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ABBREVIATIONS 

ACEN 
azbH 
bipy 
CHT 

2 
DBM 
diphos 
DtiE 
DMF 
DMG 
DMPE 
DMSO 
edas 

acetylacetonato 
bis(acetylacetone)ethylenediaminato 
azobenzene 
bipyridine 
cycloheptatriene 
cyclopentadienyl 
cyclohexyl 
1,34iphenylpropane-1,3diona;o 
Ph2PCH2CH2PPh2 
dimethoxyethane 
dimethylfonnamide 
dimethylplyoxime 
dimethyiphenanthroline 
dimethylsulfoxide 
1,2-bis(dimethylarsino)ethylene 

ffars 

ffos 

NBD 
o-phen 

g=NR 
SP 
TCNE 
TDPME 

bis(dimethylarsine)-rz-fluorocyclo- 
butene 
bis(dimethylphosphine)-n-fluoro- 
cycIobutene 
norbomadiene 
o-phenanthroline .’ 
pyridine 
salicylaldimine (R = alkyl, aryl) 
styryldiphenylphosphine 
tetracyanoethylene 
~~i~henyIphosphinomethyl)- 

tetrahydrofuran 
bis(o-dimethylarsinophenyl)- 
methylarsine 

A new series of vitamin B12 coenzyme model compounds have been prepared starting 
with the high-spin Co” chelate of the pentadentate Schiff-base ligand derived from sali- 
cyclaldehyde and bis(3,3’-aminopropyl)amine (SALDPT). Reduction of this complex with 
NaBHe in the presence of an alkyl halide affords u-bonded alkyl derivatives RCo(SALDPT)‘. 
Cobalt(H) complexes containing the macrocyclic Schiff-bases SALOPH, NAPSALEN and 
NAPSALOPH have been prepared, and are reported as being low-spin; acyl-cobalt(III) 
derivatives were also obtained2. 

Alkyl-transfer reactions between cobalt ions are relevant to biochemical behaviour of 
cobalamines, and sev&I systems exhibiting this property have been studied. Thus dissolu- 
tion in dimethylsulphoxide of the Schiff-base complexes Co(TFEN) and MeCo(ACEN) 
leads to electron transfer accompanied by transfer of the methyl group3. 

Co”(TFEN) + MeCo”(ACEN) =+ Co”(ACEN) f MeCon’(TFEN) 

The dimethyI.derivative of 1,3-bis(biacetylmonoxineimino)propane-cobaIt(III) behaves 
as a kethylating agent, and several methyl-cobalt derivatives have been prepared from Co” 
coniplexes by the transfer of a methyl karbanion4. The transfer of alkyl groups from Co 
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Jcl CQ 6r from Co to Rbis proposed to involve a bimolecular nucleophilic displacement of 
one metal ioti by the.o&er’. The equiIibrium position of the re&tions; 

R(C0) +.- (Co)_ * .= R(Co)* f (Co)- 

R(Co) = RCom (DMG)* Py ; 
(Co)*- = bis(cyclohexanedionedioximinato)Co’Py 

ti dependent on the nature of the alkyl group (R). The equilibrium position of: 

R(Co) f (Rh)- = R(Rh) + (Co)- 

.is a direct measure of the relative basicity of the two metal ions towards saturated carbon. 
Electrophtic cleavage of alkyl-dobalamins and cobaloximes by mercuric salts has been 

demonstrated? 

RCo’ + Hg(OAc), -+ Corn + RHgOAc + OAc- 

and it was suggested that the reaction invoIved inversion of configuration at the carbon 
centre of the alkyl group. Cleavage of carbon-cobalt a-bonds in cobaloximes by halogens 
has been shown to proceed via inversion at carbon7. 

Whereas, unsubstituted alkyicobaloximes are resistant to attack by hydroxide anions, 
halomethyl derivatives are susceptible to both OH- and OMe-, resulting in fission of the 
carbon-cobalt bond’: 

y-=2 

i 1 y - y4 +OH- - [Yo’] e [co’Py]- + co 

Methylcobaloxime has been found to add CO, MeNC, or MeCN forming species of the 
type MeCo(DMG)2L. The infrared stretching frequencies Y(CO) and Y(CN) indicate sub- 
stantial (Co-L) n-bondingg. 

Reaction of [CO’(DMG)~P~]- with cis- and tians-&bromostyrene leads to &sty&cobalt 
derivatives by direct substitution and with retention of configuration”. The cobalt anion 
is regarded as’an extreme case of a soft nucleophile and as such, little or no contribution 
to the reaction from an elimination-addition mechanism would be expected. 

In the presence of [PdQ4]2, alkylation or arylation of olefins has been obtained with 
cobaloxime derivatives [MeCo’Py] and [F’hC~~l’y]~~. The proposed mechanism involves 
initial formation of a carbon-palladium u-bonded complex, which then reacts with the 
olefm. : 

Reaction of the dicarbollide ion [C, BloH12]2- (firmed from the close-compound 
C2,B10H12 and sodium) with Co& and NaC5H5 yields a mixture.of products, the main 
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component of which is [Co(7,8-CzB-,,H,,)-n-C5H5]. This is believed to contain a 13-atom 
polyhedron. This compound undergoes-a thermal polytc;pal rearrangement in refluxing 
hexane I2 . Treatment of 1 ,6cZoso-CZ BaHlo with sodium-naphthalenide followed by 
excess NaCSH5 and Co& in tetrahydrofuran afforded a reaction mixture containing 
38% of the purple complex [Co(C2B8H10)-rr-CgH5]; an 1 l-atom polyhedral system. This 
method of forming polyhedral metallocarboranes has been termed a “polyhedral expansion 
reaction”. Reaction of 1,6-&so-C2BaHIo with sodium and Co& and a catalytic quantity 
of naphthalene at -78” in tetrahydrofuran’gave the green anion [Co(C2BsH&Jt isolated 
tis a caesium salt. Electr&ic and NMR spectra indicate the structure of [c2 Ba HlO]*- to 
be the same in both complexes 13_ A crystal structure determination of the complex 
[Co(C2B9H1&S2CH] has been reported14. 

Polarographic and cyclic voltammetric evidence is presented for the existence of low 
oxidation states in some cobalt and nickel dicarbollide complexes.- Thus species 
[CO{IT-(~)-~,~,C~B~H~~}-~-C~H~], [C0{n-(3)-1,7-C~BgH,~}~]-,and [Co2(C2BaHlo)- 
(C2B9H11)2]2-all contain cobalt in a formal (l+) oxidation state, whereas, 
[Co{7r-(3)-I ,2-C2B9Hll I2 ] has the cobalt in the (3+) oxidation state”. 

Reaction of cobaltocene with organoboron dihalides (RBBrz) or boron trihalides affords 
paramagnetic borabenzene complexes of cobalt’5. 

Cobalt carbonyl (Co2(CO)a) has be&n observed to react with certain fluorocarbon- 
bridged ditertiary arsines and phosphines (L) to give the species Co2(CO&L (where L = 
ffars, f4fos, f,fos, fafos) _ I7 The complexes possess either structure A (L = ffars, f4fos) 
or B (L = Me2 AsC(CF3) =C(CF3)AsMe2, Me, AsCF(CF3)CF2AsMe2). 

Unlike Co2(CO)a, the bridged structure is retained in solution. It is suggested that the 
As-As distance (ligand “bite”) may be the controlling factor in determining the preferred 
conformation. Treatment of [Co2(CO)a(ffars)] with PhCXZH resulted in the replacement 
of the bridging carbonyl ligands by the acetylene. 

Co2(CO), + ffars + [Co,(CO),(ffars)] 
80” 

- [Co2(CO)5(ffars)] 

[Co2(CO),(PhC,H)] + ffars a [Co2(CO)4(ffars)(PhZCH)] 

The reaction between [MeCCo3(C0)9] and ffars yields [MeCCo3(C0),(ffars)] with 
the arsenic ligand believed to be bridging two cobalt atoms. Similar treatment of 
[CF3CCo3(CO)9] produces a small amount of [Co4(CO)8(ffars)2]; the fate of the (CF3C) 
group being unknown”. 

Reaction of allcynes with Co2(CO)a has afforded a wide variety of products, whereas, 
the corresponding reaction of phosphines or phosphites gives straight forward substitution 
products. The reaction of Co2(CO)a and Ph*MCsR (&f = P, R = H, Me, CMe3, CF3, or 
M = As, R.= CF3) has been found to give only complexes of the type [CO~(CO),~- 
(Ph,MCXJR)2] as dark red crystals ‘a. The phosphites (L), P(OMe)3 and P(OPh)s, readily 
displace carbon monoxide from these complexes to give [Co,(CO)a(Ph,KZCR)2~]. 
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An X-ray study of ~Co~(CO)ic(PhaP@CCF&] shows-that each acetylenic linkage bridges 
.two cobalt atoms and the phosphorus atoms each donate to a C.O(CO)~ group. 

The reaction of Co~(CO)a~with Group IVB substituted acetylene R&R 
(Me,SnC2SnMe3, MesSnC,CMes, MesSnCaH, MesGeCaGeMes, MeaGeCaSiMea and 
Me3SnCz SiMes) affords the corresponding [Co, (C0)6RCa RJ complexes”, as air-stable 
purple-black solids. Acylation of [Co2(C0)6(MeaSnCzH)] and lCoZ(CO)a(MesSnC2CMe,)] 
with MeCOCl/AlCis gave [Co2(CO)6(MeCOC2H)] and [Coz(CO)6(MeCOC2CMe3)J 
respectively_ 

The treatment of [co,(CO),(RC2H)] (R = H, Ph) with excess bicycle-[2.2-i lheptadiene 
in inert solvents (dimethoxyethane or isooctane) gives [CO(CO)~S~-C~ HS f as the major 
product; the cyclopentadienyl group probably resulting from a retro-Diels-Alder reaction*c. 
When the reaction was conducted in an aromatic hydrocarbon (C,H, or C,HsMe) the 
major product was found to be [Co&CO)g(arene)]. The same complex is obtained by 
warming [Co4(CO),a] with the respective arene. 

The readiness with which an acetylenic group will coordinate to a Co2(CO)e moiety 
has been used as the basis of a method of protecting an alkyne group in an organic com- 
pound_ For example, after coordination the oletinic linkage can react selectively20a. 

>J- 
+ Co&O)s 

- &-J- 

co-co 

(CO)3 (CO)3 

The protecting group can be readily removed by oxidation with ferric ion. 
The reaction of equimolar quantities of Co,(CO)s and C,FsSSC,Fs in hexane at room 

temperature affords air-stable black crystals of [CoZ(C0)~(C6FsSSCeFs)]*‘. Comparison 
of infrared spectra suggests an analogous structure to that found for the acetylenic com- 
plexes [Co2 (CO), RC2 R], involving a disulphide bridge: 

Formation of a similar compound was observed with C,ClsSSCeCls, but C,Fs SH gave a 
mixture of the above type of complex and a species formulated as [CO~(CO)~(S)(SC~F~)]. 

Previous investigations of methyhdyne-Co3(C0)9 systems have demonstrated the ability 
of a wide range of organomercuriais to aIkylate [HCCO,(CO)~] at carbon to give 
[RCCO~(CO)~]. However, reaction of halomethylmercury compounds proceeds differently2*: 

[HtJCos(CO), ] f Hg(CH& -% [MeCCo3(C0)9] 

DCCO~(CO)~ + Hg(CH~-Br)2 A [C%D%(C0)91 

No incorporation of halide was observed in the final products. These reactions ma; be 
formally considered as involving the insertion of a carbene (CH2) into the C-5 bond, but 
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a more complicated process is probable, since metallic mercury is a bi-product. Phenyl- 
(trihalomethyl)mercurials, which readily release dihalocarbenes on heating, did not exhibit 
the methylation reaction with [HCCO~(CO)~]. Thus, PhHgCC12Br gave [PhCCos(CO),] 
only, as did PhHgCBrs and PhHgCFa. In each case a strong preference is show-n for transfer 
of the phenyl groups. 

Dehalogenation of the species [XCCos(CO),] (X = Cl, Br) in arenes at temperatures 
above 90” afford the compounds [CO~(CO)~~C~], [Cos(CO)rsCsH] and [Co6(CO)raC4], 
the latter being the main product even at higher temperatures. where [C0a(C0)~4Ce] is 
formed preferentially to [Co,(CO)rSC3H] 23_ Spectral data indicate that each of these 
complexes is effectively a CONIC unit with various acetylene residues linked to the 
apical carbon atom. The crystal structure of the complex [CO~(CO)~~C~] has been deter- 
mined by X-ray crystallography24. The molecule consists of a [CCos(CO),] group at each 
end of a four-carbon chain containing two acetylene bonds, one of which forms a bridge 
with a Co,(CO)e group. 

Crystal structure determinations have also been reported for derivatives of [YCCo3(CO),], 
which all contain the tetrahedral CCo3 cluster of the parent compound25. Thus, in 
[PhCCo3(C0)e(rr-C6H3Me3)] a mesitylene group is n-bonded to a single cobalt, having 
replaced three carbonyl groups; in [PhCCos(CO)e(n-CaHa)], a cyclooctatetraene molecule 
has replaced the three axial carbonyl groups and is K bonded to the Cos triangle through 
three of its double bonds. The preparation and spectral properties of the complex 
[PhCCos(CO),(CaHa)] have also been described26. It is formed by treatment of 
[PhCCo,(CO),] or [PhCCo3(CO),(arene)] with CsHs in refluxing ether. 

An X-ray crystallographic study of the diamagnetic complex [FeCo:!(CO)cS] together 
with a detailed comparison of its molecular dimensions with those of the isomorphous, 
paramagnetic [Co3(CO)&J has been reported27_ The conclusion is drawn that electrons 
in excess of a closed-shell electronic configuration of each metal atom in an organometallic 
cluster system occupy strongly anti-bonding metal orbital combinations_ The formal substi- 
tution of an Fe for a Co may be regarded as equivalent to removal of the unpaired electron 
from [Coa(CO)&] and results in a large decrease in metal-metal bond distances. X-ray 
analyses of the related complexes [Cos(CO),Se], [FeCo2(CO)gSe] and [FeCo2(CO)gFe] 
support the previously demonstrated anti-aromatic character of the unpaired electron in 
the.Co3 fragment of the Cos(CO)9S molecule28. This investigation demonstrates that 
excess electrons in a triangular metal-cluster system will occupy primarily the antibonding 
a-orbitals and will thereby reduce the net metal-metal bond order to less than one_ The 
effect is less for the selenium than for the sulphur complex. 

The infrared band near 1900 cm-’ - m the spectrum of NaCo(CO), has been examined 
in different solvent systems*‘. The band envelope is simple in DMF, DMSO and wet THF, 
but shows varying degrees of complexity in pyridine, piperidine, THF, DME and water. 
The results are discussed in terms of the differing multiplicities and differing nature of the 
anion environment. A more detailed study of the carbonyl stretching region for NaCo(C0)4 
in THF has been carried out, using infrared and laser-Raman spectroscopy3’. The spectrum 
is temperature dependent, revealing two kiuds of anion environment. The major anion sites 
are identified as solvent-separated ion pairs and contact ion pairs. 

The infrared spectra of the complexes [(rr-ring)Fe(CO)aCo(C0)4] (where ring = C5HS, 
Me& H4 and indenyl Cg H,) have been investigated3r. In the solid state they exist as 
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carbdnyhbridged species, which.probably pOs&s pucl&ed qii-g-carbonyl bridging systems. 
La s&rtioti, one non-bridged and tw0 bridged isomers are present:The, proportidn of the 
+kk?2z.k &cw-&&& zcmCzg-z&~me IB pc%kr aofvents, and along the series 
CsI-5, >MeC&& > C9H7. Only the non-bridged form of the ruthenium cumpou~d has- -. 

: #e&n &e&d_ 

Addition of ~ph&s] {COG] to a methylene chloride-heptane solution of an excess 
of @-r{Co(Cd),)a ] or [TI{Co(CO)&] yields red crystals of [Ph&s] [In{Co(CO),), J or 
[Ph4As] [~I{CO(CO)&~~ respecfiveIy3*.- The i_n_&mzLspesti~ &d&eat~th& &z fm?&-Cts 
bon& (hi = In, Tl) are in a tetrahedral array. In p&i-r urgarric solvents, there is some 
dissociation, ah&q& the positions of equilibria are very solvent dependent: 

Ifwww,~,l- * IMWoWM,l + IWCOM- 
[MKo(CO)4}3] * M3+ + 3[Co(CO),]- 

Single crystal X-ray analyses of [CO(P~~PAU)(CO)~] and ({bis(odimethylarsinophenyl)- 
methylarsine}argentio)tetracarbonylcobalt] have been reported33. In both compounds the 
cobalt titom is S-coordinated in a trigonal bipyramidal form with a gold or silver atom in 
an apical position. 

The irradiation of a solution of [ZnfCo(CO), I21 _ m h exane at ZOO affords orange crys- 
tals 01 the condensation product [ZnzCo4(CO)rs] accompanied by loss of C034. This 
condensation also proceeds under conditions of thermolysis and even on storage in the 
dark. The infrared and Raman spectra are complex, and the observed diamagnetism suggests 
a Co-Co bond. The proposed structure is: 

(co)*,c?~co)2 
Zn \cO/““‘Zn 

,co- 

(CO),CoY \ 
cow94 

As might have been predicted, this complex proves to be an effective catalyst for the 
dimerisation of bicycIo[i.2.l]heptadiene to Binor-S. 

Treatment of [HCo(C0)4] with NH3 affords NHaCo(C0)4 and this has been observed 
to react with aromatic aldehydes3’. 

The reactions of [C13MCo(CO)4] (M = Si, Ge, Sn) with P(OEt)s, P-n-Bus and PPh3 
have been studied36. Treatment of [c13SnCo(CO)4] with P(OEt)a, P-n-Bu3 or NEts in 
heiane or with THF in the neat solvent leads to formation of [SnC12{Co(CO)4)a], the 
reaction appearing to proceed via attack of the base at the tin atom, displacement of 
[Co(CO)4 J- and subsequent displicenient of Cl- from C13SnCo(C0)4 by Co(CO),-_ In 



The complete absorption spectra (33000-55000 cm-‘) far the complexes [XsMCo(CO),] 
(X = Br, I; M = Sn, Ge) have been reported3’. 

Ph,SiH, and Et,Siy, react wi?_h excess aC Caa(CO), to give ~R~SiCa4(CO),4]38_ High 
resolution infrared and mass spectra suggest that these derivatives contain nanacarbonyl- 
tricobaltmethoxy and tetracarbonyicobalt groups directly bonded to Si: 

The corresponding H(CO)4CoSi and (CO)&o2Si compounds appear to be intermediates. 
The ultraviolet irradiation of [n-CsHsCo(CO)a] wifh Ci3SiHhas been observed to 

afford [C13SiCoH(CO)(C5HS)]3g. 
Reaction of Me2NSiie3 with HCa(CO)4 and HCo(PF3)4 _leads to the formation of 

[Me2N(H)SiMes]‘[C0(CO)~1_and [Me2N(H)SiMe3]+[C~(PF3)4]-respectively, as white 
salids40. The former complex may also be obtained from the reaction of Me2NH with 
[Me3SiCo(C0)4]_ 

The complexes [CoH,(SiR,)(PPh,),] (R = F, OEt) are formed by an oxidative- 
elimination reaction between R3SiH and [CoH(N2)P3]; the reaction is reversible when 
R = 0Et4r. The complex [CoH2{Si(OEt),}P3], which may also be obtained by the reac- 
tion of [CoH3P3] with (EtO)aSiH, functions as an efficient catalyst for o-silylation of, 
for example, EtOH, and for the reaction of SiH(OEt), with 1-hexene. The olefm is also 
isomerised in this reaction at about half the rate of hydrosilylation. 

Passage of carbon monoxide through an aqueous solution of [CO(CN)~]~- yields the 
anion [CO’(CN)~(CO)~]~- which demonstrates a relatively weak basicity towards prato- 
nation and a weak nucieophilicity towards a&y1 halides, this possibly reflecting the ten- 
dency of carbon monoxide to stabilise Co’ with regard to gxidation42. Treatment of the 
dianion with tertiary phosphines affords the species [Co(CN),(CO),(PR,)], 
[Co(CN&(CO)(F’R3)2]- and [Co(CN)(CO)2(PR3)2] (where R = MePha, MeaPh, Et, Ph, 
cyclohexyl). A ready oxidation of coordinated carbon monoxide is the result of the 
reaction of [Co(CN),(CO)(PEt,),]- with alkaline Fe(CN)63-: 

ICo(W2 (CO)P2 I- + Fe(CN)6- + OH- --f Fe(CN)e4- f COs2- + 

+ [(CN)sFeCNCo(CN)2P2(H20)j3- 

A variable temperature infrared specfrai study between -78” and + 40” of tricarbonyl 
S&3&3h& &?rivahX%S- hz revealed r~tatiMla1. is0merism c3wlng -to hindered r&atk3n ahlt 
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the Co-i&r bond.axis 43 The derivatives were prepared from substituted acetic srrhydrides . 
~‘&d [Co(CO)~(Pph3)J-: .. . . 
-. ‘, 

(xFHCCO),O + Na[c0(c0)a(P&] --, [XFHCCOCo(CO)aP] (X = H, F). 

Kinetic studies of the isotopic exchange reaction: 

[Co(CO),(NO)L] Y 14C0 + [CO(‘~CO),(NO)L] + CO 

(where L = PPh3, P-n-Bus, P(OPh), or P(OMe)s) have previously shown that it follows a 
two-term rate law of the type Y = kl [complex] f k2 [complex][CO]. Further investigations 
in different solvents have demonstrated that the second-order rate constant is influenced 
by the solvent to a negligible extent, while kl varies with the solvent’s nucleophilicity and 
steric requirements*. In solvents possessing good donor properties ki is increased, which 
correlates with a solvent-assisted dissociative mechanism for the first-order path. 

The paramagnetic species [Co(PMes),] ha s b een obtained as dark-brown needles by 
sodium amalgam reduction of anhydrous cobalt halides in the presence of the phosphine45. 
Solution molecular weight determinations gave the monomeric value, a contrast to the 
ready dimerisation of the species [Co(CO),] and [Co(PF& J. In absence of a catalyst, 
[Co(PMes),] does not react with hydrogen, but if the above preparation is conducted in 
an Hz atmosphere, a biproduct is [HCo(PMe&]. Solutions of [Co(PMe&] rapidly absorb 
NO to form diamagnetic [Co(NO)P,], and with azobenzene gives dark violet crystals of 
the complex: 

PIIN ,pMe3 

p&C0. PMes 

Sodium borohydrrde reduction in ethanol of Co& in the presence of excess PEtzOPh 
affords orange prisms of (CoH(PEt,OPh), ]46_ The ‘H NMR spectrum at 25” shows the 
hydride resonance as a quintet but cooling to -5.5” is accompanied by loss of resolution, 
the signal eventually becoming a single broad band. An X-ray structure determination 
shows the coordination about the cobalt to be approximately trigonal bipyramidal with 
the hydrogen in an apical position. The approximately tetrahedral disposition of the four 
phosphine Iigands suggests the barrier to intramolecular rearrangements via a tetrahedral 
COP, transition state.would be very low, with the hydrogen possibly tunnelling between 
triangular face (edge) positions. The NMR data require the barrier to be higher than in 
HCo [P(OPh)s I4 or HCo [P(OEt)s],+ 

Reaction of cobalt salts with excess Ph2PCH2CHZPPh2 (diphos) in polar solvents gives 
the ionic species [Co(diphos)z]% (where X = Br, (304, BPlQ4’. The bromide is 4- 
coordinated in polar solvents but S-coordinated in non-polar solvents, whereas the ClO,- 
and BPh4-salts are 4-coordinated in solution and in the solid state. The cations easily 
afford l/I adducts with Hz. CO or SO,. Carbon monoxide is extracted from PhCOCl to 
give [Co(CO)(diphos)a]+, which is in contrast to the simple oxidative addition observed 
for the Rh and Ir analogues. NO displaces one diphos Iigand. to give [Co(diphos)(NO), ] ? 

_.. 

_. 
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The olefhic ditertiary arsine 1,2-bis(dimethylarsino)ethyleni (edas) (90% trans and 

10% cis) reacts under W irradiation with Cc$ to give47a CoX2(ckedas)i (X = Cl, Br, 
T, NO). These complexes behave as l/l electrolytes in nitromethane and should probably 
be represented as [CoX(cis-edas)~]~-. 

Using aqueous alcohol as the solvent for the above photolysis, a species formulated as 
[CoCla(cisedas)J was obtained, and this was considered to be [Co(cis-edas)s] [CoCl,] in 
the solid state. 

The synthesis and some reactions of a bis(pentafluorophenyl)cobalt complex have been 
described48. Thus the reaction: 

C6F5MgBr -I- CoBrs -j (CeFs)sC!o 

is proposed to occur, although the stable blue solid product has not yet been obtained 
pure; several of its reactions imply facile liberation of the C6 Fs radical. 

H,O’ 
C6F5H 

C12F10 

C5F5-)2Co 
CsFsH + C12F10 

C6F5SH + C6F5%C6F5 

C6FS1 

CeF5I. 

with P-n-Bus, however, the complex [(C6Fg)2C~P2] is obtained. 
The complexes [(n-C,H&M(SQ] (M = MO or W, R= Me, Et, n-Bu) act as ligands to 

cobalt to form the complexes [(7r-C5Hs)2M(SEZ)~CoX~] (X = Cl, Br, I or SCN)4g. Solution 
molecular weight determinations show monomeric character. Magnetic moment values 
and electronic spectra are typical of pseudo-tetrahedral Con compounds. 

Dimtrogen complexes of Coo and Co-r have been prepared by reduction of [CoClP3] 

(I’ = PEtzPh or PPh3) with Na metal in THF or toluene under N2 “. Thus, reaction be- 
tween [CoCla(PEtaPh)aj, PEtaPh and Na metal in l/1/2 molar ratio in THF leads, via 
[COCIPS] to a bridged N2 complex of Co’, CP3Co(N2)CoP31, obtained as dark-brown 
crystals, unstable in air. The infrared spectrum does not show N-N stretching bands, indi- 
cating a symmetric bridging conformation. Use of the same reagents in the molar ratio 
l/1/3 afforded Na[Co(N,)PJ as black, diamagnetic crystals, whose infrared spectrum 
showed a very strong v(NN) at 1840 cm -I_ The N2 hgand is readily displaced by carbon 
monoxide, but with water the complex [CoH&)Ps] is obtained. 

Another preparation of the PPhs complex [CoH(N,)(PPhs)s] involves reduction of Co” 
or Co” acetylacetonates with triafkyialuminium reagents in the presence of PPhs under 
Nz5r _ Use of AlMesOM e or ALEtaOEt in an argon atmosphere afforded [MeCo(PPh,)J 
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and~[r?o(C~H&PPhs)sJ res&ctively. This suggests that the N2 complex is formed via an 
.intermediate ah&cobalt complex. The reactions may.be divided into those5nvolving rever- 
sible exchange of Nz, and ‘irreversible reactions: 

(i) .- coHWi)p 

.H&;NH. N+’ 

CoH3P3 
2 

CNW,)P, 
._ H, 

(ii) 
Co&P* Co&P, 

N2 

H\ 7, CoH(cliphos) 
A 

- CoHm2)P3 

HCO1H/or C02k 

Co(HCOa)P, 
CoH(CO)P3 

The N2 complex functions as a catalyst for a variety of transformations viz., oxidation 
of PPh3, reduction of NzO to N2 with concomitant oxidation of PPh3; hydrogenation of 
CaH4; dimerisation of C2H4 and propene, via HCoP3 intermediate; isomerisation of 
I-butene; and poIymerisation of acrylonitrite, methacryionitrile and methyimethacrylate. 

The ethylene complex exhibits reactions consistent with its formulation as a zerovalent 
complex: 

C2H4 + trace H2 
C2H4 + trace CzHe 

co(c2 %)P3 
CaH4 + trace C2Hs < I - [CO(CO),P]~ + C2H4 + trace C2Hs 

1 D* 

C2Hx’k-x . 
(x=02) 

The nitrogen-ligand in [CoH(N2)(PPh3)3] has been reduced by sodium naphthalenide, 
PhLi or &.i/naphthalene in the presence of TiC!14 52_ Hydrolysis of the reaction mixture 
liberates-NH3 as the reduction product_ No reduction occurs in the absence of the titanium 
compourid and it may proceed either through an intermediate Co-N=N-Ti or through 
tia&fer of hla from Co to a low-valence complex of Ti. 

Treatment-of a hexane solution of C&(CO)a.with excess NO at room temperature 
results-m &formation of a black, diamagnetic complex characterised as Co(N0)aN02 

. . 
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by X-ray-and infrared studiess3. In the solid state a chain structure exists involving Co(N0)2 
moieties linked by nitrile groups. The similarity of the solid and solution infrared spectrum 
and the difference of the NOp frequencies from those of nitro- or nit&o-groups indicates 
a bridging configuration in solution and a dimeric structure is suggested: 

? 
NO, P-0, /No 

co co 
~0”~@NO 

‘0 

A nitrosylnitro complex [Co(NO&PPhs)(NO)~] is also obtained from reaction of 
[CoPs(NO)] with NO54 . Nitrogen is also evolved and the reaction may be considered as 
the result of a disproportionation of NO to NO?102- and Nz followed by an oxidative 
addition_ The complex may also be prepared by: 

[COP,(NO)~]‘C~O~- + KN02 --, [CO(NO,)P(NO)~] 

The possibility of conformational equilibria between the two forms of metal-nitrosyl 
bonding (NO+ linear and NO- bent) has been previously discussed. In this way the co- 
ordination geometry about the metal would change as the metal and nitrosyl undergo a 
formal internal oxidation-reduction reaction_ Variable temperature infrared data for the 
complexes [ CoClz (NO&] [L = P-n-Bus, PMePha, PPhs, PEt,, P@-MeC6H4)s ] suggest 
that there is a rapid equilibrium in solution between a trigonal bipyramidal Co* complex 
containing a linear nitrosyl, and a square pyramidal Corn species with a bent nitrosy15’r 

The relative intensities of the u(NO) bands are aependent on the nature of the phosphine; 
more basic ligands increasing the intensity of the lower (NO-) frequency. Cooling of the 
solution of [CoCl,(NO)(PMePhz)] caused an increase in intensity of the higher (NO+) 
frequency band. 

Polarographic studies of the reduction of complexes of the type [CO(CO)~_,P,(NO)] 
(?r = 1,2) (P = phosphine) show that they are reversibly reduced to the radical anion, which 
is irreversibly inactivr?teds6. 

The measured changes of half-wave potentials correspond to changes of standard redox 
potentials and a correlation of these quantities with v(N0) indicates a considerable degree 
of delocalisation of the redox orbital. This correlation is based on a simplified model accord- 
ing to which changes in u(N0) are primarily due to varying degrees of back-donation into 
n*(NO), which is at the same time a significant component of the redox orbital. 

Halonitrosyldicarbonylcobslt anions [COAX]- have been obtained from 
[COG] and X- 5’. Reaction with benzyl halides results in nitrosylation of the 
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: 
..-aromatic speciesko afford b&ald&ities, possibly yia ikeknediate-benzylation of the . . 

‘Phdk,Cl +-:CC~(~~~~O),-~J-.i.~~H,NO ‘+ [ko(COj;X] .- 

A+ &&II reaction is reported involving [CpCo(NO)]a and bicyclo[2__2_l]heptene in 
the.preSence of NO which affords a 90% yield of dark red crystals of [n-C5 Hs Co(NO), -. 
(C;Hu-,>]58. 

‘H-NMR mass and infrared spectral evidence @(NO) 1357 cm-‘) suggeSts. the structure 
: beIoti inw&ng bridging nitrosyl groups: 

9 

The Diels-Alder adduct from Cs H6 and Ca(COiMe)a reacts similarly to bicycIo [2.2-l]- 
heptene, but only the_unsubstituted double bond reacts. 

The syntheses and characterisation of a series of mixed l,l-/1,2dithiolene complexes 

EC~(S,CNR,XS~C*(CN)I}~I*- CR= M e or Et) Fd .[CO(S~C=X){S~C~(CN)~}~]*- (X = 
C(CN),, C(CN)CO - OEt, C(CN)CO - NH2, CH -NOa or N(CN)) have been described”. A 
voltammetric examination in CH2 Cla established that the trianionic species and 
[Co(SaCNRa)&Cs(CN),)12- could be oxidised in a one electron step, the fi values 
showing a small but significant dependence on R and X. The dithiocarbamate idducts and 

[Co&C=C(CN)z]&Ca(CN)2)2]*- could be further oxidised. Chemical oxidation of 
the-complexes was achieved using iodine. 

Diiodocyciopentadienylcobalt has been prepared as a grey black soiid [Co(CsHs)IZln 
(where n is probably 2) from the reaction of [CO(C~H~)(CO)~ ] with iodine6r. Lewis base 
Iigands such asPPhs and pyridine, break the iodide bridge to afford [Co(CsHs)I, I]. 
Whereas [Co(Cs Hs)121n is insoluble in noncomplexing solvents, it decomposes in coordi- 
nating solvents to give the cobaltocenium ion and cobalt(I1). The bromide analogue clispro- 
portionates more rapidly, even in light petroleum, and the chloride could not be prepared, 
only the cobahicenium salt being formed_ The disproportionation mechanism for the 
iodide is suggested to involve intramolecular transfer of a CsHs-ligand; 

._ : [Co(C,H&]?’ + Co& 

Neither the rhodium analogues, nor the compIex [Co(CsMes)12] show thisbehavlour 
und.er.these:conditions;- : 

... : 

_L< 
_.- _. --. 

:_ : _. 
:: 
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Photolysis of photo+pyrone in-the presence’of [CO(C~H~)(CO)~] has been shown to 
give-three producUs2: 

(0 <a WI 
The structure illustrated for (II) has been confirmed by X-ray study and in solution it 

exhibits a novel fluxional behaviour, which is interpreted as involving exchange of the 
nonequivalent CsHs groups together with exchange of a- and n-bonding between the two 
cobalt atoms and the C,& moiety. 

Reaction of hydroxide or amide ion with cobaltocenium cation has been observed to 
give good yields of azulene 63 The suggested mechanism envisages initial nucleophilic _ 
attack followed by ring expansion with a final condensation reaction between the 6-- 
membered ring intermediate and a second Cs Hs- ion. 

P 
co 

65 
- - 0 \-, / 

The expansion of the CsHs ring to incorporate the oxygen is comparable to similar 
rearrangements previously observed for [Co(CsHs)(CsHsCH,X)] . 

Although only one of the carbonyl ligands in [Co(Cs Hs)(CO)a] may be directly dis- 
placed by PPh3, the complex [Co(CsHs)(PPh3)2 ] has been prepared by reduction of 
Co(CsHs)PPh31264_ 

W-r, 
cO(CsHs)PPh312 + i-PrMgBr + PPha - Co(Cs HS l(PP~~3 12 - c6 H6 

The rhodium analogue may be similarly obtained. One of the phosphines of the cobalt 
complex is labile and is displaced by CO, CS2 or two moles of PhGCPh, the latter afford- 
ing a tetraphenylmetallocyclopentadiene ring: 

Ph 
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. Butadiene reacts with a suspension of [CoH(N&PPh3)~] in ether at room;temperature 
to give directly the orange red diamagnetic complex [Co(C,H,)(C~H,&PPh3)], which on 
the basis of its ‘H NMR _is formulated as rr-crotyl-rr-butadienetriphenylphosphinecobait* 65- 
This reacts with carbon monoxide to displace butadiene and form [Co(r+Hr)(CO)sPPh3], 
detected by infrared spectroscopy. 

Tre$m&$6f [Co(C8H&(C8H12)] withcycloheptatriene affords red-brown needles of 
[CO(C+H&~H~~)] from which may be d&Wed [CO(C~H~)(CO)~], both containing a 
n(h5)-cycloheptadienyl ligand66. The formation of Co(C7H9)(CaHr2) in n-heptane at 65” 

-. folIoWs a composite rate equation, R = k[Co][C,Ha] + k’[Co$ (where [Co] E [Co(CaHr3) 

GH12>1)- 
The first term represents an associative mechanism common to substitution reactions 

of square planar complexes, this type of configuration being approximately attained by 
the CaH13.and CaHri ligands. Formation of the final product would require rapid transfer 
of the hydrogen from CaHr3 to C,Hs and evidence for this is supplied by the detection 
oft 1 ,3-CaHr2 as the major Ca hydrocarbon. The virtual absence of any 1 ,5-CaHrs pre- 
eludes a mechanism involving initial displacement of the 1 ,5-CsHr2 ligand by C,Hs. The 
second term in the rate equation implies rapid formation of a dinuclear intermediate con- 
taining C7Ha. The reaction scheme deduced is illustrated in the scheme below. 

WC,H~~XW%Z) 
I 

1 1 
~0(~7~s)(~sH,,)(C,H,,) [WW-M(C,H,,>12 

-1,3C,H,, (H-migration) 
I 

Co(C7Hg)(CsHrs) 
,*, 

[(CaH&(CvHs)Co - WGH,4XW%)1 + PWYh)GHn)lz 

I 
(H-migration) 

Co(C7Hg)&Hrz) •I- Co(C8H13)(CSH12) 

The complex Co(C7H9)(CaH12) also exhibits a temperature-dependent ‘H NMR spec- 
trum in solution indicative of proton averaging, between -25 and + 7S” 67. This is in con- 
trast to the rigid structure maintained in solution by [Co(CsHr3)(CaHr2)]. The limiting 
spectrum at -25” led to the molecular conformation below being proposed as the stable 
configuration: 

0 I 

I 
co 

ff!+ 

‘. 
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The observed fluxional behaviour results from rotation of the CsHr2 ligand, the C7H9 
ring being unaffected: . 

The contrast with Co(CSHr3)(CaHr2) is assigned to the different characters of the 
ligand and metal orbitals used in the two complexes. it is postulated that [Co(C7H9)- 
(CsHr,)] contains certain metal orbitals which form essentially a non-bonding core which 
is more isotropic than the analogous orbitals in the square planar [Co(CaHr~)(CsH,,)]_ 

By reduction of CoCla with NaBH, in the presence of cyclooctatetraene the similar 
comtilex [Co(CaHa)(CaHa)] has been prepared ” This is thought to contain a fluxicrial _ 
h4-1 ,2,3,4-cyclooctatetraene cobalt systein. The ‘H NMR data does not allow a firm 
decision between the two modes of coordination possible for the CaH, moiety, namely, 
hs-1,2,3,4,5- or h5-1,2,5,6,7. The latter or-allylic mode of bonding is thought to be present 
in the cationic species [Ru(C8H9)(CO)s]+_ Carbon monoxide displaces C8H8 from 
[Co(C8H8)(C8H9)] to give a tricarbonyl-rr-h3cyclooctatrienyl cobalt. In the discussion 
of the ‘H NMR spectrum of [CaH&o(CO)s], it is suggested that the previously reported 
C7H7Co(C0)s does in fact contain a h3-1 ,4,5cycloheptatrienyl system. Cyclopentadiene 
and indene react with [Co(CaHa)(CaHg)] t o f or-m respectively, 1,3,6cyclooctatriene-z- 
cyclopentadienylcobalt and 1,3,6cyclooctatriene-n&deny1 cobalt. In these reactions it is 
suggested that CaHa is first displaced by the CsHe or indene followed by a cobalt assisted 
H migration. This is related to the formation of [Co(C,H9)(CsH,,)] described above. 

The previously mentioned n-allylic cobalt(I) complex [Co(C8HtJ)(CaHIZ)] has been 
prepared by electrolysis of Co”(acac)a in the presence of 1,5-C8H126g. It is also reported 
that heating (60°) of [Co(CaHrs)(CaHr,)] in l,S-CaHrs produces cyclooctene and a 
~-bicyclo[3.3.0]octadienyl-l,5cyclooctadienecob~t. 

Reaction of [rr-allylC~(CO)~] and [(~~-C~H~)CO(CO)~] with CaF4 and CF3-CF=CF2 
results in a formal insertion of the fluoroolefm into the C-Co a-bond of the ally1 system 
to give stable a,lr-alkylCo(CO)s complexes7’. 

R=HorMe 
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_- -. These compoykls relict with PPh3 .to. form o-bonded derivatives such as CH*=C(R)- 
. . CH3Cl?‘1CF,Co(C0)3_PPh3 (R = H, Me). Insertion reactions of n-allylic complexes have. 

been implicated in the catalytic formation of hexadienes with both Rh and Ni catalysts. 
It was also found that CF3MCF3 reacts with [(n-C4H7)Co(CO)3] to form .the illustrated 

< complex in which ttio molecules of the acetylene are inserted between the cobalt atom 
and the ally1 group. 

-3 CF3 

CF3&CF3 
H: -1 
s $h ,<C?(CO)3 _ 

Me 

It-is suggested that an ionic mechanism can best explain the formation of this complex. 
When cationic Co’ derivatives such as [Co(bipy)3]+ or [Co@-phen)3]+ are treated with 

H2 in the presence of PRs, the cationic species [Com(chel)(PPh3)3Hz]+ are obtained” 
(chel = bipy or o-phen). 

Reaction of this with butadiene or isoprene affords [Co(chel)L(diene)J+ species which 
can also be obtained directly from the [Co(chel)3]+cations. All these reactions may be 
reversed by addition.of excess chelate. 

Using a variety of complexes [MX3(PPh3)3] (where M = Fe, Co, Ni; X = Cl, Br, I) as 
catalysts for the homogeneous hydrogenation of 1,3- and 1,5-CsHr3 and cyclooctane, 
organic compounds have been used as hydrogen sources73. The main advantage of this 
type of transfer-hydrogenation is that milder reaction conditions are possible. As hydrogen 
donors, o- and p-dihydroxybenzene were found to be superior to alcohols. 

‘Ihe hydrogenation of butadiene by [CO~(CN)~]~- selectively produces I-butene in 
the presence of excess CN-, and trans-2-butene in the presence of a smaller quantity of 
CN- (CN-/Co > 5). Proposed mechanisms involve intermediate formation of a-2-butenyl, 
n-(1-methylallyl)- or o-1-methyI-2-propenylcobalt derivatives. A ‘H NMR study of the 
reaction in D30 and H30 at 0” under an atmosphere of Hz and butadiene has been carried 
out74. For a ratio CN/Co > 5 the spectra revealed two complexes in similar amounts, 
postulated to be cis- and bans-o-2-butenylpentacyanocobaltate(II1). The spectrum for a 
ratio CN/Co < 5 showed that the complex formed is syn-lr-(1-methylallyl)tetracyano~ 
cobaltate(II1). Addition of excess CN- caused the first demonstration of the conversion 
of a sr-1-methylallyl to a o-2-butenyl complex_ Preliminary rate comparisons with that of 
butene formation suggests that a-2-butenyl complexes are not direct intermediates in 
I-butene formation and that the rr-1-methylallyl complex is the most probable intermediate 
for formation ‘of trans-2-butene. 

‘lhe selectivity of the hydrogenation has also been found to be solvent dependent75. 
Studies of water and alcohol’solvents show that the former promotes I-butene formation, 
yhereas methanol and ethylene glycol give higher yields of cis-Zbutene. 

Homogeneous olefm isomerisation catalysed by [HCo(C0)4] has provided evidence 
for at least three mechanisms; 1,34ntemal hydride shift, external 1,3-ally1 exchange and 
1,2~addition&Gmination_ The isomerisation of dimethylmaleate by [DCo(CO)+] has been 

studied andjrields deuterated dimethylfumarate and dimethylsuccinate and undeuterated 

:. 
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dimethylmaleate76. Such results are compatible with-a 1,2-&s-addition-elimination of 

~4m4. 

R = COsCHs 

M = Co(CO), or Co(CO)a 

The hydrogenation of the maleate and fumarate catalysed by [HCo(CO)a] was also in- 
vestigated and led to the conclusion that whereas addition of the hydride to maleate pro- 
ceeded predominantly via 1 ,2-addition, the fumarate was attacked in a 1 p-fashion. 

H\ / * fCO Hl&&H 

0% / clH 

i- HCO(CO)~ = 

F: 

AMe i)Me 

Cobalt hydrides of the general formula [CoH(CO),_,(P(n-Bu)&] (tz = 2,3) have been 
prepared”: 

[Co(CO)sP]a + H2 + P --+ COH(CO)~P~ 

(RCOO)sCo + P + CO + Hz --f dark yellow oil 

/ 

P, H, 

CH,CH=CH, 

120” 

[CoWOF’ 

The triphosphine complex is capable of abstracting CO from linear aldehydes; a reaction 
known for rhodium and ruthenium phosphine complexes. 

[CoH(CO)P3] -I- RCHaCHsCHO ;= [CoH(CO)sPs] + RCH=CH, + Hz + P 

In the presence of carbon monoxide, a series of reversible reactions‘occurs at room 
temperature involving stepwise replacement of phosphine ligands. Reaction of the cobalt 
hydrides with butadiene affords a-ally1 complexes: % 

[HCO(CO)~_~P,J + C4H6 
:( 

- ( -Co(CO)q -$n - r 
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The hydri&s also function as cata&ts for the homogeneous hydrogenation of olefins, 

.: .-akynes &dLdehydes, a.ud the isomerisation of 01efins. The observed overall rates are 
dimin@hed by excess phosptie, a fact that i&plies. a dissociative pathway. The complex 

r!=-4~0),p*1 has 1 a ower selectivity than the Rh and Ir anaIogties, which only hydro-. 
genate terminal double bonds, this probably.reflecting less steriC hindrance in the cobalt 

: complex. The cobalt systems show a low mobility of the cobalt-hydrogen bond in the 
.presence of alefins and Hz_ This would exclude an insertion mechanism of olefm into the 

.-. 
M-U bond ~-has been postulated for the Rh and Ir complexes. The mechanism suggested 
for the .hydrogenation is summarised in Scheme 1, but the isomerisation pathway is as yet 
unclarified. 

RCH=CH2 H 
1 /L 

co 
J/I 

CO 
L = CO or P-n-Bus 

L= P-n-Bus + CHsCl&R 

The hydrogenation of aldehydes is also thought to proceed via coordination at the 
vacant site of the metal. During the hydroformylation of olefins catalysed by the system 
Co,(CO)a/PRa at temperatures > 1 lo”, trimeric complexes have been obtained, formu- 
lated as [CO(CO)~PR& (where R = n-Bu, Ph)‘s_ These complexes are also formed.by 
direct hydrogenation of [(?r-allyl)C~(CO)~(PRs)]_ An X-ray study has confirmed the 
structure as being: 

_. 60 
Its reactions are typic& of coordinate unsaturationf CO, phosphines, dienes and Ha 

being readily added. Under a pressure of HZ2 the trimeric species exhibit catalytic.activity 
-towards the hydrogenation and isomerkation of olefius, and the hydrogenation of .aIde- 
hydes. The hydrogenation reactions are effectively catalysed by an initially formed hydrido 

._ 
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species [CoH(CO)zP]. Conjugated dienes are reduced selectively; and the results indicate ti 
p_referktial3+addition~of the C&H system-via a rr-allylic inteimediater 

II_ + HCo(CO)aP - 1-pentene 

(main product) 

The isomerisation system appears complex an&isomeric activity is very high under a 
Na atmosphere. 

The species [HCo(CO) 4 ] is regarded as a catalytic intermediate in high-pressure hydro- 
formyration reactions involving cobalt systems, but whereas dibydroformylation of buta- 
diene has been achieved with a Rh catalyst, this does not occur with [HCo(CO)4] since 
hydrogenation to butenes is the first reaction, the mqnoolefins then being hydroformylated. 
The mechanism of hydrogenation of butadiene cataiysed by [HCo(CO),] has been studied. 
Reaction of the diene + HCo(C0)4 was found to yield syn + anti (n-l -methylallyl)Co(CO)s, 
which react with more [HCO(CO)~] to give butenes. However, the butene isomeric distri- 
bution obtained in hydrogenation requires another intermediate, postulated as a o-ally1 
species. 

HCO(CO)~ 
1 &addition 

)_ 

- c\. -T /1 
CdCO)3 or 4 co(co)3 

1 -butene c&-2-butene 

(49%) 03%) 

HCOKD, 
y---- pans-2-butene 

WCO), 
(28%) 

The range of butene isomers formed contrasts with the selectivity shown by the cobalt 
systems [HCo(CO),P] -described above. 

Further evidence for a 1,2-addition-elimination mechanism for the’isomerisation of 
olefms catalysed by [HCO(CO)~] has been provided by using the substrate propene4es0. 
The experiments, conducted in the vapour-phase in order to control the concentration of 
CO, resulted in considerable incorporation of H on to the central carbon atom; In the 
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absenc6. of-CO, analysis of the aidehydic. products showed approximately 70% of -tie .._. 
ah&$ of [SCOT] E’ h w _IC occurred in the Markownikoff _rnanner. 

CD&D=& ‘+ HCo(C.O)e + 

CDaHCD(M)CD, 

(Marko&nikofQ. 

or. CDs (M)CHCDa CDz=CDCDs 

(anti-Mark.) < CDa=CHCDs 

The formation of by-products in the one-step synthesis of primary alcohols from olefms 
and H&O (synthesis gas) is completely suppressed by use of a catalytic system consisting 
of a mixture of Coa(CO)s, Fe(CO)s and N-methylpyrrolidinesl. This complex catalyst 

‘strongly favours-hydrogenation of the aldehyde intermediates to the alcohols, avoiding 
side reactions such as aldol condensation. 

Co,(CO)a has been shown to be a catalyst for the hydrogenation of acid anhydrides’*. 
The reduction of aromatic nitrogen compounds by NaBHe is catalysed by either CoBra 
or [CO(DMG)~]‘~. The effect of the cobalt may either be due to complexation with the 
nitrogen-containing species, thus facilitating reduction, or the reducing system may be a 
cobalt hydride. Investigation of the catalytic dimerisation of propene using catalysts of the 
type alkylalurninium halides, cobalt (or nickel) halides-alkylaluminiums, CoCla-AICIs, 
CoC&-AKla-Al-alkyls or NiO-alumina-silica has shown that the cobalt and nickel salts 
cause a high selectivitys4. Typical reactions yield a mixture of 30% n-hexenes and 70% 
methylpentenes, and a cationic mechanism is postulated for the process. The compiexes 

I&WWW4~2 1 (X = Q, or Ph) are known to behave as multicentre catalysts for the 
dirnerisation of bicyclo[2.2.l]heptadiene and NBD complexes have been isolated 
[XaSn{C!o(CO)aC7Ha}a]_ Single-crystal X-ray diffraction studies of these two NBD com- 
plexes have been carried out”. Coordination at tin is approximately tetrahedral and the 
Co-Sn-Co angle is less for X = Ph than for X = Cl, a variation that was previously postu- 
lated on the basis of second-order hybriclisation effects. This difference in angle, and the 
shorter Co-Sn bond distances for X = Cl are probably relevant to the catalytic behaviour 
of the two systems, since, for X = Cl, the dimerisation is stereospecific giving only Binor-S, 
whereas, for X = Ph, a mixture of dimers is obtained. 

cz&\,d CO--Co -. 
'CO 

Sn 
x’ ‘x 

The catalytic system produced in sinr by reduction of CoXa with Powdered Mn or 
Fe-Mnalloys causes trimerisation of acetyleness6. Another catalytic species.is 

.:-- 
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[(Cob)(S), ] (where L = rn al eic, fumaric or acrylic ester and (S) = solvent, e.g. DMF, 
MeCN). The trimerisation is highly selective and no other oligomeric or polymeric species 
are formed 

3H--C=C-R _c, (95%) - 

H 

The synthesis of the first egamples of perchlorato M’(d8) (M = Co, Ph or Ir) complexes 
have been reporteds7. 

[~~~~~~)2(pfh3)21 + AgC104 + [c0(0cl03)(c0)2(p~,),l 

I~WJN’Ph&l + AgCQ + UWOC10,XCOXPPbM 

(or h) (or Ir) 

Infrared spectra indicate a covalent linkage of perchlorato ligand and this is readily dis- 
placed by, for example, PPh3. The complexes thus serve as versatile precursors for a variety 
of complexes. In Tolar solvents such as acetone, nitromethane, methanol, the rhodium 
and iridium complexes undergo complete dissociation. 

[M(OC103)(CO)P2] t- (S) -j [M(S)(CO)P2]%104- 

M = Rh, Ir; (S) = solvent; P = PPh3 

Reaction of the complexes [M(NO)(PPh&] (M = Co, Rh or Ir) with u- or p-quinones 
(L) leads directly to the complexes [M(NO)P2L]88. 

The preparation of [Rh2(Okc);z(DMG)(PPh&] f rom [Rhz (OAC)~(H, O),] by success- 
ive reactions with dimethylglyoxime and PPh3 has been reported, together with the deter- 
mination of its structure by X-ray diffractiongg . The molecule is shown to contain bridging 
acetate linkages with staggered DMG groups. 

Treatment of [Rh(CO)2Cl]2 with CN- results in the formation of [RhH(CN)5]3- which 
has been isolated as the sodium, potassium, rubidium and caesium salts”. The ‘H NMR, 
Raman and infrared spectra of the reactions reveal the existence of the three long-lived 
solution species [Rh(CO),(CN)Cl]-, rran~-[Rh(CO)~(CN)2]- and [Rh(CO)(CN)3] 2-- 

In the presence of base, bidentate salicylaldimine& I-I Sal=NR (R = alkyl, aryl), react 
with [Rh(CO)zC& or [M(C8Hr2)C& (M = Rh, Ir) to yield the chelate compounds 
[Rh(CO)2(Sal=NR)] and [M(C~H~,)(%II==NR)]~~. A more efficient route to these com- 
pounds involves bridge-splitting reaction of the chlorobridge with thallium(I) Schiff-base 
derivatives Tl’Sal=NR. The potential tetradentate Schiff-base N,N’-ethylenebis(salicylaldi- 
mine), H*Salen, yields the binuclear derivatives [M(CO)2]2Salen and [Rh(CgH12)]2Salen. 

An improved synthesis of [Rh4(CO)r2] has been reported”. Thii is conducted at atmos- 
pheric pressure and room temperature and i&olves reduction of [Rh%l,]“- to 
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:. [Rh(CO)2Cl~] - followed by. further reductiori with CO and Ha 0 in presence of sodirmi 
citrate buffers giving ykklsof appiokmately 90%. 

[Rhcl~] 3- + cu + co + ph(CO)&I*] - 

I 
co, I+$ 

The structure of ~[N-n-Bu4][Rh6(CO)lSI] has been determined by X-ray methodsg3. 
The cluster anion [Rh6(CO)rsi] has a structure closely related to that of [Rhe(CO)r& 
with four CO l&r& each bridging three metal atoms on al&mate faces of the octahedron 
and the remaining CO groups and the iodine acting as umdentate ligands. 

X-ray diffraction studies have also been used to determine the molecular structure of 
[(n-C5H5)2FthzFe2(CO)8Jg4. ‘Ihe metal atoms define an irregular tetrahedron and the- 
rr-CsHs and a bridging CO group associated with the two Rh atoms. An unusual feature 
is the presence of two asymmetric carbonyl bridges between Fe and Rh: 

When rhodium and platinum halides are heated in DMF as solvent, the resulting solu- 
tions have been found to contain carbonyl halo species”. These solutions prove to be 
convenient krting materials for the synthesis of a variety of carbonyl complexes; for 
example,~,[Rh(CO)2C12]-, rnms-[RhLa(CO)Cl], and [RhL(PPh&CO)]. 

The acetylide complexes [M(CECR)(CO)(PPh3)3] and [M(CFCR)(CO)(PPh3),] (M = 
Rh or Ir; R E alkyl) have been prepared by direct reaction of I-alkynes with [MH(CO)Ps] 
and-[IrH(CO)$‘a] . ‘15 These reactions p robably involve the oxidation addition of RWZH 
to the metal to give a cis-dihydride complex followed by elimination of hydrogen. The 
acetylide complexes may also be prepared by direct reactionof.the 1-alkyne with the 
kllyl species [Ir(%C3Hs)(CO)(PPh3)2], when propene is eliminated, presumably by a 
similar oxidative-addition route involving a transient o-ally1 species: 

Ir(=& H5 xcO#pPhs)a 
R-H+ [IrH(cr-C3Hs)(CSR)(CO)(PPh3)2 J 

1. 
-WL 

[Ir(c--=CRXCW’Ph& 1 

: ..- .-~ 
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However, even in the presence .of EtaN, nuns-[IrCl(CO)(PPh3)a] failed to .fom an 
adduct with 1-propyne: 

Hexafluoro-I ,3-butadiene and CF3CF=CFCF3 react similarly to hexafluoroacetone, 
in affording 111 adducts, but CFsC%ZCF, polymerises as well as forming an adduct. 

Treatment of [Rh(CO)2Cl]2 with PPh, or PMes(L) has been reported to give a mixture 
of complexes, including ci~-[Rh(CO)~Lc1] and the dimeric species [Rh(CO)LCl]a g7. 

Studies of the complex previously formulated as nans-[Rh(C0)2(PPhs)Cl] have led 
to the revision of its formulation as the dimer [RhC1(CO)PPh,]2g8. Evidence for this is 
provided by the molecular weight in CHCla or &He and the reaction with Lewis base 
ligands without evolution of CO: 

Complex + L -+ puns-[Rh(CO)Cl(PPha)L] 

(where L = AsPhs, py, or Mea S). 

The anion [12b(CO)2(PPhs)2]- has been shown to be a strong nucleophile of similar 
power to that of [(n-C5Hs)Fe(C0)2]- or ](rr-CsHs)Ru(CO),]- “. It is formed by sodium 
amal~ reduction of [Rh(CO),(PPhs),],. The anion reacts with perfluoroaromatics to 
afford o-Rh complexes as yellow air-stable crystalline solids. 

co 
1 /pm3 

RdW, 
k. PPb 

(where Rr = C,Fs, p-C6F4X, m-CsF3(NC),, Cs F4N, or Cs Fs(NC)N). 

Use of the molecular fluoro-complexes trans- [MF(CO)(PPha)2] (M = Rh, ir) as sub- 
strates for reactions with a wide variety of univalent anions (X-) has led to the isolation 
of the complexes #&zs-{M(X)(COXPPha)2] loo_ Correlation of u(C0) with the “total 
electronegativity” of X has been suggested snd leads to the order of x-acidity I > SePh 
>Br>SPh>CN>C1>N02>NCS-N3>ON02>NCO>OCO(Me)>OCOPh> 
OPh > OH = F for both Rh and Ir complexes_ The complexes nans-(MX(CO)P2] (where 
M = Rh, Ir; X = BHsCN or BH,; P = PPhs, or P(C6H11)3) have been prepared.directly 
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from the perchjorato derivatives. [M(OC103)(CO)P2 ]rO’.-Infrared spectra indicate that, 
.. BI&- is coordinated. through a.double hydrogen bridge, i.e. MH*BHa. The BH3CN anion 

is apparently-coordinated to the metal _via the N-atom. The. isolation of metal hydrido 
derivatives from the syntheses under certairi conditions suggests that reaction with BHe- 
and BH3CN-proceeds via metal-hydroborato intermediates. 

In benzene solu,tion ‘at 20”, the complexes [MCl(CO)P,] (where M = Rh or Ir; P = PPh3 
or P(OPh)3) exchange their phosphine ligands with P(CeHrr)3 and PPh3, the former phos- 
phine exCha@ng only with the Rh complexro2. 

The dissociation of the phosphines is much greater in the rhodium complexes than in 
the analogous iridium compounds and this observation is relevant to the greater catalytic 
activity of the rhodium complex towards hydrogenation. 

The low temperature 31P NMR spectra of the complexes t~&zs-[MCl(CO)(PR-t-Bu2)z] 
@I = Rh, Ir; R = Me, Et or n-Pr) show the presence of three rotamers with very different 
chemical shifts’03. It is suggested that in complexes of this type an energy barrier to 
rotation about the M-P bond of several kcal .mol-’ exists due to interaction with the cis 
Cl or CO ligands. For complexes of the type trans-[RhCl(CO)(t-phosphiue)a] there is a 
linear correlation between the 3rP chemical shifts for the free phosphine and the change 
in chemical shift on coordination. At present this linear relationship cannot be explained 
theoretically’04; 

‘Ihe oxidative addition of benzyl and alkyd halides (RX) to [Rh(CO)(PPh3)-lr-CsHs] 
yields acyl complexes of the form [Rh(COR)X(PPh,)+r-Cs Hs 1. In the case of the benzyl 
halides, which have the relative reactivities Cl % Br < I, the rate-determining step involves 
the formation of a cationic alkyl to rhodium u-bonded complex via an &2 type transition 
state; the benzyl group rapidly migrating on to the coordinated carbon monoxide to give 
the isolated acyl complex. 

+ PhcH*x X- 
fast Rh 

co’ ‘PPh3 

pa3 

In contrast, ally1 bromide and chloride undergo a rapid reversible reaction to form a 
cationic complex, which only.slowly affords the acyl complex”‘. 

Whereas, chloroacetonitrile and benzenesulphonyl chloride undergo the expected oxi- 
dative reactions with [Rh(CO)2-7r-CsHs] and [Rh(CO)@Th3)-n-CsHs], hydrogen chloride 
reacts but with cleavage of the cyclopentadienyl group as Cs He, and the formation of 
[Rh(CO)aC& and [Rh(CO)(PPh3)Cl]a respectively’06. The intermediacy of a cationic 
hydride Ln these reactions is indicated by the isolation of [IrH(CO)(PPh3)-n-CsHs]+ on 
reaction of [Ir(CO)(PPh3)-7r-CsH&] with HCl. It was.concluded that the oxidation of 
rhodium(I) complexes containing the CsHs ligand is not as easy as that of complexes of 
the type [RhXLi] and rrans-[RhX(CO& 1, and that the nucIeo&ilicity of the metal is 
greater. in [.Rh(CO#Th3)-7r-CiHs] than in [Rh(CO)* -~-CsHs1-. 

It is suggested ’ a that ionic intermediates are also involved in oxldative-elimination 
reactions of [Rh(CaH4)(PPh&r-&Hi], although as illustrated only in the case of the 

. 
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reaction with methyl iodide were these isolated. Whereas, the ethylene complex reacts 
with HI to give only [Rl&(PPk&n-CsHs], the correspondimg reaction of the tetrafluoro- 
ethylene complex gives a tetrafluoroethylene derivative [Rh(CF3CF2H)I(PPh3)-n-CsHs]. 

: 

In- 
&P 1 Me 

CH2=CH2 I 
+ 
I- * 

PhsP/ j(h\ Me 

I 

T Mel 

PhaP 
/R$CH, 

(332 

W=,I Rh 

Ph,P’ 1 ‘CsF7 
I 

I BrCF,CF,Br 

Rh 
Zn/DMF l 9 

Ph,P’I ‘CF,CF,Br 

Rh-CF2 

PhsP’ ‘CF/, 
Br 

The development of synthetic routes to pentamethylcyclopentadienyl-rhodium and 
-iridium dicarbonyl complexes has led to the examination of their oxidative-addition 
reactions. 

lri2(CO)(n-CsMes) 

IrCl(S02R)(CO)(n-CsMes) W IrI(R&CO)(~GMe~) 

-so, 

I 

I 
\ / &=CF3,C3~.orCd% 

Ir(C0)2n-CsMes - IrI(R)(CO)(n-Cs Mes) 
(iii) 

I 

(iv) 

R = Me or CsHs 

[Ir(CF~CF~I)(CO)~(-iiC~Mes)]~- 

Reagents (i) I,; (ii) R$; (iii) RI; (iv) ICF,CF,F; (v) RSOICl 
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Whereas King-and:.JZfratyio7b report that the reaction of [Ir(CO)z(sr-CSMes)] with MeI 
give a ti-methyliridium complex and (IrI~(C!O)(~-C!~Me~)], MaitIis and Kang”” obtained 
a cationic adduct [Ir@e)(CO),(lr-Cs Me& *I Y, which reverted to the starting materials in 
the solid state_ The rhodium complex [Rh(CO),(n-C,Me,)] reacted with MeI.to give an 
acetyl complex [RhI(COMe)(CO)(ir-Cr;MeS:)]. 

An X-ray crystal structure determination of chlorocarbonyl(sulphurdioxide)bis- 
(triphenylphosphine>rhodium indicated an unusually long and presumably weak metal- 
sulphur bond. Following this, calorimetric studies suggest that the rhodium to sulphur 
bond strength is approximately 30 kcal less than trans43h-S bonds in, for example, 
thiourea complexessos. 

Paramagnetic rhodium(i1) complexes of the type trans-[RhCiz(P-t-Bu~R)2] (R= Me, 
Et, or n-I%) are rapidly formed on treating ethanolic rhodium(III) chloride trihydrate with 
the tertiary phosphine at 25” log_ The complexes have low magnetic movements in the 

solid state but in solution nans-[RhC12~-t-Bu2Me),] has the expected moment of 
2.12 B&l. A square planar trans-stereochemistry is suggested. A simiIar bivalent rhodium 
complex, trans-[Rhc1z~~-toly13)z], has been obtained by the reaction of an excess of 
tri-o-tolylphosphine with rhodium trichloride. 

Examination of molecular models suggests that in complexes of the type 
trans-[RhClz(P-t-BuzR)*]. the t-butyl groups lie above and below the plane of the com- 
plex and block the two octahedral sites. The stability of these compIexes is attributed to 
this effect_ The reaction of rhodium trichloride trihydrate with t-butyIphosphine in reflux- 
ing 2-propanol gives square pyramidal hydridorhodium(II1) complexes [RhHC12LJ. The 
five-coordinate species [RhHCl,(P-t-Bu-n-Pr&] reacts with various donor Iigands to give 
six-coordinate complexes. Addition of strong base to solutions of complexes of the type 
[RhHCi2L.J in ethanol or methanol gives pans-[RhCi(CO)LZ]. 

The dissociation of [RhCl(PPh&] in solution [into RhCl(PF’h& and PPh,] has been 
a subject of considerable interest and controversy. Recent NMR measurementsfl* and 
chemical evidence”’ indicate that the degree of dissociation in solvents such as benzene 
and chlorinated hydrocarbons is much smaller than suggested by earlier molecular weight 
measurements_ This is supported by a spectrophotometric measurement’” of the equi- 
librium constant for the dissociation [RhCI(PPh3)3] * [RhCI(PPh&] f PPh3, which gave 
a value of (1.4 + 0.4) x 10m4kf in benzene at 25”. 

An x-ray. ‘7, &al structure determination of bromo(tri+vinylphenyl)-phosphinerhodium(1) 
has shown .-hat the six olefinic carbons are almost coplanar with and equidistant from the 
rhodium; the geometry around the rhodium being essentially trigonal bipyramidalL’3. 

A detailed paper on the atmospheric pressure synthesis of a number of PF3 complexes 
of rhodium and iridium has appeared”4. A quantitative yield of [ RhCl(PF3)2]2, which 
was previousty acc&sibIe in only low yield, is obtained by displacement of cyclooctene 
from [RhCl(CsH14)2]2 with phosphorus trifluoride.‘A similar reaction with 
[IrC1(CsH14)2]a gives as a formal product a five coordinate complex [IrCl(PF& 1, which 
on warming affords [IrCI(PF3)2]2. The preparation of mononuclear complexes such as 
[M(acac)(PF3)2 ] and [Rh(PF3)2-n-CSH~] is also described_ The complexes [RhCI(PF3)2]2 
(in the presence of PF3) and [IrCI(PF3)4] are reduced by K/Hg in ether to give 
K[M(fF,),] via Hg[M(PF3)4]i. The latter react with [RhC!l(PF,),] (with PF3 j or 
[IrCl(PF,),] to give the dimeric metal;metal bonded complexes [Rhl_(PF3)a] and 
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[Ir2(PF&], which are probably isostructural to.the isomer of Coa(CO)a without bridging 
carbonyl ligands. Five-coordinate metal-metal bonded complexes of general formula 
[RM(PF&] [M = Rh, Ir; R= PhaSn or PhaPAu; M = Ir; R = PhsPb] can’be made by 
reaction of [M(PF&]- with RCl. A more general route to compounds containing bonds 
between rhodium or iridium and Group IV elements is the reaction between [Ma(PFa)a] 
and the Group IV hydrides: 

tMkFa)al + RH - WWF3)41 + HW’F3)41 

R= Ph3Si, (EtO)$i, Q$i or PhaGe 

The preparation of some chlororhodium(1) complexes with diethylaminodifluoro- 
phosphine, PF, - NEta have been described?“. Treatment of [RhCI(PPh,),] with PFaNEta 
(l/i mol ratio) gives [RhCl(PFaNEta)(PPha)a], however, excess PFaNEt, affords 
cis-[Rhc1(pF,NEt,),(Pph3)1, h w ose X-ray crystal structure is reported. The ethylene 
complex [RhCl(C 2 H ) ] 4 a 2 reacts with excess PFaNEta to give the chloro-bridged dimer 
[RhCl(PFaNEta)ala. which reacts with PPha to form cis-[RhCl(PF2NEt2)2(Pha)]. It is 
concluded that in its chemistry PF2NEt2 resembles phosphites, which form both [IZhCIL>] 
and [RhClL& (L’ = phosphite) derivatives, rather than PF3. 

The variable temperature NMR spectra of the complexes [HM@‘F3)4] (M = Co, Rh, Ir) 
have been examined ‘16_ A preliminary analyi is, with the Eyring equation of the “F NMR 
line shape has provided an estimate of the barrier to rearrangement, which is considered 
to involve a hydrogen atom traverse of MP 4 “tetrahedral” faces; the barriers Iargely reflect 

the force constants for the Mp bending modes involved in the changes in the phosphorus 
position during the rearrangement. 

Ultraviolet irradiation of solutions of [Rh(CO)a-rr-CsHs] and triphenyl- and tribenzyl- 
silane Ieads to the formation of the hydrido complexes illustrated’“‘. 

Rh Rb 

CO’ 1 ‘SiR3 

Rh 

CO’ 1 ‘Sic13 co’j’MX3 
H Sic13 X 

(R = Ph, PhCHa) (M=Ge,Sn;X=Cl,Br,I) 

In contrast, trichlorosilane, gives a bis-sibyl derivative, which is presumably formed via a 
Ph-H species. The germanium and tin halides MX4 react oxidatively with 
[Rh(CO)a-n-Cs Hs ] to afford the illustrated Rh” complexes. 

A series of neutral and anionic rhodium-germanium bonded compounds have been 
obtained by oxidative-addition, for example [RhCl(EPh3)J t RaGeH + [RhH(Cl)(GeR3)- 

(EPh,)] (E = P, As; R = Me, Et, Cl). The stannane n-Bu3SnH reacts in a similar way, but 
MeaSnH is decomposed to hydrogen and Me&r,. Trichlorosilane and [RhCl(CaHr2)]a 
afford [RhCl(SiC13),(CaHr2)], whereas, with [Rh(l,5-C8H12)-rr-CsHs] a cyclooctene 
derivative [Rh(SiCla)a(CaHr4)-n-CsHs] is formed118. 

Hexamethylditin reacts with dicarbonyl-n-cyclopentadienylcobalt or -rhodium to form 
[M(CO)(SnMe,)-n-CsHs]- In addition the dinuclear complexes [M(CO)(SnMe,)-rr-CsHs]i 
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were formed by extrusion of$Me4.;.The chnuclear complexes, which contain the previously 

~unreported~four4nemb.ered SnCo,SnCo ring structure are formed as a mixture of cis and 
tram isq&s?g. A similar oxidative reaction was observed with Fe(CO)s and Me& to 
give the known complex- [Fe(SnMe~)~(CO),].- -. 

The reaction ofSnC1, with [RhCl(C~Hs)]2 in the presence of a tertiary phosphine or 
arsine ligand (L) leads to a variety of five-coordinate monomers of the type [RbSnC13- 
(C,Ha)L3]rz0. The preparation of [RhSnCl3(butadiene)3] and [RhSnC13(CO)(SbPh,)] 
is also described_ 

Rhodium(I) and iridium(I) complexes of the tripodal llgand 1,l ,I -trk(diphenylphosphino- 
methyl)ethane (TDPME) of the type [MCl(CO)(TDPME)] have been synthesised x21. The 
iridium(I) complex appears to be fivecoordin&e in the solid stare but to be capable of 
dissociating a phosphine ligand in solution. The rhodium(I) complex is a mixture of four- 
and five-coordinate isomers (with TDPME) as either a bidentate or a tridentate ligand, both 
irrthe solid state and in solution. Both the rhodium and iridium complexes react with 
carbon monoxide to form dicarbonyl species. Reactions with oxygen, sulphur dioxide- 
oxygen; and p-nitrobenzoyl azide, which yield (bidentate) carbonate, sulphato, and iso- 
cyanato complexes, have also been examined_ 

A series of complexes of the type [M(TTAS)X3] (TTAS = bis(odirnethylarsinophenyl)- 
methyfarslne, M = Rh; X = Cl, Br, I or NO,; M = Ir; X = Cl) have been prepared. The com- 
pIexes are nonelectrolytes, and some exist in bothfac- and mer-isomeric forms’22. 

The characterisation of several monomeric, diamagnetic complexes which appear to 
contain an intact P4 molecule bonded to a rhodium atom, has been reported’23. Reaction 
of compounds of the type [RhClL3] (L = PPh3, P(C6H4Me)3@- and m-) and AsPh3) with 
white phosphorus in methylene chloride afforded the air-sensitive compounds_ The Pa is 
easily displaced by carbon.monoxide, and PEt3 or diphos displace both P4 and triphenyl- 
phosphine. 

It is suggested that the Pa remains intact, and is bonded to the rhodium through a face 
of the P4 tetrahedron. The failure to observe 3rP NMR lines due to P4 in the complexes is 
interpreted in. terms of either an inter- or intra-molecular exchange process. 

One equivalent of methylisocyanide reacts with [RhCl(PPh3)3] to afford [RhCl(MeNC) 
(PPh&], whose chemical behaviour resembles [RhCl(CO)(PPh3)2] although it is some- 
what more reactive. Reaction with iocline and tetracyanoethylene affords respectively 
[RhCl(MeNC)(PPh3)2] and ~RhCl(TCNE)(MeNC)(PPh3)3]; both of these reactions occur 
with [RhCl(CO)(PPh3)3]_~However, mercuric chloride and oxygen also react with the iso- 
cyanide complex to give_[RhC12(HgCl)(MeNC)(PPh3)2] and [RhCl(02)(MeNC)(l?Ph3),]; 
reactions which do not occur with the coirespondirig carbonyl analogue. The cation 
[Rb(MeNC)$ prepared by reaction of methylisocyanide with iRhCl(1 ,5-C8H,2)]2, also 
undergoes oxidative.addition reactions. With iodine, [Rh12(MeNC)4] “, is formed, whereas, 
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methyl iodide adds withdut methyl migration to yield [RhMe(I)(MeNC),J+. Oxygen does 
not react with [Rh(MkNC),J + I24 The complex [EUI(P~NC)~(PP~~)~]C~ also reacts with . 
tetracyanoethylene to give the neutral complex [RhCl(TCNE)(PhNC)2(pph3)1. TCNE also 
replaces one isocyanide l&and in [Rh(PhNC)4]C1 to give [RhCl(TCNE)(PhNC), J12’. In a 
more extensive investigation, it has been reported that the tetrakis-isocyanide complexes 
[M(RNC)4]+PF6- (M = Rh, Ir; R = alkyl or aryl) readily undergo oxidative-addition reac- 
tions giving a variety of six-coordinate mono-cations, nuns-[M(RNC)QXY]+PF,-(X = Me, 
C3F7, or I, and Y = I; X = MeCO, CH,=CHCH,. HgCl, SnCI,, SnPh,). B&en the counter- 
anion was Cl-, oxidative-addition of halogens (X2) to [Rh@K&] c occurred with loss of 
isocyanide and formation of [Rh(RNC)2X2Cl]2. S ome oxidative-reactions of [M(RNC)2- 
(PPh&]+and [M(RNC)~(PPb~)~]’ were also described*26. 

T’he*reaction between azobemene (azbl-J.) and etbanolic rhodium(II1) chloride affords 
a red dimeric complex containing a chelating phenylazophenyl group, which on recrystal- 
lisation from tetrahydrofuran (THF) gives the previously described mononuciear THF 
adduct’“( 

PhN=NPh f RhC13 

NaOAc 
- E(=b)z RhCKTHF)] 

(I) 

-1 [RhKO)2CI] 2 

Treatment of the initial product with [Rh(CO)2C1]2 gives the illustrated chlorine bridged 
dicarbonyl species, which contains both Rh’ and Rhn’ 12?_ This complex has also been 
obtained directly from azobenzene and [Rh(CO),C1]2 127. 

X-ray crystallographic study *” of the acetate complex has confirmed the illustrated 
structure, in which the rhodium bonds to two azobenzene ligands each of which acts as a 
bidentate.ligand with the metal bonded to an or&o carbon of one phenyl group, and the 
further nitrogen thus forming a five-membered ring. The two Ph-C bonds are cis and the 
two Ph-N bonds trans to one another. From the reaction between azobenzene and 
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:. 
[Rh(CO)~CIJ~ the ~k&hle~~~p violet complex [(PhNH~)sRh(CO)~& was obtainedr27. 
In in aprotic solvent, e.g.- CeFe, the‘aniline complex was still isolzited, suggesting that- 
reduction and cleavage of the N=N bond occurred via-a metal-assisted hydrogen transfer 
hm the or&j-position of.the phenyl ring:Interestingly, addition of a catalyticamount 

.- .of [Rh(cO)2Cl]i to a mixture of I..iAlH, and azobenzene gave a quantitative yield of 
hydrazobenzene, no trace of aniline being formed’27. 

‘Ihe reaction of allylamine With rhodium(II1) chloride has been examined; the products 
of the reaction can-contain one, two, three or five molecules of the %mine:which is con- 
sidered on the baskof infrared spectra to be coordinated via the NH2 lone pair and not 
by the olefmic double bond. At 20” in ethanol the complexes afforded acrolein, : 
N-propylideneallylamiue, propionaldehyde and propyiene’2g_ 

An ‘*O isotopic infrared study of various dioxygen compIexes including [RhX(Os)I+- 
(t-BuNC)] (X = Cl, Br; L = PI& AsPh3) prepared with a heavy dioxygen mixture (i602, 
160-1*0, and “0s) revealed the geometry of the O2 coordination to be a side-on isosceles 
structure. ‘Ihe effect of various auxiliary ligands on the metal-oxygen vibrations was 

.examined, and the nature of the met&oxygen bond discussed’30. 
An X-ray crystal structure determination of the complex obtained by bubbling oxygen 

through solution of the red form of [RhCl(PPh&] in methylene chloride has established 
the unusual illustrated structure, in which the overall geometry of each rhodium atom 
can be described in terms of trigonal bipyramid. 

ci \ 713 

0--Rh 
lo/‘- ‘PPh, 

I \ PhsP,,/O\ 
-0 

’ ‘cl PhsP 

The preference for the oxygen bridge over the relatively common chlorine bridge suggests, 
perhaps, a particularly favourable energy relationship between the occupied JT* orbital 
of the coordinated oxygen molecule and the a2 orbital of the rhodium atom13’. 

Sulphato complexes of rhodium and iridium have been prepared by reaction of the 
appropriate dioxygen complex with sulphur dioxide13*. 

_Cyclooctasulphur and cyclooctaselenium react with [Rh(DMPE)2]+C1- (DMPE = 
.Me2PCH2 -CH2PMe2) Andy [Ir(diphos)2]+C1- to form the complexes [Rh&)(DMPE)~]+Cl-, 
[Ir(S&o(iphos)a]+Cl, [Ir(Sez)(cliphos)z}+C1-. 133 It is suggested that these complexes 
contain the unknown dhners Sz and Sea stabilised .by coordination to the metal. 

Aryldiazonium cations react with the hydrido species [RhH2Cl(PPh3)2(S)] (S = solvent) 
~and~mer-[IrHs(PPhs)s] to form respectively a hydrazine derivative or a simple insertion 
product’34_ 

H ” PPh, 
‘Ir’ 

Ph3P’ 1 
.‘N=N 

PPh3 1 
‘C6H4N02 

H 

.- 
. . 
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On insertion the diazonium group undergoes a two-electron reduction with consequent 
rehybridization and bond-order lowering making it susceptible to further reduction_ If the 
activating complex is also able to function as a promotion centre’for the hydrogenation of 
the co.ordinated diimide, a simple reduction of diazonium cation to the corresponding 
hydrazine derivative occurs. 

A convenient single-stage synthesis has been described r3’ involving addition of rhodium 
or iridium halides and N-methyl-N-nitroso toluene p-sulphonamide to a solution of the 
appropriate phosphine (or arsine) in a boiling alcohdic solvent, giving the halonitrosyl 
complexes [MXa(NOXpR3)a] and [MXz(NO)(AsPh3)a] (M = Rh, Ir; X = Cl, Br, I; R = 
alkyl, aryl or mixed alkyl, a@). it is suggested that the reactions involve as intermediates 
the hydrides [MX2H(BR3)3] (E = P, As). 

It is suggested that the reaction [RhHXa(CO)(PPhs)] (X = Cl, Br) with diazoketones 
affords an ionic species [ RC(OH)=CRNa ] + [RhXa(CO)(PPhs)]- 136. 

The sulphides PhSR (R= Me, Et, n-Pr, or n-Bu) react with rhodium trichloride trihydrate 
in refluxing methanol to give mer-[RhC13(PhSR), ]. Th e reaction of sodium chloroiridate 
with sulphides did not proceed as readily. No products were isolated using isopropylphenyl 
sulphide, a diphenyl sulphide and methylphenyl sulphide gave only a 20% yield of 
[IrCIa(PhSMe)3 j’“‘. 

AE X-ray crystahographic study of the reaction product [Rh2C14(C6H,r0)2]MeOH 
obtained on refluxing RhCls - 3HaO in a mixture of ally1 alcohol and methanol shows the 
presence of the tridentate ligand C 6 H rr, which is thought to be formed via the 1,2-addition 
of a o-allylrhodium system to an ally1 alcoholr3’. 

CHa=CH 
\ 

CH,=CH-CH,-Rh < + 

7H2 

I 

Rh-CH~--CH 

I 
CH*=CH-CH*OH CH20H 

In contrast, a similar reaction with I&Cl3 - 3H20 and 2-methylallyl alcohol affords 
[RhCl2(CaHra O,)], , which with 4-methylpyridine gives [ RhC12(Ca H rs 0,)(4-methyl- 
pyridine)], for which the illustrated structure has been determined by X-ray diffractionr3’. 

Mew 
a\ ’ ,a 

Rb OH 

Cl’ 1 ‘CHa, 
McPy 

,CH2-0 
C, 

>CHa 

Me 

‘C 
CHa/ \Me 

In this case it is suggested that the furan-ring arises by an insertion reaction into a Rh-0 
bond. Me 

I 
CH,=C-CH,\ 

CHa=CMeCHaORh( -+= 
P 

Rh-CH,-C-CHaOH - 
?,CH2, 

0 

I Me 

Rh-CH2-C 
\ 
CH,--C/ 

CH2=CMeCH20H M/e’CH20H 
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‘lkere is currentlyconsiderable interest m the reaction of allene with rhodium complexes 
and various kinds of reactions have beerrobscrved. It is reported?? that alIene reacts with 
[Rh(~H&(acac)] and [Rh(CZH&(DBM)] @BM = 1,3_diphenylpiopane-l$di&ato) 
to form’an unusualcomplex of rhc&um(IIl), in which a linear allene tetramer is bonded- 

. . to the metal by two Ir-a2lylic bonds; the structure being established by X-ray crystallography. 

&-I2 -’ ... -- 

\c. .’ 
H,c/ 4 

.. .- 

d., 1 
F& (DBM) 

4 / 
C& 

Several reactions of rhodium(i) complexes of 1,2,5,6,8-pentamethyienecyclodecane 
(allene perkner) have been described 14’ Reaction of the chloride lRhCIClsHzo] with . 
CeFsLi gave the.stable o-bonded complex [Rh(CeFs)C1sHse]. Sodium CycIopentadienide 
afforded [I&T+ Hs (CrsHse)] f ormulated as a h4-1.2,5,6,8-pentamethylcyclodecane, 
h’-cycIopentadienyl bonded complex. Reaction of [RhCICr5H2e J with HgpF6 in acetone 
gave the cationic complex [RhCisHae]+PFe-, which reacts with carbon monoxide to give 
the yellow monocarbonyl [Rh(CO)C,sHae]+PFe-. 

The reaction of methylenecyclobutane with [Rh(CO)aCl], results in ring-fission and 
the formation of an acyl-rr-allylic complex: 14* 

A crystal structure determination 143 of the product of the reaction of hexafluoro-2-butyne 
with acetylacetonato(1 ,S-cyclooctadiene)rhodium shows that three molecules of &Fe have 
trimerised and the resultant hexakis(trifluoromethyl)benzene replaces 1 $-cyclooctadiene, 
coordinated to the rhodium as a diene, as in the complex I~-~-C,H,{C,(CF,),}]. A. 
fourth C4Fe adds 1,4 to the acetylacetonatorhodium ring forming a bicycle-system: 

An IX-ray structural study. r* has sho&r that the product of the reaction of 

Pwm,M=G&4)1 ww t wo molecules of diphenylacetylene has the illustrated. 
novel structure rather than the expected rhodiocyclopentadiene structure. 
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A.similar structure seems likely for the product of the corresponding reaction with 
hexafluoro-2-butyne. 

A crystal structure determination 145*146 has also elucidated the nature of the product 
from the illustrated reaction, which was originally thought to form a cyclobutadiene 
complex: Co-cFC-Ph 

+ I~W-‘PhdJ - 
CO-kCPh 

The reaction of diphenylacetylene with [RhMe(PPhs)3] has been studied in detail; the 
main product of the reaction is transac-methyIstilbene147. 

Previously, reaction of [Rh(CO), -rr-CsHs] and hexafluoro-2-butyne has been shown 
to give n-cyclopentadienyl-lr-hexakis(trifluoromethyl)cyclopentadienonerhodium and 
~~yclopentadienyl-sr-hexakis(trifluorome~ylbenzene)rho~um_ When the reaction is 
conducted in hexane a bridged acetylene species is formed*48. 

73 

Treatment of a boiling ethanolic solution of EW.TIs - 3HaO with carbon monoxide 
followed by o-styryldiphenylphosphine(SP) affords a chlorine-bridged species, which under- 
goes bridge splitting on treatment with monodentate phosphine ligands (L = Ppha, PMePha 
or PMe2Ph). It is suggested that an initial Rh’-olefm complex reacts with HCl to form a 
rhodium to carbon u bond’4g. 

The complex [RhCl(SP)2] has been obtained by reaction of SP with [RhC!l(CaHr,)a]a 
or more satisfactorily by reducing ethanolic RhC13 - 3H20 with formaldehyde in the 

m2 

Me 
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_pre+&&py3 .... 1 . ?hi co&&x shows a I& conductivity in nitromethane and in nitro- 
bknzene~suggesting that ionisation to [Rh(SP)a] “Cl- is incomplete.~Treatment of ’ I : 
@U-@Q2C& i$th SP. in benzene gives a fivecoordiriate cat&k species [Rh(CC)(SP)a ]‘Cl_. 
GA&% l&es caibon monoxide in solution to give ‘[RhCl(SP),]. The planar cation [Rh(SP)s]+ 
can be isolated as its tetraphenylborate salt by treating [RhCl(SP)2] with NaBPh,+; this ’ 
reahreversibly witli.ethylene to -$ve [R~(C~HQ)(SP);]+. 

Complexes’of bicycIo[3.3.1] -2,6nonodiene of formula [RhCl(diene)la have been pre- 
pared and~kharacterised’? . 
: Protonatioriof l,kcyclooctadienecyciopentadienylrhodium in CFaCOaH leads (30 min) 
to the initial formation of a mixture of the h3-1 ,4,5- and h3-1 ,3,4_bonded cations; which 
are slowly converted via thermodynamically controhed prototropic rearrangements to the 
h3-1 ,2,3-bonded isomer: 

Similarly, protonation of l,3,.5cyclooctatrienecyclopentadienylrhoclium leads initially to 
a h3-1 ,3,4_botided cation, which rearranges to a mixture of 1z5-1 ,2,3,4,5- and h5-1 .2,4,5,6- 
bonded isomeric cations Is’. 

Previously, a series of pentacoordinate iridium(I) complexes of the type 
[RIr(l,5-CaHri)I_~] (R = H, Me; L = tertiary phosphine) had been described, in which 
rapid intramolecular rearrangement was found to occur. These studies have been extended 
to bicyclo[2_2_l]heptadiene rhodiuti complexes [MeRh(C,Ha)b] (L= phosphine or 
z$sine), whikh were prepared by treating [Rh(C7Hs)C& with methyhithium in toluene in 
the p_resence of a stoichiometric amount of the ligand L. ‘H NMR measurements at different 
temperatures indicated that the t&o&i bipyramidal molecules undergo-an intramolecular 
rearrangement as found with the,Irr system when L = PMePh,,.PMeaPh or AsMe,P;h. In 
contrast when L = PPha ck with the corresponding l,S-cyclooctadiene and L = PMeaPh, 



COBALT,’ RHODIUM AND IRIDItiM .319 

PMe$h; AsMeZPh there is an ir&rmolecular exchange process5 which is independent of. 
the intramoIecular re&angement’53. 

‘Me ‘. 
L 

I&/ 

a 

/ 

The effect of substituents in the ‘cyclopentadienyl ring of the free rotation of the ethyl- 
ene in [I&L(C~H~)~-~-C~H~] has been examined. Electronegative substituents weaken the 
n-bond between the rhodium and ethylene, whereas, a methyl group strengthens the 
bondls4. The molecular geometries of acetylacetonatodiethylenerhodium and acetyl- 
acetonatoethylenetetrafluoroethylenerhodium show that CZ F4 is more closely bonded to 
rhodium than C2H4, a consequence of increased Ir-back-bonding’55. 

The reaction of Fe,(C0)9 with 3.5.7-triphenyl4H,1,2diazepine proceeds via cleavage 
of the N-N bond with the formation of a novel nitrogen-bridged metallobicyclo system. 
ln contrast, chlorodicarbonylrhodium dimer reacts with this diazepine without cleavage 
of the N-N bond to afford cbldrocis-dicarbonyl(3,5,7-triphenyl4N, 1,2_diazepine)rhodium, 
in which the diazepine (in a twisted boat conformation) is coordinated to the rhodium(I) 
atom via only one nitrogen atom’56. 

Gas chromatography of Cz-Ca olefins using squalene and 0.117M solution of 
[dicarbonylrhodium(3-trifluoroacetylcamphorate)] provides evidence for coordination of 
these lower olefins and also indicates a useful analytical procedure for the detection of 
olefms’57. Thermodynamic data have been collected and compared for the reversible 
addition of small molecules to isostructural d8 complexes of Rhr and Ir’. The results have 
been assessed in terms of the role of the metal in these interactions which are interpreted 
as generalised acid-base reactions”‘. 

Recently, the photo-induced addition of 9,10-phenanthroquinone and 1,2-naphtha- 
qtione to trans-[IrCl(CO)(PPh&] has been reported. In contrast, the strongly oxidizing 
quinones tetrachloro- and tetrabromo-1,2-benzoquinone readily react at 2S” with both 
trans-[RhCl(CO)(PPh&] and trans-[IrCl(CO)(PPh3)2] to form respectively the illustrated 
l/l adducts- Similar reactions occur with other d8 complexes known to be susceptible to 

cl 

a/ 

cl’ 0 
13r 

1 o~~(coKW~s)~ 

cl 

oxidative addition reactions, for example, [RhCl(Pl+)3] forms green [RhCl(l ,2-C14C60& 
(PPh&]. and the complexes [MCI(I,5-C8H12)]2 @I =. Rh, Ir) give [Ma(l,S+jH&- 
(I&&Q&O& 15’_ 

The @entamethylcyclopentadienyl)rhodium and -iridium chloride [MCl,(n-CSMes)Iz 
reacted with silver acetate to give the acetates [M(OAc)z+CsMe5 - Hz01 (M F Rh,-Ir), 
which in’tum gave the trifluoroacetates [M(O&CFs)+r-CsMes - Hz01 with CFxC02H. 
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The rhodium acetate was relatively-stable, but-the iridium complex was readily hydrc$ysed 
to. the~dih~droxtl compound. Reaction of [RhCIi-n-CsMes]a with aqueous base gave’the 
complexes,E(n-cMesRh)z(OH),]+X-, which are formulated with three bridging hydroxo 
groups. The complex [{z-CsMesRh)2(0EI)&l gave [{C5(CD&Rh32(OD)31Cl on beating 
with OD- in DaO; it is suggested r60 that the exchange reactions proceed via the ilIustrated’ 
reaction sequence. 

RF Rh’ Rllm 

The complexes [MCl(diene)], (M 2 Rh, diene = bicycloheptadiene, dicyclopentadiene; 
M = Ir, diene = 1 ,S-cyclooctadiene) react with carboxylate ions to give the carboxylate- 
bridged complexes [M(OaCR)(diene)]a; there was no evidence for nucleophilic attack on 
the olefin’61 _ 

Reaction of allene or 1,3-butadiene with [RhH(CO)(FPh,)s] affords [Rh(z-allyl(CO)- 

(P~3)23 or rw 7t -methylallyl)(CO)(s)2]. The complex [IrH(CO)a(PPh&] reacts -1 
similarly, but more slowly, to give the corresponding nallylic complexes; isoprene gives 
the allylic group ClIa~(Me)+ZHMe, whereas in contrast the addition to [COHN] 
yields only the isomer-k product with a n-CH2%H=CMe2 group. The complexes 

EWr-CsHsXCOWW21, [~(~-C~HS)(CO)(P~~)~I, [rr(lr-C4H7)(COXPmt.3)21, and 
~W-W-WW)(A Ph > I s 3 2 were also obtained by reaction of the appropriate Grignard 
reagent with trons-[MCl(CO)b] (M = Rh, or Ir; L = PPhs or AsPh,) r6*. The reaction of 
these rr-ahylic species with CO, H, and HCl was also studied. The [IrR(C0)2(PPhs)2] 
complexes have o-ally1 groups in the solid state, but exist largely in solution as dynamic 
n-ally1 systems. 

There has been a growing interesf in carionic Rh’ and Irr complexes, particularly in 
their possible use as homogeneous catalysts. Hydrogen reversibly displaces carbon monox- 
ide from the thiocarbonyf Ir’ complex [ir(CO),(CS)(PCy3)2]*~10~-(PCys = tricycle- 
hexylphosphine) to give the Ir m dihydride [IrHz(CO)(CS)(PCya>2 J+cI04-; as would be 
expected on the basis of the decreased nucleophilicity of the metal, the bis-triphenyl- 
phosphine analogue does not react with molecular hydrogen’63. Treatment of a solution 
of [Rh(NBD)(PPhs)a] + (NBD = bicycloheptadiene) with Ha generates [RhHz (PPhs)s(S)2]+ 
((S) = solvent), with elimination of bicyclo[2.2_1 ]heptane’64. The dihydride reacts with 
‘carbon monoxide to dispiace Ha and forms various cationic carbonyl-phosphine-rhodium(I) 
complexes. The four-coordinate cationic complex [Rh@‘(OMe)a)d J’[BPh4]- readily under- 
goes oxidative addition reactions with the acetylenes C2Rz (R = CFs or C02Me) to give 

[~~(@Me)3)4(C2R2)lfIBPh4]- 16s. Hydrogen adds reversibly to [RhfP(OMe)3}4] +- 
[BP~G]~ to f6r-m a cis-&hydride, whereas, the more reactive cation [Rh(P-n-Bu3)~]f- 
[BPh~]-adds hydrogen irreversibly to form cis-[RhH&‘-n-Bu3)4]~. Treatment of the 
f&-coordinate complex [Rh@(OMe)a j5 ]* [BPh4] - with HBr or HI gives trans-[RhHbr- 

CPCOM.%]4+IBPh,I-. Th e catiom [RhL4]+ [L = P(OR)a; R t Me, Et, or Ph] react with. 
ally1 hakdes $HsX (X=Cl, Br) to’give [RII(~-C,H~)L~]~ or [RhX(n-CsHs)Le]‘+, the 
product depending &r the nature of the ligand.L. The reactions of [RhcI(l $CeHr,)a ]a 
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with excess of the ligands L = PMeaPh and AsMesPh in methanol in the presence of air 
affordL66 the stable oxygencontaining cations [RhL4(0,)] +. 

The four-coordinate species [Rh(CO)La]+ have been obtained by warming a suspension 
of [RhCl(CO)l,] (L = PEtal%, PMePha) in hot methanol with the ligand L followed by 
addition of the anions [PFe]- on [BPh,]-. in contrast, the corresponding reaction with 
L = PMesPh or AsMesPh gives the five-coordinate cationic derivatives [Rh(CO)L4]+ 167_ 
The previously described iridium(HI) hydride [IrHCI(CO)(PMeaPl& 1‘ [BPh4]- is more 
readily prepared by treating [IrHCl.#O)La] or [IrHCla(CO)a]a - Hz0 with one or three 
moles of the ligand L. The complexes [Ir(CO)L4] * [BPh,]- (L = PMe2Ph, AsMezPh) are 
formed by an analogous procedure or by dehydrohalogenationi6* of the cations 
[IrHCl(CO)Ls] * with triethylamine. Corresponding salts of formula [Ir(CO)L3]‘[PF6]- 
(L = PMePha, PEtaPh) are formed by the addition of L to a suspension of the cyclooctene 
complex [IrQ(CO)(C8H14)2]2. A solution of the complexes [M(CO)L4]‘[BPh4]- [M = 
Rh, Ir; L = PMe2Ph, AsMe2Ph] in acetone reacts with oxygen to give the stable adducts 
[ML,(O,)]+ [BPhj]167. 

The reaction of [M(diene)acac] (M = WI, Ir; diene = 1 ,5-CaH,a or bicycloheptadiene) 
with Ph3C+BF4- in the presence of an excess of diene affords [M(diene)s]+ [BFa]-, from 
which cliene is readily displaced by acetonitrile to form [M(diene)(CH3CN)2]’ [BF4]- 16’. 
Reaction of [M(diene)(CHsCN),]+ with phosphines and dipyridyl were also examined to 
give complexes of the type [M(diene)Ls]+ [BFd]- and [MLa]‘[BF,)-. In a related investi- 
gationi7’ the reaction of [Rh(l,S-CaH&acac] with [Ph3C]*[BF4]‘in methylene chloride 
followed by the addition of Iigand (L) gives the cationic complexes [Rh(l ,S-CsH&La]+- 
[BF,]- (L = PPhs, PEtPh,, PEt,Ph, AsPhs). 

Abstraction of chloride anion from [Rh(diene)Cl]2 (diene = 1 S-cyclooctadiene or 
bicycloheptadiene) with AgPFe in tetrahydrofuran affords the reactive species 

Wh(diene)(% or 3 ]‘+((S) = tetrahydrofuran), which has been shown to undergo a wide 
range of displacement reactions17r. 

[ M(diene)arene] + [M(NBD)-rr-@)azulene]+ 

arene 

L / 
azulene 

[M(diene)a ] 

+/ 

IM(dieneX% or 31 i 

CHT 

[M(diene)(CHT)] i 

(CHT = cycloheptatriene, M = Rh, Ir) 

The species [Rh(NBD)s]+PF,- was also shown to catalyse the dimerisation of NBD to 
form the dimers previously formed on refluxing NBD over a 5% Rh/C catalyst. Significantly 
addition of 1 mole (per Rh) of L (L = PPh,, PPh2C6Hr 1 or P(OPh), led to the catalytic 
formation of the dimer Binor-S. 

Rhodium(I) carboxylates of stoichiometry [Rh(02CR)(PPh&] (R = allyl, a@, or 
substituted alkyl) have been prepared by the reaction of the dirhodium(I1) cation Rhz4+, 
with a stoicheiometric amount of triphenylphosphine, and an excess of the lithium salt of 

References p. 331 



--322 .- 1. :. 
IHi GREEN; -T_k KUC 

the appropriate’carboxylic ai;id172_ The ‘reactions of the carboxylates w&b Ha, Oa, CO and 
-aldehydes, were described. in benzene solution the Rh! carboxylates catalyse the homo- 
geneous hydrogenation of alkenes and alkynes. The acetate, for example, is less than 25% 
as effective as chloride for.hydrogenation of I-hexene and I-hexyne, and only 2% as effect- 
ive forcyclohexene, The nature of the R group has little effect. Reaction with carbon 

1 monoxide-affords nans- [Rh(OaR)(CO)(PPh&] . 
A new method for the preparation .of rr-arene and rr-pyrrolyl complexes of Rhm and 

p hasbeen described “? ‘Ihe trifluoroacetates [M(OzCCF3)2-rr-CsMe5] - Ha0 (M = Rh, 
Ir) in trifluoroacetic acid react with a variety of methylated benzenes to give [M(lr-C5Me5) 
(Arenell*+- The rr-arene complexes of Irm are more stable than those of Rhm and their 
stability-increases’with increasing methylation. The complex- [l?b(?r-CsMesXp-xylene)]** 
readily-reacts with dimethylsulphoxide to give [Rh(rr-C5Mes)(Me2S0)3]2+. Nucleophiles 
(NaBH& MeLi) attack the arene ring to give srcyclohexadienyl complexes where the 
nucleophile becomes the era substituent. The reaction of the bis(trifluoroacetate) with 
pyrrole afforded good yields of the rr-pyrrolyl complexes, which did not react with sodium 
borohydride. 

Complexes of rhodium(I) and iridium(I) containing the ligand diphenylphosphine (PhlPH) 
have been described. Rhodium trichloride and ammonium hexachloroiridate react with 
PhzPH to give [MCl3(HF’Ph2)3]; however, [RhCl(PPhs)s] and tran~-[RhCl(CO)(PPh&] 
react with Ph2PH to give tetrakis(diphenylphosphine)rhodium chloride. Similarly, 
mns-[Ira(co)@yl3)*] reacts to give salts of the.cations [Ir(CO)(HPPh2),J “_ The com- 
plex [Rh(HPPh&]+[BF4]-does not react with Ha or CO, but reacts with HCl or HBr 
to give complexes, which are tentatively formulated as [Rh2HX2(HPPh2)6]’ [BF,+]- 
(X = 43, or 13r)‘74_ 

The catalytic hydrogenolysis of molecular oxygen by triphenylphosphine complexes of 
platinum, iridium, rhodium and ruthenium in toluene under ambient conditions has been 
reported. Although heterogeneous reaction cannot be completely discounted the available 
evidence points to a homogeneous reaction”‘. 

Recently there has been interest in asymmetric hydrogenations catalysed by soluble 
rhodium catalystsr76~177. Fo r example, asymmetric hydrogenation of ac-phenylacrylic acid 
was accomplished with a rhodium complex of (R)-metbylpropylphenylphosphine in an 
ethanol-benzene solution containing triethylamine; (QHydratropic acid (15% enantio- 
ineric excess)‘was-obtained_ Similarly oethylstyrene was reduced to 2-phenylbutane (about 
8% enantiomeric excess). Instead of using tertiary phosphines, which are asymmetric at 
phosphorus, attention has been focused on chiral -rhodium complexes containing phosphine 

-ligands whichare asymmetric-at carbon and are therefore more accessible. Reaction of. 
lithium diphenylphosphide with menthyl chloride or bromide forms neomenthyldiphenyl- 
phosphine; which forms species of the type [RhClLs] (L = chiral phosphine). Reduction 

-. 

.- 
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of Q_8-methylcinnamic acid in a 1/l benzene-ethanol solution of prereduced tris- 
(neomenthyldiphenylphosphine)rhodium chloride in the presenc’e of Et3N gave 3:ph&yI- 
butanoic acid containing 61% enantiomeric excess (ee) of the S isomer- Similarly, reduction- 
of (E)-m&ylcin&mic and atropic acids gave (R)-2-methylphenylpropanoic (52%ee) and 
(S)-hydratropic acid (28%ee)“8. In a related investigation reduction of atropic acid with 
a rhodium complex prepared by addition of the illustrated diphosphine to [RhCl(CaH,&], 

in l/2 beyne-ethanol gives (S)-hydratropic acid with an optical purity of 63%17’. 
ar-Acetarmdocinnamic acid is reduced by the same catalytic system to give (R)-N-acetyl- 
phenylalanine with an optical purity of 72%. 

The bridged hydrides [MHCl,(m-CsMes)] (M = Rh, Ir), for w&h the illustrated structure 
is proposed, and which are formed by reaction of [MC12(7r-CsMe5)] with either hydrogen 
in the presence of base, or sodium borohydride, or isopropyl alcohol and base react with 
1,3-dienes to give enyl complexes’80. 

1,3-&J,, 

1 

M=Ir 

t Q \ + WW-GW2 

CsMesIr 
\ 

Cl 
TlIe bridged hydrides are good catalysts in the presence of Et,N for the homogeneous 
hydrogenation of olefms. The iridium complex was generally more active than the rhodium 
complex, but the activity of the latter was greatly increased on addition of base. Functional 
groups (COR, NO2 or aryl) were not reduced, but their presence on the olefin deactivated 
it towards hydrogenation. 

Complexes of the type puns-[RhC12L4, [RhHC12b], [RhH2ClL2] and 
trans-[RhCl(CO)L.J ha ve b een prepared from the phosphines di-t-butyl(alkyl)phosphines, 
P-t-Bu, R (R = Me, Et, or n-Pr) and rhodium trichloride in ethanol. Addition of base 
(NaOMe) to [RhHCl,b] gi ves the complexes tmns-[RhCl(CO)L]_ The complex 
[RhHC12(P-t-Bu-n-Pr2)p] in 2-propanol with NaOPr-i is an active hydrogenation catalyst. 
The related complexes [RhHClz Lz] also have catalytic activity but not as good as the 
above system’81 _ 
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.~~~~lcuc16h~~ene.~_r~po;led1~~ -to .be converted q&nti&iVely into e~qu,jmolar~quan- 
: tif.i$s :of_erhylb&zene &rd:ethy@yclohexene in.a refluxing eth%nol~solut.ion of RhCl&It is 

-$ugg&ted-fhat l+ydride-shifts lead td’ethylcy6I.ohexadienes, which in ‘turn readfly under- 
-:_.go disproportionation-.with-the _same.cat&yst.. . . 

: .Itis’report~d’“3,that.[~H(COXPPh,),] in toluene isomerises 1:heptene faster under 
an atkosphere.of Ha than Ni; and-isomer&s the olefm faster than hydrogenates.. In benzene, 
I-$entene ~so&ri~‘&d hy&ogen&tes very rapidly under both N2 and Hz. 

.. ‘Ihe me&l caklysed c&version of hexamethyl-Dewar-benzene to hexamethylbenzene 
; has been examined on an empiri& .basis using a wide range of metai complexes including 
,: rhodium and iridium species’84. The recent interest in the reaction of Rh’ species with 

strained carbon-carbon bonds as present in cyclopropane, quadricyclene and cubanes; the 
reaction of [ Rh(CO), a] a with substituted cyclopropanes has been studied’85. Thus 
phenyl- and benzykycIopropane differ. in reacting at the more and the less substituted 
edge of the cyelopropane ring to g&e the illustrated acyl complexes. 

Concurrent with the formation of the above species, phenylcyclopropane gave propenyl- 
benzene and a little o-methyl styrene. Benzylcyclopropane gave 2-methyl-3-phenyl-l- 
propene. These observations suggest a common reaction pathway, in which an intermediate 
may be trapped by carbonyl insertion,*or isomerised by hydrogen transfer_ 

RCH=CHMe + [ Rh(CO)* Cl]* 

There are ttio alternative ways in which hydrogen isomerisation could take place, which 
a&&own below: 

..:, “T& ; -cH _, c ; 

._ 
or ,-.... 

H- -. :‘. 1 

..- :gi!if 

-. _&e ...: l (Mft 
.- ~. 
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A study rB6 of the &bl(PPh3)3] promoted isomer&&ions of the illustrated deuterium 
labelled cyclopropane showed that the product was mainly a bicyclo[3.2.l]octadiene, a 
result which implies the stereospecific transfer of hydrogen across t&face of the mole- 
cule, Le. the first process. 

Dq& .* &D. .- ‘. ..: 

D H 

Treatment of a solution of tricyclo[4.1 .0i02V7]heptane with [Rh(CO)sCl]s in aceto- 
nitrile results in a rapid conversion to 3-methylenecyclohexene. In contrast 
LWW[R~CI(CO)(PP~~)~] effected only a slow conversion, giving also a small amount of 

2-norcarene. It is suggested18’ that these reactions involve the intermediacy of a rhodium- 
carbene complex; possibly via an initial oxidative insertion reaction; a hydrogen shift 
leading to the observed products. 

The course and stereospecificity of these rearrangements is sensitive to the presence of 
alkyl substituents on the bicyclo[ 1 .l @butane ring system. For example, although the 
following reaction: 

WNCO),Ql, 
. . 
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&&nr ste~~&&cifi&y the presence of a& add&or&l b&&head m&ryl &bstit&nt leads 
to a lack of s#ecifUy’88. 

__- 
; ‘& _‘- 

The 1 ,l ‘-bishomocubane system readily rearranges in the presence of the rhodium(I) species 
[RhcI(ppha)a], [Rh(C,H&!&, rran~-[RhX(C0)(PPh~)~] (X= Cl, Br, I) to afford the 
illustrated diene systerns’8g. 

The rhodium(I) catalysed rearrangement of cyclooctatetraene epoxide has been 
rationalised in terms of an initial otidative-addition reactionl”. 

It is also reportedrgo that the stereochemistry of the isomerisation of bicycle [ 6.1 .O]- 
nonatrienes to 89-dihydro indenes can be controlled by use of a Rb(I) catalyst. 

Without a ctitalyst, a higher temperature is required and the reaction isless specific. 
The decomposition of for-n@ acid to.hydrogen and carbon dioxide has been observed 

in the presence of homogeneous catalysts consisting of rhodium or iridium iodocarbonyls 
and hydriodlc acidrg’. 

-. 

I : 
.- 
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[M(CO)J+] - + HCO,H + [M(CO),I,] - + 2H.I +. CO2 

lw~aJ,1- + 2m + b4WM41-- + H2 

(M=Rh,Ir;x= 1 or2) 

Following the earlier report of the decarbonylation of aldehydes by [RhCl(PPhs)s], a 
series of aldehydes differing in the hybridisation of the carbon atom to which the carbonyl 
group is attached, i.e., (-)-(R)-2methyl-2-phenylbutanol, (+)-(R)-l-methyl-:!,;?-diphenyl- 
cyclopropanecarboxaldehyde and (E)-cr+3hylcinnamaldehyde was decarbonylated using 
tris(triphenylphosphine)rhodium chloride. The products (+)-(S)-2-phenylbute, 
(+)-(S)-l-methyl-2,2diphenylcyclopropane and (Z)-1-phenyl-I-butene were formed with 
81,94 and 100% retention of optical activity. A cleavage radical pair disproportionation 
mechanism is proposedrg2. 

Chlorocarbonylbis(triphenylphosphine)iridium catalyses selectively, and under mild 
conditions, the transformation of aliphatic acid halides into mixtures of olefins. Aroyl 
halides are not affected_ The species [Rh(CO),Cl], [RhCl(PPh&] and [RhCla(AsPh&] 
catalyse the decarbonylation and dehydrohalogenation of acyl chlorides in the presence 
of PPhs to give terminal olefms selectively1g3. 

The catalytic reduction of nitro compounds to amines with water and carbon monox- 
ide has been studiedrg4: 

ArNO, + CO + H,O + ArNH2 + COP 

The reaction, which is conducted in an aqueous organic base (Me,N, EtsN, DMF or 
N-methylpyrrolidine) is catalysed by the species Rh,(CO)re (50 atm CO/50”), and 
[Rh(CO)aCl], (120 atm CO/lSO”). 

The previously reported iridium hydride [Hlr(C0)3(PPha)] and [Ir2(CO)6(PPh3)a], 
can be prepared more conveniently by refluxing [lrI(CO)(PPh3)2], in benzene suspension 
with sodium ethoxiderg5_ A benzene suspension of the dinuclear species reacts reversibly’g5~‘g6 
with hydrogen to give a yellow solution of the unstable monohydride. Further reaction 
with hydrogen affords the trihydridefac-[IrHs(CO)z(PPhs)]. 

[Ir&33)&‘ph3)21 -:z:_ [IrWCO)3Wh)l s WMCO)2(PPhdl 

The use of a high pressure spectrophotometric cell has led to a more detailed understanding 
of the formation of the mono-hydride’g6. 

BH(CO)(PPhs)sl 420~0~~00’Hz~ ]IrH(CO)aWha)21 s [IrH(CO)sPPhs] 

210 atm 
90-l 20” 

I 

[Ir2(W6Wbj21 
Tetranuclear phosphine-substituted iridium carbonyl derivatives of the types [Ir4(CO)aL4] 
(L = PEt,, P-n-Bu3), and [Ir~(CO)g(P-i-Pr3)3 ] al so react with carbon monoxide and hydro- 
gen under pressure in liquid paraffin-heptane to give the monomeric hydride derivatives 
as the predominant final products’g6. 
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: 
Reaction of theh&xachloroiridite ion (or IrCls) with bulky phosphines especially those 

vilth t-butyl substituents does not form simple substitution products [IrC13Ls] such as one 
gets with.triethylphosphe or dimethylphenylphosphine rg7_ Instead five-coordinate purple 
hydrides of the type [IrHCla(P-t-BuaR)Z] (R = Me, Et or n-Pr) are formed. Interestingly, 
these hydrides-show an ‘H NMR resonance at 760; the largest r-values yet observed. On 
heating [IrHCl,(P-t-Bus-n-Pr)r)21 in boiling 2-methozryethanol for 15 h it gives e 90%) 
trons-[IrCl(CO)(P-t-Bua-n-Pr)z]. 

Ultraviolet ~irradiation of [IrH(PF& J affords [Ira(PFs)a] and hydrogenrg8.The di- 
nuclear species can also be obtained more easily by the reaction of Ki [Ir(PFs),]- with 

WVF&l . 
Reaction of aliphatlc alkynes with [IrH(CO)(PPhs)s] or [IrH(CO)&Vh3)2] results in 

the overall loss of hydrogen and the formation of the acetylides ]Ir(C~R)(CO)(PPh& 0r a]_ 
It is suggested that these reactions proceed via an oxidative-addition of RECH (R = Me, 
Et, n-Bu, t-Bu, C,H,r) to-the-metal to give a cis-dihydrido complex, which then readily 
Ioses hydrogen_ The acetylides [Ir(@C!R)(CO)(PPha)a] are bright yellow, whereas the 
square planar bis(triphenylphosphine) species are orange yellow_ In solution the two com- 
plexes are in equilibrium. The square-planar complexes are analogous to.D~ns- [IrCl(CO)- 

(PPh&l an d d g un er o a similarly wide rang of oxidative addition reactions with-02, SO*, 
TCNE and Me02 Ce-C02Me rqq. 

Attempts200 to prepare the triphenylphosphite complex [IrCl{P(OPh)3}3] by reaction 
of triphenylphosphite with [IrCl(C8H14)2]2 led instead to the formation of a complex 
with either of the two illustrated formulas, The same complex has been reported as formed 

Cl Cl 

by treatment ofP(OPh)s with [IrHCl,(1,5-C8Hra)]2, [IrCl(CaH,a)], or [IrCl(CO)- 

mom3h1201- An X-ray crystal structure study of the complex obtained by heating 
[IrCHC12(P(OPh)s}3] in boiling decalin has confirmed the presence of an iridium-carbon 
u-bond in the product*‘*. 

The complexes [IrCl(L)( 1 ,5-C8Hr2)] (L = PPhs, AsPha, PMePh2) undergo oxidative- 
addition and halide-exchange with HX (X = Cl, Br, I, CN) to give [IrHX2L(1,5-CaHra)], 
in which the hydride is fmns to X. The complexes with L = pyridine or qulnoline react 
differently, to give [IrXs(Py)(l ,5-C8Hr2)] or [IrX,(LH)( 1,5-CsHrz)] (X = Cl, Br). 
Halogens convert the compIexes [IrCl(L)(1,5-C8Hr2)] into [IrX,(L)(1,5-C8Hr2)] (X = Cl, 
Br; L= PPhs, AsPhs, Py) or [IrC14(quinoline-H)(l ,5-C8H12)]203. 

lhe cationic complex [Ir(CO)(PMe2Ph)z(C2H4)2]? [BPht]-prepared by treatment of 
&&IrCl(CO)(PMe2Ph)2] with.C2H& the presence of NaBPh4 reacts with HCl to form 
[IrHCl~(C~)(PMe2Ph)a], with 2-met.hylalIylchIoride to give [IrCl(n-2-methylallyl)(CO)- 
(PMe2Ph)2]* [BPh4]- and with iodine to give [Ir13(CO)(PMe2Ph),]. .In contrast, Br2 in 

. 
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ethanol-free chloroform and the biiethyletie complex gives the 2.bromoethyhridium 
complex: 

L&r 

CO’] ‘L 

CH2 CHa Br 

(L = PMeZPhj 

which reacts with methylalcohol to give the corresponding 2-methoxyethyl complexzo4. 
Hydrogen reversibly displaces carbon monoxide from the thiocarbonyl I? complex 

[Ir(CO)a(CS)(PCXs)a]+ [ClO,]- @TX, = tricyclohexylphosphine) to give the Ir’u 
dihydride [IrH~(CO)(CS)(PCX&]~[ClOJ-. As would be expected on the basis of the 
decreased nucleophihcity of the metal the bis-triphenylphosphine analogue does not react 
with molecular hydrogen2”. 

Somewhat unexpectedly the red cation [IrQ?MePh2)4]+ does not react with molecular 
oxygen in marked contrast to [Ir(diphos)a]~. This difference has been shown by X-ray 
crystallography to lie in a tetrahedral distortion, which results in a hindered approach by 
reacting ligancls206. In the synthetic studies leading to these observations the species 
[IrC0(IvIeCN)L2]+ [C104]- (L = PI?hs, PMePhz) were prepared and some of their reactions 
explored. 

In a study 2e7a of the reaction of molecular hydrogen with Ir’ species the species 
[IrCl(CO)(PMe,Ph),] was found to be more reactive towards Ha than the four-coordinate 
species [IrCl(CO)(PMe21?h)2]. This enhanced reactivity is attributed to the presence of a 

smaU amount of the ionic complex [Ir(CO)(PMe2Ph)s]+present as undissociated ion pairs. 
The kinetics and mechanism of the reaction of hydrogen with [IrH(CO)(PPhs)s] and of 
the catalytic hydrogenation of ethylene have been studied. The active catalyst is 
[IrH(CO)(PPha)a]207b. 

Following earlier studies of the reactivity of complexes of the type trans-[IrCl(CO)I,J 
towards oxidative-addition of benzoic or acetic acids, in which it was found that the 
“basicity” of the metal decreased along the series L = PMea > PMelPh > PMePh2 > PPh3, 
the corresponding investigation with tertiary t-butyl-phosphine ligands has been reported*“. 
The relative order of the extent of protonation is L = PMe,Ph > P-t-BuMe, > P-t-BuEta 
> P-t-Bu-n-Pra > P-t-BuaMe > P-t-Bus-n-Pr > P-t-BuaEt; the bulky t-butyl group having a 
marked effect. In the same paper the synthesis of the complexes-required for this study 

x. are described_ 
The rates of oxygen addition to trans-[IrCl(CO)La] (L = tertiary phosphiie) and the 

stability of the resulting dioxygen adducts [Ir02(Cl)(CO)&] increase with increasing 
basicity of the substituent R, provided the substituents have comparable structures; the 
geometry of R exerts a large steric effect on the rates of reaction*“. 

In a recent reinvestigation2r0 of a reaction of trans-[IrCl(CO)(PMe&] with an alkyl 
halide purporting21’ to establish inversion of configuration at carbon, no reaction at all 
was observed, not even under much more severe conditions. 

a-2-Methylallyliridium(IlI) complexes of the type [IrX2(CH2=CMe--CH&(CO)L2] 

(X = Cl, Br; L = PMe2Ph, AsMe2Ph) are isomerised to the corresponding o-Z-methyl-l- 

References p. 331 





COB&T, RHODIUhi AND IRIDIUM 331 

The mechanism and stereochemistry of carbonyl insertion reactions of Ir” complexes 
has been studied2rg_ 

0 
Et ‘i 

‘Ir’ 
Cl ‘i 

0 

CO’]‘L 
+ L’ __3 

EtCO\I/l 

Cl 
L’Jl’L’ 

(A) 

I 
slow 

CO 

Etco,h,L’ 

L’&‘Cl 

(L= AsMeaPh, L’ = AsMePh,) 
03) 

The hypothesis of alkyl migration does not account for the spectroscopically inferred 

structure of isomer (A), which is the kinetically controlled product; subsequent slow iso- 
me&&ion affords isomer(B). The stereoselective formation of (A) may be rationalised 
on the basis of the intermediacy of g square-pyramidal intermediate, which arises via a 
concerted approach of Et and CO accompanied by the opening of the Cl-h-L bond 
angle. 

From measurement of infrared intensities on the complexes [IrCl(CO)(PPh3)2] and 
[IrCl(N,)(PPh,),] it is concluded that the Na a-donor strength is less than that of co- 
ordinated carbon monoxide2”. 

The crystal and molecular structures of the nitrosyl complexes [IrI(Me)(NO)(PPh3)2 jz2r, 

w32 ww3w2 1 222 tid [IrH(NO)(PPha)s]* [C104]-223 have been reported. These 
papers include important discussion of the various modes of nitrosyl bonding. 
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