 7,9-isomer with Fe(CU)5 or Fln2(CU)lU lead

to complexes in which the phosphaborane has replaced one CO and is
apparently functioning merely as a phosphine ligand (413).
Trimethylphosphine ylid reacts with (NB3P)2NiC12 in pentana to

give (Nesp)Ni(Cl).(CHZ.PNES);, but in THF the product is LXIII (414),
while in a closely related reaction the THF complex of

triphenylchromium reacts with triphenylphosphine ylid to give

LXIV (415).

The photochemical reactions of metal carbonyls or
cyclopentadienylmetal carbonyls with the disulphides (CF3)252 and

H_Ni(CO)SR, which readily

(CGFS)ZS2 give species Nn(CD)SSR and CS

dimerise with loss of CO, and ((CSHS)FQ(CU)SCF as a mixture of

3)2
isomers, while the hexacarbonyls of molybdenum and tungsten give
the metal-metal bonded, bridged species (N(CU)ASR)2 (416). The
species (Mn(CD)dsR)z react with hexafluorobut-2-yne to give LXV,
formally analagous te LXVI which is formed by reaction between

hexafluorobut-2-yne and C5H5C0(PF3)2. In both LXV and LXVI, it

has been established that ths ring is attached to the metal through

carbon only, the hetero atom being bent away from the C, plane (417).

The trihalides of arsenic antimony and bismuth react with
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1
metal carbonyl anions to give a range of species of type szﬂ ’

and alsoc such surprising products as

(xzn(re(cu)zcsﬂs)z) (X = C1, Br; M = As, Sb),
(Sb(Fe(CU)z(NU)PPh3)4)+ and (Sb(Co (CO),PPh,),)" (41B).  The
species (UC)4FePNQZCl and (UC)SNiPNSZCl have been prepared by
phasphine replacement of CO and react with BSHSFB(CU)Z~ to give

the expected products af type MPMez—M‘. The iron-iron complex
loses CO photochemicaliy to give LXVII(419), the structure of which
has been confirmed crystallographically (420). Use of Nn(cn)s_
»unr(UC)4FePNEZCl did not lead to isclation of novel Fe-P-PMn

bridged species, but'(UC)SCr—AsNQZCl reacts with mn(co) " and also

othep'species-(csﬂsmo(CD)sr, Re(CD)SV, Co(CD)d} 57 Fe(co)” ) to



Me Me Me Me

A /As

(OC)Fe —— (oCcy Fe — (m - CO;
/ \
ll (L)(Vlll)>
(LXVID)
Ph Ph
\P/ (@) M= Co, m = Fe(CO),

/ \ (b) M = Rh, m Fe(CO)5
———m

- {(c) M = Rh, m == Co{CgHg)

/p\ (a) IV'I = Rh,m = Rh(CSHs)
Ph Ph

(CsHz)M

(LX1X)

give products (UC)SCrAsNez—m (421), which are photochemically
decarbonylated to give products LXVYIII (422). A slightly different
route to phosphide bridged dinuclear complexes is provided by
diphenylphosphine complexes. Thus bis(diphenylphosphine) iron
tricarbonyl reacts with C.H 5!:0((:0) I to give LXIX (a), while
CHM(PPhH)I, (M = Co, Rh) react with IFe(C0), to give LXIX (a,b).
HSRh(F'F'th)I2 reacts with CSHSCO(CG)ZIZ to give LXIX{(c), or with
itself to give LXIX{(d); this last reaction is shared by the cobalt
and iridium analogues (423).Germanium— and tin-bridged species may

be prepared by reaction seguences
1
m.Sn.C1 - m.SnH -"-;2 m.Sn.m-

Materials so prepared include ((DC)smn)ZSn(Co(CD)4)2,
(oc) NnSn(Ph)zFe(CD)z 5 5, (oc)SMn.Gsphz.Co(cn)4, and by reaction

of (UC)SNnGePh

References p. 394

HH w}th Fez(CD)g, (UL‘.)SMnTGeth.Fe(CU)4.GePh?Nn(DU)5 (424).
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CATALYSIS

Professor Karl Ziegler has been commemorated in a series
of iﬁpurtant re&ieus dedicated to arsas of catalysis:‘ the
Ynickel effect! in aluminium alkyl catalysis of ethylene
polymerisation (425), asymmetric synthesis using homogeneous
transition metal catalysts (426), allyl cobalt systems (427),
and cyclo-oligomerisation using transition metal catalysts (428).
Elsewhere, hydrogenation has been reviewed twice (429,430), and
other review topics include catalytic olefin and CO insertion (431),
transition metal-carbon compounds as catalysts for vinyl and diene
polymerisation (432), addition reactions of butadiene catalysed
by palladium complexes (433), and palladium{II)-catalysed
isomerisation and exchange reactions in general (434).

The optically active nickel complex LXX has been used to
cauple stereospecifically tertiary Grignards RR'CHMgBr (used as
racemic mixtures) and vinyl chloride (435). In a coming together
of two growth areas of catalysis research, asymmetric polymer of
type LXXI has been prepared; this polymer takes up rhodium to give
an insoluble material capable of catalysing asymmetric hydrogenation
end hydraosilation reactions (436).

(c ) MaH,, is a specific catalyst for 1,2—, not total or

st5)9
1,4-, hydrogenation of 1,3-dienes; the proposed mechanism is
Ph Ph
o P o PPhy

NiCl
yo

PPh,

o

N

/
o

o

Ph Ph

(LXX) - (LXXD)
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1,2-addition of ‘Hmo(csﬂs)zn, followed by elimination of
molybdenocene, which will add to Hz' Specificity is presumabl&
associated with the impossibility of the diene acting as a
4-electron donor to molybdenocens. The tungsten compound is
inactive as are chromocene and (C5H5)2ReH (437). Manganese
carbonyl is a hydrogenation catalyst; it is also a hydroformylation
catalyst converting cyclohexene ta CGHlchZUH ar even CGHllCH2U.CU.H,

depending on temperature (438). (CGHG)RUCl in DMF is a

2
catalyst for the hydrcgenation of alkenes and it is suggested
that thes active species is a benzeneruthsnium hydride (439).
IrHs(CD)PPh3 is a homogeneous catalyst for the hydrogenation of
ethylene in DMIF. The rate is praportionate to the concentrations
of catalyst and sthylene. Hydrogen and triphenylphosphine
inhibit; this inhibition cannot be explained solely in terms of
displacement of dissociation equilibria, and is attributed at
least in part to competition between the hydrogenation of complexed
ethylene, and its displacement (440). Cinnamic acids are
hydrogenated or deuterated by the complex(Co(CNﬂs)s-, and it is
concluded from detailed studies of the processes invalved that in
cis—-cinnamic acids, the first hydrogen atom transfer takes place
to the o-carbon, while in the trans isomers it is to the Q—carbon
(a41).

1r(111) (introduced as chloride complex) is a homogenous
catalyst for hydragen exchange between aromatic hydrocarbons and
02 at 130°C. Exchange is preferentially into the ring, rather
than into the methyl group, of toluene, but with longer chain
alkylbenzenes the terminal methyl group takes part in exchange.
it is suggested that in the toluene case excessive stability

reduces the catalytic activity of a a~benzyl intermediate (442).
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It'hgd éeen‘suggésted (443) thaﬁ some kind of charge transfer
betueen metal and alkane was responsible for the Pt(II)-catalysed
exchanée of hydregen between hydrocarbons and 020, but attempts
to find evidence for such charge transfer have been unsuccessful
(4a44). The isomerisation of 1,6-cyclodscadienes by rhodium
camplexes in eﬁhanul has been described and it is suggestsd, from
analysis of-side-products, that the solvent is acting as a
hydride source (445).

Palladium aryls ars suggested intermediates in the
Pd{II)-catalysed oxidative coupling of arenes, in the presence
of 0,, to biaryls and other products (446). Species ArPdCl
convert benzo(b)furan (LXXII, Y = H) into the 2-aryl derivative
(Y = Ar). If deuterated starting material (Y = D) is used,

deuterium is absent from the product, showing that no hydrogen

shift occurs, while palladium acetate couples benzo(b)furan with

= ;
| XX
S ( )
1o Y
l' l Pd(OAC), = l
_____.____.»
o S o PdOAC
CD, ¢ CHPh
. —DPdOAC l ‘
CD : CHPh o CD, - CHPh -

Scheme 7
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styrene; Iabelling experiments indicate the sequence of events -
of Scheme 7 (447). The addition of acetic acid to norbornadiene
is catalysed by bis(triphenylphosphine) palladium(II) acetate, but
the reaction is far from straightforward. Addition of CHSCDDD
gives an isomsr quite different from that naively expected, and
a reaction sequence such as Scheme 8, in which the organic

skeleton rearranges, must be involved. Palladium(II) catalysas

——OAC
Pt(OAc), DOAC

[+] Qe >

_—~OAC

OQAc

I
I

Scheme 8 7 D

the acstolysis of dihalosthylenes and their subsequent isomerisation
to 1,1- diacetates. The suggested mechanism is addition of
Pd(I1)-acetate, followed by elimination of Pd(II) halide (449).
3-Hexenedioate is converted by Pd(II) to trans, trans -2,
4-hexadienedicate, a process that can bs rendered catalytic by
using Cu(II) and air. The propesed mechanism (Scheme 9) is
palladation of the allylic carbon, followed by formal palladium
hydride loss (450). ’

The Fes(CG)lzfcatalysad isomerisation of LXXIII to LXXIV

is accompanied by ‘positional scrambling of the deuterium label
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-ETO,C * CHy+ CH:CH * CH, - COEt -

- pd(Im [ -nt

Y

CH
/
Et0,C - CH /_]_\\CHCHZCOZ Et

P4 (1) Scheme 9

H
I H
Z

i___

EtO,C - C - CO,Et  +HT +Pd(O)

H

over all three terminal methyl groups, and positional scrambling
has also occurred in non-isomerised starting material. There
is, however, no exchange of material with isoprens. It follows
that deuterium scrambling occurs by an intramolecular mechanism,
and that isomerisation and its reversal are faster than release
of the alkene from the iron complex within which H—(or D-)
migration occurs (451). Reversible additiors and eliminations
of metal hydride are also important in a re-examinaticn (452)

of a purported (453) instance of metal insertion into an alkane

carbon-hydrogen bond. It had already been astablished that

e

(LXX11) (LXX1V)



Et Et H - . Et H
[RRH] -
» H [Rn] — = ——— Ho- CHO
Me Me Me Me Me Me

Me H Me H - Me H
> a—m = = i
Et Me Et Me ~ Et Me
Scheme 10 )

attack an the maethyl group occurs to a small extent in the;cobalt
carbonyl catalysed hydroformylation of 3-methyl-l-hexens. It

is now shown that such hydroformylation is accompanied also by a
shift of a deuterium label from C(3) to €(2). This can only

occur by a hydride addition elimination process. Direct insartion
would have left the position of the label unchanged while an

allylic intermediate would have caused the label to shift to

c(1) (452). Hydroformylation of 3-methylhexene-2 catalysed by
RhH(CU)(PPhS)'3 proceeds stersospecifiecally according to Scheme 10,
indicating an initial gis addition of Rh-H across the double

bond. A small amount af ‘wrong' epimer is shown, by the cccurrence
of two deuterium atoms in the preduct when 02 is used instead of

Hys to have arisen from isomerisation products (454). Hydroformylation

of alefins using RhC1(co){PPh is accelerated by cyclaohexenyl

3)2
hydroperoxides which convert tha rhodium complex into far more
active RhC1(CO),PPh, (455).

Nickel phosphine complexes can in favourable cases catalyse
the conversion of aryl halides to nitriles; oxidative insertion

is followed by halide—cyanidé metathesis, and reductive

glimination follows (456).

References p. 394



© 392

A—NiL4 "+ ArX > LNi(X)ar + oL
LNi(X)R + e > L;Ni(CN)R + X
L2Ni(CN)R + 2L > LM+ ATCN

The nickel-catalysed cross—cuupiing of Grignard reagents
inte halo-oclefins is steréospecifie, but both gis and trans
1,2—&ihaloethenes commonly give the cis-olefin (457).

It has been concluded from studies of product distribution that
the active olefin dimerisation catalyst in (Ph3P)2Ni(Br)(Aryl)
systems is.a nickel hydride. The system shows strong preéerence
for ethylene over propylene, and co-dimerises ethylene and
propylene, aﬁparently by a process (458).

Ni-H + alkene —» NiR; NiR + alkene -» NiR' > Ni-H + alkene'

The nickel complex catalysed dimerisation of butadiene is
modified by alkoxide er hy hydrehalic acid according tp Schems 11
to give 1,3,7-cctatriene or 2-msthylenevinylcyclopentane
respectively (459). The reactions of allenes with amines or

species with active methylens groupings ars catalysed by Ni(0)

to give among other products, those derived from addition of




C

Ni<:

(LXXV)

N-H or C-H across the trimerised allsne fragment of the knoun
complex LXXV (460). Ni(0) complexes catalyse the coupling

af allyl halides to alkenes in the presence of CO to give a
range of products, including cyclic ketones with S5-membered
rings formed by CO insertion (461). Such CO insertion had
been suggested earlier as a catalytically important step but
had not been observed (462); it has now bsen demonstrated by
the reaction of CO with species tra'ns-(m93p)2|\li(x)cn3 to give
the corresponding acyls. These acyls ars decarbonylated by
species of type NiLA, which are themselves converted to
NiLZ(CU), and had thus (463) escaped detection in earlier work.
W -allylnickel acetate is a very efficient homogeneous catalyst
for the 1-4 polymerisation of butadiene, and monomsr-dimer
equilibrium had been postulated. This suggestion derives
support from the observation, by proton and carbon-l3 nmr, of
such an equilibrium, in the complex 2,6-heptadienylpalladium(II)
acetates. The monomer contains a pentahapto organic ligand,
while the dimer contains a trihapto ligand with carboxylate
bridges (464). The linear dimerisation of butadiene in the
prasence of palladium(II) and free acid gives 1,7-octadisne (465).
Rhodium(III) in methanol catalyses the codimsrisation of styrens
with alkenes, especially ethylene. The suggested mechanism is
addition of a rhodium hydride to styrsne, ta give ﬁh—CHPh;CHa,
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followéﬁ by alkené insertion in the metal-carbon bond, and
rhodium hydride gliminaéion, to give 3—phenyl 1;butene (466).
" - Thres different species (ac)ZOSB(CU)B’ (ac?zﬂss(CU);,
and(ad)3053<é0)6,haue been isslated from the:réaction mixture
‘during the cgtalytic cyclisation of alkynas at Dss(CD)lz. The
last of these gives a benzene readily and is thought to
contain three alkynes already linked (467). (PhSP)3Pd is a
catalyst for the formation of anthraquinone derivatives from
p—-benzophenone and mong olefins. Same of the benzoquinone
functions as a hydrogen abstractor, and the mono-olefin is
converted to a diene which then adds to a further benzoquinone
molecule (468). Copper(I) triflate, CF,S0,Cu, catalyses the
cyclopropanation of alkenes by azo-derivatives NZCHR. The
reaction is first order in catalyst and inhibited by excess
olefin, and it is presumed that reaction occurs by way of an
intermediate in which both tha olefin and the azo-species are
bonded to copper (468). Copper(I) complexaes in concentrated
sulphuric acid catalyse the conversion of Cn alcohols to Cn+1
carboxylic acids, and a species (Cu(CD)3)+ has been postulated
as an intermediate (470), whils the molybdsnum tricarbonyl
complexas of arsnes have been examined as Friedsel-Crafts
catalysts (471). The cobalt cluster compounds Cos(CU)QCY are

free radical polymerisation initiators (472).
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