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Treatment of chlorotris(trimethylphosphine)cobalt(l) with

methyllithium in the presence of trimethylphosphine produces
the strong reducing agent [CoMe(Pue3)4], (1). The cobalt-

carbon bond of this complex is cleaved by protic acids,

Cobalt, rhodium and iridium, Annual Survey covering the year 1974 see J.
Organometal. Chem., Vol. 115(1976)326-415.

References p. 389

229



230

phenylacetylene or alcohols, ROH, with liberation of methane.
The cobalt complexes produced are an acetylide, [Co(CECPh)(PMe3)4]
or polymers of the formula [Co(OR)z], (R = Me,Et,SiMea,Ph).

1

The temperature dependence of the "H n.m.r. spectrum of (1)

reveals a fluxional behaviour similar to that of the isosteric

3\[

Co———-F¥4e3
Me P l (1
3 PMey

species [NiueL4]+. The complex (1) undergoes a variety of
reactions with carbon monoxide, carbon dioxide, acetyvl
chloride, acetic anhydride a2nd XeX. (X = Br,I), which are

summarised in Scheme (1)1.

[CoBrMe L [Co(COMe)(CO) 2]
MeBr o
[cd\.o) Ll

[ColMe,L,] - Mel CoMel,

[ 1 or N|L

MecOCt iAco)zo 9,
[CoMe(COIL, ] [Co(OAc)L,] { CoMe(CO)L ]
+

[CotiL,] (L=PMe,)

Scheme (1)

Treatment of tris(acetylacetonato)cobalt(III) with

methyllithium in the presence of trimethylphosphine gives
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the octahedral cobalt(III) complex Egg—[CoMe3(PMe3)3], (2).
Reactions of (2) with protonic acids result in the
elimination of the methyl ligand trans— to methvl and
trimethylphosphite selectively displaces the
trimethylphosphine ligand opposite to the Co-Me group. The

reactions of the complex are summarised in Scheme (2)2.

Me
L:::><:::L (2)
L Me
Me ‘V Me HX Me
P L L L
L Me co L Me
Me \j X
Co (COMe)(CO)2 L 2
. + l.=F¥493
Me,CO P= FOMe),

X=Cl, OPh,C=CPn
Scheme (2)

Alkylation of [Co(acaec);] with either trimethylaluminium
or dimethylaluminium ethoxide in the presence of
triphenylphosphine gives the cobalt(I) alkyls, [CoMe(PPha)z]
and [CoMe(PPh3)3] . LEowever, with diethylaluminium ethoxide
an intermediate acetylacetonato complex is formed which
appears to be the ethylene complex, [Co(acac)(C2H4)(PPh3)2]
rather than an ethyl(acetylacetonato)cobalt-i:omplex.3 Although
mer- [RhC15(PMe,Ph) 5] is not alkylated by 2-MeOCzH,SnMe,

a reaction does occur with Qggf[RbClz(OsozF)(PHe2Ph)3] to give

mer—[RhClz(CGH4OHe—9)(PMeZPh)3}, the reaction presurably
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béing facilitated by the presence of the good leaving
group, SOSF. Interestingly it has been reported that
Grignard or organolithium reagents do not give identifiable
products with rhodium(III) complexes.4

Perfluorocyclohexene and perfluorocyclobutene react
with the anions [M(COjZ(PPhs)z]-, (M = Rh or Ir) at room
temperature under an atmosphere of carbon monoxide to give
the compléxes (3) and (4) respectively. The yields of the
rhodium complexes are considerably higher than those for the

corresponding iridium complexes, in agreement with the higher

o co £ o co F
\J{ 2 ; Y I
F, MzRh,Ir /M F2
P///’! P=PPh3 P l
co F2 F2 CcO F2
(3) 4

nucleophilicity of the rhodium anion. The rhodium anion also
reacts with chlorotrifluoroethylene to give (5) but under
similar conditions the iridium anion gives no fluoro-—

organometallic compound and only [IrH(CO)z(PPha)zl is isolated

F. F

N._ S

= (5)
F Rh(CO),(PPh),

No perfluoroallenyl complexes containing the ligand system,
CF2=C=C(CF3)M, are formed upon treating the anions with

hexafluorobut-2-yne. Instead the alkenyl complexes (6)
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are formed in yields which range from 51% for the rhodium
complex to 8% for the iridium complex. Although

hexafluorobut-2-yne undergoes insertion reactions with the
CO

Ph.,P
\M—-—C(C%)::CHCF

Ph P‘/ l > ©

3
cO (M= Rhor Ir)

hydrides [MH(CO)(PPhg)3], (M = Rn,Ir), no such insertion is
observed with [RRH(CO),(PPh3),].° Reactions of the anions
[u(c0)2(pph3)2]", (M = Co,Rh or Ir) with various
perfluorcaromatic compounds have yielded the complexes

(7) - (11). Attempts to obtain disubstituted metal sp=cies
indicate that replacement of fluorine by a transition metal-
containing group greatly deactivates an aromatic ring to

nucleophilic attack.6

N@ M(CO)2 P2 X M(CO)2 P2

(7) (8)
M= Co.Ir M=Co.Ir X=CN
M= Ir X = COCEt
NC Ir(CO), P, NO Ir(co),p, NC Q Ir(CO), P,
N
F F F F F

(3) (P=PPh,) @10) (P= PPh) (11) ( P= PPhy)

3
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The pentafluorophenyl group reduces the ability of
the four co-ordinate-complex, trans-[Ir(CGFs)(CO)(PPh3)2] to
undergo oxidative addition reactions. However, a crystal
structure study reveals that m-overlap between the iridium
and pentafluorophenyl group does not occur and overlap of
this type cannot reduce electron density of the metal.7
The reduced reactivity of the complex may be a consequence
of steric effects.

Treatment of [CocpI(C3F7)(Co)]with sodium cyanodithio-
formate results in displacement of carbon monoxide and

iodide to give (12).8

<p. S
\Co/ N

el N

N (12)

Derivatives of the rhodacyclopentadiene system (13)

catalyse the cyclotrimerisation of hexafluorobut—-2-yne.

CE,

FéC 3
Rh (13)

F3C >

3

A step in the cyclotrimerisation process may involve
the rhodacycle and a third molecule of the acetylene.
However, definite evidence that [RhCl(AsMe3)2C4(CF3)4]

can bind a molecule of hexafluorobut-2-yne is lacking.



Nevertheless the five co-ordinate complexes [RhC1L2C4(CF3)4],
(L = AsMe3, AsMe,Ph, AsMeZB—MeOC6H4) readily react with
neutral ligands to give six-~-co-ordinate complexes
[RhCIL'L,C,4(CF3),4 ], (L' = py, NH, MeCN, PHPh,, P(OMe)g,
AsMe3 or P(OCH2)3(C2H5). The L' ligands in the complexes
[RhClL'L2C4(CF3)4], (L°= py, MecCN, AsMegq or H,0) undergo
exchange reactions in solution but static octahedral
structures result at low temperature. The carbonyl complexss
[RRC1(CO)L,C,4(CF3) 4] react with silver salts to produce
[RhX(CO)L,C,(CF3) 4], (X = CF3C0,~, C10,7) or [RhXL,C,(CFg), ],
(X = bidentate CH3C02_, EfMeC6H4503"). Reaction with
[Ti(dike) ] gives [Rn(dike)L,C,(CF3),4], (dike = acetylacetonate
or hexafluoroacetylacetoaate). The ionic complexes
[RhLZ'L2C4(CF3)4 ]c1o4 . (L' = MeCN, P(OMe)g, L,' = diars)
can be prepared by addition of AgClO4 to [RhCl(CO)L2C4(CF3)4]
followed by the ligand L'.9

Cyclopropane rings are usually cleaved by an acid-
catalysed process or oxidative addition to transition metal
complexes. It has now b2en found that nucleophilic attack
of rhodium(I) octaethyvlporphyrin anion on some cyclopropyl
derivatives leads to the cleavage of the cyclopropvl ring
under mild conditions. Thus reaction of cyclopropyl-methyl
ketone with (14) gives (15) in high yield. In contrast,
cyclopropane and phenylcyclopropane are not cleaved under the
same conditions suggesting that transformation through the
n-complex to the c-complex intermediate requires the presence
of an electron-withdrawing group to stabilise the negatively
charged site. The reaction of (14) with quadricyclane (16)

results in cleavage of one cyclopropane ring to give the

References p. 389
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_ (CH,),COMe
N----- N N---} --N
N : %/ ;
:/Rh\? [>-come - S/Rh\:
NI----2N ND---- DN

(14) (15)

nortricyclylrhodium complex (17).%° [RhCl(CO)2]2 is also

known to cleave only one cyclopropane ring of (16) to give

+(14) ——= 17)
(16) Rh(ll1)octaethylporphyrin
(18) and the structure of (18) has now been confirmed.11

However, some rhodium(I) complexes can catalyse the valence

isomerization of (16) to norbornadiene.

B

(18)

(CO XCl)Rh————CO
L n

Treatment of [ RhC1(PPhy)z]with threo-PhCHDCHDCOCI

gives the acyl complex [RhClz(threo—COCHDCHDPh)(PPhS)z],

which on heating in the presence of hexamethyldisiloxane to



remove the liberated HC1(DCl)‘gives a mixture of deuterated
styrenes. The styrene elimination is either non-
stereospecific or it may involve a series of stereospecific
reversible steps as ocutlined in Scheme (3). The postulated
intermediate (A) was not detected but reaction of
threo-PhCHDCHDCOC1 with trans-[ IrCIN,(PPhg), |gives an
unstable threo-acyl complex which readily isomerises to
[IrCl2(CHDCHDPh)(CO)PPh3)2]. The alkyl-migration thus
proceeds with retention of configuration of the alkyl group-
Although these results do not unambiguously demonstrate that
the decarbonylation and dehydrohalogenation of the phenyl-
propionyvl rhodium complexes involve a cis-f-elimination step

the results are consistent with this process.12

|
Ph
D D
H D ?l D., ,Ph Rh: ,Ph th\é /ph
= Rh-&——% = | = a |
{ / C.. //c .
D H O H e ) H A “H
Rh H D
(A) Ci(X) 1L'
X= Cl(COXPPh3)2 N 1 ,
cl D\\ Ph Flh\ c ,F’h (I:‘ D‘\ Ph
l N
Rh = ci | Rh —
El) P ) /C‘\ '_I{ s
H H D A H H” D
Scheme (3)

However . although the decarbonylation of erythro-

and threo-2,3-diphenylbutyryl chloride with [RhC1(PPhg)g ]

References p. 389
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gave trans-— and cis-fB-methylstilbene, respectively, the
€-elimination mechanism was rejected because an
alkylrhodium intermediate (A), could not be detected.13
However, on heating a toluene solution of
[REC1,(COCH,CH,PR) (PPhy), | 2 Thodium(III) carbonyl species
can be observed in the i.r. spectrum consistent with the
mechanism in Scheme (3).12

The strong nucleophiles [Col(Chel)]™, (Chel = M, N'-
ethylenebis(acetylacetoneiminato); N,N'-ethylenebis-
(salicylideneiminato), (bae); N,N'-ethylenebis(7,7'-
dimethylsalicylideneiminato), (salen) are known to readily
react with acetylene in the presence of water to give

vinylaquo derivatives. It has now been found that the

complexes, [CoIII

(Chel)(OH)(Hzo)] react with acetylene and
phenylacetylene in anhydrous ethanol to give the acetylides,
[co(c=CR)(Chel)(H,0) ] (R = H,Ph). These acetylides, unlike
alkyl and aryl derivatives 4o not form five-co-ordinate
complexes. The water ligand, however, is readily displaced
by N-donor ligands, the stability of the six-co-ordinate
adducts being associated with the lower trans-influence

of the acetylide group.14

Acetylene reacts with
[COII{(DO)(DOH)DH}(Hgo) ]PFS » ({(DO)(DOH)pn} = diacetyl-
monoximeiminodiacetylmonoximatoiminopropane), to give a
binuclear complex analogous to that obtained with [Co(CN)a]s-
This reaction is reversible, Scheme (4). The salen and bae
adducts, however, only give binuclear derivatives Gith oxygen

Bas. Phenylacetylene and 4-methylphenylacetylene also

react with [Co(salen)] and [Co(salpn)]derivatives (19)
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[(CoxcH=CHCo) |2 *

Hcy/

2(Co)’ 0, || He=eH

. [(coyo-0(Cco)]?”

Scheme (4)

to give the acetylides, (20). With 3-butyn-2-one the
expected 2lkynyl species was not obtained and the reactions

gave the alkenyl complex, (21).15

OMe C=CR

AN \l/)

< o
(19) (20)

+ RC:=CH ——————»(

CH:C(OME )2
(o]
J
Co

N/.. ’\,N

B

(21)

Studies on the homolytic substitution reaction in

Scheme (5) indicate that it involves effectively complete

References p. 382
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[Co(drr=gH)2py]+[R Colchg H)Zpy] —»[Co R(dmgH)Zpy]+[Co(chg H), py]

(dmgH)= dimethylglyoximato

- (chgH)= cyclchexanedicnedioximatoc Scheme (5)

inversion of configuration of the saturated carbon centre

through a highly restricted transition state, (22).16

Me Me
N/ \N H H N/ N
o N o \/ o\ o
py—fi- -~—-C3 f——C H —— o/~~~ ~-Hi—py
0\N/ \N/O i oL/ \N/O
~N A

(22)

The anaerobic photolysis of methyl- and benzyl-
pyridinecobaloximes znd some analogous compounds proceeds
via an electron transfer reaction to form a cobalt(Il)
complex containing both of the original axial ligands, ana
it has been suggested that the electron for this reduction
comes either from the solvent or the equatorial 1ligands.
Further studies have now shown that in chloroform or benzene
hydroger atoms are produced as intermediates and that they
originate from the egquatorial ligands of the complex,

17
Scheme (6). In studies of the phctolysis of alkyl
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R R
| hv
H—f Co(111) ] p— “Co(m) + H-
Py Py
Scheme (6)

cobaloximes it has been noted that the presence of oxygen
greatly increases the rate of cleavage of the Co-C bond and
mechanisms for photo-induced insertion of oxygen in the

Co-C bond have been proposed. In aprotic solvents and for
the cobaloximes [CoR(dmgH)zpy], (R = Me, benzyl, -CHZCGH4CN—E)

the mechanism in Scheme (7) operates.

R R
l hv l
H-fce11) ] —— fcoin] + H-
0,
7
o R R

o o4 o |
[CotlIl}FH <«—— O—FfCo] «— jj»fCo(in]

Scheme (7)

Yhereas for the compounds R = Et,i-Pr, i-Bu, n-pentyl,
cyclohexyl and some other derivatives in chloroform,
benzene, isopropanol or water it is proposed that the

first steps of the photo-induced insertion of oxygen is

References p. 389
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a homolytic cleavage of the Co-C bond, Scheme (8).

] { :
H—{cat] M. [(ed ¥ — - v cd]

0—OR R -0

SRR, '« J Su—
AD
o

‘é:::

H—{Col] =— H—fCo”}0 «—— H—{Co

Scheme (8)

This mechanism also operates for the complexes in Scheme (7)
when the reactions are carried out in isopropanol or water.
Interestingly if after the anaerobic photolysis of the
benzyl(pyridine)cobaloxime oxygen is introduced a nitroxide
radical of the type (23) is produced via attack of a

benzyl radical on the equatorial dirmethyglyvoxime ligand.18

6 Me Me

[ [ |
CHZ—N-—C:C— (23)
Some studies on the cleavage of the organic group
from the complexes (24) have also been reported. Anaerobic
pyrolysis and photolysis of the alkyl complexes result in
the formation of a cobalt(lI) complex along with zlkenes
and alkanes. -
The complexes are stable for the several days in 6M HC1 or
HC10, but Co-C bond cleavage results in 3M HNO, at 25%.

Electrophilas such as iodine also cause Co-C bond cleavage,19



R

[ (CH2)3/
Me AY M
N e

Co
(24)
C
M \N/ \N/C\Me
1 (CH2)3 | R=Me, Et,nPr,nBu

as does the action of both iodine and iodine monochloride on

the complexes (25) - (28).20 In the mono-alkyl complexes

\L___J/ (25) \\__~J/ (26)
R m
M N N Me Me N [ N Me
i N ]/ N
Co Co
Me N//w\\N Me Me \\N// \\N Me
0H2 27) -~ - (28)

cleavage of the Co-C bond can occur either by an electrophilic

or radical cleavage. However, in the bis-organo complexes

(28) electrophilic cleavage always occurs. Interestingly,
in the unsymmetrical phenylmethyl derivative of (28)
cleavage occurs more readily at the alkyl carbon than at

the aryl carbon although in the alkylarylmercury(lI) compounds

References p_ 389
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the reverse sequence is usually found.

It is known that 1,3-dioxa-2-cyclopentylmethyl- and
2,2-diethoxyethyl-cobalamins, (29) and (30) are hydrolysed
by two different rcutes, direct cobalt-carbon bond fission,
and decomposition to the aldehvde, (31), followed by cobalt-

carbon bond fission. The corresponding cobaloxime acetals

OEt 8]

B {
(o] £t H
o

1 1
Co Co

(29) (30) (31)

21 St idies on the oxidative

undergo analogous decomposition.
cleavage of benzylaquobkis(dimethylgiyoximato)cobalit(III)

have provided indirect evidence for transient organocobalt(IV)
species. Such species kave now been detected and
characterised. Spectral titrations at -78° have demonstrated
the occurrence of the stoichiometric reaction:

[CoRr(amgn)H 0] + ce(IV) -~ [CoR(dmgH)z(HZO)]+ + Ce(III)
Solutions of *the organocobalt(IV) species are stable for many
hours. From cyclic voltammograms it can be deduced that the
lifetimes of the [COR]+ radical cations decrease in the order
R = Me,Et > i-Pr and p-NO,CgH,CH, > PhCH, >> p-MeOCgH,CH,.
This order is consistent with a decomposition mode involving

nucleophilic attack on R.22

Electro-oxidation of the organo-
cobalt(III) and rhodium(III) chelates, [CoR(dmgH),py],

(R = Me,Et,PhCH,), [CoR(salen)], (R = Me,Et,n-Bu,i-Pr),
[CoPrn(salen)py], and [BhR(salen)py], (R = Me,n-Pr,i-Pr)

also show that fairly stable formally tetravalent specie can be



formed. Reactions with nucleophiles such as Cl~ or pyridine

result in the heterolysis of the MIV-C bond.23
Stadies on CoIII—alkyl complexes have shown that these
31

complexes are diamagnetic. Indeed P n.m.r. spectra of

the adducts [CoR(dmgH)ZCPRé)] and (32) have been reported.Z*

III

However, some six-co-ordinate Co -alkyl complexes, (33),

- IO_H_OI N »*
Me N\F!! N Me
Co [clo, 1™
Me N/I'_\N Me )
N\
B (CH2)3 y
- (R =Me L = PEZt3 PBu
(32) R= Ph L =PBuj )

have been prepared which, although virtually diamagnetic,
exhibit anouoalous n.m.r. behaviour which can be attributed to
paramagnetic shifts arising from a thermally populated state.
The crystal structure of the complex, (R = Me,L = NHzNHMe)
has been determined.25

New rhodium(I) porphyrins, [porphyrin ha(CO)4] and
[N—alkylporphyrin Rh2C12(C0)4] have been isolated from the
reaction of [RhCl(CO)z]2 with octaethylporphyrin and
N-alkyloctaethylporphyrin. The reaction with octaethyl-—

porphyrin also yields [RhC1(OEP)(H,0)]H,0 which can be

References p. 389
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used as a precursor to organorhodium(III)-porphyrin ccinplexes

Scheme (9).26

-

L, R R'
H\N><N/H NA\N
Mee gt o Me woBtt  Me L Rl Me
~ . - - o) ~, l/
/CO\ 2 > I /Co\
Me "f ']‘ Me RNHANH, 2 "f xl_ 'I“ Me
N N axial ligand Na_ N
H™ H ~
H><R' R'
(33)
R = Me, Et , Ph
R=H ,6 Me, Ph
L =py,CN™, MeCN, MeNHNH2
[RhCQUOEP)H0]
RLi or F5
RMgBr
RhR(OEP) NaBH,
RX !
RHOEP)™
PhC=CH or
H\ /Ph
_C=¢C
Scheme (9) Br \H
H Ph
\C—-C/
N

/
Rh(OEP)
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Although the reaction of lithium carborane with
[Rnc1(PPhg)5 ] and trans-[1rci(co)(PPhy), ] give metal-carbor
o-bonded complexes of the type [Rh(o—carb)(PPh3)2 ]and
[Ir(a—carb)(CO)(PPh3)2] incorporating 1,2- and 1,7-
diacarba-closo—-dodecarborane ligands the reaction between

firc1(pPhy); ] and 1-Li-2-R-1,2-B,,CoH,,. (R = Me,Ph) does not

10
give iridium-carborane complexes. Instead the internally
metallated complex (34) is formed probably via the mechanism

outlined in Scheme (10).

IFClP;  +  Li-carb >~ F’Z}r—PPhZ

l
BIr—PPh, 4+ H-aab Pz;r—Pth

(34) carb

( P=PPh;)

Scheme (10)

The bulky carborane ligand probably forces the phenyl
groups of the phosphine closer to the metal atom thus

27 In contrast reactions

promoting the ortho-metallation reaction.
with the corresponding rhodium complex produce three

co-ordinate rhodium carbon bonded complexes, Scheme (11).

References 1. 389
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[RhCiP;]  + Li-carb ——— [Rh(o-carb)R,] (35)

Li~carb = 1-Li- 2-R-1,2-B;gC, Hy
1-Li- 7-R-1,7-B,; C, Hyo
R=H, Me,Ph ; P=PPh,

Scheme (11)

Treatment of the complexes (35) with dimethylphenylphosphine
results in displacement of triphenylphosphine and now three
molecules of the smaller phosphine co-ordinate to the

rhodium to produce four co-ordinate complexes [Rh(o-carb)(PMezPh)al
(o-carb = 1,2-B,,CoHy;., 7—Ph—1,7—BlOC2H10). The less

sterically demanding triphenylphosphite similarly produces
[Rh(o-carb){P(OPh)4}], (o-carb = 2-Me-1,2-B, C,H, ). However,

_the reaction of PMe,Ph with [Rh(o—carb)(PPba)zl, (o-carb =

2—Ph—1,2-BlOC2H10) gives the phenyl metallated complex (36).

H
Phide_ P PMe_ Ph
SN e
Rh
AN (36)
PMe,Ph
0%
Botho
the bulky carborane ligand again promoting the metallation
reaction.zg
Metallation of a tertiary butyl group occurs when a

solution of (37) in benzene is allowed to stand, and it is
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Me2
?”tz But\é-—-
o P o)
S O-OLK
P \0 o \P
Bu‘2 lau‘2
(37) (38)

possible that this reaction proceeds via an oxygen complex
of (37) before C-metallation of the Bu® group occurs.
The hydrogen is probably lost as Hzo or H,0,. Passage of

carbon monoxide'through a benzene solution of (37) produces

(39)
"

These complexes are the first examples where a But group
9

(39).

has been internally metall:ted.2
Heating soiutions of [CoH{P(OPh)3}4] or reaction of

triphenylphosphite with [Co(C8H13)(C8H12)] produces the

ortho-metallated compound (40).

This compound catalyses the hydrogenation of but-l-ene

and undergoes ligand hydrogen exchange with Dz-30

References p. 389
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(?F‘h)2

P
7\
[(Ph0)3p]3Co 0 (40

The reaction of the aromatic azo or imine compounds,
(41) - (43) with trans-[IrCl(CO)(PPh3)z] yvields the

ortho-metallated complexes, (44).

N=NR
R'=H . R=Ph
Rr! R = Me , R:g—MeCeHl.
(41)

2-(Methylazo)propene, (45), gives (46).31

H\tzNR R=H ; R=Me
R=R=Me
R'=H ; R=Ph

(42) R=Me; R:Q-MeC6H4

The crystal structure of the complex (44), (R = Ph,R' = H)
has been de\:erm:'med,32 and the proposed mechanism for this

metallation is given in Scheme (12). Co-ordination of the
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N-donor ligand to the iridium should increase the electron

Me N=N-m-xylene
Me (43)
Ci
p R
H II/ N/
r— cl
N M P
CH e I/. Me
P H2C=C/ H—1r2N"
N 1\
i P'HC, N
NMe \Cl:
Rf Me
(a4) (45) (46)
P R
IrCIN,P, + PhX=NR > Cl—1IrZ NT
or / >
CHZ:CMeN:NMe P HC
Scheme (12)
CI1 ya
. H Ir—N (P = PPh3)
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density at the metal and hence enhance the oxidative

addition of the ortho or olefinic CH group to the metal

atom. No observable C-H bond cleavage takes place with the
aliphatic azo compounds and azomesitylene, the activation
energy for cleavage of the aliphatic C~H bond probably

being too high for metal insertion to occur.31 That metal
basicity is important in the C-H bond breaking reactions of
Rh(I) and Ir(I) is provided by further studies on the reactions
of azo and imine compounds. Thus treatment oi p-tolylCH=NMe

with [RhCl(C8H14)2]2 in the presence of carbon monoxide gives

(47), and the imino compound PhCH=CH-CHNC3H7 gives an

\/

//, \\ /,Me
S
H CH (47)
Me

analogous compound. These compounds do not undergo cyclo-
metallation reactions in refluxing benzene or petroleum spirit
(b.p. 120°C) and no metallated products could be isolated
from the reaction of olefinic azo or imiro compounds with
Rh(I) in the presence of PPba or PCya. The low field n.m.r.
shifts of the ortho CH groups in (47) indicate that they

are situated above the bonding plane of the square planar
molecule, but the metal atom is presumably not sufficiently
nucleophilic to cause C-H bond cleavage. However, addition

of the azo or imine compounds to [mcrccgH, 41515, (M = Bh,Ir),
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followed by addition of tricyclohexylphosphine affords

the cyclometallated complexes (48) and (49). Similarly

Ci Ci

H l H L
\\\Rh///L \\\hA’/,
D B PRI
L N{Ae L Q?g%%erFk
CH CH
i = Pcy3 M= Rh,Ir
Me Me
(48) (492)

PhCH=CH—CHNC3H7 gives the iridium complex (50). From these

Cl
H L
\Il /
r\
(50) L/ ’ I§I.C3H 7
C. CH

{ L:PCY3, Pph3)

P \N
PR ¢~
H

studies it emerges that the ease of C-H bond cleavage
decreases in the order aromatic CH > olefinic CH > aliphatic
CH and that the cleavage is dependeant upon the basicity

33

of the metal complex. Treatment of pentafluoroazobenzene

with [m:lCl(CO)Z:l2 affords the complex (51), displacement
of hydrogen taking precedence over displacement of

fluorine.>?
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Rh Rh (51)

C-metallation with rhodium(III) complexes other than
halides has received little attention. However, it has
now been found thot [kh Xg(PBug),], (X = C1,Br) in refluxicg
xylene metallates a variety of organic nitrogen compounds

(52) - (56) to afford the cyclometallated complexes (97) - (61)

R R

g : MCLL,

C C /
N N
Rl/ \l,\ll R=H;:R=Me R'/ \N
-R'- !
OH :':; = Me OH
(52) = e,R =H (57)
[\ /MCl2L2

N
R = H,Me

(53) (58)



a,L

M
272
/

QN

o0
|

(54) (59)
EE— MCi_L
/ 22
J @)
(55) (60)
H

s
1
R

(56) (61)

( L= pBU3)

Metallation with rhodium(III) halides usually give
bis-chz2late type complexes, [RhX(C-N)2]2 and it is apparent

that co-ordination of PBuj to rhodium(II1) decreases the
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ability of rhodium(III) to metallate organic nitrogen
compounds. Treatment of N,N-dimethylbenzylamine,
N,N-dimethylallylamine and azobenzene with [RhZXG(PBu3)4]

35,36

has only given impure products. As expected

N-phenylpyrazole, (53), (R = H) and (62) react with rhodium(Iil)

N (62)
N
Me

Me
halides and [N331r016] to give the complexes (63) and (64)
which undergo typical halide bridge splitting reactions with

PBu3 and ethylenediamine.37

1]

C\l/\l/ oy M=RRr (” T
/| x/|\ o c ()
\_N N
C/“N . NT O\

C
\F!h/ \l!lh/ (64) <N
c//l\\x//l\\c
\_N N_/

X=Cl,Br

Full details have now appeared on the reactions of the

e~
resonance stabilised ylide PhCONNCSH5 with rhodium(IIXI) and



iridium(III) salts.38 These reactions yield cyclometallated
products containing the formula unit (65) and were reported

in the last Annual Survey.

-

(65)

Q
W\
@)
/

+ '\Az

i Treatment of the ortho metallated azobenzene complex
(66) with hexafluorobut-2-yne results in the insertion of
a formally three-carbon unit [CO + C4F6] into the Co-C bond

of (66) together with the quinoline-l-one (68).

[PdCi(azb)],

[Co(CO)J .

N
§§N
v

(io
(CO)3

(66)

The complex (67) is an intermediate in the formation of
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(68) and various substituted quinoline-2-ones have been
prepared using this method. Other reactions of {67)
have been studied and some of these are outlined in
Scheme (13). A common feature of the reactions of (67)
is the ready formation of azobenzene. Pyrolysis of (67)
results in the formation of (69) which contains a novel
type of tridentate chelating organometallic ligand, formed
by ortho-metallation of the second, unsubstituted, ring
of the azobenzene part of the 1igand.39

The crystal structure of bis(ortho-metallated)tris-
(triphenylphosphine)iridium(III) hydride has been
determined40 and the 13C n.m.r. spectra of several ortho
metallated complexes have been measured.41 From an ion
cyclotron resonance study on the reactions of methyl
jodide with [Co(NO)(CO)s], limits on the gas phase cobalt-
carbon bona strength have been inferred.42

Oxidative addition of methyl iodide to [Rh(CN),]°” is
known to vield [RhIMe(CN)4]3_ and a similar reaction has
been observed with PhCHZCI. Other alkyl halides also
oxidatively add and the rate of addition decreases in the
order Mel >> Etl > PrlI, a trend reflecting the effect of
increasing steric influence. However, the reactions with
EtI and "PrI give [RhI(OH)(CN),]?” and not the empectea
alkyls.43

Some five and six-co-ordinate acyl complexes

[IrClz(COCFhH3_n)(PPh3)2], (n = 1,2) and

[1rciyccoce iy | )(COY(PMePhy), ). (n = 1,2,3) have been obtained
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(o),
CFyC=CCE,
H-N
h C
0
F.C
3 \ﬁ N:N\ . %
\\\\\\*‘é; Ph CE
Fac/c\c/ o), (68)
[}
0 —— CO(47%) —
(67) /
Hz (8°,)
‘
PhN=NPh +
EC
3 \,c, T=N
C
%c/ \>‘$°
(co),
(69)

Scheme (13)
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by oxidative addition of acyl halides to iridium(l) complexes

Scheme (14).

(FyH3_p)
i
C 0
N £
o
Cl PMePh Ct PMePh
N\ 2 Cee N 2
Ir + CRH3_ COCl ——— /Ir\
Ph, MeP co (n = 0,1,2,3 ) Ph,MeP [ o
2 2 cl
(ﬁﬁﬁ—n)
C\C/O
Clt PPhg Ct PPhy
A4 CgHg N4
Ir * CFnH3_nCOCl —_—— Ir\
d
Ph3P N2 (n=123) Ph3P Ct

solution or
solid state

M

N
co cZ
Ct PPh Ct PPh
\[ /PPy | ~FPh3
/Ir\ /Ir\
Ph,P l CF Hy_ Ph,P l c
cl co

Scheme (14)
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The trans-influence of the acetyl groups decreases with
increasing fluorine substitution and the trans-influence
of the substituted methyl groups decreases in the order
Me > CHF2 = CHZF > CFS. The five co-ordinate acyl
complexes undergo an alkyl group migration when refluxed
in benzene or when heated in the solid state., Interestingly
the temperature at which the migration occurs in the solid
state 1is sensitive to the presence of solvent in the lattice.
The rate of migration decreases in the order CFH2 > CF3 > CF2H
and the enthalpy change for the migration becomes less
exothermic in the order CF3 > CFoH > CFH,. The insertion of
carbon monoxide into a metal fluorocarbon bond has never
been achieved and the present data indicate that the reaction
would be very slow.44

Under high pressure, ethylene reacts with [IrH(CO)a(PPré)]
to give [Ir(C2H5)(C0)3(PPr§)] which on subsequent reaction
with carbon monoxide gives the acyl [Ir(coczﬂs)(00)3(Ppr§)].
Treatment of the acyl with a pressure of hydrogen gas
regenerates the hydride, [IrH(CO)3(PPr§)] and propionaldehyde
is formed. These reactions are key steps in the
hydroformylation reaction and only mononuclear species are
observed throughout these reactions. During this spectro-
scopic study two additional carbonyl frequencies were observed
after the initial formation of the alkyliridium tricarbonyl.
These appear to be due to a dicarbonyl species. Possible
reactions explaining this behaviour are indicated in Scheme

(15)35,
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Ir(CzHSXCO)aL + CZHA — Ir(CZHS)(CZHZ. )(C_O)ZL + CO

Scheme (15)

The formation of isomeric aldehydes in the
hydroformylation reaction has been suggested to occur via
the disproportionation of the acylcobalt carbonyl species into
alkene and aldehyde, a reaction known to occur at room
temperature. However, under hydroformylation conditions
acylcobalt carbonylsdo not isomerize and this reaction cannot
be responsible for the formation of isomeric aldehydes in the
hydroformylation of alkenes.46
Some acylrhodium(III) complexes [Rh(COMe)Br(PMezPh)z]z[PF6]2
result on treatment of [RhBrzue(CO)(PMezph)z] with AgPFG.
Reactions of the cationic complex with bipyridyl and Ph,PCH,CH,PPh,
(diphos) give [Rh(COMe)B;(biPY)(PMesz)z] PFg and
[Ruccome)Br(diphos) (pheyph) ], [PFg], respectively, the bulky
diphos ligand probably causing the loss of a PMeZPh ligand.47
In contrast to [RhBr,Me(CO)(PMe,Ph),], treatment of
[IrClIMe(CO)(PMeth)Z] with AgPI-‘6 in a polar solvent such
as acetone or methanol followed by addition of a neutral
ligand L affords a variety of cationic iridium(II1) methyX

complexes, (70).
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Ph,Me P I Cco )
\ / PE L =CO.NCC.E.. p- NCC.H, NO
/ \ 6 G5 64 2
Cl I PMeth P_NCCGHACH:‘I . _Q—NCCGHAOME .
d NCCH, CN-M,
(70) NCCF, CN-M .

M=(70)-L

If the neutral ligands are-certain acetylenes then

carbene complexes, (71) are formed.

/O\de
Me (a) carbene = C
Ph_MeR | co

Me

c1/ l PMePh CH
2 / Z‘CH
carbene (b) carbene = C 2
(71) /CH2

The carbene complex (71la) is obtained with acetylene gas
while but-3-yne-1-0l1 (HCECCHZCHZOH) gives (71b). These
carbene complexes result via a metal-induced carbonium ion,

Scheme (16), as has been proposed for methyl platinum(II)

compounds.
-CH MeOH /Me
Me —Ir{@®|| — Me— 1r._c—CH2 —~—» Me—Ir—C
“CH Me

Scheme (16)
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In methanol or ethanol as solvent imino ether complexes (72)
are formed with certain nitriles. Treatment of the

complexes [l!Cl3(PMe2Ph)3], (M = Rh,Ir) in acetone or

L= —NHIC(OME‘)C6F5 .

Me
P. CcO ~NH=
\1| Y NH=C(OER) CF,
r i —NH= =NH -
/I\ NH=C(OMe) CGFZ(OMe)C NH-,
Cl P — NH=C{OEt )C6F4 (OMe )C=NH-— .
L

(72) P= PMe-Ph2

methanol with AgPF6 generates cationic complexes

[ MClz (solvent) (Pl-‘[ezPh ) 3] +PZE‘6_ which react with but-3-yne-1l-ol

to give the cyclic carbene complexes (73).47

1+
P q P
N l/ _
M PF
N
CH,
O\C/
M= Rh, Ir
(73)

P= PMeZPh
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C-Chlorocarbene complexes of rhodium(III) have been

obtained from [MezNCC12]+C1_ and rhodium(I} complexes as

illustrated in Scheme (17).48 A novel carbene complex, (74),

also results upon addition of benzoyl isothiccyanate to

[RhCl(PPb3)3]. The complex has been characterised

crystallographically.

49

[Me,NceL, Tet ™

[RhCKCO), ], / \\ [Rh Cl(PPh3)3]

Rh C!3CO{C

PEt
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N RhCl3(PPh3)2 C\
NMe2 2 . NMe

PEt3

Cl
RhCl:';(PEt3 )2 C

/7 \

NMe2

Scheme (17)

cp
¢ Ph3)2

(74)
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Metal isocyanide complexes.

The complex [Co(CNPh)5]2+ as the perchlorate salt
forms three species of different colours: light blue,
dark green and bright yellow. The geometry of the green
form, isolated as the solvate [ cocenpn)g Y[cio, j,. sc1cH,CH Cl,
can be described as saquare pyramidal in which the average

[o l—Co-C

- o
apica angle has decreased to 95.0° as a result

basal
of weak co-ordinmation by a perchlorate anion below the basal
plane of the complex, (75). The axial o-C bond length in

(75) is longer than that found in the cobalt(I) cation

'T*Nph +
PhNG CNPh
\C'o/ clo,~
PhNC/ , \CNPh
oclo,
(75)

[Co(CNPh)S]+ and this is probably a consequence of decreased
back-bonding in the cobalt(ll) complex.50 Recrystallisation
of the cobalt(I) complex, [Co(CNPh)g ][ci0,] from various
solvents also results in the formation of various structure
types. The prototype type (1) complex, [Co(CNPh}S][CIO4].CHC13
has been shown to be square pyramidel and represcntative types
[cotencgh,c1-pyg 1[BF, ] ana [cocenpn)g Jc10, | are somewhat

differently distorted trigonal bipyramids. Further studies

reveal that the same three isomeric structures are

evident for [Co(CNPb)sl[Bré ] but only one structure (typell)

is obtserved for para-substituted phenylisocyanide complexes.51

A fourth distinct structural type has also been observed
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with the ligand 2,4,G-trimethylphenylisoc&anide.52 The cocmplex

[ cotencgh C1-p) 5 ][r:u?4 ] reacts with P(OMe); to give (76) and

) +
RNC
CNR Bi_ .
RNC ‘R=p-CIGH, -
L p “P= P(OMe),
(76) :

the same complex can also be isolated via: addition of the

53 The complexes

i i e 3
isocyanide to [CO‘P(OMe)S}s][Bré].
[Co(p-HO_CxH,4NC) ,{PPR(OEL) 5} 4] Cc10,, [Co(eNRIzLy Jcl0,
R = Ph, BfMeceﬂq, aneOC6H4, g—MeCGH4,2,?—Me2C6H3,
C6H11; L = PPb(OEt)z, P(OMe)3 have also- been prepared
and these complexes again appear to have isocyanide ligands
in eguatorial positions.34

X-ray crystallographic studies have shown that while
the paramagnetic complex (77) has a monomeric structure,

the complex [CoIz(CEJPh)4 ]should be formulated as the

i Et
RNC CNR
~
’/,Co::: R= NC
RNC I CNR
Et
1
(77)

binuclear complex, (78), the diamagnetism of the complex

being a result of spin-exchange in the central Co-I-Co unit.
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T L ll'/L
I—,Co/——l—-Co——l 1 (L = PhNC )
a L/!

L

(78)
Some interesting metallocyclic complexes result on

reacting [Con(PhCECPh)(PPhs)] with isocyanides, Schene (18).

cp cp
i RNC . CI
Co > (o)
CPh _ P N CPh
mp” L P rRne”
Ph Ph
RNC
clp clp
CNR P
/Co\/ RNC /Co\/
RN=C C—PFPh -— RN=C C—Ph
N\ -P N7
T i (R=Pnh )
Ph Ph
cp cp
1 | _CNR (R=Pn,
Lo R RN~ /Co\ —NR 4-MeCgH
st et T PN
L£=C (79) L= SMeCey
Ph Ph Ph " Ph
lRNC(R:CMe:i , Ph ,A-Me(‘GH , 1 RNC or CO
2,5-Me,GHsy ) NR
RN ?R RN§C/C\C4NR
;é::é; ( P='PPh3 ) E:::Ci
Ph Ph P Ph

Scheme (18)
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The structure of complex (79), R = Ph hasfbeen

substantiated by an X-ray structural studi;.56

Dilute solutions of the salts, [ Rh(CEPh),]" X ~,
(X = BF4-, BPb4-, PFG_) in acetonitrile sélution are
yellow but on concentration they become biue. Spectroscopic
studies on these solutions indicate that 6ligomerisation of

the cations occurs in concentrated solution as indicated

in Scheme (19). Infrared evidence rules out the possibility

2 [RA(CNPR) ] = [Rh(CNPh),,]zz';

2+ RN 3+
[Rh(CNPh)], + [RR(CNPh)] = [Rh(CNPh)],

Scheme (19)
of bridging isocyanides and the dimer is brobably bound
through direct Rh---Rh interactions.57 Eiectronic absorption
and magnetic circular dichroism spectral measurements in

acetonitrile have been reported for [M(CNEt)4]+, (M = Rh,Ir).58

ASPh3
R c/o\ll /O\CR (:R Me p-CIC.H
— r P = -
\\\0///| \\\0//’ . CB 4
p-MeOGH,
CNCgH,Me -p
2,4,6-MeyCHy )
(80)

Some iridium(II) isocyanide complexesf(SO) result
on reacting [IrH;(AsPhy),(CNCgH Me-p)] with carboxylic
acids and an acetylacetonate complex (81) Ean also be

prepared.59
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/C 0\ /O—C\
}1Ci /IQ\ }ZH
,C—O 0—C
Me Me
CNR
(81)

13 - - .
C N.m.r. studies on some isocyanide complexes have

‘been investigated.60

Metal carbonyls and related compounds.

(2) Zero oxidation state compounds.

Co-condensation reactions of cobalt atoms with carbon
monoxide kave given the binary carbonyls of ccbalt, Co(CO),,
(n = 1—4).61 The reduction of C02(C0)8 by sodium-potassium
allo& provides a rapid and clean method for the production
of the anion [Co(C0)4]—,62 and treatment of Co,(CO)g with
potassium graphite, CgK, gives K[Co(CO)4].63 A comparison
of the relative reactivities of the anions [4(CO),(PPh3),]7,
(M = Co,Rh,Ir), towards pentafluoropyridine has established
the order Rh > Ir > Co. However, studies with g§ complexes
of these metals have shown that the nucleophilicities of the
metal ions decrease in the order Co > Ir > Rh.

A review on cyclic phosphine complexes of transition
metals contains examples of complexes in the cobalt, rhodiurm,
iridium triad64 and cobalt carbonyl complexes of

polytertiary phosphines have been considered in a syuposiumeo

as has the effect of bridging ligands on the C-O stretching
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force constants of the compounds [Coz(CO)G(u—Y)z], (Y = CG,
p,As,CR). %6

Treatment of C02(C0)8 with fluorocarbon-bridgec
di(tertiary arsines and phosphines) results in carbonyl-
bridged or ligand- and carbonyl-bridged chelate comp.exes
depending on the ligand, and in one case a mixture of isomers
is reported.67

The reaction of Coz(CO)8 with the chelating ligard (82),
(P-N), gives the ionic product [Co(CO)s(P—N)gl[CO(CO)4] in
which the chelating ligand is monodentate, the phosphorus acting

as the donor atom.68

PPh

Fe CH2NMe-2 (82)

An ionic product,[{COLS}{CO(CO)4}2]n, also results
from the action of poly-1l-vinyl-2-pyrrolidinone, (L) upon
Coz(CO)B.69

Addition of tri-n-butylphosphine to Co,(C0)g is known
to produce an improved catalyst for hydroformylatior reactions.
Fxamination of this system, in the absence of alkene has been
investigated under varying conditions of temperature, partial
pressure of hydrogen and of carbor monoxide and the
phosphorus-cobalt ratio. Infrared spectral studies indicate

that the reactions illustrated in Scheme (20) occur.70
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RN

H2 + COZ(CO)B — ZHCO(CO)4

PBu; + CafCO)g = Co)(CO),PBu; + CO
LN

H2 + 002(C0)7PBU3\__ HCO(CO)Z. + HCO(C0)3PBU3
—_

PBu3 + HCo(CO)A = H(Zo(CO)3PBu3 + CO

Scheme (20)
The standard eathalpies of formation of crystalline

Coyu(CO)g » [ Coz(CCL)(COYg ] and [ Cos(CBrI(CO)g ] have been

determined as -298.9 * 1.2, -283.5 * 2.4, and -284.3 + 2.2

kcal mol"1 respectively.71 The thermal decomposition of

COZ(CO)S is inhibited by carbon monoxide and catalysed by

powdered cobalt. The energy of activation for the thermal

decomposition of Coz(CO)8 has been determined as 3.7 Kcal mol‘l.72
A wide variety of methods have been reported for the

preparation of the cluster compounds, [Coa(CR)(CO)Q]. A

method which is frequently used involves the reaction of

1,1,1-trihalogenoalkanes with Na[Co(CO)4] or C02(C0)8 in

donor solvents under conditions where disproportionation

occurs to give [Co(donor)e][Co(CO)4]2. The first step in

this reaction may be the formation of an intermediate,

[CO(CXZR)(CO)4], which can undergo further attack by the

anion to give the cluster compounds. In agreement with

this scheme it has been found that treatment of the fluoroalkyl

derivatives, [ Co(CF,R)(CO),], (R = F,CF,,C,F5,CHF,) with

either Na[ Co(CO)4] or Co,(CO)g in donor solvents such as

tetrahydrofuran or diethyl ether gives the clusters

[Co3(CR)I(CO)g]. Other reactions are illustrated in Scheme (21).

However, treatment of [Co(C3F7)(C0)4] with either [Co(CO)SPPhs]_

E]
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(CO)q Co3i-c Co4(CO)g
[(c0)4cQ<:1=2cx=2 Co(CO)]

/ﬁa[GXCOh]
@ [(CF;),CECo(CO), ] | [ CicocE,)) coct ]
7\ e e
(c0)3c:o\_c_/\,o(c0)3 [cocfcr(cr) , co,H} (co), ]
i +
CF.
CF3), [(CO), Co(CF, ), Col@),]  (n=20r3 )

Scheme {(21)

[CO(CO)B{P(oph)3}]T [Mn(CO)s]_, [Mn(co) PPh,]” or
[FeCp(CO)z]‘ failed to give cluster compounds. Similarly
no mixed cluster could be obtained on treating [Co(CFS)(CO)4]
with Na[Rh(CO)q].73 Polar solvents are not essential for
the cluster formation and reactions of halogenoalkanes with
Co,(CO)g in hexane have shown that both radical and carbene
intermediates are formed under these conditions. An attempt
to prepare one of the proposed intermediates, [Co(CCla)(CO)4],
by the reaction of [TlCo(CO)4] withCCl4 gives FOS(CCI)(CO)Q]-
in varying yields depending on whether the thallium compound
or CCl4 are in excess. These results can be readily
explained if the initially formed [Co(CC13)(CO)4] reacts
rapidly with [ T1Co(C0), ] to form [ Co5(CC1)(CO},]. In the
absence of excess [TlCo(CO)4] or Coz(CO)8 the [Co(CCls)(CO)4]
can undergo decomposition to 02014 and 02016.74a
Treatment of Co,(CO)g with trans—[CrBr(CR)(C0)4],
(R = Me,Ph) results in the transfer of tie carbyne ligand

from chromium to cobalt and formation of the clusters,

[cos(CRI(COYG]- 74P
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The electron rich cluster compound, [C03(CNM82)(CO)9],
has been prepared by the reaction of b‘a[Co(CO)Q] with
[ne;.asc012]01, 48 _ 4 the series of methylidyne-cluster
Eompounds of the type [Cos(COHXZNEtS)(CO)QJ, (M = B, X = Cl,Br;
M = A}, X = Br) have been extended to include the compounds
M =B, X=F,I and M = Al, X = C1. The compounds can be
prepared by the reaction of Co2(CO)8 with the adducts
[Mx,.NEty]. Fluorination of [Cog(COBBry.NEt3)(CO)g ] with
AgBF4 gives [Coa(COBFz.NEt3)(CO)9]- Treatment of Coz(CO)8
with BBrg at 60°c gives [CoGB(CO)18 ]and the same cobalt-
boron cluster results from the action of B,Hg4 upon 002(00)8 .
However, BBr3 reacts with [TlCo(C0)4] in tne presence of

stoichiometric amounts of HEtz to give (83).75

The crystal structure of [C03(COBC12NEt3)(CO)9] has been
determined.76 Paramagnetic phosphido cobalt carbonyl clusters,
[Co3(PR)(CO)9], (R = Ph,nut,Etzﬁ) are present in the reaction
products of the phosphines RPCl2 with Coz(CO)8 . The black
air-sensitive crystals have magnetic moments around 1.7 BM.77

Phosphine and arsine derivatives of the type [COS(CY)(CO)SL]
are known to form two structural types, distinguished by the

presence or absence of bridging carbonyls, (84) and (85).

Variable temperature n.m.r. and i.r. studies on the complexes
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O—x

Cmme CO e C Co
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o7 N o 1N
(84) ) (85)

[coz(cMe)(cOYgL], {L = PBug™, P(cyclohexyl),}, indicate
that both structural forms can exist in equilibrium in non-
polar solvents. The isomerism and non-rigid behaviour of
these phosphine complexes has been interpreted in terms of
isomer distribution and intramolecular scrambling. Only in
the case of the tricyclohexylphosphine derivative weas it
possible to obtain the "instantaneous" solution structure,
characterised as the bridged form (84).78
The reactions of phosphines with the complexes
[Coa(CY)(CO)Q] is rapid and reversible and Kkinetic studies
reveal that the formation of [Co3(CY)(CO)8L ]Scheme (22),

involves a simple dissociative mechanism.

Co3(CY)(CO)9 p—— Co3(CY)(CO)8 + CO

—_

C03(CY)(CO)8 + PPh3 — Co3(CY')(CO)8PPh3

(Y = Ph,Me ,H,Cl ,F )
Scheme (22)

The kinetic parameters are also found to vary with the nature

79

of the apical substituent Y. Treatment of the complexes

(86) with acid gives further examples of the
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[coscccu=CRCO,R' ) (COYg), (87) derivatives. Infrared studies

on the complexes (87) suggest that there is interaction between

the carboxylic group and two or one cobalt atoms of the cluster

as indicated in (88) or (89).%°

_ R
R‘c——-c”0 . CH:C: .
/ \ 6/ CﬁbR
O HC\c/ © (@) H.SQ/Me,CO/
N HSQ/Me,COIHD
(CO)T=—C3co), (b)H,S0, /MeQH/ H,0 (coeR—}—Cuo)
(86) Cio
R H for route (a) (CO)E)
RL Me for route (b) (87)
R R=R'= H R
| R=H, R=Me 1
OR R_Me, R-H WOR
R = R'=Me
C\ 2 R= P RLH c 0
\ 4 R=Pr" R-Me / \;
/ fo P=Ph, R:H o
CO_C;/ R=Ph, R=Me Co G/c
(88) " (89)

Friedel-Crafts acylation of the aryl groups in
[COS(CAryl)(CO)Q] has been studied. The re=action proceeds
easily to give the para-substituted derivatives and it is
apparent that the carbonium ion centre (90) is stabilised

8la

by the [C03C(C0)9 ]moiety. Previous studies on carbonium

ions of this type (91) have shown that such species are
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¢
H
\Me
Re_ ‘F _H

/C\ (90) /C (91)

(CO) _Co—}—,Co(CO) (CO),Co— >CO(CO
3 3 3 l 5
\(%o/ \Ca°/
(CO), (co),

exceptionally stable and this appears to result from
substantial delocalisation of charge into the cluster.

13C n.m.r. studies on carbonium ions of this type have been
undertaken but the structure and bonding of these highly
stabilised ions remains to be elucidated. Crystallographic
studies on a suitable salt would be extremely interesting
and would indicate whether there is any contribution

from a structure of type (92).81b

R
|
Z Sy
(cO) c/‘—\c;(co) o -
3 °\C° 7/ 3
(co),

Treatment of [Co4(C0)9(arene)] with carbon monoxide
above 70°C gives Co4(C0)12, the rate of reaction increasing

in the order iso-durene ~ mesitylene < m-xylene < p-xylene ~
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o-xylene < toluere < anisole < biphenyl < fluorene <
phenanthrene < benzene. This order is also the same as

the decreasing thermal stability of the arene complexes.

The reactions of the arene complexes with alkyl- and aryl-
phosphines also result in displacement of the arene to give
mono— and di-sukstituted cobalt carbonyl compleris. However
with phosphites, arene complexes, [Coé(CO)s(arene)P(OR)3 ]

can be isolated, Scheme (23).

[Cotcon(PRy), J[CatcO), ]+ [ColCOy (PR, ],

. [Coz(C0)7(PR3)] N [Co €Oy, (PR), ]

PR

5 . 20-65°

[Co, (CO)4( arene) 1

P(OR), + CO % \l:(OR) . CO, 65°

[Co 0, L] « [CoycOor L, ] [Co, (CO), (arene) L ]
+ [ & 0),L,] [Coy(coN L, ]
(L= P(OR)3)

Scheme (23)

These arene-phosrhite complexes can also be obtained from
the action of arenes on [Co4(CO)11P(OR)3].82

There is some controversy in the literature as to
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whether [Co4(CO)12 ]has Cqy Or D,y molecular symmetry in
solution. In the solid state the structure possesses Cav
molecular symmetry but the low temperature 13C n.m.r.
spectrum has been interpreted in terms of a structure
possessing D2d symmetry-83 However, there are intensity

anomalies in the 130 n.m.r. spectrum and the results of the

59Co n.m.r. spectrum strongly suggest that the C3v form 1is
predominant at room temperature-82 [Co4(CO)11P(OMe)3] in
solution is also derived from the Cav'structure of

[Co4(CO)12] with a terminal CO group of one of the basal

Co atoms replaced by the phosphite.84 It is further apparent
from the variable temperature 130 n.m.r. studies that CO
scrambling occurs in solutions of [Co4(C0)12], {Co4(PhMe)(C0)9]

and [Co4(RCCR)(CO)10], (R = Ph,cozue).83

Infrared spectroscopic studies on 13C enriched samples

85

of [bo4(CO)12J and Rb4(C0)12] have been reported and the

electronic structure of [Ir4(CO)12] has been calculated by

6 Crystallographic studies

the extended Hueckel M.O. theory.8
indicate that [ 5,C04(C0);, ] is a dimer, [SCo,(c0)5],.87

The reductive carbonylation of [ RhC1(CO),], with NaliCO4
and CO in n-hexane to give[ Rh4(CO)12 ]has been studied and
the effect of water on this reaction has been discussed.
[rncicco)y,], reacts with sodium methoxide to give [Rh(OMe)(CO),],
which on treatment with water and carbon monoxide gives
[Rh,(C0);,].5% Treatment of [Rhg(CO),q ] with [Et N]1 at 50%
initially gives the salt [ Et,N J[RhgI(C0),5]. However, after
longer veaction times a solution containing [RhIz(CO)z]-
and a dark brown crystalline precipitate of [Et4§b[nh7I(C0)16],

are formed-89 This metal atom cluster consists of a
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m&nocapped octahedron similar to that found in [Rh7(C0)16]3_.
Ten of the carbonyl ligands are terminally co-ordinated, two
are edge-bridging and four are face-bridging, the iodine is in
an edge-bridging positicn.90 The anions [Rh7X(C0)16]2",

(X = Br,I) can also be obtained by condensation of [RhX(C0)2]2
with the hexanuclear anion [RhG(CO)IS]Z'. Treatment of
[nu7(c0)16]3‘ with iodine also gives [nh71(c0)16]2'.89

13C n.m.r. studies on the three structurally related carbonyl
clusters, [ Rhg(C0)y6], [RRg(cO);5]? and [RR,(C0),6]°" have
been reported. [ Rhg(CO)yg ] is not fluxional at 70°,
[Rh7(C0)16]3- undergoes partial intra-carbonyl exchange at

25° but [Rhe(CO)IS]Z_ readily undergoes intra-carbonyl exchange
at ~70°. 91 7gpe carbonyliridate anions [Ir4H(CO)11]—,
[1rg(Co)pp]?". [1rg(c0d,0]2, [ 1rg(c0);5]%" ana [ 1rccory]”

can be obtained by the reaction of Irq(CO)12 with potassium
hydroxide in methanol and/or sodium in tetrahydrofuran. The
compounds [ Ir,H,(C0)4q ] and [1rg(co) g ] can also be obtained.
The anicn, [Ir(CO)4]- is a very strong base. It is

protonated by ethanol to give Ir4(C0)12 and reacts with

[ PhyPCH,CH,PPh,]CL, to give [ 1r(co)gPPng]y. 9% Reaction of the
[Fhlz(CO)3o]2— dianion with hydrogen in PriOH is known to take
place initially with cleavage of the bond between the two
octahedra to give the [thH(CO)ls]_ mono-anion. With prolonged
reaction times a further transformation into a mixture of

brown anions is observed. The anion [Rh13H3(CO)24]2' has

been isolated from this mixture and it reacts with base

to give [ RhygH,(C0),,]137, Scheme (24). The 13 rhodium

atoms of [Rh13H3(C0)24]2— are located in three nearly



2- OR™ 3-
—_—
[ Rh,HA(COY, . ] = | Rh,H,(CO), 4]
HQ
Scheme (24)

parallel layers giving a cluster of D3h idealised symmetry
and representing a fragment of hexagonai close packing.
The central atom is 12-connected, while all the surface
atoms are 4-connected with the other metal atoms and
3-connected with the carbonyl ligands. -Each of the 12
surface netal atons has one linearly bonded carbonyl and
there are 12 carbonylsbridgirg one half of the polyhedron
edges. The presence of a central metal atom is similar to
that observed in [Rh15C2(CO)28]_,93 The neutral carbide,
[HhSC(CO)lg] possesses a Rhg metal atom cluster which can be
described as a monocapped prism plus one edge-bridging atom.
The carbide atom occupies the centre of the prism. It can be
envisaged as resulting from the insertion of two [Rh(CO)2]+
groups on one rectangular face of the [RhGC(CO)ls]z' anion.94
[ Rbg(CO)y4 ] has been shown to catalyse the oxidation of
CO to CO2 and the oxidation of ketones to carboxylic acids

5

by molecular oxygen, Scheme (25).9 The standard enthalpy

of formation of [RhG(CO)IG] has been determined as -557.9 * 4

kcal mol—l.
Rh.(CO), . ! o
CH,COCH, + O, -~ CHCOH - X
% | 0..C(CH,), CO., H
0.0, HO,C(CH,), €O,

Scheme (25)
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The bond enthalpy contributions (Rh—-CO) and (Rh-Rh) have

been estimated at 39.6 and 27.3 kcal mol_l.96

(b) Heteronuclear metal-metal bonded carbonyl compounds.

Treatment of [TlCo(Co)4] with a variety of Lewis bases
in non-co-ordinating solvents leads to either [TlCo(CO)sL]
or [Tl(Co(CO)aL}a land thallium metal. It now appears that
stable thallium(l) compounds are formed in solution at room
temperature with Lewls bases which give substituted cobalt
carbonyl anions of relatively low basicity. Thus the reaction
of [TlCo(CO)4] with either P(OPh)5 or P(OCZzH,Cl-plg, (L) gives
[Tico(eo)gL}. Lewis bases such as P(OMe);, P(OEt)z, PPhg,
AsPhgy, SbPhg, or PBug” which give substituted
hydridocobaltcarbonyl derivatives with pPK,>5 yield
le{Co(CO)3L}3] derivatives and thallium metal.??

Calculation of bond dissociation energies from appearance
potential measurements on the complexes [MeSMCo(CO)4],
(Q = Ge,Sn) have given the following values, D(Ge-Co),
3.2eV; D(Sn-Co), 2.8eV. These values indicate strong
intermetallic bonding in these compounds. Accurate data for
[MessiCo(CO)4] could not be obtained due to its low thermal
stability.98 Molecular electric dipole moments measurements
on a series of Sn-Co bonded compounds, [RnYm_nSn(Co(C0)4}4_m],
(m = 1~3; n £ m; R = alkyl,phenyl; Y = halogen) reveal that
there is a linear correlation between the JTEBT;EEZEB group
moment and the Taft induction constants of the substituents
at the tin atom. It is apparent from this relationship that
the polarity of Co-Sn bond is principally determined by the

99

inductive properties of the substituents on tin. Complete

vibrational assignments have been made on the complexes
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X45iCo(C0),, (X = H,F,Cl) and evidence for w-interaction in

the Si-Co bond has been considered.100

In a variety of Sn-Co
bonded complexes of this type tin-119 magnetic double resonance
data indicate that the tin magnetic shielding is dominated by

the extent of the nm-overlap in the Sn-Co bond.101

A variety

of rhodium complexes of Group 4B ligands have been obtained

by the action of the hydrides He3MH, (M = S8Si,Ge,Sn) on
[Hth(CO)Z] and some of the results of this study are summarised

2

R 10 -
in Scheme (26). The anions [Hh(GeMea)(CO)Cp] and

[RhH(CO)Cp]_provide useful routes into Group IVB-rhodium
chemistry.102

Electrochemical reduction of [CO(CO)(diphoS)2]+ in
methylcyanide at -30° followed by controlled addition of
carbon monoxide generates the anion, [Co(CO)z(diphos)]—.
Addition of Hg(CN)2 or PhgSnCl gives the metal-metal
bonded complexes [ Hg{Co(CO),(diphos)}, ]| and [ Ph;SnCo(CO),(diphos)]
respectively. Electrochemical reduction of [Rh(diphos)2]+
under an atmosphere of CO similarly generates [Rh(CO)z(diphOS)]_
from which [Ph3SnRh(C0)2(diphos)] can be obtained. The
corresponding iridium compound, [Ph3SnIr(CO)2(diphos)] can
be obtained via electrochemical reduction cf [Ir(CO)(diphos)2]+

in the presence of CO.103

Some novel rhodium- and iridium-copper bonded
complexes, L2(CO)MCu(RN—N—NR')X, (L = PPhs,PMezPh, AsPhs;
M = Bh,Ir; X = C1,Br,I result from the reactions of
trans—[MX(CO)L2 ]ndth [Cu(RN-N~NR')]n, (n =4, R=R' = Me;
n=2, R =R' = p-tolyl; R = Me,R' = p-tolyl). The crystal

structure of (93) has been determined arnd an analogous
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[ Rhcp(SiMe3)2co] [Rhcp(GeMe,),CO]

+[ RhcpH(SiMe ) co} / 54°,
Me3SiH\ Me,GeH , hv

[RhcpH(COY]™ [Rncp(SnMe,), CO]J
MeZSnCl2 Na/Hg /éSnH , A, 81°%
[Rh cpg 3nMe2)c0 ]2 [Rhcp(CO)z]
MefGeBr \MefSnH , hv
[Phep(GeMeg), col | | [Rh(SnMe,),(CO), ]
20% 3%
I ; pH
[RhIcp(GeMe,)CO] [Rhyep,(CO)%]  [Rncp(SnMey), CO] P(OMe),
A)\,, ‘
[Rh,cp,(CO),, P(OMe), ] Rh(SnMe,),(C0),, P(OMe), ]
P(OMe)3 . A Me3SiH Me3MH . M =Ge, Sn
[Rhcp (CO)P(OMe), ] [ Rhep(MMey),, CO]
+[RhcpH(MMe,)CO]
\

[Rhcp(0),] +  [RhcpH(SiMe;)CO]

Scheme (26)
( M= Ge, Sn )
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/Me
cl
Ne /N\ :
I/p >N (P=PPh,)
OC—RH _ = (93)
/ \N\/ ; ’
P

trifluoroacetate complex, [(Phap)?:(CO)IrCu(OCOCFa)z ] ean be
obtained.l0%

The reactions of Na[Co(co), ] with ‘either AgNO5 in water
or CuCl in aqueous ammonia give fespectively the air and light
sensitive yellow crystalline compéunds [AgCo(CO)4]n and
[Cu(Ly)Co(CO)4], (Ly = indeterminéte number of H,0 and NHy
ligands). The compounds [AgCo(COisPBusn]n and )
[CuCo(CO)aPBuan]n can be similarly prepared from
Na[Co(CO)3PBu3n]. Treatment of these complexes with
1,10-phenanthroline, 2,2'~bipyridé1 or PhyPCH,CH,PPh, gives
the 1:1 adducts, [ Co(CO) Cu(bipy)],, [ coccoycu(pheny] ,
[co(co) 4ag(phen)] . [ co(cO)4(PBu, sCu(phen)] ,

[co(co) 5(rBug™)Ag(phen) ], [ Co(cO)5(PBug™)Ag(diphos)] .

In carbon disulphide or chlorofor@ the complexes are non-
conducting but in donor solvents ﬁhe complexes ionise. . Thus

in tetrahydrofuran both [ AgCo(C0)], and [Cu(Ly)co(c0), ],
give carbonyl species considered éo be [Ag{Co(CO)4}2]’
and [Cu{Co(CO)4}2]_ respectively ind the i.r. spectra are
similar to the neutral isostructu%al complex [Hg{Co(CO)4}2]%°5
Indeed the salts [Et4N][M{Co(CO)4é2], (M = Cu,Ag) have been

106

isolated, and treatment of [Et;N J[auBr, Jwith [cocco) ]

gives the corresponding gold compound [Et4N][Au{Co(CO)4}2].1°7

The copper salt dissocilates reversgibly to [Co(C0)4]— in
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106

methyl cyanide solution. The reactions of [NiClz(PPh3)2]

with Na[Co(C0),], Na[co(cO)3PPhs], Na[Rn(CO),(PPR;), ] or
Na[Ir(CO)spphs] do rot yield heteronuclear metal-metal bonded
complexes and [Ni(CO)Z(PPh3)2] czn be isolated. Similar reactions
occur between [ MC1,(PPhj),], (M = Ni,Pd,Pt), and

Na[Co(CO)SPPh3] but with the rhodium and iridium anions

ciuster complexes anpear to be formed. 3535§7[Pt012py2]

.reacts with the appropriate cobalt anion to give trans-
[Pt{co(corsLl,py,], (L = PPhy,PMePh,,PMe,Ph,PBus™) and the
palladium complex [ Pd{Co(CO)4PPhsl, py, | can similarly be

108

obtained. In contrast to these results treatment of either

cis- or %rans—[PtClz(PPhs)z] gives, amongst other vroducts,

(94), the structure of which has been confirmed by an X-ray

structure determinaticn.109
0
(CO)Z /
/ _(co),
/—\-Pt—CO ( P=PPhy )
/ \ \
P

(94)

Treatment of [RhCl(PFa)z]zwith either [TlCo(CO)4] or

[Coz(CO)S] gives the new cluster (95) which undergoes a

ready intramolecular exchange process with[?b2C02(C0)lzﬂ

to give (96). This is the first example of.an intramolecular

ligand exchange between two compounds containing tetranuclear
110

clusters of metal atoms. Infrared studies on the cluster

[HPeCoa(Co)lz] indicate a considerable polarisation of the
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/'\;:o(ccfi)z (95)

(PF3)2Rh --——7
,--R?-—-L
(CIO)3
Co

\h—//{‘\\m (96)
- J\I/L

/_._Rh

ocC

Fs
co pr-3

Fe-H bond in the sense Fe(é’)—H(é‘?). The position of the H
atom is considered to be in the cége near or on the Co3 plane.85
The compounds (97) 11, (98)**2 and (99)*12 nave been

the subjects of X-ray structure determinations. Each compound

Ve : ,
cp—Ni ———Co(CD), P(CH,,) Ph,

NS
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B g
\/\ NN\

N
Go(CO) Co(COXNBD)
OC//' /// OC//'\\\ ///

(98) (99)

has a non-planar carbonyl bridge system and the cobalt atoms
aré in a square-based pyramidal environment.

The Raman spectrum of [Hg{Co(C0)4}2] has been reported
and the CO stretching force field has been calculated.114
The Co-Au stretching frequency in [Et4N][Au{Co(CO)4}2] occurs
at 189 cm 1.107

(c) Metal -(I), —(II) and —-(TII) compounds.

A variety of cationic cobalt(I) and cobalt(III) complexes
can be obtained via the reactions of phosphines with Co(Cl0,),
6520 in isopropanol, Scheme (27).

trans —[CoHXP 1’ [coH R ]2

A

CoClOA.GHZO + excess P

2
diene cis ~[CoH,F, N
/m \
Co(diene) P3 - *
[ Co(diene [cotcoy B _ ]

( P= 2° to 3° phosphines )

Scheme (27)
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The rate of formation of the carb;nyl complexes,
[Co(CO)nPS_-n]Clo4 is very high %ith small phosphines, e.g.
PHEtz,PBMePh, but decreases with increasing size of the
ligands. No carbonyl complexes a?e formed with iarge phosphines
such as PPhg and P(CgH;;)3. In é number of the reactions
acetone is present in the reactién mixtures suggesting that
isopropanol is involved in the réduction processes.115
Carbonylation of pentacyanocobal{ate(ll) leads to
[Co(CN)a(CO)z]z_ in all cases.lli

Treatment of anhydrous cobalt(II) halides with carbon
monoxide in the prosence of dietgyl phenylphosphonite leads
to the cationic complex [Co(CO){éhP(OEt)zh]TX' which on reaction
with carbon monoxide and trace aéounts of water yields both
[Co(CO)zLa]+ and [CoX(CO)sz]. @eduction is thought to be
due to carbon monoxide rather thén the phosphine ligand-117
Similar pentaco-ordinate and cationic species are reported
as products in the addition of cérbon moncxide to complexes
of the type CoXL3 (L = Me3P; X =fC1,Br,I), followed by
treatment with excess phosphine.’ In the absence of carbon
monoxide a tetrahedral cobalt(I)Ecation is isolated, [C0L4]+ 118

Electrochemical reduction o? [Co(CO)2 (PMe3)3 ]BP£4
proceeds via a2 two electron stepfto give [Co(C0)2(PMe3)2]—

which reacts with the startiny material to produce

[coccoy,(PHey),],. Scheme (28).

[CotcO)(PMe, T" + 26 ; [Colco(PMe) ] + PMeg

[Cotco),(PMe), ] [Co(CD)Z(PMe3?3]+—>[C0(CO)2(PM83)2] , + PMeg

Scheme§(28)
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Electrochemical reduction of the complexes trans-[RhC1(CO)L,],

(L = PPh P(NMe2)3, PMe,Ph, Pues, PEts) and trans-—

3)
[IrX(CO)(PPh3)2], (X = C1,Br,I) also proceeds via a two electron
step leading to zerovalent species, Scheme (29). It is apparent

that the values are more negative when the basicity of the

[RrcicolL,] +  2¢7  ——= [RASCOL]™ + 7

[RhsCOIL]™ + [RhCl(CO)Lz] — [Rhs(COIL,], + CIT

( S=solvent )
Scheme (29)

ligand L and electronegativity of X increase.llg

Electrochemical reduction of the complexes, [Co(CO)(diphos)2]+,
[Rh(diphos)z]+ and [Ir(CO)(diphos)2]+ in the presence of
CO” also proceed via a two electron step the anionic species

103,120. gi1ution and solid

[M(CO),(diphos)]™ being formed.
state electronic spectral measurements have been carried out
on the low-spin five-co-ordinate complexes,
[cotcor,{PPR(OEL) ;35 ] BPh, and [ CoI(co),{PPh(OEL),},]. 120

Some reactions of the cationic complexes of rhodium(I)
[Rh(CO)2L3 ]ClO4 with nitrogen donor ligands and p-tolyliso—
cyanide have been reported and are illustrated in Scheme (30).122
The reaction of 2,2'bipyridyl with [RhCl(CO)2]2 has been
reported to yield the bipyridyl bridged complex
[(OC)201Rh(u-bipy)RhCl(CO)2]. However, it has now been shown
that beth 2,2'-bipyridyl and 1.10-phenanthroline react with
[Bnci(co),], to give the salts [ Rn(N-N)(CO), J[RRC1,(CO), 1.

Further the complexes previously formulated as [Rh(acac)(phen)]
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"/ T
L;Tf:_ NO CD\N —~Rh—L L=PPhy, AsPh,
L L P(9.~t°[y[)3 : P(Q'tdyl)3
4 ,4'- bipyridyl R= Me
RNC
L
RNC
[Rh(CO), L ][CI0, ] > L |[Co, ]
: L:
RNC
N L i
N= pyridine, [ Rn(cO)L, N ][I0, ]

a-,8-,y-picoline,
quinoline, Scheme (30)
isoquinoline,

benzo(f)quinoline

and Rh{(quin)(phen), (acac = acetylacetonato, quin = guinolin-8-
olato) have been shown to be [RhCl(CO)z(phen)]. Salts of

123 Addition of either

[Rh(CO)z(phen)]+ have also been obtained.
2-(phenylazo)-p-cresol, azobenzene, or N-benzylideneaniline

to the rhodium dicarbonyl species produced by heating hydrated
rhodium(III) chloride in dimethylformamide followed by u.v.
irradiation produces some rhodium(I) dicarbonyl complexes,

Scheme 31.124
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RhCl_xH,O

3l 2
- MeZNCHO
2-(phenylazo)p-cresol N - berzylideneaniline
4
Rh\ dmf /Rh\ CH
oc// N=N ocC ¥4
Ph Ph
Ph N=NPh
4
OC\ Scheme (31)
Rh\
oc” I?I,N
Ph

The reaction of the conjugated ligand 2,2'-biimidazole,
(H,Bilm) with [ Rh(OMe)(COD)], gives the air stable complex

(100) which can be converted to the dicarbonyl complex (101)

O

5

oC
“\ /N co \ /N
//)RQ; — //}?Q\
N \, oc N

l L

(100) (101)

(,



The corresponding iridium complexes can similarly-be prepared

and preparations of the complexes are summarised in Scheme

(32)125
CcO
M(HBiImXCOD) - M(HBnm)(CO)2
M(OMe)(COD) M(ucuc)(CO)2 M{acac{COD)
/. ; AN / \
COD)M M(COD
( ) N / (COD) (COD)M\ /M(CO)Z

O

s
® co
(M=Rh)

M(acac)CO), —2 . (CO) M/'E(N M(CO)

Scheme (32)

Octaethylporphyrin, OEPH,, reacts with [ RhC1(CO), ]yto
produce [ Rh,(OEPH)C1(CO), | which liberates HCl upon
recrystallisation to give the more stable complex,
[(porphyrin)RhZ(CO)4],(102)26 which has been the subject of
an X-ray study. The structure of the inner core of the
complex is illustrated, (102). The Rh-.---- Rh distance is
shorter than that found in [RhCl(CO)2]2.1
Potassium bis(pyrazolyl)borate reacts with [RhCl(CO)2]2

to give the dicarbonyl complex, [Rh(HzBPzz)(CO)z] and related

References p. 389
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(102)

complexes of rhodium(I) and iridum(I) have been prepared

Scheme (33).127

[RACHCOL], OC\ NEN
\
or K[HBPz,] M B
Na[IrZCk -B(CO)A] - OC/ / H

M= Rh,R=H
M=1Ir, R=H
M= F‘h R =Me

/ el
<>

Scheme (33)

A study of the reaction of PMe,Ph with [ RhC1(CO),],
reveals that under an atmosphere of carbon monoxide the
main course of the reaction is chloride bridge cleavage
followed by carbon monoxide substitution. However, in
refluxing cyclohexane substitution occurs initially.
Electrolytes, e.g- [Rh(CO)z(Puesz)alcl are also formed
under an atmosSphere of carbon monoxide and this type of

behaviour is dependent upon solvent and the presence of
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carbon monoxide.128 A crystal structure determination on the

carbon monoxide substitution complex (103) reveals the presence

N N\
(103) Rh/ ( P=PMe,Ph )
/ N N\
cl P

of a cis-geometry and a bent rhodium-chlorine bridge system.
However, in cyclohexane solution there is some isomerisation
to the trans-isomer. Similarly cis-[RhCl(CO)PHe3]2 gives a
mixture of cis- and trans-isomers in solution. However, the
complex [RbCl(CO)P(NL!ez)a]2 appears to have a trans—geometry
in the solid state and gives a small proportion of the cis-
. . . 129
isomer in solution.
[RnC1(CO)(CyH,) ], reacts with Et,NH to give trans—
[RhCl(CO)C2H4)(Et2NH)]. In solution this complex exists as

- 130 .
a dimer. However, th& reaction between [Rh2C12(C0)x(02H4)4_x ]
(x = 1-3) and triarylstibine ligands leads only to monomeric

products in which the ethylene ligand always appears trans— -

to the chlorine.131

Addition of tertiary phosphines to [Rh(SR)(CO)z]z,
(S = Ph,But) gives the penta-co-ordinated dinuclear rhodium
complexes, [Rh(SR)(CO)zL]z. These complexes can lose carbon

monoxide to give [Rh(SR)(CO)L], which can also be .obtained

by treating [RhCl(CO)L]2 with LiSR.132 The structure and

reactivity of halide bridged rhodium(I) complexes has been

R - . 133
discussed in a review lecture.
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Treatment of [RhC1(CO),], or [ RaC1(PPhg); |with diphbenyl
dithiophosphate, (Ph0)2P82— and dicyclohexyldithiophosphinate
(H;,Cg),PS,~ gives the neutral complexes, [RoL,(s-s)]. The
metal-sulphur bonds in these complexes are cleaved by the
ligands Ph,PCH,CH,PPh, and PhyAsCH,CH,AsPh, to give the salts
[Rh(L—L)z(CO) ]S-S which readily lose carbon monoxide. The
cohplexes, [Rh(CO)z(S—S)] react with bromine or iodine to give
[RuE,(5-5)(C0)], while metbyl iodide gives [Rn(coMe)I(s-s)(coy].'%?
In contrast to these reactions [ RhC1(PPhy), |,[RhH(CO)(PPh;)4],
[RoNO(PPR;) 5 ] and [ RR(OCOCF;),(NO)(PPhg), | react with sodium
dimetayldithiocarbamate or tetramethylthiuram disulphide under
mild conditions to give [Rh(SZCNMez)a]. An expected product
of these reactions [Rh(82CNMe2)(PPh3)2] is known135 and
tetramethylthiuram monosulphide, MezNC(S)SC(S)NMez, reacts with
[RnC1(PPhgy)5 ] to give (104)136 the crystal structure of which

has been deternined.137

Me‘?NC\S NMe
c 2

: S\th/l
ca” | s
PPhy

(104)

An analogous C-N bond breaking occurs in the reaction of
Me,NC(S)N(Ph)C(S)NMe, with [ RhC1(PPhg)5 ] to give (105) which
probably has a similar structure to (104).136 The complex
[RnC1(SMe)(SCNMe,)(PPhy), | results on addition of MeSC(S)NMe,

to [Rn01(PPh3)3]. This complex (106) is considered to be
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Ph
NMe.
S -~ 2
]
ct S
PPh3
(105)
Me,N /Cl\ NMe
27\ / 2
(PPh )Z(Mes)[ C} Rh Rh{c J(SMe)(PPh
3 Z
s 1.\ Ng 3%
Cl
(106)

a dimer containing a carbon-bonded thiocarboxamido group.

In CHCl3 solution (106) decomposes to give
[RhClz(SCNMez)(PPh3)2]2CHC13. The MeS group in (106) reacts
with CS, to form [ RRCL(S,CSMe)(SCNMey)(PPhy)]. %% An unusual
aquo complex, [ Rh(ACDA)(H,0)(PPhz)], (107), is reported to

PPh
\ 3
e
/ \OH2 (107)

N
Hp

result from the action of 2-aminocyclopentene-l-dithiocarboxylic

acid, (HACDA) with [RbCl(PPbs)s] and HACDA appears to reduce
RR(III) to = univalent .complex, [ Ra(acpa)2H,0].138

Tetramethylthiuram disulphide reacts with trans-[IrC1(Co)(PPhg)g ]
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to give the salt (108). [Ier(OCOMe)(PPhs)S] reacts with sodium

(\s
s | PPhy
\\\ ‘//
Ir Ct (S-S = S,CNMe, )
2 2
S

(108)

dithiocarbamates and O-alkyldithiocarbamates in boiling acetone

to give [ IrHy(S,CNR,)(PPhy), | and [ IrH,(S,COR)(PPhy), |
respectively.135 The reactions of equivalent amounts of
-PhyP(CHy ) PPhy and [RhCl(CO)szgive the complexes
[Rnc1(Co) (P P(CH,) PPh 1] . The 1P n.m.xr. and i.r. spectra
of the series n=1-4 indicate that all the complexes are dimeric

(m = 2), (109), except the complex, n = 2, which is monomeric

Ehz(CH ) Ehz
| 0 27 | a
RH ) (n=134)
d sl:' oc”l
l"'(CHE)E_—?
Ph, Ph,
(109)

- . 139
with a cis-configuration. The crystal structures of

[1rci(co)(Buy,*P(CHy) PBu, "], 2nd [ RhC1(CO) (Bu,tPcH,), oPBuU, Y]
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(110) have been reported. The effect of di-t-butyl

substituents in promoting large chelate ring formation kas been

[=]
(N1= Rhllr

OC—M—Cl1 t t
P-P = Buz P(CHZ )10 PBuZ )

P
(110)
interpreted in terms of a favourable conformational effect and
internal entropy changes.140 On passing carbon monoxide through
a2 boiling 2-methoxyethanol solution of NasIrBrg containing (111)
the bright yellow O-metallated species (112), (X = Me), is

produced.29 The complex exists as rotational conformers and

t
Bu
PBU; [ 2
<:::::> P\\\Ir//,Cl
~
o PauécGHAOX-z
OMe
(112)
(111) (X =H,D.Me )

is probably formed from [IrCl(CO)(PBug (C6H40Me-2)}2] as an
intermediate. On refluxing a solution of H21rC16 and (111) in
the presence of carbon monoxide complete demethylation occurs

to give (112), (X - H). Some reactions of (111) are illustrated

. 29
in Scheme (34).

A corvenient route to the iridium complexes, trans-
[Irc1(co)L, ] involves addition of the phosphine ligand, L to

[IrCl(cyclo-octene)2]2 suspended in benzene followed by the
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t
T2
P Cl
(111) \\\15:::
/ t
IrClax‘HZO 0 PBUZCGHAOH-Z
in Pr'OH luh
t
Bu2
o e
CP\IL/OD L2 \Ir/
—
O’// \\\P air O/’ \\p
é t
co uz
MFZ ME?
H t[\\CHz
ok Ek=
o l ~ \\\P—// O’/II\\\P
Cco
Scheme (34)
passage of carbon monoxide gas.lo4 The carboxylate complexes,

[M(OCCCFa)(CO)(PPh3)2] result on boiling a suspension of
trans-[MC1(CO)(PPhg), |, (M = Rh,Ir), in benzene with
[Cu(OCOCFa)]4.104 The reactions of perfluorocarboxylic acids
with [RRH(CO)(PPhy); ] in boiling ethanol also lead to the
complexes, [ Rn(OCOR)(CO)(PPhg),], (R = CF3,CoFs,CgFg). With
(RruH(PPhg), | the complexes [ Rn(OCOR)(PPhg);] can be isolated.
The iridium hydride mer-[IrH;(PPhy); ] reacts with
perfluorocarboxylic acids in boiling ethanol to give the

complexes, [IrH,(OCOR)(PPhj);], (R = CF3,CoF5,CqFs).
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[IrH(CO)(PPh3)3 ]gives the iridium(III) complexes
[IrH(OCOR),(CO)(PPhg), ], (R = CF5,CoFg).1*1 cCarbon dioxide
reacts with [RbCl(PPh3)3 ]in the presence of EtssiH or
(Et0)3SiH to give trans—[RbCl(CO)(PPhs)z]. The carbonyl
compound also results from the action of HCOzsiEt3 upon
[Rhcl(PPhs)B].142 Phenazene (L) reacts with
[1r(0Cc105)(COY(PPhy), | to give the salt [ IrL(cO)(PPhy), |cClo,
which has been the subject of an X-ray study. The corresponding
rhodium complex can also be isolated as can the complexes with
dihydroxyphenazine.143 A novel complex containing co-ordinated
sulphur monoxide, SO, has been obtained by the action of

sodium periodate on [Ir(Sz)(diphos)z]Cl. Two isomeric iridium
complexes can be obtained from this reaction and one isomer

has been shown by an X-ray structure determination to contain
co-ordinated 8202, (113). The other isomer is considered to

have the structure (114). Treatment of (112) with

("\'/ a

(\p (114) f\p

P P!
ct PPh r_ | ja
l\l 2 - P~ | > s0
K\,/P L K\,/P
(113) (115)

triphenylphosphine results in a deoxygenation reaction to give

a complex of S50, (115), which may have a similar structure to

the 8202 complex. The disulphur monoxide complex can also be
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obtained by the action of an equimolar quantity of NalO,

upon [Ir(Sy)(diphos)y]ct.®* some cationic iridium(III)

complexes, (116), result from the action of AgPFg4 and carbon

monoxide or nitriles upon the complex [IrClI(Me)(CO)(PMeth)z]

Me [ P = PMePh
PO | co 2
N PE L = CO, C.F.CN
a” | e 6 LesTT
L D-NCCgH,X ,
(116)

(X = NO,Me ,OMe ) ]
With methanol or ethanol as solvents, CgF5CN gives iminc

ether complexes (117).

[ 1

Me

P\II /CO P= PMeZPh
r

~

Cl/l P PE R = Me, Et

N
H// §%?’C6F%
| (117)
L OR |

The chloride ligand trans- to phosphine in mer-
[RhCla(PMezPh)al is labile and reaction with AgPF6 and carbon
monoxide leads to [RhClz(CO)(PMeZPh)3]PF6, (118). The
corresponding iridium(III) complex can likewise be obtained.*’

The complex (119) is unreactive toward H2,02,802 and

cvano-alkenes but it does undergo slow oxidative addition

reactions with hydrogen halides. A crystal structure

determination reveals that a methyl group from each phosphine
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co lP
P——I(r—P Rh< . PRy
Clil lo
(119) (118)
(P = P(o-MeGH, )3) (P = PMe,Ph )

is located near the apical positions of the square plane in
(118) and the lack of reactivity can be explained by steric
effects. %% 1t is known that the oxidative addition of methyl
iodide to trans-[Ircl(CO)(PMe2C6H4OMe—2)2] occurs 100 times
faster than the addition to trans—ﬁrCl(CO)(PMeZPh)ﬂ. The iarge
increase in rate is coqsidered to be a consequence of direct
interaction between the iridium and an ortho-methoxy-group in
the polar transition state. Studies on the addition of Hy
reveal that the methoxy group does not have an accelerating
effect and this is probably a consequence of the much lower
polarity in the transition state involving addition of H2.146
In agreement with this mechanism only a weak solvent dependence
is observed for the oxidative addition of H, to trans-
[1rc1(co)(PPhy), ] and trans-[1rci(co){P(CgH Me-4)51,].147
Studies on the rate of addition of methyl iodide to
[RhI(CO)Lz], (L = PPh3,AsPh3,SbPh3) in the presence of Bu4NI
reveal that added halide ions exert a powerful catalytic
effect on the rate of oxidative addition in the case of the
arsine and stibine complexes. The proposed mechanism is
depicted in Scheme (35). The lack of halide catalysis with

the phosphine complex may result from the position of
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[RhI(CO)Lz] N = [Rhlz(CO)L]" . L
slow fast
Mel Mel
[RhLMe(cON,] + 17 = [Rh13Me(c0)L]‘ .+ L

Scheme (35)

equilibrium between neutral and anionic complexes. No halide
catalysis is observed with EIrX(CO)LZ] complexes.148
Oxidative =zddition of halogens to cis-|RhX,(C0),]” is known

to give the octahedral anions [th4(C0)2]_. An X-ray analysis
of the salt [PriN ][Rn1,(C0),] establishes a trans-dicarbonyl
structure for the anion. Preliminary results also indicate’

the existence of a trans- form of {RhBré(CO)z]—. These are
unusual geometries since such species would normally be

expected to adopt a cis-dicarbonyl arrangement. There appears
to be no evidence for a trans- form of [Ir14(CO)2]'.149
Oxidative addition of halogens to [ RhC1(PPhj); ] is reported to
give complexes of the type [RhC1X2(PPh3)3], (X = C1,Br,I),

but whether these are true mixed halogeno complexes or merely
‘mixtures of such complexes as [RhCls(PPhs)S] or[ ths(PPhs)sl
is not clear. Halogens also oxidatively add to

[ RnC1(1-phenyl-tetrazoline-S-thione),(PPhy), ). 150

A redetarmination of the crystal structure of

[Iroz(PhZPCHZCHZPth)Z]PF6 reveals that the previous report

of an O-O bond length of 1.625 (23) % is incorrect, an error
-due to crystal decomposition. The O0-0 bond length is 1.52 (1) b’y
and this result provides further evidence that there is no

correlation between 0-O bond length and oxygen lability as had
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151,152

been previously supposed. Ultraviolet irradiation of

the O, and H, adducts of trans-[IrX(Co)(PPhj),], (X = €1,I),
[1r(Ph,pCH,CH,PPh,),]" and | Ir(Ph,PCH=CHPPh,),]" induces
reductive elimination of oxygen and hydrogen and regenerates
the square planar complexes. Singlet oxygen is not formed in
the photoinduced deoxygenation reactions.153 The kinetics of
decarbonylation of [ Ir(C0)(diphos),]Cl and [ Irci(co),(PPhg), ]
have also been reported.154'

The caged phosphite ester, P(OCH2)§)m, (L), reacts with
trans-[IrCL(N,)(PPhy), ] and trans-[1Irci(co)(pphy), ] to give
a variety of cationic compiexes, [IrL5]+, [IrL4(PPhéﬂ+,
[1rccoyrgppng)®, [ 1rccorr,]*, [rrLgepng), ], [1r(corn,prng), 1"

155 However, n.m.r.

some of which are stereochemically non-rigid.
studies on the complexes [Co{P(OMe)3}5 ]Clo4 and
[Rh{P(OMe)3}5 ]BPh4 reveal. that in solution these five-cc-ordinate
complexes are in equilibrium with a four-co-ordinate complex
and free ligand.156

Treatment of [Ir(CO)(PMePh2)3]+ with excess Pthue gives
[Ir(Pthue)4]+ and the crysFal structure of [Ir(PPhZMe)4 ]BF4 ‘C6H12
has been determined. The phosphine ligands around the iridium
are in a very distorted squére—planar arrangement. The inability
of the cation to form adducts with O, or CO is considered to be
a ccnsequence of steric and electronic effects. It readily
reacts with HC1, H, and C12,157

The reaction of [Co(acéc)s ]with AlBu% in aromatic
hydrocarbons in the presencé of hydrogen gives a mixture which
catalyses the hydrogenationgof alkenes. The structures of the

compounds formed in this type of reaction have been considered

and the reactions of the mixture with benzyl bromide,
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diphenylmercury and styrene have been reported. From the
results it is suggested that for molar ratios [Co(acac)3]/AlBu§
= 1:1 to 1:5 the formula of the cobalt compound present can

be represented as [Cozﬂ]x. For molar ratios 1:5 to 1:10 it is

158
v-
on the n.m.r. time scale at room temperature and it is slightly
159

[Co-H] The hydride [C0H3(PPb3)3 ]has a dynamic structure
dissociated into a2 bisphosphine complex and free Pphs_

The hydride (120) has been characteris:d crystallographically

P

H P
\\\i“//
P/[\H (P = PPh_)

& kK

(120)

and the hydrogen atoms have been located. The Ir-H bond lengths

vary from 1.58 - 1.62 3.160

The alpha (121) and beta (122)
isomers of [ RhHX,L,}, (X = C1,Br; L = tertiary phosphine or

arsine) have been shown to have the same structures as the

H X

L\Rh/x L\FIm/H

el | > ] L
X X
(121) (122)

corresponding iridium st:ictures. The beta isomers are formed
by the action of cold ethanolic phosphinic acid on the

complexes,[ RhX3L3]. On warming isomerisation to the alpha form
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occurs. The complexes, [Rhi3L3], which contain the more basic
ligands, appear to be resistant to reduction by an excess of

the ligand and the best roufe to the alpha isomers involves the
oxidative addition of HCl to [ RnClLg], (L = PMePh,,PMe,Ph,
PEtth,PEtZPh,PBu2Ph,PEt3,Pﬁug,AsMePh2). The beta (122) to

alpha (121) isomerisation cccurs more readily than with the
corresponding iridium cnmpfexes and the isomerisation is ac~-elerated
by light. Since the isomerisation is inhibited by free ligand

the mechanism is probably éissociative. Loss of ligand trans-

to hydride giving a five cé-ordinate intermediate 1s probably
involved. The least stablé complexes are formed with the

ligands PPhn(Cﬁull)S—n' (n;= 0-3) and AsPh3 for which satisfactory

161 The alpha isomers are

anzlytical data could not ée obtained.
generally inert to acids but both isomers react with nitric acid
to give [thz(N03)L2]. Thé alpha isomers undergo dehydro-
halogepation by bases and éith weak bases equilibria can be
established which reveal tﬁat the stability to dehydrohalogenation
increases in the series PRPh2 <PRoPh < PR3, R = Et < Me.

For the complexes[ RhX2HL23 stability to dehydrohalogenation
increases in the order L =;PPh3 < AsPhg < SbPhg. The beta

isomers similarly react wiéh bases and give trihalogeno complexes

with hydrogen halides. Bo{h isomers react with sulphur dioxide

to give [ REX(SO,)Lg ].HX, (123), (X = C1,Br). The mode of

50,
~Jd At
7 L

Ci
élzs)
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- N . 162

incorporation of HX is not known. Treatment of
[1rHC1(SPh)(PPh;),], with AgClO, gives thedimeric species

(124) which has been characterised by X-ray crystallography.

o
S
S
P

Ph,P L PPh
H
PhgP 3

PPhy
(124)

The hydride [IrHCl(SPh)(PPh3)2]2 dissolves in CHClg or
ClCH2CH2CI to give a clear yellow solution from which a complex,
[(Pb3P)2(H)Iriggh)2C11rH(PPh3)2]C1.2H20 similar to (124)
precipitates. Treatment of [ IrHC1,(PMeBu,®), ] with sodium
borohydride in ethanol at 0°C gives (125), (P = PMeBu,'). At

25°C some [IrHs(PMeBuzt)2 ]is also formed and this hydride is

P _ t t
H H H (P= PMEBU2 R PBU3 '
\\B(: pedBu | PPhBUL )
H H” H Y2 2
P
(125)

slowly formed during the decomposition of (125) in dry deuterio-
toluene at 25°C. Analogcus complexes with other bulky phosphines
can also be obtained. However, sodium borchydride reduction of
[IrHClz(AsButhrn)z] gives [IrHs(AsButhrn)z]. These complexes
are the first examples of non-fluxional metal hydroborates.
Sodium borohydride reduction of [RhHCl2(PMeBu2t)2] gives
[Rbu,(BH,)(PMeBu,®), | which exhibits some fluxional behaviour.l®%
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1w e ey

The addition of [PtCl,y(PPrj)], to [IrE (PPrg), ] in toluene

at 20°C results in evolutién of hydrogen and formation of

(126)-165

Treatment of CoC12.6Hé0 and P(C6H11)3 in toluene-ethanol

with sodium borohydride g;ves (127) which has been characterised

H——-Co

/ H”

e ey e .

(1275)

by X-ray studies. This péramagnetic complex is an active
catalyst for the hydrogenétion and isomerisation of alkenes.166
Oxidation of the cobalt(Ié) hydride complex,
[con{PPn(oEt),}, ]PFs , with [Fecp, J[PFg] in the presence of
the ligands L = MeCN, PhCH ClCHch PPh(OEt)2 gives the cobalt(III)
complexes, [Co!ﬂ..{P"h(‘)Et).,}4 ] PF6 , (128). Reaction of the
cobalt(II) complex with cgrbon monoxide in the presence of

[FeCp2 ]Pr6 gives [Co(co:gfpph(ost)z}4 ]PF6 . An aguo complex
which may be [cm(ouz){pmi';(ost)z}4 ]pF, reacts with halide

167

ions to give [CoHX{PPh(OE§)2}4 ]PF6 . The aquo group of the
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i
P p
\\‘Co . PF%
| e
L
(P = PPR(OEL), )
(128)

cobalt(III) complex, trans-[CoH(H,0)(diars), |[c10,],, (diars =

129) is also labile and can be readily displaced by unidentate

AsMe,

AShdez
(129)

ligands to give a series of complexes [CoHL(diars)Z]n+,

(L = Cl_,Br-,I-,NCS-,NOB—,OCOCFB—,HeCN). Reduction of the
cobalt(III) complexes trans—[CoClz(diars)z]Cl, trans"[CoC12(R,S—
tetars)]Cl, and g}gru-{C0012(R.R:S,S—tetars)]Cl, (tetars = 130),

with sodium borohydride is known to give extremely oxygen

Ph Ph
MezAs(CH2)3 AsCH,CH,As(C H2)3As Me,,

sensitive complexes which react with oxygen to form the complexes
[Co(Oz)As4]+. If, howe;er, the solutions are kept acid during
the reduction the complexes [CoHClAs4]C104 can be isolated.

These hydrido complexes are inert to oxygen in acidie or neutral
media, but in the presence of base they all give dioxygen
adducts. The base is considered to deprotonate the hydrido

complexes and generate a cobalt(l) complex which can form the
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Vv wa

dioxygen adduct. Howeveg, treatment of [Coclz(diars)z]CI

with excess sodium borohédride in basic (pH~8) solutions

gives giﬁ—[Con(diars)z]é which can be isolated as a perchlorate
salt. The salt (131) reédily reacts with oxygen to give
[CoOz(diars)2 ]0104 . Téeatment of (131) with perchloric acid

gives (132). The dihydride (131) is stereochemically non-rigid. oS

H H

As | _H FHCIOQ S
~cg” lao, A e clo,
<« SO RS 4
AS l As : As As’
As_/ OH,
(131) (132)

The unsymmetrical c@elate, (133), reacts with [RhCl(CO)z]2
to give (134). The compﬁex (134) is less basic than the some-

what similar complex (135). Thus allyl chloride readily forms

: Ph
: l

: 2
PPh : P
2 : N ‘/Cl
% H2C //RQ\
CH,NMe, N o
Me,
(133) (134)

a o-allyl complex with (1$5) but the corresponding reaction
with (134) is reversible.%69

TR TYT RTINS
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£hy
Rh (135)

s

N
Me

JL0Jed

2

Cobalt(II) chloride forms a tetrahedral complex with (133).169
Treatment of cobalt(II) halides with the phosphine p3, (136) and

sodium borohydride gives the monovalent complexes [CoX(pB)].

/CHZPPhZ /CHZAS th
CH,PPh,, CH,AsPh,
(136) (137)

However, if cobalt(II) salts of poorly co-ordinating acions
such as BF,  are used a cobalt(II) complex [Co,H3(p3), |BPh, ,
can be isolated upon addition of Na[BPh4]. The arsine ligand

(137) forms an analogous complex (138), and this has been

H
/H\
\
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DXTRIRT)

170

characterised by an X—ra§ study. The tetradentate tripod

ligand (139) reacts withgcobalt(II) salts in the presence of

e r e e

CHZCHZPPh2

P———CHZCHZPPh2

CH2CH2PPh2

(139)

IR b 1R & BRI EherE pee

sodium borohydride to gi?e the low spin five-co-ordinate
complex [CoX(ppS)], {pp3i= (139); X = H,SCN,halide}. The

hydride complex [CoH(pp3§] has a trigonal bypyramidal structure

with the hydride ligand in an axial position.171'172 The

related cobalt(II) hydri@e complex, [CoH(ppB) ]BF4 has a

173

similar geometry, as does the complex hydridotris(2-diphenyl-

174

phosphinophenyl)phosphinécobalt(I). Photoelectron spectra

of the hydrides [MH(PFs)é], (M = Co,Rh,Ir) have been

79

presented.1 Five-co—oidinate complexes of the general formula

[Mx(r'r3)], (M = Co,Rh; L'L; = quadridentate tripod-like ligand
76

mir

containing P, As or Sb dénor atom sets) have been prepared.1
Treatment of RhClgxH,0 with Me,PCH,CH,PPh, gives
[RhClz(uezPCH2CH2PPh2)2]§12H20 and the cobalt(II) complex
[C0C12(He2PCH2CH2PPh2)] has also been prepared. Hydrated
iridium(III) chloride reécts with (140) to give [Ir3C19(Pm-

Pf~Pm)2].177 The reaction of the sexadentate ligand, TDDX,

_CH,CH,PMe,
(1a0)  PhF = P=P-P
CH,CH,PMe,

[TRTTTINY (TR AT
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(141) with hydrated iridium(III) chloride gives a precipitate

PhP(CH, 2\ /(CHZ) ,PPh,
P—CHj CH,~R

N\,
PhoP(CHy), (CH,), PPh,

(141)

of composition [ IrgClg(TDDX)]. Addition of NH,PFg to the
filtrate gives the yellow complex [Ir2C14(TDDX)][PF6]2 which

may have the structure (142), (M = ir).

’\
PhP _a o ag PPh
/ [rrgl,

thP “PPH,

(142)

The reaction of TDDX with hydrated rhodium(III) chloride

gives a similar complex[ Rh2C14(TDDX)]012. Complexes of the

type (143) can be obtained by the reactions of TDDX with

PhZP\M/P PhZP\M/P
Cl/ \e Cl/ N

(143)
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trans-{ MC1(CO)(PPhg),], (3 = Rh,Ir) ana [ Rnci(PPRg);].278
The five-co-ordinaie complexes, [ M(CN)(Ph,PCH=CHPPh,),],

(M = Co,Rh,Ir) have beeé prepared and some reactions of the

complexes are illustrat®d in Scheme (36).

3
i~
¥

NaZl
[cotc) (P-P), ] =—— [mM(P-P), J[c10, ]
M= Co

lOZ.CN— B
[cocnP-P), 1" ¢ |CN” [ColeN),(P-P), ][C1G ]
: HCIQ,
i M=Rh )
HCN excess HCN
: LMCNY(P-P), ] M=Co
{ (M=Co,Rh,Ir )
Y
‘/go \icmA
[MeN)CoI(P-P) ] [MH(CNXP-P), ][ CLO,]
(M =Co,Ir ) (M=Co, Ir )

(P-P ) = Ph,PCH=CHPPh,

; Scheme (36)

These studies indicate that the seguence of reactivity and
adduct stability is qualitatively CovIr>Rh. The complexes
[M(CN)(PhZPCH=CHPPh2)2.]do not react with dihydrpogen at room
temperature and decompqse in the presence of dioxygen.179

Oxidation of [Co(CN)z(QPhMez)s] gives the cyanide bridged

complex (144) which haé been characterised crystallographically.
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[ Cotcn),(PPhMe, ), ]
PPhMe2 O2
A 4
(144)
P O\o

\\\<::

/
P _C

NC N CN
P CN

P

Kinetic studies are consistent with z mechanism of formation
of (144) through a CN-bridged inner sphere electron transfer
reaction between [Co(CN),(PPhMey)y | and [ Co(CN),(PPhMey)50,) ]
Since treatment of (144) with PPhMe, regenerates
{CO(CN)Z(PPhMe2)3] a catalytic cycle for the oxidation of the
phosphine to Phuezpo can be devised-lso EPR spectra of
[CoCl(diphos)z]Sn013 , (tetragonal pyramidal) and
[CoCl(diphos)ZISnC13— PhCl, (trigonal bipyramidal) have been
reported181 and single-crystal polarised reflectance spectra
of [ Ra(acac)(co), ] ana [ 1r(acac)(c0), ] have been obtained.}82
The hydride [ IrHC1,(PPh;), ] (trans-chlorides) and
EEE?[Irﬂa(Pphs)a ]react with carbon disulphide to give (145)

and (146) respectively. However, fac-[IrH3L3 ](L = PPhg,

AsPhg4) is inert to carbon disulphide.183
ct PPhy
HeZZ S\Il.—/ " HCJ'S\Ilr/ "
Cl PPh3

(145) (146)
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Metal nitrosyl and arvldiazo complexes.

Thermolysis of [éonNO]2 gives the cluster (147) which
on the basis of spectfoscopic measurements is given the
structure (147). Howéver, treatment of [ConNO]2 with

[coytcorg ] or [Cocp(co} 2] gives (148).184

eme pane

0
i 0
: C
cp Co — -—-Co c‘p cp—Co\——— Co-cp
\ / :
: 0
(147) i (148)

nitric oxide with Co2+ ions and cobalt

RN

The reactions of:

ammine complexes in cpbalt exchanged zeolites have been studied.

Infrared and adsorptibn data indicate the formation of
ITY ]2+

.uu

[cov0), 12", [ co™¢ 3)(N0)2]2 and [ co®™ T (vug) NO

(n 1s probably equal to 3).

Intramolecular aﬁd intermolecular reaction of

[cotTT(nm,) NO TP ith NO gives N,, N,0 and [co™ T (nmg) nNop 12,

The-N2 results from tée reaction of NO 1ligand with NH3, a
reaction which readil% occurs on a supported platinum catalyst
at elevated temperatu?e. However, this reaction has not

previously been obser¥ed for conventional nitrosyl complexes

4

at room temperature. :N,O and NO, are produced by dis-

proportionation of the NO~ ligand with two nitrit oxide
185

molecules.

toewrne

The novel complex (149) is obtained as a benzene solvate

in low yield when trans-[IrC1(CO)(PPhy},] is treated with

References p. 389
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NaNOz in the absence of oxygen in a mixture of agueous ethanol
and benzene. Some reactions of (149) are illustrated in

Scheme (37). Tetrafluoroethylene also reacts with (249) but

the product is a brown intractable solid.186 The crystal

structure of [IrCL(NO)PPhy],0, (150) has been determined. >’

ON X X NO
excess \
[teX(NO) P]ZO.Hg)(2 - \ll{\ Ir< {150)
HgX, P/ O/ p
HgX, (X=CLBr.1 )
P O P

TCNE p

[Ir(NO)P]ZO.TCNE

v

[lr(NO)P]ZOL*B&Z - ( P=PPhy)

Scheme (37)

Perfluorocarboxylic acids, RCO,H,(R = CFS'CzFb and CGFb)
readily react with [Ir(NO)(Pth)S], to give the salts

[ 1rcocon)(xo)(rPR,), JOCOR , (w(NO) ca. 1800 cm™l). However,
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with [Rh(NO)(PPh3)3 ﬁou—ionic species [Rh(OCOR)zNO(PPhB)z],

oo mn vy

(v(NO) ca. 1665 cm_l)gare obtained. Unlike the reactions with

the iridium compound éhe reactions with [Rh(NO)(PPha)a-]only

ig88

occur in the presenceéof dioxygen. The crystal structures

of [RhClz(NO)(Pphs)z]é (151) and [ RR(NO),(PPhy), JClO, , (152), °
189,190

have been determined.’ The co-ordination geometry about
NO H
R\\! ct ON ///NO
/Rh\ i ( P=PPhy) RA [co,]
cr P P P
(151) (152)

the rhodium in (152) is intermediate betweea tetrahedral and' -
square planar. The trend in M-N-O angles for the ions
[M(x0),(PPu)]", (8 = Co,Rh,Ir) is approximately Rh<Ir<Co
and the greater bending of the nitrosyl groups in the rhodium
complex and longer M-N bonds indicate a greater amount of
3O~ character. The relative activity of these complexes as
catalysts for the reaction:

280 + CO - C02 + N20
is Rh>Ir>Co.'®® Treatment of the salt [ IrC1(N0)(CO)(PPhy), ] BF,

with co-ordinating anions X gives the complexes (153).

NO
oc , P
~, P=P
////Ir\\\\ ™3
p l cl X= Ny,NCO , NCS,
X Cl,Br,1.
(153)
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These complexes have NO stretching frequencies in the region

1520 - 1560 em 1

, and these are among the lowest yet reported
for metal nitrosyl complexes. The complexes are structurally
analogous tv the aryldiazo complexes, [IrXCl(Hzn)CO(PPh3)2].
_The complexes (153) are exclusively oxygenated to nitrato
complexes, [IrClX(NOS)(CO)(PPhs)zl, the rate of oxygenation
decreasing in the order X = I>Br>Cl>NCS>NC0>N3. There is no
noticeable reaction of [IrCl(NO)(CO)(PPhs)zl BF, with
dioxygen, however, in the presence of pyridine or picoline
reaction with dioxygen is rapid giving a mixture of nitrato,
nitro and nitrito complexes. The complex
[1rci(no)co)(PPhg), | BF, reacts with CO to give
[1rcr(noy(cOy,(PPhy), ] BF, 191 1t is known that Emc1(Ppn3)3]
reacts with NO to give [ RhC1(NO,)(NO)(PPhg), | and it has now
been found that this nitro-nitrosyl complex reacts further
with NO to give [ RhC1L(NO,),(PPhs),].2%2 The ability of
platinum group metal complexes to promote NO disproportionation
and reduction has been discussed in a review.193

A crystal structure determiration of the complex (154)
reveals the presence of a doubly bent aryldiazo ligand. The

complex has a very similar structure to the corresponding

nitrosyl complex and this is the first example of the

Ph

N47N
Cl\th /p) - P g CH.CH.CH,PPh,
P~ p & ) CH, CH,CH,, PPh,
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aryldiazo analogue of NO—,N2Ph".194

The cationic nitrosyl complex [Rh(NO)(diphos)z][PFs]2 under-
goes a reversible reaction with excess halide to give a complex
which may be six-co—ordinate.195 Proton n.m.r. studies on
[1r(NOo)(PPh3)(N,R,) ], (R = p-MeCgH,SO,), at low temperature
raveal a splitting of the methyl resonance of the tolyl
residue which has been attributed to a conformational effect.196

The relative shifts of O 1s and N 1s binding energies,
obtained from Esca studies, have been shown to offer an
additional technique to i.r. spectrQScopy193 for distinguishing

97 From calculations of

between linear and bent nitrosyls.1
tae Langevin diamagnetism for the complexes,[RhXZ(NO)(PPhS)z]
it appears that the polarity of Rh-X bond increases in the

198

order X = C1<Br<N02<N03. Gamma irradiation of

[Co(NO)(CN) ;1% produces [co(cN)g]3~ and [CoNo)(CN)g 1%~ which

199 Crystal structure

appears to contain a bent Co-N-O bond.
studies on complexes of the typelbo(NO)(das)zxz](X = monoanion;
das = o-phenylenebis(dimethylarsine)) reveal differing co-
ordination geometries and Co-N-O bond angles. When X = C104_,
the cobalt complex is essentially 5-co-ordinate and has a
Co-N-O bond angle of 179°, whereas when X = NCS~ the complex
is 6-co-ordinate and has a Co-N-O bond angle of 132°.

Treatment of the perchlorate complex with HBr in methanol

yields a complex having similar structural properties to the

thiocyanate complex.200

Metal alkene and alkyne complexes.

Oxidation of the dimers [Co(CO)z(diene)]2 in the presence

of triphenylphosphine is known to yield the cationic species
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[Co(CO)n(diene)(PPha)a_n]+, (n = 1,2). A simple procedure

for preparing these cations has now been reported. Thus
treatment of 00(0104)2_6H20 in isopropanol at room temperature
with butadiene in the presence of excess PMe,Ph gives
[co(butadiene)(PMe,Ph); ]C10, . The diene is readily displaced
by carbon monoxide and an isoprene complex can similarly be
obtained. Analogous complexes can be obtained with PHFh, but
the larger.phosphines, PMeFh, and PPh,; do not yield the diene
complexes. The cationic diene complexes may also be obtained

by the action of dienes on cis—[Con(PR3)4]+.115’201

6

Treatment

of anhydrous CoCl,, with butadiene--d~ and NaBD4 gives the

complexes [Co(C8D13)(butadiene)] and [CO(C8D12H)(butadiene)]

where C8D13 is 3-methyl-ds—heptadienyl—dlo and C8D125 is
202

10"

Norbornadiene and cyclohexa-1,3-diene react with the

3—methyl—d2—heptndienyl-d

cluster compounds [Cog(CY)(CO)g], (Y = alkyl,aryl,F) to give
the dark green complexes [Cos(CY)(CO)7(diene)]. The
aryltricobalt carbon complexes form the most stable diene
complexes but ro similar complexes can be isolated with cyclo-
octadienes, cyclocheptadiene or butadiene. The co-ordinated
diene in these complexes is extremely labile and is readily
displaced by carbon monoxide, phosphines and phosphites.
However, a small yield of [Co3(CPh)(C0)6(PPha)(NBD)] can be
obtained. - The norbornadiene complexes (155) are non-rigid

in solution.203 Treatment of RhG(CO)16 with norbornadiene in
refluxing methylcyclohexane gives the substituted derivatives
[rg(CO), 4(BD) ], [ RNg(CO)Y, 5(NBD),], and [ RBg(CO), (B, ].

f the red solution containing [RhG(CO)IO(NED)a] is heated

further yellow needles of a novel acyl-vinyl complex, (156)
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Y
|
C
P
(C0),Co— )] —Co
3
\\\ ///lk\” (155)
@ o
(C£)3

are deposited. A crystal structure determination of

(156)

[RhG(COJIO(NBD)B], the apparent precursor to (156) reveals that
the tris-norbornadiene complex is derived from [ Rhg(CO)yg ]

by displacing two terminal carbonyl groups from three rhodium
atoms each of whick co-ordinates to the diene. There appears
to be steric strain in the molecule and the molecule is probably

204 The complex’

unable to :iccomrmodate a fourth diene molecule.
(156) may e identical to the product [ha(CO)z(NBD)S] which
is formed on treating [Rh4(C0)12] with norborpadiene for
which the simple séructure (157) was proposed as described

in last year's Annual Survey.

The photorearrangement of cyclo-octa-1,5-diene to

cyclo-octa-1,4-diene in the presence of rhodium(I) chloride
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(157)

occurs via an intramolecular[ 1,3] shift of hydrogen, cleavage
of an allylic C-H bond being rate determining. The mechanism
for the photorearrangement of dienes catalysed by rhodium(I)
involves initial photodissociation of one of the two metal
alkene bonds, oxidative addition of an allylic C-H bond and
reductive elimination of the ns—allylrhodium hydride
intermedia.te.zo5 The thermal isomerisation of penta-1,4-
and cis-penta-1,3-dienes in complexes of the type
[Rh(diene)(acac)],[ Rh(diene)Cp] and[ Rh Cl(diene)]2 also
occurs via a [1,3] hydrogen shift. Resulting from these studies
it is apparent that conversion of an n-alkene to an n-allyl
complex involves a o-allyl complex.206 Studies on the reactions
of cis, cis-1,3-, and 1,4-cyclo-octadienes with Rh(I) and Ir(I)
systems indicate that the co-ordinated dienes rearrange to the
more stable cyclo-octa-1,5-diene. However, reaction of
cis,trans-cyclo-octa-1,3-diene with [RhXZ(CO)zl_, (X = C1,Br)
gives unusual complexes of Stoicheiometry,
[Ru,x,(cor4¢e,e-1,3-0c0p)5]. 297 cis-cis-1,3-cyclononadiene
also gives a rhodium(I) compiex of the 1,5—diene.2°8
Infrared and X-ray diffraction studies indicate that
[RhCl(NBD)]2 exists in two crystallographic forms.209 Slow

oxidation of | IrCi(1,5-COD)], in methylene chloride or benzene
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gives crystalline complexes which are considered to be

probably monomeric complexes [ IrC1(OH)(1,5C0D)].210 as such
these are complexes of iridium(Il). Treatment of
[Mc1(1,5-cop)], (M = Rh,Ir) with either PC1,Ph or PCIPh, gives
the complexes [MCl(COD)(PClehs_x)] which on treatment with
excess of the phosphine yield [ MC1(PC1,Ph,_)3). (x = 1,2).
¥ith iridium an intermediate in these reactions, [IrCl(COD)-
(PClehs_x)Z] can ﬁe formed. Some interésting PCl3 complexes,
[1r,c1,(cOD),(PC15) ] ana [1r,c1,(COD),(PCIg)5 ] can also be
obtained. The structures (158) - (160) have been proposed

for these complexes and they may contain novel bridging PClg

groups.211
™, /C‘\ /"> \ O /
"///l //, \\\\CJ;;?; \\\
PCly PCly
(158) ° (159)
PCL PCly

(160)

A variety of rhodium and iridium complexes of the type
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fucir(asene)], [ML,(diene)]X and [M(chel)(diene)]x, (L = NHg,
piperidine, BuNHz, N-methylimidazole; diene = cyclo-octa-1,5-
diene, cyclo-octa-1,3,5,7-tetraene, norbornadiene;

chel = 8-aminoquinoline, phenylenediamine, dipyridylketone,
bipyridyl, substituted phenanthrolines; X = Cl1 , PFG', Clo4')
have been prepared. Some of the complexes have bacteriocidal,
vir{;idal and anti-neoplastic activity. The reaction of
dipyridylketone (DPK) with [RhC1(COD)], in ethanol followed
by addition of NH4PF6 gives the expected complex,
[Rh(DPK)(COD) ]PF6 . However, the corresponding reaction with

[irCl(COD)]2 in methanol gave the hydride (161). The complexes

HO
o *
! xl/" [P ]
r 6
I --
H
(161)

[uLz(diene)]Cl and [M(chel)(diene)]Cl are easily oxidised in

air. In general the hipyridyl complexes are oxidised more

rapidly than those of ortho-phenanthroline and norbornadiene

more rapidly than those of cyclo-octa-l,5-diene. Reactions

with cyclo-octza 1,3,5,7-tetraene are very slow. Iridium complexes
are also oxidised more rapidly than the rhodium complexes.212.

The neutral corplexes [Hh(SZPRZ)(l,s—COD)], (R = Ph-°s“11) have

also been reported.134
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Treatment of either | Rh(acac)(COICgH,,) ] 22 or
[Rn(0-N)(CO)(CgH, 43 ], (O-N = 8,quinolinolato, CgHy, =
cvclo-octene) with'butadiene gives the dinuclear complexes

(162) and a similar type of substitution reaction gives

co : L

| N\

L——Rn Rh—L L-L = acac or

l ’ l 8- quinolinolato
L (162) 0]

alkene complexes of the para-bonded benzene, CGFG, Scheme (38).214
F
F F
F F
F
[Rh(ac ac)C,H,), ]
F - v F
. F F
- Rh(acac)(CZHL.’) (CZHA)(acac)Rh Rh(acchCZl-k)
F F
F F F F
l diphos
C_
en, o7 Jp-
12 Dl ) Scheme (38)
/P O :
F F
R
th E
F
F
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Treatment of the methylene cyclopropanes, (163) - (165)

MeOZC COZMe MeOZC COﬂWe

(163) (164) (1695)

with ethylene rhodium(I) or iridium(I) complexes gives the
n-bonded methylene cyclopropane complexes, | Rh(acac)(alkene), ],
(alkene = 163 — 165), [ RhCl(alkene),], (alkene = 164, 165),
[Rth(alkene)z], (alkene = 164), and the complexes
[Rh(acac)(alkene)(CO)], and [RbCp(alkene)(CO)], (alkene = 164)

have also been prepared. Crystallographic studies on (166)

T
/ \ ! (166)

reveal considerable asymmetry in the bonding of methylene-
cyclopropane to rhodium(I) and it is apparent that there are
similarities between the co-ordination geometries of methylene-
cyclopropanes and 1,2-dienes. The methylenecyclopropane
complexes are stable towards heat and u.v. -irradiation and

no tendency for the rhodium or iridium to ingert into the
cyclopropane has been observed. Since on co-ordination’ the

cyclopropane ring is bent away from the metal, intramolecular



cleavage of the rihg will be inhibited.2l® The cis-
divinylcyclopropane complex (167) does, however, rearrange

at 80°C to give the isomer (168) and it has been proposed

Rh{acac)
(acac)Rh

(acac)Rh:j/

(167) (168) (169)
that the reaction gproceeds via the transoid bis-w-allyl (169).
The related hexafluorocacetylacetonate complex of (167)
rearranges more rzpidly than (167) but the corresponding
iridium(1) comple% shows no evidence of thermal rearrangement
up to 14500.216 fhe trans-divinylcyclopropane (170) also
forms rhodium(I) éomplexes (171), ring opening of the
cyclopropane ring?occurring.

/’Y\ :
R Rh L
L= cp.
(170) : CF,COCHCOCR, (tetramer), (171)

: acac (dimer ).
The acetylacezonate deri;ative of (171) rearranges readily
to a mixture of (i67) and (168) and it is proposed that these-
reactions alsc pr;céed via the intermediate (169). The
cyclopentadienyl aerivative of (171) cannot form a bis-m-allyl

analogous to (1695 and the complex is much more stable.
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However, there is evidence for a similar transformation of
this complex which occurs slowly at 120°C. The tetrameric
hexafluoro-analogue of (171) rearranges to the hexafluoro-
acetylacetonate derivative of (168).217 Both c¢is~ and trans-
divinylcyclopropané also readily form 1:1 hexafluoroacetyl-
acetonatorhodium(I) complexes. In the former the
cyclopropane ring is not cleaved and complex (172) is formed

Conversion to a new complex, (i73) does occur at 65°C.

omg omg! 2
~ \ 65° \
‘Rh< ) H @——» \Rh< >CH
/
/ 0==C, / 0=C_
CF, CE,
(172) (173)

However, trans-divinylcyclopropane reacts with ring-opening

to give the bis-w-allyl complex (174) which has been

characterised crystallographically.218

N
/Rh\
0
g |
N N7 CE
' 3
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Butadiene, Z—Eethylbutadiene and penta-1,3-diene
react with [Rhc1(P?3)2]2 to give yellow complexes of
stoichiometry [RhC%l(PFa)zdiene]u which may be either monomeric
- 20

219 R
or dimeric. A single crystal X-ray structure determination

reveals that the complex (173) has a distorted trigonal

(P= PPr

R}
A

bipyramidal structyre and these trifluorophosphine complexes
may have similar g:;eometries, [ RhCl(PF3)2]2 does not form
isolable complexes with simple alkenes but it forms an
adduct, [RhCl(PFs)z(CH2=CHCN)]n with acrylonitrile. It also
catalyses the isom;risation of dec-l-ene to dec-2-ene.219
The unsolvate? complex, trans—[IrCl(C2H4)(PPh3)2], is
significantly more%stable in the solid state when exposed
to air than the be?zene solvate, trans—[IrCl(C2H4)(PPh3)2].0.5

The unsolvaied complex exhibits a sharp band of
1

CgHg-

moderate intensityéat 1971 cm ~ in its i.r. spectrum. This
peak is not presen} in the i.r. spectrum of the solvate and the
origin of this pea? is not clear. An X-ray structure221
determination of trans-|IrCl(CyH,)(PPhy), ] reveals- that the
co-ordinated etﬁylgne exerts a negligible trans-influence, the
C=C distance beingzsignificantly shorter than that observed

in (176). The nov?l bis—-ethylene complex (176) is formed
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- P Pr:i;

A llr PPrl
Qx/’, C& 2
HC— 2
Me
(176)

on the reaction of ethylene with [IrHs(PPré)z] in oenzene

solution and a triphenylphosphine analogue (177) can similarly
be obtained.

PPhy

//\ Ilr

Q§(’

PPh,

(177)

Further reactions of these complexes are illusitrated
in Scheme (39).

The complexes [ IrHgL,], (L = PPhg,PPry,PMe;) and mer-

{IrHa(PPna)a] catalyse hydrogen transfer between mono-alkenoes in

homogeneous solution giving equimolar amgunts of dienes
222 cos 3

and alkanes. The iridium complex (178) catalyses the

isomerisation of cyclo-octa-l,5-diene, S:heme (40) and -under
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[ xfr(w—%us) L,]
CH2=CH(}§43 CH5CHCH,
i y o
2: K
[kHst] /<\ , Cco N

L | =c( T

N /‘#H/ “H Alf—pp'%

L///I : \K/, é
HC— Hy

]
CH3 \\{2C=CHCH3

( L= PPh _PPé'i ) [lr(ﬂ-C3H5)L2]

3 3

Scheme (39)

PPh,

\Ir/r_‘l\lr/H
e Ve \C{/I\H

PPh,

(178)
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dihydrogen a selective hydrogenation of the non-conjugated

223
1,5 and 1,4 isomers of cyclo-octadiene leads to cyclo-octene.

1,5-CgH;, = 1,4-CgH;, - 1,3-CgH;, Scheme (40)

Some cobalt ethylene complexes, [Co(acac)(C2H4)(PPh3)2] and
[co(c,l, ) (PPhg) 5 ] have been isolated from the reaction of
[co(acac)y ] with [ A1(OEE)Et,].>
The hydride, [RhH(PPh3)4 ]readily cleaves the carbon-

bxygen bond in vinyl- and allyl acetate to give [Rb(OAc)(PPhs)s]
releasing ethylene and propene respectively in the process.

A similar reaction occurs with vinyl propionate to give
[Rn(OCOEt)(PPhy);]. Predissociation of a phosphine ligand
—appears to be a prerequisite for this reaction to occur and
this is supported by the observation that [CoH(diphos)z] does
not react with vinyl acetate. However, vinyl acetate reacts
with [CoH(Nz)(PPh3)3] to give ethylene and what appears to be

a cobalt(I) compound, Co(OAc).224

Treatment of ELOCH=CH2
with [coH(C0), ], [cor(cO);(PRy)]. (R = Ph,p-MeCgH,,p-CiCgH,,
B-MeOCgH, ,Bu), [CoH(CO);POR);], (R = Et,Ph) and
[Col(C0),{P(OPh) 4}, | gives the acyl derivatives
[Co{COCH(OEt)ue}(C0)4_nLn]. (L = CO,PR5), the order of
.reactivities paralleling the electron-acceptor ability of
the ligand.225

Nucleophilic substitution reactions on [ Rh(T,H,),Cp ]
usually occur via initial dissociation of an ethylene. A

group of nucleophiles, P?3,PMe3,P(OMe)3,PEt3,P(OEt)3,P(0Ph)3,
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P(O-C6H4—g—ne)3,P(OCH2)3CEt,PBu3n, have now been found which
appear to displace étbylene via direct attack of the ligand

at the metal comple% without prior dissociation of ethylene.
It is suggested tha:i_ in order for the metal to retain a rare
gas configuration ié the transition state there is a

reorganisation of tée pentahapto cyclopentadienyl ligand to

a trihapto allylic iigand. Consistent with this proposal

o

ethylene is more re

vhile displacement of ethylene from

L 330

than [Rth(C2H4)2]

[Rh(hs—csues)(czﬁ4);] is more difficult. Alkene displacemrrents

from { PECp(CyH,) (CH3=CHF) ], [RhCp(CH,=CHCN),], and

[Rth(C2H4)(CH2=CHOéc)] by I'Mes; are also consistent with an

SN2 mecbanism,226 Alkene complexes of this type are

susceptible to elecﬁrophilic attack and a further indication
of this behaviour ié provided by some novel studies with
hexafluoroacetone. fThis ketone reacts with [Rth(isoprene)]

to give a mixture of the two isomers (179) and (180).

) . 5 .
dily displaced from [ Rh(Ii®-C5-H,CN)(CoH ), )

H : Me
Sc—crHy c——cHa
Me : H
ch, SECRY cn, HCRY
O O
Th : ?h
cp cp
(179) : (180)
Similarly [Rth(trané—pentadiene)] gives the g?-allyl
complex (181). In céntrast treatment of {Rth(z,S—dimethylbuta—

1,3-diene)] with hexéfluoroacetone affords a 1:2 adduct (182)

"o e
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M
H\C—f——qyz e\C"'__CQZ
H Me
C(CF3 )2 CH2 C(CF3 )2
h48(3 0
RH// Rh//
] (182)
: O
(181) Me C(CF3)20H
Me Me
M rdﬁ)/ M
e \\\ e
Rh
HO(F3C)2C C(CF3)20H
(183)

and attack at the cyclopentadienyl ring also occurs in the
reaction of hexafluoroacetone with [Rth(hexamethyl-Dewar-
benzene)] to give (183).227 A novel addition of methylene
to the unco-ordinated double bonds of the cyclo-octatetraene

complex (184) to give (185) has also been described,Z228

/

cp—Co cp—Co

N

(184) (185)

The dieme (186) reacts with [CoCp(C0),] to give (187).22°
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T

W e THe e e e v

F
Me Me | Me,~ B~ \Me
; —_ cp—Co
Me B Me : Me g~ Me
- F

(186) : (187)

-

"

A-variety of éetracyanoethylene and fumaronitrile
complexes of rhodiﬁm(l) have been obtained via addition of
the alkene to squaée planar rhodium(I) isocyanide complexes.
The tetracyanoethyiene in the complexes [Rh(CNR)sz(TCNE) ] C104
[R = 27M6C6H4-2-Meéceﬂ4: L = P(OPh)a,PPh(OMe)z,Pth(OMe)], is
rigidly bound to t&e rhodium and this is considered to be
related to steric %indrance inhibiting free rotation of the

alkene. Treatment .0f the triphenvlphosphite complexes with

LT

sodium iodide gives the neutral complexes,

[RhI(CNR)z{P(oph)af (TCKE)]. The analogous fumaronitrile
complexes, [Rh(CNszLz(FN) ]c1o4 , R = p-MeOCgHy, L = P(OPh)g,
PPh(OMe),; R = Efmécsn4, L = PPh(OMe), and
[RhI(CNR)z{P(OPh)sk (TCNE)] tend to dissociate in solution.
The neutral compleé (188) exhibits dynamic solution behaviour
below -15°C where éhe arount of free fumaronitrile is
negligible on the é.m.r. time scale. The temperature
dependent n.m.xr. séectrum has been interpreted in terms of
restricted rotatioé of an apical fumarcnitrile in a tetragonal
pyramidal configurétion.zso However, a single crystal X-ray
structure determina}ion of (188) reveals that the solid

state configurationgfor the complex is trigonai bipyramidal

with eguatorial fumaronitrile. If this geometry is maintained

TS
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\\\\l P
Rh—” = P(OPR),

Rz p-

in solution then the dynamic solution behaviour of (188) can

be interpreted in terms of alkene rotation around the rhodium~FN
bond accompanyirg an axial-egquatorial interchange of the four
remaining ligands of the trigonal-bipyramidal co-ordination

23 A similar

sphere in the Berry pseudorctation mechanismn.
mechanism has been proposed to explain the dynamic solution
behaviour of [ Rh(acac)(CNR),(TCNE)], (R = Bu®,p-MeocgH,,
gfueceu4,23C1C6H4,2,4,6—ue3C6H2). However, substitution

of an isocyanide ligand in these complexes by PPh3 ziveés rigid

TCNE complexes, [ Rh(acac)(CNR)(PPh3)(TCKE)] .232 wnile

tetracyanoethylene gives 1:1 adducts with [ RR(CNR), ]C10, ,

(R = o-,p-tolyl,p-anisyl) The complexes [Ir(CNH}4]X,
(R = p-tolyl,p-anisyl; X = I,PFG)appear not to react with
w~acidic alkenes even at high temperatures.233 Two different

transition states can ke considered for the addition of
tetracyanoethylene to rhodium(I) complexes, an asymmetric one
(189) with a dipole fofmed by nucleophilic attack of the metal
at one end of the alkene, and a symmetric one (189a)with
little charge separation. Kinetic studies on the addition

of TCNE to trans-[Rn(CNR),L, | C10, , (R = p-MeOCgH,,p-CICgH,,
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P : P
CHR l CNR
l', H - _,/
Rh : Rh_
RN lV/’ RNC /(
P P
- (189) : (189a)
C6H11; L = P(OPh)s,#bhs) in acetone, acetonitrile and R

tetrahydrofuran suggest that the reactions proceed via the
transition state (18;9).234

Various unsaturated phosphines react with rhodium(I)
compounds to give co;plexes in which both the phosphorus
atom and the double bonds are co-ordinated to the rnodiﬁm.
The preparations and reactions of these complexes are
summarised in Scheme; (41), (42) and (43).235—237 In contrast
to the chloro complex [RhCl(tbp)], (192) the corresponding
iodo complex, [RhI(tSp)] exhibits an infrared band typical
of an unco-ordinated double bond and it is suggested that
this complex may Lbe dimeric and have a similar structure to
that proposed for (190). However, in solution [RhI(tbp)]
appears to have the same five-co-ordinate structure as (192).
Spectroscopic studies on the corresponding iridium complexes
of tbp and tpp (Sche@e 41) reveal that iridium alkene bonding
is stronger than rhodium alkene bonding in these complexes.236

The structure of (19?) has been confirmed by a single crystal

X-ray study.238 Treatment of rhodium(III) chloride with

(Continued on p. 343)
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[RhCU(PPh,)(bbp )]

4

Rh, 1 (bb
[RhCl(CzHl.)z]z [Rh,1( P, |
bbp Nal ’Hco
[Rn,CL (bbp), ] [RhI(COXbbp)]
bbp. CGHG/ (190) LiBr
81°/ /
[ RhCi(cO), 1, [Rh,Br, (bbp), ]
bbp. E4,0 ][co
25°
[RnCl(CO)(bbp)] (191) [ RhBr(COXbbp) ]
( bbp = PhP(CHZCHZCH=CH2)2 )
Fhy
_ _ H,C~_ !~ CH
C/c C7c =t ¢ 2é T [ 2
\ /X\\ / Hloc | GH2
PhyP—Rh_ “Rh—RPh, TR\
\ ~C Cw / (
c—C~= Nc—cC X
(190) (191)

Scheme (41)



341

[ RhCl(C2H4)2] 2

tbp
tpp tbp
[RhCltpp)] =——— [RncCi(cO),],——— [RnCl(tbp)]
(192)
PPh, co
[ RhCI(tbp)PPhy, ] [RhCl(cOXtbp)]
tbp
[ RhCI(PPh,). ]
tbp or
tpp
[tracon) ] [ran ]
C
7
f_ci —p— C\c tbp = P(CH,CH_CH )
p = =CH
Y L
|
ct
(192)

Scheme (42)
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MeHC = C~
H (l:“'z

/CHZ

R

ll.mbp

2 [RhCUmbp), ]

4mbp

co
]

[Rncico), ]2——" 2 [RhCl(CO)(mbp)Z]

CH3O H

Y

[RnCOXmbp), ]~

A

//\

S

[RhCUC,H, )],

H
— 2.+ [RhCUPPhBU, ],

Cco

v

H
— 2+ [RhCUCOXPPhBuU),]

NaBPh[.

[Rh(CO)(mbp)Z][BPh4 ]

/\\\
\/ |

(193)

mbp'= Ph,PCH,CH,CH=CH

272 2

mpp = Ph,PCH,CH,CH, CH‘CHZ

Scheme

(43)
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triallylphosphite, (194), gives the complex [RhCl(triallyl—.

phosphite)3 ]in which all the double bonds are co-ordinated

- = 194
P-(QOCH_CH CHZ)3 ( )

Y

to the rhodium. However, reaction of (194) with

[RhCl(pph3)3] gives trans-[RhCl(CO)(ppns)z]-239 No evidence
for the co-ordination of the double bonds in the unsaturated
acids, RCH(CO,H),, RCH,CO,H, and RN(CH,CO,H),, (R is CH,=CHCH,,
CH,=CHCH,,CH,, CH,=CHCH,CH,CH,) to cobalt(II) has been
obtained.240

The rhodium(l) promoted autoxidation of cyclo-octene

gives non-catalytic yields of cyclo-oct-l-en-3-one and cyclo-

octanone, Scheme (44).241
02
CBFH4\\\ ///’L 02 C8rﬁ4~\\‘ /,/’L
Rh > Rh
/ ~ fast / ~
CBHIA Cl CSH\L Cl
slow
OH
0 0]
1
% 0, \ /L
. RK
.H20 OH

Scheme (44)
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The i.r. and Raman spectra of [RhCl(norbornadiene)] 2
have been assigned. 242

The reaction of alkynes with Co,(CO)g to give p-alkyne
complexes, [Coz(CO)G(alkyne)] is well known and the kinetics
of these reactions have been reviewed in a lecture.243
Further examples of this type of reaction have been observed

S

with the alkynes (195)%%% ana (196).%%% Thermal degradation

of the complex formed with (196) gives the free alkyne,

F H

(193) (196)

asymmetric and symmetric isomers of the cyclopentadienone,
C4(C6F4H)2szco, a hexa-substituted benzene, CG(C6F4H)3Ph3,

a small amount of 2,2*, 3,3', 4,4*', 5,5',-octafluorobiphenyl
and an oligomer (C6F4HC2Ph)n where n is between 3 and 4.

Free alkyne is implicated in the formation of these organic
products.245 Similar products result upon thermolysis of the
bridged complexes formed with CgF5C=CCgFg, PhC=CCgxFg, PhC=CH

and PhC=CPh. One of the organometallic complexes formed in

Ph
4C Phy(CeFs5 ),
I~

c
F
F g O

(197)
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the degradation of [Coz(CO)G(CGFs—CECPh)] may be a rare
example of a four-co-ordinate cobalt(I) complex, (197).
Thermolysis of [Coz(CO)G(PhCECH)] gives several complexes

of general formula C03(CY)(C0)9. Degradation of the diyne
complex, [Coy(C0)g],[PhC=CcC=CPh | occurs relatively quickly

at 185°C to give [Co,(CO)g(PhC=CPh)] as a major product
possibly via a radical mechanism.246 The acetylene complexes
[COZ(CO)G(RCECR)], (R = H,CHZOH,Ph) undergo replacement of
one or both axial CC groups on heating with monodentate
phosphines, phosphites, and arsines. Bulky ligands do not
react. Trimethylphosphite can displace up to four carbonyl
ligands in a series of reversible reactions to give ultimately

(198). : T

L = P(OMe )3

=

(198)

Bidentate fluorocarbon- and hydrocarbon- bridged ligands tend
to occupy equatorial positions about the metal atoms either
by bridging two cobalt atoms in the same molecule or by
chelating to one of them.247

The alkyne complexes, [Coz(CO)s(RCECR‘)] as well as
[Coz(CO)s] plus an alkyne are known to react with carbon
monoxide to give the lactone complexes (199). Further

studies on these reactions reveal that the formation of these
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R. 0
c—C
/] \0
RJ:\\:" o
( CO)3C04-— Co(CO)3 (¢

N7

0 R
O

(199) (200) R=H)

complexes 1s stereospecific, the bulkier substituent R always

248,249 The

being in the 2-position of the lactone ring.
route from the complex (199) to unsymmetrical bifurandiones
(200) probably involves successive insertion of carbon

monoxide, alkyne and again carbon monoxide, an intermediate

of type (201) being proposed.249

R\ c?pkl R
. VY
C
/ o
o—Cqg
(201)

A variety of complexe§ are formed in reactions of the
alkynes CgF,HC=CPh, CgF5C=CCgFy, CgF5C3CPh, CgClzC=CPh,
and C6015CECC6015 with [MCp(CO)zi, (M = Co,Rh). The complexes
isolated include cyclopentadienone and cyclobutadiene complexes
as well as trinuclear complexes, [Rh3Cp3(C0)(acetyleneﬂ-243'245'25°

The fluxional solution characteristics of these and similar
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complexes have been studied using 13C n.m.r.251 and in additio=n

the crystal structure of szﬁhz(CO)z(CF3CECCF3)] formed by
reacting[Rth(CO)z]with CF4C=CCF5 reveals that the bridging
alkyne unit is c-bonded to the two rhodium atoms and that
some metal-metal bonding occurs.252 Reaction of the

diynes MeC=C-C=CMe and PhC=C-C=CPh with [ CoCp(CO), ] give

three isomers of the cyclopentadienone complexes, (202), and
a novel complex, Cochz(CO)(R02C2R)3.The complex (R=Ph) can be
separated into two isomers and one of the isomers has been

assigned the novel structure (203).

2 g
cp Co
Ry R, Rr! R? R3 R%
0
R C=CR | c=CR R
(202)
C=CR R C=CR R
C=CR R R C=CR

()
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The second isomer may have a similar structure with
different arrangements of the PhC2- and Ph- substituents.
However, it appears not to have a trihapto-cyclopentadienyl
ligand. The complex (R=Me) exists in two isomeric forms

and they may have structures based on (203). These complexes
are surprisingly stable and can be recovered unchanged after
treatment with bromine in CC14. They are not degraded at

300°C. The diyne MeC=C-C=CMe reacts with Rth(CO)2 to give

twce isomers of a tetrahapto-cycloheptatrienone complex (204).253
RI
R R
cp—Rh R'
0 R
(204)

Treatment of [COCp(PFS)z.]with hexafluorobut-2-yne leads

to (205) which has been characterised crystallographically.z54

F.Cc__X3
3 p/}DH

LA
E,C
3 e ©

3
Colcp)
(205) (206)

The highly electrophilic hexafluorobut-2-yne alsoc reacts
with [Con(SR)z], (R = CF5,CzF5) to give a complicated mixture
of products, but only (206) could be identified. This complex
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has previously been isolated from the reaction of the alkyne
with [Con(CO)z]. Hexafluorobut-2-yne reacts with
[Con(SC6F5)2(C0)] to give the known cyclopentadiencne complex

(207) but with [Co(SCGFs)(CO)s]2 (208) is formed together with

(207>

the known complexes, [Coz(CO)G(CFSCECCFa)] and[Co,(C0) 4 {Cx(CF5)g}].

The complex (208) has been characterised by an X-ray structure

ietermination.255

The reaction of the bis-alkyne (209) with [Rl:xC:I.(PPh3)3]256
leads to the cyclobutadiene complex (210). The 31P n.m.r.

PO 3
P=—-—— Rh-Cl
C=CPh
PhH Ph
cz=cpn
O )
(210)

(209)

spectra of rhodacyclopentadiene and cyclobutadienylrhodium
complexes have been comparedzsz The 31P n.m.r. spectrum of

(210) is in agreement with the proposed structure. The
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reactivity of the rhodacyclopentadiene complexes (211) and (21la)

(0] O
R Me
= e
RhCl(PPh::‘)2 RhLL
S ——
5 R S Me

(211) ( R= Me,Pn ) (2113.)' L=Cl

towards strained cycloalkynes has b~z:en examined. Such
reactions lead to quinone derivatives, e.g. (212), but benzyne

does not react with the rhodium complexes.258 An extension

(cﬂ[ 0 R
\/
\ RhLLz (CH,)
Y .

(212)

of this reaction has been used to give a general synthesis

of indans and tetralins, (213), via the co-oligomerization
of hepta-1,6-diyne (n=3) or octa-1,7-diyne with substituted
monoalkynes catalysed by [Con(CO)zl. In reactions involving
Me SiC=CSiMe; the cobalt complex (213a) iS also formed.Z299
Some cyclic diacyl complexes can be obtained by the reaction
of [IrX(CO)S], (X = Br,Cl) with PhC=CPh and EtC=CEt. Some

reactions of the complexes are summarised in Scheme (45).260
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= R 1
= & [ Cocplc0), ] R
(CHZ\)n + |(|:| > (CHZ)n ,
= R2 R
213
(n= 3_ 4 ) ¢ )
(CH,),, SiMe
(CH,) (D
SiMe
cp-Co
(213a)
0 0 X
R]]:?O Ir/X
R Neo
o / o
1 HNO, X
0 O
RCSCR _m™ =L |
[trBrcO)] ——— r —_— I
Br I\CO
n O Br
L X = Br,I
O Br O i
+CO Br l-L = diphos
/co 289 - :
r= —_— Ir—L bipy
M -co N :
' L' = PPh
0 N 0] 3

Scheme (45)
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Treatment of trans-[IrCl(CO)(PPh,), | with CF,C=CH gives
the acetylide complex (214). Reaction of the iridium(I)

complex with (195) gave a similar acetylide complex. However,

-
(PPh3 )Z(CO)Cl Ir

(214)

the ethynylferrocene (195) is easily removed from the iridium
on attempted recrystallisation.244 Attempts to obtain cationic
rhodium(I) or iridium(I) alkyne complexes from
[M(co)(acetone) (PPhy), J[PFg]l, (M = BR,Ir) and alkynes have not
been successful. However, the iridium complexes, (215), can

be isolated with electrophilic alkynes if one equivalent of

pyridine is introduced into the reaction mixture.47 Treatment

of [Ir(acac)(COD)] with hexafluorobut-2-yne results in the

PPh.
0ocC CR

i [PFG] (R=CR, COMe )
Py CR

PP,

(215)

alk}ne adding 1,4- to the acetylacetonate ring ard incorporation
of one double bond of the diene together with a second molecule
of the alkyne into an iridacyclopentene ring (216). The

product has been characterised by an X-ray structure

determination.261



(216)

The reaction of [AgCECCGFs] with [RhCI(PPh3)3 ] gives
the heteronuclear trimetallic complex (217) and the full paper

on the X-ray structure of this compound has now appeared.262

/Ag ~—[|—Ag
Phy P C PPh,
R

(217)

The mixed metal complex, [CoFe(CO)G(Ph3PCZPh)], which probably
bhas the structure (218) results from the reaction of

[Ph pczcPh]Br with Con(CO)g and Fe(CO)g .26°
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/\

(OC) Co— —Fe(CO)

c
PPhy

(218)

Metal n-allv]l complexes.

The first n3—perfluoroally1 compound (219) has been
isolated from the reaction of perfluoroallyl iodide and

[Zn{Co(CO)4}2]. The allyl complex (219) is an air sensitive

EC=CFCRI  »  [zn{cocO)}, ]

r~ F,C=CFCF, Co(CO),




yellow liquid which decomposes rapidly at 35°C in vacuo.
The propenyl complex (220) is also formed in this reaction.
The reaction of (218) with triphenylphosphine proceeds without

evolution of carbon monoxide to give a mixture of (221) and

(222). 264
F. F
~_
€ I
NP Fc\cF2
0C_ | oG _ !
:::Co-——CO i::Co——-PPh3
oc” | oc” |
PPhy o
(221) (222)

The reaction of buta-1,3-diene with [CoH(CN)g]™ in
aqueous solution has been investigated by Raman spectroscopy.
The results are in agreement with previous 1H n.m.r. studies.
At high initial CN /Co ratios the butenyl complexes (223) and

At lower ratios a n3-(buteny1)tetra—

cyanocobaltate(III) complex can be detected.265

(224) are present.

Me H H Me
~c” ~c—
il g
c ~
H~ cH H” CH,
2
3 3-
ColCN), ColCN),
(223) (224)

References p. 389



356

Allene reacts with the f-diketonato complexes (225)

v oy s
H:E\RKO——DC\CH > Hzcl/ HZ&F\ :h/ O-C‘\m
H,C C
Hig/ \o——c{Q HZC\EE‘CE/CHZ\O‘C;
(R= Me,CF ,Ph) CHy
(225) (226)

at -35°C to give the bis(n°-allylic) complexes (226). At
-78°¢c liquid allene reacts with [Rh(acac)(C2H4)2] to give
a precipitate of stoichiometry [Rh(acac)(C3H4)3] which could

be formulsted as indicated in structure (227). Indeed the

CH,
HC &
x> ~
2% CH, H,C. H2
| i _0 27— C\
H,C —Rh i Rh——acac
Py H
. ) Hy
py
(228) HpC=C=CH,  (227)
PPh
H 3
Haly. 2 o
T \R‘h/
B l ~o
Hy
PPh,
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product reacts with pyridine and triphenylphosphine to
form the complexes (228) and (229) respectively. Presumably
(227) is an intermediate in the formation of the
bis(n®-allylic) complex (226), (R = Me).>°® An allylic complex

(230) also results from the reaction of allene with

[RhCl(CO)2]2 and the formation of (230) can be rationalised

in terms of the mechanism outlined in Scheme (46).267
”2
o \c70
c /
/_\TRhCl(CO)
P&C CH 25
(230)

H CH
oc, H2 _cH, o oc, ctc7 ?
N\ /s °C . \ / \
OC—Rh (II — /Rh\ /C-CH2
C— - —
“on, a £—Ch,
Scheme 46

A similar mechanism would account for the formation of (226).
Treatment of (230) with excess triphenylphosphine gives

trans-[RhCl(CO)(PPha)z] and 3,4-dimethylene cyclopentanone but
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under less vigorous conditions triphenylphosphine and -arsine

react to give the complexes (231).267 An iridium analogue

H
C
HyCx e \C¢O (L=PPh
! /
/C‘?vR“C‘Lz

HZC CHZ
(231)

3,As Ph3 )

of (226) caﬁ be isolated from the reaction of allene with

(232). The structure of (233) has been established by X-ray

CH
1 2
CF. CE,
—-CI 3 H,C H?{'_\CHZ _ f 3
\ /0 \ H,C P \
Ir. CH —» Ir CH
~ "/ H2C ~
O= C O
“ "2 AN H}l:— CH
CF3 c 2 CF3
i
CH2
(232) : (233)
co

(234)
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crystallography and the complex reacts with carbon monoxide

8

to give (234).26 The X-ray structure of the iridium(l) allyl

complex, (235), has also been reported.269

C i
Y N
- GH-Ir
7 PPr!
3
H,C
(235)

The allyl complexes (236) can be obtained by treating
hydrated rhodium(III} chloride with CH,=CRCH,HgCl followed by

addition of Tle-270 Analogous pentamethylcyclopentadienyl

(R:H,p-orm-FC6H4 )

(236)

complexes are formed on treating the di-u-hyd-ido complex (237)

with butadiene in a polar solvent such as ethanol or acetone.271

H X H CsMes . —
/N GuHe NN
Ir I —_— Ir
1N |
X Ccl
(X=ClBr) (238)
(237)
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These allyl complexes (238) are obtained more readily from

272

the mono-u-hydrido complexes (239), a feature consistent

with the proposal that the rate determining step is opening

2
of the metal-halide bridge and not the metal-hydride bridge.2’o

ct
H
AN
M\ /M
| Na
“ (M=Rh,Ir )
(239)

The reactions of (239) with butadiene, penta-1,3-diene,

isoprene, 1,1-dimethylallene, 2,3-dimethyl butadiene,

trans-2-methylpenta-1,3-diene and 2,5-dimethylhexa-2,4-diene

have been reported. The n-allylic complexes so formed may be

aivided into three groups Jependent upon the ease with which

they undergo reductive elimination of HCl to give diene complexes

Group A complexes all possess syn-— and anti-l-methyl groups

and eliminate HCl so rapidly that they are only just detectable

in the absence of base and not at all in its presence. It is

proposed that the presence of the anti-l-methyl or -methylene

group prcvides a cisoid arrangement of the carbon skeleton

which is close to the conformation of the cis-diene, Scheme (47).
Group B complexes only eliminate HC1l with difficulty and

they all possess alkyl groups in both the Syn-1 and the -2

position. Since it is known that with increasing bulk of 1-

and 2-substituents, the anti-l-isomers become thermodynamically

more steble it is suggested that this group, which has

relatively small substituents at the 1- and particularly at the
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R

—_—

 — RHC //
RN
HY M

M
l

CSMe5

Scheme(47)

2- positions, will need extra activation energy to form the
anti-l-isomers.

Group C complexes do not eliminate HCl under any
conditions. These complexes only contain alkyl groups in the
syn-1 position and hydrogen in the -2 position and as steric
effects will be less in these examples a prohibitively higher
activation energy will be required for reorganisation.272’273
Cyclo-octa-1,3- and -1,5-diene, cyclohexa-1,3- and -1,4-diene
similarly react with (239) to give cyclic n-allylic complexes
which reductively .decompose to give [H(Csues)(diene)].
Cyclopentadiene ;zives a cyclopentyl complex which loses 2H to
give [M(CSMeS)(CSHS)]+ while norbornadiene gives a o-n-
norbornenyl complex which loses HC1l to form
[M(Csues)(norbornadiene)]. The ready formation of these diene

complexes is in accord with the mechanism depicted in
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Scheme (4.‘:7).273 The cyclo-octa-1,5-diene complex
[Rh(Cslles)(COD)] can also be obtained from the reaction of
[RhClz(Csues)]z with PrngBr in the presence of tha diene
while reaction of the rhodivm complex with the Grignard

reagent gives (24G). Various allyl and dienyl complexes result

H
N
e N

HM
\/HMG
H
(240)

N

if the complexes [RhCl(diene)]z, (diene = cyclo-octa-1,5-diene,
cyclohepta~1,3-diene,norbornadiene) are treated with

PrlugBr-cyclo-alkenes. Some reactions of the cyclo-octa-

1,5-diene complexes are illustrated in Scheme (48).274
(COD)R
RK{COD)
RKCOD)
@ 15 COD or
\ 1;3 COD
[(COD)RhCl]Z
PriMg Br

Scheme (48)
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The allyl complex (241) reacts with tetrafluoroethyliene with

replacement of triphenylphosphine to yield the adduct (242).

PPh
3
| cF,
- -~ /
< 1r(CO)(PPh.) - - G l
. 39 = ~
| CF
co
(241) (242

Analogous reactions occur with the l—méthallyl and 2-methallyl
derivatives of (241). In 211 these reactions 2 phosphine
ligand is displaced and no linking of the allvl group with the
tetrafluoro-ethylene is observed. An attempt to obtain an
insertion product by the reaction of tetrafluoroaethylene with

[Ir(n3-2MeC3H4)(C0)(diphos)] gives the o-allyl compiex, (243).

(243)

However, further treatment of the adduct (244) with tetra-
fluorcethylene affords an insertion product (245) and analogous
products can be obtained with the triphenylarsine derivative

of (244). The allyl complex (246) reacts with tetrafluoroethylene

in a similar way but the product exhibits a temperature
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. ?
e _Ch 2%, H, gy
Me 5___Jn\\\l c //,xr\\\l
- | CF, M | TCR
co HC co

dependent n.m.r. spectrum which is consistent with inter-

conversion of the isomers (2475 and (248) via alkene rotation

Me
tH ~o~ce
4 c 2
l_(’_\,/llr _CR 2F,, \\ /
g// ~ _~ \\\
| ~cs N H
© Me
(246) (247)
CE\CF
(L= F*W13) l
‘\\ ,/’

\\.Hl\

(248)

The absence of this effect in (245) is attributed to an

.interaction between the methyl group and the ligand L. When

the adduct (242) is heated with tetrafluoroethyl-2e an

iridabicyclo(3.3.0)octane complex (249) can be isolated.275
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F
Cz/CFZ

\'/
\: CO

A variety of products result from analogous reactions with

(249)

hexafluorobut-2-yne and it is apparent that there is a solvent
effect on the reaction. Treatment of (250) with hexafluorobut-
2-yne in toluene at -30°C affords three complexes, (251), (252)

and (253). The complex (251i) is a dicarbonyl species but the

Me~<\——lr (CO)P2
N (250)

C,F
46 ( P= PPh,)
3
e
" H
CE
3 F,C
/%/:F 30 cr,
c0(p) Me P(CO) I
r< P—Ir—P
Me | .
H, P(co) H, CO(P) co
(251) (252) (253)

exact stereochemistry is not clear. The complex (252)
exhibits a temperature dependent n.m.r. spectrum and it is
suggested that (252) exists as single isomer in solution at

room temperature but intramolecular isomerisation, caused
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by rotation about the alkene-iridium bonding axis occurs at
higher temperatures. Surprisingly a similar isomerisation does
not occur with (251). The corresponding reaction of
hexafluorobut-2-yne with [Ir(ns-caus)(CO)(PPhs)z], (241), gives
only one adduct, isolaied in low yield and characterised as

the trans-iqsertion product analogous to (253). The formation
of both 325% and trans-insertion products suggests that the
reactions cén proceed via at least two reaction paths. In a

methanol-toluene solvent medium hexafluorobut-2-yne reacts with

(250) to give only one product, (254), (R = Me), and the

R
SN
NI
™~
oc”” | T
CE,
PPh 3
(254)

corresponding reaction of C4F6 with (241) in dry methanol
proceeds similarly to give (254), (R = H). The complexes (254)
are presumably precursors of the cis-addition products (251)
and (252) and treatment of (254), (R = Me) with
triphenylphosphine affords the cis-insertion complexes (251)
and (252). However, it seems unlikely that an intramolecular
mechanism would operate in the formation of the trans-insertion
product (253). The reaction of hexafluorobut-2-yne with
[1r(n®-1-MeC4H,)(CO)(PPh,), | in toluene at -30°C also gives
only a trans-insertion product in low yieid. However,

prolonged reaction of the l-methallyl complex with the alkyne
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gives two products (255) and (256). Treatment of

Me

Me CF3
l”~ CF
1’ = > 3
e Phy oc” l cH

F5C H PPh, Cfy

ChH
(255) (256)

[Ir(n3-2—MeC3H4)(CO) (diphos) ] with hexafluorobut-2-yne gives

(257) and (258).276
Me
€h
F
<3 Pn, HC CE,
——h/// %Hz \\\h(:] a
. _CH -
P 2 ’
, o2

0 P Mt o P P
(257) HZ

(258)

Some reactions of trifluoroacetonitrile with (250) have
also been reported. The product (259), (L = PPh3, R = Me)
obtained from this reaction has been characterised by an X-ray
crystallographic study and the corresponding triphenylarsine
complex has been similarly obtained. However, two products

are obtained from the reaction of CF3CN with (241). These
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= n
OC\Ir/
TN
N T,
H CF,
(259)

have been characterised as (259), (R =H, L = PPhs) and the

other complex has been tentatively given the structure (260).

pi &
oc 1l = N ( )
— P = PPh
N/ 3
| —c,
PH
(260)

In contrast to the formation of (260) a five-membered ring
complex (261) results from the action of CFSCN upon
[ Ix(n®-1-Mecju,)(CO)(PPh,),]. The formation of (261)

presumably involves an intermediate iridium-hydride complex

C
l'!l (P:PPh3)

generated by elimination of butadiene from the allyl ligand.

This proposal is supported by the observation that (261) is



formed in improved yields by the reaction of

[1rH(CO),(PPhg), ] or [IrH(CO)(PPRy); Jwith cryon. 277
Trifluoroacetic acid and acetyl chloride react with

[Rh(nS-Caﬂs)(PFS)z] , (262), to form the bridged carboxylate

complex, (263) and (264) respectively. In both reactions

/Rh\
FyP PFy
CHRCO,H (262) CH,COCL
5
C
O/ \O a
//,Rh Rh Rh Rh
F,P N - £p” \Cl/ e
3 O O 3 3 3
N,/
G
(263) Cﬁé (264)

propene is evolved. t-Butyl bromide and (263) react to give
[RhBr(PF3)2]2 and 2 mixture of propene and 2-methylprop-l-ene
and this mixture of propenes also results from the action of
t-butyl bromide upon [Rh(ns—Caﬁs)(PPha)Z]. r-Propyl bromide
and (263) give [RhBr(PF3)2]2 and propene. In these reactions
a mechanism involving a B-hydrogen abstraction and hydrogen
migration via an intermediate metal to carbon bonded species
is proposed. Treatment of [Rh(na—C335)(PPh3)2] with

MeoSnCl gives MegSnCgHg and [RhCl(PPh3)2]2.278

Further studies on the arene hydrogenation catalyst,

[Co(ns—Csﬂs){P(OMe)s}s], reveals that this catalyst exhibits
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a unique selectivity towards arenes over alkenes. Thus
hydrogenation of benzene to cyclohexane occurs at a rate

three-four times that of cyclohexene to alkene. The mechanism

depicted in Scheme (49) is proposed.279

H
, 2
<TC°P == H,C=CHCH,CoP; === H,C=CHCH,CoH,P;

l GHg (-2P)
coP® o cotip N CoH,PL
£

s,

CoM,PL CoHPL - cort®
O
1l Ha

3 3 3

- 7
( L=n-GH © C=n>cp: é

P= P(OMe)3 )

Scheme(49) )

Metal carbocyclic complexes.

The single crystal X-ray structure of [C04H4Cp4 1has

been reported. he compound contains a slightly distorted

tetrahedron of cobalt atoms, each atom co-ordinated to a

planar ns—bonded cyclopentadienyl ring. All four faces of
the Coq—cluster are bridged by hydrogen atoms.280

Photolysis of [CoCp(CO), ] gives the reactive binuclear

complex (265). This complex is labile and decomposes in
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cp
_ ﬁ Qe — Lo~ 0
ocC c /// \\\
N /’C e P \ /
/Co—Co\ —_— cp-Co————Co-cp
cp co N
(265) O (266)

solution at ambient temperature to give (266) with liberation
of a molecule of [Con(CO)z]- At 130°C (266) also decomposes
with extrusion of [Con(CO)z} to give (267). Both (265) and

(266) catalyse the trimerisation of alkynes at much lower

cp cp
N
Co Co/
7]
Co—l "o
’ l N\

o @
(267)

temperatures than [Con(CO)z].281 Bridge-terminal carbonyl
site exchange is kpown to occur in the rhodium analogue of
(265). Three mechanisms have been envisaged for the exchange

process in this complex, Scheme (50).

"

o o©
< ]
cp-RA —Rhcp cp Fih——-Rh
L A 80 cp B
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0
C co
yAD N |
cp-Rh—Rhep(L) = cp—Rh——Rhcp(L)
\./
C
C (0]
Y c

(L=CO FKC”A&%B )

Scheme (50)
(a) via a triply bridged intermediate (A),
(b) via an unbridged intermediate (B),

(c) a synchronous process (C).

Further insight into this problem has been obtained by studying
the bridge-terminal carbonyl exchange in (268) which can be
obtained by addition of a stoichiometric amount of

triphenylphosphite to [RhyCp,(CO)3). The temperature

0

C

P _ /\ _POPh);
_Rn Rh__

oC cp

(268)

dependent 13C n.m.r. spectrum obtained for (268) reveals that
the Rh-P bond is not broken during the process and the
synchronous process, C, is favoured for the carbonyl exchange.

A similar mechanism could operate in the complex, [ Rh,Cp,(CO)5 ]
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although mechanism A nas been previously stressed.232

The room temperature 130 n.m.r. spectra of (269) and (270)

indicate that total scrambling of the carbonyl ligands occurs

(CO)5 (CO),
Fe . Fe
/// \\\ //,CC) /{{ELE}\
(CO),Fe ——— Rh (CO), Fe’————Co(cp)
3
~cp 3 /
o
(269) © (270)

in solution. However, limiting low temperature spectra cannot
be obtained. A low temperature limiting spectrum can be
observed for [FeRh2Cp2(CO)6 ]and the structure (271) adopted
by this molecule in solution is different from that proposed

for the solid state structure (272). These complexes are

”0)
(CO), (€Ol
0 xFé
/ & < l\ co
L /0
cpRAZ_Rhep cp-Rh/C R
cp
C (271) (272)
¢ -

related structurally to Fes(CO)12 and it is apparent that

increasing substitution of MCpCo , (M = Co,Rh) in Fea(CO)12

results in g decrease in rate of carbonyl site exchange.283
The dark green air-stable cyclopentadienyl complexes (273)

have been prepared by the routes indicated in Scheme (51).
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[Coy@r)(cO)y ]

(Y= Ph,Me,GH, ,C

120 )

Scheme (51)

The -spectroscopic data for these complexes im solution are
consistent withh the same configuration which has been
established by an X-ray structure determination. A uniqgue
structural feature is the briqging carbonyl group which is

at 90°C to the basal cobalt plane. This conformation has not
been previously observed in triangular or tetrahedral carbonyl
clusters. A very low v(CO) value (1795 cm‘l) is observed for
this bridging earbonyl and electrophiles such as AlBr3

rapidly attack the nucleophilic carbonyl oxygen to give
unstable 1:1 adducts. Labile phosphine derivatives
[Coa(CY)sz(CO)apRa], can be obtained and it is suggested that
the phosphine is in an eqhatorial configuration, the bridged-
carbonyl absorption moving to'lowei frequencies. Steric
congestion may account for the lability of the phosphine

ligand and the failure to isolate complexes of the type



Co cp(CO)2

Mep(CO)P
MMe(CO )5 MnMe(CO)AP
M= Co Ml: Mn
P = PPhy
Fhy
7\,
cp (PhXCO)M M(COMe )(CO),
-MeCOPHK -CO
Y 5 Ph
éhZ o1 2
R
7\ P / AN
CopM—M (COI3M Mcp
~N \
CO R O—C~
O—CMe (279
N
Ph
MM = Mn—Ir M' = Mn
Mn—Rh M = Ir, Rh
Re —Rh

Scheme (52)
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[Cos(CY)sz(CO)z(diene)]. Attempts to acylate a cyclopentadienyl
ligand of (273) failed although acylation of the phenyl group
of (273), (Y = Ph), can be achieved.Z293

The ability of the g? complexes [MCp(CO)(PPhs)],
(M = Rh,Ir), to act as Lewis-bases and form 1:1 adducts with
mercury(II) halides has prompted an investigation of the donor
ability of these g? complexes towards [uMe(CO)5 ](M = Mn,Re).
The results of these studies are summarised in Scheme (52).284
The structure of complex (274), (M' = Mn, M = Ir), has been
confirmed by a single crystal X-ray study.285

Tk= reaction of [CoCp(CO), Jwith C4FSSC4Fg in the absence
of solvent gives (275), (R = CgFg). However, in solution and
upon irradiation, the complex (276), (R = CgFg), is formed. A
solution of (276) heated above 50°C gives (275), (R = CeFg), and
a green complex, [C02Cp(ScsF5)3] of unknown structure. The
complex (275), (R = CF3) can similarly be obtained with
CF,SSCF,. %8¢

Both 2,3,4,5-tetraphenyldiazocyclopentadiene and
diazocyclopentadiene insert into the halogen bridges of

[raci(copy], and [Rhcl(C,H,),], to give the halogen substituted

cyclopentadienyl complexes (277).287
g
SCG FS
S o
R

(275) (276)
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L2Rh - R = Ph : LZ:(C2H4)2
X R = Ph . L2::(C0)2
(2775 R=H ;L,=COD

_ A similar reaction of (278) with [ RhC1(COD)], gives the
pentachlorocyclopentadienyl complex (279)_288 A single crystal
X-ray study on (279) reveals the presence of localised bonding
in the ns—CSCI5 ring which sugéests appreciable contribution
from a bonding model where the ring is co-ordinated ta the
rhodium by two alkene w-bonds and one o-alkyl bond.289

130 n.m.r. studies on the n4— duroquinone complexes,
BMCp)Cloﬁlzoz ], (M = Co,Rh,Ir) suggest that in strongly acidic

solution the complexes are protonated to produce the

dications (280).22°
Ct
OH
cL___ cl o Me Me
24+
cpM
cl Cl cl \ Ct
| Me Me
Ny Rh OH
(COD)
(278) (279) (280)

Treatment of either (281) or (282) in benzene with
isopropanol and triethylamine gives the novel di-p-hydrido-
iridium complexes (283) and some reactions of fhe complexes
are summarised in Scheme (53). Similar methods can be used

to obtain the complexes [ M(CMe )Br,],, [Ir(Csleg)I,],,
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[I"(CsMes)(H)(Cl)(PPh )] <3 @ / \l
|\ /

(283)
diphos AgOCOR
P~
H
| AN
[¢ CgMe)— I,r—PPhZCHZ-]'z [( CsMe;) Ir\/ \/Ir(C5 Me.) ] (PR ]
X 0.,.0
CI
R

(X=C Br)

Scheme (53)

[R(Coues) (PMe,PRY,X] ™, (X = €1,1), [RR(CgMes)(NOZ),], .

[HOM(C Me ) Bry ] and [B(IrccgMeg)tats], (M = Rb,1r).272
Treatment of [Rh(CgMe;)Cl,],with potassium hydridotris—

(1-pyrazolyl)borate followed by addition of NH4PF6 gives

[Rh(Csues)BH(pz)3]PF6 and the structure of this complex
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has been determined by an X~-ray study.291

The bis-borabensene complexes (284) react with sodium or
potassium cyanide in acetonitrile to give the alkali-metal
borinates, (285). These salts provide a good route into
other borabenzene complexes and the complex (286) can be
obtained via [RhC1(c0D)],.2%% The borabenzene complex (284),

(R = Ph), undergoes a novel ring contraction when treated with

aqueous iron(III) to give the cyclopentadienyl derivative (287)

B-R
MCN
Co — M (::::)B-R
(M= Ng,K)
(285) -
B-R (R =Me,Ph )
(284) [Rhcicon)],

-Ph

Rh

(286)

and this product is alsoc formed on the reaction of methanol

with [Co(CgHgBPh),]* 2°°
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B—Ph

Co

L cp _
(287)

The e.s.r. spectrum of (284), (R = Ph) has been reported

and in.i:erpretel:l.z94

The crystal structure of cobaltocene has been refinea295

and the structure has also been determined by gaseous electron

diffraction.296 The combustion enthalpy of {Conz] has been

determined and the standard enthalpy of formation and dissociation

energy of the compound have been calculated.297 The quantum

vield of decomposition has been measured for the photolysis of

[cocp, ] and the results have been discussed in terms of the

298

electronic structures of the compounds. The e.s.r. spectrum

of cobzltocene in various diamagnetic host systems has been

299

studied. Introducing ethyl substituents into the cyclo-

pentadienyl rings of {Con2]2.PtC16 and ferrocene result in

300 13

similar electron absorption spectral changes and C n.m.r.

spectra of phenyl- and ethyl-substituted cobaltocenes have
been recorded.301
Cobaltocene can be intercalated in the layered compound
TaSz and the orientation arrangement and temperature dependent
dynamics of the cobaltocene molecules have been determined by
proton n.m.r. measurements.302
The cobalticinium nucleus exerts strong electron-

withdrawing, inductive and resonance effects and can stabilise
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negative charge as indicated in the resonance hybrids (288)

and ¢289). Indeed the acidity of alkylcobalticinium salts
is-greatly enhanced and the basicity of aminocobalticinium
salfs is greatly reduced in comparison to alkyl- and amino-
benzenes and ferrocenes.303 Similar effects operate in the
hydroxy-2,3,4,5-tetra-substituted cobalticinium and rhodicinium
salis (290) which are in proteolytic equilibrium with the stable
cyclopentadienone complexes (291). The acidity increases

with increasing electronegativity of the R group and decreases
slightly from cobalt to rhodium. The complexes (290),

(R = C6F5), are comparable in strength to the minersal a.cids.304

Co* -— Co
@ @
(288) \\/ (289)
o OH
R R R O R
R R H* R R
M ~ Nl+
@ (291) [O> (290)
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Metal carborane complexes.

Oxidative-addition of terminal boron-hydrogen bonds to
low-valent metal complexes provides a useful route to complexes
containing a metal-boron o-bond. Thus the phosphine
1-PMe,-1,2-C,B; H;;, L, reacts with [IrCl(CgH;4),], in evelo-
hexane to give [IrClLa] which readily undergoes intramolecular

oxidative addition to give (292). Prolonged reaction of

(L = 1-PMey12-GBgHy)

(292)

},2—02310312 with [IrCl(CO)(PPha)Z] fails to yvield a stable
oxidative-addition product. However, [IrClDz(CO)(PPha)Z] is

an effective catalyst for deuterium exchange in this carborane
implying that oxidative-addition occurs in this reaction but

the product is presumably not favoured thermodynamically.

The orthometallated complex, [IrHCl(gchH4PPh2)(PPh3)2] is the
major product of the reaction of [IrCl(PPh3)3] with

1,2-02810H12 but a small yvield of (293), (L = PPhs) is also
obtained. However, the compound [IrCl(PPh3)2 ]formed in situ
from [IrCl(C8H14)2]2 and two ejuivalents of PPhs reacts readily )
Qith 1,2—C2810H12 to give (293). The corresponding triphenyl-—

arsine complex can similarly be obtained and 1,7- and
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(293)

1,12-025101112 also react with the iridium complex. Both

carbon monoxide and triphenylphosphine displace 1,2-C2810H12

from (293), (L = PPby).>C> A full account of the crystal

structure o< [Ir(BgHg)Br,(CO)(PMey), | formed by oxidative-
addition of 1- or 2-BrBgHg to trans-[IrC1(CO)(PMey), | has
been publisbed.306

Quaternary ammonium salts of [Ir(B;,H,,)(CO)(PPh3),]",
(294), react with deuterium gas at ambient temperature and
pressure.

Reversible H-D exchange occurs at two terminal B-H sites

in the 810312 ligand and the exchange is thought to occur at
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(O =8H

the .5,10 boron atoms. A mechanism involving oxidative-addition
of D, followed by intramolecular H-D exchange is proposed.307

Transition metal complexes containing 2-R-1,2- and
7—R—1,7—CzBloH10—, (R = H,Me,Ph) ligands bonded through metal-
carbon o-bonds, [ Rh(o-carb)(PPhg), ], [Ir(e-carb)(CO)(PPhy), ]
have been prepared by the action of lithium-~carborane
derivatives with [ RhC1(PPhj); ] and trans-[{IrC1(co)(PPhy), ]
respectively.

The phosphine ligaands in these carborane complexes undergo
exchange reactions with phosphorus donor ligands and the
results have been reviewed.28 However, although
1-Li-2-R-1,2-C;B, H,,, (R = Me,Ph), gives o-bonded carborane
complexes the corresponding reactions with [IrCl(PPhs)s] lead
to the metallated complex, [Ir(ng6H4PPh2)(PPb3)2].27
Addition of a tetrahydrofuran solution of Na2-7,8-C239311
to a suspension of trans-[RhC1(CO)(PPhj), | in benzene produces
a2 deep orange solutioan which on exposure to aif becomes green

and then brown. Thin layer chromatographic analysis indicates
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the presence of ten components. From this mixture the

rhodium(III1) complex, (29G), can be isolated together with a

PP PP,
B_.H Rh crb C.B_.H R//' s
91 2°9 1 Q\

PPh, H

{293) (296)

Gy

small yield of a complex, [Rh(Cngﬂll)(CGHG)(PPh3)]2 which
is considered to be a dimer with a REt-Rh bond. The reaction of
Na,-7,8-CoBgH;; with [RhCl(PPhg)g ] gives a larger yield of
the dimer and from this reaction & small amount of (296) may
be obtained.308 Friedel-Crafts acetyiation of
[CO(1,2—C259H11)Cp] results in the formation of
[cotr,2-cBgu; jc1dCp]. [ co(1,2-CyB H, ,-8-OCOMe)Cp],
[Co(1,2—CzBSH10—8-OH)Cp], and [Co(l,2—C289H10—8—C0He)Cp].309
However, the Grignard reagents RMgBr, (R = Ph,g-.E—FC6H4)
attack the cyclopentadienyl ring to give [Co(l,z—cngﬂll)—
(n—CSH4R)].310

Alkyl- or aryl-boron dihalides have been shown to
react with cobaltocene to produce borabenzene complexes,
e.g. (287). However, an attempt to insert C6H58 into the
carborane cage of [Co(1,2—0289311)Cp] to produce a 13-vertex

. 311
metallocarborane gives the phenylborinato complex (297).

A mixed-metal trimetallic metallocarborane (298) can be

obtained by the reaction of Fe(CO)5 with [1,2,3—CpCoMe2CZB4H4]_
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(298)
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The complex (298) is cage isoelectronic with other
9-vertex carboranes and metallocarboranes containing 20
skeletal valence electrons, e.g. [C02Cp2C235H7 ]and is
presumed to adopt a similar gross tricapped trigonal prismatic

geometry.9'? Treatment of [3-Cp-3-Co-4-CByHg]™ with sodium

naphthalide followed by subsequent reaction with NaCp and
nickel(II) leads to four isomers (299)-(302) of the
bimetallocarborane [Cp2CoNiCB7H8]. These isomers undergo
thermal polyhedral rearrangements, the metal atoms migrating v
to adjacent polyhedral vertices, Scheme (54). {a Cp ring has

been omitted from (302).}

Table 1

Major Processes in Cobaltacarborane Pyrolyses

Groups involved

Cage No. of Intramolecular in intramolecular
System vertices rearrangements observed transfer
C0C2B3 6 None (C5H5)Co,BH
CoC,B, 7 1,2,3+1,2,4 (C5H5)Co,BH
C00285 8 None (C5H5)Co
C02C233 7 1,7,2,321,2,4,5» None detected
1,2,3,5+1,7,2,4

Co,CyBy 8 None (C5H5)Co,BH
Co,CoBy 9 1,7,5,621,8,5,6 (C5Hg)Co
CozCyBy 10 2,3,8,1,6+2,3,4,1,108 (C5H5)Co

A Trace
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promination of (299) and (300) with 1 or 2 mol of
bromine in carbon tetrachloride gives a single isomer of
mono- or dibromo-derivative in high yield. Substitution
occurs exclusively at boron. Treatment of [Z—Cp—Z-Co-l-CBIOHII]'
with sodium naphthalide, Cp~ and nickel(II) leads to (303),
the first metallocarborane containing a neutral arene nw~-bonded
to the metal.313 The thermal isomerisations of the
metallocarboranes,[ 1,2,4—CpCoCzBaﬂs],[ 1,2,3—CpCoC2B4H6],
[1,7.2,5-cp,Co,nC,B5H; ], [ 3,1,7-CpCoc,BeH,], [CpyCo,C,BLH, ],

and [ 2,3,8,1,6-Cp3Co,C,B.H, | are summarised in Table 1.°%?
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