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Metal carbon g—bonded compounds

Although methyltetracarbonylcobalt, CoMe(CO)4, has been kmown for more than two
decades little information concerning its chemical and physical behaviour has
been reported. IR spectroscopic results are consistent uith a trigonal bipyramidal
structure with the methyl group in an axial position and a complete Wolfsbherg—
Helmholtz (Extended H&ckel) MO analysis of CoMe(CO)4 has now heen reported. The
parameters of this study have been fitted to the UV absorption bands and the data
predict the methyl group as the site of electrophilic attack and the equatorial
CO groups as the site of nucleophilic attack (ref. 1). An unstable rhodium
analogue, RhEt(CO)4, has been detected in the hydroformylation of ethylene catalyzed
4» EnC1(CO),py,
HhZ(OAc)Z(CO)4 and Rh(acac)(co)2 under mild conditions, e.g. 35°C and 20 — 100

atm total pressure (ref. 2).

by a range of rhodium(I) carbonyl derivatives, including Rh2012(00)

A convenient route to acylcobalt carbonyl complexes has been developed using
the tetracarbonylcobalt anion, free from NaOH, in a two phase or three phase
system, equsiion (1). The absence of NaOH is important since this reagent cleaves

CH,C1,
RCE, X + NaCo(CO)4.—_________9 Co(COCHZR)(CO)4 (1)

co (1 atm), 1100 r.p.m. 20°%C
the cobalt carbon bond of acyls of the type Co(COR)(CO)A. The complexes
Co(COCHZR)(co)4 formed in equation (1) are isolated as their more stable triphenyl-
phosphine derivatives Co(COCHZR)(CO)E(PPhE) (ref. 3). The reactions of imidoyl
chlorides with tricarbonyltriphenylphosphinecobalt or the tetracarbonylcobalt anion
in the presence of triphenylphosphine affords iminoacylcobalt carbonyl complexes in
19 - 85% yields, equation (2) (ref. 4).

NaCo(CO)4 + PPhy

RC1C=NR > Co(CR;NR)(co)3PPh3 (2)
ar
NaCo(CO)3PPh3
Some ortho-substituted aryliridium(I) complexes Ir(CgH; R )(CO)L, (CoHs_ R =

Z—EtCGH s 2, 6—Et266H3, 2~Et—6-MeC6H3; L= PPh3’ PMePhZ) have been prepared from
the appropriate aryllithium reagent and trans—IrCl(CO)Lz. These compounds, with

the exception of trans—Ir(Z—EtCGH4)(CO)(PPh3)2 exhibit cis-~trans isomerism (ref.5).

A similar reaction of 1,11—dichloro—2—lithioferrocene with trans;IrCI(CO)(PPh3)2
affords Lr(Fcclz)(CO)(PPh3)2 (Fc012 = CIC.H FBCSH3C1) (ref. 6). Some thio-

574
carbonyl derivatives MR(CS)(PPh;), (M = Bh, R = CgF5 oF CgClys M = Ir, R = CgFy
or C6015) have also been prepared by the action of aryilithium reagents or aryl-

magnssium-



halides with,MCI(CS)(PPhs)Z. None of these pentafluorophenmyl or pentachloro-
phenyl compounds afford dioxygen adducts but gsome of them afford stable oxidative
addition adducts with HC1l, halogens and mercury(II) chloride. The iridium(IIT)
complex Ir(CsFE)IZ(CS)(PPhB)Z reacts with p~toluidine via nucleophilic attack of
the amine on the carbon of the CS ligand, to give the isocyanide complex

Ir(c6 5)I (cNtol)(PPhB)z, end treatment of Ir(cﬁps)(cs)(PP%) with methyliodide
gives the thiocarbene derivative Ir(C6 BT (carbene)(PPh3)2, carbene = CMe(SHe)
(ref. 7). The reactions of electrophlllc acetylenes RC=CR (R = CF, or CO, Me)
with RhH(L)(PPh ) (z = ¢o or PPy ) afford vinyl complexes irans ~ Rh(CR—CER)(L)
(PPh_) which undergo further acetylene ingertion, Thus trans — Rh(CR—CHR)(L)(PPh3)
(®= CF ) reacts with DMAD and irams - RH(CR—CHR)(L)(PPhj) (R = co_Me) reacts

2
with hfb to give the same double ingertion product (1).
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Rh(CR:CHR)(PF3)(PP )2 and t - butyl bromide give CF;CH:CHCF,, isobutene and
trang - RhBr(PF3)(PPh3)2 (ref. 8).

Solutions of the cobalt{I) methyl compournds, CoMe(PArB)B, (Ar = Ph, 4-MeCgH,,
B;MeCGH4) in TH®, benzene or chlorobenzene decompose to yield biaryls. It is
suggested that in these compcunds the triarylphosphine rearranges via a three-
centred oxidative-addition with subsequent coupling to biaryl by reductive elim-
ination from an arylcobalt intermediate (ref. 9). Further evidence for this
mechanism is provided by a study of the decomposition of CoMe(PPhj) in chloro-
benzene solution which yields biphenyl, triphenylphosphine, methyldiphenylphosphine
and diphenylphosphine. It is clear that CoMe(Pth) has a very strong tendency
to undergo oxida ive-addition reactions (ret. 10) A rhodium derivative, RhPh
(e )3, can be obtained in #lgh yield by the interaction of Rh (OAc)4, Ph Mg,
and PMe., in dlethyl ether, In contrast to the triphenylphosphine analogue,
RhPh(PMeSFS, ig readily obtained pure and in high yield. The 2-methoxyphenyl
devivative (2] is thermally more stable and less air-sensitive than RuPh(Ple,),

Reﬁmgﬁhsp;éé
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Dt (L= PMe,)

(2)

since the methoxyl group probably coordinates to the rhodium as in (2) (ref. 11).

The dinitrogen cobaltates, Mg(THF) (CON 3) and KCoN, L3 (n = PMe ) react with

CoClL,D, or T\T:LCIZLZ to give the novel b:.mzclear complex (3) This complex reacts

Mez

e \
Lo fob, (L =PMe,)
Ne—p”
fiz bdi!z

(3)

with carbon monoxide to give L(CO)2Co(CHéPMe2)(PMez)CD(qO)ZL but there is no
ingertion into the cobalt—carbon bond. A cleavage reaction by trimethylphosphite
(11) affords CoP(O)(OMe)2 . 2 (ref. 12). The reaction of Ir c1 (cod) with
MeBut PCH gives the mononuclear ylide chelate Ir(CH ) PBu (cod) (ref. 13) and
an analogous complex Ir(CH ) ,FMe (cod) can be obtalned from Ir 012(cod)2

Ve P(CH) SIi (ref. 14). Trea+ment of Ir,Cl (cod) with MeSPCH affords

Ir(CH ) PMe (CHZPMe ) and the reactions of Me.).PNPMe CH, with Ir,Cl, ( oH, 4)

and trans - IrCl(CO)(PPh3) gives fiCH PMe NPMe (cod) and IEEE‘?ﬁE“"“EH (CO)
(PPb3)2 respectively (ref. 14). NMR measurements on the rhodium yllde chelate 4
complex Rh(CH ) PMe (CO) indicate the presence of the momomucleer syec1es {4)
end the dlnucleer species (5) in a toluene—d solution (ref. 15).




H, H, (C0), H,

LS c——-Rh—-c

(OC)ZRh\c/PMez r~1e2|=~\c_Rh__c PMe,
H, H, (CO), H,

(4) (5)

Relatively few alkynyl complexes of cobalt(II) are kmown. However, some
cyclohexylethynyl complexes of cobalt(II), which are sufficiently stable for
chemical anslysis and spectroscopic measurements, have been reported. Thus
Co(Ncs)2.2NH3 reacts with KC,Cy in liquid ammonia to give K, co(c,Cy)g]e -2NH,
and K2[Co(020y)4(NH3)2]. The four coordinate square planar comple
Co(c20y)2(PPh3)2, has also been claimed. All these complexes of cobalt(II) are
low spin and the magnetic moments of the octahedral cobalt(iI) complexes,
measured at various temperatures, are intermediate between low= and high-spin
values (ref. 16).

The cobalt(III) alkyl, CoMe3(PIVI=,2Ph)3 hag been prepared by the reaction of
CoMez(acac)(PMezPh)2 with MeLi in the presence of one equivalent of PMe_Ph.

The reaction of CoMeB(PMeQPh)3 with acacH affords methane according to the
equation (3) (ref. 17). Two types of dialkylcobalt(III) complexes containing

mer - CoMe3L3 + acacl ——r—ed CoMez(acac)L2 + CH4 + L (3)

(L = PMezPh)

bipy have been igolated from reactions of Co(acac)3, bipy, and aluminium alkyls
in diethyl ether. With Al:Co ratios greater thaa 7 the ionic complexes

[cor (blpy)z]AlR (R = Me, Et) are obtained. However, at lower Al:Co ‘ratios of
1.5 = 2.0 the neutral complexes CoR (acac)(blpy) (R = Me, Et, Pr", Pr ) are
formed, Interestingly the cationic cgmplexes are gtable at room temperature
under nitrogen and in dry asir and their inertness towards water is also
surpriging. Strong acids such as concentrated sulphuric acid cleave both the
alkyl=cobalt and -sluminium bonds but dry hydrogen chloride reacts only with
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the aluminate anion, equation (4).

[cor,(bipy),]AIR, + HC1 —— [CoR,(bipy),]C1 + 4RE (4)
exXcess

A dark-blue compound, presumably CoHe(bipy)z, is formed by dissolving

I:Coz-xez(bipy)z'_tame " in tetrahydrofuran and CoE‘t(bipy)z czn similarly be obtained

from [CoEtz(bipy)szlEt4. These dark-blue cobalt(I) alkyls have previously

been erroneously Fformulated ss cebalt(II) alkyls, CoRz(bipy)2 (ref. 18).

The addition of PE‘t3 to solutions of [Rh(mnt)(co)z]‘ gives [Rh(mnt)(CO)(PE‘GB)]-
which readily reacts with a variety of alkyl iodides and bromides to form acyl
complexes which are isolated as neutral bis(phosphine) complexzes of formula
%€COR)(mt)(Pm3)2, (mnt = maleonitriledithiolate, R = Me, Et, Pro, Pri, Bu®,
Bu’, n-C oE,q» Bz, allyl, propargyl). These rhodium(IIT) acyl complexes,
Rh(COR)(mnt)(PEtB)Z, Dossess a square pyramidal geometry with the acyl group
in the apical position. The anion [Rh(mnt)(CO)(PEt3)]—, in the presence of
excess PEt., can also be protonated by perchloric acid to give the rhodium(III)
hydride, RhE(mnt)(CO)(PEt3)2. However, the addition of acid to the rhodium{T)
complex anion in methyl cyanide in the presence of ethylene slowly leads to the
formation of an acyl complex which can be isolated as Rh(COEt)(mnt)(PEt3)2
upon addition of excess PEtB' This propionyl complex is formed through a
sequence of olefin coordination, insertion into an M-H bond, and migratory
insertion of CO (ref. 19). The action of heat upon neutral acyl complexes of
the type Rh(COR)(mnt)IN (L = Pm:3 and N = py, C.H,,
S-alkylated complexes Rh(R—mnt)(CO)(PPhj), alkyl group migration occurring by
a succession of two 1,2 shifts with a rhodiun(III) alkyl carbonyl dithiolate

HHZ) in certain cases leads to the

(6) as an intermediate (ref. 20).

0. C/R ',?
L/ \s CN ._/ \

)

R N
0C_ oc_t S -CN

L P N
e ]( L;R'(sjf o™

(6)-

R
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The oxidative addition of MeCH(N02)01 to trang - IrCl(CO)(PMeZPh)Z followed
by treatment of the initial product with pyridine affords the iridium(III) acyl

(7), the reaction occurring via a radical-chain procesa.

Py

a | o\N,o
Ir

L7 | N¢—Co,. (7] (L=PMePh)
L o Me

The reaction of MeCH(NOZ)Br with frang - IrBr(co)(PMeZPh)2 yield two isomers of
IrRBrz(CO)(PMeZPh)E, R = CH(NOE)Me, which do not react with pyridine (ref. 21).
The reaction of C1CH,COCL with frans - IrCl(CO)(PPh3)2 affordsy TrClb(CO)(PPh3)2
quantitatively rather than an iridium acyl complex (ref. 22). The crystal
structure determination of Rh(COPh)012P2 (e, = thPCHZCHZCHZPPhZ), which ig

obtained by the reaction of PhG0C1 with bis(1,3~diphenylphosphinopropane)rhodiua(I)

chloride, reveals a square~pyramidal geometry about the rhodium with the benzoyl
group occupying the apical position (ref. 25). Various metallacylic complexes
, have also been obtained by oxidative-addition type reactiong. Thus the Vagka
complexes irang ~ RhCl(CO)(PR3)2 (R3 = Me,, Me,Ph, Meth) react with
triphenyleyclopropenium salts to generate blue-green rhodiacyclic complexes,
RﬂfESPh3)012(PR3)2 via oxidative~cleavage of a C-C bond (ref. 24). A metallo-
cyclic intermediste has also been isolated in the Ir2012(co?ﬁ catalyzed
rearrangement of 1,3~bishomocubane (ref, 25).

The compoun Rh”eClQ(CO)(PPh3)2

chloride by a first order, intrsmolecular procesa with an activation energy of

has been shown to reductively eliminate methyl

| 95.0 kJ mo1™t, Interestingly in the presence of free tr1phery1phosph1ne, 82
attack on the methyl group by the phosphine occurs to give P}3PMe ¢1” and
trang - RhCl(co)(PPh3 (ref. 26). A astudy of the veactiona of various cobalt(>T)
compounds e.g. CoBr,, CoBr (PPh3)2, CoCl, + CO, CoCl, + ethylene with PhMeQCCH MgX
under varying conditions gives mginly PhMe CCH CH CMe Ph or PhMe CH2 6 4-0—Bu
(ref, 27) 8nd a general gymmetry analysis of reductlve elimination from transition
metal alkyls has been carried out (ref. 28).

Several metallation reactions involving rhodium and iridium complexes, including

a review on orgasnometallic intramolecular~coordination containinz a nitrogen

donor ligand (ref. 29), have appeared during the year. Thus, although
By’ PCH(Me)Oﬂe does not yield a platlnum(II) metallated derivative, IrZCle( g 14)4
oreacts at 25°C with both Bu® JPCH,OMe and Bu PCH(Me)OMe to give irigium(III)

nmetallated complexes by oxidative addition to the methyl C~H bond, the coordinatively
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unsaturated compounds reacting with carbon monoxide to give octahedral iridium(TIT)
carbonyl hydride complexes, equation (5) (ref. 30).

clz(ca ’ 4) —*—2—(;)IrH(CH OCH2PBul )(c1)(co)L (5)

(T = ButzPCHZOMe)

The phosphines R,PCH,Ph (R = Cy, Bu®) dlso react with M,01,(CgH,,), (1 = R,
Ir) to give cyclometallated complexes, e.g. equation (6). Studies with Pdcl,
and P‘l:(}lz(be:uzoru'_‘l:'r::i.le)2 show that the reactivities of the phosphines decrease
in the order Ir(I) > Rn(1) >> Pa(IT), Pt(II), suegesting a different mechanism
for univalent and bivalent gs metal complexes.

I1r c12(c ) ———&IrH(c 2]?Cy'2) (c) (1) (W) ()

87144

= Cy,PCH,Ph, N =% ~picoline)

Reactions of the metal chlorides with E—FC6H4CH2PR2 reveal that for rhodium(T)
and iridium(I) complexzes 2 nucleophilic mechanism operstes in the C-H bond
cleavage reaction while for palladium(II) an electrophilic mechanism is involved.
Steric effects also have a large influence on the reactmn rates (ref. 31) A.n
ZPCH cazc:ch?_cn PBu’ o)
has been esaabla.shed by n.m.r. spectroscopy. Thus treatment of RhCl33H20 wrl:h
Bu P(CH )5PBD. in ethanol g:l.ves the {6-atom ring hydride complex

haH c1, Ba® CH, CH,CH,CH, CH_PEu",) yhich upon treatment with 2-methylpyridine
gives the cyclometauated complex RuEC (Bu® 2Pca cnzcncnzcn PBu® ,)- This cyclo-
metallated complex does not show a hydride resomance in its pro’con ¥R spectrum

interesting rapid and reversible C-H fission in R.h.HCl(Bu

at roomn temperature but the resonance can be observed at low temperatures. The
ipability to detect the hydride resonance at room temperature has been ascribed
to the rapid interconversion of (8) and (9) which may be either a concerted

H H H H
C=Rh = C—Rh = C—Rh = (=Rh
H H H H

(8) (9)

process or a stepwise process mvolv:.gg a carbeno:.d—yl:.de :Lntemed:.ate. As
expected the hydride complex R.hECl(Bu PCH, H CMeC'HzCH PBu ) is not fluxional

2
‘bu-b it very slovg.y losges &:_'uydrogen to g:l.ve the olefin complex

Rhe1 (Bu® ZPC’HZCHZP(—CHZ)CH CHZPB"' 2) (ref. 32). , D )




In addition to the metallation of ligands which contain phogphorus atoms a
number of ligands containing nitrogen donor atoms have alao been snown to undergo
metallation reactions, Thua metallation of 2~(CHRZ -CR )py occurs on reaction with
Rh % (PBu",), to afford th2(0R =0R'C, 4N)(PBu 5)p (R (R',8% = E or Me; ' =&,

R% = Ph or CgH,OMe-p; X = C1 or z), he derivat:.va e (ca_cnosa N)(pBa®,),
reacting with bromine to give RhEr (cn*cnrc N)(PBu 3)2 (vef. 33). Metallation

Me

~ |

NN e W | ~_
Me b
(10) (11)

of the ligand (10) occurs on treatment of M 501 (c8 1 4) (M = Rh, Ir) with 1=cy3

and (10) in refluxing benzene to give (11) (ref. 34), and treatment of the
aldimines (12) with RhCl(PPh3)3 in THF at 55°C gives the yellou air~atable
complexes (13). The use of these derivatives in hydroacylation has been

HC R (=R
R=Ph, p-MeOCH,, H
p-CICH,

(12) (13)

|

j Raofarancas n RA
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demonsirated. Thus reaction of (12, R = Ph) with a catalytic amount of
P.hCl(PPh3)3 in THF under a pressure of ethylene followed by hydrolysis of the
reaction mixture affords propiophenone (ref. 35). Metallation reactions are
also of importance in the formation of N-ethylaniline and 2-methylquinoline
from aniline and ethylene catalyzed by Rh013.3HéO and PPh3 as illusgtrated
below (ref. 36).

NH,

——Z
x
N

H,
RhX C,H, N H
_H — Rh”
Rh Ny
~

C,H,

N Me RhX N_ve N
-RhX N
O C,.H, R{]—X

+
2C,H,
| Sy e g——

An unusuel set of complexes []’IZ(C6HBRN=NH)2(CO) 4(1'1'1:3)2j|[£m'4]2 results from
the reaction 11-2(00) 6(PPh3) o, With p-substituted aryldiazonium salts. These
complexes are diamagnetic and presumably contain iridium—iridium bonds. They

s s s ) (¢ 0 Ru—
undergo deprotonation with EKOH in ethanol e.g. [Irz(CsﬂsRN—NH)2(00)4(PPh3)2]
£ = i
[EE4]2 affords the neutral complexes Ir2(06H3RN N‘H)Z(CO) 4_(1"I'h3)2 and reactions
of the dicationic species with halide ions results in cleavage of the iridium—
carbon bonds to afford IrZClz(N=NC6H#R)2(PPh3)2 (ref. 37).

—~— .
The complex Rh(06 Pth)(PPh3)2 has been shown to catalyze the decompogition

H
2
of formic acid to CO, and H,, equations (7) - (9) (ref. 38).

( ) 7y
Fh C6H4PPh2)P2 + HCOZH———)Rh(HCOZ Py 7)

Rh(HCOZ)P3——) RREP + CO, » _(8)
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-~
0
~

Rhm?3 + HCOH ——— Rh(Hcoa)P3 +H,

(= PPh3)

An effective new approach has been described for the determination of some
transition metal-alkyl bond dissociation energies and it has been applied to
determine the first direct estimation of cobalt-carbon bond dissociation energies
in some organocobalt compounds. Thus determin_ation of AHO for the reaction

described in equation (10) in combination with available data for the heats of

1
Co(cmMePh)(amgH) ,py = Co(amgH),py + PhCH = CH, + i, (10)

formation of styrene and of the PhCHMe radical gives a value of 19.9 kecal/mol
for the cobalt~carbon bond dissociation energy of py(dmgH)ZCc-CHMePh using the

thermochemical cycle:

o}

AR
py(dmgH) ,CoCEMePh = py(dmgH),Co + PhCH = CH, + 3H, 22.1
PhCH = CH, + %—HZ = PhCHMe -2.2
vy (dmgH) ,CoCEMePh == py(dmgH),Co + PhCHMe 19.9

The reaction in equation (10) probably proceeds via rate-determining homolytic
cleavage of the cobalt-carbon bond and since the reverse of this reaction proceeds
with very small activation barriers, the activation enthalpy for equation (10)
should be close to the cobalt-carbon bond dissociation energy. Studies of this
type suggest that the cobalt-~carbon bormddissociation energies in organocobaloximes
are higher than those in correspond:izyg' organocobalamins and that the cobalt-
carbon bond dissociation energies of alkylcobalamins do not exceed the range

20-30 kecal/mol (ref. 39). Steric effects of the corrin ring are considered to

be important in promoting homolytic cleavage of the cobalt-carbon bond of
organocobalaming and the unusually long cebalt-carbon bond found in CoPri{dmgH)zyy
together with other data show that there is a clear relationship between cobalt-
carbon bond length and the number of substituents joined to the carbon (ref. 40).
X-ray studies on the complex CoHe(dmgH)aPth together with other data also show
that ligand steric gize is an important factor in determining the degree of
bending of the dmgH ligand (ref. 41), and the coordination of the axial 5,6~
dimethylbenzim:’;dazole ligand of alkylcobalaming is dependent on the size of the

alkyl group, most secondary a]kylco'balamins exigting mainly in the “base—off"
form in neutral solution (ref. 42).
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Various secondary alkyl— and cycloalkylcobalamins have been prepared by
reactions of olefins, alkyl iodides and bromides with hydridocobalamin. The
secondary and higher primary alkylccbalaming undergo sterically induced spontaneous
dealkylation via syn beta-elimination. 1In general they are more stable in acidic
media while in neutral or alkaline solution the axial base iz coordinated and
resulting conformational changes of the corrin ligand accelerates cobalt-carbon
bond cleavage (ref. 42). Organccobalaminsg have also been obtained by oxidation
of straight-chain aliphatic carboxylic acids and certain dicarboxylic as well
as branched carboxylic acids to organic radicals in the presence of wvitamin
B12r.
tertiary alkylcobalaming, vitamin B12r acts as a selective scavenger of primary
alkyl and omega-carboxyalkyl radicals (ref. 43). Fluoroalkylcobalaming have
been prevared by the alkylation of cobalamin with CF3I’ CHF.Cl or related

As a consequence of gieric effects and the instability of secondary and

2
compounds and cobalamin reacts with trifluoromethylcobalamin to give success-—

ively the CHF,, CH,F and Me cobalamins (ref. 44).

The cobalt(I)-phthalocyanine anion has been shown to be different from
cob(I)alamin and other strong nucleophiles by not undergoing nucleophilic
additions. Instead the cobalt(I)-phthalocyanine anion only reacts via nucleo-
philic substituition, resembling I in its selective behaviour and is thus to be
regarded as a very strong soft nucleophile (ref. 45). Prolonged reaction of
methyl-p-bromobenzoate with cob(I)inamide has been shown to give a low yield
of the methyl ester of p-carboxyphenylcobinamide (ref. 46). Reduction of
Co(salen) with lithium and sodium métals in THF affords the bimetallic systems
Co(salen)Na(THF) and Co(salen)Li(THF)1 _5 vhich are active in carbon dioxide
fization (ref. 47).

An organocobaloxime has been used to obtain isotopically labelled amino
acids, equations (11) and (12) (ref. 48).

%* DTE *__ ¥
(Co)CE,R — > RCE,COH (11)
co,
N H
*x % oTA * %
RCH,COHE — =~y H,NCH,COHE (12)

(D®E = dithicerythyritol, R = phthalimido)

A novel cycloaddition reaction of acetylere with cobalt{(TIT) complexes of a ’
tetraazal14 Jannulene complex was mentioned in the Annual Survey for 1976 and
the full paper on the synthesis and X-ray sfructure of the product, equation
(13) has now appeared (ref. 49).
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= (13)

(c=¢ 1s acetylene)

The reactions of radicals with cobalt(II) complexes can provide a route to
organocobalt(III) complexes and a study has been made of the reactions of cobalt(II)
tetraphenylporphyrin and (IR,2R)—N,N1~disalicylidene—1,2-cyclohexanediaminatOncobalt
(11) using (8,8)=(~)=,R,R)={+)~, and mego-1,1 ~diphenylazoethane, PhMeCHN=NCHMePh,
ag a radical gource. It appears that the PhCHMe radical is stereoselectively
gtabilized by the cobalt(II) complexes (ref, 50). The reaction of Co(dmgH)gpy
with reactive alkyl halidea e.g, alpha~halogenoesters and related compounds in

the presence of zinc in a8 non~aqueous solvent gives alkylcobal-ximes in yields
which are generally superior to thoge of conventional synthesis. The proposed
mechanigm of the reaction is outlined in equations (14) -~ (16) (ref. 51).

Co(dmgH),py, + RX—) CoX(amgH) by + R + py (14)

R + Co(dmgH) ,py ;—~—-9 CoR(amgH) by + Py (18)

20ax(dmgH)2py + Iy QCo(dmgH)zpy +2X + Zn
The negative ion mags spectra of the cobalt complexes Co{oaben), Co{salen)

and Co(salophen) in the presence of methane leads to incorporation of a methyl

group into the cobalt(II) compounds, e.g. equations (17) - (19) (ref. 52).

Co(salen) + & ——3 Co(salen)” (7
co{aalen)” + CH4-—~;COH(Me)(sa1en)' (18)
CoH(Me)(salen) ———3 H + CoMe(salen)” (19)

Peeudohalides have been ghown to react with alkylcobaloximes to give labile

| complexea CoR(CNX)(dmgH)2 (X = 0,8,8), the linkage isomers preference being
. dependant upon X, the alkyl group K, and the solvent. The inert pseudo halide

complexes Co(CNS)(dmgH)zN (N = nitrogen donor ligand) and Co(SeCN)(dmgH), N
react with alkylcobaloximes CoR(dmgH)z(Hao) and CoR(dmgH)2 to form neutral
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pseudohalide-bridged dicobaloximes (d.mgH)zRCo—(CNS)—Co(dmgH)zN and
(dmgH)ZRCo—(NCSe)—Co(dmgH)zN, both linkage isomers of the thiocyansto-bridged
system existing. The ligand bridged dicobaloximes partially dissociate in
chloroform solution, the degree of dissociation being dependent upon R, CNX,
and N, more stable dimers being formed when R = CF_ rather than Me and N =
pyridine rather than piperidine. Oligomers of the type (14) are formed by the
reaction of Co(CNS)(dmgH)zN or Co(SeCN)(dmgH)zm'with CoR(dmgH)2 in the presence

(amgH) 2RCo[-(Cl‘IX)Co(dmgH)z—]n(CNX)Co(dmgH)zN (14)
(n=2,3; X=8, se)
of trace quantities of cobalt(II) (ref. 53). Chelate cobalt(III) complexes
containing the pseudohalides, C==CR, C(CN) ’ CHéNO have also been reported
(rer. 54) and azidochelate cobalt(IIT) complexes CoN, (N—N)PPh3 N-N = disnion
of MN,M -o—phenylenebls(sallcy;ldenlmlne), have been shown to react with
isocyanides to give cobali-carbon bonded tetrazolate complexes e.g. (15). The
compound 2-isocyanoethanol affords tetrazolato or azidooxazolidin-2-ylidene

CoC=N-N=N-NCy (N-¥) (cNcy) (15)

complexes (16), depending on the nature of the chelate ligand, the solvent and
the trang - basal ligend (ref. 55).

CoCNHCH,CH,0 (N3) (chelate) (16)

Organocobalt(III) complexes car undergo cobalt-carbon bond cleavage by any
of the three reaction types illustrated in equations (20) - (22). Results of a

CoR(chelate)——3 RT + Co(I)(chelate) (20)
CoR(chelate) —) R + Co(II)(chelate) (21)
CoR(chelate)——3 R~ + Co(TIT)(chelate) (22)

study on the mechanism of the base-catalyzed methane formation from methyl(aquo)-
cobaloxime have shown that all simple alkyl(aquo)cobaloximes undergo cobalt-—
carbon bond cleavage in aqueous base with generation of cobalt(III) complex

{ref. 56).

Homolytic cleavage -of a cobalt-carbon bond, egustion (21), upon photolysis of
an organocobalt complex is a well documented process but much remains fo be °
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clarified concerning the nature and the fate of the radicsl psir initially
formed and the effects of equatorial and sxial ligands. Photolysis of alkylsted
cobalt complexes of 1,19-dimethylead~bisdehydrocorrinato, CoR(BDHC), results in
an apparent heterolytic cleavage of the cobalt-carbon bond, the radical pair
generated upon photolysis undergoing elsctron tranafer to give the cobalt(III)
complex and a carbanionic intermediate which is readily protonated, equations
(23) (vef. 57).

hr Hy0
RCo(III) &= R.Co(II)~—-3 RCo(III) —3 RH + Co(III) (23)

The photolysis of seversl alkylcobaloximes, cobalaminsg, methyl salen, and
coenzyme 312 in protic solvents has been studied by ESR and spia~trapping
techniques and it is apparent that during photolysis hydrogen atoms are probably
abstracted from the C(10) position of the corrin equatorial ligand in the case
of coenzyme B12 and cobalamin derivatives (ref. 58), Photohomol:ais studies of
alkyleobslaming ghow that there are no long~lived homolysis precursors in either
methyl- or adenogylcobalamin and previously obgerved varirtions in the cobalt(II)
EPR aignal are a consequence of secondary radical reactions (rei, 59).

Whereas (bydroxyslkyl)cobaloximes are stable in both scidic and bagic meaia
(B—hydroxyethyl)cobaloxime readily decomposes under these conditions, equations
(24) ana (25). Kinetic studies have been carried out on the cleavage and

H+
Co(CHacHQOH)(dmgH)z(HEO)Mw—)Co(dmgH)z(H20)2+ + Cyfl, (24)
O™
« Co(CHacnaon)(dmgH)z(Hzo)m—-) Co(d.mgH)g_ + MeCHO + 2H,0 (25)

rearrangement reactions of (B~hydroxyalkyl)cobaloximes in acid solution and it
is apparent that slthough PB~hydroxyethyl derivatives evolve ethylene,
B~hydroxy-n- propyl snd P~hydroxyisopropyl derivatives undergo reversible
igomerization prior to olefin release by a mechanism in whieh the olefin is
m~bonded to the cobalt complex. Cleavage reactions of the 3F2~substituted
maerocycle are much slower than for the bis(dimethylglyoxiuato) complexes
(ref. 60).

The hemiacetal of formylmethylcobalamin, ethoxy-2-hydroxyethylcobalamin (17)
has been shown to be formed from both the deacetalization of the 2,2~diethoxyw
ethylcobalamin (18) and from the catalyzed acetalization of (19) in alcoholic
gpolutions containing EtBN. Formylmethyleobalamin (19) can aleo be formed from
the alkaline deacetalization of (17) and (18) (ref. 61).

: [coTor,cH( o) (0R) (17)
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[colcE,CcH(0R), (18).
[ColeH,CHO - (19)

The electrochemical reduction at mercury and platinum electrodes of a number
of periluoroalkyl (Rf) and alkyl (Rh) cobalt(III) complezes containing quad-
ridentate salicylaldimines CoR(salen) have been studied. BEach class of complex
undergoes reduction as indicated in equation (26), the perfluorcaliyl complexzes

co(TTT)R( salen)—_e_) co(TT)R( salen)'—e) CO(I)R(salen)z- (26)

being reduced most readily. The CoRf(salen)- species are more stable than the
alkyl complexes but they do decompose-to perfluorocarbanions and Co(salen).
The alkyl anions CORh‘salen)- rapidly give Co(salern)” and the alkyl radinal.
The dianions CoRf(salen)z- and Coﬂh‘salen)z- are exceedingly unstable and
decompose rapidly to Co(salen)” (ref. 62).

Oxidative cleavage of the cobalt~carbon bond of organocobaloximes occurs with
inversion at the alpha-carbon. The mechanism of this reaction occurs via one-
electron oxidation of the organocobaloxime followed by nucleophilic attack at
the alpha-carbon resulting in the observed inversion of configuration, equation
(27). The radical cations CoR(dmgH) 2L+ have been gemerated by chemical
oxidation e.g. with Br,, Pb0O,, and Cce(IV) or electrochemical oxidation of the

X X
coR(amgH),,(E,0) _Z)COR(dmgH)Z(HZO)-l-__)Co(II) + RX (27)

cobalt(III) complexes CoR(dmgH)zL and EPR studies of the radical cations
CoR(dmgH)2I+ support their formulation as organoccbalt(IV) complexes (ref. 63).

A study of the cleavage reaction of organocobaloximes with iodine in chloroform

CoR(dmgH)z(HZO) + I,—RI + CoI(dmgH)z(HZO) (28)

(R = Me, Et, Pr%, Prt, CH,C1)

and methanol, equation (28), revealg that the mechanigm proceeds via a pre—

equilibrium involving the formation of a 1:1 adduet, eaquation (29); the rate

CoR(amgH) ,(H,0) + I,== CoR(amgH),(H,0)-I, - . . - (29)

determining step probably consisting of an intramolecular transalkylation

{res. 641,
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Allyl~ and gllenyl-cobaloximes have been shown to Teact with CBrcl3 to give
444,4~trichlorobutene and 4,4,4~trichlorobutynes respectively ss indicated

below, 1

R
Rg"’““““"‘“"< 3
il
COL,eN
0013cm !
RZ_,_,__ /<
CBr, RO
OB
.
R
CCl.C0, Me 2
'R%C = CR3CH200(dmgH)2py L2 > R J</
23
CHBrQCN 0012C02Me
131
CHBr5 RZ““‘“‘*‘*‘*"{T
R3
CHBrCN
5!
Rr? *d__~-u~*4f?
R3
CLIBr2
Br CCH.C=CH
CBr 3 2
W N00012CH205-‘.CH
Co( dmeH) Py 001,00, te
T ——l s Me0,007L,0H CCR
CHBr
3
Br,,CHOH,C=CH

Other polyhalogenomethanes hehave aimilarly. The reactiong are believed to
involve novel chain processes (ref. 65) and alkylcobaloximes CoR(dmgH)zpy have
been ghown to react with other organic compounds which zre considered to be good
radical precursors e.g, thsz, Ph28e2 and alkylsulphonyl chlorides to give the
products R-SFh, R~SePh and R-Soanﬁ (rvef. 66), Allylcobaloxines have alao been
ghown to react with ethylbromomalonate under very mild conditiona to yield
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allyl—-substituted ethylmalonates in good yield. Propargyl- and allenylcobaloximes
react with BrCH(COZE‘I:)2 to give allenyl- and propargyl-malonic ester respectively.
Similar rearrangements are observed_in reactions of crotyl-, 3,3-dimethylalliyl-,
and cinnamyl-cobaloximes, the substitution occurring with total rearrangement

of the allyl groups (ref. 66). Methylcobalamin has also been shown to react

with various methyl derivatives of heavier metals e.g. Hg, T1, Pb, Sn, Te, P,

As, Sb, equation (30) (ref. 67).
+ +
R M(OH,)” + MeCo—> R _MMe + H,0-Co (30)

The base catalysed hydrolysis of disulphides, equation (51), has been found
to be accelerated by COMe(dmgH)z(HZO) and lead to the formation of Co}ie(dmgH)z(SR)—

RSSR + OH ——> RS~ + RSOH ———) stable products (31)
This acceleration is prevented by a large excess of pyridine suggesting that
disulphides coordinate to CoMe(dmgH)2 at the axial ligand position although

such interaction could not be detected by spectroscopic-technigues (re:f.‘. 68)-

Metal carkene compounds

Cobalt stabilized carbenes have been obtained by reactions of organolithium

compounds as cutlined in equation (32) and (33) (ref. 69).

RLi

CoGePh_j(CO) P co(RCOLi) (GePh3)(CO)3 (32)
Et,0 3:

Co(RCOLi)(GePhj)(CO)s —__}CO(RCOEt)(GePhj)(CO) (33)

(R = Me, Et, Pr", Bu", Ph)

A variety of complexes with bridging carbene ligands have been reported
during 1979. Thus treatment of the lactone complexes (20) with mono- or di-
haloacetylenes affords examples of complexes (21) which contain two different
carbene bridges (ref. T0). Bridging heteromethylenecobalt complexes have been
prepared by photolysis of 00(00)20p with diazo compounds. Thus diazoacetates
and 00(00)20p afforda the brown bridged methylene complexes (22) along with the
green complexes (23). The triply bridged complexes (23) undergo an irreversible
rearrangement in solution to give the bridged methylene complexes (22) (ref. T71).
Photolysis of N C(COR)LCOR )} in the presence of Co(CO) ,Cp affords the complexes-
(24) which on thermolysis with Co(cO) -Cp give the complexes (25) (xef. T72).

The mass spectra of gseveral bridged mefhylene complexes have been reported
(ref. 73) and the electronic energy 1evels‘of,cﬁ(oc)Rth;cnzjgh(éo)CP have been



R 0

R4 0

ec;\ R1 = H R2 = H Prn,Bun n-pentyl, ph
(DC)3C0\%-~/!b(ﬂms - ’ ! ’
(20) B = cl, & = Bu”
| RCRY CHy 255 - oy 2% - o, 2%,
-1, B* =1, B
2
o RO
'

3 1
N 0
/
(0C);C0®c°(co’a
(21

Co(co),cp + NyCH(cOR)

heat nv, THF, < ~ 90%
Cele

cp(0c)co(~CHCo,R)Co(C0)CP CpCo(y=00) ,{~0CORCH) CoCp
(22) (23)

described by a correlation diagram of energy levels of a CH, group and
cp(0C)RNEN(COICp (ref. T4).

PR 1
cploc)cooc(R)e(cor' ) o 6p(0C) 0o} u~C(C0R) (cor' M Co(no)Cp
(24) (25)

(R = Me0, EtO, MeBCO)

(r! = Me0, EtO, o500, He)

19
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Metal isocyanide compounds

Reactions of [Co(CNR),IK,.xH,0 (R = aryl; X = C10,,BF,) with P(0R'),
(R1 = alkyl, aryl) and triarylphosphines have been investigated, reduction/
disubstitution is strongly favoured leading to products such as [Co(CNR)zzP(OR1)3£2]X
(ref. 75). The arsine complex [Co(CNPh)S(AsPh3)2]CIO4 has been obtained in a
similar way (ref. 76). Photolysis of Mn2(00)10 in the presence of [COZ(CNMe)1O]

4+

does not give any detectable amount of the expected heterodinuclear species
[(PIeNC)SCoDm(CO)5]2+ (zef. T7).
The complexes [M(CNR),(TCNE)IX (M = co(1), Ru(1); R = Me, Bul, 4-MeOCGH, 3
X = €10,, PF;, BPh,; not all combinations) undergo TCNE rotation coupled with
Berry pseudorotation, activation parameters have been measured by line-shape
analysis of 'H NMR spectra between -20 to 70°C. The Ea values for cobalt complexzes
are larger than the very low values observed for [Co(CNR)5]0104 which undergo
Berry pseudorotation alone, suggesting that TCNE rotation is a significant
contribution to the rearrangement barrier in the TCNE complexes. The Ea and
AS% values of the [M(CNR) 4(TCNE)]X complexes are almost independent of steric
and electronic effects of the isocyanides, but are dependent on the bulkiness
of the counteranion with E  increasing in the order C10, < PFg < BPh4 (ref. 78.).
The reaction of CNBu® with [RhCl(CO)2]2 in various solvents occurs in stepwise

fashion according to Scheme 1, deduced by studying the evolution of CO and

oc L oc L L L
+L \ / 4L \ / +2L \ /
z[ReC1(CO),], ————> Rb Rh

C/ \ c1 - L/Rh\ c1l h / \L

Cli

o]

(L = cNBu®)

SCHEME 1

measuring the conductances a2nd IR spectra of the solutions. The two intermediates
were isolated as blue-black solids, there was no evidence for any species with
composition between RhCl(CO)(CNBut)Z and [Rh(CNBu®) 161 (zef. 79). Reaction
of [Rh01(1,5—cod)]2 with 2,6-disubstituted phenyl isocyanides does allow isolation

of the complexes (26), only (26 a) reacts with excess isocyanide to give the ionic

CNR (26 a; R = 2,6—I-Ie2C6H3)
(26 b; R = 2,4, 6-Me3C6H2)
RNC Rh——CNR (26 ¢; R = 2,4,6-BF CeH,)

Cl
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complex [Rh(CNR) ]cl which self-associates in soiution. Complex (26 ¢) reacts
with Bu3c632Nc in the presence of AgPF, to give [Rh(CNR)4]PF (R—BuBCGHZ) which
does not associate in solution due to the bulkiness of the isocyanide ligands.
The crystal structure of (26 ¢) shows that the isocyanide phenyl rings are

perpendicular to the RhC_Cl plane, and that steric interference between the But

groups prevents associat?on through Rh—~Rh interaction (zef. 80). The crystal
structures of complezes [Rh(CNR)4]X (R = 4-FC.H,, 4-NOC.H,5 X = C1, 0104) show
that the chlorides are metal-metal bonded dimers with Rh-Bh distances of 3.207
and 3.25 2. The perchlorates are monomeric (ref. 81). Similar dimerisation
is observed in the complexes [Rh(CNR)4]X (R = Ph, vinyl, Et,Me; X = Cl, PF,,
BF4, 0104) in solution. The crystal structures of the two complexes R = Et;
X =Cl and R = vinyl, X = ClOl1 confirm the presence of linear chains of Rh atoms
(ret. 82).

The photosensitive and deepnly coloured complexes [Rh (z-1) ]X gL—L = CN(CHZ)nNC,

n = 3-6, 1,4-(CNCE )2 6107 1—3—(CNCH2)2C6H3; X = Cl, BF,, PF6 or BPh f are
obtained by treatment of [RhCl(1,5—cod)]2 or [RhCl(CO)2]2 with the dllsocyanlde.
/___X—'\ —
L 'L L 1

NC CN
\Rﬁ----}Qh‘\ RN )
/ “ / “ (CHZ)B h (CHz)a

o/

~— _ NC i

L-L = CN(CH, )oNC

‘n=3'6) 2
(27) (28]

Structure {27) is assumed from spectroscopic data, when n = 3 an eclipsed
conformation is expected but with longer chain lengths a staggered conformation
is possible. In solution the dinuclear complexes aggregate to form oligomeric
species, this tendency falls off with increasing chain length in the diisocyanide.
When n = 8 the monomeric species (28) is obtained. Reaction of the rhodium
diisocyanide complexes with DPM displaces two diisocyanide ligands to give
trang - [ha(L—L)Z(DPM)2]2+, substitution reactions with other \phosphines also
occur (ref. 83). .

The position of the lowest allowed electronic transition in [Rhe(L—L)4]2+
(I-L = binucleating diisocyanide) varies with the rotameric configuration of the
:ompléx.’*Reaction of these complexes with H2 in acid solution yields Rh4H24+,

#hich is a possible intermediate in the H_- — producing photoreaction of

2

23&535259;854
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[Rha(L~L)4]2+ in aqueous HC1l solution (ref. 84). The crystal structure of the
complex [RhZCIZ(LL)4]Clz.8H20 isolated from aqueous HCl shows that it contains

r
I/'_

L
\ NS
ct IRh IR,
L & (29)  LL=CN(CH,),NC

\L\/__/L Lo

the linear C1Rh TRhITc1%* unit in the cation (29) (ref. 85).

A convenient new route to the diphosphine-bridged dimers [Rha(CNR)4(dppm)2]2+
via direct reaction of the ligands with [RhCl(1,5—cod)]2 has been reported. The
dimers react with trifluoromethyl disulphide to give rhodium(II) complexzes (39),
whereas rhodium(IIT) species (31) are obtained with (Phs)z, (PhSe)2 and (C6FSS)2.

i CtNR ]
PIth : PPh, Ph, |
CN CNR P X
F.CS—— Rh.—— RhZ—SCF, <>Rh<
ane? I Nnd P I X
Ph,P PPh, | Ph: oeng
‘\\\,//’
(30) (R=Me, Bu") 31 (R=Bu"; X=SPh, SePh, SCF.)

The corresponding diarsine-bridged dimers [ha(CNR)4(dpam)2]2+'are obtained
by adding an isocyanide to RhZCIZ(CO)Z(dpam)2 and precipitation with Na[BPh4].
They react with iodine to give rhodium(II) dimers (32) (ref. 86).

— -2+

Ph Al\s/\?sPh
CNR CANR
e /

1— RH—T1
e’ | mnc?| o
AsPh, (32) (R=8Bu, Cy)

L PthS\\v//,
Disulphides and diselenides react with Rh(CNR) 4+ affording trans—[Rh(X)z(CNR) 4]+
(X = SCF, SPh, SC4F; oF SePh; R = Bu® or CgH,) (ref. 86). Todine and bromime -

5
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are known to undergo aimultaneous two-centre oxidative addition reactions to
Ra(CWR),* formivg [X(RNC),RRA(CNR) 4x]2+, the first case of three-cenbre
oxidative addition hag now been reported., Addition of 1 mol of iodine to % mol
of [Rh(CNCHzPh)4]+ produces the eation (33) in 85% yield. The X-ray crystsl
gtructure of the Br3' galt of (33) has been determined, the Rhy unit is linear
with Rh-Rh 2,796 % and the four igucyanide ligands on adjacent rhodium atoms are
atagegered by 380. In golution the cation (33) dissociates into the smaller
{ ragments [RhZIE(CNR)8]2+, [Rh:r?_(crm) 4]“ and Ru(CNR) 4* (ref. 87).

i L L 1*
L L
l L 4\\ /’ ‘\ L
: Rh/ e Rh/ : (33) L=CNCH Ph
L/l! L/ \L L/ \L =
L. .

Bis~subgtituted rhodium(I)polypyrazolylborates have been prepared and rhodium(III)
derivatives obtained by oxidative addition reactions rng shovn in Scheme 2,
(ref. 88).

Zn [BEt,P2,]
RhLL,(C0O), ————>  (0C),Rh[BEt Pz,]

l RNC

1, (RNC) RRLBEH P2l __ g,
(RNC), Rh[BEt, Pz,]1, lne, (RNC),Rh [BEt, Pz, 1HgCl,

(RNC), Rh [BEt,Pz,] (Me) I
R=Bu', 4-MeC H,,

or &-MeC H, SO,CH, SCHEME 2

The kinetics of oxidative addition reactions of iodine to [Rh(CNR)4]01O4
t
(R = 2,4,6-—Me306112 and Bu") (ref. 89), and to Rh(SacNMez)(E,d,G-Me306H2NC)2
(ref. 90) have been studied. Both reasctions proceed via a charge transfer
complex between the reactants.
Like its rhodium anslogue, the complex [Ir(CNMe)4101 oligomerizes in solutien,
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The oligomers are readily cleaved by visible or UV irradiation, the monomers
then readily add ligand or solvent to give 5-coordinate complexes (rer. 91).
The X-ray crystal structure of Ir4(CO)11(CNBut) bas shown the complex to be the
first exa$§le of an Ir (CO) derivative containing no bridging ligands. In

solution C NMR spectra establish that carbonyl scrambling occurs through a

triply bridged intermediate (refs. 92, 93).

Metal carbonyl and related compounds

(a) Homomiclear carbonyl compounds

Molecular orbital techniques have been applied to various aspects of first
row transition metal carbonyl chemistry. A modified extended Hﬁckel approach
has been used to predict the geometries of [00(C0)4] (n =-1,0 and +1), and the
unbridged forms of Co,(CO)g (ref. 94). TUsing the same approach, enthalpies of
dissociation for 002(00)8 and CoH(CO)4 have been calculated (ref. 95). The
interaction of Co atoms with CO and PF3 have been studied by ab initio methods
(ref. 96). The electronic absorption spectra of the open shell molecules M(CO)4

= Co, Rh, Ir) have been measured end both g - t (d) and 4 -» 7* transitions
observed (ref. 97). The 17O and 13C NMR chemical shlft parameters for a number
of metal carbonyl compounds including 002(00)8, C°2(co)6(Ph02Ph)2’ PhCCo3(CO)9,
Co(CO)ZCp and Rh2012(00)4 have been measured (ref. 98).

Cocondensation reactions of Co atoms with CO/O2 mixtures at 10 - 12K give the
complete series of mixed carbonyl-dioxygen complexes Co(CO) (02) (n =1-4), as
well as the parent molecules CO(CO) (n = 1-4) and uO\O ) {m =1,2) (ref. 99).

Substitution reactions of Co (CO) with a variety of phosphlnes have been
studied. The complexes Co (CO)GL [L = PBuz, PHBuZ, P(SlMe3)3, P(GeN93)3,
P(SnHe ) and PBu. (SlMe )] have been obtained by direct reaction of L and Co (CO)
(zerf. 100). The amlno(dlfluorophosph_ne) PhN(PF ) (pnpf2) reacts with 002(00)
to give Coa(co)z(pnpfz)3 (34; T = €c0O) and Coz(pnpfz)5 (345 1 = monodentate pupf2).
With Co4(CO)12 the complex Co4(CO)6(pnpf2)3 was isolated (ref. 101). The tetra-

Ph
PN
F,P PE,
l ' (34)
L Co Co

FP_ KPR PF PR
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tertiary phosphine C(CH2PPh2)4 (tdppm), vhich acts only as a tridentate ligand,
undergoes a disproportionation reaction with 002(00)8 to give the salt (35), the
[00(00)4]- anion can be exchanged for PFG' using NH4PF6. Complex (35) reacts

with NaBH4 or NaBD4 to give the hydridocarbonyl (36) (Scheme 3) or its deuteride.
Liquid NH3 gives the carbamoyl~carbonyl complex (37) or the hydride (38) dependine
on the reaction conditions (ref. 102).

(0,(CO),+ tdppm — [Co(CO, (tdppm)] [Co(CO)] [Co(CO) Atdppm)]PE,
(35) \
NH,/20°
NaBH, ot NH,/60°
Co( tdppm)
oc/
(3N
H Ph, H
| A “SC(CH,PPH,BH ™ Coltdpp
0("‘(0.\\~ Jz / ol tdppm)
| P H2 oc
co Ph (38)
| (36)
Scheme 3

E The unusual paramagnetic complexes (39) are obtained by reacting Co (CO) with
‘ 2,3~big(diphenylphosphine )maleic anhydride and its derivatives (PP) Formal
electron counting would glv% cobalt one electron more than a cloged shell in the
Ph,
P2

(00)300 X X = 0,5,CH,, or NMe (39)

+5,CH,
P
Phy
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complexes (39), btut ESR, IR and an X-ray crystal structure determination of (39)
(x = 0) show that the unpaired electron is localized on the phosphine ligand.
With iodine, complexes (39) are oxidised to the iodides [Co(CO)3PP]I, and neutral
complexes Co(CO)(NO)(PP) are obtained by reacting c°(co)3(1\ro) with PP (ref. 103).
The photocatalytic activity of the dimuclear complexes Coz(CO)st (L = PBug,
P(OPh)j) has been studied. Irradiation of Coz(CO)6L2 in the presence of l-pentene
results in 1little net reaction, but addition of SiHEt3 dramatically enhances
photocatalytic actiivity strongly suggesting that the active catalytic species
for alkene isomerization are the hydrides CoE(CO)3L rather than the 17-electron
radicals Co(co)3L (ref. 104). Kinetic studies of CO substitution reactions in
the clusters Co,(cC),, [P(0Me);], (n = 1,2) by P(OMe); show that parallel
dissociative and ligand-dependent paths operate for substitution in 004(00)10—
[P(OHe)jjz, but for the n = 1 complex the reaction rate is strongly dependent on
P(CMe). concentration (ref. 105).

The [00(00)4]_ anion is rapidly and cleanly obtained from 002(00)8 by reduction
with the readily available trialkylborohydrides LiBHEt._, LiBHBuS and KB s
(ref. 106). Manganese metal in THF reduces 002(co)8 to [M_n(THF)6][Co(CO) 4]
(ref. 107). Theoretical studies of the bonding in Co(co)4‘ and Co(N2)4— show
that back-donation is of a similar order in both complexes and increases in the
series Ni < Co < Fe for the corresponding isoelectronic conplexes (ref. 108).

Blectrochenical sgsynthesis of the zerovalent complexes CoL,, I = P(OPri)3
(ref. 109) and I = P(OPh)3 (ref. 110) has been achieved, parzmagnetic suscept—-
ibility reasurements are consistent with the presence of one unpaired electron.
An unstable diamagnetic sald Na[CogP(OPh)3i4] could be obtained by further
electrolytic reduction, and the complex CoL,, L = P(OPrl) appears to form p-bonded
organonitrile complexes COLj(ﬁ—RCN) (R = Me, Ph) in solution. Cocondensation of
Co vapour with aminodifluorophosphines give Coz[MeN(PFZ)ZJS and Coz[MezN(PFZ)]Z—-
[MeN(PF2)2]3, the latter being obtained from a 4:1 mixture of MezN(PFZ) and
HeN(PF2)2 (ref. 111). The reaction between 002(00)8 and excess pyridine-2,6
dicarboxylic acid (dipicEé) produces the polymeric complex [Co(dipic)]n, whereas
with pyridine—2-carboxylic acid (picH) the salt [c°2(picn)3(pic)3]co(co)4.3nzo
is obtained (ref. 112).

Cocondensation of Rh and Ir atoms with CO/inert gas mixtures allows the syn-
thesis and characterization of the complete series of binary complexes M(CO)n
(M = Rh, Tr: n = i=4). A careful 2nalysig.of the TR and UV-visible gpectroscopic
data using isotopically substituted CO suggests that Ra(c0), and If(co)4, like
Co(CO)4, are not strictly tetrahedral (ref. 113). The electronic spectrum of
eryochemically prepared RhZ(CO)B has been measured and compared with that of
Co,(C0)g. & o * o* transition is found to be blue-shifted from that in Co,(CO)g,

congigtent with the incressed bonding interactions of o(d) orbitals of Rh over
Co (ref. 114). A resppraisal of the metrix synthesis of Ir2(00)8 confirmg .its .
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existence in spite of an earlier error, unlike RhZ(CO)8 the iridium analogue
exists as an unbridged metal-metal bonded isomer, At 200K Ir2(00)8 decompoges
to an undefined material whose IR spectrum regembles that of CO ckemisorbed on
supported Ir clusters (ref. 115), It has been eatablished by electrochemical
and chemical techniques that the reduction of [Rh(diphos)2j01 occurg via a one~
electron transfer step to give the highly reactive complex Rh(diphoa)z, which is
capable of abgtracting a hydrogen atom from a variety of solvents giving
RhH(diphos)2 (ref. 116).

A new pentarmuclear anion [Rh5(00)141]2" (40) has been isolated from the
reaction of Rh4(00)12 with NBu,I or AsPh

4 4
by X-ray cryatallography. The anion (40) is unstable and reacts with Rh4(CO)12

T in 1:2 molar ratio, and characteriged

NP
L /Rh
\-\Rh /\Rh/ -=C0
./\ERh//\,
X (40)
N~

I\

to give the previously described [Rh6(00)151]~ and [Rh7(CO)16¢]2' snions (ref.
117). The bidentate ligands thP(CHZ)nPPhZ, n =2 (dppe} and n = 4 (dppb),

react with Rh6(00)16 giving Rh6(00)12(dppb)2, Rh6(00)15(dppe) and Rh6(CO)13(dppe}3.
In the dppb complex both terminal and face-bridging carbonyls exchange readily
with 1300 at 20°C, both P atoms of dppb are believed to coordinate to adjacent

Rh atomg., Under gimilar conditions 1300 exchange reactiong with the dppe complexes
vwere very slow, the face-bridging carbonyls were not observed to exchange at all.
In these complexes dppe is only monodentate, the free PPh2 group is believed to

be bound to a face~bridging carbonyl group (ref. 118).

2= +
The cluster complexes Rh4(CO)12, Rh6(00)16 and {Rh12(00)30] catslyse the
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P-C bond cleavage reaction of PPh3 to give benzene and PhCHZOH, HCHO is necessary
to obtain high vields of benzene (ref. 119). The behaviour of Rh6(CO)16 on the
surface of alumina, Mg0 and silica—alumina has been found to be strorgly dependent
on the mode of impregnation and the water content of the support. Surface OH
groups cause oxidation to 2 Rh(I) carbonyl species, from which RhG(CO)G can be
regenerated by CO in the presence of excess water. In the absence of CO,
reduction of the rhodium(l) carbonyl species by hydrogen or excess water leads

to metallic Rh, which can be reversed by -treatment with 02 followed by CO.
Catalytic cycles are proposed which account for the water gas shift reaction
carried out with Rh6(CO)16 supported on the various oxides (ref. 120).

130 NMR spectrum of [Rh7(CO)16]3- has been
achieved using specific 103Rh spin-decoupling. A%t room temperature 3 p2—carbonyls

A complete assignment of the

exchange with 3 terminal carbonyls around the outside of the metal polyhedron,
rzther than by an internal rotation of the metal skeleton within the carbonyl
polyhedron (ref. 121). The complex IrA(CO)1o(diars), (41), has been synthesized
and its structure determined by X-ray &iffraction. Low-temperature 13C NMR
studies show that three separate carbonyl ezchange processes occur over different

temperature ranges. For the lowest energy process, a new type of mechanism is

/ \ \ As As-As= 1,2-(Me ,As),CH,

(OC).Ir Ir —

c\ J— "Sasd

Ir= - - -
(co), 0 (41)

0

proposed involving movement of an edge-bridging carbonyl across a triangular
face to a new edge, coupled with edge—terminal exchange of two other carbonyls
(ref. 122). The reaction of LiBEE}t3 with Ir4(C0) 10 2t 0°Cc results in formation
of [1r4(CHO) (co) 1 1]" in solution, detected by IR and 'H NMR, which decomposes
smoothly to [Ir4H(CO)“]— on warming to 40%c (ref. 123).

(b) Heteromuclear metal-metal bonded carbonyl compounds

Spectroscopic studies on solutions of TlCo(CO)4 in a variety of solvents show
that both dielectric constant and basicity of the solvent influence ion-pair
formation. A direct cobalt to thallium charge—t:ansfer/band is observed in the
vigible region of the spectrum and IR spectra suggest that the ion—-pair T1+bo(co)4f
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has sv,éymmétry'(ref. 124). The unstable complex Co(CO) (HzCEH SiMe3) is obtained
from the reaction of chl(CBé81Me ) with Co (CO) or NaCo(CO) (ref. 125).

The 2951 NMR spectrum of Mes
shows a large downfield chemical shift relatlve_to (MeBSl)ZO (ref. 126). The
series of mixed metal-tin bonded complexes Clzsn(M)[Co(CO)4] (M = Hn(CO)S,
Mn(CO)4PEt2Ph, Fe(CO)ch) has been obtained by reacting c135nM with Tl(:o(co)4
(ref. 127). The salt NaCo(PPh3)2(SnPh3)2(THF)7 has been prevared from CoCl(PPh3)3
and NaSnPh_ but the analogous complex of the SiPh3 ligand could not be obtained

i(ref. 128). The monomeric complexes MeZAsCo(C0)4_n(PR3)n (R = Me, MeO) increase
- in stability n = 0o << 1 < 2. They act as Lewis bases forming arsenic-bridged

SlCo(CO) has been obtained, *he silicon atom

complexes with metal carbonyls (ref. 129). The X-ray structures of
[fCo(co)3P9h3£4sb][BPh l.cac1,, (ref. 130), and of [00(00)4]331 (ref. 131),

kzve been determined. The geometry of the bismuth compound suggests why a
tetrahedral cluster CoyBi is mot formed. Substituted complexzes [(00)3(EPh3)Co]3_n-
[(CO)400]nBi (n=0,E=P, As; n =1, E = Sb) are formed from ECo(co)4Bi]331

and EPh3 (ref. 131). A semi~bridging carbonyl group is found in the structure of

the niobium-cobalt complex (42), the relevant distances are Co~C 1.792, Nb-C

co
/ Cp
(OC)3C0 ¥ _—-"F (42)
\ c.-~ “Ncp
0

2.531&, and Co~Nb is 2.9923 (ref. 132). The reaction of chlorostannane or
éhlorogermane complexes of Co, Rh and Ir With heteropolyanions such as W SlO 40
lead to the first metal-metal bonded derlvatrves of these anions (rex. 133)

) The reactlons of MnCo(CO) with a number of perfluoromethyl compounds of the
tvne E (CF ) (E = P, As, n.—~4; E=S, Se, n = 2) and related compounds have
been studled. 4part from alréady known mono— and binuclear compounds, the
complexes (CO);Mn(p—E(CFB)a)ZCo(00)3k(E = P, As) are formed (ref. 134). Starting
from MezAs[Fe(CO)4][Co(CO)4] (43) the sequencé of reactions illustrated in Scheme
4 (L = PMe3, P(OMe) ) can be successively performed four times. The ligand L
can’ also -be. transferred to - the iron atom, 35 of the posslble 44 different
complezes were 1solated (ref. 135) ‘The complexes (er-dlen;yl)FeCo(CO)SL (dienyl
= Cp,‘MeCSHﬁ or C H# L= tertlary phosnhlne or ar31ne) in the solld state are
found 0. be elther CO—brldged, or wlth nonbrldged structures. 'In solutlon,
manj'exlst as equlllbrium mlxtures of the nonbrldged 1somer with several brldged .

tautomers,‘»he non—brldged 1somers are favoured by hlgher temperatures, bulky
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r1€32 r1i32 bd‘!z

As -
\ N N

Fe Fe ColL
(Co), (o), (cm,, (cm3 (o), (co),

(43)

Scheme &

ligands and for 093,, >> MeC_H, > Cp (ref. 136). Linear trimetallic complexes
PET,H, (H = Co(C0), or Co(C0) PPh ; T = Bu’NC or CyNC) have been prepared (ref.
137)-

Reaction of 1,1,2,2-tetramethyldisilane with 002(00)8 gives a complex mixture
of products of which only (44) proved isclable, but a number of other products
were identified spectroscopically including HSi Me4[Co(CO) ] (ref. 138). The
first example of a complex containing a diphosphide ligand symmetrlcally bonded
to two metal atoms has been found in Co (co) (PPh )(p. ~P ) (45), revealed by an
X-ray structure determination. The P-P bond length of 2 019(9)3 is close to the
estimated double bond length (ref. 139). The mono- and bis(triphenylphosphine)

Me,
Si P
™ R
(0C)Co —— (olCO)
NS | (0c), e cotc,

Si PPh,
Me,

(44) {45)

substituted derivatives of the related diarsenide complex 002(00)6(u—ASé) have
also been characterized by X-ray methods (ref. 140). ESR spectroscopy has shown
that the unpaired electron in the electrochemically generated radical anions
1 - -
= i
X,Co (CO) * {x PZ’ 4s,, BC, R ). and R R x06002(00)4 occupies a metal
orbltal whlch may be identlxled with the,orlentatlon of the bonding interaction

in the 'bent' Co-Co bond model for XECOE(CO)5 molecules (ref. 141).
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The‘room-temperafure reaction of Co (CO) with GeH 4, or of NaCo(cO) with
halogermanes, gives Ge[Co (co)7]2, whlch loses CO at 50°C to form GeCo (00)13,
(46) (ref. 142). The molecular structure of (46) has been established by X-ray

R Co(co)4

Co(CO) ’
NIP%
l:iisco(co)

(00)3

(0c) 5co— Co(c0).

\/

(00)300

(46) (47)

crystallography (ref. 143). The principal product of the reaction between MeGeH3
or MeGeHZCo(CO)4 and 002(00)8 is (47) (R = Me). NaCo(co)4 reacts with MeGeX,
(X = ¢c1, Br) forming MeGecho(CO) and MeGeX[Co(CO)4]2 (ref. 144). GeBr, and
MeGeZl, also give (47) with NaCo(CO) under mild conditions. Thermolysis of
(47) at 80°¢ gives the germylldynetrlcoba1t nonacarbonyl cluster NeGeCo (CO)
(ref. 145).

An analysis of the frontier orbitals in the tricobalt clusters YCCo (00)9 and
related systems has been given (ref. 146). Formation of salts (48) of [003(00)10]_,
the parent carbonyl of the tricobalt clusters, according to equilibrium (34) is

founi to be dependent on the cation M, cluster (48) is more stable for M = Li

Mco(120), + Coz(qo)8 == MlCoz(c0),,] + 2c0 (34)
(48)

than Na (ref. 147). Reaction of (48) (M = Li) with dry HCl at -20°C in an inert

atmoisphere gives HOCCo (00)9, which decomposes at room temperature according to

équ&bion (35) (ref. 148).

2 HOCCoB(cp)g-——f——a 2001;(00)4 + Co4(CO)127 (35)

An intermediate.in this reaction has been isolated and characterized by X-ray
- diffiraction, IR and mass spectroscopy as the hydride cluster HCo (CO) The
molecule has DBh symmetry, the hydrogen is believed to trlply-brldge the three
cobalt atoms. - HCo. (CO)9 reacts with acetylene at room temperature to give
CH?Cuo (CO) (ref.»149). The X—ray crystal structure’ determlnatlon of PhC(O)CCo (CO)
does not reveal any unusual features in. the ground state geometry of the molecule
,whlch could explaln ‘the. ease of 1ts thermal decarbonylatlon and the facile
hydrogenatlon of the organlc C—O bond (ref. 150) The actlon_of st;ong acids -
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such as H,S0,, HPFg on RCH(OH)CCO3(CO)9 results in formation of stable carbonium
ion salts such as [RCHCC03(CO)9]PF6. It was concluded from NMR and IR studies
end their reactivity towards nucleophilic reagents that the carbonium ion positive
charge is delocalized onto the cobalt atoms (ref. 151). A large variety of si-
lylmethylidynetricobalt nonacarbonyl complexes of the general type R Y3 SiCCo (00)9,
where R and Y are organic and inorganic substituents respectively, has been
obtained by reacting a silicon hydride with HCCO (CO) The range of compounds
can be fTurther extended by Functional group 1nterconversions at silicon. The
compounds X(HO)ZSiCCos(CO)9 (X = HO, Me) have been incorporated into methyl-
silicone polymers by cocondensation with polysiloxanes (ref. 152). Alkoxyalky-—
lidynetricobalt nonacarbonyl clusters (49) were obtained as unexpected products
from the reaction between organic yanthates and Co (CO)S, equation (36) (r =
cholesteryl, o or B-cholestanyl etc.; H = Me, benzyl etc.). The clusters (49)

are active catalysts for hydroformylation of olefins, but without any asymmetric

induction (ref. 153). 0/_R
S |
Va (36)
RO— C + 002(00)8 —_—
\ (oc) Co—-o _Co(CO)
sg!
> ¢
(CO)3
(49)

A detailed electrochemical study of Lewis base derivatives of tricobalt clusters
YCCOB(CO)Q_nLn (n=1-3;L = PR, P(on)3 or RNC) has been made. Reduction
becomes progressively more difficult, and oxidation easier, as CO is replaced
by L (ref. 154). The preparation arnd properties of the phosphite (P(OMe)3 and
P(OPh) ) derivatives for Y = Me, F; n = 1-3 have been described. The X-ray
crystal structure of MeCCo (CO)GgP(OMe) §3 reveals that the CO groups are all ‘
terminal and the three phosphite ligands occupy equatorial positions on the Coj !
triangle (ref. 155). A tin analogue of the methylidyne clusters, MeSnCoB(CO)g,
has been obtained from the reaction of HeSnCl2 with Co (CO) (ref. 156).

In an attemnt t0o extend the size of the RCCo (00)9 cluster by reaction with
[re(co), ] , the expected pentanuclear FeCo,C clusters were not obtained but
instead a new class of heterometal alkylidyne clusters RCFeCoZH(CO)9 (R = Me,
Et, Ph) were obiained. Spectroscopic evidence suggests that the clusters have

o eam dmm e Lot e A A b o

structures similar to the parent RCCoj(CO)9 clusters without bridging CO groups,
but the locstion of the hydride ligand’could not be deduced (ref. 157)..

The reaction between Co(c0)_ (7> ~CHg) and co(co),(No) (PMe H) or co(co),(PHeH)
(N\ —qug) gave the comnlexes/(SO), (51) and (52), 1nvestlgated.by X-ray
diffraction and MMR spectrosconlc methods (ref. 158). The heteronuclear cluster
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(€O)
‘\\ _,,—— E
(ON),Fe // </ /7 \
\E ColCO), (on Co Co(CO)
(€0, \ /
(50) E—-.Co\ E— /
Co
(oc)|/ E (€O)
OC-——Co-CO / 2
| (52)
(OC)Co———Co(CO)
\l/ € E = PMe,
“"‘Co
(coy,
(51)

(53) has been prepared by the reaction of (CO)4FePPhH2 and C°2(CO)8' Related
clusters (54) and the chiral complex (PhP)CoFeMo(CO)SCp have also heen obtained

Ph Ph
P P
yd
(oc)3Fe 7 co(co)3 (0c) ,C0 \ — Mo (C0) ,Cp
\ / //‘ Co
(cg)3 Mgz (co),
(53) (54)

(ref. 159). Comparison of the X-ray crystal structures of (53) and that of the
analogous cluster (PhP)Co3(CO)9 (which contains one more electron than is
required by the 18-electron rule), together with the ESR spel tra of the latter
cluster and of the anion of {53), shows that the LUMO of (537 is almost
exclusively made up of metal d~orbitals (ref. 160).

The reaction of cig - Ptc12(PEt3)2 with NaCo(CO)4 gave as a major product the
mixed cluster Pt3002(00)4(p2-00)5(PEt3)3, the X-ray crystal structure was
determined (ref. 161). A single-crystal neutron diffraction siudy of [PNP]-
[CoGH(CO)15] shows that the hydrogen atom is located at the centre of a Co,

octahedron. The cluster hag ten terminal, one symmetrical bridging and four
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asymmetrically bridging CO groups. 'H NMR evidence suggests that the E atom
may easily enter and leave the 006 cage (ref. 162). An IR study of the cluster
COGC(CO)1252 containing 90% 13C in the central cavity haz allowed identification
of the vibration modes involving the interstitial carbon atom (ref. 163). The
first example of interstitial nitrogenin a metal carbonyl cluster has been
found in the anions [HGN(CO)15]- (M = Co, Rh). The anion is formed in the
reaction of 12[146(co) 1,5] with NOBF,, or for M = Rh, by reacting I%[Rh,{(co) 16J

4
with a 1:1 mixture of CO and NO. The crystal structure of PPN[CosN(CO)

]
shows that the N atom is at the centre of a trigonzl prism of cobalt atégs each with
one terminal CO and all nine edges carry one bridging CO. (ref. 164). It appears
that phosphorus is too large to fit inside a 006 cavity, as the structure of the
anion [Co6P(CO)16]— (55), prepared from N’aCo(CO)4 and PCl, in THF, consists of

an open array of linked cobalt atoms with the P atom occupying a *semi-interstitialt

(55)

site (ref. 165). A single P atom is found encapsulated in the larger cavity
provided by a nine-atom rhodium cluster in the anion [Rth(CO)21]2_. The anion
is isolated from the reaction of Rh(co)zacac with PPh3 in the presence of
caesium benzoate, an X-ray structure determination reveals the P atom at the
centre of a cubic antiprism of Rh atoms capped on one square face (ref. 166).
The [Rh13H2(C0)24]3- anion contains a polyhedron of Rh atoms forming part of a
hexagonal close-packed lattice, the hydride atoms were assigned to two semi--
octahedral cavities of the cluster (ref. 167). A 130 variable-temperature NMR
study of the tRh1782(CO)32]3; cluster has been reported and a mechanism for the
carbonyl scrambling processes suggested (ref. 168).
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{c) Metal oxidation state (I), (II) =nd (III) compounds
A comparison of the metal 2p§l, carbon and oxygen 1s binding energies in

002(00)8, CoH(CO)4 and related compounds of Fe and Mn, measured by XPS, leads

to the conclusion that the hydrogen atoms in carbonyl hydrides are negatively

charged (ref. 169). The reaction between COH(CO)4 and formaldehyde at 0°C in

the presence of CO leads to stoichiometric hydroformylation giving glycolalde-
byde in high yield, equation (37) (ref. 170).

CO 1atm .
CH,0 + CoH(co)4 —--?-—a HOCH,CHO (37)
0%

Although PR3 and P(OR)3 stabilized cobalt hydrides are relatively inert to
substitution, under irradiation by 340 nm light reaction (38) is complete within

CoR[P(CPR);], + T " CoR[P(0PR); 1L + P(0PR); (38)

20 min. VWhen L = CO, prolonged irradiation leads to further substitution by CO.
It is believed that the reaction involves formation of a solvated CoH[P(OPh)3]3
intermediate as the rate-determining step. (ref. 171). The crystal structure

of CoH[N(G H PPh, )31 has been reported, the Co atom is trlgonal—blpyramldal

with N and H axial, Co-H is 1.38(10) 2 (ref. 172). The complexes [Co(PHRR )5]2+
are obtained by addition of the secondary phosphines PHRF1 (RR1 = 2, HePh or
BEtPh) to c°(BFh)2'6HéO and exist in red and green forms in the solid state.

The red forms are five—coordinate, low-spin complexes whereas the green forms,
which have C4v symmetry, are probably weskly coordinated in the sixth axial
position. Some reactions of the [Go(PHRR1)5]2+ ‘
formation of a new class of cobalt(ITIT) hydrides, [COH(PERR1)5]2+ (ref. 173).

An MO analysis of the oxidative addition reaction (39) has been carried out

ions are reported, including

Hy + RhC1(PH;) = RhE,C1(PH;), ‘ ‘ (39)

as‘a model for one of the pdssible first steps in the catalytic hydrogenation

of olefins by RhCl(PPhj) (ref- 174). The hydridodinitrogen complexes

RuE(N )(prej) (R = Pr’, Bu®, cy or Ry = PhBut) have been obtained either directly

by reduction of. RhCl. .BEé) under Né in the Presence of ezcess PR3, or by az»
;1nd1rect route. The compounds lose N, to form RhH(PR3) (except R3 = PhBuZ)
}and, in the case of R = Pr or Cy, the bridging-dinitrogen complex (56). The
Vfcomplexes RhH(PR3) react with H, to give RhH3(PR3) The crystal structure of
(56) (R' = Pr Y. has been determmed, the HRhNNRhE linkage is linear with N - N

1. 134 R and the dihedral angle between RhHP, planes is 55.2 O(ref. 175). The

f‘rhodlum(I) hydrldes RhH(Pr3)3 and (56) (R = Cy) are active catalysts for the
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PR PR

Rh— N —N——Fh——H (56)

PR3 ' PR3
hydrogenaztion of nitriles to primery amines, and for the reverse reaction at

higher temperatures (ref. 176). Reaction of LilR, (r = ME3SI) with RhCl(PPhB)
gives the dizmagnetic three—coordinate rhodium(III) complex Rh(NRZ)(PPh the

H.

5o
first reported rhodium amide (ref. 177). Reaction of rhodium(I) hydride
complexes RhH(PPr3)3, 2)(PPhBu;)2 or (56) (R = Cy) with C02lin the Eresence
of uater affords the dlhydro bicarbonato complexes (57) (P = PPr;, PPhBu, or
PCyB). The crystal structure of (57) (p = PPr;) has been determined. The
complexes (57), and also the analogous formato complexes, react further with

€O, to form rhodium(I) carbonyl complexes according to equation (40) for example;

HO—C<O>: (57)

this reaction is the reverse of the water-gas shift reaction (ref. 178). New

convenient routes to tricyclohexylphosphine (PCy3) complexes of rhodium and

co, + Rh32(02C0H)(PR3)2—> H0 + Rh(CO)(OZCOH)(PB_),)e (40)

iridium, including ¥MC1(CO) (PCy3)2, MHClZ(PCy3)2 (M = Bh, Ir) and the new complexes

Ir3201(co)(PCy3)2, IrHCl,(co)(PCy3)2, have been reported (ref. 179). The

[RhClZ(CO)Z]_ anion reacts with dppm to give two products depending on the dppm:Rh

+

molar ratio. With & 1:1 ratio the binuclear "A~frame" complex [Rh,(p-C1)(co0),(dppm),]
2\ 2 2

is obtained, with a twofold excess of dppm the hydrido species (58) is the major

product established by an X—ray
Ph + I+

\L/\ SN
\ <IN

N
'-
H
=

\M
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structure determination (ref. 180). The hydride-bridged mixed metal complexes
(59) (M = Mo, W) have been prepared by reaction of MHZ(Cp)2 with [RhHQ(OCMe2)2—
(PPh3)2]+, the crystal structure of (59) (M = W) has been determined and 'H NMR
spectra of (59) in (CD3)ECO—D20 show that H/D exchange of bridgirg hydride and
terminal Cp hydrogen atoms occurs under mild conditions (ref. 181).

The zomplex (60) is an interesting hydrogenation catalyst since it effects

(60)
thP -+ Pph2
\\\\Rﬁjqj;-cod)

asymmetric reduction of o,p-unsaturated acids and of dehydroamino acids,
particularly in the presence of NMeB. The mechanism of hydrogenation has been
deduced from 3'p MR studies (ref. 182).

4 study of the oxidative addition of H2 to (61) by IR and 'H WMP spectroscopy
has been interpreted with the assumption that three stereochemical pathways
exist for the addition of H, to (62), Scheme 5.

D
P \‘\Jr”'H
P,f’l ‘\~H
S 0
D 7 D
P\Ilr—-P °N W, == P\1| <
~ by 2 T T
P | *  p7 Do o | e
0 H
(61) (62) N
H
P>_n_<o
P=PPh, oc” | e
H

SCHEME 5
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The third pathway corresponds to the first exampl; of trans—addition of HZ to a
metal complex, if this the correct interpretation of the presence of the trans
dihydride in the equilibrium mixture (ref. 183). The thiolato-bridged complexes
(63) (r = “e, Ph, NMe, or OMe) react irreversibly with H, to yield
FI*H(u—SBu ) (CO)(PR,J.)]2 {64) which can be protonated giving complexes

% H(p—SBu )(CO)(PRj)ng] in which the additional proton bridges the two Ir
atoms. X-ray crystal structure determinations of (63) and (64) (R = OMe) have

Bu's sBut R,P Bu* B e,
Ir’i///, Ir “in“" \\ ///
0(7 \\ o H // \\ H
PR, PR, ocC 0
(63) (64)

established their geometries, the isomer of (64) examined proved to be cis-syn-
endo although the trans—-syn isomer is also produced in the addition (ref. 184).
The crystal structure of the cyclo-metalladisiloxane (65), which catalyses the

disproportionation of teiramethyldisiloxane into higher polysiloxanes, has been

reported (ref. 165). New silylcobalt(ITII) complexes COHZ(SiR3)L3 [R_5= F3, MeF

2
o Mez H Co
PhP Il S N BP_1 _d ep | _a
”’Ir\\‘ ’,Ir~\\
p /(H)\ Si/ ] 8 | PEL, H I PEt,
Me, SiH,Y - GeH,Y
(65) (66) (67)

or (OEt)3; L= PPhj] have been obtained by reacting SiHR3 with‘CoH3L3 or CoH(Né)LB,
their reactions with N2, H2, HC1 and CCl4 are described. With CO the five—coordinate
complex Co(SiF.),)(CO)2L2 is formed. The silylcobalt(III) complexes act as catalysts
for deuteriation, hydrosilylation and O-silylation reactions (ref. 186). The
oxidative addition products of a wide range of silyl and germyl halides and
related molecules with IrX(CO)(PEt;), (X = C1 or I) have been studied and their
structures determined by 1H and 31P NMR spectroscopy. With silyl halides the
mzjor product is an adduct of type (66), (¥ = H, ¢1, Br, I, Me, or SiH3), germyl
halides give compounds of type (67) as major products (Y = H, €1, Br, or I). In
the addition reaction of SiH3Q (@ = Br or I) with Ircl(CO)(PWt )2, the product
(66) has Br or I bound to Ir and ¥ = C1 (ref. 187). :

The 130 NMR spectra of a wide range of rhodium carbonyl complexes have been

measured, there is an approximate correlation of chemical sghift with_v(CO),
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5‘(130) tends to decrease with increasing W {(C0) (ref. 188). TForce constant
calculations for the planar complexes cis[MX2(CO)2]n (MX = RhC1l, RhBr, Ircl,

n = -1, and MX = PtCl, PtBr, n = 0) have been reported (ref. 189). Photoelectron
spectra of [RhCl(CO)2]2 suggest that there is only a small net transfer of
electron density from Rh to C1 and CO (ref. 190). The complex (6f) obtained

from reaction (41) (TT4 = thenoyltrifluoroacetone) proved to be the igomer

Rh(acac)(CO)(PPh3) + TTA ——— HC ! Rh (41)

(68

predicted from trans effect considerations (ref. 191).

An extensive study of some fifty species of the type RhX(CO)z(amine) (x =c1
or Br, amine = primary, secondary and heteroaromatic amines) by apectrcscopic
techniques has revealed that in the solid state two structural types occur.

One form consists of a monomeric, square-planar entity, which in the only form

T v e

existing in solution. A second solid state form involves an intermolecular
interaction through the Rh(I) atoms leading to a one-dimensional chain structure
(ref. 192). An anion-cation Rh~Rh interaction is also observed in the complexes
[Rh(CO)3(L-L)][Rh2012(00)2] (-1 = 2,21—bipyridine or 1,10-vuenanthroline)

(refs. 193, 194). New carbonyl complexes of the type RhX(CO)Z(biq), Rhx(co)(biq),
(x = €1, Br, I3 bigq = biquinoline), and [nh(co)(biq)L2]c1o4 (L = PR, or AsR3)

have been prepared (ref. 195). Bifunctional amine ligands guch as 1,8-naphthyridine
pyrazine and 1,3=-di-4-pyridylpropane give bridged complexes M2312(10)4(amine)

(M = Rh, Ir) (ref. 196). Complex (69) can be prepared by the in situ alcoholysis

of PhoP = NSiMe, in the presence of [Rh(cO),C1], (ref. 197).

oc co E E = NH,, PPh

2'
or AsPh2
(69) (70)

The B-substituted quinolines (70) (B = PPh,, N-P and E = AsPh,, N-As) react
with [Rh(co)2c12]' affording the complexes [Rhc12(co)(1\r-p)]2 and the N-As
| analogue respectively. Wwith (70) (E = NH,, N-N) the reaction follows a

e
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complicated sequence Tfinally giving the rhodium(III) complex RhClj(N-N)Z.EéO
in which one N-N ligand is only monodentate (ref. 198). A thermogravimetric
study of the complex [RhCl(CO)LQ] (L = 2-[2-(diphenylphosyphina)ethyl]pyridine)
has shown that ozidation of the phosphine L to its corresponding oxide occurs,
followed by loss of CO from the complex (ref. 199).

The enthalpies of oxidative addition reactions of I,, SO,, cz(cu)4, 0-0,C4C1,
and Me0,CC,CO,Me to the Rh and Ir complexes Mx(co)l.2 (x =®, Cl, Br or I;

I = tertiary phosphine) have been measured.by titration calorimetry and correlated
with phosphine steric and electronic parameters (ref. 200).

Paramagnetic complexes Rh(CO)ZL, Rh(CO)(PPh3)L and Rh(CO)(PPhs)zL have been
obtained by reacting [Rhc1(C0)2]2 or RhCl(cO)(PPh3)2 with sodium 3,6-di-t-butyl—
1,2-benzosemiquinolate (NaL) (ref. 201). Both 1:1 and 1:2 adducts are formed
between (Ph3P)(ArNC)Pt[C(OMe)=NAr]2 (Ar = p-totyl) and Rh(co)2c1, vhich suggests
that the two -C(OMe)=NAr groups in the Pt(II) bidentate ligand have different
donor abilities (ref. 202).

A correlation is observed between the binding energies of N and P atoms in
the complexes Rhcl(CO)L2 {L = aminophosphines Ph3_nP(NRR1)n (n = 1-3)1, as
measured by XPS, and the selectivity for normal to branched chain aldehydes
during catalyzed hydroformylation of i-hexene (ref. 203). This same reaction
has also been used to test the catalytic activity of the complexes th(co)(thPR)2
(r = CH,Silte;, (032)351;1:19,3 or CHZ(Me)Si(OSiMe2)3O; X =Cl or I). The activity
of the iodo derivatives varied considerably with the R = CHéSiMe

3
producing an unexpectedly low linear/branched aldehyde product ratio (ref. 204).

complex

The catalytic activity of phosphinated silicone polymer supported chlorocarbonyl-—
rhodium(I) complexes has also been investigated (ref. 205).

Carbonylation reactions carried out in the presence of rhodium or iridium
compouads have attracted interest. 2-Arylazirines react with CO and [RhCl(C0)2]2
under mild conditions to give the highly reactive vinyl isocyanates (71),
equation (42), in good yields (ref. 206). Carbon monoxide reacts with trans—
M(N3)(CS)(PPh3)2 (M = Rh, Ir) to give trans - M(NCS)(CO)(PPh3)2 rather than

R’
/,N&C=o
; /" (1) ¢
R + €0 + ([BhC1(c0),1, —— i (42)
\\T——-R? ﬁé/C\\iz
2

R

(1) CgH., 1 atm co, 5-20°C ' (71)
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the thiocarbonyl isocyanate complex (ref. 207). A detailed mecuanistic study
of the carbonylation of methanol in the presence of iridium halides as catalyst
precursor and methyl lodide as promoter has been made. Two principal catalytic
cycles were identified, the kinetic dependencies for the reactions depend
dramatically on such factors as iodide, water, methanol and MeT concentrations
(ref. 208).

Complexes RhCl(PMe3)3 and [Rh(PMe3) 4101 have been obtained from RhCl(PPh3)3
by phosphine exchange and their X-ray crystal structures determined. Wilh H2
either complex gives [RhH2
cluster CHg6Rh4(PMe3)12 was obtained (ref. 209). An extended series of
[RhX(ttp)]n+ complexes (72) (n = 0 for X = CH, C1, N3, NCS, CN, Me; n = 1 for

= MeCN, py, CO, PEt3, P(OMe)3) has been synthesized and the 31

examined. From J(Rh-P) coupling congtants a trans influence series emerges

(PMe3)4]+ and with sodium amalgam an air-sensitive

Y NMR spectra

which is considerably different to that based on J(Pt-P) :or platinum complexes.

(72)
h,P — Rh — PPh,

X

The crystal structures for X = py and PEt, were determined, the Rh-P bond length

3
trans to X increases smoothly in the series Cl < py < EPt3’ in agreement with
J(Rh=P) trends (ref. 210). The crystal structure of Rh71(N )(PPr3)2

redetermined at -16000 and in contrast to an earlier report, it is concluded

has been

that the N2 ligand is bound end-on in both the solid state and in solution
(ref. 211). The compounds MCl(PR_5) (Arbso) (M = Rh, Ir; R = Pr', Cy; Ar = Ph,
4-MeCcH,, 4-C1C.H ,2,4,6—Me3 6 2) appear to exist in two isomeric forms (73a)

and (73b), in solution and ir the solid state. The structire of isomer (73a)

PR, PR,
| N-Ar

Cl—M—S/ _— u—|~|1—— N=Ar
| Y | S=g
PR, PR,

(73a) (73b)
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|3

(1 =Rh, R =Pr, AT = 4-MeC.H ) was established by an X-ray structure determination,
and the structure of the second isomer was deduced from IR, 31P and 15N NMR
spectroscopic data. The ratio of the two isomers decreases in the order Ar =

4-C1 C.H, > Ph > 4-leC 1

674 6
intramolecular. Cyclometzllation is observed via the ortho-carbon atom of the

HA; R = Prt > Cy and ¥ = Rh > Ir, interconversion is

i - i
sulphinylaniline in (73) (M = Ir, R = PrY, Ar = 4—MeCGH4), but via PPr3 when
the ortho-aryl positions are blocked (ref. 212). Further evidence suggests that
rhodium catalysed co-oxidation of terminal olefins and phosphines proceeds via

direct oxzyszen iransfer as in Scheme 6 {ref. 213).

-L
LzRhCL + RCH = CH, + 0, —— L2Rhcl(RcH = CH2)(02)
™ -Lo
+2L
-MeC(O)R L = PPh;, AsPh
3 5 SCHEME 6
c1 e N
...... 0=C 6——— 2
Lith ~g \ CHR
B - //
1 0O O
OL

Rhodium(I) and iridium(I) complexes have proved to be useful decarbonylating
reagents from organic acyl halides and aldehydes, and from transition metal
carbonyl complexes. A study of the synthetic utility of RhCl(PPh3)3 for the
abstraction of CO znd CS from some cyclopentadienyl iron carbonyl complexes has
been made, terminal ligands are found to be preferentially removed. A comparison
of the decarbonylation of orgznic compounds by RhCl(PPh3)3 with that of metal
carbonyls has also been made (ref. 214). There is evidence that the active
decarbonylating agent is “RhCl(PPh3)2" formed by dissociation of a PPh3 ligand,
and the use of [RhCl(PPh3)2]2
the preparation of the 2likyl compound FeR(CO)ZCp without complication of PPh3
substitution. The complex IrCl(PPh3)3 will also effect decarbonylation but at
a much slower rate (ref. 215). Partial decarbonylation of MO(CO)6 and Fe(CO)
bty rhodium(I) complexes gives Mo(CO)4(PPh3)2, MO(CO)S(arene), Fe(co)5_n(PPh3)n

in MeCN has proved .to be synthetically useful in

n =1,2), Fe(cCo) (dlene,. In the absence of suitable stabilizing ligands,
decarbonylation goes to completion (wef. 216).
Several bis(ditertiaryphosphine) complexes of rhodium{I) have been prepared
and investigated for catalytic hydrogenation activity. The complexes Rhcl(PP)
(PP = Ph P(CH ) oPFhys 1 = 1-4, or (+)-diop) are prepared by reacting PP with

2

[RhCT(cyclooctene) ]2, they are five coordinate with the exceptlon of the n= 2
and 3 species which are ionic [Rh(PP) ,JC1. Cationic species [Rn(PP),JX (X = SbF,
6’ BF4) are prepared using AgX, apd the hydrides RhHL2 are obtained using
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borohydride. Activity for catalytic hydrogenation of methylenesuccinic acid

increases with increasing phosphine chain length, the chloro complexes zre less
active than the cationic or hydrido species (ref. 217). Reduction of the
dicxygen species [Rh91(02)(PPh3)2]2 in ‘the presence of another phosphine gives
catalytically active mixtures for hydrogenation of olefins (ref. 218). There
is considerable interest in attaching transition-metal homogeneouy catalysts to
ingoluble supports. An XP$S gtudy of the Rh d-eiectron binding energies of Rh(1
and RhG(CO)16 sttached to phosphine-modified silica supports has been made to

determine the metal oxidation state in the catalyst.

3

The RhCl3 systems gave
non—unlform catalysts of low activity, but Rh6(00)16 gave complexes of general
form L Rh (CO) which are active catalysts (ref. 219). A number of poly(siloxy-
phosphlne)—rhodlum(l) species have been obtained by polymerizing the soluble
(chlorosilyl)phosphine complexes L RhCl(CO), L RhCl, L,Rh,C1, (L = CI3Si(CH2)2
and iCl Sl(CH ) PPh2z3Rh01. Other soluble 51loxyphosph1ne complexes have been
prepared as model systems for their polymeric counterparts (ref. 220). The rate
~ of homogeneous hydrogenation of ethyl acrylate with the catalyst TrCl(CO)(PPr3)2
| is much enhanced by irradiation with monochromatic light (A < 407 nm), it is the

hydrido~complex which is photochemically activated (ref. 221).

PPh2)

The full details of the preparation, crystal structures ard reactions of the
! "A-frame" complex (74a) and the open-site complex (74b) formeu by reversible loss

! of €O, described in preliminary form last year, have now appeared (ref. 222 - 224).

The corresponding Ir complex to (74a) reacts with CO and NaBPh4 to give
thPl’/A\\TPh2+ thP///\\\PPL2+
1
| C1l ! N
N\ Rl “Rh
,//’{h Rh‘\\\ c/// ™~
oc N 0 0 l o
| H PhLP PP,
Ph2P PPh2
| ~
]
' (Ta) (74p)

[Ir2(00)2(u—00)201(dppm)2]+- The complex (74b) as its [RNC1,(c0),]” salt is
algo obtained by the reaction of 4 moles of dppm with 3 moles of Rh2012(00)4,
¢ the product was originally incorrectly formulated as dppm[Rh(CO)201]2. The
arsenic analogue dpam reacts similarly, the reaction of haclz(co)z(dpam)2
Rb 012(00) proceeds by halide abstraction to give [ha(p—CI)(CO)z(dam)2]+

|
{
i

with

FRACL, (co) ] (ref. 225)

The complexes (75) are obtained by reacting Rh2(u-Cl)2—

(co) (PBu )2 with EBu (SlMe } (E =P or As) (ref. 226).

dlrhodlum complex (76) has been igolated from the reaction between (Ph0) PN(E’c)P(OPh)2

The mixed valence



Bu;P PBu
NS
Rh Rh
/ \E/ \
oC Bu; cO
E =P or As
(75)

,ﬁt a

P___—-—
(PhO), ~ P( oph,

OC—Rh Rh
| |
(PROLP__ .
Et
(76)

and Rh2012(co)4, and characterized by an X-ray crystal structure determination,
the distance between the Rh(II) and Rh(0) atoms is 2.66 by (ref. 227). The

crystal structure of the gold-coloured complex (77) obtained from the reaction

£ Bh,C1 (go) with 2,4-pentanediiminium tetrafluoroborate shows that the

]'Rn(C5 10- )(00)2] cations form wezk dimers (Rh—Rh =

3.271 R) which are stacked

to form a linear Rh-Rh chain (Rh-Rh between dimers = 3.418 3) (rer. 228).

e H
ﬁ{i\\\ //,CO

Rh
___N.///, ~co
\

| Me

H

(77)

The reaction between IrCl(CO) and PBu; gives either cis-Ircl(co0) (PBu3) or
trans-Ir01(CO)(PBu ) depending on the proportions of ligand to metal complex,
the crysial structure of the cis dicarbonyl was determined (ref. 229). The
optically active bisphosphine Ph,PCH CH(OCFe 0)CHCH,FPh,, {diop) reacts with

Ir201 (1, 5—cod) 1n the presence of CO to give [Ir (CO) (dlop) ]

[Ir,(co), (dlop) ] , [Irci(co)(aiop)l,

or IrCl(CO)(dlop) (ref. 230). Enthalpies

of adduct formatlon between the metal lone pair in IrCl(CO)(PPh3) with SO
and of the hydrogen-bonding interaction of CF 3 H OH and the iridium complex,

have been measured (ref. 231).

The coordinatlon behaviour of CO,., towards a

2

number of four- and five-coordinate Ir(I) and Ir(III) complexes has beeén

investigated. Only the four-coordinate complexes Ir(OH)(CO)(PPh3) » IrCl(PMe ) —

(ecyclooctene) and IrCT(L—L) (1-L = dmpe or depe) gave CO, complexes (ref. 232)
The influence of ancillary ligands on the stability of 1r1d1um—d1n1trogen .

ccmplexes prepared by reaction (43) has been examined for a wide range of aniouns *
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IrX(CO)(PR3)2 + R, ————)TrX(Nz)(PR3)2 + R'NCO (43)
i78

g

w

X and tertiary phosphines, some AsPhi complexes were also included. New
complexes (78) isolated included R = Ph, X = F and NCO, and the firgt arsine-
nitrogen complex Ir(NCO)(Nz)(AsPhB)Z, the cyanate ion zppeared to give the mosi
stable dinitrogen complexes (ref. 233). The complexes (79) are obtained by the
reaction between IrCl(CO)(PPh3)2 and [M(RNC(H)NR1)]n, corresponding rhodium

cl R
M N’// M = Cu, Ag
\\ ot
)\ CH R = Me, Et, Pr*, Bu', Cy
4
/,PPh;&/ R = p-tclyl
€ — 1n N
h.P
Phs
(79)

complexes could not be isolated. Reaction of (79) (M = Ag) with CO gives
products believed to contain an acylformamidino group (ref. 234) The crystal
structure of the dimethylthiocarboxamido complex of iridium(III),
[Ir(C(S)NMez)(SZCNMez)(CO)(PPhB)]PF6 has been reported (sel. 235).

The reaction of isothiocyanates with rhodium(I) complexes of the type
Rh[X—C(Z)-Y](PPh3)2
imidato complexes (80), a three-step mechanisr is proposed (Scheme 7), Complexes
(80) react with PPh3 resulting in Rh[X—C(Z)—Y](RNC)(PPh3) wiich readily oxygenates
to [Rh[X-C(Z)—Y](RNC)(PPh3)(02) (ref. 236). Two new types of bridging cs,
interaction have been found in the crystal structures of the triphos cobalt
complex (81) (ref. 237), and the dinuclear complex (82) (ref. 238). Although
physicochemical properties of individual 502 complexes have not been s reliable

guide to the type of coordination geometry of the 302 ligand, certain combinations

(X,Y,Z = N,P or S) leads to the tormation of dithiocarbon-

of properties have been found to be diagnostic of specific geometries and the
properties of two new complexes Ir(SPh)(CO)(PPh3)2(SOZ) and [‘RhCl(PPhB)z(SOz)]2
have been related to thc new criteria (ref. 239). The first di{u-S)-bridge
between two metal atoms was discovered by crystal structure determination of
complex (83) obtained by reacting the tetrathiolene Ciofly45,4 ¥with IrBr(CO)(PPh3)
(ref. 240). The reactions of the cyclic disulphides (84), (85) ané hexachloro-
naphthalene~1,8-disulphide with RhCl(PPh3)3 regult in oxidative addition of the

2
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~S-5- bond to the metal atom (ref. 241).

The cyclotriphosphorus complex (86) possesses Lewis base properties due to

NN

-—/Co<;/

(s6)

the P atoms of the bs=Py unit, with Cr(00)6 the complexes (triphos)Co(k 5~ P3 )=
[Cr(CO)S] were obtained for n = 1 or 2 but not 3 (ref. 242). The correspondlng
Rh and Ir complexes to (86) have been obtained by reacting P, with rRhCI(C )2]2

4
or IrCl(CO)\PPh3)2 (ref. 243). The double sandwich complexes (87) are obtalned

n+
4f"”P
P—Co— E—Co—— E=P, As
\ n=1,2

(87)

by reacting cobalt tetrafluoroborate with P4 or As4 in the presence of triphos.
The corresponding Ni2 and mixed CoNi complexes were also prepared and their
magnetic properties measured (ref. 244). The redox behaviour of the series

of complexes (87) has also beer reported (ref. 245).

Metal nitrosyl and aryldiazo compounds

A general review of the reactions of nitric oxide coordinated to transition
metals has appeared (ref. 246).

The complexes Co(S-S)(N-N)(NO) (S-S = malevnitriledithiol; N-N = azomethines
of biacetyl with PhNHz, p-toluidine, p-anisidine and 4-ClC6 4NH )} have been
prepared and characterized by IR, ESR, ESCA and magnetic measurements (ref. 247).
The crystal structure of the complex (88) contains a sulphur coordinated S0,
group and linear nitrogyl group (M—N-O angle is 169 ), in contrast to the
rhodium analogue which contains an 11-502 group and a bent nitrosyl group {ref.
248). The crystal structures of NO and N02 complexes of partially Co(II)—
exchanged zeolite A have been determined. The NO complex cortains strongly bent
Co(III)-NO~ units (angle = 141°), in the NO, complex the Co(II)-NO, moiety is
planar (ref. 249). The molecular structure of (69) has been determined by
X-ray crystallography as part of the series [L MPFh ]2, (LM = (Nﬁ) Pe, (co)(NO)co

2
and (C0) Nl), the M-M bond lengths are 2.70, 2.60 and 2.51  respac: 1vely (ref. 250)
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(88) (89)

A method for predicting yv(CO) in a wide range of M(CO)XFY and substituted
systems, including derivatives of Co(CO)3(NO), has been reported (ref. 251).
In the isoelectronic series of nitrosyl carbonyl compounds M(CO)n(N0)4_n

(M = Ni, Co, Fe, Mn, Cr; n = 4,3,2,1,0), XPS measurements of core binding
energies indicate that NO is a much stronger m—acceptor than CO (ref. 252).

The complexes I-I(NO)(PPh_),)3 (M = Co, Rh) readily undergo intermolecular
transfer reactions of the nitrosyl ligand to other Co and Ni phosphine halide
complexes. With trityl and silver perchlorates, the species [Rh(PPh3)3(MeZCO)]+
and [Rh(NO)Z(PPhB) 7" were obtained from Rh(NO)(PPh3)3 (ref. 253). Reaction
(44) (saloph = N,N'-bisalicylidene-o-phenylenediamino) represents the first

Co(saloph)(py)(NOz) + PPh3 —_—>

Co(saloph)(WO) =+ Ph_PO + Dy (44)

example of an oxygen iransfer reaction where the metsl remains at a constant
formal ozidation state (ref. 254). Nitrosyl tribromide reacts with Rhcl(CO)(EPh3)2
(E =P, aAs) to give HhBrZ(CO)(NO)(EPh3)2, & number of reactions with oﬁper Ru(I)
and Rh(IIT) compounds are also reported (ref. 255).

The two isomers of the complex cation [Ir(NO)(413—C335)(PPh3)2]+, (90) and

{91), have been isolated as their crystalline PFE_ and BF4— salts respectively,

B e
Ir-. Ir'_'-—‘hf.
Ph,P // N=o = phap/l Y,

PPh; PPh,
(901 o
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! for (90) and 1631 cn™! for (91). 1In solution the

two IR frequencies are present with equal intensity suggesting that the two

v(N0) values are 1763 cm™

forms are in equilibrium. The crystal structure of (91) confirms the formulation
ghown, angle Ir - N - 0 is 129°, Variable temperature VH WMR epectra show that
other equilibrium processes involving rotation and q3!== n1 transformations of
the allyl group also occur with different activation energies. Both (90) and

the corresponding Bh compleX react repidly with 00 o give scrslein oxiwme,
equation {457 {ref. 256}. The somplexes Ir{&&}{z-ap}(E?h3} and EIr{Z-ag}(PPh3}§}'

co
(4 (No) (c58;) (PP,), 7" ——— [10(c0)5(PPh,),1* + CH,=cHO=NOE (45)

have been obtained by reacting [Ir(NO)(MeCN)z(pPh3)2]2+ with 2-aminophenols
(2-ap) (ref. 257). Extended Hickel MO calculations have been made for the
complex [M(NO)2(PH3)2]+ and a related Pt complex (ref. 258),

The triagenido complexzes M(ArN3Ar)(co)(PPh3)2 (M = Rh, Ir; Ar = 4-MeC H,,

4—FCGH4) readily react with aryl diazonium cations according to ejuations (46)
and (47).

Ir(arNsar)(CO) (PPH,) + [ArN,1BF, —y

Ir(ArN3Ar)(co)(Pph3)2(ArN2)J[BF4] (46)

(92)

Rh(ArNBAr)(CO)(PPh3) + [ArNE]BF4 —_—

[Rh(OCN(Ar)N:NAr)(NzAr)(PPhB)Z][EF4] (47)

(93)

Compound (92) is believed to contain a doubly bent Ir = N = N - Ar aryl
diazonium linkage, compound (93) possibly containg a bidentste ucyltriazenido
ligand formed by insertion of CO into an Rh~N bond of the triazenido ligand
(ref. 259).

Metal alkene compounds

The bonding, conformational preferences, and rotational ta.riers in polyene-
ML,, polyene-ML, (ref. 260) and ethylene—ML2_5 (ref. 261) complexes have been
analysed and a review which contains data on binary cobalt-ethylene complexes
% has been published (ref. 262).
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Clezr NMR evidence has been obtained for the direct formation of pi- complexes

of maleates and fumarates with Co(CN)43—. The observed isomerization of (94)

R R - R R
>c=c< N Se—c]
H H W\ 'H
CO(CNLG- CO(CN)sa-
{94) (96)

R M
Jt=tc S
R | R
Co(CN),%"
(95)

to (95) is considered to occur via the cobalt-carbon bonded intermediate (96 )
(ref. 263). The interaction of styrene with Co(NZ)(PPh3)3, CoH(NZ)(PPh3)3 and
CoH,, {PPh

of; (FPh) 5
ESR spectiroscopy. A paramagnetic complexz Co(styrene)Z(PPh3) is one of the

yields mono and dinuclear complexes which have been identified by

intermediates in the catalytic hydrogenation of styrene (ref. 264) and n-olefin
complexes of cobalt(II) aii1claimed to be formed upon reaction of EtzNCHZCMe =
CHCH,NEt, or Me,C = (:H(:]arzm(cnz)5 with CoCl, (ref. 265).

The reaction of C32 with cobalt(II) tetrafluoroborate, NaBPh4 and triphos,
where triphos is MeC(CHZPPhZ)ﬁ, affords the dinuclear complex [(triphos)0008200
(triphos)][BPh4]2. In the coiplex cation the 082 molecule is w—-bonded to one
cobalt via a C=S bond and bonds to the other cobalt via its two sulphur atoms
(ref. 266).

Ethylene displaces methyl cyznide from the complex RhCl(MeCN)(PPh3)2 to give
Rhcl(C2H4)(PPh3)2 and the kinetics of this reaction have been studied (ref. 267).
The reactions of the diquinoethylenes (dqe) {97) with RhC1(FPh

R R :
(R = Buf, Pri)
0 7(: =C 0 ’ ( 97 ')7

gives the

3)3
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complexes trans — RhCl(dqe)(PPh3)2 in which the central double bond of the

cumulene system of (97) is coordinated to the rhodium. Treatment of Rh(acac)(C2

uith dge gives the complexes Rh(acac)(czﬂﬁ)(dqe) (ref. 268).
Treatment of Rh9012(C2H4)4 with the thallium Schiff-base derivatives
T10C6H4CH = NR (R = p-tol,Me) affords the salicylaldimino complexes (95).

Rh(0C H,CH = NR)(C, (98)

6t 5),

Reactions of these complexes with tertiary phosphines and arsines gives the
complexes Rh(006H4CH = NR)(02H4)L, (v = PPh, Asph3; R = Me, p-tol) and
Rh(OCGH4CH = NR)LZ, v = PPh3, PMePh,; R = Me). Certain ditertiary—phosphines
and —arsines react with (98) to give Rh(OCGH4CH = NR)L, (L2 = Ph,PCH,CH,PPh,,.
cis ~ thAsCH = CHAsth, cis - Ph2PCH = CHPth; R = p-tol, Me). The complexes
Rh(OC4H,CH = NR)L, react with methyl iodide to give Rh(OC/H,CH = NR)IMeL,

4
~ .
(R = Me; L = PPh, PMeth) and chloroform reacts with Rh(OC_.H,CH = NMe)(PPh3)2

674
to give Rh(OC_H,CH = MMe)Cl, (PPh,), (ref. 269).
2 372

674

o

The bis(ethylene) cobalt complex Co(C,H,) (etmep), (etmep is ethyltetramethyl-

27472
cyclopentadienyl) has been obtained by sodium-amalgam reduction of

Cozclz(u—01)2(etmcp)2 in the presence of ethylene. The complexes Co(butadiene)
(etmep) and Co(cod)(etmep) have also been described (ref. 270).

Electrochemical and NMR data have shown that cyclooctatetraene can bind to
cobalt either as a 1,3-diene or 1,5-diene in the compound Co(cot)Cp (cot =
cyclooctatetraene) in an equilibrium mixture and that the thermodynamically
favoured 1,5-complex rapidly and quantitatively isomerizes to the 1,3-complex

upon one electron reduction.

co(1,3-cot)cp =— Co(1,5—cot)Cp

1Le—(—1.8v) \Le‘(-z.ov)

Co(1,3~cot)Ccp €& —— Co(1,5-cot)Cp

This appesrs to be first example of a reversible electrochemical isomerization
of a metal-hydrocarbon bond (ref. 271). Two new cyclononatetrzene cobalt
complexes Co(CgH1o)Cp have been shown to contain the cyclono?atetraene ligand
coordinated in a (3-6-n)- and in a (1-2:5-6-%) mode. The (3-6-1)- complex
rearranges at elevated temperatures to the (1—2:5—6—40— complex and this latter
complex can be protonated by stronge acids and the uncomplexed double bonds can
be hydrogenated (ref. 272). .

Ethylene is readily displaced from Rh(CZH4)2(indeuyl) by carbon monoxigde,

Réﬁgamﬁsp.ss B
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’Iluonophosphlnes and also’ by. & more basic phosphlnes to glve “the, complexes L

- Rbb, (indeny1). Unhlndered dienes alsc dlsplace ethylene from Rh(c )2(1ndeny1)
and mizred complexes RbLL! (indeny1) (I, ! = co, phosPhlne) have also been

“obiained. The barrier to ethylene rotation 1n.Rh(C 4_)2(:u:._c5{t=.‘ny1) is lower .

then that in Rh(c )209 (re+‘ 273). A detev-mmetlon of the enthalpies of
reactions of various complexes of the type M(acac)(olefln) ‘with 1,5-cod,
equation (48), reveals ‘that Ppi-back honalng is slightly more 1mportant in the'

H(acac)(olefin) +;1,5-cod - M(acac)(1;5—cod) +2 olefin ‘ - (a8)

(% = Rh, Tr; olefin = C ,H,, Propene, vinyl chlorlde, v1ny1 acetate,’
methacrylate, styrene)

iridium~olefin bond ther in the rhodium-olefin bond (ref. 274).

Although the insertidn’of ethyleue into a metal hydride bond is eonsidered
o proceed viz an ethylene-metal-hydride 1ntermed1ate, equation (49) very few
examples 0? stable ethylenehydridometal complexes are known. waever, it has
MHL, + CoH, ;—;HH(02H4)LH T— MEtL_ ‘ } _ V (49)

now been shown that treztment of the complexes (99) wlth HBF4 a?fords the

hydrides (100), equation (50) and that the temperature dependence of the NMR
RRL(EMe )Cp + EBF, - [Rh.H(L).(PMe'B)cﬁ]BFﬁr'_ - ‘ S ‘ '(s(r)jv
(& = co, c H,) ‘
CONE (100)

_spectrun of (100- L = C,E ) indicates that an equlllbrlum.ls set up between the
ethylenehydrldOv (101) and ethﬁ_comnlex (102), equetlon (51) Treatment of o

RhE(c )(PMe )cp = RhEt(PMe ). cp e o (51)

(101) (102)
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[RhH(CZH4)(PMe3)Cp]BF4 + Nax-oRhEtX(PMeB)Cp + NaBF, (52)

(x = c1, Br, I)

[RhH((?ZHl;_)(PMeEs)Gp]BF& + NaFaRh(02H4)(Ede3)Cp + HF + NaBF, (53)
{Rh(c }(PMe ) cp}{PFG} This salt reacts with nucleophiles such as tertiary
amines or ghusphlnes, ¥, tn form complexes of the type [Rh{C B#N)(PMe3)2Cp?2+

equation {54}. With.P{GMe}3 tws products are formed, [Rhi Colly e} %(Pﬁe,}chz~
[RA(C,H, ) (PHe,) cpl° + ¥ + [RM(C,E,N)(PMe,) Cp1% (54)
2% 3/p"P 2% 3/2

and [Rh%c P(O)(OMe)zi(PMe )2Cp] Anionic nucleophiles e.g. KSCU also attack
the coordinated ethylene but the products are more labile. Thus KSCN and
[Rh(02 H, ) (PMe )ZCp][BF ]2 give [Rh(C2 SCN)(PMeB)ZCp]rBF 7] *ut on warming in
nltromethane the product slowly loses ethylene to give eithe- [hNC5(PMe ) Cp,
or [RhSCN(PMe ) Cp] In general it appears that at low temperatures the
preferred reactlon is nucleophilic addition of the anion z.g. with SeN, 17,
but at higher temperatures the cations [RhX(PMe3)2Cp'\+ (X = sCN, T) are formed,
either by direct displacement of ethylene or by a beta-elimination route (ref.
276).

A stopped-flow investigation of the reversible addition of triphenylphosphine
to the cation [Co(CgH 11)Cp]+ has been reported. Comparison of this result with
previous studies shows that the general reactivity of various cat.ons towards
nucleophiles decreases in the order [co(c7H Yept > [Fe(CO) (¢ H7)]+ >
[Fe(CO) (2-MeOC H6)] > [or(co) 3’C7H7)] > [Co(CBH”)Cp'J > FFe(CO)B(C,?Hg)]
(ref. 277) Protonation of the hex-2,4-dien-1-ol iridium complex, Scheme 8,
affords a novel open chain pentadienyl complex. This complex arnd the correspcnding
rhodium cation undergo nucleophilic attack by methoxide ion at the ceniral
3-pogition of the dienyl group to give 1,4~diene complexes. In pentadienyl-
tricarbonyliron cations nucleophilic attack occurs at the terminal positions
of the dienyl group (ref. 278). Complexes of the type IrE(1,5-cod){diene)
{diene = cyclchexa-1,3-diene, 2-methylcyclohexa-1,3-diene, 5-ethylcyclohexa-t,3-
diene, gyclohepta-u)’-diene) have been obtained by reaction of Ir2012(1,5—cod)2
with PrlMgBr in the presence of cyclic dienes. The cyclohexa-i,3-diene complex
IrH(1,3—Chd)2, equation (55), can similarly be prepared.

PrngBr

IrCl; + 1,3~chd —_—) IrH(i,S—chd)2 (55)
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At room temperature solutions of these hydrido complexes exhibit dynamic

H-addition—eliminztion equilibria of the type:
IrHQq?—diene)(1,5—cod) = Ir(TE—enyl)(1,5-cod)

IrH(vr{i—1 . 3—chd)2—t—_ﬁ. Ir ("13"‘3659) (1{1-1 »3—chd)

the hydrogen atom at the iridium being transferred to the endo positions of the

diene ligands. The pure hydrido complexes only exist in ‘solution at low _

= < o~ - 3
temperatures {ref. 2797.

The complexz-: Rh261§(&iene79 (diene = 1,5~cod, nbd] are known- to rea&il& .
undergo bridge spli;ti;g react;ons with donor ligands. Thus withipyridine the
compIexes'RhCl'\’py)"dieﬁe are formed (ref. 280j. Tt is aiéo.well“:éSta;p;igned_‘i'
that tertiary phosphines react in a similar manner. ‘Héﬁéﬁef,:ip,cbntrast;;‘

P(OEhia’in benzene solution has been shown to preferegfialiy displace -the diene
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soups to afford successively RhZXZLZ(diene), Rh XL, and RbXLg, L = P(OPh)B.

; has now been reported that the ditertiary phosphite (PhO)ZPN(Et)P(OPh)Z,

:dp, behaves similarly. to triphenylphosphite. Carbon monoxide reacts reversibly
Lth [Rh(etdp)2]+ and [Rh(etdp) (1.5-coa)] to give [RhCO(etdp)2]+ and

thco(etdp) (1,5-cod)]’ respectively. The cation [Rh(etdp)2]+ oxidatively adds

v and Br, although the product Egggg—[RhHBr(etdp)2]+ gives [Rh(etdp)2]+ in
ylution (ref. 281). The reaction of trimethylphosphite with Rh2012(1,5—cod)2

1 benzene solution results in simultaneous bridge cleavage and olefin displace-
:nt and the reazction has been studied quantitatively by spectroscopic titrations
1d thermodynamic data for product formation have been determined. The reaction

: P(OMe)3 with Rh2C12(CO)4 in benzene is different in that some carbon monoxide
mains coordinated to the rhodium giving Rh(CO)LZ where L is P(OMe)3 (ref. 282).
te Treactions of the triphenylphosphite complexes Rh2012L2(diene), Rh,C1,L,,

1d thn.3, where 1L is P(OPh)s, with arenes yields the cationic complexes
le(arene)+ and with ritrogen donor ligands, N, complexes of the type RhNﬁLn+
I = py, substituted pyridines, bipy, dinitriles, n = 3,2, m = 1,2) have been
itained (ref. 283).

When the reactions of tertiary phosphines with Rh, 12(diene)2 are carried

Cc
it in polar media the complexes RhCl(phosphine)(dieie) react further with the
wosphine to give the cations [Rh(PR3)2(diene)]+; It seems likely that these
actions proceed through five coordinate intermediates and such complexes
K(PR3)2(nbd) (r =,grc1csnﬁ) have been isolated. Similar five coordinate

mplexes using Rh C12(1,5—cod)2 could not be isolated, the lower n-acidity of

2
5-cod, as compared to nbd, decreasing the stability of the pentacoordinate

mplex. Molecular hydrogen reacts with RhX(PRB)Z(nbd) to give RhHZX(PR3)2 and

e hydride chloride complex shows catalytic activity in the hydrogenation of

clic and terminal alkenes. The complexes RhX(PRB)Z(nbd) react with carbon monoxide
give RhX(CO)(PR3)2 (ref. 284). The complexes [RhN2(1,5-cod)]c1o4 (v =

nodentate nitrile, N, = bidentate nitrile) and [RhN(PR3)(1 ,5-cod)]a (A = BF,,

04, R =.EfFC6H;, Ph, EfMeC6H N EfMeOCGH4) have also been prepared and they

act with molecular hydrogen to form species that act as hydrogenation catalysts

'?f. 285). A variety of cationic complexes of the type [RhLZ(diene)2301O4

L= Phsgs, Phssb; diene = 1,5-cod, nbd) and [Rth(nbd)]cm4 (v = quinoline,

oquinoline, pyridine, 2-ethylpyridine; N, = tetramethylethylenediamine,

2
2-diphenylethylenediamine, bipy, 1,10-phen} have been described (ref. 287) and

me reactions.of these complexes are illustrated in equations (s6) — (59).

e ability of some of these,complexesito act as hydrogenation catalysts has

en examined.

‘/f S N o o - R 7 6
Fh(4$%u3)2(d;fne{10194 + €O - [3hcq(A§Pp3)2(d1§ne);0104 (§ )
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[Rh(SbPhj)z(diene)]ClO4 + 2C0 = diene + [Rh(co)z(SbPh3)2]c1o4 (57)
[thyz(nbd)]0104 + 2PPh3 - 2py + [Rh(PPh3)2(nbd)]Clo4 (58)
[Rhpy,(nbd)]c10, + PPhy - py + [Rh(PPh;)(py)(nbd)icio, _(59)

The reaction of Rh201 (1, 5—cod) with Pd(PPr ) bas been shown to give
Rhc1(PPr1 Y(1,5-cod) possibly via a bridged 1ntermed1ate (ref. 288).

The catalytlc asymmetric hydrogenation of prochiral olefins by rhodium(I)
complexes of chiral tertiary phosphines continues to be an active area of
research. High optical yieids have been attained with g—amidocinnamic acid
derivatives as substrates, e.g. methyl(Z)-g-acetamidocinnamate (MAC) with Rhr(T)
catalysts containing chiral diphosrphines, and a crystal structure of 2z hydro-
genation intermediate [Rh(diphos)(MAC)]® (103) has been reported. The substrate
is bound through the amide oxygen in addition to the'q? C=C bond, which is

Ph P Pph2
l’ )i
Me0_C
(103)

considered to contribute to the stereoselectivity exhibited by the chiral
catalysts (ref. 289). Studies of the catalﬁtié asymmetric hydrogenation of
itaconic acid and some of its derivatives and homologues with a rhodium(I) chiral
dirhosphine system have shown that the major limitation to efficient asymmetric
bydrogenation is the ability of the substrate to form a bidentate complex in
the transition state (ref. 290}.
31P NMR studies have been used to determine the nature of the olefin
hydrogenation catalyst species present in solutlon on ‘treating Rh 012(u2 4) )
with chelating diphosphines and on treating the complexes Rh{dlnhosbhlne){nb&)f
with molecular hydrogen. #An invegtigation of the reactions of . --
BRC1(Ph PO CH,CH,PPL, ), with- Hyy HCL and 0, b has also been reported (ref. 29f).
Chlral,pyzrnlld;nenhnsnhlne—rhodlum catalysts of the type [Rh(T 5;00&)L ]CIG
(x2 = FPPH, BPFH, EPEM. PTM as shnun_belnu] have been shown to be useful catalysts .
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FPPM, R = CHO
RN PPh, BPPM, R = <:0213ut
PPPM, R = COBu
PPM, R =X

for the syntheses of chiral alpha-amino acids, salsolidine, alpha-hydroxy esters
Re(-)-pantolactone, beta-amino acids, alpha-methylsuccinic acid beta-methyl-
agpartic acid and beta-substituted butyrolactone. 31P NMR studies of the
complexes Rh(1,5-cod)L2+ (L2 = FPPM, BPPM, PPPM) have shown that they have
planar four coordinate structures but that Rh(1,5-cod) (PPM) " has a trigonal
bipyramidal five-coordinated structure (ref. 292) and 31? NMR studies have
provided evidence for the regioselective coordination of prochiral olefinic
substrates with rhodium(I) complexes of pyrrolidinodiphosphines, and suggest

a mechanism for chiral recognition of enantiofaces fref. 293). 3ome aspects

of the chemistry and catalytic properties of cationic rhodium phosphine complexes
have been gtudied and it is clear that the chemistry of cationic comvlexes
containing chelating diphosphine ligands is different from that of the corres-
ponding complexes of monodentate phosphine ligands (ref. 294).

Bis(2-diphenylphosphinoethyl)amine has been converted to a wide variety of
water-goluble diphosphines and the catalytic activity of sewreral rhodium
complexes of these new ligands has been surveyed (ref. 295).

Triphenylphogphine and the positively charged phosphonium phosphine ligand
Ph2PCH20H2P+BzPh2 react with Rh2012(1,5-cod)2 to give mixed-ligand cationic
analogues of Wilkingon-type complexes. The presence of the positiwre charge on
the phosphine ligand allows the complexes to be electrostatically bound between
the negatively charged sheets of the swelling layer-lattice silicate mineral
hectorite. The activity of the intercalated hydrogenation catalyst is about
twice that of the homogenous catalyst in methanol. The complex
[Rh01(Ph2PCH2CH2PBzPh2)(1,S-cod)]BF4 has also boen isolated (ref, 296). Other
cationic complexes of the type [RhL2(1,5-cod)]Clo4, L, = RKCEZCH(Pth)cnzc'HCHZPh
(ref. 292) and L, = o'ca(crx.zpphz)ocn(01121=th)c'n2 (ref. 297) hzve been described
and their use as olefin hydrogenation catalysts exsmined. Some rhodium carboxylate
complexes of the type RhZ(OCOR)2(1,5—cod)2 have also been prepared and have been

treated with tertiary phosphines to give catzlysts for olefin hydrogenation
(ref. 298). The complexes [RhLz(diene)]+ (L = mono- or -bi-dentate tertiary
phosphine, diene = 1,5=cod, nbd) have been shown to catalyce hydrogen transfer
from isopropanol to various ketones such as cyclohexanone, 4-t-butyleyclohexanone

and acatophenona (ref. 299).
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Metal-to-ligand ckarge transfer spectra of the complexes Rh2012(00)4,
Rh2012(1,5-—cod)2, Rh2c12(nbd)2, and Ir2012(1,5-c0d)2 in dichloromethane
solution have been obtained (ref. 300).

The reaction of molecular hydrogen with the complexes [IrL2(1,5-bod)]PF N
where L is & tertiary phosphine, or the reaction of 1,5-cod with a hydrido
complex provides two isomeric series of dihydrido-diene complex cations cis-

and cis, trans—[IrHé(1,5—cod)L2]PF6, equations (60) and (61). The complexzes

H
[IrL,(c0d)IPF, 2o cis-[TrH,L,(cod)IPF, (60)
[Ier(M62CO)2L2] + cod - cis, trans—[IrHéLZ(cod)]PFg (61)

are important intermediates in the catalytic hydrogenation of 1,5-cod by
[IrL2(1,5—c0d)]PFg. The cis-isomers transfer hydrogen to the coordinated
cyclo—-octa-1,5-diene much more rapidly than the cisg, itrans isomers, hydrogen

transfer to the olefin appearing to require a coplanar Ir(C=C)H arrangement.

Molecular hydrogen reacts with [Ir(1, 5—cod) % at -80% to give [IrH2(1,5-cod)2]+

and it is apparent that electron—w1thdraw1ng substituents do not deactivate the
iridium centre towards oxidative sddition (ref. 301). The complexes .
[ern(1 ,5—cod)]PF6 (n=2, . = PPhg, PMePh,; n =3, L = PMe,Ph also oxidatively
add hydrogen hzlides to give [ IrHX(1,5—cod)L2]PF6 (. FMe,Ph, PMePhZ) or
IriX,{1,5~cod) (PPh.). The iridium(I) intermediates, IrXL,(1,5-cod) (L = PMePh,,
X = Br, I) can be 1solcted from the reaction mixtures at O C and are also Tormed
upon treatment of [IrL2(1 ,5—cod)PF6 with XX (L = PPh3, X = Cl; L = PMePh,,

X =¢Cl, Br, I). Protonation of these intermediates occurs as indicated in
equationg (62) and (63). The hydride IrHIZ(PPh3)(1,5—cod) is also formed upon

IrXL,(1,5-cod) + EPFy -+ [IrHxL,(1,5-cod)]PF, (62)
(L = PHePh,, X = C1, Br, 1)
-60°c
ZIrGl(PPh3)2(1,5-cod) + HPF, - IrHc12(PPh3)(1,5-cod) + [Ir(PPh3)2(1!5-goa)]PFb

+ PPh3 (3)
reaction of [I*HI (PPh,) (1 5—cod)]PF} with iodine 1n.dlchloromethane (ref 302)
An orgznometallic cluster Ir, (CO) (C8 }2)(C&ﬁ%%)(08§%9) which illustrates .
steps in the dehydragenat.on.of cylo—octa-i,E—d1ene,hy a metal cluster, has

been obitained as a minor -product from the reaction of Ir {col wlth cyclo—_

octa-1,5~-diene (ref. 303). .- s .- - -

Tizpizeement of thiorids fzaﬁ,ahs _complsxes. ﬁéﬁinii §~c&§}2 €§,=§§, Er}
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by the tetrathiosquarate dianion has been reported. Thus treatment of
M2012(1,5—cod)2 (M = Rh, Ir) with €,5,K,-H,0 affords the complexes (104) (ref.
304). The organometallic alpha-diimines RN = CR'C(Me) = NR', R' = irans -
PdCl(PPh3)2, also react with Rh2012(1,5—cod)2, equation (64) to afford the

binusclear complexes (105). The reactions of the alpha~diimines RN = CR1C(Me) =

/

/
(cod)M O /M(cod)

/

(104)

NR", R' = Pdcl(diphos) or Rh(SZCNMez)(PPh3), with Rh2012(1,5-cod) have also
been reported. In all the binuclear complexes isolated the 1,5-cod ligands are

readily displaced by carbon monoxide to give the corresponding dicarvonyl

P201Pd-C(NR)(CMeNR) + Rh2012(cod)

>
l (P = PPhs)
c12Pd-c(NR)(CMeﬁﬁfﬂh(cod) + RhC1P(cod) (64)
| R §

(105)

complexes. The reactions of the diimines RN = C(R1)C(Me) = NR", DAB, with Rh2012(co)4
afford trinuclear complexzes Rh2012(00)4(DAB) in which the diazamtadiene group
acts as a bridging ligands (ref. 305).

Several dinuclear arsenic bridged carbonyl complexes with Fe~Fe, Mn—Co, and
Fe-Co bonds catalyze the dimerization of norbornadiene and the X-ray crystal
structure of one of these (OC)4FE-AsMe2—Co(CO)Z(nbd) has been determined (ref.
306). Studies on the dimerization of 7-methylnorbornadiene by Coa(CO)4(nbd)2-
BF3.0Et2 or 002(C0)4(nbd)2—12 catalyst systems suggest that a m-couplex multi-
centre procesa is not important and thata metal-catalvzed cationic polymerization
of norbornadiene is involved the catalyst system having the ability to align
two dimerizing nbd molecules to give Binor-S (ref. 307).

Various rhodium catalyzed rearrangements of strained-ring organic compounds

have been reported during the present year.
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Thus Rh (OAc)Z(nbd) the crystal struciure of which has been determined (ref.
308), catalyzes the isomerization of quadricyclane to norbornadiene and two-
endo bis(nmorbornadienes) (ref. 309). The rearrangement of blcyclo[2.2-0]
hexane to cyclohexane is catalyzed by Rh2C12(1,5-cod)2. The stoichiometric
reaction of bicyclo[2.2.0Thexane with Rheclz(co)4 yields an acyl oxidative
addition product (106) which upon treatment with triphenylphosphine yields

RnC(O)CH CHZCHCH CH, (c1)(co) (106)

3-cyclohexane—-1-carboxaldehyde. No 7-norbornanone could be detected in the
products and this contrasts with the corresponding reaction of the cubane
adduct which yields homocubanone (ref. 310).

The octamethylene chains in di-[8](1,4)-T-ozanorbornadienerhodium chloride
have been shown to exhibit dyramic processes which involve a swinging of the
octano bridge over the ether-oxygen zatom, 2 conformaticnal change within the
octano bridge, 2 rotation of the 7-oxanorbornadiene ligands around the
rhodiun-oxygen axes and an exchange of free and coordinated T-oxanorbornadiene
(ref. 311).

A series of papers on the preparations, X-ray structures éhd 15

C NMR spectra
of rhodium(I) and -(ITII) and iridium(I) and —(III) complexes containing
chelating unsaturated tertiary phosphines and arsines have appeared. Thus the
olefin complexes Rhc‘B(BDPH), RhC1Br,(BDPH), IrCls(BDPH), IrC1Br,(BDPE),
IrMeClI(BDPH), IrHClZ(BDPE) and IrHBrZ(BDPH), where BDPH is Ph,PCH,CH,CH =
CHCHZCHZPPhZ, have been obtained by oxidative-addition reactions of the
complexes RuC1(BDPH) and IrCl(BDPE) (ref. 312). An X-rey study of IrC1(BDPH)
shows that the complex is square planar with trang phosphorus atoms and with

the coordinated C=C bond lying essentially perpendicular to the IrClP2 plaue.

In Iercl(BDPH) the geometry is octazhedral with Cl and olgfin ligands each

trans to hydride ligands. The Ir-C distances are much longer than those in
IrC1(BDPH) and the C=C bond length in IrH2C1(BDPH) is approximately the same

as that in free ethylene. Tt would seem that there is little back-honding in
this iridium{III)-olefin bond (ref. 313) and a similar result is found for
IrC13(BDPH) (ref. 312). A 130 NMR analysis of the square planar complexes
RuX{BDPH), X = C1 or Br, RhC1(BDAH), where BDAH is Ph,AsCH,CH,CH = CHCH,CH AsPh,,,
the trigonal-bipyramidal complexes RhX(DBP),, X = Cl-or Br, RhX(CO)(DBP),

X = €1, Br or I, Irx(cO)(DBP), X = €1, Br, or I, where DBP is

PhP(CHéCHéQH = 032)2, RuX(TBP), X.= Cl1, Br, or I, IrC1l{TBP), where ‘TBP is .
P(CHéCH CH ‘Cﬁé) , and” tne “octahedral complexes. RhXYCl(BDPH), XY = C1, or Br
and IrxiCl(BDPE), XY= Cl,,

apparent tHat <the 13u MR parameters of the compiexes refiect the re¥ative .
amount o ¥ electron density at the metal centre avallable for back—bondlng (ref 314)-

2
2, or HC1 have been reported. In.general it: 1s e e
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The reaction of Coa(CO)G(PhCEECPh) with 1,1,1-tris(diphenylphosphinonethyl)
ethane, triphos under UV irradiation affords 002(00)4(triphos)(PhCEECPh). An
X-ray structural study of this molecule shows that the triphos behaves as a
bidentate ligand, displacing two carbonyl groups both on the same cobalt atom
(ref. 315).

The reaction of 15~PhC=C- subsgtituted benzo-15-crown-5 ether, PhC=CR with
002(00)8 gives CoZ(CO)G(PhCEECR) and a complex of phenyl 3,4-~dimethoxyphenyl-
acetylene, Coe(CO)SPhGEECC6H3(OMe)2 has also been prepared. The former complex
provides an example of an acetylene cobalt carbonyl complex containing a
crown ether group which should combine the properties of a transition metal
compound and & crown ether within the same molecule (ref. 316). The reaction

of hex-3—-yne with a mixture of Fe(CO)5 and Coz(CO)8 proceeds as outlined below:
Fe(co)5 + Co,(CO)g + EtC=CEt
\
C02(CO)6(CZEt2, + CO4(CO)1O(CZEt2)

70% 5%

+

Coz(co)6§EtCECH(0H)Me§ + Co,(c0) (Bto=cAC)
% 2%

+ Fe002(00)7(02Et2)2

1%

Activation of one of the methylene groups alpha to the triple¢ bond was also
observed in the reaction of oct—4-yne with F'e(CO)5 and 002(00)8 (ref. 317).

It is known that acetylenes can be carbonylated in the presence of catalytic
amounts of COZ(CO)B in polar golvents to give bifurandiones or with stoichio-

metric amounts of C02(CO)8 to give lactone complexes 002(00)7(0402R'R2) (107).

R 0

\-—{

! 0

R
()‘:"‘-—-._____
(OC)3C0/ Co(CO),

(107}
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These lactone complexes have now been obtained with internal acetylenes and it
has been found that the reaction is regiospecific. Further it appears that in
the products derived from asymmetric internal acetylenes the 2-position of the
lactone ring is occupied by the sp carbon atom of the acetylene with the high-
3¢ MMR chemical shift (ref. 318).

The reaction of trans-Rh,(C0),(C 415‘6)c1:_>2 (108) with Me NO results in decarb-
onylation of the complex and conversion of a two—electron into a four-electron

er value of the

OC—Rh
‘\..(:p

{108) (109)

donating acetylene ligand. The resulting complex (109) forms adducts with CO,

t X ,
AsPh3, P(OMe)3, PHePhZ, PhZPCHZCHéPPhZ, S0, , MéZSO and Bu NC and reactions of
(109) with C,R, (R = Me, CF, Ph) give the bridging metallodiene complexes
Rh2§C4(C- 2R2$Cp2 and the bridging metallodienone complexes Rh 30 (CF ) R200$Cp2
as major products. Treatment of (109) with molecular hydrogen at 20°C and 1 atm
gives a variety of products e.g. CF CHéCH CF3, Rh (CO)(C4F6)CP3, Rh3(00)30p3,
Rh (co) CpA and multinculear hydrido-rhodium species. It is also noteworthy
that vhereas trans—Rh (CO) (C Fb)sz (108; is fluxional, the terminal 300

ligands giving eau1va1ent coup11n° to both 103

Rh nuclei at room temperature but
to only one at —40 C, the cis-isomer is not fluxional (ref. 319).
The complex (110) which is formed by the reaction of hexafluorobut-2-yne
with Rh(Sal_N-n—tol)(PhZAsCHéCHéAsPh ), where Sal = N-p-tol is N-p~tolysalicyl—
aldimine, exhibits acetylene rotation at higher temperatures but at low temp-
eratures the CF; groups are non-equivalent suggesting the structure (110) (ref.
269). . .

Studies on the reazctions of alkyl dizzoacetates, which-are—potentialicarbeng
precursors, with Co(PPhB)(Czth)Cp, equation (65), reveal that the addition of
alkoxycarbonylcarbenes to this cobalt-acetylene complex is analogous to that
of isocyanides. The reactlons are con31dered to proceed,v1a an 1ntermedlate

- 1 - . -
cobaltacyclobutene Co(CHI{CPh—CPh)Cp (ref. 320). ST T
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Rh———7 (R=CF,)

Co(PPhB)(CePha) + N,CHR

1
(r = CO,R )

Co(CHR=CPhCPh=CHR)Cp + Co(CHR=CPhCPh=CHR)Cp

(gyn, gyn-isomer) (syn, anti-isomer)

+ CpCo(CHR—CPh—CPh—CPh—CPh—CHR)Con

_____

LT 1
+ CpGoCR-CPh—CPh-CPh=CPhCoCp (65)
L )

The '70 ana 130 NMR spectra of the acetylene compounds, Co2(CO)6(02R2)

= CH,0H, COZMe) have been reported (ref. 321).
The reaction of MeBSiCEECSiMe with Co(CO)2Cp at 137°C affords a mixture of

. OO . ~ t ws
(Me381)2C C=C C(SIM63)2’ v03C4(81Me3)4$0p, C03C4(01Me3)3(0 SlMe )£vp and the
novel trinuclear transition metal cluster {111, R SlMeB, R = C, SlMeB; which
is capped by two triply bridging carbyne ligands (ref. 322). Thermolysis of
1
R R‘I = si, R2 = Me,SiC=C
) 1 23 3
C R' , R" = Ph
i = Ph, B = COple
) 2
CpCo —— — LoCp (111) R  =Me, ° = CN
\\ / R = Me, & = CO,Me
Con
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acetylenecobalt complexes of the type Co(PPhB)(R1CEECR2)Cp also give complexes
of the type (111) (ref. 323).

Other reactions of acetylenes with cyclopentadienyl complexes of the type
HLZCP (M = Co, Rh, Ir; L = donor ligand) are discussed in the section on

metal cyclopentadienyl and arene compounds.

Metal 211yl compounds

An X-rey structure analysis of the complex Co(CO)2(PPh3)(03H5) reveals that
the cobalt atom has a2 distorted square pyramidal coordination with a formally
bidentate allyl ligand, one carbonyl ligand, and 2 phosphine ligand occupying
the basal position. PFurthermore it is apparent that a2t temperatures down to
135 K there 1s a fluxional equilibrium with the allyl ligand oscillating

between two enantriomeric positions as indicated below (ref. 324).

ocp O -
\\ go
HT ] H
Ph,P H

Some 16-electron allyl complezes of the type Rh(allyl)(1,5-cod), (allyl =
1-methylallyl, 1,2-dimethylallyl, 1,3-dimethylallyl, 1,1,2—trimethylallyl) have
been obtzined by the reaction of Rh2012(1,5—cod)2 with PrngBr in the presence
of the acyelic conjugated dienes buta-1,3-diene, isoprene, cis— or trans-penta—
1,3-diene, and 2,3-dimethylbuta-~1,3-diene respectively. The complex formation
is regio- and stereoselective and only one isomer is produced in each reaction
(ref. 325). 4 variety of 211yl complexes of rhodium and iridium have also beexn
obtained via reactions of appropriate complexes with allylmercury halides

ng(csnia) as outlined in the equations (66) - (69) (ref. 326).

MeOH, H,0

NaRuClg + HgCl(C3H5)_._> Rh2012(C3H5)4 (66)

RhC1;.3H,0 + ch1(c31§[5) + TICD ——3 RhCl(C3H5)Cp - (67)

IrI,Cp + HgCL(C,H;) — 5 IrHgCgH, ,C1,I, ) - (e8)

e (c B ez O P O

IrHgC H,.,C1, I Hz + Izx(c Ccp + Irci{c Cp - 69
F12T22 T 5.0 4% a7 -

25:Y%
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The reactions of Rh(C3H5)(1,5—cod) with phosphites and phosphines give a
gseries of quasi-four-coordinate and five~coordinate complexes of the type
Rh(C )L and Rh(C H )L These complexes readily react with molecilar hydrogen
‘av 20 c o form 1n1t1ally propene -and rnodium nydrides of the type -knHL,, RhH3L
{2&&2} « and en unidentified hydride. The _polynuclear hydrides £ Eéza‘.&z}.f L ia
P{{)Fe) or P{OEt) and Lmz'iz* I is P{OPr ) 5+ Were fully identified. The
stabzlztzes ef tﬁe chosphine anslogues were s&hstaﬁtzaiiy'iawer. Thege hydrides
are very active cafzlyst precursors for ¢lefin and acetylens hydrogenstions.
The dimer thHszz, 1 is P(GPrijs, is a catalyst for arene hydrogenations. In
the reactions of [RhH(phosphite)Z]n with molecular hydrogen, there was no
detectable cluster fragmentation. In the case of the dimer and the trimer the
fluxional intermediates HL RhHBRhL and Rh3H regpectively were identified
(ref. 327).

Although the reactions of alkyl halides with trans-IrX(CO)L. commorly give

2
products in which the alkyl and added halogen groups are trans to each other,
it ig known that the oxidative addition of allyliec halides to jrans-IrCl(CO)
(PMeaPh)2 occurs in a cis manner and that the phosphine ligands are #lso cis to

each other in the product, equation (70). Studies on this reaction in benzene
trans-IrCl(co)L2 + allylX - IrClX(allyl)L2 (70)

(allyl is CH, = CR—CHZ, R = H,Cl,Me; X = Cl, Br; L = PMe2Ph)

2
| solution ghow that the reaction probably proceeds via a pi-allyl complex which
reacts with anionsto give a gigme beonded allyl cis to the added airior  Thus
both alpha=-methylallyl and crotyl chlorides give the same complexes. However,

in methanol the pi-allyl complex is not an intermediate since these allyl
chlorides gives different products, the iridium bonding predominantly to the
carbon atom which was bonded to chloride (ref. 328). Fhenylcyclopropane has
been shown to react with 3552§~IrCl(N2)(PPh3)2 ta give IrHCl(c3H4Ph)(PPh3)2 and
this complex is also formed from reactions using allylbenzene or irang-PhCH =
CHMe. Allylbenzene also reacts with Ir 012(08 14) in the presence of a donor
ligand L to give IrHCl(c3 4Ph)L2 where L is PPh3, P(27t01)3, AsPh,, As(p-tol),,
or SbPhy. Some reactions of the complexes are given in equations (71) and (72).
; Treatment of the 1rH012(PPh3)2 mixture obtained in equation (72) with CO yields

H

TrHC1(C.H Ph(PPhs)o + L = Ircl(L)(FPh

o + PhCH = CHMe (71)

3)2

g (L = ¢cO or PF3)
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rHCl(C Ph)(PPh3) -+ HC1 -DQ—II‘HCJ. (PPh3) ,+ PhCH CEI-ie ;

R B-IrHCl (PPh ) + Pncﬁéca'-.cné(7a)

a new isomer of IrHClz(CO)(PPhB)é. The complex IrHCl(C Ph)(PPl%) adopts a
structure in which the pi-allyl occupies two coordmat:.on s:.t.es, »jl:he phosphme
ligands are mutally cis, and the hydrido end chloro ligands ere trans (ref.
529). , -
‘The reactlon of tetrafluoroethylene with Co(CO) (PFezPh)(C H_) affords
Co (CF,CF,CH,CH=CH, ) (C0) (Pme Ph) and the complexes Co(CO) L(allyl) »allyl = c3135, .
P(G!Ee)3 and a11y1 1 _Ir_!—-PhC yr b= CO afford analogous products with :
c2F4. Some reactions of hexaf luoropv-opene and. octaf 1uoro’bu‘l:---Z«ene are given in
equations (73) ard (74). The structure of the complex o
Co%CF(CF Yer(cF )CHéC HZ;(CO)ZP(OMe) is essentially trigonal blpyramldal -

Co(c0) L(Z—IIeC3H4) + 03F6 - CD%CF(CF )CE. CHECMe—Csz(CO) L ‘ | (13)
L= P(oxe).j |
c°(co)3(c335) + CFOF = CFCFy - c°§cp(c JeF(cF )CEZCH = CE §(c‘o)3‘ N (74) -

with uhe phosphite ligand and -,uoroa_kyl Eroup OCCUPYIDg the aplcal n051t10ns.7
The reaction of Co(CO) (C3H ) with chlorotrlfluoroethylene leads to an unusual ‘7
cyelizetion reaction to afford co(co) (CH-CHJCFCF CH, ). Toe allyl’ complexes
co(co).. (2—Me03H4) and Co(CO) (1-Mec ) behave 31m11ar1y (rex. 30)

Metal eyelopropenyl and cyclohutadlene compounds

The reaction of Phjc3 BF4 ‘with Co (CO) affords the 41-trlphenylcyclopropenyl
compiex, CO(CO) (C3Ph3) Synthe31s of th_s coleex completes the cobaltatetra~'
hedrane family, Co, R2(00)6 Co CR(co)g, and Co (co) The comnlex Co(CO) (c Ph3)
1s a yellow a1r-stab1e solld.(ref 331) f . . ST
"~ Treatment.of . (112; R = Ph) with - NaCo(CO) L (L = co, PPh_),
in TEE affords ‘the cyclobutenonyl complexes (113)

‘ benzene solutlon the complex (113,
dmer (1 14).
lu is apparent that the st*etchlng frequency o'

The IR spectra of” the: complexes (113) r aiso of 1nterest=51nce'
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(114) {115)

nucleophilicity of the ketone oxygen, equations (75) and (76). Treatment of

Co™(00),L(C,Ph,H07) + MesO'PF; -+ [Co(CO),Lic,PhH(oNe)} JoF, (75)

3

+ - +on= 2
Co*(c0),L(C,Ph,H0T) + Et;0"BF, + [0o(cO),Lfc, Ph, {0kt )} 8r, (76)

3

(115) with PhCO+SbF6- and MeCO+BF4- affords scyloxy complexes but they are
gignificantly less stable than their alkoxy analogues and seem %0 regenerate
the starting cyclobutenonyl complexes on standing in solution. These complexes
may exhibit interactions of the type indicated in (116 ). The cationic

complexes produced in equations (75) and (76) are air-stable crystalline solids.
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OMe

(116) (17)

Hovwever, the carbonyl ligands in [Co(CO) ZC Ph H(ONe)%]PF
are labile and on warming a benzene solution the cationic sandwich complex (117)
is produced (ref. 333).
Pyrolysis of the complexes (118) - (121) gives varying azmounts of the other

Me,Si Q C=CH Me Si Q C=CH Me,SiC=C
Me,Si C=CH HC=C SiMe, iCs Q

| | Me,SiC=C |

CoCp {(118) Colp  (119) : CoCp  {120)

C=CSiMe,

Q

Me,Si(=C |
CoCp
(121)

isomers together with Me SiC=CC=CH and Me_ Si(C=C),SiMe;. These results are
clearly related to the role of metal-cyclobutadiene complexes in alkyne meta-
thesis. The free energies of activation for the decomposition of these éomplexes
are in the range 47-50 kcal/mol and are con51derab1y lower than the CpCo bond
strength of 64 kcal/mol (ref. 334). - -

The reaction of 1 8—bls(trlmethylsilyl)—cis,cis—octa-B S—diene;1 7—diyné )
with Co{CO) 0P affords the benzocyclobutadiene complex (112) which on treatment
with fluoride affords the first known benzocyclobutadlene sandw1ch.complex C123)
The reactions of symmetrical and unsymmefrwcal ace'yieneS'WIfn CofCS} Cp are : B



pisiiza

69

SiMe
<D1 3 (CH3)4N*F- g CD1 H
4 \ ™~ DMSO 4 2
| 2 siMe 3 | 2*H
(122) (123)

known to produce a variety of cyclobutadiene and cyclopentadienone complexes.

Thus the reactions of both phenyl-l-naphthylacetylene and phenyl-2-naphthyl-
acetylene with Co(CO)ZCp have been shown to produce all four possible cyclo-
butadiene-cobalt derivatives and all six possible cyclopentadienone cobalt
derivatives. The structure of one of these complexes, 003(1,3-Np)2(2.4—Ph)204$Cp
{Np = naphthyl) has been established by an X-ray study (ref. 336). X-ray

' 3) (ref.

337) and 003(1,3-Mes)2(2,4—Ph)204sz (Mes = mesityl) (re®. 63, and NMR studies
indicate the presence of restricted rotation about mesityl-cjciobutadiene bonds
in the latter complex (ref. 338).

studies have also been reported for the complexes CO(C4Ph4)(CqH4SiMe

Metal cyclopentadienyl and arene compounds

The chemistry of cobaltocene, cobalticinium salts and other zobalt sandw:ich
compounds has been reviewed (ref. 339). The heats of formation of cobaltocene
(205 + 4 kJ/mol) and Co(CO)ZCp (=169 + 10 kJ/mol) have been determined by static-
bomb calorimetry (ref. 340) and the magnetic circular dichroism gpectrum of
cobaltocene has been reported (ref. 341).

The acidity constant, Ké, haa been determined spectrophotoretrically for a
number of substituted hydroxycobalticinium and hydroxyrhodicin.um salts.
Increasing the electronegativity of the substituent increases the acidity but
the acidity is reduced on replacing cobalt(III) by rhodium(III) or by the
replacement of a cyclopentadienyl group by a pentamethylcyclopentadienyl group
(ref. 342).

The zlectrochemical reduction of Rth2+ has been shown to occur in two
separate one-electron processes to give reactive rhodium(II) and rhodium(I)
complexes.Rth2 has a lifetime of about 2 seconds at room tempersture but it
can be stabilized by carrying out the electrolysis at low temperstures. Rth2
decomposes by dimerizing to give hacp4 which can be isolated in good yield by

electrolygis of Rth2+ solutions. BEvidence has also been obtained for the
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transient existence of RhCPz_ (ref. 343). Deuterium labelling experiments
establish that protonation of the anion Con2 involves exo addition at the
ligand and does not involve a metal hydride intermediate (ref. 344).
1,11—Dimethylcobaltocene has been shown to react with 2-cyanoazopropane and
2-bromo—2-phenyluropane to give isomerically pure (methylcyclopentadienyl)
(2—methy1—5-g§gralkylcyc1opentadiene)cobalt complexes. 1In the reaction with
2-bromo-2-phenylpropane, 2,3-dimethyl-2,3-diphenylbutane was obtained as a
by-product supporting a radical mechanism for this type of reaction (ref. 345).
5CL,(p~c1),
ClG(etmcp)2 heve been prepared by reaction of Sn{etmep)Bu’. with

3 3
CoCl,. From these complexes many cobalt complexes containing the etmep ligand

havezbeen prepared. These include [(etmcp)Co(u—Cl)BCo(etmcp)]Fe014,
CoCl2(PPh3)(etmcp), [coc1(diphos)(etmep) JPF,, [COLB(etmcp)]PFs 3 L = NH;, MeCN,
CH, = CHCN; L; = (HeCN),(Me,C=NH, benzene, toluene{, and CoL,(etmep) (L = ethylene;
L, = butadiene, 1,5-cod) (ref. 270).

Treatment of CoCle(PPh3)2 with T1Cp affords the cobalt(II) complex Cocl(PPh3)Cp
which reactis with Ag(RNSR) or Cu(RNBR) to give the low-spin triazenido complexes
Co(RN3R) (PPh,j,)Cp (r = D-MeC.H,, D-C1C/H,, 3,5—012c653). These complexes provide
some rare eXamples of paramagnetic monocyclopentadienyl transition metal
complexes (ref. 346). Some cobalt(ITI) complexes [Co(RN3R) (LCp]PFG, where L is
PEt3’ PPhj, P(oMe)_, or P(OPh)3 have been obtained by the reactions outlined in

equaticns (77) and (78).

Some ethyltetramethylcyclopentadienyl (etmep) complexes of cobalt Co

(etmcp)2 ard Co

CoILep + Ag(RNR) - [Co(RN R)LCPIT (17)

[Co(RNBR)LCp]I + T1PF, - T1I + [CO(RN3R)LCp]PF6 (78)
The carbonyl complex, L = CO, could not be prepzred but the carbonyl inserted
product Co(CONRNNR)ICP was isolated. In the reaction of COIZ(PPh3)Cp with
Ag(RN3R) the novel triphenylphosphonium cyclopentadienylide complex,
[Co(CSH4PPh3)Cp][PF6]2 was isolated as a side product (ref. 347).

Treatment of Na[CogP(o)(OEt)ngCp] with the salts MX (M = Li, K, Ag, NH,,
NHeA) affords the salts M[CogP(O)(OEt)2§3Cp]. The air-stable diamagnetic anion,
[CozP(O)(OEt)Z;BCp]- reacts as a tridentate chelating ligand with all main
Group (III) elements. Using NaBPh4 the cage-like cationic complex
[PhBCo fp(o)(omt)zgc;ﬂ+ is obtained and with A1, Ga, In, T1, (M), the trinuclear
sandwich compounds M[CoiP(O)(OEt)2€3CP]2+ are Tormed which contain MO, octahedra
{ref. 348}. The trinuclear complexes Co[Go%P{O)(OEt)é%3Cp]2 and
H‘L‘cofP(o‘}(OEt)'zch'jz (w = Mg, Ca, Sr, Ba, Pb, Mn, Co, Ni, Cu, 2Zn, Cd, Hg) have

been studied by X-ray diffraction and the structures of the complexes M =-Co,
R = Me znd M= Cu, R = Et have been détermined. Solid-solid phase trans;tions
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occur in the range 160-230 K and are best discussed in terms of order-disorder
transitions (ref. 349). The electrochemistry of the complexes M[Co’P(O)(OEt)2£3]2
(M = Co, Fe, Hg, Cu) has been investigated. The cobalt complex, M = Co, is
difficult to oxidise but the resulting cobalt(III) complex is surprisingly
inert (ref. 350).

The gas-phaseelectron diffraction structure of Co(CO)ZCp has been studied
and it is found that the extended Co(CO)2 plane passes through a rivg carbon
atom (ref. 3%1). The crystal structure of the complex [Co(CO)Z( 5 4PPh Ylco{co

has been determined. A square-planar coordination about the cobalt in the

4

cation iy observed (ref. 352). Polymer supported cyclopentadienyldicarbonyl-
cobalt and -rhodium have been reported and their catalytic behaviour has been
examined. The cobalt gystem can act as an immobilized, homogeneous, Fiacher-
Tropsch catalyst (ref. 352). The rhodium system was effective in the hydro-
genation of olefins, aldehydes and ketones, isomerization of olefins, dispro-
portionation of cyclohexene and cyclohexa-1,4-diene, cyclotrimerization of
ethylpropiolate and hydroformylation of pent-l-ene and hex-l-ec.ie (ref. 354).

Photolysis of Co(co)z(c5Me5) affords the ethylidyne cluster 0030Me(00) (CSMe5 ).
which can also be obtained by reaction of C5Me5H with Co3CMe(CO)9. The structure
consists of a triangular pyramid with two CO(CSMeS) groups and ohe Co(CO)
group in the base and CMe at the apex. The basal edge between the twc CO(CSMeS)
groups has a bridging €O group (ref. 355).

Upon heating Rh(CO) (C 5) for one hour at 80—8500 under a pressure of 10~
20mm Hg the dark-blue complex Rh2(u2-co) (CBMe5)2 (124) is formed which is

formulated with a rhodium-rhodium double bond. Treatment of the conplex with

€0 affords about 30% of Rh(CO)z(CSNes) (ref. 356). Single crystal X-ray studies

C
CM Rh\RhCM
e.~Rh =Rh-C.Me
55\/55
C
0

(124)

on the corresponding cobalt compound C°2(CO)Z(CSMe5)2 egtablish the presence of
a multiple cobalt-cobalt bond (ref. 357, 358) Structural studies on the mono-
anion [Co (“2 CO) (C )] also show that there is a decrease of 0.034 %
between the Co-Co bond 1ength of 2.372(1) & in the monoanion (assumed bond order
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1.5) and that of 2.383(2) % in its oxidized neutral dimer (assumed bond order
2). This contraction of bond length is consistent with the removal of the
unpaired electron from an MO of the monoanion which is primarily composed of
out—of-plane antibonding dn* dimetal character (ref. 358). The vreaction of the
He5)2 with 002(00)8 affords a new type of tetrahedral

5
metal cluster COA(CO)4(u2—CO)(u3—C0)2(CSMe5)2 ~hich can be envisaged as resulting

neutral COZ(MZ‘CO)Q(C

from the insertion of a 002(00)4(u2—00) fragment across the cobalt-cobalt double
bond of Coz(pz—co)z(CSMes). The cluster can also be obtained by oxidation of
the monoanion [Cog(ug-co)g(c5Me5)21“ with toluene-p-sulphonic acid in the
presence of N’aCo(CO)4 (rer. 359).

Exposure of frozen solutions of Co(CO)ZCp to GoCo gammg rays produces the
anion [Co(CO)ZCp]- {ref. 360) which has previously been observed by ges—phase
ion cyclotron resonsnce sdectroscopy. The anion [Co(CO)ZCp]- is involved in the
formation of [002(u2—co)20p2]-%hich results from the sodium-amalgam reduction of
CO(CO)2Cp. The reductions of various substituted cyclopentadienyl dicarbonyl
cobalt complexes, Co(co)z(c51-1e5), 00(00)2(05H4R) (R = Silley, SiMePh,, CO
CHZCOZMe) have been carried out. These reactions lead to the anions
[Coz(uz—CO)Z(C5H4R)2] together with ring loss products but only with the
complex Co(co)a(c534c02Me) does the ring loss product predominate. ESR and IR

Me,

2

studies on the radical anions reveal variations in spin density on the cobalt
over the series and a reduction mechanism has been proposed (ref. 361).

Treatment of the radical anion [Coz(uz—CO)Qszjawith MeXl is lmown to give the
dinuclear dialkyl Cozﬂez(pz—CO)ZCpal Studies on the carbonylation of the comp-—
lexes CoZRZ(,_,_Z—CO)ZCp2 (R = Me, Et) show that these complexes afford ketones
via diruclear diacyl complexes Coz(COR)z(uz—CO)chz. In this reaction a
cobalt(IT) acyl complex Co{COR)(CO)Cp is an important species. This cobalt(IT)
complex givesthe dizcyl COQ(COR)Q(HQ‘CO)QCP and also acts as an alkyl transfer
reagent, equation (79) to afford the ketone, equation (80) (ref. 362).

2co(came)(co)cp » c°(co)2cP + CoMe(cOMe)(CO)CD (79)
CoMe(COMe }(CO)Cp + CO - 00(co)2cP + Me,CO (80)

Reactions of the bridged dimuclear dialkylcobalt complex (125) with carbon

monoxide and PPhB, equations (81) and (82) have provided evidence for competing
(125)+ ¢c0 o Me,CO + (OC)2C0(CSH4CH205H4)C0(C0)2 v (81)

(125)+ PPhy 4—(PhSP)MeQCO(C5H4CH205B%)CO(CO)2 i : _ ‘ - (82) ;
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{125)

jnter— and intramolecular metal to metal methyl transfer (ref. 363).

Complexes of the type CoL,Cp (1. = two~electron donor ligand) are kmown to
uadergo oxidative-addition reactions with a varietly of molecules and new
examples of this reaction type have been reported during 31979. The complex
c>(co)(PMe_)Cp has been shoun to resct with alkyl halides to give acyl complexzes
C)(COR)(I)(PHe3)Cp (R = Me, Et). The complex [CoMe(CO)(PHes)Cp]I is an inter-
mzdiate in the formation of the acetyl compnlex and in solutions of polar
a)lvents the two complexes are in equilibrium. The methyl complex
[JoMe(CO)(PHe3)Cp]PF6 is stable but it reacts with PPh3 to give an acyl complex,
euation (83), which is also in equilibrium with the methyl complex, equation

(34). ®Treatment of CO(CQ)(PMeB)Cp with acyl halides affords the acyl complexes
Qw)Me(CO)(PMej‘)Cp]PFG + PPhy o [CoAc(PMe3)(PPh3)Cp]PF6 (83)

[cpAc(PHe3)(PPh3)Cp]EF —— [CoMe(CO)(PMe3)Cp]PF6 + PPhé (84)
[co(COR)(CO)(PHe3)Cp]+— (R = Me, Et, Ph) but they do not appear to form alkyl
‘complexes under mild conditions (ref. 364). The complexes Co(CO)ZCp and
VCu(CO)(PRB)Cp react with allyl halides to form allyl complexes e.g. equations
- (85) - -(87). The complex CoI(Q—MeCSH4)Cp reacts with donor ligands such as

Br -+ [Co(co)(1-MeC,H, )Cp]T g (®5)

co(C0) 50 "+ MeCH:CHéHZ

Co(C0),0p + CH,=CMeCH,I - Col(2-MeC,E,)Cp S ' (86)

c:<(co)lme3)cp+ f,c'zﬁngi A [Co(mMe) (CE)IBr B - (87)
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L = €O, PMey, Py and NA; to give the cations [CoL(Z—Me-C3H4)Cp]+. Attempts to
convert these cationic allyl complexes to cobaltacyclobutane complexes by the
addition of H  or Me have not been successful (ref. 365). Treatment of the

complex CoIZ(CO)Cp, which is formed by the reaction of Co(CO)ZCp with Iz, with

]?!-‘fe.j affords cationic complexes, equation (88) (ref. 365, 366). The reaction
CoIZ(CO)Cp + Pe, [CoI(PMe3)ZCp]I + [Co(PMeB)scp] I, (88)

of MeLi with [Co(PMes)BCp]2+ affords [CoHeZ(PMeB)Cp]. Interestingly the
reaction of PrngBr with CoIZ(PMeZPh)Cp followed by addition of agueous NH4PF6
ives the hydride [CoH(PHezPh)2Cp]PF6 (ref. 365). The carbonylation of

[CoI(PHe )ZCp]I in the presence of silver jon affords the cationic complexes
[Co(CO)(PHe3)2Cp]X2 (x = BF,, PF%)- The carbonyl group in these dicationie
species undergoes nucleophilic attack by alcohols, amines and ammonia to afford
complex cations of the type [Co(CXR)(PMe3)20p]+ (x = 0, R = Me, Bt; X = NH,
R = H, Me, Et, Bz). The carbonyl group of the dication is displaced by donor
solvents to give either [CoL(PMe3)ZCp]2+ (I. = MeCN) or [CO(PM93)3Cp]2+ (L =
DF, DMSO, HeNOZ). Treatment of the alkoxycarbonyl and carbamoyl complexes
with fluoroboric acid regenerates the dicationic carbonyl complex (ref. 366).

Treatment of COIZ(CO)Cp with Naz[Szcz(CN)zj is kmown to form the 16 electron
monomer Cogszcz(CN)2£Cp. This complex has now been shown to ferm air-stable
crystalline adducts with tertiary phosvhines and phosphites. The phosphite,
compounds exhibit long range 31P - 1E spin-spin coupling interactions with the
hydrogen atoms of the cyclopentadienyl 1igand. This effect is not observed in
the tertiary phosphine complexes and may be due to a shorter Co—P bond length
in the tertiary phosphite complexes (ref. 367).

The thiocarbonyl complexes, M(CS)(PPhB)Cp (1 = Rh, Ir) have been prepared
from trans-MC1(cs)(PPh )2 and NaCp. These complexes undergo oxidative reactions

with halogens, e.g. equations (89) - (91) the cationic iridium(III) complexes

TTK

Rh(CS)(PPhB)Cp + X, — [th(cs)(PPh3)0p]x (x = ¢1, Br, I) (89)
[Rax(CS) (PPR,)CRIX 2 mux,(PPRy)CP (90)
Ir(CS)(PPhB)Cp + X, _EE_> [Irx(cs)(PPh3)0p]x ] (91)

being more stable than the corresponding rhodium(IIT) complexes. Reactions with
dry HC1 proceed as indicated in equations (92) and (93) and treatment of the

Ru(cS) (PPn;)Cp + EHCL - RhC1(CS)(PPhy) — (92)



TR

A

7%
Ir(cs)(PPh3)0p + HC1 -~ [IrH(CS)(PPh3)Cp]Cl (93)

complexes with Mel afford the thiocarbene complexes [Msze SMe)‘ I)\PPh )Cp]I.
Reaction of RhC1(CS)(PPh,), with Mel affords Rh}CMe(SMe){c11 (ePny),
uL\CS)(FFna)Z and Mel give LrﬁeClI\GS)\rrn3)2 A similar reaction occurs upon

treatment of Ir(CS)(PPh,.)Cp with C1CH,CN to give [Ir(CH,CN)(CS)(PPh_)Cp)Cl. The
2

whlle Ir-~

2
reaction of mercury{II) chloride with M(CS)(PPh3)Cp affords the metal donor-metal

acceptor adducts Cp(PPh3)(CS)M - HgCl, (ref. 368).
The cobalt atom in the complex Co(PMe3)2Cp ig quite bagic and this complex

reacts uith equimolar amounts of ZnCl2 and PMe3 to give the complex
. ~a T N - -
Cp(PMe3)ZCoZn012(PMe3). Reaction of bO\PMe3)2 vith ZnCl, snd PPh3 gives a

mixture of ch12(pPh3)2 and Cp(PMe3)ZCoZnCl . The cobalt-zinc bond in

2
cp(PHe CoZnClQ(PMe3) is cleaved by reaction with PMe, to give Co(Fue,).Cp and

3)2

These reactions give an indication of the basicity of the cobalt

3)2
ZnClz(PM93)2.

atom in Co(FMe.),Cp and other reactions of this complex are given in equations
2LP

(94) - (97). Mercury(II) chloride reacts .ith Co(PMe3)20p to form the 1:1 and

Co(PMe3)2Cp + Cu2C12(PMe3)4 - Cp(PMe3)2CoCuCl(PMe3)2 (92)
Co(PMe3)20p + RSnCl Cp(PNe3)2<:oSncm3 (R = €1, Me, Ph) (9%)
Cp(PMe),CosnClRy + SnCl, = Cp(PMeB)ZCoSnR3+ (96)
[Cp(PMe3)2CoSnMe3]PF6 + SnCl, - [Cp(PMe3)2308n013]PF6 (97)

1:2 adducts, Cp(PMeB)zcngCl2 and Cp(PMe3)2Co(HgClz)2 respectively (ref. 369).
The rhodium atom in Rh(PMej)ch, which is prepared as indicated in equations

(98) and (99), is also a strong base. 1t reacts with a variety of electrophiles

Rh2012(cod)2 + Plley Rh(PMe3)4CI (98)

Rh(PMe3)401 . TiCp = Ru(PMe (99)

5)CP

Y" to give the cations [RhY(PMe3)2Cp]+ (Y = H, Me, Et, Ac, COFh, COC,H,ONe-p,

GeMe3, SnMe3, Br, C1, I). Treatment of Rh(PMe )2Cp with CF so3°1Me3 affords
rRhH(PMe Yo (C5H481Me )] together with [RhH(PMeS) Cp] Reduction of the former
complex w1th NaH gives Rh(PMe3)2(C H,SiMe ) (ref. 370). The crystal structure
of [RhH(PPh ) c MeSJPF shows that the observed distortions in the C. Me5 ring
may be attrlbuted tn the large trans-influence of the hydrido ligand (ref. 371).

Attempts to obtain Co(PMeZH)2Cp by reaction of Con2 vith PMeEH lead to the
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dinuclear complex (126) and an attempt to obtain Co(PMe3)(PMe2H)Cp by reaction

X O

Co Co
‘\\\ ’/,r
NP
r1e" P “P1e
r1e"’ S Me

(126)

of PMe B with Cp(PMe3)Co(u2—CO)2Mn(CO)(CSH4Me) algso leads to (126) as does the

reaction of PMe H with Co(PMe_j.)ZCp. The Co-Co bond of (126) should exhibit
nucleophilic character since the sigmz electron pair of the Co-Co bond occupies
the HOWO of this molecule. In agreement with this (126) readily reacts with
triflueroacetic acid to give the cationic bhydride [CpCo(p—H)(P-PMeZ)ZCon]+.
This cation (a 34—valenée electron system) has a triple-~decker-like structure
and like the 34-electron complex [Ni Cp3]+ reacts with Lewis bases % to give
the complexes [Cp(L)Co(p—PMéZ)CoHCp] where L is either PMe3 or P(OHe)3. No
addition takes place on reaction with anionic bases such as H or Me . These
reactions give the dinuclear complex (126) (ref. 372).

The reaction of Co(PMeB)ZCp with CSSe at -20°C gives a mixture of Co(CS)(PMeé)Cp
and Co(CSSe)(PMe3)Cp vhich on treatment with PPhy affords the thiocarbonyl

complex quantitatively, equation (100). A rhodium complex can be similarly
Co(CSSe)(PMej)Cp + Pph3 - PhBPSe + CoCS(PMeB)Cp (100)

prepared, equations (101) and (102) (ref. 373). Treatment of Co(CSZ)(PMeS)Cp

Rh(czﬁ4)(PMe3)Cp + CSSe = Rh(CSSe)(PMeB)Cp (101)
Rh(CSSe)(PMeS)Cp + PPh; -+ PhyPSe + RhCS(PHeS)Cp (102)

with Cp(Pﬁes)Co(ua-co)QMn(co)(CSHAMe) gives the trinuclear complex c°3(u3-s)(u34cs)cp3
The- suiphur atom of the CS bridging group is the site of maximum nucleophilicity

of this complex, reacting with MeI, EtI arnd Cr(THF)CO)
(ref. F14].

5» €-g- equation (103)

co3(p3._s)(p_3-cs)cp3 + RT o [cos(ﬁ —sn)(u3;CSJCp3]I (r = Mé, EBt) 5 (103)
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The reaction of ethylene with CoMeZ(PPh3)Cp gives methane and propene as
products, equation (104), ‘and a labelling study demonstrates that insertion of

COMez(PPh3)Cp + C,H, - Co(02H4)(PPh3)Cp + CH, + CgH, (104)
ethylene into a cobali-methyl bond rather than alpha-elimination from a cobalt-
met:hyl bond is the critical step in the reaction mechanism (ref. 375). The
reaction of He2SiCH&CHBPhCH=CH with Co(CO)2Cp give the diene compliex
00(me2é§E§ZEEEEEE§;EH)0p which upon acetylation with MeCOCl/AlCl3 and subsequent
hydrolysis affords the ring opened complex Co(CH =CHSiMeZCH=CHAc)Cp (ref. 376).
The: electrochemical oxidation of Co(ﬂ-—CSHSCOZMe)Cp gives the substituted
cobalticinium salt (ref. 377).

Various studies on the formation and chemistry of cobalt and rhodium metalla-
cycleés containing a cyclopentadienyl ligand have appeared. Previous experiments
have indicated that, in the reaction of RhIZ(PPh3)(CSMe5) with either
Brlig(CH, ) ,MgBr or Mg(CHZ) o Which gives a mixture Rh(c2H4)(PPh3)(c5Me5) and
Rg(CH CHéCH'CHé)(PPhS)(CSMeS), the latter rhodacycle could be a precursor of the
ethiylene complex as a result of a carbon-carbon bond cleavage reaction. However,
further studies have now shown that the formation of Rh(c2H4)(PPh3)Cp is a
conseguence of a facile diethyl ether C-0 cleavage by organomagnesium compounds
(zef: 378).

Several cobaltacyclopentadiene complexes Co(CR:CRCR:CR)(PPh3)Cp have been
shown to react with olefins (ethylene, propene, styrene, methyl acrylate,
dinethyl maleate) to give the corresponding cyclohexadienes and/or intermediate
cyclohexadiene metal complexes depending upon the reactants and reaction

conditions, e.g. equation (105). The cyclohezadiene compleres liberate the free

r— r* !
co(C 4Ph4)(PPh3)Cp + C_H, -+ PPh, + Co(CPh=CPhCH,CHHeCPh=CPh)CP (105)

3 3

cyclohexadienes upon treatment with cerium(IV). The first step of the Teaction
of the olefin with fhe cobaltsc—-lopentadiene complex is displacement of PPh3 by
olefin. The cycloaddition reaction .-=n takes place between two coordimnated
lizands (ref. 370). The complexes Coface’ v]ene)(PPh )Cp, acetylene = DMAD or
PhC—-CCO2Me, react with 1,2-disubstituted ole-lns to give metallacyclopentene
conplexes. Co(CR,—CR,CHR3CHR )(PPh3)Cp, intermediate olefin-acetylene complexes

being: 1nvolved in these reaction. The reactions of Co(acetylene)(PPh )Cp with

;mouosubstltuted olefins gives cobalt dlene complexes via cobaltcyclopentene

: 1ntermedlates. Reactlons -of acetylenes with cobaltacyclopentenes yleld cobalt—
cyclohexadlene complexes (ref. 380) Diene complexes Co(CHR.—uR CR =R} R)(PPh3)va
oxr’ hlgnly substltuted butadlene derlvatlves C‘R1—CR?CR?=CR1R are formed upon -

tzeatment of the cobaltacyclopentadlene complexes &o(CH ~CRPCRP=CR )(PPh3)Cp

‘Retlerences . 86 °
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(', B® = e, Ph, CO,Me) with the compounds RH (RH = Et,SiH, thiocresol, dimethyl-

and ethylene~thiourea, pyrrole, thiophene) {ref. 381). Cobaltacyclopentadiene
complexes have also been shown to reasct with isocyanides to give iminocyclo- ’
pentadiene complexes which can be protonated or alkylated to give some substituted
cobalticinium salts, equation (106) ard (107) (ref. 382).

T 1

Co(CPh=CECR:GPh)(PPh3)Cp + RINC = CO(C4Ph2RZCNR1)Cp (106)

Co(c,Ph_R.CNR!)Cp + MeI - [Co(C_Ph R,NR Me)CplI (107)
2 PR, T - 5t oty P

(R = Pn, He,COQMe; R1 = But, p-tol, 2 ,6—xylyl)

The reaction of Ir(CO)(PPh3)Cp with CGF CEECC6F5 has been investigated in
detail. The metallzcyclic complex IéTEE;E§5i;bR)(PPh3)0p (R = ¢gF;) is formed
in low yield and a variety of highly fluorinated organic products are also
obtained including hexakis(pentafluorophenyl)benzene, trans-1,2-bis(pentafluoro-
phenyl)ethylene and 1,2,3,4-tetrakis(pentafluorophenyl)naphthalene (ref. 383,
384).

A series of papers on pentamethylcyclopentadienyl complexes has appeared

during the year including a review on pentamethylcyclopentadienyl catalysts

for olefin and arene hydrogenation (ref. 385). Metathesis reactions of
Rh,C1,(Clle), § the crystal structures of Rh214(05Me5)2.2PhMe (ref. 386) and
Ir2X4(CEMeE)2 (X = Br, I) (ref. 387) have been determined%, with NaZ give
Rh224(05Me5)2 (z = Né’ NCO, SCN). Some reactions of the azido complex are given
in equations (108) - (115).

RhZ(N3)4(05Me5)2 + L Rh(Né)ZL(CEMes) {108)

L = RBP, (RO)_jP, RTAs, ENC, py, RNHNE,

Rha(N'3)4(csMe5)2 + phen - [Rh(Né)(phen)(CSMe5)]N3 (109)
Rhg(N3)4(05Mé5) + €O - RhZ(Nco)3(N3)(05Me532 (110)
ha(NCO)B(Nj)(CEMeS)Z + CO - ha(NCO)4(C5Me5)2 (111)
Rh(N3)2(PPh3)(C5H95) + Cs, = [R.h(N3CSZ)2(05Me5)]n (112)
[Rh(N3c52)2(05Me5)]n - ha(scn)4(csue5)2 (113)

B, (W5), (Cgeg), + €,Fg hasNécz(c?3)2£z(ﬁs);(csmes)a (114)
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Rha(N3)4(C5Me5)2 + CF.CN - Rh (v cer)_ (v )(c (115)

5 2 (N, C0F5)5 (N5) (Cges ),
From these studies it is apparent that terminal azide ligands are very much more
reactive than bridging ones. Reaction of Rh, 014(05Me5)2 with NaN02 or KNU2 gives
M[Hh(NO ) (CSMeS)] (M = Na, K). which on treatment with PPhy gives Rh(NO ) (PPh )
(CSMES) Reaction of Rh, (N ) (C Me ) with N,0, gives Hh(NOB) fCSMe ) (*ef 388).
The reaction of Rh 2Cl, (c ) ulth NéHA eventually leads to [Rh(N2H4)3(c5Me5)1012

°5/2
and analogous ammine complexes [Rh(NHé) (C Me )]2+ can be obtained. The adducts
RhX (NE_NR'R )(C ) are formed by reactlon of Rh,X, (C with NH.NR R

5 1 > "es) g
(R = R = Me, x = c1 Br, I35 R = H, R = Ph, C6F ’ I&tol X=2Cl; R = Ve,
R = Ph, X = C1). The bis complexes [RhC1(NH,NER) (CSMeS)]PFs (R = Ph, p-tol)
can also be obtained. All these complexes are labile and lose the hydrazine

readily (ref. 389). Treatment of M c1, (c Me ), ¥ith Na[R1COCHCOR2] gives the

2, 4 1 2

g-diketonato complexes MX(R!COCHCOR )(c ) (M =PRh, X =Cl, R = R® = Me,

°5
R =8 = cFy, R = e, B < B, ' = me, 82 = ogt, R - Me, B = CF,; M = Rh,
R' = B> = Me, X = Br, I, Ny, Oac; M = Ir, X = CI, R! = 8% = Me, B! = 7% ~ oFy ).

Iridium forms a stable complex Ir(acac) (CsMeS) vhich contains both oxygen and
carbon bonded acac- No exchange betueen these bonding modes is detectsble on
the NMR time scale. The complex [Rh, (acac) (C S)Z]FBFA]Z contains two
bridging acac ligands oxygen bound to one rhodlum and carbon bonded to the

other. The CsMe5 ring in the complex is distorted towards an ene-enyl structure.

3 Sope triazenido complexes RhCl(PhNCMeNPh)(CéMéS) have also been prepared as have

the complexes RhZ(N3)4(RNHN=NR)(CSMe5) and the cationic allyl complexes
-] = f. 0).
[RuL(1 mec3a4)(05Me5)]Pf%,-L MeCN, P(OMe)3, PPh,, NH,Bt (ref. 390)
Some blue five coordinate rhodium(III) catechol complexes

t -
[Rh(4—XCGH302)].H20 (X = H, C1, Me, Bu )are formed upon reaction of Rh2014(CSMe5)2

§ with 4-substituted catechols in the presence of agueous base. These complexes

form adducts with phosphines and the complexes Rhi 9-Cc 4(NH)Y‘(C Mes) {Y = 0, NH)

have also been reported (ref. 391). Resorcinol and hydroguinone, 6H4(OH)2

! displace acetonitrile from [Rh(MeCN) (C )][PF6]2 to give three different

types of complexes [ha(HOCGH4O...H...OCGH OH)(C5Me5)2][PF6] ,

[Rh(...OCGH4OH)(C5 5)]n[PF6]n, and [Rh(...H...0C gH,0- - -H...0C, H4O...)(05Me5)]h

 depending on the amount of base present and on the ratio of diol to acetonitrile

Reteceuces p. 86 - -

complex. In the first two complexes spectroscopic data indicate that the 06 A 2
11gands are pi-bonded to the rhodium and that in the third complex one C6
11gand is- pgrbonded and the other hydrogen bonded to it. Tne complexes are
rather 1nsolub1e in organlc solvents but dlssolve 1n.water with breakdown- of the

-hydrogen—bondlng 1nteract10n between the complexed lelS (ref 302). ' The

cationic benzene complex. [Rh(CBHB)(C Et)][PF ] undergoes attack by

'trlmethylphosphlte to glve (127) (ref. 393)
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Rh

(127)

The green tetranuclear dication [Rh4H4(C'5Me5) 4]2+resu1ts from the reactibn
of hydrogen with [sz(u—on)3(csne5) 5JC1.4H,0 in water {ref. 394).

Treatment of [Col’z(CSMeS)]n with a donor ligand L affords the complexes
CoIzL(C Ifles), uhere L = PMe,Fh, P(OPh)3 or ButNC, and CoIL, (c Mes), where L =
ButNC. The complexes [C'o(solvent) (C FeQ]X (solvent = NeCN, n =3, X = PFg;

solvent = Me_CO, n believed to be 3) have also been prepared and some reactions

2
of the complexes are given in equations (116) — (121). The benzene complex

[Co(MeCN) (c )] + L - [CoL3(051{e5)]2+ - (116)

L=P(0Me)3, P(OEt)B, by, Bubne

[Co(zvlecl«r)_),(csr-xes)j|2+ + L —b[Co(MeCN)aL(CSMeS)]2+ | o (117)
L = FMe,Ph, P(OPh)_D,, PPh.j

ECO(bzecn)j(CSMés)]2+ + phen | + MeCN -» [Co(phen)(MeCN)(CSHes)]2+ (118)

[Co(MeCN)3(CSHe5)]2+ +xs pggn —'A[Co(ph‘en)3]2+~ .’ A (11‘9)A

CoIz(CZO)_(C5Me;5)_V+ 'AgPFé + MeZSO = [Co(‘Mre‘BSO)ﬁﬁtPé'Ejé : - (120)

[Co (e, éo) ((:',55!1&5)]2+ ¥ 1nd01e a [Co(lndole)(CSMeS)]2+ (121)

‘ [00(0636)(051-Ie )IrBF, ] can be obtamed by the! react:_on of 00(1,3-cha) (c 5){
with PhBC BF - The cyclopentadlenyl complex [Co (CﬁHG)Cp][BF ] undergoe A

arene - exchange with mesltylene and hexamethylbe zene

complexes w1th methyl substltuted benzene m so ut:r.o

reactlons of ‘a duronumone complex are g::.ven m
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Co(CO)z(CSMe4R) + Cgle,0, = Co(CGMe402)(C5Me4R) (122)
(R = Me, Et)
2+
Co(CGMe402)(05Me5) + HBF, - [Co§06Me4(0H)2§(05Me5)] (123)
Co(CGMe402)(CSMe5) + MeI/AgPF, = [Co;CsMe40(0Me)$(CSMe5)]PF6 (124)
395, 396).

Reviev articles on the synthesis, structures and chemical properties of
Group VIII arene complexes (ref. 397), catalytic hydrogenation of aromatic
hydrocarbong (ref. 398), arene transition metal chemistry (ref. 399) and
iridium compounds in catalysis {ref. 400) contain information on the cobalt
triad.

The X-ray photoelectron spectra of the bis(fulvalene)dicobalt complexes
C°2(C1OH8)2 and [COZ(C1OHB)2]PF6 have been reported (ref. 401).

Metalla-borane and ~carbaborane compounds

The reactiona of cobaltocene with dihalomethyl- and dihalophenyltoranes to
give cobalt complexes of 1-methylborinate and 1-phenylborinate ions have been
extended to other alkyl~ and aryldihaloboranes e.g. ejuations (125) -~ (129).
The complex Co(CSHGBMea)Cp 13 stable tovwards heat and oxidation and no

CoCp, + PhCH,BBr, = CO(CSHSBcﬂzPh)Cp (125)
Co(C H.BCH_Ph)cp + “PCHaBBT, 0o (c H_BCH,Ph) (126)
57572 s 550 2 o
P
2
CoCp, + MesBCl, - [CO(C5H5BMes)Cp]CI (127)
Con2
(00(CBH5BMes)Cp]c1-—-—-+ Co(CSHBBMes)Cp (128)
FeCl,.6H.0
3782
[co(CSHSBMes)cp]cl +H 4 co(CSH63Mes)Cp (Mes = mesityl) (129)

decomposition was observed upon exposing it to air for two daya. The reaction
of Con2 with CGFSBch gave only decompopition products and the desired
boranaphthalene anion complexes were not formed upon treatment of bis(indenyl)-
cobalt with PhBCl, or MeBCl,. These reactions gave the bis(indenyl)eobalt-

2 2
icenium cation and decomposition products (ref. 345).

References p. 88
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The -complex Co(MezéiCE=CHBPhCH=éH)cP undergoes acetylation with MeCOCl/A1013
to give the ring-—opened complex Co(CH2=CHSiMeZCH=CHCOMe)Cp (ref. 376).

The chemistry of metal-boron cage and cluster complexes continues to attract
ruch interest and a review of metal sandwich complexes of cyclic planar and
pyramidal ligands containing boron has been published (ref. 402).

An extensive series of air-stable crystalline cobaltaboranes are known to be
formed from the reaction of Coclz, B5H8— and Cp in cold THF. X-ray structure
determinations on several of these complexes have been previously published and
the crystal structure of the violet six—vertex complex 1, Z_CP2COZB4H6 has now
been reported. The structure consists of an octahedral CozB4 cage with the
cobalt atoms occupying adjacent vertices and each cobalt atom coordinated to a
cyclopentadienyl ring. Two crystallographic equivalent hydrogen atoms occupy
face-bridging positions over the centres of the two 002B triangular faces (ref.
403). The crystal structure of the metallaboron cage complex Cp,Co B H, has

also been reported. The Co4B4 cluster has only 16 skeletal electrozs41istead
of the expected 18 which would normally be expected for an eight-vertex closo
polyhedron (ref. 404).

The direct reaction of pentaborane(9) with Co(CO) Cp affords 1-CpCoB, Hé and
2~ CDCOB9H13 The sandwich complex 1—CpCOBSH9 is 1solectron1c with ferrocene
and exhibits a dynamic behaviour which suggests that it is a structural analogue

of hexaborane(10) (ref. 405).
Deprotonation of the nido complex 1,2,3—Cp0002B3Hﬁ and exposure of the
resulting anion to a2ir results in an oxidative fusion reaction to generate a

series of metallacarboranes, equation (130). However, when the C,C1—dimethy1

OEt _
CpCoCaB3H7 _— CpCoCZB3H6

|

Cp20020436H10 + CpCoC4B7H11 + 1,7,2,3—Cp20020233H5 (130)

(3 - isomers)

complex 1,2,3-CpCoMe HS is treated in a similar fashion the only tetracarbon

€253
metallacarborane formed is a single isomer of Cp2Co He4C4B6H X-ray studies
show that the structure of this isomer consisits of two pentagonal-pyramidal .-

CpCoNe 3333 units which are partially fused together along their C B3 faces.

The structure resembles a severely distorted icogahedron with a large openlng
on one side (ref. 406). . .
The reaction of Me4,4,8 g With Co(co)gpp, equation (131), produces some-new

nldo—metallacarboranes containing four skeletal carbon atoms. The ;ame c°c$B}
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Co(CO)2Cp + Me,C,BoH,

uw
OpCoMe,C,Bgke  +  Cplole,C,B K, (131)

jgomer I (6%)
igomer II (6%)

igomer I (10%)

igomer is obtained from the closo, nido—(Mezc2B4H4)Co(Me202B335)' jon by
oxidative fugion of the ligands followed by reaction with Coclz, NaCp and
dioxygen and a second CoC‘,‘B,7 igomer can be obtained from the dianion Me4C4B8H82',

equation (132), A third isomer can be obtained on rearrangement of CpCoMeAC4B7H7

2e
Me4C4BBH8
(i) CoCl, + NaCp

(ii) HC1
A

o + A -
CpCoMe, C, BH, + CpCoMe4C4B7H7 + CpCo(C5H4) ¥e,C,BgHg (132)

Isomer II

(isomer 1) at 140°C (ref. 407). The atructure of the 12-vertex arachno carborane
CpCo(CSH4)+ Me4c4BBHB', equation (132) an analogue of B12H126- and CZB1OH124',
has been determined (ref. 408). Th2 thermal reaction of Co(CC'ZCp with a

mixture of (a,4—023556)2 isomers affords a number of multimetal complexes
including six complexes of formala CPZCOZB1OH12' They consisi of a 1,8,5,6-
Cp200202B5H6-fragment bound to an unmetalated CZBSHG-cage, the compuunds
differing in the points of attachment of the two cages. Several isomera of the
complexeg M9202B4H5—M8202E5H4Cocp and the coupled metallacarbcrane 4,51—(Me202
B4H3Con)2 have alao been described (ref. 409).

The clogo 11-atom molecule CpcoBQH'QCNMe3 is formed upon reaction of B9H11CNMe3
with NaH followed by treatment with NaCp and Coclz. The complex is fluxional
at +70°%C and thermal degradation gives BoHgChtes (ref. 410).

The reaction of the anion Me4CZstMn(CO)3- with CoCl2 afforle the 43 valence
electron, paransgnetic, triple decker complex (CO)3MnM94CZBZSCoMe4CEstMn(00)3.
The tetra-decker sandwich complex Me4CZstCoM94CzBZSFeMe4CszsCOMe4CZB28 18
formed by the action of NaCp on Me4czB SCoMe, ¢ ,B_SCoMe, B, S followed by

2 4v2 2 4°2%2
addition of FeCl, (ref. 411).

References p, 86
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When E;gg§7Ircl(CO)(PPh3)2 is treated with KB Hg the iridium atom is incorporated
into the pentaborane cluster to form a metalla-nido-hexaborane structure,
(PhsP)z(CO)IrBSHB. The coordination number of the iridium is seven and the
seometry is a distorted monocapped trigonal prism (ref. 412). The reactions
of Ir(diphos)2+ and Ir(CO)(diphos)2+ with By, . By, C1-6 and ByoH, 5
& number of ionic compiexes, equation (133) and (134) (ref. 413). Treatment

of trans—IrY(CO)(PPh3)2, Y is 7-Ph—1,7—310c2310, with the nitriles RCN (R = Me,

~ afford

Ph) afford the neutral complexes IrY(CO)RCN(PPh3). Some reactions of the complexes

[Ir(diphos)2]01 + BgH X [IrHCl(diphos)z]B1OH12X (x = H, 6-C1) (133)

MeOB
[Ir(co)(diphos),]Cl + B, H < — 5 [Ir(CO)(diphos)z]B1OH13 (134)
+
[Ier(diphos)z]B9H14

are given in equations (135) and (136) (ref. 414).
IrY(CO)(EeCN)(PPh3) + CO -~ IrY(CO)3(PPh3) (135)
IrY(CO)(MeCN)(PPhE) + H, - IrYH2(CO)(MeCN)(PPh3) (136)

A red air-stable complex 3—(PPh3)-3,3—(N03)-3,1,2—RhCZB9H11 is formed upon

reaction of nitric acid in dichloromethare or NOZ_N204 in benzene with

‘5,3—(PPb3)2—‘5—-H—3,1 ,2—Rh0239H,”- The nitrato group is bound to the rhodium in

a symmetrical bidentate fashion. Some reactions of the complex are given in

equations (137) — (140) (ref. 415).

0

XRh(NO3)(PPh3)-—§EZ) XRhCl(CO)(PPh3) (137)
XRhCl(CO)(PPh3) + PPhy XRaC1(PPh) , _ (138)
xgh(No3)(PPh3) + PPhy XRh(N03)(PPh3)2 (139)
XRh(NOB)(PPhB)z + H, - XRhH(PPh3)2 x = cé39311) (140)

The reaction of 3,3-(Pph3)2¢3-u—3,1,2—Rhc239311 with sulphuric gives
QEh3E)§(ESQ%)RhCQp§H§§. This complex reacts readily with H, to rggeqergjgrfﬁe
starting material and it also reacts rapidly with ethanol or propanci o

sroduce 3,3—(?9h3}2-3—ﬂ93;1,2;RhCEB§E§§:an& acetaldehyde or propiomaidelyds ,
veapactively (ref. 416). The structures of the complexes 3;3;(pr§}254—esﬁ;ﬁ;3,f,2-
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RhCngH1o and 1ts carbonyl derivative 3—PPh3-3-co_4_csH5N—3,1,2-Rhc239H10, which
are catalysts for the hydroformylation reaction, have been determined (ref. 417).
The electrochemical reduction of Rh(0239H11)2— has been studied (ref. 343)
and it has also been found that the reduction mechanisms of Cocp9+, cpcaC2B9H11

and CpCoCngﬂBBr3 in the presence of added acids are similar, prctonation
occurring at the cyclopentadienyl ligand rather than at the dicarbollide to give
CcHgCoC,BH, ™ and C HGC°C2E9H8Br3- (ref. 344), The electrochemistry of

5 971 5

137,2,3~CP,00,CB.Hc, (128),1,7,2,4~Cp,00,0,Bliz, (129) 1,2,3-Cp0oC,B, Ky (130),

and 1:2'4—CpCoCZB4H6, (131) have been examined (ref. 418).

(128) (130} (131)

Hydrogen-deuterium exchange of the dicarbollyl hydrogens in cyelopentadienyl-
3-1,2-dicarbollylcobalt has been found to be 100 times faster than that of the
eyclopentadienyl hydrogens (ref. 419) and *°Co NQR spectre of derivatives of
this system have been reported (ref. 420). The reacticn cf cyclopentadienyl-
3-1,2-dicarbollyleobalt with Tl(OCOCF3)3 gives D-(trifluoroacetyoxy)-cycloperta~
dienyl=-3-1,2-dicarbollylcobalt and 8-(hydroxy)-cyclopentadleny;-3-1,2—dicarbolly
cobalt (ref. 421).
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