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A review is available on alkyl complexes of cobalt (ref. 1) as are two

on cyclometallated compounds including those of the cobalt group (refs.

2,3). The synthesis of some aryl rhodium complexes by decarboxylation

reactions (ref. 4) and of bimetallic species containing a saturated hydro-

carbon bridge (ref. 5) have also been reviewed. Three more accounts cover

*
No reprints available. Previous Survey, J. Organometal. Chem., 305(1987)57.
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aspects of the activation of carbon~hydrogen bonds by transition metal
complexes (refs. 6-8) while others describe radical processes in organo-
metallic and bioorganometallic chemistry (ref. 9) and some chemistry of
rhodium complexes of octaethylporphyrin (ref. 10).

Two reviews cover the chemistry of iridium carbene complexes (refs.
11, 12) while in the area of carbonyl complexes are reviews dealing with
organoretallic sonochemistry (ref. 13), complexes containing multiple bonds
between main group elements and transition metals {(ref. 14) and clusters
containing open metal polyhedra (ref. 15). Also described are other
classes of cluster complexes (ref. 16) and the bonding in such clusters and
its relatfonship to that in the bulk metals (ref. 17). Phase-transfer
catalyzed carbonylation reactions in the presence of [COZ(CO)B] (ref. 18)
and various aspects of hydroformylation processes are the subjects of
further reviews (refs. 19, 20). Also of interest 1s a series of short
accounts appearing in the March 1986 issue of J. Chem. Educ. describing the
use of organotransition metal compounds as industrial catalysts.

Heterometallic clusters are reviewed (refs. 21, 22) as 1s the coordina-
tion chemistry of ligands derived from pyrazole (ref. 23) and from com-
pounds of silicon, germanium, tin and lead (ref. 24). Also appearing is an
account of polynuclear rhodium complexes of nitrogen-donor ligands (ref.
25). Compounds of the cobalt group are included in a review of the cataly-
sis of ethylene and propylene dimerization by transition metal complexes
(ref. 26), a further review discusses the catalysis of carbon-carbon bond
formation by [RhCl(PPh3)3] and [Rh(COD)(PPh3)2]+ (ref. 27) and two more
cover catalysis of asymmetric hydrogenation by chiral rhodium complexes
(refs. 28, 29).

A short account of [cpCo(CO)Z]—mediated [2+242] cycloaddition processes
in steroid synthesis has appeared (ref. 30) as have reviews on acyclic
pentadienyl complexes (ref. 31), [m,mlmetallocenophanes (ref. 32) and
borabenzene complexes (ref. 33) all three of which include compounds of the
cobalt group. Finally there are articles dealing with metallaboranes (ref.
34, 35), the burgeoning area of the reactions of gas phase metal ions with

59Co and 1O3Rh NMR studies on various organo-

organic molecules (ref. 36},
metallic complexes of these elements (ref. 37) and the use of [RhH(PPh3)4]
as a catalyst for the hydrogenation of aldimines by hydrogen transfer from

formic acid (ref. 38).

Dissertations
A total of forty seven dissertations has been reported this year and
many of thelr subjects should be familiar to readers of previous Surveys.

The first group covers the synthesis of cobalt alkyl complexes containing
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1,2-bis(dimethylphosphino)ethane 1ligands (ref. 39), the kinetics of the

carbonylation of i1ridium alkyl complexes (ref. 40), the reactivity of

[Ir(CHZSIMe3)(PMe3)3] towards carbon-hydrogen bonds (ref. 41), the analysis

of the 3¢ NMR spectrum of [Ir(Hbipy-C3-N')(bipy)2]3+ (ref. 42) and the

synthesis and reactivity of binuclear, u-alkylidene complexes of cobalt

(ref. 43) and of binuclear alkyl complexes of rhodium derived from [cp’Zha-
(u-CO)z] (ref. 44). 1In the area of isocyanide complexes 1s one reporting

the synthesis of [cpCo(CNMe)(CO)] from [cpCo(CN)(CO)} and trimethyltin

chloride (ref. 45), another concerned with the fluxional behavior and

reactivity towards dihydrogen of isocyanide derivatives of [ha(u—H)z—

(pcoer) ), ]
compounds [(OC)SReRh(u-L
(ref. 47).

Dissertations concerned with carbonyl complexes include ones on the

(ref. 46) and a third on the synthesis of the linear chain

RhRe(CO)5]2+ (L, = br, TMB) and related species

24 2

synthesis and reactivity of carbonyl metallates including [M(CO)3]3_ M =
Co, Ir) (ref. 48), the reactions of [COZ(CO)GLZ] (L = Co, PPh3, PBu3n) with
lithium aluminum hydride to form CI-C3 hydrocarbons (ref. 49), the reac-
tions of [Co,(CO)g] with [HM(CO)AL]- (M = Cr, W; L = CO, P(OMe),, PPh,,
PMe3) to form [Co(CO)A] and [Mz(u—H)(CO)lo] (ref. 50) and radical reac-
tions of [HCo(CO)A] with olefins and acetylenes (ref. 51). Other disserta-
tions report Fenske-Hall molecular orbital calculations to assess protonilc
vs hydridic behavior of various transition metal hydride complexes includ-
ing [HCo(CO)al and its phosphine derivatives (ref. 52), the kinetics of
substitution reactions of [Coa(CO)g(TPM)] (ref. 53), the synthesis of other
cobalt and rhodium complexes of TPM (ref. 54) and a study of electron-
transfer-catalyzed substitution reactions of [YCCo3(CO)9] (Y = Ph, Cl)
(ref. 55). The mechanisms of carbon monoxide exchange processes of rhodium
and cobalt carbonyl clusters in the solid state and in solution are de-
scribed (ref. 56) as 1is a sapectroscopic and electrochemical study of
[Ira(CO)lz} and [IrCl(CO)3]n in molten A1013/Na01 mixtures (ref. 57).

Heterometallic cluster systems are the subjects of four more disserta-
tions including those on the synthesis of [LMFeCo3(CO)12] (M = Au, Ag; L =
PPh3. M =Cu; L = Pth(R-tolyl), CNPh. M = Hg; L = C1, Br, I, Hn(CO)S,
che(CO)Z, Co(CO)4, Fe(CO)3(NO), FeCo3(CO)12) (ref. 58), the chemistry of
[PriochCo3(CO)9] and the synthesis of chiral, mixed metal clusters (ref.
59), the synthesis of [(cpMe)ZConoz(u3—S)2(u4-S)(00)4] and related com-
pounds (ref. 60) and the formation of RhOs
[033(u—H)2(C0)10] (ref. 61).

The final set of dissertations concerned with carbonyl complexes

3 and RhZOS2 clusters from

includes those on the synthesis of rhodium complexes of 2-pyridyl-bis-
(diphenylphosphino)methane (ref. 62), flash and continuous photolysis
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studies on [MC1(CO) (PPh
(PPh3)2
of iridium with chromium, molybdenum or tungsten (ref. 64), the formation

of [Mz(p—AsButz)z(CO)A] (M = Co, Rh, Ir) and larger clusters (ref. 65) and

3] (M = Bh, Ir), [RhCl(PPh3)3] and [IrH,C1(C0)-
] (ref, 63), the synthesis of phosphide-bridged binuclear complexes

on the results of Fenske-Hall molecular orbital calculations on hetero-
bimetallic complexes including [RhCo(CO)S(PH3)2] and [(OC)QM(u-PRZ)H'(CO)B]
(M = Fe; M'" = Co, Ir. M = Ru; M' = Co) (ref. 66).

In the area of alkene complexes there are dissertations on the prepara-
tion of [Rh3(COD)3(u3—S)2(u—H)] (ref. 67), the oxidative addition of
nitrogen-hydrogen bonds to rhodium and iridium (ref, 68) and the use of
[Rh(NBD)L2]+ (L2 = various ferrocenylphosphines or o-l-dimethylamincethyl-
diphenylphosphine and related ligands) as asymmetric hydrogenation cata-
lysts (refs. 69, 70). Three more dissertations report on the use of
[C°2(C0)8] to catalyze the cocyclization of acetylenes with carbon monoxide
to form cyclic enones (ref. 71), the intramolecular cyclization of a,w—
enynes (ref. 72) and on the use of {Coz(CO)G}—stabilized propargyl cations
in organic synthesis (ref. 73). Also appearing i1s a report on the use of
n3~ally1 complexes of rhodium and iridium containing chiral phosphine
ligands which catalyze the rearrangement of allylic thionobenzoates (ref.
74).

Further dissertations describe the synthesis and reactivity of complexes

of the type [cpooz(u—PR ] (ref. 75), the synthesis of chiral (ref. 76)

)

and helical (ref. 77) cgbjltacenes, the preparation of pentamethylcyclo-
pentadienyl polyhydride and polyphosphine complexes of iridium (ref. 78)
and routes to cobaltacarbaboranes (ref. 79) and cobaltaboranes (ref. 80).
The final set reports on chemistry of [RhH3(triphos)] (ref. 81), the
oxidative addition of dihydrogen to [RhCl(P(E—tolyl)a)zL] (L = P(B—tolyl)a,
thf, py, N-methylimidazole) (ref. 82), the reaction of hydrogen sulfide
with phosphine complexes of rhodium and iridium (ref. 83), the use of
[RhCl(PPh3)3] to medlate the coupling of arylmercurials with vinyl halides
to form aryl olefins (ref. 84) and the catalysis of hydrogenation reactions
with rhodium complexes of 1,2-bis(diphenyiphosphino)benzene and a macro-

cyclic tridentate phosphine ligand (ref. 85).

Metal-carbon og~bonded Complexes

Tested syntheses are available for several perfluorophenylcobalt com-

plexes including [Co(C6F [Co(C6F5)(CO)4] and phosphine derivatives of

ol
the latter (ref. 86). Treatment of [Co(acac)3] with trimethyl- or tris-
(trimethylsilyl)aluminum in the presence of phosphine 1ligands forms

[Co(R)L3] (R = Me, SiMe3; L = PPh3. R=Me; L = PthMe, PPhMez, PthGeMe3,

PPhZSnMe3). The analog [Co(Ph)(PPhZMe)3] can be generated from cobalt(II)
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chloride, phenyllithium and the phosphine. The complexes are thermally
unstable in solution and cleavage and rearrangements of the ligands accom-
pany the decomposition. In the presence of p-bromotoluene [Co(Me)(PPh3)3]
forms both p-xylene and 4,4'-dimethylbiphenyl but with 1- or
2-bromonaphthalene only methylation is seen and no coupling products are
found. As noted above, decomposition of the phosphine ligand occurs here
too and interferes with the methylation reaction in some instances (refs.
87, 88). The acid-promoted oxidation of Eig—[CoRz(bipy)z]Cloa (R = Me, Et,
bz) by dioxygen has been studied and the mechanism of Scheme I proposed.

+
+ [CoR,(bipy),]

+ 2+
0, + H — HO, {[CoRz(bipy)z] » HO,}
2+
products <— {R-, [-CoR(bipy)Z] , HOZ'}
Scheme I
This seems appropriate when R = bz since significant amounts of benzyl

hydroperoxide are seen. However when R = Et butane is a major product
suggesting the proposed [CoEtZ(bipy)zl2+ intermediate undergoes a rapid
reductive elimination. Photolysis of the same dialkyl complexes in the
presence of benzyl and allyl bromides causes carbon-carbon bond formation
with the formation of 1,2-diphenylethane and hexa-1,5-diene respectively.
Here it is proposed that the photolysis generates [-CoR(bipy)Z]+ which then
selectively reduces the organic halide (refs. 89, 90).

Photolytic decarboxylation of [1] (N—N = ophen) forms [2] (ref. 91)

while oxidation of [Co(d&toda)(Hzo)] with hydrogen peroxide in the presence
- -2+ = — 2+

[1] [2]
of cyanide ion forms [3] which contains one of the shortest cobalt(III)-
carbon bonds (1.941 ;) yet reported. It 18 proposed that the cyanide fon
first replaces water in the starting complex following which the cobalt is
oxidized and then activation of the carbon-hydrogen bond occurs. This is

supported by the observation that when the oxidation is performed in the

References p. 431
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(3]
presence of sulfite ifon, the reaction stops with the formation of the
cobalt(III) complex with an axial sulfite 1igand. In this complex there is
an agostic Iinteraction of a ligand hydrogen atom with the metal and [3] can
be generated by subsequent reaction with sodium methoxide (ref. 92). The

extremely afr-sensitive complexes [4] (L = py, PPh_; X = C1, Br, I. L =

3}

. R
[N
Co

N,

Me,

(4]

PEt_,; X = Cl) are prepared from [COXZLZI and 2,6-bis(dimethylaminomethyl)-

H
phe:yllithium. A square pyramidal structure is proposed on the basis of
EPR studies (ref. 93).

Slow crystallization of PPN[Co(l—norbornyl)a] from diethyl ether at
-35°C 18 accompanied by its oxidation to [Co(l—norbornyl)a] which contains
a slightly distorted tetrahedral coordination of the cobalt. The formally
cobalt(IV) complex exhibits a magnetic moment corresponding to one unpaired
electron and 1is therefore the first example of a low-spin tetrahedral
complex (ref. 94). A variable temperature NMR study of [cp'Co(Et)(PMezPh)]—
BF4 which contains an agostic ethyl group indicates that three dynamic
processes are occurring in solution. These are, in order of 1increasing
AG*, an averaging of the three protons of the methyl group, an inversion at
cobalt which equilibrates the diastereotopic methyl groups on the phosphine
ligand and an equilibration between the ethyl complex and an ethylene
hydride complex. The last process has been probed by EHMO calculations
which show that the structure corresponding to the agostic ethyl group
represents an energy minimum. At this stage, there 1is still significant
carbon-hydrogen bonding but cobalt-hydrogen bonding 1s also definitely
present. The depth of this minimum is predicted to be sensitive to the
nature of the other ligands on the metal (refs. 95, 96).

The mechanism of the cobalt-catalyzed olefin hydroformylation reaction
continues to attract attention and three papers explore the final stage

where an acyl cobalt complex is reduced to the product aldehyde. 1In the



221

first, [MeC(0)Co(CO),(PPh,)] was reacted with HMR, (M = Si, Sn; R = Bu",
Ph) to form acetaldehyde and [RBMCo(CO)3(PPh3)] with the rate increasing in
the order H2<HSiR3<HSnR3 which parallels the decrease 1in the element-
hydrogen bond strength. A mechanism involving reversible loss of carbon
monoxide followed by oxidative addition of the silicon- or tin-hydrogen
bond and reductive elimination of aldehyde is proposed (ref. 97). 1In the
others [RC(O)Co(CO)4] (R = Prn, Pri) was reacted with dihydrogen, hydrogen
halides and [HCo(CO)A] and in all instances, aldehyde formation was inhib-
fted by the presence of carbon monoxide indicating again that carbon
monoxide dissociation 1s the initial step. Use of D2 and [DCo(CO)A]
demonstrated the existence of an inverse 1sotope effect which is thought to
be thermodynamic in origin. In the reaction with hydrogen iodide, [ICo~
(C0)4] was detected as an iIntermediate. Although [HCo(CO)A] reacts with
the acyl complex 20-30 times faster at 25°C than does dihydrogen, the
reaction rates are strongly temperature dependent and extrapolation of the
data obtained here to conditions prevailing in the industrial hydroformyla-
tion process suggests that dihydrogen rather than [HCo(CO)A] is the primary
reductant. Also noted was the reaction of [C02(C0)8] with hydrogen halides
which is one half order in [Coz(CO)s] suggesting that the reaction is
initiated by cleavage to [-Co(C0)4] (refs. 98, 99). Reaction of several
ketenes with [HCo(CO)é] proceeds at dry ice temperature to form [RR'CHC(0) -
Co(CO)A] (R = R' = H, Me. R = H; R' = Me, Et) in high yield provided
strict 1:1 stoichiometry is maintained. A low yield of [Me(Ph)CHC(0}Co-
(C0)4] was obtained after prolonged reaction at 10°C but no acyl could be
formed with diphenyl ketene (ref, 100).

Reduction of [Coz(CO)ﬁ(PMeth)2
tion with alkyl halides forms [Co(R)(CO)3(PMePh2)] (R = Me, CH20Me, CH2-

] with sodium amalgam followed by reac-

COZEt) which slowly decomposes on storage. Successive treatment of Hg[Co-
(CO)Z(PMePh2)2]2
[CO(CHZOMe)(C0)2(PMePh2)2
analog due to ligand dissociation. While [Co(R)(CO)B(PMeth)] converts to
[RC(O)Co(CO)Z(PMePhZ)L] (R = Me, CHZMe; L = CO, PMeth) on addition of L,
when R = CHZCOZEt this does not occur. In fact when [EtOZCCHZC(O)Co(CO)3-
(PMeth)] is prepared from Na[Co(CO)3(PMePh2)] and carbethoxyacetyl bromide
it readily reverts to [EtOZCCHzCo(CO)3(PMePh2)] (ref. 101). Whilst Na[Co-
(CO)A] reacts with methyl iodide in diethyl ether at 0°C to form [MeCo-
(CO)A]’ PPN[Co(CO)A] and methyl iodide in THF or acetonitrile at 0°C gives
the i1odoacetyl complex PPN[MeC(O)Co(I)(CO)3]. The latter reaction 1in

with sodium amalgam and chloromethyl methyl ether forms
] which 1is less stable than the monophosphine

dichloromethane however also forms some [MeC(O)Co(C0)4], a species which 1s
the sole product if K[Co(CO)A] is reacted with methyl iodide in THF. It is

apparent that the course of this reaction is sensitive to the nature of the

References p. 431
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cation and the solvent. Some chemistry of PPN[MeC(O)Co(I)(CO)3] 1s out-
lined in Scheme II (ref. 102). Reduction of [Co(CO)3(R2P(CH2)nCl)]2 (R =
Ph; n =1, 3. R = cy; n = 3) with sodium amalgam forms [5] when n =1 but
[6] when n = 3. Complex [5] is unreactive towards carbon monoxide but [6]
reacts reversibly at -10°C to give [7] (R = Ph, c¢cy) while with triphenyl-
phosphine the low temperature product is [8] (R = Ph) and at 60°C [9) (R =

[MeC(0)Co (CO),, (PPh,) ]
e
CH,00Me <3~ [MeC(0)Co(T) (coy,, 1™ > ch,CHO(427)
[
CH_CHO(24%)

3
a) PPh3, THF, 0°C. b) H 804, THF, 0°C. «¢) H2(50 atm), THF, 50°C. d)
CO, MeOH, py, THF, 25°C.
Scheme II
R2P\\ /
L/c°«1n3 (0C);3Co (OC)C
(5] (el [7] o
/ /
Ph3P(OC)2C Ph P(OC)QC

cy) forms. From NMR and structural data, [5] is considered to be a chelat-
ing phosphorus ylide (ref. 103).

Further studies of the use of phthaloyl complexes of cobalt in the
synthesis of naphthoquinones have been reported. Thus reaction of [10]
with MLn (MLn = RhCl(PPh3)3, CoCl(PPh3)3. cpCo(CO)Z) forms [11] (R = H).
Treatment of [11] (R = H; HLn_1 = CoCl(PPh3)2) in acetonitrile with acety-

lenes in the presence of one equivalent of silver tetrafluoroborate gives

R R
o]
o]
.
ML, _,
o

[10] [11] ©
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{12] (R = R' = Me, Et, Ph. R = H; R' = Bu", Ph among others). The role of
the silver ion is to convert [11] to [13] in which at least one aceto-
nitrile ligand 1is labile thereby providing a site for acetylene coordina-
- CoCl(PPh3)2; R = O(CHZ)SC(O)OC(MG)CECCH-

tion. Treatment of [11] (MLn
(CHZCN)051MezBut) with silver tetrafluoroborate in acetonitrile promotes

o [~ o PPh3 1+
R
Rl
° i
[12] [13]

an internal cyclization to form [14] which is a synthon for nanomycin-A.
(CH2)5—C_———O

O O O

© 1
OSiMe,Bu

14
Modifications of this J;st;L invS;ie reaction of [13] with DPPE to form a
species now shown to be [15] and of [11] (R = H; MLn_l = CoCl(PPh3)2) with
pyridine and dimethylglyoxime to form [16]., Both are also suitable sub-
strates for reaction with acetylenes to form naphthoquinones with [16]

requiring activation by Lewis acids. Particularly effective ones are

B OJ thp/\ 1+ . TH

py’co.““‘CI
T Me
o)
8 o NCMe i oH
[15] [16]

[Co(H20)6]Cl2 and tin(IV) chloride (refs. 104, 105). Methylphenylacetylene
reacts with either [CoMn(CO)g] or [CoMn(CO)7(PhCZMe)] in refluxing hexane
to produce {17] (ref. 106).

References p. 431
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cu2y  c(13)

The complexes [cpCo(CO)L] (L = PMea, PMezPh) can be converted to [18] (L

= PMe3, PMezPh; R =H; E= 8, Se. L = PMe
with CHRBr2 and NaEH but with L = PMe3 reaction with CMezBr2 and NaEH forms
[19]. Protonation of [18] (L = PMe; R = H; E = S) with tetrafluoroboric

33 R = Me) by successive reaction

cp cp
\Co Co
LN Mes P N
/CHR ‘ E
E E
[18] ey <M

acid forms [cp2C02(PMe3)2(u—SMe)2](BF4)2 while reaction with methyl iodide
forms [20] which is in equilibrium with [cpCo(I)(PMe3)(CHZSMe)] and reacts

\\\CO
Me,p - \CHz I
s/
- Me —
[20]

with TFA and sodium iodide to give [CpCo(I)(PMe3)(SMe2)]+. Protonation of
[21] (R = Ph, R' = Me) with TFA forms [22] after addition of hexafluoro-
phosphate ion which converts to [23] in refluxing acetone. Methylation of
(217 (R = Me, R' = Ph) with trimethyloxonium tetrafluoroborate however

forms [24] which is converted to [25] by TFA, The chloromethyl ligand in



| =
wwCo NHPh | (PFg) Cox i
Me,p o ‘ \C/f 6% Me,p—" ‘\\c,f/ CHj
rs i
{ |
o \ '
i ¢ NHMe N\

[22] [23]

_ - —
I BF,
CH
“““\ 0\\ //NMCZ l / 3
Me,P ‘ ~c// BF, _Com, 4N\
==c
o/ N NI
_ Sen L
H

[24]

attack by hydroxide ion to give an analog of [18] (L = PMe_; E = 0; R = H)
but no reaction occurred. To check i1f this failure was due to a high Lewis
basicity of the methylisocyanide ligands, analogs with phenyl- and p-tolyl-
isocyanide were prepared and reacted with methanolic potassium hydroxide.
The desired cobaltaoxetane again did not form and instead the product was
[26] (R = H, Me) for which the mechanism of Scheme III (L = PMe3) was
proposed (refs. 107-109). In related work, photolysis of a mixture of
R

References p. 431
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cp CH,CI |+ cp
“, MeO ™
‘?:o::: — “co
L/ CNAr L/
(26]
Scheme ITI

[cp'Co(C0)2] and dichloromethane in diisopropyl ether forms [cp'Co(CHZCI)—
(C1)(CO)] which decomposes on extended photolysis. The success of the
synthesis 1s attributed to the choice of solvent since the product precip-
itates as ft forms and therefore 1s not photodegraded. The structure has
been determined and shows a slight electronically induced distortion of the
pentamethylcyclopentadienyl ring from symmetrical ns—bonding (ref. 110).

In a study of the synthesis of triflucromethyl cobalt Eomplexes it was
determined that [Hg(CF3)2] is not a suitable synthon but using [Cd(CF3)2-
DME] and [cpCo(CO)IZ] in a 3:1 ratio forms [cpCo(CFa)z(CO)] plus small
amounts of [cpCo(CF3)(I)(CO)]. Separation of the latter and reaction with
more [Cd(CFa)Z-DME] affords overall high yields of the bis(trifluoromethyl)
complex. This is more thermally robust than the dimethyl analog but when
it is thermolyzed some hexafluoroacetone forms suggesting that both may
decompose by the same process (ref. 111). Halide abstraction from [cpCo-
(L2)I]I (L2 = DPPE, DPPP) with silver tetrafluoroborate or hexafluorophos-
phate in acetone containing a small amount of phenylacetylene under carbon

monoxide forms [cpCo(Lz)(CO)]X2 (X = BF PF6). In refluxing alcohols

conversion to [cpCo(DPPE)(C{0)OR)]X (R i= Me, Et, Pr", Bu", n-pentyl,
n-hexyl) occurs while with aniline the product is [cpCo(DPPE) (C(O)NHPh)]X.
Pentamethylcyclopentadienyl analogs of the dications were algo prepared.
It was not determined what is the role of the phenylacetylene in the
formation of the dicationfc complexes but fn its absence it was not possi-
ble to obtain pure producta (ref. 112),

A B-hydrogen is abstracted from the ethyl group in [chh(Et)(PHe3)2]I on

treatment with trityl tetrafluoroborate to give [chh(CzH4)(PMe3)2](BF4)2.
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The coordinated ethylene is susceptible to nucleophilic attack leading to

i
the formation of [chh(CHZCHzNu)(PMe3)2}(BF4)2 (Nu = NEtB, PMe3, PPr 3
PPhs, P(OMe)s). The trimethylphosphite adduct undergoes an Arbusov reac-
tion with 1odide ion to give [chh(CHzCHZP(O)(0Me)2)(PMe3)2]BF4 while
[chh(C2H4)(PMeB)Z](BF4)2 itself yields a mixture of [chh(I)(PMe3)2]BF4
and [chh(CHZCHZI)(PMe3)2]BF4
but only the former at 55°C. Reaction of [chh(C2H4)(P(OMe)3)] with methyl
iodide and hexafluorophosphate ion forms [chh(Me)(CZH4)(P(OMe)3)]PF6 in

when the reaction is rum at room temperature

which the ethylene molecule 1s attacked by phosphorus ligands to give
[chh(Me)(CHZCHzPR3)(P(OMe)S)]PF6 (R = Me, OMe) (ref. 113). Further work
on the activation of aryl carbon-hydrogen bonds at rhodium centers showed
that photolysis of [cp'Rth(PMea)] (to presumably generate {cp'Rh(PMe3)})
in a benzene/deuterobenzene mixture at 10°C forms both [cp'Rh(H)(C6H5)—
(PMeB)] and [cp'Rh(D)(CBDS)(PMeB)] with a very small isotope effect (kH/kD
1,05). The same reaction in 1,3,5-trideuteriobenzene at -40°C forms
[cp'Rh(H)(C6H2D3)(PMe3)] and [cp'Rh(D)(C6H3D2)(PMe3)] with kH/kD = 1,4,
The results are interpreted to support previous proposals that the reaction
proceeds via an nz-benzene intermediate rather than via a direct insertion
of the metal into a carbon-hydrogen(deuterium) bond. The reductive elimina-
tion of m-xylene from [cp'Rh(H)(3,5—C6H3Me2)(PMe3)] gave kH/kD = 0.51.
Taken together, all the kinetic data suggest that the transition state for
oxidative addition of a carbon-hydrogen bond of the nz—coordinated arene
occurs at a relatively early stage and conversely that in the reductive
elimination significant carbon-hydrogen bonding must develop by the time
the transition state 1s reached (ref. 114), The same rhodium complex,
[cp'RhHZ(PMea)], on photolysis in saturated hydrocarbons at -40°C forms the
alkyl hydride complexes [cp'Rh(R)(H)(PHea)] (R = Me, Et, Pre, Bun, n-

pentyl, n-hexyl, n-octyl, Bui. SiMe cyclopropyl, l-methylcyclopropyl-

»
methyl, 2,2-dimethylcyclopropyl, cyclzbutyl, cyclopentyl). Some of these
complexes can also be prepared from [cp'Rh(R)(Br)(PMe3)] and butyllithium
at -78°C followed by protonation with ethanol at -50°C, from [cp'Rth-
(PMe3)] and butyllithium followed by reaction with the appropriate alkyl
tosylate or from thermolysis of [cp'Rh(H)(Np)(PMea)] at -60°C 1in the
presence of the appropriate alkame. Kinetic studies indicate that the
presumed reactive intermediate, {cp'Rh(PMes)}, inserts into all possible
carbon-hydrogen bonds but rapid intramolecular rearrangements emnsue to give
the observed primary alkyl products. This selectivity therefore appears to
be thermodynamic rather than kinetic in origin. If the oxidative addition
of the alkanes 1s carried out at -90°C it is possible to regiospecifically
form 2H and 13C labelled products which rearrange at -80°C faster than they

undergo reductive elimination. This was demonstrated by showing that even
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in aromatic solvents, some rearranged alkyl hydride complex formed. Since
the aryl hydride complex which would form on reaction of {cp'Rh(PMea)} with
the solvent 1s more stable than the alkyl hydride complex, no rearranged
alkyl hydride complex should be seen 1f the rearrangement wete to go
exclusively via reductive elimination to form a free {cp'Rh(PMe3)} noiety.
From a consideration of labelling studies and kinetic isotope effects it
was concluded that the most consistent mechanism for rearrangement of the
alkyl hydride complex involves a reductive elimination of alkane but with
the latter remaining assoclated with the metal via an nz—C-H attachment.
This would also suggest that such a species should also be a precursor to
the oxidative addition of sp3 carbon-hydrogen bonds to a transition metal.
In further work, the cycloalkyl complexes [27] (n = 1; R = H, Me. n = 2; R
= H), prepared from [cp'Rh(H)(Np)(PMe3)] as described above, rearrange to
[28]) at 20°C in the corresponding cycloalkane as solvent. From labelling

P < VY,

-7 C(CH2)y N /\
/ \‘H / ‘~“:H2)”

Me3P MesP

[27] [28]

and kinetic studles an intramolecular process is again indicated which is
proposed to involve migration of the {cp'Rh(PMe3)} moiety to the a-carbon-
carbon bond of the cycloalkane ring. The fact that these cycloalkyl
hydride complexes form prior to any appearance of the metallacycles indi-
cates that the former are the kinetic products and are formed by carbon~
hydrogen oxidative addition. That no initial carbon-carbon bond cleavage
occurs, even 1n the cyclopropane reaction, was taken to suggest that
activation of carbon-carbon bonds 1in alkanes by transition metals may occur
by a prior activation of a carbon-hydrogen bond. In another part of this
work, [29] (R = H, Me) is converted by silver tetrafluoroborate to [30]
which in turn reacts with lithium triethylborohydride or -deuteride to form
[31] (R = H, X = D; R = Me, X = H). This provides a second example of
nucleophilic attack at the central carbon atom of an n3—ally1 ligand (refs.
115, 116).

— .,
R R
7 X 6\ i
N 7 Rh '/ 8F4
/N / N\
Me 3P I Me3P Me3P

[29] [30] [31]
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The course of the reaction of [cp'RhClz(PPha)] with neopentyl and
trimethylsilylmethyl reagents is dependent on the nature of the metal they
contain and the solvent. With neopentyl magnesium chloride in pentane the
product is [32] (L = PPhj; R = Me) while in diethyl ether [32] (R = Me)
[33] (R = Np) and [cp'Rh(CzHé)(PPha)] form. In dichloromethane the prod-
ucts are [32] (R = Me), [cp'Rh(CZHQ)(PPha)] and [cp’Rh(Np)(Cl)(PPha)] while

cp
cp’., R I
“an S Rh
\\““‘
L/ R
Ph,P
[32] [33]

with neopentyllithium in pentane [32] (R = Me) and [33] (R = Np) are
obtained. With trimethylsilylmethyl magnesium chloride in diethyl ether,
the product ig [cp'Rh(CH2SiMe3)2(PPh3)] but with trimethylsilylmethyl
lithium, [33] (R = CHZSiMe3) is formed, a result which is attributed to the
1ithium reagent being a stronger base than the Grignard and preferentially
abstracting a proton from the o-position of a phenyl group of the phos-
phine. Reaction of [cp'RhClz(PPh3)] with one equivalent of trimethylsilyl-
methyl magnesium chloride 1in dichloromethane forms [cp'RhCl(CHZSiMe3)-

(PPh3)] which 1is converted to [cp'Rh(CH251Me (PPha)] by a second equiva-

)
3’2
lent of the Crignard in diethyl ether and to the o-metallated complex by
trimethylsilylmethyllithium in ether. Complex [32] (R = Me) decomposes to
form 1,l-dimethylcyclopropane in CFZClCFCI2 and in the same solvent reacts
with bromine to give a 2:1 yield of the same cyclopropane and 1,3-dibromo-
3)Z(PPh3)] in cyclo-

hexane forms tetramethylsilane while its iridium analog, which was synthe-

2,2-dimethylpropane. Thermolysis of [cp'Rh(CHZSiMe

sized by the same route, is thermolyzed in benzene to give iridium metal,
an unidentified iridium complex and tetramethylsilane. The same complex on
heating to 50°C in cyclohexane forms tetramethylsilane and the iridium
analog of [32] (R = SiMe3). Treatment of [cp'IrClz(PPh3)] with neopentyl-
magnesium chloride in pentane forms the iridium analog of [33] (R = Np)
while with one equivalent of trimethylsilylmethyl magnesium chloride the
products are the iridium analog of [33] (R = CHZSiMe3) and a minor amount
of [cp'Ir(Me)Cl(PPh3)] (refs. 117, 118).

Reaction of [Rh(Me)(FMe ] with bromomethyl methyl ether forms [34]

)
373,4
(L = PMe3) which decomposes on treatment with silver hexafluorocantimonate

in dichloromethane but in acetonitrile [35] (L = PMea; S = MeCN) can be
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CH CH

l 3’L 3’L
Br — Rh —CH,OCH3 S — Rh—CH,OCH3 SbFg
LY | LY |

L L

[34] [35]

isolated., The latter converts to [36] (L = PMe3) on treatment with tri-

methylphosphine and to [37] (L = PMe3; S = MeCN) when reacted with [RhCl-

(cyoct)2]2 in acetonitrile., Analogs of [36] and [37] with a methyl group

| .t | L
L— RR—CH,0CH3" SbFg~ S—Rh—CH2OCH3' SbFg~
LY | L |

L S

[36] [37]
in place of the methoxymethyl moiety can be prepared similarly and are more
stable. Complex [34] also reacts with bromotrimethylsilane to form mer-
[RhHBrZ(PMe3)3] and ethylene via ESE—[Rh(=CH2)(Br)(Me)(PMe3)3]Br and
[Rh(Et)(Br)(PMe3)3]Br as proposed intermediates. It was also observed that
[36] (L = PMe3) in the presence of traces of [35] (L = PMe3; S = MeCN)
decomposed smoothly in deuterodichloromethane to yield methyl ethyl ether
and methyl vinyl ether. The same organic products were observed In equal

amounts when [35] (L = PMe S = MeCN) was dissolved in deuterodichloro-

methane suggesting a commoi intermediate for their formation. This was
proposed to be {RhH(CH(Me)OMe)(PMe3)3}+ which was thought to form via
a~hydrogen abstraction from the methoxymethyl group to first give [Rh-
(=CHOMe)(Me)(H)(PMe3)3}+ in which migration of the methyl group to the
carbene carbon atom then occurred. The proposed intermediate could then
either undergo reductive elimination or B-hydride abstraction to yield the
observed products (ref. 119). 1In related work, the carbomethoxy complex
EEE-[Rh(H)Cl(C(O)OMe)(PMe3)3] was prepared by oxidative addition of methyl
formate to [RhCl(PMe3)3]. Both this and its hydroxyacetyl isomer, mer-
[Rh(H)Cl(C(O)CHZOH)(PMe3)3] were observed to decompose on heating to form
methanol, formaldehyde, [RhCl(CO)(PMe3)2] and [Rth(PMe3)4]C1 but in
significantly different amounts. Thus the first gave primarily methanol
(93%) and [RhCl(CO)(PMea)Z] (96Z) while the latter gave more formaldehyde

(87%Z) and significant amounts of both rhodium products. The mechanism of
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Scheme IV (L = PMe3) was proposed with the predominance of path £ over path

o
L ? & i Rh (CO) LaCl + CH{0H H L T !
. CCHOH - . o, | .COCHs
R b . \nln/ CHOH | 27 \ ~1 _ocH Bl S o
q(I\L /I\co \b. r-H, o /I\CO CIVI\L
L L
M(CO)Lacmcu,o/

lL
.
H
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Le i ~>L
L

H
C‘e

Scheme IV

R for methanol formation suggesting that reductive elimination from a cis-
{M(H) (OMe)} species 1is preferred to that from a Eig—{M(H)(CHZOH)} moiety
(ref. 120).

Further work on the reactions of 8-quinolinyl ketones with rhodium(I)
complexes has been reported. With [RhCl(CO)Z]Z, 8-quinoliny! benzyl ketone
and 8-quinolinyl phenyl ketone form [38] and [39] respectively while

8~formylquinoline forms [40] which is proposed to contain an unsupported
Rh(II)-Rh(II) single bond. Successive reaction of [RhCl(CZHA)Z}2 with

= [40]

(5)-8-quinolinyl~a-methoxybenzyl ketone and pyridine forms [41] from which
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(41]
the ketone can be recovered by treatment with trimethylphosphite. The
essentially complete retention of optical rotation of the recovered ketone
compared to that of the starting material suggested that both the carbon-
carbon bond cleavage and formation reactions occurred with retention.
Heating [41] at temperatures below 60°C causes racemization at the chiral
carbon suggesting reversible homolysis of the rhodium-carbon bond 1is
occurring. Some escape of the radicals from the cage can also occur as
shown by a crossover experiment (refs. 121, 122). Orthometallation of one
ligand occurs when [Rh(P(OPh)3)4]CIO4
The product, [Rh(P(OCGHé)(OPh)Z)L3] (L = P(OPh)a) reacts with various acids
to form [RhXL3] (X = C1, SCN), [RhL4]X (X = C104, F) or [Rh(acac)Lz] (ref,
123). In addition to the previously reported [Rh(Oq)z(P(g—C6Fa)Ph2)], the
thermolysis of [Rh(oq)(CO)(P(g—BrC6
isolated as [Rh(oq)Br(HZO)(P(g—C6F4)Ph2)] following chromatography on

is treated with potassium hydroxide.

F4)Ph2)] in toluene also forms a specles

alumina. An isomer of the latter with the water molecule cis to phosphorus
is formed if the thermolysis is carried out in the presence of bromide ion.
The first isomer exists as hydrogen-bonded dimers in the solid state but
the latter does not because of gteric hindrance from the neighboring phenyl
groups on phosphorus. In both isomers the water can be replaced by various
phosphorus ligands and for the trans isomers, 2JP_P is observed in the
range 538-813 Hz (refs. 124, 125). Addition of p-tolyllithium to [RhC1-
(Ll (@, = ButP((CHz)aPth)z) forms [Rh(p-tolyl)(L,)] which reacts with
carbon dioxide in ethanol to produce [Rh(OC(O)OEt)La]. In toluene the
reaction with carbon dioxide yields [42] while if oxygen is also present,

[43] (R = p-tolyl) 1s the product., Both of these react with pyridine to

R-—"’T-P R,———”T-P
////’ 0““‘ 45;0 I ¢°¢~
P——Rh C P———Rh O
(P v l >o (P/ l >o
oO—C (@) C
N N\
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form [Rh(2~toly1)(02CO)(L3)] plus [Rh(gftolyl)(py)(La)]. Coupling of
carbon dioxide with nitrosobenzene occurs slowly in the presence of [Rh(p-

tolyl)(L3)] to yield [44] (R = p~tolyl) plus other isomeric forms. An

R
l,——j_‘_P
P RA— 0
(] e=o
o N
AN
[44] Ph

isolable 1:1 adduct of [Rh(g-tolyl)(LB)] with nitrosobenzene can be formed
that yields [44] when treated with carbon dioxide suggesting it 1s an
intermediate but this has not yet been definitely established (refs. 126,
127).

Since earlier work had shown that the oxidative addition of methyl
iodide to complexes of the type [RhCl(CO)LZ] (L = tertiary phosphine) {see
1981 Annual Survey Scheme IX (J. Organometal. Chem., 242(1983)241))
appeared more complex than initially thought, further studies were under-
taken. Here, [RhBr(CO)Lz] (L = (2—EtC6H4)3P) and n-propyl bromide form
[RhBrz(C(O)Prn)Lzl and as the rate was unaffected by added bromide ion it
was concluded that [RhBrz(CO)L]- is not a significant intermediate in this
gystem. Also, reaction of methyl fodide with [ha(CO)z(PPh3)2(u~X)2] (X =
Cl, I) formed an equilibrium mixture of [Rh2(He)Z(I)Z(CO)Z(PPhB)Z(u-X)Z]
and [Rh2(C(O)Me)2(I)Z(PPh3)2(u-X)2]. It was concluded that the alkyl and
acyl complexes form by independent paths with the acyl complex requiring
prior formation of the alkyl complex but the conclusions seem not to be
well~supported by the results reported (ref. 128). In two papers on the
oxldative addition of methyl lodide to [Rh(acac)(CO)L} (L = P(OPh)3, PPh3,
P(R-anisy1)3, P(EfCICGH4)3), the first shows that both [Rh(acac){(C{0)Me}-
(I)(P(OPh)3)] and [Rh(acac)(CO)(He)(I)(P(OPh)a)] formed with the rate being
independent of the concentration of methyl iodide. At low concentratioms,
a 1:1 ratfio of products was seen but at large concentrations the latter
predominated (ref. 129). With the other ligands it was proposed that the
reaction followed the course depicted in Scheme V (ref. 130).

[Rh(acac) (€0YL] —1€L 3 [Rh(acac) (Me) (CO)L]T

[Rhlacac) (Me) (1) (COYL] ==—= [Rh{acac) (C(0)Me) (I)L]

Scheme V
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Cyclometallation occurs when IIrCl(cyoct)2]2 and Bu P(CHZSiMe } (n =
0-2) are heated at 70°C in toluene. The products are [45] (R=1R'= But; R
Bu®, R' = CH,SiMe,), [46] (R - Bu®, B' = CH,SiMe.) and [47] (R = Bu®, R'
CH SiMea) (ref. 131). Full details of the synthesis of trimethylene-
methane complexes of iridium and rhodium have now appeared. Reaction of

H
PR PRR,
R 1A |

\ —Ir—C —Si Ir
\u S/ NN

/
"\ pr, \—PRR'

[45] [46] [47]
[IrCl(CO)(PPh3)2] with 2- [(methylsulfonyloxy)methyl] 3-trimethylsilylprop~
l-ene 1in hot toluene forms [(n —C 6)IrCl(CO)(PPh3)]. Reagents with

acetate or chloride in place of the methylsulfonyloxy substituent also work
but do not give as good ylelds. The same reaction with [IrCl(CO)(PMe Ph) ]
in the presence of tetraphenylborate 1ion yields [(n —Z—MeC H )IrCl(CO)—
(PMe Ph) ]BPhA
[(n3-2 (Me SiCH )C H )RhCl(CO)(PMeZPh)Z]BPhQ. This can be converted into
[(n -C H )Rh(CO)(PMe Ph) ]BPh4 on treatment with fluoride ion. An attempt
to synthesize [(na-C )Rh(CO)(PPh3)2

reagent and [RhH(CO)(PPhB)B] gave only [Rh(OSOZMe)(CO)(PPhS)z]. The
difference between this reaction and that with iridium is attributed to the

while [RhCl(CO)(PMeZPh)Z] under the same conditions gives

} directly using the methylsulfonyloxy

attack of the methylsulfonate ion generated in the earlier stages of the
process occurring more rapidly on rhodium than on iridium so that in the

latter it can preferentially displace the trimethylsilyl group (ref. 132).

In related work, [IrH(CO)(PPh3)3] or [IrCl(CO)(PPha)Z] reacts with
l-trimethylsilyl-3-chloropropanone in hot toluene to form [48] (L = PPhB)
(o]
co
\‘\ a
[4 8]

plus 2-trimethylsiloxy~3-chloroprop-l-ene. The organic product is proposed
to form via a Brook rearrangement of the starting ketone in which the
carbon-chlorine bond undergoes oxidative addition to the metal followed by
migration of the trimethylsilyl group to oxygen and then reductive elimina-
tion to give the silylenol ether (ref. 133). Another full report now
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available concerns the characterization of molecular hydrogen complexes of
iridium. Thus [49] (L = PPha, Pcy3) reacts reversibly with molecular
hydrogen to give not the anticipated classical trihydride but rather a
species characterized as [50]. The relaxation time, Tl’ for the dihydrogen

= +

[49] [50]

ligand was determined to be much shorter than that for the hydride ligand
and it was suggested that 1H NMR Tl measurements can provide a criterion
for detecting other such "non-classical” hydride complexes. This was used
on the complex originally formulated as [IrHG(Pcy3)2]+- and the results
suggested reformulation as [IrHZ(HZ)Z(Pcy3)2]+. The water molecule in [49]
can be replaced by a hydride ligand to give the neutral cis dihydride
complex on reaction with lithium triethylborohydride. The same complex can
be prepared by deprotonation of the dihydrogen ligand in [50] a process
which 18 reversed by treatment with PhCH(SOzCFa)2 (ref. 134).

Complex [51] (L = PPh3) forms [52) on reaction with silver hexafluoro-

antimonate in acetonitrile. Addition of chloride iom to [52] forms [53]
L A L e

[51] [52]

while with lithium triethylborohydride or an excess of sodium borohydride
in ethanol the products are [54] and [55] respectively. In the last

L L L
CI\L/CU H\L/co DC\L/H
S T R

L L

[53] [54] [s5]
reaction some [54] is also formed. Complex [52] also reacts with p-tolyl-

isocyanide to form {56] (R = p-tolyl) which on subsequent reaction with
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methoxide ion gives [57]. It was hoped that dehydrohalogenation of [54]
would provide a synthesis of trans~[1r(CF3)(CO)(PPh3)2] but this could not

- y ‘ L .
RNC co RNC ‘ III|—~UME
Ir Ir
/ Y P
Ct CF3 €1 CFy
{ L J L

[s6] [57]

be achieved (ref. 135). The previously reported complexes [58] and [59])

have been studied by 1H NMR gpectroscopy. The structure of [58] has been

Ph, /B
’ P Me,Si
MeSi | CH, v l_.-CcHy
N—Ir~—Br )N-'I' NcH
Me,Si L Me,Si ; 3
Ph, Ph,

[s8] [59]

determined and 1s essentially square pyramidal as shown. Irradiation of
the methylene protons of the ligand leads to a positive NOE for the methyl
group. For [59], however, a single methyl resonance is seen and no NOE is
detected when the methylene protons of the ligand are irradiated indicating
a different structure which 1s presumed to be approximately trigonal
bipyramidal. These results are in accord with theoretical calculations
(Nouv. J. Chim., 3(1979)39) which predict a trigonal bipyramidal geometry
if a single-~faced 7m~donor ligand (e.g.—NRz) is present. In this instance,
strong o-donor ligands should occupy equatorial sites (ref. 136). Two
papers report reactioms of [cp’Ir(H)(cy)(PMe3)] with hydrocarbons. Ther-
molysis in the presence of ethylene forms a 2:1 ratio of [cp'Ir(H)(CzH3)—
(PMeB)] and [cp’Ir(CzHa)(PMej)] plus cyclohexane. This 1is evidently a
kinetically determined ratio since the 1isolated vinyl hydride complex
converts to the ethylene complex at higher temperatures. Calculations
modelling the formation of the two products from the presumed {cp'Ir(PMea)}
intermediate were performed. The formation of the vinyl hydride complex 1is
suggested to occur via an "end-on" approach of a carbon-hydrogen bond of
the ethylene to the metal with the carbon-carbon double bond oriented in
the perpendicular mode. While the ethylene complex would be expected to
form by a simple addition to {cp'Ir(PMeB)} the above results indicate that
this does not occur. It is suggested that the intermediate, although
presumably initially formed in a singlet state, rapidly converts to a
triplet state which preferentially reacts to form the vinyl hydride. The
conversion of the vinyl hydride to the ethylene complex is then proposed to
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involve a different transition state than that envisaged for the formationm
of the vinyl hydride. Some concern however was expressed about the ade-
quacy of the EHMO method used for this particular problem. The same
[cp'Ir(H)(cy)(PMea)] complex 1s converted to [cp’Ir(H)(Ph)(PMe3)] on
heating in benzene. The reaction is first order in starting complex and is
inhibited by the presence of excess cyclohexane but not trimethylphosphine.
Comparison of these data with those for the same reaction of [cp'Ir(D)-
(C6D11)(PMe3)] shows an 1nverse 1isotope effect. Also while crossover
experiments suggest that the reductive elimination of cyclohexane is an
intramolecular process, studies with [cp'Ir(D)(cy)(PMea)] showed some
deuterium incorporation into the o position of the cyclohexyl group of the
unreacted starting complex after partial reaction. The overall reaction
together with a proposal for the inverse isotope effect is given in Scheme
VI while the deuterium scrambling is thought to occur as shown in Scheme

VII ([Ir] = {cp'Ir(PMe3)}). From related experiments with other alkyl

[M - [I"D% = @ O
«Q = [(Q

Scheme VI

[1'& - [xt‘]‘;/kn —

= L SO
Z 1., <)

Rt [’ﬁ:rky [w’(©

Scheme VII
hydride complexes an estimate of bond dissociation energies for the iridium-
alkyl bonds gave an ordering of Ph>>n-pentyl>2,3-dimethylbutyl>cyclopentyl>
cyclohexyl>Np (refs. 137, 138).

In an interesting transformation, [cpIr(He)z(PPria)] and trityl hexa-
fluorophosphate react at -78°C to form the ethylene hydride complex [cpIr-
(H)(C2H4)(PPr13)]. A related rhodium species, [chh(H)(Czﬂa)(PMe3)], is
formed by the reaction of [chh(I)(CHOMe)(PHea)] with methyllithium to
first give [chh(He)(CHZOMe)(PMe3)] which is then treated with tetrafluoro-
boric acid etherate. The ethylene hydride complex is proposed to form in
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Scheme VIII

both instances as shown in Scheme VIII (ref. 139). Prolonged reflux of
[60] (X = Cl, F) in toluene causes extrusion of carbon dioxide and the
formation of {6l]. A competition experiment indicated that the reaction

was intramolecular and proceeded without the formation of free nitrile.

X
2, @5
N 0%, 4;1 /ﬁ
/
/ \c o I \N
Ph,P 0// Ph P

(0] [81]

The authors believe that the nitrile ligand in [61] has undergone oxidative
addition to the metal rather than being simply w-complexed (ref. 140).
Addition of np, to [IrCl(COD)]2 in THF simply forms [Ir(npa)CI] but 1if this
is treated with COD and sodium tetraphenylborate or if the original reac-
tion is run in acetone in the presence of tetraphenylborate ion the product
is [62]. Also, treatment of [RhH(np3)] with methyl triflate forms [63]

which is proposed to form via [64] as an intermediate. In both instances,

: e ]
1) R
{( ' 6ji:w —~H 41//Rh:;H3

P D@j _\P |

[62] [6 3] [64]
activation of an sp? carbon-hydrogen bond occurs under mild conditions
(ref. 141). Reaction of [Ir(DPPE)z]Cl with lithium cyclopentadienide in
THF results simply in metathesis to form [Ir(DPPE)chp-THF but with methyl-~
lithium in benzene [IrMe(DPPE)Z] is obtained. This adopts a distorted
trigonal bipyramidal structure with an axial methyl group and is thus the
second exception to the general trend that in [IrX(L2)2] complexes the
monodentate ligand is equatorial. [IrMe(DPPE)z] 1s fluxional, probably by

reversible opening of one chelate ring and reacts with carbon monoxide and
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with tetrafluoroboric acid etherate to form [Ir(Me)(CO)z(DPPE)] and cis-
[Ir(H)(Me)(DPPE)Z]BFd respectively. It also reacts with carbon dioxide
although the product was not characterized and with silver ion to form what
was thought to be [Ir(Me)(DPPE)2]2+ but did not react with dihydrogen (ref.
142). Combination of [IrCl(cyoct)(PMe3)3] and the dimer of glycol aldehyde
forms [65] (L = PMeB). The rhodium analog was also synthesized and on

_.H
Ho Q7 N\
i o
Ay
\\\\ CH2
L Ir—L
o |
L
(65]
heating formed major amounts of [RhHZ(PMe3)4]CI plus formaldehyde and minor

amounts of [RhCl(CO)(PMeB)z] plus methanol via [66] (L = PMeB) as a pro-
posed intermediate. Oxidative addition of n-butyraldehyde to [RhCl(PMe3)3]

H
.CH,OH
L — Rh— CO
cl
L

(66]

forms Egg-[Rh(H)(C(O)Pr“)Cl(PMe3)3] which on heating partially reverts to
reactants but also decomposes to yield [RhC1(CO)(PMe
143).

Full details of rearrangements of alkyl complexes of iridium have now
appeared. Oxidative addition of alkyl {odides to [IrCl(CO)LZ] forms
trans-[Ir(R) (1) (C1)(CO)L,] (L = PMe,, PMe,Ph; R = Et, Pr", Pr', Bu®, Bu®,
Bui, n-octyl. L = PMe

3)2] plus propane (ref.

3’ R = Np, Z2-methylbutyl, 3-methylbutyl, 3I-pentyl,

3;
ranged to the corresponding n-~alkyl species in protic solvents and at

2-octyl, cy. L = PEt R = Et, Prn). All the sec-alkyl complexes rear-
elevated temperatures in non~polar solvents although in the latter instance
halide scrambling also occurred. The rearrangement was inhibited by excess
iodide ion and proceeded rapidly when coordinated iodide was abstracted by
silver ion leading to the proposal of Scheme IX for the process. The major
driving force for the rearrangement is attributed to a greater thermo-
dynamic stability of the n-alkyl complex. Steric effects were thought to
be minor. Also studied was the oxidative addition of alkyl halides to
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Ezggg—[Ir(R')(CO)(PMe3) ] to again give trans-{Ir(R)(X)(R' )(CO)(PMe;) (R
= pr”, prl, Bu®, Bul; R' = Me, Ph, CH)SiMe ; X = I. R = ,
Bui, n-pentyl, i-pentyl; R' = Me; X = Br). Those with R' = Me also under-
went the 1-alkyl-to-n-alkyl rearrangement in methanol/benzene solution,
presumably by the mechanism of Scheme IX but [Ir(Pri)(I)(CHZSiMeB)(CO)-
(PMe3)2} partially decomposed under these conditions to give [Ir(I){(CO)-
(PMea)z], tetramethylsilane and propene in addition to the n-propyl isomer
of the starting complex (refs. 144, 145). Slow conversion of [Ir(OMe){(CO)-

(PPhB)z} to [67) (L = PPhB) occurs in the presence of carbon monoxide in

XN
oc., |
“e— L
oc” |
L

toluene solution (ref. 146) while some chemistry of iridium octaethylpor-
phyrin complexes 1s outlined in Scheme X (ref. 147). The complex [Ir(2,2'~
bipyrid—3—yl—C3,N')(bipy)2]2+- in which one ring of one bipy 1ligand is
metallated at carbon has been used as a sensitizer for the photolsomeriza-
tion of NBD to quadricyclane. Initially its utility seemed surprising
since the lowest excited state of the complex lies well below the reactive
triplet state of the dieme. Further work suggested that following encouter
of the diene with the photoexcited iridium complex a partial charge trans-
fer from the diene to the latter occurs which 1s thought to sufficiently
distort the triplet state of the diene that its energy more closely matches
that of the photoexcited state (ref. 148).
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[IrH(OEP)] + CO [TrH(OEP)} + [Ir(CH
b c
[1r (Me) (OEP) ] —2—» [1:2(05p321__.f_> [1rH(OEP) ]
f e
;t§ts

[IrH(OEP)] + [Ir(bz)(OEP)] [(OEP)IrCHZCH(OEt)Ir(OEP)]

2CHO)(OEP)]

a) hv, C6D6' b) CHZO. c) MeCHO. d) Hz. e) CH2=CH0Et. f) A, toluene,.
Scheme X

Interest in the chemistry of binuclear complexes remains high and among
new complexes reported is [68] which is formed from Na{Co(C0)4] and di-
fluoromaleoyl dichloride 1in a reaction which proceeds via [CFZ(C(O)Co-
(C0)4)2] and [(OC)4C0C(0)0F2C0(00)4] as intermediates (detected only in
solution) as the mixture is warmed to room temperature from the initial
value of -30° C. Reaction of [68] with trifluoromethylisocyanide forms
[69] (ref. 149). Addition of [COZ(CO)SI to [FeZ(CO)G(u-CO)(u—CH=CHPh)]—

CF
; Vo
e S5
(OC)3CoC::::fE:Co(CO)3 (00)300//<\Co(co)3

(e8] [69]

forms the heterobimetallic complex [70] (ref. 150). Addition of dihalo-

methanes to a benzene solution of [cpZCoz(u—PMez)Z] yields a mixture of

Ph H
N H
\\C./"
(0C)3C0 ———Fe(CO),
[70]

EEEEE‘[CPZC°2XZ(U'PMe3)2] (X = Br, I) and [71] (X = Br, I). When X = Br,
[71] is obtained as a mixture of cis and trans isomers and is converted to
[72] by sodium amalgam. Halogens also convert [cp2C02(u—PMe2)2] to trans-
[cpZCozxz(u-PMez)z] (X = C1, Br, I) and an analog with X = CN is formed

from the same starting complex on treatment with hydrogen cyanide. The
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CHpy —— PMe; x cp cp
cp. .
p"”// / \ \‘\“ \C . /
// Co\ /C°\\\ . P“'&co
X , Me
hdpez P CH2 PM92
[71] [72]

dihalide complexes react with one and two equivalents of silver hexafluoro-
Z)Z]PFé (X = Cl, Br, I) and [cp2C02-
(p«PMez)?_](PFG)2 respectively. The latter on dissolution in acetonitrile
gives [cpzcoz(MeCN)z(u-PMez)z](PF6)2. Finally, addition of methyl iodide

phosphate to yield [ep,Co,(u~X) (u~PMe
2772

to a benzene solution of [cpZCoz(u-PMez)Z] forms a mixture of [epCo(Me)-
(PMe3)2]I, [cpCoIz(PMea)] and [CPZCoz(p—PMez)] (ref. 151). Carbonylation
of [Coz(u—R)(u-R')(CO)a(DPM)] in d4—methanol yields [CoZ(CO)A(u—CO)Z(DPM)]
and R"CHDCOZCD,j (R = CHZ; R'" = CO, CHZ’ CHCOZEt; R" = H, R = R' = CHMe; R"
= Me) indicating a coupling of carbon monoxide with the bridging alkylidene
fragment to form the corresponding ketene (subsequently trapped by reaction
with methanol). Some of the original alkylidene-bridged complexes also
were reacted with sulfur dioxide to produce low yields of [COZ(CO)Q(H~302)-
(DPM) ] and ketene-derived products (ref. 152).

Like 1its cobalt analog, [cp'thz(u—CO)z] can be reduced to the radical
anion [cp'Zha(paCO)z]_ with sodium/potassium alloy and here further
reduction to [cp'zkhz(u—co)z]z_ 18 also observed. Both anions react with
a,w~diiodides or dioxytosylates to give the metallacycles [73] (n = 1, 3)

plus [cp'2Rh2(u—CO)2] but when !,2~di(tosyloxy)ethane was used the products

cp’(CO)RA

Rh(CO)cp’

[73]

were ethylene plus [cp‘thz(u—CO)z]. Low ylelds of cis-trans mixtures of
[cp'Zha(Me)z(CO)z] together with [cp'thz(u—CO)z] were obtalned when
either anion was treated with methyl iodide. On the other hand, reaction
of [cp'thz(u-CO)z] itself with organolithium reagents gave Li[cp‘thz(R)-
(p-CO)Z] (R = Me, Et, Ph) which underwent rapid reaction with alkyl tosyl-
ates to give good yields of Elg—[cp'(R)Rh(u~C0)2Rh(R')cp’] (R = Me, Et, Ph;
R' = Me, Et). This slowly isomerized to give an equilibrium mixture of cis

and trans isomers, a process which appears not to involve fragmentation
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of the binuclear complex. The course of the reaction with alkyl tosylates
appears to be dominated by steric factors and an "early" transition state
is proposed for this nucleophilic displacement. Attempts to form hydrides,
sec-alkyl complexes and species containing rhodium-oxygen and rhodium-
nitrogen bonds from Li[cp'thz(R)(u-CO)Z] failed. Further chemistry of
[cp'Zha(Me)z(u—CO)Z] is outlined in Scheme XI, In reactions a) and b)

various decomposition products were also seen while in the other four,

[cp'Rh(CO)z] + [cp'Rh(Me)z(CO)]

[cp'Rh(CZH4)2] a [cp'Rh(CO)2]
+ <L [cp'RR(Me) (CO)], — > +
[cp'Rh(CO)z] . b [cp'Rh(Me)z(CO)]

f
CHA + [cp'Rh(CO)z] + [cp'Rh(CO)]2

[cp'Rh(CO)(PHe3)] + [cp'Rh(Me)z(PMe3)] [cp'Rh(CO)Z] + [cp'Rh(Me)Z(PPh3)]
a) hv. b) HZ' c) CO. 4) C2H4. e) PMe3. £) PPha.
Scheme XI

initial formation of [cp'Rh(CO)2] and [cp'Rh(Me)z(L)] (L = co, CZH4’ PMea,
PPha) was presumed with the differences in final products obtained being
due to secondary reactions. Some insight into the nature of the initial
process was obtained from a study of reaction f) which is irreversible and
shows first order kinetics. This was interpreted as suggesting conversion
of [cp'thZMez(u-CO)z] to [74] followed by cleavage to [cp'Rh(CO)Z] plus
{cp'Rh(Me)Z} and trapping of the latter by the phosphine (ref. 153). The

[74]

alkylidene-bridged complexes [cp'Zha(CO)Z(u-CRR')] (R = czclo-C3H5, Me; R'
- - ' -

cyclo C3H5) prepared by standard routes from ({cp thz(u CO)Z] and the
appropriate diazoalkane undergo photolysis to form [75] (R = Me, cyclo-
C3H5) via [76] as a proposed intermediate (ref. 154).
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/

R R
c—R e
/ \ ) / \ ,
Rh——-Rh cp — Rh———=Rh-—cp
cpl/ \C/ \Cp' \C/
e} (@]

[75] [76]

Both the oxidative and the thermal decomposition of [cp'thz(Me)z-
(u=CH,) ] n
process using [IrC16] is cleaner and faster possibly because the migra-

forms methane, ethylene, propene and some ethane. The former

tions required are more facile in a cationic species. Labelling studies
indicate that the gaseous products are formed intramolecularly and no
involvement of the pentamethylcyclopentadienyl rings appears to occur. The
C2 products appear to arise from coupling of methyl and methylene groups
and Schemes XII and XIIT are proposed for the oxidative and thermal pro-

cegses respectively (ref. 155). Simple metathesis occurs between trans-

C5(CH3) CH; CH3 M
-1 e -1
\Rn/wu——\nh/ = :
/
Chy \cnz/ \C5(CH3)5
(RRIV—RRIV}) (RAV—RHY)
el 2+
ColCHas cH 7 C5(CHy) oo
3 CH. _ 5 s
Nan T Ny e KRh/ \/RF.
AN N
cm/ \cnz/ Cs(CHa)s cug/ CHy \cstcnj)s
l (RhV—RRY)
CH3 7+
24+
CH CH
(CH N
Cs{CHa)sRA RhCy(CHy)s Cs(CH3)sRH” RNhC5(CHy)s
CH, \'CHz/
CH,y
1—? [3 l p-eiimination
+6L +« 3L
CH,CH=CH, + 2 (C5(CHy};RAL,1%* CHz==CH; + [C(CHsRNL;I 4 2 Scheme XII
[cp'th2C12(p—CH2)2] and alkynyl Grignard reagents with the formation of
trans-[cp'Rh,(C,R),(u-CH,y),] (R = Bu®, Ph) but with benzylmagnesium

chloride the product is [77] which 1s proposed to form according to Scheme
-+
XIV. Terminal acetylenes also react with trans-—[cp'thz(MeCN)Z(u—CHZ)z]2

as depicted in Scheme XV but only that with R' = p_—C1C6H4 provided a pure
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h——""Rh—, Me
Me
Me l \CHz/
/C Hy Me CHsy—Ph
Ph Me
[77]
(c cH cH
L R SN
/m or —— MeH + Rh\ /Rh
CHYy \cu,/ \c5(cn,), CHz Cs{CHys
CH,
!,
CalCHalg oH GCH4
A N Rh/ —— > Cy{CHYRR RRCy(CHy)y
NN Ny
CH; CslCHy)s CH;
CH
7\ -
CaICHI AR /RhC5(CH3)5 CHiCH=CHy + RN + CglCHy)gH + CglCHy ), CHy

“CHy

I I'lyl'hvdnde shift
CHy

Cg(CHy)gRh— CH— RNCo(CHyly
lH—QvM!'"
CHy

CzH, + CH, + CHg + Cs(O4),CH; + Rh CHy

Scheme XIII

CsMe: CH Cl
Yes CHy CgMes CH Ca
PL Rh + PhCH,MgCl —— RR Rh
Cl New?T N
CH: CSM.S CH2 CH2 CSMQS

CH,
@ /CHI\ Me Me PhCHMgClL \ ACHZ\
Rh Rh —— Rh———Rh
| \CH v Me Me l H
z 1]

CH
PR ? Me CH,Ph CHz

Scheme X1V

product (ref. 156). The metallacycle [cpzTiCHZCMeZEHZ]

is cleaved by

[RhCl(COD)]2 to form [78] and 2-methylpropene. Complex [78] reacts with

methyllithium to yield [79] which contains an agostic hydrogen atom. Low
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temperature NMR studies gave the first recorded value of for an

1

JC—H
agostic hydrogen and it 1s significantly smaller than the other carbon-
hydrogen couplings. A sample of [79] enriched with carbon-13 at the methyl
group slowly rearranges to incorporate the label into the methylene group

(ref. 157). The complex [cp'Zr(Me) (OCHZPPhZ)Z]’ prepared from [cp'ZrHeB]

1+ 1+

HC=CR
C5<G5 /CHZ L CeMeg CH, ]
R \Rh< + Resth—s | pn Rh__
L cHy” Csmes L7 Neny” TComes

-—

2t 24

CHy=CMCR'==CH ,
Pz CHyS=CH  HCE=CR

‘ CeMe, .~ .
ln/CR \Rh/\L - ( i pn
cs/M'S \CHZ/ CsMes e \CHZ/ \c5m5
\N,
_CH *
CHY ‘\\cn’
CgMe,—Rh }é
/ CH
ol
/
Rh—CgMeg Scheme XV
Ho Hy
C\ /C\
cp,Ti Rh(COD) Cp,Ti Rh(COD)
\ / '\ \C/
Cl! 1
e I ~y
7
(78] !

[79]

and hydroxymethyldiphenylphosphine in hexane, reacts with [RhC1(CO) in

2
toluene to form a binuclear species thought to be best represented by the

resonance hybrid [80a,b]. This reacts with hydrogen chloride or with

Php— N

2| cu, O\ th": a °
\\\\ s -’-,"/ \\\ I ‘e, ,//\
OC——Rh& //Zr——cp’ OC—RA> 'AZr——cp’
/‘/ l AN //
‘C (o] 9: o)
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methyl iodide to form [81] plus acetaldehyde or [82] plus acetone respec-—
tively via [83) (R = H; X = C1. R = Me; X =
mediate (ref. 158).

I) as the proposed inter-

Ph P"”’—”\\\\ Ph p-—”””a\\\\
’ ~Cl.. O\ oc. I S O\
OC—R h\““ oy, . s o,

Zr—cp Zr—cp’ | X
| \\\‘!C|i”/;/ Fa"/’| \‘?—————0’<y/
thp\/o thPMe\/O
[81] [83]

[82]
Addition of o-bromotetrafluorophenyldiphenylphosphine (L) to [Rh2(02—
CMe)4]-2MeOH forms [ha(OZCMe)a]-ZL which on refluxing in toluene forms
[84]. Unlike the triphenylphosphine analog only one phosphine ligand

Me Me
. L=<
(o] (o]
F a8 I: - __0 / °
S~ . \\\‘\\ I \\\“
e T i °
F / |
PFI:z ° Me
l Br
T
P

[s4] F
undergoes metallation (ref. 159). The bridging carbonyl ligand in [Rh2012-
(u-CO)(Pthpy)Z] 1s replaced by certain acetylenes to give the dimetallated
olefin complexes [85] (R = R' = COzMe, CF3. R=H; R' = COzMe). These can
be reversibly carbonylated to & mixture of [86] and [87] (R = CF3, COzMe)
with the former predominating. Chloride abstraction from [RhZCIZ(u-CO)-
(Pthpy)zl with silver perchlorate forms [RhZCI(u—CO)(Pthpy)2]0104 which
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p—"" TN
R’ R
\‘C:C"/
Rh Rh
CI"” “"Cl
N __—P
p ———N [85] PN
R R R R
AN /
.c=c, .c=c._
Xy A -~ <
oC Rh Rh Cl Cl /Rh Rh\ Ci
Cf", \‘%:O oC CcoO
N\V/P N\_/P
[86] [87]

can be carbonylated to give the "A-frame" complex [ha(CO)Z(p—Cl)(Pth—
py)210104. In refluxing THF [PtBrZ(Pthpy)z] and BunqN[IrBr2 (CO)Z] yield
[88]. Addition of DMAD to a dichloromethane solution of the "A-frame"

complex [IrRh(CO)z(p—Cl)(DPM)Z]Cl forms [89] (R = C02Me) while the

N

8r——1Ir——————Pt—8Br

A\

(e8]
same reaction in the presence of carbon monoxide also forms a minor amount
of [90] (R = COZMe). Both [89] and the mixture of [89] and [90] decarbon-
ylate on refluxing in THF to yield [91] (R = C02Me) which reforms a mixture

R R R R
N S AN /
~C==C._ ~C=—cC.,
S p—— Rh Ol “ah— co
ocC C Cl
o] O
P S o P.\“‘_~__"_,,‘P
[89] 9

0
of [89] and [90] with the latter now predominating on reaction with carben

monoxide via [92] as an intermediate. Complex [92], as 1ts perchlorate



R R R R
AN / AN /
~c=c., -C=—=c.,

> " <> .

ocC Ir Rh\ /Ir\ Rh(CO ,
Cf"/ cl cl C?"”’ CcoO
O
P _—P Pe—eo_ —P
[91] [92]

salt, can be prepared from [89) and silver perchlorate in the presence of
carbon monoxide and 1is readily decarbonylated to [93) (R = COzMe). Recar-

bonylation also occurs easily via [94] as an intermediate. Attempts to _

R R R R
/ /
~C==c’_ ~C=c,

5 ) N o,
oc—Ir. /ﬁh\ oc /Ir\ ’m-.\ co
oc/ cl oc cl
P P P P
L —— ] L TTm— _
93] [s4]

prepare heterobinuclear rhodifum-iridium complexes using 2-pyridyldiphenyl-
phosphine were generally unsuccessful (ref. 160). While carbon monoxide
adds to [95] to give [96] (R = COZMe) other ligands form [97] (L = P(OMe)a,

P~ ~p —~

PG T R_R T
Cl—r ey /N
| e N B

P—o—F P -—"

[95] [96]
PMeB' MeCN). The difference in the products formed is attributed to the
significant n-acceptor character of carbon monoxide and the relatively

p ""\\\'P
I R—R I _.L
ir
cull\ /|\
P_° P
S~
[97]
greater og-donor ability of the other ligands. Thus addition of the latter

ligands to the electron-rich, coordinatively unsaturated metal center
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increases the electron demsity there even more and the original terminal
carbonyl ligand moves to a bridging position in order to remove some of the
excess electron density. This proposal is supported by the low value of
Veo observed in [97] (ref. 161). Carbonylation of {IrZ(COD)z(u-pz)z] forms
[ItZ(CO)A(u—pz)z] which reacts further with diiodomethane to give [Irz-
(00)4(1)(CHZI)(u~pZ)2], [IrZ(CO),‘IZ(u-Cﬂz)(u~pZ)2} and [Ir,(C0),I,(u-pz),]
in a 7:2:1 ratio. Heating the first complex converts it to the second plus
some more if the third, a reaction which is claimed to be the first example
of the formation of a methylene-bridged complex by ring closure at a
dimetal center. An analogous series of complexes could also be formed with
1,1-diiodoethane but the ring closure reaction was not observed (ref. 162).

Although cobaloxime complexes continue to be studied, as was noted last
year the majority of the work is in areas other than as models for vitamin
312' Coupling of the alkyl group in [RCo(dmgH)z(Hzo)] (R = Me, Et, Pri.
bz) with the added radical species {-CMeZOH} and {+CHMeOEt} occurs at a
rate which is relatively insensitive to the steric bulk about the a~carbon
of the cobalt-bound alkyl group. This ig interpreted to indicate that
direct attack at this carbom 1s unlikely but rather the incoming radical
attacks a nitrogen atom of the dimethylglyoximate ligand followed by
reductive elimination of the coupling product {(ref, 163). Oxidation of
[RCHZCo(dmgH)z(py)] (R = Ph, E‘XC6H4 (X = C1, Br, NOZ’ CHO, CN, Me),
NC_H PhX (X = G, S, NH), 2-naphthyl, 2~furyl) with manganese(IIT)

2776747
acetate 1In an acetic acid/acetic anhydride solvent containing sodium

n~0

acetate forms the appropriate benzyl ether of dimethylglyoxime. It is
proposed that the starting complex is oxidized to the radical cation after
which the benzyl group transfers to the dimethylglyoximate ligand (ref.
164). Hydrogenation of a mixture of S-vinylmonothiocarbamates and [Co-
(dmgH)z(py)] provides a synthesls of [(RR'NC(O)SCH(Me))Co(dmgH)zpy} (R = R'
= Pr", R = Et; R' = Bun, cy) (ref. 165), Conversion of [98] to [99] can

be accomplished by reaction with [Co(dmgH)2];+in methanol., It is proposed
Br

OEt

o) OE1t
H

(98]
[99]
that [98] 18 converted to the corresponding radical by loss of a bromine
atom followed by cyclization and trapping as [100], a species which could
be isolated in a stoichiometric reaction. Elimination of a cobalt~hydride
specles completes the process (ref. 166). Further studies on the coupling

of alkyl groups from alkyl cobaloximes with sulfonyl halides have shown
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Co(dmgH),

I H

OEt

H
[100]

that photolysis of [(RR'C=C=CH)Co(dmgH)2(py)] in the presence of sulfonyl
halides forms RR'C=C=CHSOZR" for R = R' = H and R" = B'XC6H4 (X = F, C1,
Br, Me) but HCECCRR'502R" for R = R' = H and R" = Me and for R = R' = Me
and R" = p-XC,H, (X = F, Cl, Br, Me). When R = R' = H and R" = Ph a 50/50

mixture of both species is obtained (ref. 167). Activation parameters for
the homolysis of certain cobalt-carbon bonds have been obtained from the
kinetics of the thermal racemization of [RCo(dmgH)zB] (R = (—)CHMeCOZMe; B
= 4-CNpy, 4-Mepy. R = (+)-CH(CH2X)COZMe (X =H, COZMe); B = py). The data
suggest that the stability of the cobalt-carbon bond is enhanced by
increasing the electron density at cobalt and by decreasing it on the
a-carbon atom (ref. 168).

Tested syntheses of [101] (R = Me, Et, Bun, Pri, cy) are now available
(ref. 169). A species proposed to be a one-dimensional polymer containing

~ R T+

Me

~N
==N-., ~NH,
/,// o\\i
o | S,

L -
[101]
phthalocyanine radicals is formed when [Co(phthalocyanine)Cl] 1is treated

with bis(bromomagnesio)acetylene (ref. 170).

An aqueous solution of vitamin BlZs can be converted to ethylcobalamin
by triethyloxonium tetrafluoroborate suggesting the utility of the latter
as an ethylating agent in aqueous solution (ref. 171). The enantioselec-
tive alkylation of {Co(PPD)Z]- by acrylonitrile and methyl acrylate occurs
in the presence of chiral amines indicating that the nature of the axial
ligand can be important in the formation of cobalt~carbon o-bonds (ref.
172). Treatment of dichloromethane solutions of [Co(salen)] and monoalkyl
hydrazines with oxygen or tert-butylhydroperoxide and then pyridine forms
[RCo(salen) (py)] (R = Me, PrY, Bu®, Bul, Bu®, Ph, MeC(0)) although in the

case of the isopropyl and sec-butyl reactions the yields were rather poor.
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This procedure also works with the corresponding Mezsalen, saloph, acacen
and bis(dimethylglyoximate) complexes but for the last two the ylelds were
low. The process 1is proposed to involve inftial formation of a cobalt-
(IIT)-dioxygen or -tert-butylperoxy complex which oxidizes the hydrazine to
an alkyl diazine plus hydroxyl or tert-butyloxy radical. These‘radicals in
turn generate an alkyl radical from the diazene which 1s then trapped by
the cobalt complex (ref. 173). In related work, the rearrangement of
[ (5-hexenyl)Co(salen) (py)] to [(cyclopentylmethyl)Co(salen)(py)] has been
studied. The process is inhibited by dioxygen, TEMPO, brief electrochemi-
cal reduction or [Co(salen)] and 1s accelerated by electrochemical oxida-
tion or oxidation by ferricinium ion indicating the involvement of radi-
cals. A radical chain process 18 proposed with the 5-~hexenyl radfcal or
its cyclopentylmethyl isomer as the chain carrier. Thus dioxygen and TEMPO
inhibit the reaction by intercepting the chain carrier while reduction
removes the small amount of the Co(IV) complex thought to be the initial
source of the 5-hexenyl radical. The remaining step is then proposed to be
a homolytic displacement of 5-hexenyl radical from the starting complex by

the chain carrier (ref. 174). Other studies reported are those on the

thermal decomposition of [102] (Z = (CH2)3) and [103] (ref. 175), the
Me
- ,L\ Me Me Me
—N.. ~N= .
e \\\‘ —N "-, o N=—
Co ’/,C -~
o
(o] (o]
OH,
Me Me

[102] [103]

anaerobic thermal decomposition of adenosyl-cobalamin in aqueous solution
where homolysis of the cobalt-carbon bond is dominant at pH 7 and heteroly-
gis dominates at pH 4 (ref. 176) and the solid state racemization of
[((R)-l—cyanoethyl)Co(dmgH)2(3-Mepy)]. In the last study, the asymmetric
unit contains two independent molecules. On exposure to Xx-rays, both
cyancethyl groups undergo inversion with the process being ebout twice as
fast for one as for the other. Eventually, the slower one reverts to its
original configuration while the other remains inverted leading to the
formation of a racemic crystal (ref. 177).

The decomposition of a variety of cobaloximes of the formula [RCo-
(dmgH)z(HZO)] has been studied. When R = XOCHZCH2 (X = Ph, CF3CH2, Me, Et,
Pri) the decomposition in aqueous base gives stoichiometric quantities of
ethylene and XOH when X is a good leaving group (X = Ph, CF30H2). Here it
1s thought that the reaction proceeds via inftial attack of hydroxide ion
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at a quaternary carbon of the dimethylglyoximate ligand followed by dis-
placement of the alkyl group which then undergoes fragmentation. 1In the
other complexes, the yield of ethylene is pH dependent and less than
stoichiometric. The mechanism for these has not yet been established with
certainty. When R = B-XCGHACH(OH)CHZ (X = H, Me) the decomposition was
studied in methanol and the organic products were observed to be styrene
plus acetophenone and the methyl derivatives of these respectively. For X
= H the reaction exhibited biphasic kinetics above 25°C but was first order
below 15°C. However when X = Me the reaction was first order above 25°C

and biphasic below this temperature. Scheme XVI (DZHZ = (dmgH)z) was
X

X k5| Ky
— —E - X CH==CH,
+H
+

-H,0 cut
I
CH T
2 Co” (D,yH,)OH,
HCOH
— Co(D,H,)0H,
CH;,
Col(D,H,)OH, >4
Ky | N
L———— X C——CHy + Co (DyH,)0H,

Scheme XVI

proposed with the acetophenone thought to form via Scheme XVII. In con-

trast to expectation, both paths of Scheme XVI appear to be ionic and

X X o)
[ i
X C—CH

H +
H—C——OH 4+ CH30H —= C--TO----H'-—O/ —— CoI(02H2)0H2'
s
| HY N
CH> “CHZ CHy + +
| E (:H3C>H2
Co(D,H,)OH,  Scheme XVII | Co(DaHp)0H, A

solvent-assisted rather than concerted although it is noted that since the
reaction is concerted when R = CH(Ph)CHZOH, steric effects are evidently
1mportant in determining i1ts course. When R = R—NCC6H40H(OH)CH2. the
complex 1is stable in methanol but decomposes in aqueous sulfuric acid to
form primarily p-cyanostyrene, Scheme XVIII is proposed here (refs. 178,
179).

CN cN CN
+
+H , -H,0 + /‘2
—
HCOH - - CH _ - CH + co™(b,Hy)0H,
i +Ho, -1t | |
CHy CHy CH;
CotD,H,) OH, Co(DoHL)OH, Scheme XVIII

References p. 431



254

The 31P NMR spectra of a variety of alkyl cobalamins (alkyl = Me, Et,

n
Pr-, (CH2)3CN, CHZCFB’ CH2

the base-off form JP-H in the ribityl phosphate side chain is the same for

all complexes was interpreted to mean that all had the same conformation.

CN, CF3) have been measured and the fact that in

In the base-on form the measured values of JP—H increased as the alkyl
group was changed 1n approximately the order given above. This order
generally parallels that of the strength of interaction with the axial base
and suggests that the more strongly this coordinates, the more strain 1is
induced in the ribityl phosphate side chain (ref. 180). Using an extensive
series of complexes of the type [RCo(dmgH)z(L)] (R = alkyl; L = py,
P(OMe)3) a set of substituent constants for substituigts on the a-carbon of
the alkyl group has been derived using the observed C NMR chemical shifts
for the y-carbon of the axial pyridine., A good correlation was found
between the sum of these constants for each alkyl group and the
cobalt-nitrogen (of pyridine) distance, the 130 NMR chemical shift of the
y-carbon of an axial tert-butylpyridine ligand, the 31P chemical shift of
an axial trimethylphosphite ligand and the rate constant for the exchange
of the axial ligand. The substituent parameters were thus interpreted as
measuring primarily an electronic trans influence (ref. 18l1). The com-

plexes [104] (R = Me; L = PPh3, PPhZ((CHZ)ZCN)’ PPh,cy, PPh Pri, Pthvy,

2 2

B R oy 1+
CHF™ N2
H3C\\ CHz
/N
N
Y
T /C“C“3 [104]
o/, r4==C\\
“H--o CH3
L
- -
P(B—MezNC6H4)3, P(OMe)3. PthEt, PPhZ(OEt), PPh(OMe)Z) have been prepared

as perchlorate salts and the rates of exchange of L with trimethylphosphite
or N-~methylimidazole measured. These rates decrease with L in the order
shown. Also measured were the rates of exchange of L (= nitrogen donor
ligand) with trimethylphosphite or ethyldiphenylphosphine. The structures
of [104] (L = P(OMe)a, PPh3) were determined and found to be little dif~
ferent from those of the cobaloxime analogs. Thus these two model systems
for vitamin B12 do not differ much in the Co(III) state although the
present one shows a greater sensitivity to the bulk of L in the relative
rates of loss of this ligand. Because of this and the greater ease of
reduction to Co(II), ([104] 1is considered to be a better model than the

cobaloximes. However the data obtained in the second study suggest that
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the cobalt center in [104] 1s more electrophilic than that in the cobal-
oximes and since the electrophilicity of cobalt in cobalamins 1is low, this
represents a deficiency in both models (refs. 182, 183). When 2-amino-
. ) 2X (X = N02,
CF., Br, H, Me, OMe), C(Me)(COzMe)z, Bu ', Pr~, Np, adamantyl), an equilib-

3
rium, largely intramolecular, occurs between species where the base is

pyridine is used as an axial base with [RCo(dmgH)z] (R = CH

bound via the endocyclic nitrogen atom and via the exocyclic nitrogen atom,
The position of this equilibrium is affected by the 1identity of the alkyl
group in a manner which suggests steric effects dominate. This is claimed
to be the first clear indication of a steric trans influence in solution

(ref. 184). Proton and 13C NMR data are available for [105] (R = Me, OEt)

Et

>

N, N
I e N
— o/ o—

R [1058] R

(ref. 185) as are the results of molecular orbital calculations on several

cobalt porphine complexes {(ref. 186).

The anation reactions of [RRh(dmgH)z(HZO)] (R = Me, Et, CHZCF3, CHzcl)
are significantly faster than those of the cobalt analogs and an Id mechan-
ism 1s proposed. Both the R group and the equatorial ligands are thought
to make significant contributions to the labilization of the water molecule
(ref. 187). Standard routes have been used to prepare [RRh(saien)] (R =
Me, Et, Pri) whose luminescence spectra have been measured. The rhodium-
carbon bond (R = Et) is cleaved homolytically in several aerated solvents
including ethanol, chloroform and benzene (refs. 188, 189).

Complex [106] (R = Me, Et) has been characterized as a "supernucleo-

phile" and oxidatively adds organic halides to form [107] (X = Br; R' = bz,

F F
ﬁgf Ef
Q7 ‘? 0” ‘?
R N R N

hw
VA Z N\l
:I: Rh :I:‘Rh
‘\T;:T/ ‘\TjiT/
[106] [107]
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Bun, Pri, cy, adamantyl. X = Cl; R' = Bun, bz. X = I; R' = Me, Bun,

cyclopropylmethyl. X = Ots; R' = Bu". X = SCN; R' = bz). Rapid halide
exchange between various examples of [107] occurs presumably via initial
loss of halide from one to give a five-coordinate cation to which halide
from a second can transfer. The initial step is supported by‘the ready
abstraction of halide by silver tetrafluoroborate. An extensive study of
the formation of [107] from (106] indicates that the mechanism is sensitive
to the steric bulk about the a-carbon of the potential alkyl group. With
unhindered alkyl iodides, nucleophilic displacement of fodide by [106] 1is
suggested while with more bulky ones radical paths appear important.
Overall, the authors prefer a predominantly radical pair mechanism with
possibly some short-lived chains in certain instances. It was alsc found
that [106] (R = Me, Et) underwent facile alkyl transfer with [107] (R = Me,
Et., R' = Me; X = I. R' = bz; X = Cl) as shown by crossover experiments.
As the benzyl complex reacted faster than the methyl complex and those with
bulkier alkyl groups were unreactive 1t was suggested that nucleophilic
attack of [106] on the a-carbon atom of the alkyl group in [107] occurs.
Reaction of [106] (R = Et) with 1,3-dihalopropanes forms [107] (R = Et. X
= Brj R' = (CH2)3Y (Y =cCl, Br, I). X =1I; R' = (CH2)3Y (Y = C1, Br)) plus
small amounts of the trimethylene-bridged binuclear complex derived from
oxidative addition of [106] to both ends of the dibalopropane. Previous
results showing formation of significant quantities of the binuclear
species are attributed to incomplete dissolution of [106] in the solvent
uged and not to a neighboring group effect. The same reaction with 1,2-
dibromoethane forms a 1:1 mixture of the corresponding dimethylene-bridged
dimer and [107] (R' = X = Br) together with ethylene. Since the rates of
reaction of the dihalopropanes and -ethanes are comparable it is felt that
both proceed initially by a normal oxidative addition process. In con-
trast, [106] (R = Et) reacts much more rapidly with 1,2-dibromocyclohexane
to form [107) (R' = X = Br) and cyclohexene and here a concerted elimina-
tion process 1s proposed (refs. 190-192).

The heterobimetallic complex [(OEP)}RhIn(OEP)] is formed on reaction of
Na[Rh(OEP)] with [In(OEP)Cl] but 1is unreactive towards syngas, phenyl-
acetylene, acrylonitrile, triethylphosphite and tert-butylisocyanide under
conditions where [ha(OEP)z} does react. It does however react with methyl
iodide to form [Rh(Me)(OEP)] and [In(CEP)I]. The lack of interaction in
solution with water, triethylphosphite or tert-butylisocyanide as judged
from proton NMR measurements was taken to suggest formulation of the
bimetallic species as [(OEP)RhI+InI;I(OEP)] (ref. 193). Under a syngas
atmosphere (< 1 atm) [Rh(OEP)]2 1s partially converted to [RhH(OEP)] and
[Rh(CHO) (OEP)]. Photolysis of this equilibrium mixture forms formaldehyde
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and [Rh(OEP)]2 but 1if the system 1s kept closed, the original equilibrium
1s established on termination of the irradiation. Photolysis of the same
system at 353 K causes catalytic formation of methanol for which the
mechanism of Scheme XIX 1s proposed. In further work it was found that

(RhH(OEP) ] behaved as a weak acceptor towards pyridine, n-butylisocyanide

H2/00
[Rh(OEP)]2 —=—— [RhH(OEP)] + [Rh(CHO) (OEP)]

oo m———

hv
[Rh(CHO) (OEP) ] ——> [*Rh(OEP)] + <CHO

[RhH(OEP)] + +CHO-—> [+Rh(OEP)] + HZCO

2[ +Rh(OEP) ]——>>[Rh(0EP) ],

[RhAH(OEP)] + H CO;::E[Rh(CHZOH)(OEP)]

2

[Rh(CHZOH)(OEP)] + [RhH(OEP)]———a‘b[Rh(OEP)]2 + CH30H

Scheme XIX

and triphenylphosphine and did not add carbon monoxide trans to the hydride
ligand but rather reacts differently to give [Rh(CHO)(OEP)]. The iridium
analog proved to be a much better acceptor towards the first three ligands
and did form trans-[IrH(CO)(OEP)]. A thermodynamic analysis of the forma-
tion of [Rh(CHO)(OEP)] from {RhH(OEP)] suggested that the rhodium-hydrogen
and rhodium-carbon bond strengths were comparable so the success of this
reaction appears to be due to the unusual strength of the latter. For the
iridium analog, the 1ridium-hydrogen bond 1is stronger than {ts rhodium
counterpart but apparently the desired iridium-carbon bond 1s not compar-
ably stronger so that formation of [Ir(CHO){(OEP)] is not thermodynamically
favored. Finally, [Rh(OEP)]2 itself reacts with carbon monoxide with
ultimate insertion into the metal-metal bond to yield [{(OEP)Rh(u~CO)Rh-
(OEP)] (refs. 194-196). Other workers have found that treatment of [RhC1-
(OEP)] with silver perchlorate or tetrafluoroborate in certain aromatic
solvents at 50°C regioselectively forms [Rh(B-RC6H4)(0EP)] (R = H, OMe, Me,
Cl). The regioselectivity is presumed to be steric in origin and the fact
that the silver salts plus [RhC1(OEP)] in non-aromatic solvents produces
unstable [RhX(OEP)] (X = ClO, , BFQ—) which subsequently reacts with ben~

4
zene to form [Rh(Ph)(OEP)] indicates that [Rh(OEP)]+ is the reactive
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species in the original reaction. This appears to be an example of elec-
trophilic aromatic metalation with the rhodium cation appearing approxi-
2+. Reaction of [Rh(Ph)(OEP)] with iodine
forms [RhI(OEP)] plus iodobenzene while photolysis yields biphenyl (ref.
197).

The Wayland group has also reported extensions of 1its work on octaethyl=-

mately as electrophilic as NO

porphyrin complexes of rhodium to the analogs [Rh(L[.)]2 (L4 = TPP, TTP).

Some of these results are outlined in Scheme XX. Formaldehyde reacts with

a
[Rh(L,)], === 2[RhH(L,)] [RhMe(L,)]
| e
[Rh(CHO) (L) ] [RR(L,) 1™ —f [ (L,)RhCH,,CH,Rh(L,) ]
a) H,. b) Hy/CO (1:2). ¢) CO. d) OH . e) MeBr. f) CH,BrCH,Br.

Scheme XX

[RhH(TPP)] to reversibly give [Rh(CHZOH)(TPP)] which 1in turn undergoes
reversible condensation to [(TPP)Rh(CHZCHZOCHZCHZ)Rh(TPP)]. Also while
[RhMe (TPP)] is unreactive towards carbon monoxide under thermal conditions,
[Rh(C(O)Me) (TPP)] can be formed upon photolysis. As the behavior of these
gystems 1s very comparable to that of the OEP analog, it appears that
substituent effects on the porphyrin ring have little effect on the metal
center (ref. 198), At -78°C in benzonitrile, THF or pyridine, [Rh(TPP)-
(MezNH)Z]Cl shows two reversible, one-electron reduction steps but at room
temperature the first is irreversible due to the formation of [Rh(TPP)]z.
In dichloromethane solution, electrolytic reduction at the potential of the
first wave yields [Rh(CHZCI)(TPP)] a species also formed by reaction of
[Rh(TPP)]2 with this solvent. The electrochemistry of [Rh(C(0)Me) (TPP)]
has also been studied in benzonitrile solution. Two, one-electron reduc-
tion steps are noted but the second is only reversible on the cyclic
voltammetric time scale and chemical reaction ensues. The first step
appears to involve reduction of the TPP ligand rather than the metal.
Three, one-electron oxidation steps are also observed but only the first is
reversible and then only on the cyclic voltammetric time scale. The
oxldation processes are thought to be those outlined in Scheme XXI (refs.
199, 200). The same group has determined the structure of [(0EP)Ir(C8H13)]
(C8H13 = cis-bicyclo[3.3.0]Joct-1-yl) and obtained its proton NMR spectrum.
The significant upfield shift of the resonances of the alkyl group is
attributed to the ring current of the porphyrin ligand. The complex
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-e -e
[ (TPP)RR (C(0)Me) ] === [ (TPP)Rh(C(0)Me)]" —= [(TPP)Rh(C(O)Me)]H

l slow _ ‘////;ast

-
[ (rPPYRRI TN )T ——= [ (TPR)RAITE) 2T

” -

[ (TPP)RKh ]
Scheme XXI

reversibly forms a carbonyl adduct and this system has been studied

electrochemically with results as outlined in Scheme XXII (the perchlorate

-e +e

[ (OEP)Ir(C )]*'«————»[(OEP)Ir(csﬂlg)(co)]:;::::2[(03p)1r(c8H13)(c0)];

gfl13

-e Cco
- te- -
co | c10, [(OEP)Ir(CgH, ,)] ==—=[(OEP)Ir(CgH ,)]

+e
M -
[(0EP)Ir(C0)]C104 [Ir(OEP)]
Scheme XXII

originates in the supporting electrolyte) (ref. 201).

Metal Carbene Complexes
The complex [PhBSnCo(sc(OMe)Rl)(CO)3] (R1 = Ph) reacts with hex-3-yne at
room temperature as depicted in Scheme XXIII while at 50°C both it and

Me - 0
¢3Sn(CO) 3Co= EtC=CE %. OMe + MeO 0
—_—
oH, 25°C
Et t E t
(CO &sn ¢3
NaOMe -
HOMe Fay Ce
M

1 €t OMe

MeO OMe l:::,‘:::) o

t
Et Et
OMe E t

Scheme XXI1IT

the analog with R, = Bu" react with internal acetylenes to form [108] (R1 =

1
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Ph; R2 = Me, Et, Ph. R1 = Bu ; R2 = Ph). This 1is proposed to occur as

R2 R2

/ \

R fo) OMe

[108]
outlined in Scheme XXIV with the 1initial step being a [2+2] cycloaddition
of the carbene complex to the acetylene to give the metallacycle shown at
the upper left of Scheme XXIV. Successive reactions of BunaanH(OMe)°
(CH2)3Me with butyllithium, [Phaano(CO)A] and trimethyloxonium tetra-

fluoroborate forms [109] which on reaction with but-2-yne at 50°C yields

Co Me

o
S:} Ry
e 4

2 2
(CO},C&SH%

Ry :1 3;‘(: 1
035 eo 2
Scheme XX1V & He 2

[110] which 18 a precursor to bovolide (ref. 202), Additiom of [Co(C0)4]-
to [che(=C(SR)2)(CO)(MeCN)]+ (R = Me. R, = (CH,) ; n = 2,3) gives [111].

co
//OMe Me Me
Phy SnCo C / \
"ffl =, OMe
0
o MeO
Me [110]
[109]

This was reacted with triethylphosphine in hopes of displacing the sulfur
from cobalt but instead one carbonyl group on cobalt was replaced. Oxida-
tion of [111] (R = Me) with iodine, bromine, trityl cation, ferricenium ion
or tropylium ion generated [che(=C(SMe)2)(CO)2]+ but the cobalt-containing

product was generally not isolated except where the oxidation with iodine
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was performed in the presence of two equivalents of triphenylphosphine.
Here [CoI(CO)z(PPh3)2] was obtained (ref. 203).
The ketenylidene complex [112] (R = H, Ph; L = PPri3) reacts with

benzoyl azide to give [113] (R = H, Ph; L = PPriB). Treatment of the
cp cp..
| ‘,// /CHR
"” Rr-———-C
Rh |
Newn |
Ph
[112] [113]

latter (R = Phy L = PPria) with TFA gave an equilibrium mixture of [114]
and [115] (ref. 204). Addition of bis(l,3-dimethylimidazolin-2-ylidene) to

Ph
<p.., cp., C==C/
‘ ’// /CHPh ”’/, / \ @
RA——C Rh NH
L"”, | @ L””’ \ /
O\\ /,Nbi o——0=C
\
I :
[114] [115]

[chh(CO)Z] in refluxing methylcyclohexane forms [116] (ref. 205). Cyclo-

pentanes can be formed by an intramolecular C-H insertion process mediated

clp Me
L
oc:’// f
/N
Me
[116]
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by [RhZ(OZCMe)A]' Rhodium carbene species are thought to be involved as
intermediates. The stereochemical course of these reactions as a function
of steric effects suggests that the carbene intermediate approaches perpen-
dicular to the carbon-hydrogen bond (ref. 206). Carbene intermediates are
also proposed for the decomposition of wmethyllithium and methylmagnesium
bromide induced by rhodium(III) chloride (ref. 207). Protonation of the
ketenylidene complex [Ir(=C=CHR)(C1)L2] (R = H, Me, Ph; L = PPria) with
tetrafluoroboric acid etherate forms an equilibrium mixture of [Ir(=C=CHR)-
(H)(Cl)LZ]BFa and [Ir(ECCHZR(Cl)LZJBFA. Reconversion to the starting
complex can be accomplished with a stoichiometric quantity of sodium

hydride and further addition of this reagent gives [IrHst] (ref. 208).

Metal Isocyanide Complexes

The complexes [Co(CNBut)[‘(HZO)](CIOQ)2 are formed on treatment of
[Co(H 0)6](C104)2 with the isocyanide in ethanol and are reduced to [Co-
(CNBu )3L2]C104 (L = PPha, P(R-anisyl)a, P(R—Clcﬁﬂ P(E—hexyl)B, P(CHZ—
CHZCN)3’ P(NMe2)3
[Co(CNR)s]A (R = 2,6—Me2C6H3; A= ClOA, BFA) the complexes [CO(CNR)AL]A (L
= P(OPri)a, P(OEt)a, P(OMe)B) and [Co(CNR)BLz]ClO4 (L = P(OPri)B) have also
been synthesized (refs. 209, 210). The acyl isocyanide complexes [cpCo-

4)3’
} on addition of the appropriate ligand. Starting with

(CNC(O)R)Z] (R = Ph, l-adamantyl) can be prepared by reaction of the
corresponding isocyanide with [cpCo(CO)z]. The complete replacement of
both carbonyl ligands 18 exceptional and argues for significant m-acidity
for the acyl 1isocyanides. Cyclic voltammetric studies of the benzoyl
isocyanide complex show a reversible, two-electron reduction which 1is
characterized as an ECE process (ref. 211). Thin films of poly(dimethyl-
siloxane) functionalized with 3-isocyanopropyl groups on silicon have been
reacted with cobalt vapor by the metal vapor/fluid matrix techniques to
form polymer-encapsulated {CoZ(CNR)B} moieties (ref, 212).

Both [habr4](BPh4)2 and [ha(TMB)A](OTf)2 have been studied by trans-
ient spectroscopic methods and assignments of the absorption made. In the
latter, the lifetime of the 1A state has been determined to be 820 ps

while that for the correspondié? B2 state of [IrZ(COD)Z(u-pz)Z] is evi-
dently less than 20 ps, a difference which was attributed to larger spin
orbit coupling in the iridium complex. Although the luminescence of both
the singlet and triplet states of the 1iridium complex 1s quenched by
1,2-dichloroethane and this molecule undergoes oxidative addition on
continuous irradiation, using picosecond excitation the le state appears
unreactive. Thus the quenching of the luminescence 1s attributed to the
chlorinated solvent enhancing the rate of intersystem crossing to the

triplet relative to what occurs in cyclohexane (refs. 213, 214). The



263

2, 0B, 17t @,
(TMB) ] z+ and DPM or from [Rh Cl (CO) (DPM) ] and dimen respectively. Both
oxidatively add halogens to form the axial dihalo complexes [Rh (L2)2-
(DPM) ] (X =Cl; L, = TMB, dimen. X = Br, I; L, = TMB). Photochemical

2 2
studies on [ha(TMB)z(DPM)Z]2+ suggest that the 3Blu excited state is

complexes [Rh (L = TMB, dimen) are synthesized from [Rh2-

strongly reducing. Cyclic voltammetric studies of [ha(dimen)z(DPH)z]2+
show the presence of two, one-electron oxidation steps, the first of which
is quasi-reversible, The EPR spectrum of the one-electron oxidation
product suggests a delocalization of the unpaired electron over both
metals. In contrast to [ha(br)4]3+, [ha(dimen)Z(DPH)2]3+ does not
dimerize, presumably because of the bulk of the ligands, but if chloride
ion 1is added disproportionation occurs to yield [Rh 2(dimen)z(DPM)z]2+
and [Rh (dimen) (DPM) ] From this observation it 1s suggested that a
similar radical disproportionation may take place in the net photolytic
reduction of hydrogen 1ions to dihydrogen which occurs in the presence of
[ha(br)4]26+ (refs. 215, 216).

Hydrogenation of [ha(CNR)(u—H)2L4] (L = P(OPri)3; R = bz, R—CICGH4)
yields [ha(u—H)(u-N(Me)R)LA] and an intermediate proposed to be [117] has

[(117]

been detected by NMR. The initial formation of [Rh2H4L4(CNR)] is suggested
followed by transfer of one hydrogen to the isocyanide. Further hydrogena-
tion of [ha(u-H)(u-N(Me)R)L4] to give [RhZH(u—H)3L4] and the corresponding
secondary amine occurs but proceeds very slowly while reaction with other
isocyanides gives a mixture of products including significant amounts of
[L,Rh(u-H) (u-N(Me)R)RR(L)(CNR')] (R = R' = Bu", Bu®, bz, p-CICH,, 2,6-
MeZC6H3) To study the course of the original reaction in detail, [ha-
(CNR)(u-H)2L4] was reacted with deuterium and deuterium incorporation into
the hydride positions as well as the methyl group on nitrogen and the
ligand methyl groups was observed, The last was considered to arise as
depicted in Scheme XXV (ref. 217). The complex [RhCl(CO) (CNR)] (R =
n-09H190C6H4 6 5) is mesogenic with 1liquid crystal properties (ref. 218)
while [Rh(CNXNC)201]n (X = 1,4- C6 4° 4,4'-biphenylyl) which has a stacked

layer structure shows semiconductor behavior (ref. 219).
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Ry, Me |
P //N P
e /Rh/ er
/ o \ HE”
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n\ e
P /N\ ;‘:/
gy A He
/>N
P [
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Scheme XXV

R ,Me

Metal Carbonyl Complexes and Related Compounds

a) Homonuclear Carbonyl Compounds

Benzene solutions of tetramethylallene and [HCo(CO)A] form a mixture
2,4-dimethylpenta-1,3~diene and 2,4-dimethylpent-2~ene indicating that both
isomerization and hydrogenation of the allene occur.
hydrogenated to the monoolefin by [HCo(CO)A] but at a rate which is slower
than that at which the latter 1e formed from tetramethylallene.
is observed when the reaction is monitored by proton NMR spectroscopy, the

radical mechanism of Scheme XXVI is proposed (ref. 220).

>—/";*-< + ecCo(CO),

HCo(CO),

>_>— + . Colcol,

. Co(CO)4:|

+ HCo(CO),

[co,tcon]

The diene can be

The reaction of

Scheme XXVI
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ethylacrylate with [HCo(C0)4] in the presence of [COZ(CO)B] at 10° C forms
ethylpropionate while the product 1s 2-ethoxycarbonylpropionaldehyde when
carbon moncxide 1s also present. Analysis of the products of the latter
reaction at the point that uptake of carbon monoxide ceases shows that a
significant amount of [(EtochH(Me))Co(C0)4] is present. Addition of
triphenylphosphine at temperatures below 10°C causes carbonyl "insertion"
to occur and [(EtOZCCH(Me)C(0))Co(CO)3(PPh3)] forms. However on warming to
room temperature carbon monoxide 1s lost yielding [(EtOZCCH(Me))Co(CO)3-
(PPh3)]. If the original reaction (carbon monoxide present) is warmed to
room temperature after 0.25 mol of carbon monoxide is absorbed, a greater
amount 1is then taken up and [(EtOZCCHZCHZC(O))Co(CO)a] is detected in
solution. The results have been interpreted according to Scheme XXVII

K
CoyCO, === 2 -Co(CO}
K
) L.
ColCO), + CH=CHCOOEt === .ColtONCH,=CHCOOEY) + CO

. kﬂ
ColCO),(CH=CHCOOED) 4 HCO(CO, —gro—>  CHCHCOOEt + -ColcO),

HCo(CO)
K
CHizCHCOOEY === CH,CHCOOE
HCo(CO) ColCOy,
* ”C
P, orc,
R 0,
CH,CHCOOE! (E100CCHKH)Coy(CO)
0{CO), c'n,
I jco
CH,CHCOOE1 EtOOCCH,CH,; + CoyfCO),
COCHCO),
e L4
" o/
CHCHCOOEY (EtODCCHCONH)Co,CO)y
0Ca(CO), &

’ 1co

E1O0CCHCHO + Coy(CO),

CH,

Scheme XXVII
(ref. 221). The PKa values of several transition metal hydrides have been
determined 1n acetonitrile solution from measurements of the equilibrium
constants for their reactions with bases of known base strength. The
systems [HCo(CO)A]/2—F3006H4NMe2, [HCo(CO)a(P(OPh)3)]/anisidine and [HCo-
(00)3(PPh3)]/morpholine gave values increasing from 8.3 to 15.4 in the
order given. From this work, [HCo(CO)4] appears to have comparable
strength to hydrogen chloride in acetonitrile but 1is much weaker than
perchloric acid (ref. 222), Studies of the inhibition by Bronsted bases of
the olefin hydrogenation reaction catalyzed by cobalt carbonyls correlates

quantitatively with the degree of deprotonation of [HCo(CO)l.] but the
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extent of deprotonation proved to be quite temperature dependent (ref.
223). Kinetic data on the reaction of [HCo(CO)4] with olefins to give
alkyl cobalt tetracarbonyls have been obtained at -80°C. The data are
interpreted in terms of an initial formation of [HCo(CO)z(olefin)z] which
subsequently loses one olefin and then rearranges to yield the final
product (ref. 224). An ab 1initio CI calculation of the potential energy
surface for the photolytic cleavage (homolytic) of the cobalt-hydrogen bond
in [HCo(CO)4] suggests that the initially formed singlet state undergoes
intersystem crossing to a triplet state from which dissociation occurs
(ref. 225).

A variable temperature infrared spectroscopic study of [Co(py)e][Co—
(C0)4]2 in THF under nitrogen suggested equilibria between several ion

pairs such as those shown in Scheme XXVIII. Several of these same species

o
¢ o
\E
o + 0 - Co
c 0 C 06/ N,
[ ) | -y \Teo
PysCo----0C—Cy {caco;,] == |PyCo—Co—CO {cwcog] P /CoPy4
¢ 0
o c 2
/%
Scheme XXVIII &

were seen when a THF solution of [COZ(CO)S] was treated with pyridine and
the equilibrium composition of the system as a function of the pyridine
and/or carbon monoxide concentration was identical to that produced on
addition of carbon monoxide teo the THF solution of [Co(py)6][Co(C0)4]2.
These results led the authors to suggest that to describe the reaction of
pyridine with [COZ(CO)S] as simply a disproporticnation (as would be
implied 1if one only considered the final product) is too restrictive (ref.

226). The cyclic phosphorane [118] reacts with [C°2(CO)8] to form a
H
N\I/N
/P
N
[118]
mixture of [119] and [120] (ref. 227) while diphenylphosphine yilelds

[Co(CO)B(u-Pth)]n. More bulky lfgands however give the dimers [Coz(C0)6—
(PR2H)2] (R = But, ¢y). Reduction of the polymer with sodium in THF forms
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N H
(\ \Co(CO)3 /H NS
tl >F|)< CO(CO)q,—

[119] [120]

Na [Co(CO) (PPh )] wvhich reacts with dimethylsulfate, dichloromethane or
butyllithium to yield [Co(Me) (C0)3(PMePh2)], [(OC) (!oPPh CH ] and Liz[Co—
(CO) (PPh )] respectively. The dimers when similarly reduced form Na[Co-
(CO) (PR H)] (R = Bu® s cy) which reacts with diifodomethane or dimethyl
sulfate to give [(OC) CoPR ] and [Co(Me) (CO) (PR H)] respectively (ref.
228). A low yield of the air- and heat- sensitive complex [Coa(CO)g(u3

PNPriZ)] is obtained from the prolonged reaction of [COZ(CO)B] and bis-
(diisopropylamino)phosphine at room temperature. Several other unstable
species were detected spectroscopically during the course of the reaction
(ref. 229).

The reaction of [COZ(C0)8] with triethylsilane to yield hydrogen and
[Et351Co(C0)6] has been reinvestigated and in contrast to previous reports
no [HCo(CO)l‘] was detected. In fact the rate of formation [EtBSiCo(CO)l‘]
was unaffected by deliberate addition of [HCo(CO)A]. On the other hand, a
definite acceleration was noted upon irradiation but addition of galvanoxyl
produced only a slight retardation. Despite the latter, the mechanism on
the left of Scheme XXIX was proposed. The explanation for the small effect

K
Co4(COlg === 2 ColCO),

ColCO),
EtySiH, o,
-CO -EHS-H

ky ky

(E,SiNHICo(CO),

CotCo}, -CO L
ke, )

{CO)4(E3SiICoColHNCOl, [Et3SiColCOly)”
tast {t} f::s‘:, tast {{} c(:fo’:]' czocq
2 Et,SiColCOY, E4;5iColCOl,
[BHI* {ColCOl,)” ‘7_..7‘ B + HCoiCO), Scheme XXIX
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of added galvanoxyl is that even though radicals are involved this 1s not a
radical chain reaction. Addition of base (B = py, PBuna) accelerates the
reaction and alters 1ts course as shown on the right of Scheme XXIX (ref.
230). The same group has also shown that [Coz(CO)g] reacts with [M(crypt)]-
OR (M = Na, K; crypt = various cryptands; R = Me, Er, Pri, ¢y, bz) and
carbon monoxide in THF to form [(ROC(O))Co(CO)4] plus [M(crypt)][Co(CO)4]
(ref. 231) and that addition of pyridine to solutions of [C°2<CO)8] signif-
icantly accelerates the rate of hydrogenation to [HCo(CO)A] by syngas
mixtures and the rate of conversion to [COA(CO)12] under carbon monoxide
alone. Kinetic data for the syngas reaction suggest a radical path (ref.
23la). Benzene solutions of [002(00)8] subjected to yY-irradiation generate
several complexes including [COZ(CO)G(CZHZ)] (0.172), {Co4(CO)12] (0.37),
[002(006)(06H8)] (0.17) and [RCC03(CO)9] (R = cyclopent-l-en~2-yl). The
last can be formed in better yield by 7y-irradiation of [Co4(CO)12] in
benzene and here the two dicobalt complexes are not detected (ref. 232).
A high pressure infrared study of the reaction of [Coz(CO)Bl with
methanol in the presence of various additives under carbon monoxide shows
the equilibrium i1s shifted towards product ([Co(MeOH)6][Co(CO)4]2) by
addition of pyridine or potassium iodide but towards reactants by olefims.
The forward reaction is thought to involve associative attack on [COZ(CO)S]
while In the reverse reaction an electron transfer from Co(-l) to Co(II) is
considered to be the rate-determining step. From these results the hydro-
esterification of oct-l-ene by the above system is thought to 1involve
addition of [Co(CO)4]_ and hydrogen ion to the olefin with the latter being
derived from methanol (ref. 233). Pentane solutions of [Coz(CO) ] and
TEMPO form [121] which has been characterized as a Co(I) complex by ~“Co

Me
Me
N ————— O
\ /
Meco
Me
oC Cco

[121]

NMR (ref. 234) while several bidentate phosphines react with [COZ(CO)S] to
yield [002(00)4(u-L2)] (L2 = DPM, dmpm, PhZPCHZPMez). The intermediate
[Co(C0)3(dmpm)][Co(CO)4] has been isolated but converts to [Co(CO)A(u-CO)Z—
(u-dmpm)] even in the solid state. Heating [Coz(CO)h(u—CO)z(u-DPM)] in

solution forms [Co4(CO)8(DPM)2] in which each metal has one phosphorus
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coordinated to i{t. The same complex can also be obtained directly from
[COA(CO)IZ]' All the complexes are fluxional but the slow exchange limft
could not be attained for the dimers., For the tetramer all carbonyl groups
undergo a concerted polytopal rearrangement which 1is proposed to involve
icosahedral-cuboctahedral interconversions of the ligand polyhedron (ref.
235).

In THF solution [CoH(NZ)(PPh3)3] reacts with excess paraformaldehyde to
yleld a mixture of [Co(CO)(PPh3)3]n (n = 1, 2) and substantial quantities
of methyl formate (ref. 236) while good yields of [Coz(CO)G(PBun3)2] can be
obtained from cobalt(II) carbonate and the phosphine under 4 atm of syngas
in benzene (ref. 237). Full details of EPR studies on [Coz(CO)z(MeN—
(PF,) 50517
o* orbital which 1s delocalized over both metals. ENDOR experiments

have been published. The unpaired electron appears to occupy a

allowed determination of the hyperfine coupling constants for the fluorine
atoms and the methyl hydrogen atoms. The spectroscopic data could be
adequately explained by EHMO calculations (ref. 238).

Reaction of [MeCCo3(CO)9] with Ph2PCH2PMe2(L2) formed a racemic mixture
of [MeCCoB(C0)7(L2)]. In attempts to resolve this mixture, it was reacted
with chiral phosphines to give [MeCCoB(CO)s(Lz)L] (L = PAMP, CAMP). The
two resulting diastereoisomers detected by NMR could be separated by HPLC
but on reaction with carbon monoxide to reform [MeCCos(CO)7(L2)]. each
racemized (ref. 239). The reactions of [RCCoa(CO)gl (R = Me, Ph) with
bidentate phosphines under a variety of conditions are shown in Schemes XXX
(L2 = DPM) and XXXI (L2 = DPPE). In Scheme XXX two isomers of [RCCo3(CO)7-
(DPM) ] were seen in reactions a) and c) (designated (A) and (B)) and (B)

[RCCo,(CO),(L,)]  (A) [RCCo,(€O);(L,)]  (B)
a,c a,c,d
[RCCo, (CO) 4] + L,
a b
a >[RCCO (CO) _ (DPM) ]
305 2

[RCCoa(CO)s(DPM)z]

a) A, THF. b) A, ¢Me. ¢) BPK, THF. d) bulk electrolysis, acetone
or MeCN or CH2C12

Scheme XXX

wag the major form while in Scheme XXXI [RCCoB(CO)S(DPPE)Z} was a minor
product. The electrochemistry of the complexes described above was
studied. The substituted complexes were thermodynamically more difficult
to reduce but the resulting radical anions proved kinetically more stable
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[RCCo3(CO)8(L2)2] [(RCC03(CO)8)n(L2)]
a-c a-c
[RCC03(C0)9] + L,

‘,E:E/’//” a‘\\‘

[(RCCo, (CO) ) 5(Ly)] 2L [RCCo,,(C0), (L,)]

a,c

a) A, THF. b) BPK, THF. <¢) bulk electrolysis, acetone or MeCN or
CH2C12, n=1, 2,

Scheme XXXI

than the parent complexes. In those complexes with monodentate DPM or DPPE
(and also PPh3 analogs) the primary reduction is a one-electron step but a
fast ECE process causes the primary wave to exhibit two-electron diffusion
currents. From all of these studies it 1s proposed that the substitution
of the first carbonyl group in [RCCo3(CO)9] by DPM or DPPE can be effected
by a very efficient electron-transfer chain catalysis but that the subse-
quent steps may very well be thermal processes (refs, 240-242). Tnelastic
neutron scattering spectra have been used to obtain force constants for the
normal vibrations of [MeCCo3(CO)9] (ref. 243) while further evidence for
the ['CCOB(CO)Q] radical has been obtained from a study of the reaction of
[002(00)8] vii? CXA (X = €1, Br) or [BrCCoa(CO{g] (ref. 244), A variable
temperature C NMR study of [C(O)CCoa(CO)QJ together with molecular
orbital calculations suggest that the ketenylidene moiety is tilted as has
been established in [C(O)CFe3(CO)9]2_ although the results are not com-
pletely conclusive (ref. 245), The complex [Me0200C03(CO)9] is stable in
dichloromethane, diethyl ether and hydrocarbon solvents but in THF it
12], [Co(CO)a]_ and a third product which was
not 1dentified. If PPN[Co(CO)A] is added to the THF solution, PPN[COA—
(CO)II(C(O)Me)] is now obtained in addition to the two previously identi-

decomposes to form [CoA(CO)

fied products. The acetyl cluster can also be formed from [Co4(CO)12] and
methyllithium in diethyl ether. The unidentified product from the original
decomposition is thought to react with the excess [Co(CO)A]_ used in the
second reaction to form the acetyl cluster (ref. 246).

Low yields of [(004(C0)11)2(U—DPPE)], [Co4(CO)10(DPPE)} and {[(DPPE)C04—
(Co)lol(u«DPPE)[Coa(co)lol(u-DPPE)[c°4(c0)10(DPPE)]} can be obtained from
[COA(CO)IZI and two equivalents of the ligand in hexane (ref. 247). The
structures of [Co4(CO)8(PMe3)(TPM)], [004(00)7(DPM)(TPM)] and [Co4(CO) -
(PMe3)2(TPM)] have been determined and the results used with 3lP and 1 C
NMR data to determine the site of ligand dissociation which 1s considered

to be the first step in substitution reactions of these clusters. It was
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concluded that an apical carbonyl ligand 1s the one which 1s lost and the
incoming ligand can enter here or a basal carbonyl ligand can first migrate
to this site via a carbomyl-bridged intermediate followed by addition of
the incoming ligand to the vacated basal site (ref. 248). A synthesis of
[CoA(C0)8(u-C0)2(u4-PPh)2] which gives higher yields than those previously
reported involves the reduction of [COZ(CO)S] with sodfum amalgam followed
by reaction with phenyldichlorophosphine. In refluxing acetonitrile one
carbonyl group can be replaced to give [Coa(C0)7(MeCN)(u-CO)Z(ua-PPh)Z]
which 1s a convenient precursor to other monosubstituted derivatives such
as [004(00)7(L)(u-CO)z(u4-PPh)2] (L = PPh3, PEt3, P(OMe)3). In refluxing
toluene further substitution can occur to yfeld [COA(CO)S»n(L)n(u_CO)Z(ué—
PPh)Z] (L = PPh3, P(OMe)3; n=2, L = P(OMe)B; n = 3, 4) in which each
phosphorus ligand is on a different metal atom. A detailed study of the
formation of the trimethylphosphite complexes showed that the mono~ and
disubstituted complexes arise via both ligand-dependent and -independent
paths with the former predominating while the tri- and tetrasubstituted
specles arise by a ligand-independent path., The ligand-dependent path is
proposed to be that of Scheme XXXII while the change in stereochemistry
which accompanies the formation of the trisubstituted complex is proposed
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to occur as shown in Scheme XXXIII, Cyclic voltammetric studies on these
complexes show that [COA(CO)B(U‘CO)(U4'PPh)2] exhibits three reduction
waves, the first of which is reversible. These waves shift to more nega-
tive potentials with increasing degrees of phosphine substitution and tend
to be irreversible at room temperature although at lower temperatures the
degree of reversibility increases. Because of the shifts of the reduction
waves, the more highly sybstituted complexes cannot be reduced as far as
the parent complex but now greater degrees of oxidation become accessible
and in some instances tripositive cations can be formed. Bulk electrolysis
of both [coﬁ(co)B(H-CO)Z(”A-PPh)Z] and [Coa(CO)7(PPh3)(u—CO)Z(pA-PPh)Z]
yields radical anions which have been studied by EPR spectroscopy. Also,
[Co4(CO)6(PPh3)(u—CO)z(ua-PPh)zl can be oxidized to a radical cation by
silver ion but no EPR spectrum could be observed. As with [RCCo3(C0)9]
electrocatalytic substitution reactions of [002(CO)S(u—CO)z(u4-PPh)2] and
its derivatives can be performed but these show rather low current effi-
ciencies (refs. 249, 250). A related complex, [122] (R = Me, p-anisyl) bas

[122]

been synthesized from Na[Co(CO)b] and the appropriate organodichlorophos-

phine sulfide (ref. 251).

The 13C and 59Co NMR spectra of [Coa(CO)lz] in solution have been

measured and the latter found to be consistent with earlier 17O NMR data
which indicated the presence of two different metal environments in the
ratio 1:3 (apical:basal), Also identified in the 130 NMR spectrum was a
fourth resonance which has not previously been seen and which is assigned
to the apical carbonyl ligands. The breadth of this resonance 1s attrib-

59Co~13C scalar coupling and a relaxation of the 59Co nucleus which

uted to
occurs more rapidly for the apical metal atom than for the basal atoms
(ref. 252). The same complex has also been studied 1in the solid state by
MAS 13C NMR spectroscopy. At 63°C all carbonyls are equivalent while at
24°C three signals are observed. On further cooling four resonances are
discerned which presumably indicates attainment of the low-temperature-

limiting spectrum and is consistent with the results of the preceeding
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paper. However the observed chemical shifts were not those expected and no

13C NMR study

explored the fluxiomal behavior of [(nG-L)Co4(C0)9] (L = mesitylene,

adequate explanation could be advanced (ref. 253). Another

triptycene) and showed that in the triptycene complex the rotation of the
arene ligand occurs at a faster rate than that for the process which
equilibrates all the carbonyl ligands. The relative rates of exchange of
carbonyl 1ligands between bridging, axial and equatorial sites are very
dependent on temperature. In the mesitylene complex the bridging-equator-
fal exchange is slowest at 178 K and the axial-equatorial exchange is
fastest but at 308 K the reverse is seen (ref. 254).

Decarbonylation of [Co6(C)(C0)15]2_ occurs in refluxing THF to form
air-sengitive [Co6(C)(CO)l3] ({123]). The observed structure supports a

previous proposal that the disposition of ligands about such clusters is
determined primarily by the requirement of providing an even distribution
of the electrons donated to the cluster so long as this does not occasion
severe steric interactions. Similar treatment of PPN[C°6(N)(C0)15] forms
PPN[Co6(N)(CO)13] ({124]) which has a structure very similar to that of

References p. 431



274

[123] and is claimed to be the first example of an octahedral cluster with
an interstitial nitride (the parent cluster is trigonal prismatic) (refs.,
255, 256). Electrochemical studies of [COB(C)(CO)18]2_, [CoG(C)(CO)ls]z_
and [Rhﬁ(c)(co>15]2- reveal that the first undergoes two reversible,
one-electron reductions and two one-electron oxidations, only the first of
which 1s reversible. The second shows two closely spaced one-electron
oxidations and an irreversible two-electron reduction while the third could
only be oxidized in an irreversible, two-electron process. Electrolysis of

the rhodfum cluster did however form [Rhlz(C)z(CO)zé]z_

. The reversibility
of the redox processes for the first 1s thought to be due to the more
closely-packed metal cluster which provides more basic metal sites for
localization of charge (ref. 257).

If [th(co)12] and di-tert-butylphosphine (Rh:P = 3:2) are refluxed in
toluene, good ylelds of [R‘n6(CO)G(U—PButZ)4(u—C0)2(U—H)2] ([125] (Bu®
groups omitted)) are obtained but if the rhodium:phosphine ratio is 2:3 the
product is [RhZ(CO)z(PButzH)Z(u-H)(u-—PButz)]. The hydride ligands in [125]

[125]
were not located crystallographically but are thought to be located on the
Rh(3)~Rh(5) and Rh(2)-Rh(4) edges. The formation of an open cluster rather

than a capped closo or capped trigonal bipyramidal species as predicted by
Wade's rules 1s attributed to the bulk of the di-tert-butylphosphido groups
(ref. 258). A kinetic study of the conversion of [RhA(CO)IZ] to [Rh6—
(CO)16] in heptane indicates it proceeds by a two-path process. Each path
is first order in [Rha(CO)lz] and one is proposed to involve 1nitial loss
of two carbonyl ligands from the starting cluster (ref. 259). A new method
of determining 170 quadrupole coupling consiénts in carbonyl ligands which
13 7

involves measuring the Tl's for the ~“C and " 'O nuclei at 6.3 and 9.4 T has

been proposed and applied to [Rhﬁ(co)lﬁ]' Because of anisotropies in the
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13 's decrease significantly on going to the higher

C shieldings, the T1
field. The coupling constants determined in this manner agree well with
earlier estimates (ref. 260). In refluxing methanol containing sodium
hydroxide and potassium bicarbonate, K[RhG(N)(CO)16] is converted to
[RhlZ(H)(N)Z(CO)23]3-, which was 1solated as the benzyltrimethylammonium

salt, among other products. The structure was determined to be [126] and

[126]
although the hydride was not located directly, consideration of the geom-
etry of the rest of the cluster suggested it could be located on either the
Rh(2), Rh(3), Rh(1l1l) or the Rh(2), Rh(8), Rh(9) face (ref. 261). The
mononuclear fragment, [Rh(CO)z(MeCN)2]+ adds to [Rh9(00)19]3- to form
[Rth(CO)7(u-CO)12(u3-00)2]2- ([127]) which is thought to be a possible
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intermediate in the conversion of [Rh9(00)19]3— to [Rh11(60)23] . Assum~
ing this to be the case, the conversion could proceed as shown in Scheme

XXXIV (ref. 262). The core of [Rh9(00)19]3- can be considered as two fused

Ny

[Rhg(CONoT*~ [Rhyg (CO)p 1% " [Rhy(CO)pal

Scheme XXXI1V 2=
trigonal antiprisms while that of the closely related [Nig(CO)ls] is a

fusion of a trigonal prism with a trigonal antiprism. The difference is
attributed to electronic factors and can be explained using current models
for cluster bonding (ref. 263). The clusters [Rh13(C0)24Hn](5"n)h (n
1-4) and [Rh,, (CO)..H ](4—n)— (n = 0, 1) have been studied by variable
1472597 103 1,103 13,103
H{""“Rh} and “cf

temperature proton, c, Rh, Rh} NMR spectroscopy
to attempt to establish migration processes for the hydride amd carbonyl
ligands. The metal polyhedra appear to be non-fluxiomal while the hydride
ligands undergo migrations inside the clusters. At room temperature the
first set of complexes shows complete randomization of all carbonyl ligands
but in the second set only some of the carbonyl ligands are equilibrating
(ref. 264).

In work related to that described above for [Rhé(CO)IZI (see ref. 258),
[Ira(CO)IZJ was reacted with di-tert-butylphosphine (Ir:P = 1:1) in reflux-
ing toluene to afford a mixture of [128} (R = But) and [Irz(CO)z(PButzH)z—
(u—H)(u—PButz)]. Under the same conditions dicyclohexylphosphine and

co

R,P— 1N —rR,

A

[128]

di-tert-butyl-arsine form [129] (cyclohexyl groups omitted) and [130)]
(a-carbons of tert-butyl groups only) plus [Irz(CO)Q(u-AsBucz)z] respec-
tively. Complex [130] 1s proposed to contain an iridium-iridium double
bond (ref. 265). The kinetics of the reaction of [Ira(CO)lz] with various
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[129] [130]

phosphorus ligands have been measured. With tri-n-butylphosphine the
observed product is [IrA(Co)lo(PB“na)z] while with tricyclohexylphosphine
it is [Ir4(CO)9(Pcy3)3] and no intermediates were detected. With triethyl-

phosphite and P(OCH,)_CEt mixtures of isomers appeared to form and in the

)
latter case a monéi&istituted species was tentatively didentified. All
reactions showed first order dependence on ligand concentration suggesting
an assoclative process. Linear free energy relationships were derived
which could be used to determine the intrinsic susceptibility of [Ird-
(C0)12] to nucleophilic attack. The high susceptibility thus determined is
attributed to the strength of the iridium-phosphorus bonds which are formed
and to the ability of the cluster to readily decrease the number of elec-
trons used in cluster bonding. It 1is not clear however whether this latter
feature involves the cleavage of a specific metal-metal bond as suggested
by Darensbourg or whether it is a rearrangement of electrons in delocalized
cluster orbitals (ref. 266). A water-soluble derivative of [Ir4(C0)12]
having the formula [Ir4(00)9L3] (L = (E-NaO3SC6H4)3P) can be prepared by
direct reaction in refluxing methanol (ref. 267).

The anionic cluster [Ir4(CO)llBr]- has proven to be a useful precursor
to a variety of tetrairidium ¢lusters which are often not accessible from
[IrL(CO)IZI' Direct reaction with phosphines at -10°C in dichloromethane
forms [Ira(CO)llL] (L = PPh,, PPh,Me, PPhMe,, AaPh3). All have the ligand
in the basal plane with bridging carbonyl ligands present here also. With
triphenylphosphine only the axial isomer i1s formed while with the other two
phosphines a mixture of interconverting axial and radial isomers 1is seen,
Addition of diphosphine ligands forms [IrA(Co)ll(LZ)] (L2 = trang-vdiphos)
in which the uncoordinated end can be oxidized with hydrogen peroxide,
[(OC)111r4(u-L2)Ir4(CO)11] (L2 = trans-vdiphos, DPPP, DPPB) or [Ira(CO)lo—
(Lz)] (L2 = DPM, DPPE, dmpe, cis-vdiphos, DPPP, DPPB, 1,2-(Ph2PCH2)C6H4)
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(ref. 268)., Abstraction of halide from [Ira(CO)llBr]_ with silver ion at
~30°C 1in the presence of ligands also forms [Ira(CO)llL] (L = CZHQ’ cyclo-
propene, norbornene, 5,6-dimethylene-7-oxabicyclo[2.2.1]hept-2-ene, NED,
PPhZH, PPth). The ethylene complex 1s formed in dichloromethane, the
other olefin complexes in dimethyl ether and the phosphine complexes in
THF. The olefins can be displaced by carbon monoxide and sulfur dioxide to
yield [Ira(CO)lz] and [Ira(CO)g(p—CO)z(u—Soz)] respectively. The NBD
complex on warming forms a mixture of [Ira(CO)lz] and [Ira(CO)7(unCO)3—
(NBD)]. The phosphine complexes (L = PPhZH, PPth) react with DBU to form
[Ir4(CO)10(u—PPh2)]~ and an unidentified anion respectively. The former
can be reversibly protonated by tetrafluoroboric acid to yield [Ira(H)—
(CO)lO(u—Pth)] and reacts with [Au(L)]ClO4 to give [IrA(AUL)(CO)lo_
(u-Pth)] (L = PEta, PPhB). The latter on protonation forms [IrAH(CO)IO-
(p-PPhH)] among other products but on reaction with [Au(PEta)]CIOQ and
silver perchlorate the product is [(OC)lllrb(u—PhPPPh)IrA(CO)9(Au(PEt3))]

([131]). The bridging moiety is considered to be a diphosphane with a
C(202) C(103)

{131]
phosphorus-phosphorus single bond (refs. 269, 270). Both [Ira(CO)IZ] and

[Ir6(CO)16] are converted to [Ir3(CO)6(u3~S)2]- on refluxing with potassium
thiocyanate in THF, Intermediates in these reactions are [Ir4(CO)11(SCN)]_
and [Ir6(CO)14(SCN)]‘ respectively. Selenium analogs of all three cam be
prepared similarly from potassium selenocyanate. [Ir4(C0)6(u3—S)2]— can be

obtained in better yields from the same starting clusters and potassium
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polysulfides (KZSx (x = 1=8)) in methanol at room temperature, from [Ir6-
(CO)lS]z- and the stoichiometric quantity of sulfur or from [IrClZ(CO)Z]_
and the stoichiometric quantity of sulfide ion (ref. 271). The red form of
[Ir6(CO)16] is attacked by alkoxides in the corresponding alcohol under
carbon monoxide with the formation of [IrG(CO)IS(COZR)] (R = Me, Et)
([132] (R = Me)). Use of an excess of sodium methoxide carries the reac-

tion further to [IrG(CO)14(002Me)2]2-. All three products revert to

[132]

[Ir6(C0)16] on treatment with sulfuric acid or a large excess of acetic

acid and although they are more stable towards moisture than their rhodium
analogs, there is rapid exchange of alkoxy groups (ref. 272).

Among several relevant theoretical papers are ones on the electronic
u 3)4—n] (n*= 1-4) (CNDO/2 method) (ref. 273) and the
{cp2C03(C0)4}2_ core of [133] (cp = C.H SiMea). In the latter some direct

574
cp

structures of [Pn(Co(CO)

cp

[133]
carbon-carbon interactions between the carbonyl groups is indicated and the
unpaired electron is predicted to occupy a cobalt-cobalt n* orbital (ref.
274). A molecular mechanics approach to determining preferred arrangements

of the ligands in carbonyl clusters has been applied to [COZ(CO)B] and
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[M4(C0)12] (M = Co, Rh, Ir) among others. The results indicate a definite
correlation between high steric energy and long metal-metal bonds (ref.
275). Other papers describe the application of previously proposed topo-
logical models to anionic rhodium carbonyl clusters (ref. 276), further
specifiec applications of another recently proposed method for determining
the numbers and types of atoms in close-packed clusters (ref. 277) and a
notation for unequivocally deseribing the spatial distribution of metal
atoms and ligands in clusters (ref. 278). Finally a description 1is given
of spectroelectrochemical techniques applied to iridium carbonyls in molten
sodium tetrachloroaluminate (ref. 279).

As has been the case for several years, there is a substantial number of
reports on the use of cobalt-group carbonyl complexes and derivatives
thereof in various catalytic applications. One of these describes the use
of Me(Me0)S1(CH,CH,PBu",), and Bu",PCH,CH,CH,P(Bu") (CH,CH,51Me,(0Me)) as
ligands with [HCo(CO)A] or [Coz(CO)B] for olefin hydroformylation. The
former provides a good selectivity to straight chain aldehydes (ref. 280).
Successive reactions of [COZ(CO)B] with 2-dimethylaminoethyldiphenylphos-
phine in benzene and methyl iodide in diethyl ether followed by metathesis
with sodium hexafluorophosphate forms [CO(CO)a(PhZPCHZCHZNMe3)]Z(PFﬁ)Z
which can be used in a two-phase liquid system (aqueous pheosphate buffer
(pH 5-7)/benzene) to catalyze olefin hydroformylation. When supported on a
microreticular cation exchange resin, hydroformylation activity is destroy-
ed although both hydrogenation and isomerization of the olefin are seen.
Better results were obtalned using a macroreticular resin but the selectiv-
ity was poor (ref. 28l). Reduction of [CoClsz] (L = PthH, PthMe,
PthEt, PthPr, PPha, PBu3; L2 = DPPE) with zinc in THF under carbon
monoxide forms clusters of unspecified composition which catalyze the
conversion of tetradec-l-ene to pentadecanol, High activity is seen when L
is PPh3 or DPPE but the selectivity is low (ref. 282). A catalyst for the
reductive carbonylation of dimethyl ether to acetaldehyde and ethanol is
formed from [COZ(CO)SJ’ DPPE and iodine. The best solvent appears to be
sulfolane and the activity is enhanced by the presence of Lewis acids (ref.
283). Dicobalt octacarbonyl is a catalyst precursor for the hydrosilyla-
tion/carbonylation of oxetan and various esters and lactones. With oxetan
in dicbloromethane the primary product from methyldiethylsilane is n-pro-
poxymethyldiethylsilane but in hexane the sole product is 1,3~bis(methyl-
diethylsiloxy)butane which arises from incorporation of carbon monoxide.
Scheme XXXV (R3 = MeEtz) is proposed in which the nucleophile (Nu) may be
oxetan (ref. 284). With secondary alkyl acetates or the lactones of
secondary alkyl esters good ylelds of enol silyl ethers are obtained but

tertiary alkyl acetates fail to give carbonylation products unless the
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Scheme XXXV

acetate mofety is situated at a bridgehead carbon (ref, 285). Aryl halides
can be carbonylated to mixtures of O-keto acids and aryl carboxylic acids
in alcohols in the presence of dicobalt octacarbonyl, calcium hydroxide and
stoichiometric quantities of methyl iodide or dimethyl sulfate (ref. 286)
while aliphatic a-keto acids can be formed from primary or secondary alkyl
halides in a simflar system but using sodium hydroxide (ref. 287). Reason-
able yields of 2-ethylnaphthalene can be obtained from 2-vinylnaphthalene
in a two-phase system consisting of benzene and aqueocus tetrafluoroboric
acid containing dicobalt octacarbonyl and sodium p-dodecylbenzenesulfonate
(ref. 288). The rate of hydrogenation of benzylideneaniline in the pres-
ence of dicobalt octacarbonyl appears identical to the rate of formation of
[HCo(CO)4] suggesting that the latter 1s the species which effects the
hydrogenation (ref. 289). Pent-l-ene can be hydrocarboxymethylated in
methanol containing dicobalt octacarbonyl and y-picoline in a 1l:1 ratio
(ref. 290).

Under rather strenuous conditions (170-180°C, 850 psi) dicobalt octa-
carbonyl catalyzes the reaction of p-methylthiophenol, carbon monoxide and
various Schiff bases (R'CH=NR™ (R' = Ph; R" = Me, bz. R' = Pri; R" = Bun,
But)) in benzene/water to form p-tolylC(O)NHR" and smaller amounts of
B-tolle(O)N(R")CﬂzR' plus R'CH=CHR'. The initial stages of the reaction
are proposed to be those of Scheme XXXVI (R = p-tolyl) (ref. 291). 1In
related work, the [002(00)8]-catalyzed conversion of benzylic thiols to
thiocarboxylic acid esters 1in aqueous alcohol or to the corresponding
hydrocarbons in benzene was found to be markedly affected by the presence
of dienes. The best diene found was 2,3-dimethoxybuta-l,3-diene and
although the role of the diene was not firmly established it was suggested
that formation of [(nh-diene)ZCOZ(CO)Z(u-CO)Z] as an active intermediate
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RSH + COZ(CO)S -—)RSCO(CO)A + HCO(CO)4
lco

RSC(0)Co(CO,) _-cos, RCo(CO),
CcO
g}
RC(O)Co(CO)4
R'CH=NR"
Scheme XXXVI
might occur since an example of this species (diene = 2,3-dimethylbuta-

1,3-diene) reacted with benzenethiol to give esters of thiobenzoic acid
(ref. 292), VUnder phase transfer conditions the system [Coz(CO)S]/CTAB/-
NaOH/HZO/C6H6/CO catalyzes the formation of aryl carboxylic acids and aryl
methyl ketones from aryl bromides and excess methyl iodide (ref. 293) while
in aqueous sodium hydroxide under photolytic conditions [C°2(C0)8] cata-
lyzes the conversion of aryl halides to sodium aryl carboxylates. Use of
sodium methoxide in methanol allows conversion of dihalobenzenes to the
methyl esters of the corresponding dicarboxylic acids (refs. 294-296).
Finally, TDA functions effectively as a solid/liquid phase transfer agent
in the system [Coz(CO)B]/NaOH/TDA/CO/C6H6 for the conversion of benzyl
bromide and phenylacetylene to [134] (ref. 297).
Ph H

OH

@
bz

[134]
Under an atmosphere of syngas, both [RhCl(PPha)a] and [002(00)8] mediate
a partial reducticn of vanadyl porphyrins to vanadyl chlorins (ref. 298)
while a mixture of [002(00)8] and [RhH(CO)(PPh3)3] has been used in an
attempt to effect the isomerization/amidocarbonylation of 3-methylbut-2-
en-l1-0l by acetamide to N-~acetylleucine. In contrast to earlier results
which indicated a good selectivity to this product, a mixture of acetyl-
amino acids was obtained (ref. 299). Two other mixed-metal catalyst
systems are those based on [COZ(CO)B] plus [Rua(CO)IZ] which in alcohol
solvents are much more active for the hydroformylation of cyclohexene,
hex-l-ene and styrene than either carbonyl complex alone (ref. 300) and
which are effective for the homologation of the alkoxy moiety of carboxylic

esters if iodine is also present (ref. 301).
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Under commercial hydroformylation comditions {(190°C, 2000 psi) triaryl-
phosphines wundergo phosphorus-carbon bond cleavage 1in the presence of
[602(00)8], a process which 1s slowed significantly when olefin is also
present. The cleavage reaction 1is accelerated by electron-withdrawing
substituents on the aryl groups and when a mixture of two different phos-
phines is used, significant scrambling of the aryl groups occurs at a rate
which is comparable to that observed for the appearance of ligand-derived
degradation products. Both radical and o-metallation processes were ruled
out and Scheme XXXVII (R = Ph, R' = Bun) was proposed for the hex-l-ene

PR3 Heofca), _ PR3
co w, co
/ X Ry
] /P\
Co2(co)g(PRy), H(co),po\ /Cl"(co)x"‘
PR!(NR‘) 12a 52 R
PRP co
Copfco)s [PRo(~R], RH
"

PRy
N

Hy (co)lcf\ /co(co),
s PR

H(cO);Co PRy(-~R") I~
Hy
co
R
PRz
H(co),t:o\ >Co(co),u
PRy g Scheme XXXVII

hydroformylation system using triphenylphosphine (ref. 302). The polyphos-
phazine [NP(OPh)1.7(0C6HAPPh2)0.3]n
(OCGHAPth)] react with [Coz(CO)B] to form the supported epecies [Coz-
(CO)7P]. [COZ(CO)GPZ] and [Co(C0)3P2][Co(CO)4] (P = pendant PPh2 group on
the phosphazine). As hydroformylation catalysts these show activities

and the cyclic trimer [N3P3(0Ph)5—

comparable to those for homogeneous [002(00)8]/PPh systems as well as for

those formed from [COZ(CO)S] and phosphinated péiystyrene/divinylbenzene
copolymers. The activity declines with time as a result of cobalt-mediated
phosphorus~carbon bond cleavage (ref. 303).

Among the applications of IRh4(CO)12] as a catalyst precursor are the
arylaction of methyl acrylate by various mono- and disubstituted benzenes to
give isomeric mixtures of methyl cinnamates (ref. 304), the hydroformyla-
tion and hydrocarbonylation of enynes to form cyclopentenones and 2-formyl-
1,3-dienes (ref. 305) and, when supported on dimethylaminomethyl~function-
alized Amberlite or Amberlyst resins, the hydrogenation of a,B-unsaturated
aldehydes, ketones, acids and amides. Selective hydrogenation océurred for

all of these except the aldehydes which were reduced to the alcohols. The
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last system 1s considered to be more effective in these reactions than
homogeneous counterparts (ref. 306). In studies of the catalysis by
[Rh4(CO)12] of ethylene glycol synthesis from syngas in NMP it is reported
that the rate is significantly increased on raising the reaction tempera-
ture from 230°C to 300°C and at elevated temperatures a species thought to
be [RhH(CO)B(NMP)] is detected by in situ infrared monitoring. The analo-
gous specles [RhH(CO)B(PPr13)] is proposed from similar data on the same
catalyst system to which the phosphine had been added. In this last study,
the presence of bulky phosphines enhances the stability and activity of the
catalyst but with phosphines of low cone angle, ligand decomposition occurs
leading to the formation of 1inactive clusters such as [Rth(CO)zl]z—
While [IrA(CO)IZ] aleo serves as a catalyst precursor for the hydrogenation
of carbon monoxide in NMP, it is much less active than the rhodium analog.
Addition of triarylphosphines improves the reactivity and selectivity to
ethylene glycol while trialkylphosphines improve the selectivity towards
methanol and phosphites inhibit both reactions. In one instance, [Irz—
(CO)G(PPh3)2] could be i1solated from the reaction mixture and it proved to
be an effective catalyst precursor (refs. 307-310). Both [RhA(CO)lO(DIOP)]
and [RhG(CO)lO(L2)3] (L2 = DIOP, (S,S)-CHIRAPHOS) have been investigated as
catalysts for asymmetric hydrogenation but only with the DIOP complexes 1is
enantioselectivity observed (optical yields up to 60Z). Addition of three
equivalents of DIOP to [Rh4(CO)10(DIOP)] forms a mixture of [th(co)8(L2)2]
and [Rh2(C0)2(u-CO)2(L2)2] (L2 = DIOP). The latter complex adds dihydrogen
te form [RhH(CO)Z(DIOP)] which is thought to be the active species. All
the results indicate that irrespective of the starting species, catalysis
occurs with a mononuclear complex (ref. 311). Carbonylation of a mixture
of allyl phosphites and various amines in the presence of [Rh6(CO)16] and
tetra-n-butylammonium chloride forms B,y-unsaturated amides (ref. 312)
while the same cluster under carbon monoxide catalyzes the deoxygenation of
o-nitrostyrenes to indoles in moderate yields. With trans-g-(2-pyridyl)-

o-nitrostyrene [135] could be isolated but 1t proved to be a very poor

[135]

catalyst precursor (ref. 313). Other uses of [Rh6(CO)16] are as a highly

active WGSR catalyst when combined with ethylenedismine, as a good catalyst
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for aldehyde hydrogenation when combined with TMEDA (ref. 314) and as a
catalyst for the reduction of dialdehydes to the corresponding diols in
aqueous ethanol or 2-methoxyethanol under carbon monoxide (ref., 315).
Interest in cobalt-group carbonyls on sclid supports continued to be
high. Adsorption of [COZ(CO)S] from pentane solution onto NaX and NaY
zeolites is quantitative but the amount of carbon monoxide evolved is very
sensitive to reaction conditions. Species detected include [Co(CO)A]—,
[c°4(co)12] and [Co(CO)3L2]+ (L = oxygen atom of support) with the first
being more favored on the NaX zeolite. On the other hand, [Co4(C0)12] is
incompletely adsorbed from pentane and very little carbon monoxide is
evolved leading to the conclusion that [Coz(CO)B] enters the zeolite cages
but [C°4(C0)12] remains ?r th;*éurfﬁgf outsiif {(ref. 316). A wider range
of Y-type zeolites with H, Ca” , La and Na as the cation has been used
by a second group to support [Coz(CO)S]. In all instances formation of
[COA(CO)lzl within the supercages 1s seen and this 1s proposed to be
hydrogen bonded to hydroxyl groups on the inner surface of the cavity
through the oxygen atoms of the bridging carbonyl groups. On heating
decomposition occurs to give only cobalt(II) for the first support but with
the second and third systems tentative evidence for the formation of
formate and/or carbonate was obtained (ref. 317). Both {COZ(CO)B] and
[Coh(CO)Iz] adsorb on A1203, 8102, TiO2 and Mg0 to give similar coordina-
tively unsaturated carbonyl species on the surface which are active cata-
lysts for olefin hydrogenation but in order to catalyze benzene hydrogena-~
tion it is necessary to completely decarbonylate the surface cobalt atoms,
Because of the greater basicity of magnesium oxide as compared with the
others, the thermal decarbomylation of the species initially formed on this
support 1s more reversible. These also react with syngas to form methane
but not higher hydrocarbons (refs. 318, 319). The decarbonylation of
[Coz(CO)s(PBun3)2] on ZrO2 and Zr(OH)a surfaces occurs only partially at
temperatures below 300°C (ref, 320) while the silica-supported cluster
[136] 1is thermally more stable and more active for hex-l-ene hydroformyla-

tion than its unsupported counterpart (ref. 321).

@) @)
C g C
Oc \ ,“N/ _cO
o Co E
Si
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Decarbonylation of [RhACCO)IZJ on A1203, Zr0, and T102 supports gives a

higher dispersion of rhodium and a stronger i;ieraction with the support
than when the rhodium is introduced as Rh(III}. Only the cluster-derived
thodium is able to fix dioxygen and the species formed initially is thought
to be a Rh(II1) superoxide (refs. 322, 323). On LaZO3 [Rhﬁ(co)l2] initial-
ly forms species resembling [Rhé(co)lﬁ] but on heating these form dispersed
{Rh(CO)Z} moieties which are considered to be the active species for carbon
monoxide hydrogenation (ref. 324). A variety of rhodium and iridium galts
when impregnated into zeolite supports form [Rhﬁ(co)l6] and [IrL(CO)lzf
respectively when treated with syngas or a mixture of carbon monoxide and
water vapor. These appear to resist further aggregation and maintain their
structural integrity over a wide temperature range (ref., 325). A second
group however reports that Rh(III)-impregnated Y-type zeolites initially
from two different types of {RhI(CO)Z} moieties on carbonylation and
reversible formation of {RhI(CO)3} gspecies is geen whose formation con~
stants depend on the valence of the cations present. When treated with
syngas these do condengse to form [RhA(CO)IZ] and then [RhG(CO)16] within
the cages. Analogous behavior was noted for iridium-impregnated zeolites.
The cage-enclosed rhodium clusters catalyze olefin hydroformylation and on
treatment with dihydrogen at 120°C decarbonylation occurs to give a cata-
lyst which displays shape selectivity for olefin hydrogenation (refs.
326~330). An EXAFS study of [Rh6(CO)16] supported on alumina suggests
retention of the cluster gtructure but on treatment with moist dioxygen
most degrade to surface-bound {RhI(CO)z} moieties. The cluster can be
completely regenerated however on reaction with carbon monoxide plus water
vapor {(ref, 331)., TPD studies of [th(co)IZ] in flowing dihydrogen show
initial formation of [Rh6(CO)16} rather than [Rha(CO)g] as previously
proposed. The clusters [Coé_nRhn(CO)lz] (n = 0~2) were also studied. Most
of the carbonyl groups were lost as carbon monoxide but some conversion to
methane was detected (ref. 332).

b) Heteronuclear Metal-Metal Bonded Compounds

The Vehrenkamp group remains active in the synthesis of clusters con-
taining several different metal atoms. The complexes [137} (MI = Co; M, =
Fe (major isomer). Ml = Fe: Hz = Co (minor isomer)) and [138] (two isomers
as for [137]) together with their tungsten analogs have been fully charac-
terized and all isomeric mixtures separated. No isomerization of these
occurs in solution under "clean” conditions but with the onset of decompo-
sition at elevated temperature this does occur. Reaction of [138] and its
tungsten analog with carbon monoxide gives [139] (M = Mo, W) and then [140]

plus {cpM(CO)3AaMe2] {M = Mo, W) however under the same conditione [137]
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and its tungsten analog yileld [141] (ref. 333). Replacement of a fCo(CO)B}
vertex in [142] occurs on reaction with Na[cpw(c0)3] in THF to form [143]

MCD(CO)s
MezAs
{C0),Co = F 2(CO) {C0O)4Comm————F e (CO)3
Ree ? TR —ce—
tClO)a (CIO)a
P

Me Me
[139] [140]

(CO)Fo——————ASMe,

(COzCo Co(CO)5

Cp(fO)
S

[141]
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Ph Ph
P\ /P\
(OC);Ru Co(CO), (0C)3RuU Co(CO),
Co w
(CO) cp(CO),
[142] [143]

while [RUB(CO)H] and [(OC)"Fe(u—PRH)Co(CO)a] (R = Me, But) in refluxing
hexane yield a mixture of [144] and [145] (R = Me) or [144] - [148] (R =
But). Reaction of [148] (R = Me) with {Ru(CO)S] is incomplete but some

R R
P P
(OC)3Ru Co(CO), (0C);Ru Co(COJ;
M= RuU H\Fe
(COJ3 (COJ,
[144] [14s5]
R R R
/P\ /p\ |
(C0)3Fe—-— —/—-R} (CO)y (OC):,F\e /Co(CO)3 (OC)Fe
H—"Ry—H \ Co
(COJ4 - (COJ3 (€04
[*46] [147] [148]

conversion to [144] and [145] (R = Me) occurs. Better yields of these are
obtained using [Ru(CO)A]Z— but when R = But this latter route gives only a
507 yield of [144] (R = But). With [Ru (CO)]_Z], [148] (R = Ph) gives both
[144] and {145] (R = Ph) while [149] (R = Me; M = Mo, W) and [Ru(CO)]
form [150] (R = Me; M = Mo, W) (ref. 334). Metal exchange reactions also

R
/C\ /g\
(0C)3Co CO(CO)3 (OC)3Co R’U(CO)3
\M //,H
¢p(CO), cp(CO),

(149] [150]

occur in [RCCoa(CO)g] (R = Me, Ph, COzMe, COZPh, C(0)Ph) on reaction with

Co(CO),
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[cpNiCo]2 and [cpM(C0)3]2 (M = Mo, W) to yifeld [151] (R = Me, COzMe) and
[152) (R = Me; M = Mo, W. R = Ph, CO,Me, C(O)Ph; M = W). In some

2
R R
/C\ /C\
¢CpNi —— Nicp cp(CO}M —— ——MI(CO),cp
o Co
(CO), (CO),
[151] [152]

instances previously reported monosubstituted clusters were also obtained

as were [MeOZCCN13Cp3] and [RCMo3(CO)6cp3] (R = Me, Ph, COZMe). Another

complication in some instances was transfer of cyclopentadienyl groups to
cobalt (ref. 335). In a related study, [149] (M = Mo, R = Me, Ph, CO,Me,
C02Ph C(0)Ph. M = W; R = Me, Ph, CO Ph) reacts wich [cpNi(CO)] to give
[153] and in certain instances with [Fe(CO) ] to form [154] (R = Me; M =

R R
/ \ “=M(CO),cp
(0C);Co ——M(CO),cp /
(OC)3Co——/—’Fe(c0)3
Ni \\\\}11/’//’
cp
[153] [154]

Mo, W. R = Phy M = Mo). In some of these systems pure enantiomers of
these optically active clusters could be obtained (ref. 336). Other
workers have found that [153] (R = p-tolyl; M = W) reacts with secondary
phosphines to form [155] (R = p-tolyl; R' = Et, Ph) which on refluxing in
dichloromethane converts to [156]. Reaction with further phosphine at

R
& &
\ | /
(OC)4Co Co(CO),(R,PH) (OC)ZCo —/vi/(cmch
cp(CO), (co)2
[155] [156]

reflux yields [157] (R' = Et, Ph) while with acetylenes the product is
{158] (R = p-tolyl; R' = Ph; R" = Me, Et) which converts to [159) (R =
p-tolyl; R" = Me, Et; X = OH, OMe) on treatment with tetrafluoroboric acid

etherate or with trimethyloxonium tetrafluoroborate respectively (ref.
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337). The carbyne complexes [(R'B(pz)3)w(ECR)(CO)4] (R = Me, p-tolyl; R' =
H, R = p-tolyl; R' = pz) prepared from [W(ECR)(CO)ABr] and the appropriate
polypyrazolylborate react with [Coz(CO)s] to form [160] (R = Me, p-tolyl;

R
/C\
(0C)3Co ——W(C0),(R'Blpz)y}
Co
(CO)q
[160]

R' = H. R = p-tolyl; R' = pz) and with [(n’~C/H )Rh(C,H,),] (R' = H) to
give a mixture of [161] and [162] when R = E—tolyl and only the latter when
R = Me. In [162] the carbonyl groups on tungsten appear to be semi-bridging

R
c
R (1) - CgH,)Rh—— | ——"W(C0),{HB(pz);}
[{HB(pz)a}(OC)zw//_. ._\.. Rh(CO} N~ CgH,) ] ot —Rn
(1 -CgHy)
[161] [162]

towards the rhodium atoms. The analog of [161] with an {Fe(CO) } motety in
place of the (Rh(CO)(n’-CgH,)} unit reacts with [(n° -0937)Rh(00) ] 1in
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diethyl ether to yield [163] (R = Me, p-tolyl) which reacts further with
but-2-yne in refluxing toluene with the formation of [164] (R = Me, p~

tolyl). In general these polypyrazolylborate complexes appear to be more

R Me Me
R \ /
c\ -<-
(M-C,4H mh/————-——\w{Ha(pz)
- h ——— W(C0),{HB(pz) 97 3
(n C3H7)R\ 2{HBp2);} NS J
Oc::::Fe Fe_,-‘cO
(€O, (coy,
(163] [164]

reactive than their cyclopentadienyl analogs (ref. 338). Transfer of the
carbyne fragment from tungsten in [(OC)4Cow(ECR)(CO)4] (R = p~tolyl) occurs
on reaction with {FeZ(CO)Q] and the products are [165] (L = CO), [W(C0)6],

CGH‘.MQ—Q
C

{ocC )3Fe\—c_ ———=Fe(CO)L
0

o]
(€0,

[165]
[Fe(CO)s] and [Fe3(CO)12]. The analog with L = PPh3
with this l1igand while with one and two equivalents of DPM the products are
[166] and [167] respectively. Protonation of [167] with tetrafluoroboric

is formed by reaction

CeH Me—4 CeHiMe—4
/ C\
Fe Fe(CO)
(0C),Fe Fe(CO). (0C)2 ?
2/ \c_ —7 / S~ c- — \
Phop N Ph,P Oc PPh,
Co Q
H2C~~p~1c0), H,C ‘pACO)\P—-CHz
[1e6] (167]

acid etherate is thought to occur across a cobalt-iron bond (ref. 339).
Addition of a mixture of propilonic anhydride and hexafluorophosphoric acid
to [149] (R = COzPri) generates the acylium ion (R = C(O)+) which reacts
with a variety of nucleophiles to produce other derivatives of [149] (R =

C(O)NEt,, C(0)C H,NMe,, CO,R' (R' = alkyl)) (ref. 340).
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In THF, [Mn(CO),(PPh,)]°" displaces iodide from [cpCo(CO)I,] with the
formation of [ep(CO)Co(u-PPh, )ﬁn(CO) ] (ref. 341), Among the products of
the reaction of [Co (co) ] with [cpMn(CO) (PBr )] is [168] which reacts

with phosphites to form mixtures of [169] (R = Pr ), [170] (R = Me, Pri,
MnCp{Co),
MnCp(CO), P\
P /CO(CO)3
(CO)Co "
/E:O(CO):; )
1concd " / YO(CO)z
Co(CO)Y, P{OR),
(1e8] [169]

Ph) and [171] (R = Me, Ph), With phosphines however only the monosubsti-
tuted specles are formed. Addition of Na[Co(C0)4] to [(cpMe)Mn(CO)z—

MnCp(CO), MnCp(CO),
P o
_~Co(CO)(P(OR),) / __Co(COML(P(OR),)
(c0§3cO< (CO)Z(IZO -~
CotCo), (OR),P Co(CO),
P(OR), P(OR),
(170] [171]

APSE—
(PPhBrz)] yields a mixture of [(cpMe)(CO)ZMn(u—PPhH)Co(CO)3}, [COG(CO)B—
(u-C0),{(u,~PPh),] and other unidentified species while the same reaction
274 2 ———— N
with [LnM(PR2c1)] forms [LnM(]J-PRz)CO(CO)B] (R = Pr7; LnM = cpMn(CO)z. R =
Ph; L M= (cpMe)Mn(CO)z). Low ylelds of [172] and [173] can be obtained

Ce(CO),
“r{CO)g
/CF(C\O)4 As
(CO)sCr—As"~ \As-— Crico)g \ Co(CO)4
{CO), Co
Co(CO), Co(co)3
[172] [173]

together with a variety of other species from the reaction of [((OC)SCr)Z—
AsCl] and one or three equivalents of Na[Co(CO)a] respectively (ref. 342).
The heterometallic ketenylideme complex [174] can be prepared together with
[Mn(CO)SBr] and cobalt(II) bromide from the reaction of [Mn(CO)S(CBrB)] and
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1.7 equivalents of PPN[Co(CO)4] at -78°C in THF. It 1s thought that
[(OC)SMnCCoa(CO)g] forms initially and 1s subsequently reduced by [Co-
(00)4]-' The reaction is, however, quite dependent on the halide in the
starting manganese complex, the solvent and the counterion for [Co(CO)4]_.
Protonation of [174] with triflic acid forms [MnCoz(CO)lo(u3—CH)] (ref.
343).

Replacement of one 1iron vertex in [Fe3(CO)10(u-H)(u-C0Me)] occurs on
reaction with [cpCo(CO)Z] and [175] 18 obtained in which the bridging

cin

o}

[175]

hydride can be replaced by a {AuPPh3} moiety when [Au(Me)(PPh3)] is added
to give [176] (a-carbons of phenyl groups shown only). In [175] the
distance from the cobalt to ihe triply-bridging carbon atom is longer than
the corresponding iron-carbon distance in the parent triiron compound while
in [176] the L
the carbonyl 1ligand on cobalt i1is thought to have a weak semi-bridging

~-COMe group is more symmetrically attached. Also in [175]

interaction with the iron atoms while 1n [L76] this interaction is notice-
ably stronger (ref. 344). Another example of vertex replacement occurs
when [BizFe3(C0)9] reacts with [Co(CO)A]- in THF and [177] 1e the product
(ref. 345), Turther work on germanium-cobalt clusters has appeared this

year., Reaction of [Ge3H8] with four moles of [002(00)8] yields a mixture

References p. 431
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of the previously reported clusters [Ge(Coz(CO)7)2]. [GeZCoﬁ(CO)zol and the
new complex [GeJCoa(CO)ZG] ((178]). Although mixtures of these three

clusters can be obtained in this manner from all accessible germanes, the
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one just mentioned gives the cleamest route to [178]. Also explored was
the reaction of [Fe(CO)‘.GeHz]2 with two moles of [002(00)8] which ultimate~
ly formed [179] via an intermediate of unknown composition (ref. 346).

[179]

Addition of ICoz(CO)s} to [cp(CO)zFe(u—C(S)S)Fe(CO)Zcp] forms the known
complexes [Coa(CO)S(u-CO)z(ua-S)zl and [cp(CO)Fe(u-CO)ZCo(C0)3] plus the
new complex [180] in which the thiocarbonyl moiety is considered to func~
tion as a six-electron donor (ref. 347). Carbonylation of benzene solu-

tions of nitrobenzene containing [MB(CO)IZ] (M = Fe, Ru) at reflux forms

(OC)Fe(cp)

/

(OC) ___

C
0

[ eo]

(CO)2

iron oxides or [Ru3(C0)10(NPh)] plus [Rua(CO)Q(NPh)zl respectively.
However 1f [Coz(CO) ] is also present, the products are [Fe (co) (NPh) ]
plus [FeCo,(C0)g(NPh)] or [(n°~C,H,)Ru,(CO),(u,~NPh)] plus [Ru (Co) (NPh) ]
and [(n6-06H6)004(CO)9] respectively (ref. 348). In a mixture of THF and
methanol, [Ni(COD)Z] reacts with EtAN[FeAM(C)(CO)IAI (M = Co, Rh) to form
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EtAN[Fe4MNi(C)(C0)15]. The same product together with Et4N[Fe3M3(C)(CO)15]
is formed 1f the original complex 1s reacted with nickel(II) chloride (ref.
349).

The clusters [FeCoa(CO)lz]-, [Fe3Co(CO)13]_, [FeCo(CO)B]- and [HFeCo3—
(C0)12] as well as [Co(CO)4]- and [COZ(CO)S] have been used as sources for
metal catalysts supported on high surface area carbon. Those derived from
[CoZ(CO)B] give only paraffins in Fischer-Tropsch applications and seem
fairly active but those derived from the heterometallic clusters are less
active and also produce some olefins (ref. 350). Adsorption of [HFeCo3—
(CO)12] on partially hydroxylated magnesium oxide from difchloromethane
solution rapidly forms supported [FeCoa(CO)lz] clusters which decompose
above 50°C. Some [Co(C0)4]- also forms., Treatment of the system with
dihydrogen at 400°C forms small bimetallic particles with the same composi-
tion as the original cluster (refs. 351, 352).

Reaction of [(OC)ARu(uoPth)Co(CO)3] with one or two equivalents of
monodentate phosphines in refluxing THF forms [L(OC)3Ru(u—PPh2)Co(CO)3] (L
= PPh,, PPhZMe, PPhMez. PMea, thPCECR (R = But, Ph)) or [L2(OC)2R5?;:
553;3éi(00)3] L = PthMe, PPhMez, PPhZH, thPCECR (R = But, Ph)) respec-
tively although particularly in the second reaction both mono~ and disub-
stituted products form. These are easily separated. In the monosub~
stituted products, two isomers are seen in which the phosphine ligand is
either cis or trams to the bridging phosphide while In the disubstituted
complexes all four possible 1somers are found. The same reaction with
excess trimethylphosphite at 45°C forms a mixture of both isomers of
[L(OC)3Ru(u—PPh2)Eo(CO)3] (L = P(OMe)3) plus the diequatorial isomer of
[L,(0C) ,Ru(u=PPh,)Co(CO),] while at reflux [181] (L = P(OMe),) is the

CO Phy
L. P
P .o
’//// \\\\ ’///

Ry ——Co(CO)
| ’
coO

[181]

product. At 45°C in THF [(OC)ARu(u-PPhZ)Co(CO)sl reacts with DPM to yield
[182] while at reflux the product is [183]. Conversion of [182] to [183]
occurs at reflux in the presence of DPM but does not occur under these
conditions 1if free ligand 1s absent (refs. 353-355). Addition of PPN[Co~
(00)4] to [M3(C0)10(MeCN)2] in THF forms PPN[MQCO(CO)13] (M = Ru, 0Os) which
can be protonated by sulfuric acid in dichloromethane to yield [HMaco-
(C0)13] (ref, 356). Other capping reactions reported involve the addition
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P. ocC.
/”’Ru———cmcm3 “Ru———Co(CO),
oc” | e oc?” |\P/
oC Phy CO Phy
[182] [183]

of [Co(CO)h]-, primary phosphines, methyl arsine, thiols or elemental
sulfur and diphenyl diselenide to [RuCoz(CO)ll] which form [RuCoz(CO)lz]_,
[RuCo3(C0)9(u3—PR)] (R = Me, Ph, p~tolyl), [RuCoz(CO)g(ua-AsMe)], [RuCoZ—
(C0)9(u3-S)] and [RuCoz(CO)g(ua-Se)] respectively., The same complex with
[ch(ECR)(CO)Z] (R = p-tolyl) yields [184] while with [LnHCECPh] (LnH =

Cp(CO)
W.
R\c7 >

CcO

(CONRU_\- ——~?o(c0)2

Co—CO
(CO),

[184]
che(CO)z, chu(CO)z, ch(CO)3) the products are [185] (M = Fe, Ru) and
[186] (ref. 357). Addition of one fourth mol of [CuCl(PPh3)]4 to K[MCoa—

(CO)IZ] in toluenme yields [187] (M = Fe, Ru) which reacts with triphenyl-
phosphine to form [Cu(PPha)zl[MCo3(CO)12] among other products. With

I’fl\\ =====(://,Dﬂ\\ ]9}1\\(:=====:(:///(:O((:())3
l \\\ /[//ﬁ:() /// 1 \\ /{//ﬁ:()
(CO)3RH<—"CO/CO(CO)2 (CO)aRu—\—\—w—;CO(CO)g
(CO); Cp(CO),

[185] [186]

triphenylareine, [187] (M = Fe) forms a mixture of [187] (M = Fe) in which
the triphenylphosphine on copper has been replaced by the arsine and
[Cu(AsPh3)2][FeCo3(C0)12]. EHMO calculations on some of the clusters were
also performed (ref. 358). Substitution of DPPE into [H3Ru3Co(CO}12] and
[HRuCo3(C0)12] occurs in THF in the presence of catalytic amounts of BPK
with the formation of [188] and [189] respectively while the latter with
trimethylamine N-oxide, triethylamine or triphenylphosphine in the absence

of BPK forms [HRuCoB(CO)ll(L)] (L = Me.N, Et,N, PPh,). TMEDA under analo-

3 3 5@

gous conditions yields [HRuCo3(CO)10(TMEDA)]. The ““Co NMR spectra of the
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(CO)5 co
™M |
Co co
2 \\\
- P. H=|— % ———
. Ru(CO)
— N v, 47 —~CO 3
(oc>2»o\ /CO(CO)2 /”Ru\—< /
| I P I H_,.Ru
ocC ClO cO C (CO)3
(COM, o
[188]
Cu
PPh3 (CO);
Ru
[187]
Io
oc C. co

\\\Co’/// T
IQ:T\\\\ /////;/ co

P C——Co~——C

0 o
L\_§~’___l \\!:c
[189]

products indicate substitution at ruthenium for the amine ligands but the
phosphine 1ligand appears to be bound to cobalt. In all instances the

hydride ligand is presumed to be coordinated in a u,-fashion to the tri-

3
cobalt face (refs. 359, 360). Reversible cluster formation and degradation
processes have been studied by high pressure infrared studies. From these,

thermodynamic quantities associated with the equilibria of Scheme XXXVIII
—
{CoZ(CO)B] + H2<————2[HC0(C0)4]

[M,(CO,,] + 4CO ===2[M,(C0),] (M = Co, Rh)

HZ/CO
[HCO3RU(C0)12] ;=====ﬁ![HCo(CO)4] + [H4Ru4(CO)12]
1l 1
[Co,(CO) 4] [Ru3(00)12]
+

[004(00)12] [Ru(CO)S]

Scheme XXXVIII
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have been determined. Also formed in the third system are traces of
[H3C0Ru3(C0)12] and [HZCOZRUZ(CO)H] (ref. 361).

Full details of the preparation of m—[Rh(CO) (Co(CO)l')LZ] (L = PEta)
and its chemistry have now appeared. The structure is [190] (a-carbons of
ethyl groups shown only) and the rhodium-cobalt distance is interpreted as
indicating the presence of a Co(~1)+Rh(I) single bond. Addition

[1e0]
of chloride ion regenerates [RhCl(CO)(PEt3)2] plus [Co(CO)t.]_ while with

DMA+HC1, [HCo(CO)l‘] and the same rhodium complex form. No reaction occurs

between [190] and phenyl- or diphenylacetylene but with DMAD an adduct
tentatively 1identified as [Rh(CO)(DMAD)LZ][Co(CO)l.] can be isolated. A
very rapid equilibration between [190] and [Rh(CO) (MeCN)L2]+ plus
[Co(CO)l.]_ corresponding to ca 13,000 turnovers per second occure when
[190] is dissolved in acetonitrile. It also reacts with acetyl chloride to
form [191] but is unreactive towards dihydrogen (ref. 362). The related
species [(OC) 3RhCo(C0)4] which is now thought to have the structure [192]

Cco

PEty
|-
(Co),Co——Rh—CI
EtaP !
NN
H3C’// o

[191]
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rather than the unabridged one proposed earlier (J, Organometal. Chem., 213
(1981) 303) can be prepared from [CO(CO)AJ_ and [RhC1(C0),],
monoxide at -78°C., It 1is reversibly converted to [COZRhZ(CO)IZJ under 2.5

under carbon

atm of carbon monoxide at 0°C, to [CoRh(CO)s] under 13 atm of carbon
monoxide at the same temperature and at room temperature to [C°2(C0)8] plus
[RhA(CO)lz] (ref. 363). Addition of four mols of triethylphosphine to
[COZRhZ(CO)12] forms the previously characterized derivative of [192],
[CoRh(CO)S(PEt3)2] while with one or two equivalents of this ligand the
substituted tetrahedral clusters [Cothz(CO)g_n(u—C0)3LnI (n = 1,2; L
PEC3) are formed in which the phosphine occupies an axial or axial plus
radial sites on the rhodifum atoms. Both are fluxional with no indication
of site selectivity 1in the rearrangements of the carbonyl ligands. The
monosubstituted complex is partially and reversibly comverted to [192] and
its derivative [CoRh(CO)ﬁ(PEt3)] by carbon monoxide while the disubstituted
cluster gives only the latter which in this instance only slowly reconverts
to the cluster. Further reaction of [CoRh(CO)6(PEt3)] with carbon monoxide
forms [CoRh(CO)7(PEt3)] which 1s thought to have a structure analogous to
that of [Coz(C0)7(PEt3)]. The fragmentation of [COZRhZ(CO)IZ] on reactiom
with triethylphosphine contrasts with simple substitution by trimethylphos-
phite (J. Organometal. Chem., 186(1980)101) and is attributed to the higher
basicity of the phosphine ligand (ref. 364). The products of reaction of
[thCo4_x(C0)12] (x = 0-2, 4) with tertiary amines or resins functionalized
with tertiary amine groups are catalysts for the hydroformylation of
dicyclopentadiene. The results of a detailed study of the systems indicate
the formation after several hours of operation of a common active species
regardless of the composition of the cluster added initially (ref. 365).
Displacement of [Co(CO)4]- from [193] (M = Pd, Pt) can be effected by
phosphines in the presence of hexafluorophosphate ion to form [194] (M =
Pd; L = PPhMe,. M = Pt; L = PPh3). These four complexes plus the analog

2
PPhy [ PPh2 ]
Co(CO), C°(CQ)3
Phgp\/\ \/
M T ColCO), \ l L| PFg
PhoP PPNz PP PPN i

[193] [194]
of [193] with lodide in place of the {Co(CO)A} molety were studied electro-

chemically. The neutral complexes decompose in dichloroethane while in
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DMSO the iodide and [Co(C0)4]_ ions dissociate. All complexes show several
irreversible oxidation processes while those with M = Pd show two revers-
ible one-electron reduction steps and when M = Pt a single reversible
two-electron reduction could be observed (ref. 366). Declusterification of

[195] occurs on reaction with nine equivalents of mercury(II) halides in

[195]

THF with the formation of fEE’[C°(CO)3(H8x)3] X =1¢1, I, CF3C02) from
which a virtually quantitative reassemblage of the parent cluster can be
achieved by treatment with triphenylphosphine. Reaction of fgg—[Co(CO)B-
(HgI)3] with tetrabutylammonium iodide, phenyllithium or silver p-toluene-
sulfonate yields BuﬁN[CoI(CO)a(HgI)al, [Co(C0)3(HgPh)3] and [Co(CO)3—
(HgOS(O)z-R—toly1)3] respectively (ref. 367). Toluene solutions of Hg[Co-
(CO)A]2 and Hg[Pt(CGCIS)(PPh3)2} form the 1linear trimetallic complex
[(OC)4CngPc(CGC15)(PPha)Z] (ref. 368) while the former with rare earth
metal amalgams in a 3:2 ratio in THF form M[Co(CO)4]3~nTHF (M = Sm, La, Eu,
Tm, ¥b; n = 4-5). Reduction of some of these with the corresponding rare

earth metal or with sodium naphthalenide in THF forms M[Co{(CO) «nTHF (M =

]
Sm, Yb; n = 4~5), These can also be prepared from [COZ(CO)8] :ng an excess
of the appropriate metal amalgam (refs. 369-371).

In work related to that described earlier (see refs. 193-196), [Rh-
(OEP)]2 reacts with [MnZ(CO)lol. [cPZMoZ(CO)6] and [cp'2Ru2(C0)4] in
benzene to form [(OEP)RhMLn] (MLn = Mn(CO)S, cpMo(CO)3, cp'Ru(CO)2 respec—
tively) in which the metal-metal bond can be cleaved by dihydrogen to give
[RhH(OEP)] and [HMLn]. In the molybdenum and ruthenium complexes the mag-
netic anisotropy of the porphyrin ring causes a significant upfield shift
of the proton resonances of the cyclopentadienyl and pentamethylcyclopenta-
dienyl ligande respectively (ref. 372). The complexes Na[Mo(CO)3L3] (L3 =
MeGapz3, MezGa(pz)OCHZCHZNMeZ,
the sodium salt of the appropriate ligand react with [RhCl(PPh3)3
(196] (ref. 373). The closely related complexes [197] and [198] are formed

Hsz3), prepared from [Mo(CO)3(MeCN)3] and

] to form
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l _~PPhy
L3MO/ \
/ \PPh3

[ 96]

as a mixture from the reaction of [cpw(ECMe)(CO)z] with either [RhH(CO)-

(PP 3)3] or [RhH(?Ph3)4]. Complex [198] is thought to be a precursor of
o (o]
CH
oc.. c.. _.PPh; =2 Cel ~PPhy
‘., > / . \\\“ H 2 C "’/ > / S~ \\\c
W Rh\ ‘W == —Rh>
- rd
~ rd
/ .7 PP / \ e \
cp \C h cp c PPhy
(@] o
fe7] (198]
[197] (ref. 374). Addition of a {cpRh{C0)} fragment to the clusters [199]
occurs on refluxing with [chh(CO)Z] in benzene and [200] (R = Me, Ph; M =
R R
M — Co(CO), M —— Co(CO),
I M’
[199] [200]

Ru(CO)a; M' = Co(CO)3. M= Ru(CO)3; R = Ph; M' = ch(CO)B; R = Me; M' =

= : - = . = . ' = -
Ru(CO) ;(u-H); Fe(CO) (u-H). M = Fe(CO)j; R = Me; M Co(C0),, Fe(CO),
(u~H)) 1s the product. The same reaction with [(OC)4Fe(u-PMeH)ao(CO)3]
forms [201] while [200) (R = Me; M = Ru(CO)s; M' = Fe(CO)3(u—H)) and

i;ylik\\\Co(c0)3

(OC)ZRh Rhcp
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[cpIr(CO)zl react to form a mixture of four isomeric complexes of which
[202] is one. By contrast {200] (R = Ph; M = Ru(CO)3, M' = Co(CO)3) and
[cp'Ir(CO)ZJ form the single compound [203] (ref. 375).

Me Ph
CP(OC)I'“7P\ cp'(OC)I\r7P\
(OC);Ru Co(CO), (OQ)5RuU Co(CO),
H\::::}Fe/// Co
(CO), (CO)5
[202] [203]

The rhodium analog of [175] has been prepared in similar fashion and here
also the {MeOC} moiety is asymmetrically bound to the trimetal unit with
the rhodium-carbon bond being longer than those to iron. Molecular orbital
calculations were also performed (ref. 376).

Reaction of [Fe(CO)a(DPM)], in which the phosphine ligand is monoden-
tate, with [RhCl(CO)Z]2 forme [204] in which two of the carbonyl ligands on

PPhy
co
&
ocC Fe —= Rh cO
I SO
o
[204]

iron show weak semi-bridging behavior and there 1s proposed to be an
iron-rhodium donor bond (ref. 377). The apparently closely related complex
[205] 1is prepared from [Fe(CO)a((thP)2C=CH2)] and [RhCl(CO)Z]2 and on
treatment with trimethylamine N-oxide forms a product thought to be [206].

Ph,P PPh> Ph,P PPh,
(OC),Fe————— RACI(CO) (OC),Fe ——————RhCI(CO)
c
[205] [206] &

Neither has been structurally characterized however (ref. 378), Reduction
of [Fea(CO)g(u3—PPh)2] with sodium naphthalenide forms Naleea(CO)g(u3-
PPh)z] which subsequently reacts with [cp'RhClz]2 at -78°C to provide a
modest yield of [207]). This reversibly adds carbon monoxide to form [208].
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Complex [207] exhibits two reversible, one-electron reduction waves and

most of the resulting dianion can be reoxidized by Rh(III) to produce

T/ P
R'h\--/ -—ET\\ o _P_\__FL__
AN da\
N ANA WV \l N/ |‘»/co
//Fe\~\\ P', ol Fe\‘ /FE\\\P// Fe\
Ph co Ph ¢ o

[207] [208]

[Fe3(co)9(“3_PPh)2]' Two reversible, one-electron oxidation steps are seen
for [208] and on reduction one carbonyl ligand is lost to form [cp'RhFeB-
(C0)8(u3—PPh)2] (ref. 379). Addition of thallium(I) tetrafluoroborate to
a mixture of the vinylidene complex Ph4P[Fe2(CO)6(u—CO)(u-CHCHZ)] and
[RhCl(CO)2]2 results in the assemblage of a pentametallic cluster formu-~
lated as PhAP[Fe3Rh2(CO)lo(u—C0)3(u4-MeC=C=CH2)] and containing an allenyl
ligand which evidently arises from the coupling and rearrangement of two of
the original vinylidene moieties. The structure of the core of the complex

is shown as [209] and the full complex contains two terminal carbonyl

ligands on each metal plus bridging carbonyls along the Rh(l)-Fe(l),
Rh(1l)-Fe(2) and Rh(2)-Fe(3) edges (ref. 380). Among the several products
of the reaction of [Feth(CO)lo]_ with [FeB(CO)ll]Z_ or [Fez(CO)SJZ- is
[FeaRh3(CO)10(u-CO)7]3- whose structure is shown as [210]. It 1is better
prepared by sodium reduction of [Feth(CO)IO] however (ref. 381). Both
(EtaN)Z[Fe6C(CO)16} and (EtéN)z[FeSC(CO)lé] react with [Ni(H20)6]C12 to
form (Eth)Z[FeSNiC(CO)ISJ but attempts to produce a derivative with three
different metal atoms by reaction of the last with [RhCl(C0)2]2 were
unsuccessful; instead the nickel is replaced to yield EtaN[FeSRhC(CO)IG].

Assignments of metal-carbon (carbide) vibrational frequencies In this and
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the related complexes [FeaMC(CO)lal- (M = Co, Rh) and [FeaRhZC(CO)lﬁl have
also been made (ref. 382, 383).

Reaction of a mixture of hydrated rhodium(III} chloride and potassium
hydroxide with carbon monoxide in DMSO forms K[Rh(CO)a] which can be
extracted into THF and reacted with [Ru3(CO)12] to form a heterometallic
anionic cluster which has not yet been fully characterized. Acidification
of the anion with phosphoric acid yields a mixture of [RUZRhZHZ(C0)12] and
[R“RhS(Co)l6]_' The structure of the former is shown as [211] in which

[211]

there is nearly 1:1 disorder of rhodium and ruthenium between the M(2) and

M(3) sites. The molecule is fluxional with the hydrides exchanging between
the Ru(l)-Rh edges and then between the Ru-Ru edges. The carbonyl ligands
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first undergo bridge-terminal exchange and then all equilibrate. Tri-
phenylphosphine substitutes for one carbonyl group on rhodium but at least
two other products, one of which is [H4Ru4(C0)12], also form (refs. 384,
385). While synergistic effects on the catalysls of methanol homologation
by syngas are noted when mixtures of rhodium(III) and ruthenium(III)
chlorides are used with methyl fodide, cluster catalysis does not seem to
be occurring since use of [HthzRu2(C0)12], [HRuRha(CO)lz], [HRURh3(CO)10-
(PPh3)2] or PPN[RuRhS(CO)IG] as catalyst precursors did not increase the
production of ethanol (ref, 386). Addition of [RhCl(C0)2]2 to (PhsMeP)z—
[N16(CO)12] in DMSO followed by addition of water forms a paramagnetic
cluster formulated as (Ph3MeP)3[Rh5N16(CO)6(u—CO)lz(u3-00)3H] although the
number of hydrides present could not be determined with certainty. The
structure is considered to best be described as a trigonal bipyramid of
rhodium atoms interpenetrating a trigonal prism of nickel atoms. The
terminal carbonyl ligands reside on the nickel atoms, the doubly bridging
ones on the rhodium-nickel edges and the triply bridging ones on the RhNi2
faces (ref. 387). Four clusters can be isolated from the reaction of
(EtAN)Z[PtRhA(CO)I2] with [Rh4(00)12]
these have been characterized as (EtAN)z[PtRh8(CO)19] (2123, EtaN{PtRhs—

in acetonitrile or THF. Three of

(00)15] and (Et4N)2[Rh12(CO)30] while the fourth is of unknown composition.

Both the PtRh5 and Rh12 clusters appear to form at early stages of the
reaction and the latter precipitates. However if the reaction is run in
acetone the Rh12 cluster remains in solution and reacts further to give a
higher yield of [212], The platinum atom in [212] resides at the site of
higher metal-metal connectivity as seems to be preferred in related clus-
ters. The carbonyl ligands are fluxional and the rhodium framework may be
as well. Treatment of [212] with carbon monoxide forms [RhS(C0)15]-’
[PtRh (CO) 1™ and [PtRhA(CO)M]z_ »
that gold clusters can be generated by borohydride reduction of {Au(PRB)}

(ref. 388). Based on the observation
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moieties it has been suggested that transition metal hydride complexes
should also be effective and possibly also form heterometallic clusters.

In at least one instance this has proven successful and [213] (L = PPh3)

= -

Lo

.,’,/
L

—_— e

/C

C
|

N

Rh

|

/

[l J—

A

[213]

was synthesized from [RhH(CO)(PPha)] and [Au(NOa)(PPh3)] in toluene fol-
lowed by metathesis with potassium hexafluorophosphate in methanol (ref.
389).

The reaction of [chH(CO)3] and [IrCl(CO)z(E-toluidine)] with zine anc
carbon monoxide in dichloromethane at 60°C forms [214] plus a trace of

[CPZWZIrZ(CO)IO]' The molybdenum analog, [215], was prepared similarly but

Cp
oC Co oC Cp
N7 N
[}
l,, |
{OC)4lr, -Ir(CO); (0C),Ir G~ Ir (CO);
1r Ir co
(CO)y (CO),
[214] [215]

found to have a different arrangement of carbonyl ligands. Treatment of
[cpHoH(C0)3] and [Cob(CO)IZ] with trimethylamine N-oxide in dichloromethane
forms [216] (ref. 390). In refluxing toluene [cp'Ir(CO)z] reacts with
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[RhCle] (L = P(OPri)B) to form [cp'Ir(CO)(L)RhC1(CO)(L)] which contains an
unsupported metal-metal bond. The complex does not dissociate in solution
nor is there site exchange of the carbonyl ligands. The metal-metal bond
1s readily cleaved by various ligands, however, with the formation in each
case of [cp'Ir(CO)(P(OPri)S)] plus the several rhodium complexes shown in
Scheme XXXIX (L = P(OPri)3). No reaction occurs with dihydrogen but
trans- [RhCL(CO) (L) (PPr™,) ]
b
[cpRR(CO) (L)] <—2— [ep'Lr(CO)(L)RRC1(CO) (L)) —=> [Rh(CO)(L) (w-1)],
e
trans-[RhC1(L) (CNBu") ]

a) Tlep. b) PPrl,. c) KI. d) CNBu'.

3*
Scheme XXXIX

potassium triisopropoxyborohydride cleaves off [cp'Ir(CO)L] and forms
rhodium metal (ref. 391). In related work, an attempt to prepare [cp'~
(CO)ZIrRe(CO)ABr] by reaction of [cp'Ir(CO)Z] with [Re(CO)ABr]2 in hot
dichloromethane failed and instead, slow formation of [cp'Ir(CO)Z(CH2C1)]-
{Rez(C0)6(u-Cl)x(u-Br)3_x] (x ~ 1.5) occurred. The same reaction with
[Re(CO)SCI] proceeds much more rapidly and the product 1is [cp'Ir(CO)z—
(CHZCI)][Rez(CO)S(u—C1)3] (ref. 392).

c¢) Metal(I), -(II) and -(III) Compounds

In liquid sulfur dioxide, arsenic pentafluoride oxidizes [Coz(CO)B] to
[Co(CO)4(SOZ)]AsF6 (ref. 393). Borohydride reduction of [Co(H20)6]Cl2 in
ethanol containing triphenylphosphine and phosphonium salts under carbon
monoxide yilelds PPhaR[CoXZ(CO)Z(PPh3)] (R = bz; X=2Cl. Rk = Et; X = Br).
With phosphonium iodides however the product 1is [CoI(CO)Z(PPh3)2]. The

same complex as well as its chloro and bromo analogs can be prepared by

reaction of [COX(PPhB)Z]n (X = Cl, Br, I) with carbon monoxide in ethanol
and further chemistry of [CoCl(CO)z(PPh3)2] is outlined in Scheme XL (L =
PPhB) (ref. 394). Carbonylation of [Co(P-SR)Z](BF4)2 (P-SR = thPCHQCHZSR
(R = Me, Et)) forms [Co(CO)z(P—SR)Z]BF4 which can also be prepared from
[Co(HZO)G](BF4)2 and the appropriate ligand in i1sopropancl under carbon
monoxide. The latter route also affords the complex with R = Ph. The
products are proposed to be five-coordinate with approximately trigonal
bipyramidal geometry and containing one chelate and one monodentate P-SR
ligand (ref. 395).
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[cpCo(CO)zl + [epCo(CO)L] [CoR(CO)zL ]
~2 b7 i
[CoCl(CO)2L2]
e 3 c

[Ca(CO) L. ]C10
[Co(co),L",]C10, 32 4

or [CoC1(CO),L", ]
[Co(€0) (L,),1C10, la
[CO(CO)L'&]CI

a) Nacp. b) RMgBr (R = CGFS; n =2, R=allyl; o=1). ¢) AgClOo
d) P(OMe)3 {(=L"). e) T10104, L' or L2 (L' = PthMe; L

40
, = DPM, DPPE).

Scheme XL

An attempt to add [che(CO)zne] to {cp'ZCoz(u-CO)zl was unsuccessful and
only a small quantity of [cp'BCoa(u3~C0)2] could be isolated. This could
also be formed in low yield by the photolysis of [cp'Co(CO)zl, a reaction
3Co3(u3-co)(u3--0)]. The latter

undergoes a reversible, one-electrom oxidation while [cp‘3003(u3—co) 1

which also produces a low yleld of [cp'

undergoes a reversible, one-electron reduction. A variable temperature "H
NMR study of the dicarbonyl provides evidence for an equilibrium between
singlet and triplet electronic states which was unexpected since the
structural study indicates three-fold symmetry which should lead to the
observation of two unpaired electrons, The low paramagnetism 1is suggested
to be the result of a rapid deformation of the bonding of one pentamethyl-
cyclopentadienyl ring from five~fold symmetry which would lead to nomequiva=
lence of the cobalt atoms and a raising of the degeneracy of the HOMO. Im
related work, heating a mixture of I(cpMe)Co(CO)zl and trimethylsilylazide
in hexane forms a modest amount of [(cpMe)SCo3(u3—CO)(p3—N81Me3)] together
with ca 5% [(cpMe)3003(u3-CO)(u3-NC(0)NH2)] and a trace of [(cpMe)3Co3-
(u3—CO)(u3—NH)}. The same reaction with {cp‘Co(CO)2] gives mainly [cp’z-
Coz(u-co)zl but ca 10%Z of [cp'3003(u3-C0)(u3-NH)] is also formed. Treat-
ment of [R3Co3(u3~00)(u3~NSiHe3)] (R = cp, cpMe) with either hydrated.
tetrabutylammonium fluoride or rigorously dried cesjum fluoride in THF
provides a higher yleld synthesis of [R3Co3{u3-C0)(u3~NH)]. No resction of
[R3Coa(u3—co)(u3-ﬂx)} (X = H; R = cp) cccurg with trityl radical, butyl-
lithium or methyl iodide but this complex and cthe analogs with X = SiMe3
eand R = cp or cpMe react with nitrosyl tetrafluoroborate to produce [R3Co3-
(u3-N0)(u3—NH)]BF4. The structures of many of these complexes have been
determined and 2s the metal-metal distances do not vary much with the bulk
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of the ligand R it 1s concluded that the cluster bonding 1s quite strong.
Electrochemical studies on [R3003(U3—L)(u3—NX)] (R = cp, cpMe; L = CO; X =

SiMe H. R = cpMe; L = CO; X = C(O)NHz) show reversible, two-electron

’
oxidgtion and reduction processes for all except when R = cpMe and X = H in
which case they are quasi-reversible. On the other hand, [cp'3C03(u3—C0)—
(U3-NH)] shows two reversible, one~electron oxidation processes and one
reversible one-electron reduction, a difference which 1s attributed to the
greater electron~donating power and the greater bulk of the pentamethyl-
cyclopentadienyl ligand which change the relative stabilities of the HOMO's
of the oxidized and reduced products. The complexes with R = cp, cpMe; L =
NO; X = H show only two reversible, one-electron reduction processes (see
also ref. 496). Although the nitrogen atom in the neutral specles [cp3Co
(ug=C0) (uy
(u3-CO)(u ~NH) ] +, generated electrochemically, does appear to react with
triethylamine to give [cp3Co (u3 -C0) (u ~N)] (refs. 396-398). Molecular
orbital calculations have been performed on [cp'ZCoz(u—CO)z_m(u-—PHz)m]n

3"
~NH)] cannot be deprotonated as noted above, the cation [cp3Co ~

=0, 1; n =0, 1) which are models for known dialkyl- or diarylphosphide-
bridged complexes (ref. 399) while photolysis of [cpzMz(CO)z(u—CO)] M =
Co, Rb) in methylcyclohexane matrices provides data suggesting that the
lowest excited state has significant M-CO 0* character (ref. 400).

As 1in the past, [RhCl(C0)2]2
rhodium(I) carbonyl complexes. Its reaction with the tautomeric mixture of

~phosphoranes [217a,b] forms [218] in which 1J is 200 Hz (ref. 401). In

has been used extensively as a source of

Rh-P

) 7

A NN

E ) Oy
N\—__’\I/NH

[2 17 d] [217b)]

refluxing hexane [RhCl(CO)2]2 reacts with dlazadienes to form [219] (R =
= i
R’ Bu® . Pr » p~tolyl, o-tolyl, 2 6—Me2C6H3, 2,6-Pr 2C6H3' R = Me; R' =
0cC
AN

[218]
Ph, p-tolyl, p-anisyl, 2,6~ MeZC6H4’ 2,6—Pri 6H3) but at room temperature

in ethanol the product is [RhC1(R'N=CRCR=NR' )(u ~C0)], (R = H; R' = Bu®, R



311

/

R
R r!: co
e
" N co
l,
[219]

= Me; R' = Ph, p-tolyl, p-anisyl). With an excess of monoazadienes the
familiar complexes EIEEE'[RhCI(CO)LZ] (L = trans-trans-PhCH=CHCH=NR' (R =
Pri, PhMeHC, Ph, p~tolyl)) are formed. Both these and several examples of
[219] are catalyst precursors for alkene and alkyne hydrosilylation (refs.
402, 402a)., In acetone, [RhCl(CO)2]2 reacts with 2~cyclopropyl-2-propyl-
p-nitrobenzoate to form [ha(CO)A(U'OZCR)Z] (R = E-OZNC6H4) and 2-methyl-
5-chloropent-2-ene but with l-methyl-1-hydroxymethylcyclopropane, a
rhodium-catalyzed ring expansion occurs rather than the ring-opening
observed in the former case. An equilibrium mixture (ca 20:1) of 1-methyl-
cyclobutanol and the starting cyclopropane results with the rhodium pro-

posed to function as a Lewis acid catalyst as shown in Scheme XLI (§ =

+ | H
[rrcitcor 1] + [>< — <OC)2cmh——OCH2-7q
“ CHon Me

Me
+ - +
[rRncicony(co, ] E( ' [rncicomccon,] -, “zc7q
14
Me
OH
- f.

acetone) (ref. 403). With quinaldic acid in aqueous DMF [RhCl(CO)2]2
[220] 1in which the carbonyl ligands can be replaced by triphenylphosphite

Scheme XLI

forms

(ref. 404) while in refluxing benzene reaction with disodium salicylaldizi-
nate gives [221]. Here, one carbonyl group on each metal can be replaced
by triphenylphosphine (ref. 405). The Schiff bases RR'C=NN(Me)C(S)SMe (R =

Me; R' = MeC(O)CHz. PhC(O)CHz, l-thienyIC(O)Cﬂz, 2-C6H40H. R =~ H; R' =
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2"06H4OH’ 2-hydroxy-1l-naphthyl) react with [RhCl(C0)2]2 to form five-coor-

dinate dicarbonyl complexes which are thought to be trigonal bipyramidal,
e.g. [222], for alkyl substituents and square pyramidal, e.g. [223], for

e
HC/FQ\
l// ‘\O /o CHB
HyC—C, LV/C’ N P{l
) \f\jgﬁ-ﬂ-h ; C— N/ \C/SCH3
SN / ;
/ N ot e S
HZC“N\ g No \R'//f/
/ y e e
%/ _{_:f}w’
SCH, \\\o
[222] [223]

aromatic substituents (ref. 406).

The pyrazolylgailate derivative [224] (L), as its sodium salt, reacts
with [RhCl(CO)2]2 at -78°C to form [225] which was isolated by removal of
solvent and extraction of the residue with benzene. It is weakly associ-
ated in the solid via rhodium-~rhodium interactions. Also formed was an

analog in which one methyl group on gallium was replaced by chlorine.
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NTN N—N
e N /CO
ezGa Rh
Me,Ga I
\ N
N7 10
(224] [225]
Complex [225] adds methyl iodide to yield [Rh(C(O)Me)I(L)] which has a
square pyramidal structure (ref. 407). Other reactions of [RhCl(C0)2]2 are
with [226] (L = PPhB; R = PhC(0)) to give [227] (ref., 408), with [228] (L)
Ct
O 1lIRh ==aCO
R 7
S -
L /770 Phyp T 2
~., . —~C ~
Pl APt H
L Nl Ph,P H
|
R COPh
[226] [227]
Ph; th
( n’"o’\
\Aof\/
[228]

to form [RhC1(CO)L] which is thought to involve trans chelation of the
ligend and to possibly be dimeric in solution (ref. 409) and with [229] (m
=n=0, 1;m=1, n = 0) to yleld [230] which are monocations and were

isolated as triflate salts. A variety of mono-, di~ and tripositive metal
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cations can be bound at the site in the lower portion of the macrocycle
(ref. 410). The metallophosphines [O(CpZMCHZPth)z] (LZ; M = Ti, Zr) and
[(HB(MeZPz)a)M(NO)(X)(NH(CH2)3PPh2)] (L; M = Mo; X = I. M = W; X = Cl)
both react with [RhCl(CO)Z]Z. The first gives [RhCl(CO)(Lz)] in which the
ligands span trans positions and when M = Zr, several rotameric conforma~
tions are seen in solution (ref. 4l11). The second gives simple trams-
[RhCl(CO)(L)Z] complexes (ref. 412).

The oxazaphosphorinanes [231] (R = H, Pri; X = OEt, R = Me, bz, Pri; X =

NMeZ, NEtz. R = Pri; X = O(CHZ)BNR'R" (R' = R" = H, Me)) replace omne

[231]

carbonyl group 1in [Rh(acac)(CO)z] and in some 1instances these products
react with [RhCl(C0)2]2 to transfer the phosphorus ligand to the dimeric
rhodium complex (refs. 413, 414), Addition of two mols of tricyclohexyl-
phosphine to [Rh(acac)(CO)z] in cyclohexane forms [Rh(acac)(CO)(Pcy3)]. If
this mixture is heated to 80°C under syngas, a mixture of [RhH(CO)(Pcy3)2]
and [(Pcy3)2Rh(u—CO)th(CO)(Pcy3)] forms. The latter has tetrahedral
coordination about the left hand rhodium and square planar coordination
about the other. The dimer converts to the monomer on reaction with
dihydrogen alone in the presence of excess phosphine and the mixture of the
two complexes can be converted to [RhZ(CO)A(Pcy3)2(u—CO)2] by carbon
monoxide but this 1s stable only if carbon monoxide 1s present (ref. 415).
Addition of triphenylphosphine to [Rh(TFTMAA)(CO)2] forms [Rh(TFTMAA) (CO)~
(PPh3)] in which the phosphine resides trams to the oxygen atom of TFTMAA
that 1s adjacent to the carbon bearing the trifluoromethyl substituent.
This 1is contrary to the prediction of the established trans effect series
in these compounds and is attributed to the bulk of the tert-butyl group
hindering substitution at the expected site (ref. 416). In related work,
the observation that reaction of triphenylphosphine with [232] forms [233]

o /CO o PPh,
Ph“—N/ \Rh\ F’h—-N/ \Rh/
\L:::::c{/ co \}JZZZZC;‘ \\}:O

[232] [233]
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is interpreted to indicate that the oxygen of the nitrosc group exerts the
greater trans effect (ref. 417). Reaction of Nazdahd with [RhCl(CO)Z]2
forms [(OC)ZRh(u~dahd)Rh(Co)2] which subsequently reacts with triphenyl-
3)2(dahd)]. This
is proposed to be polymeric on the basis of its insolubility but confirma-

phosphine to form a species of compesition [ha(CO)z(PPh

tion of this proposal has not been obtained (ref. 418).
The complex [RhCl(CO)(PPh3)2
with carbon-13 at the acyl carbon as depicted in Scheme XLII (L = PPh3; R =

] catalyzes the labelling of acid chlorides

Me, Prn, Pri, n-heptyl, bz, PhMeHC, cyclopentyl, cyclohexyl) when placed

RC{O)C1 + [RbCl(CO)Lzl ;:::::f:[RhClZ(CO)(C(O)R)L

+co][-co
-Co

[RhClZRLZ] 3?2::;[Rh012R(CO)L2]f::;[RhClz(C(O)R)LZ]

2]

Scheme XLII

under an atmosphere of 13CO. The lack of significant formation of alkyl
chlorides or olefins except when benzylic substituents are used indicates
that reductive elimination and/or B-hydride abstraction processes involving
the alkylrhodium species proposed in this Scheme must generally occur more
slowly than the equilibratione shown (ref. 419). The rate and equilibrium
constants for the formation of complexes between [RhCI(CO)(PPha)Z] and
cumyl or tert-butyl hydroperoxides have been determined as part of a study
of rhodium-catalyzed olefin oxidation processes. Formation of short~lived
1:1 complexes which then coordinate the olefin is proposed (ref. 420).
Addition of succinimide, its tetrafluoro analog or phthalimide (LH) to
[MCl(CO)(PPh3)2] (M = Rh, Ir) in the presence of triethylamine forms
EEgE§~[M(L)(CO)(PPh3)2] (ref. 421) while [MCl(CO)(PEt3)2] (M = Rh, Ir) and
chlorodifluoroamine react at 190 K in dichloromethane to yield [MCIZ-
(NFZ)(CO)(PEt3)2].
(PEta)Z] and N2F4' The difluoroamido complexes decompose above 240 K with
the formation of NZF4 (ref. 422). Halide abstraction from [MX(CO)(PPh3}2]
(M = Rh, Ir; X = C1, Br) with silver perrhenate forms {H(OReO3)(CO)(PPh3)2]
and perrhenate also displaces tetrafluoroborate from [IrHCl(FBFa)(CO)-
(PPha)Z] yielding [IrHCI(OReOB)(CO)(PPhg)z]. From these studies i1t was
concluded thar perrhenate is a better ligand than perchlorate, tetrafluoro-

Also detected in the reaction mixture is [MCl3(CO)~

borate or triflate (ref. 423). 1Imn a related study, the nitrile complexes
[Rh (NCR) (CO) (PPh,),]C10, (R = Me, Pr®, Ph) are obtaired by displacement of

perchlorate from [Rh(OClOa)(CO)(PPha)z] in benzene (ref. 424); Borohydride
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fon reacts with [Rh(CO)z(triphos)]+ in THF at -60°C to form [Rh(CHO)-
(CO) (triphos)] which converts to [RhH(CO)(triphos)] on warming. With
methyllithium [Rh(CO)Z(triphos)]+ forms [(Rh(C(O)Me)(CO)(triphos)] which
reversibly decarbonylates to [Rh{(Me)(CO)(triphos)] and reacts further with
methyllithium to yield [Rh(CO)(triphos)] and acetone. The last reaction
is interesting in that the methyllithium undergoes nucleophilic addition to
the acyl carbon atom rather than functioning as a strong base to depro-
tonate the complex (ref. 425). 1In the reaction of [RhCl(CO)Z(BTD)] with
piperidine in halocarbon solvents, including even carbon tetrachloride,
significant amounts of piperidine hydrochloride are formed. It appears
that the rhodium complex catalyzes the formation of the hydrochloride by
presumably generating chlorine radicals from reaction with the solvent
which then abstract hydrogen from some source in the system to generate
hydrogen chloride. The same result is observed with [RhCl(C0)2]2 and, to a
lesser extent with [RhCl(CO)(PPh3)2] (ref. 426).

Binding constants for the addition of carbon monoxide to [ha(OZCMe)n—
(HN(O)CMe)a_n] (n = 0-2, 4) have been measured. Both mono- and dicarbonyl
adducts were detected and the extent of m-backbonding to the carbonyl
ligand was found to 1increase with decreasing values of n (ref. 427). In
related work, an E and C analysis has been made of the variations in Yoo
with changes 1in 1ligands B 1in [(OC)Rh(u—OZCC3F7)4Rh(B)}. The results
suggest that for ligands which are o-donors the metal-metal bond transmits
the effects of coordination of B at one metal to the other thereby influ-
encing the Lewis acidity of the latter (ref. 428). Electronic absorbance
2)2] and [RhZ(CO)z(U-Cl)(LZ)Z]BPha M
= Rh, Ir; L, = DFM, DAM) have been measured. In all complexes both fluo-

2
rescence and phosphorescence were observed with the former occurring at

and emission spectra of [M2C12(C0)2(L

higher energy. 1In the last complex a metal-metal bond was proposed to
exist in the excited state (refs. 429, 430), Photoelectron spectra of
[234]) (M = BRh, Ir) confirm molecular orbital calculations which predict
O\
N \ t
\\ N-—Bu
//h4
ocC Cco

[234]
very little m-backbonding occurs to the pyrrole portion of the ligand (ref.
431) while variable temperature 13C and 31P NMR gpectra have been used to

unravel the dynamic processes involving rotations of and within the l1gands
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in EIEEE'[MX(CO)(PB“tzR)Z] (M = Rh, Ir; X = C1, Br, I; R = Me, H, M = Rh,
Ir; X = Cl; R = Pri). Generally three rotamers were observed with the
major one having R syn to X (refs. 432, 432a). Of two papers reporting
EHMO calculations, the first concerns addition to EEg-[RhCl(CO)(PH3)2] (as
a model for known complexes) and to [RhXZ(CO)Z]_ (X = H, Cl, CN). The
results suggest that addition of dihydrogen should occur parallel to the
Rh-CO bond 1irrespective of the nature of the ligand trans to carbonyl and
that the two-electron interactions responsible for electron transfer from
the metal to the incoming dihydrogen ligand and from it to the metal play a
minor role at best in determining the direction of addition. The signifi-
cant factor appears to be a four-electron repulsion between the metal dz2
and dihydrogen o-bonding orbitals which is less when the hydrogen-hydrogen
bond 1s in the plane of the strongest m-acceptor ligand (ref. 433). The
second paper also includes chemical studies on [Rh (CO)ZLZ(u-SR)Z] as
olefin hydroformylation catalysts. Those with R = Bu and L = P(OMe)3,
P(OPh3), PPh3 are particularly active and show good selectivity. The
results suggest retention of the binuclear structure throughout the process
as shown in Scheme XLIII (ref. 434). Specific applications to hydroformyl-

ation of propenylbenzenes were also reported (ref. 435).
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Among the applications of rhodium(I) complexes as catalysts or catalyst
212 (L = CO; L2

of a trialkylphosphine for the conversions of syngas to methanol and ethyl-

precursors is the use of [RhCIL = COD) with a large excess
ene glycol, of formaldehyde to methanol and of glycolaldehyde to ethylene

glycol (ref. 436). Other catalyst systems based on [RhC1(CO) are those

2]2
with iodide sources for the hydrocarbonylation of lactones to acids (ref.
437), with MoOCln (n = 3, 4) for the carbonylation of nitromesitylene to
mesityl isocyanate (ref. 438) and without co-catalysts for the stereospe-
cific desulfurization of thiiranes (ref. 439). 1In DMSO, DMF or HMPA con-
taining a small amount of water and potassium or tetramethylammonium
hydroxide, [RhCl(CO)Z]2 forms a catalyst for the reduction of nitrous and
nitric oxides to dinitrogen by carbon monoxide at 100°C, The major compo-
nent of the active system appears to be [Rh(CO)él_ but [Rh&(co)ll]_ was
also detected (ref. 440). Polyimides formed from aliphatic diamines and
terephthaloyl chloride have been used as 1s or after partial phosphination
with chlorodiphenylphosphine to support rhodium species derived from [RhCl-
(€0),l,

Also popular as a catalyst precursor is [Rh(acac)(COz)]. In 1,3-di-

for the catalysis of hex-l-ene hydroformylation (ref. 441).

methylimidazolidinone solvent containing phosphines (e.g. PBun3 PBunZBut,

PBu"Bu® PBu® PPri PPrn3) it forms a catalyst for the conversion of

» » »
syngas io metélnol a:d ethylene glycol. The course of the reaction 1is
gsensitive to both steric and electronic effects but these do not always
parallel one another and their importance also depends on the ratic of
phosphine to rhodium. For example, much less triisopropylphosphine than
tri-n-propylphosphine is required for maximum activity. In one instance
[(OC)3(PPri3)Rth(CO)3(PPr13)] was 1solated (ref. 442). In another study
[Rh(acac)(CO)z] formed a catalyst for the hydrosilylation of acetylene and
terminal alkynes (refs. 443, 444),

Various rhodium phosphine complexes catalyze the hydroformylation of
allyl alcohol but extensive hydrogenation and isomerization also occurs and
the activity and selectivity rapidly diminish due to the formation of
2-methylacrolein. Under carbon monoxide alone, [Rh(H)(CO)(PPh3)3] reacts
with allyl alcechol to form [Rh(OC(O)Et)(CO)(PPha)Z] (ref. 445). In work
related to that described in refs. 434 and 435 a mixture of [RhH(CO)-
(PPh3)3] and one equivalent of tert-butyl thiol was tested for olefin
hydroformylation activity and after 30 min this was higher than in the
absence of thiol. The results were interpreted as indicating the formation
of [ha(CO)Z(PPha)z(u—SBut)2] and since excess phosphine 1s ultimately
present this study further confirms the mechanism proposed in Scheme XLIII
(ref. 446),
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Further detalls have been reported on fodide-promoted rhodium catalysts
for homologation of methanol to acetic actd (see also Inorg. Chim., Acta,
101(1985)L47). The original report of a greater rate enhancement by added
lithium {cdide than by lithium acetate appears in error as both seem to be
about as effective and the rate enhancement is attributed to anion coordi-
nation favoring the carbonyl insertion step (ref. 447). Another paper
reports the stability of the same catalyst system 1is improved by added
tin(II) chloride (ref. 448) while a system containing hydrated rhodium(III)
chloride, zinc acetate, methyl fodide and methyl acetate forms acetic
anhydride when heated in the presence of carbon monoxide. Here 1t is
proposed that the rhodium is converted to [RhI2(C0)2]- which reacts with
methyl iodide to form acetyl fodide. This in turn reacts with zinc acetate
to give acetic anhydride and the zinc-containing product then reacts with
methyl acetate to regenerate zinc acetate and methyl iodide (ref. 449).
The carbonylation of phenylacetylene to the methyl esters of cinnamic and
3)2]/MeOH/CHCl3/H01/H20/KI
but no mechanistic details were provided (ref. 450). The isomerization of

atropic acids occurs in the system [RhC1(CO)(PPh

fumaronitrile to an equilibrium mixture with malonitrile is catalyzed by
chlorobenzene solutions of [Rh(OClOa)(CO)(PPh3)2]
small amount of reduction to succinonitrile was also seen and [RhCi-
(PPh3)2L] (L = Co, PPha) showed no catalytic activity (ref. 451). At 180°C
in an open system [IrCl(CO)(PPh3)2] catalyzes the formation of n-octanol

under dihydrogen. A

from n-octyl formate in 64%Z yield in the absence of solvent. In a closed
system, higher conversions can be obtained but now the yleld of alcohol 1is
lower and more side-products are formed. The reaction is inhibited by
excess triphenylphosphine, added p-toluenesulfonic acid, and by the use of
iridium complexes of more basic phosphines. Scheme XLIV (R = n-octyl) is

PPha Tph3
co co
e PPh
Ir(CONCINPPhy, To00R 1, =0, 17 =3
PPhg N ‘\\(:l
| o |
COOR OR
Scheme XLIV ROH + (Ph3P),Ir(COICI

proposed with loss of phosphine from the starting iridium complex being the
likely rate-determining step. The same system works with other mn-alkyl
formates except methyl formate, giving 25-657 yields of alcohol, but the

analogous rhodium complex is inactive (ref. 452).
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A comparison of the surface species formed on alumina from the deposi-
tion of [RhCl(CO)Z]2 from hexane with those formed by carbonylation of
rhodium(III)impregnated alumina which has been prereduced with dihydrogen
indicates that both seem to be {RhI(CO)Z} but the former are 1isolated and
noninteracting while the 1latter cluster around residual paramagnetic
rhodium sites (ref. 453). Vapor deposition of [RhCl(CO)z]Z on silica, on
the other hand, results in little if any change of the structure of the
complex and ready absorption of carbon monoxide occurs to form species
proposed to be supported {RhC1(CO)3} moieties (ref. 454). Carbonylation of
Rh(III)- and Ir(III)-impregnated NaX and NaY zeolites also forms supported
{MI(CO)Z} (M = Rh, Ir) moieties which undergo substitution reactions with
other ligands and oxidative addition of methyl i1odide. The methyl iodide
adduct of the iridium system can be converted to an acetyl species (ref.
455), Fourler-transform infrared spectroscopy of the {RhI(CO)z} moieties
adsorbed on NaX, Nay, A1203, TiO2 and related oxide supports shows the
order of m-backbonding increases in the order NaX < A1203 < NaY <« TiO2 and
correlates well with the ease of desorption of carbon monoxide (ref. 4536).

Finally, [RhC1(CO) supported on macroporous styrene/divinylbenzene

]
copolymers functio;iiazed with various phosphorus, nitrogen and oxygen
donor groups forms an effective catalyst for the hydroformylation of
diisobutylene (refs. 457, 458).

A new, general route to Vaska-type complexes has been proposed which
involves treating [IrCl(COD)]2 with the appropriate ligand in hexane and
then reacting the product with carbon monoxide. With trimethylphosphine
the carbonylation product is [IrCl(CO)z(PMe3)2] but this could be converted
to [IrCl(CO)(PMe3)2] on vacuum drying (ref. 459). Reactfon of [IrCl(CO)=-
(PPh3)2] with sodium pentafluorophenolate in THF forms [Ir(0C6F5)(CO)—
(PPh3)2] which 1s converted into a mixture of [Ir(CO)3(PPh3)2](0C6F5) and
[Ir(0C6F5)(CO)2(PPh3)2] by carbon monoxide in benzene. No 1insertion of
carbon monoxide into the iridium-oxygen bond was detected. When trans-
[Ir(OR)(CO)(PPh3)2
[IrH(CO)(PPh3)3] forms when R = Me, Prn, Pri but not when R = H, But, Ph

] 18 reacted with triphenylphosphine in hot toluene

suggesting that the reaction involves a B~hydride abstraction process. In
support of this it was noted that the n-propoxy and 1-propoxy complexes
also formed propionaldehyde and acetone respectively. Initially puzzling
was the observation of isopropanol in the latter reaction but since it was
found that [Ir(OPri)(CO)(PPh3)2] reacts with [IrH(CO)(PPh3)3] to form
isopropanol and an unidentified, air-sensitive iridium complex it was felt
that the alcohol in the original reaction resulted from reaction of the
[IrH(CO)(PPh3)3] formed initially with the starting complex (refs. 460,
461). Photolysis of [IrH(CO)z(DPPE)} in hot benzene in the presence of
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carbon monoxide generates small quantities of benzeldehyde presumably by
activation of a carbon-hydrogen bond 1in benzene at {iridium followed by
carbonyl insertion and reductive elimination. Comparable results are seen
under the same conditions with [IrH (C0) (DPPP)]), [IrBr(CO)(DPPE)]}, [RhH-
(CO)(PPh ) ] and [MCl(CO)(PPh ) ] (M = Rh, Ir). The amount of benzaldehyde
formed corresponds to about three turnovers in forty eight hours and the
low activity is attributed to unfavorable thermodynamics. Use of 13CO in
the reaction results in considerable fraction of the product containing
carbon-13 which indicates the occurrence of multiple carbonylation/decar-
bonylation steps in the course of the reaction (ref. 462).

The reaction of [Ir(COZMe)(CO)z(PPha)Z] with [PdIz(NCPh)z] forms a
complex formulated as [(PhaP)zIr(CO)deIZ]. Its reaction with triphenyl~
phosphine, dihydrogen, carbon monoxide or carbon tetrachloride caused loss
of the {PdIz} moiety (ref. 463). Association of the square planar anion
IIr(CO)Z(chiim)]-. presumably via weak metal-metal interactions, occurs in
acetonitrile with a significant concentration of dimers being seen at
concentrations above 10-3 M and what appear to be higher oligomers above
1072 M (ref. 464). With [IrX(CO)(PPh,),] (X = Cl, Br, I) tetrasulfur
tetranitride forms [235] (X = Cl) presumably via oxidative addition of a

sulfur-nitrogen bond to the metal (ref. 465) but with [Ir(CO)(Lz)Z]BPhA (L2
= DPM, cis-vdiphos) fragmentation occurs and the product is [236]}. This is

/ il

N_—"s
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a full report on the synthesis and chemistry of [236] and no further
resolution of the disorder problem noted in the preliminary report could be

achleved so the detalls of the bonding within the {IrN_S, )} moiety remain

S
272
uncertain. Photolysis of a mixture of [236] and [w(CO)G] in dichloro-
methane affords a derivative with a {W(CO)S} moiety bound to the uncoor-
dinated nitrogen (ref. 466). Since [237] is reported to form 2,4-dinitro-
3)2]
in hot toluene in an attempt to form an iridium nitrene complex. This did

benzenesulfenyl nitrene on heating this was reacted with [IrC1(CO)(PPh

not occur and instead [238] was obtained suggesting that some dissociation
NO,

S
5 wo,
N

K NG

[237] [238]

of triphenylphosphine occurred under reaction conditions and the nitrene
preferentially attacked the free ligand (ref. 467). Carbonylation of
[IrCl(SOZ)LZI (L = PPri3. Pcy3) formed the unstable [IrCl(CO)(SOZ)Lz] which
readily lost the sulfur dioxide ligand. Reaction with dihydrogen on the
other hand formed [IrH2C1(SOZ)L2] (ref. 468). Reaction of ESE'[IrH3‘
(PPh3)3] with p-toluenesulfonic acid in refluxing ethancl forms [Ier—
(0502R)(PPh3)3] (R = p-tolyl). With IIrH(CO)(PPh3)3] in refluxing benzene
this and other sulfonic acids form [IrHZ(CO)(PPh3)3](038R) while in reflux-
ing toluene the product is [IrH(OSOZR)Z(CO)(PPha)ZI (R = Me, CF3, p-tolyl,
d-camphoryl). The same acids with [IrCl(CO)(PPh3)2] in refluxing benzene
yield [IrHCl(OSOZR)(CO)(PPh3)2} (ref. 469),

Flash photolysis of [HCl(CO)(PPh3)2

to form [MCl(PPhB)Z] which recombines very rapidly with the 1liberated
8 -1
M

] (M = Rh, Ir) in benzene is proposed
carbon monoxide (k N 10 -sec_l) and reacts at comparable rates with
ethylene and triphenylphosphine when photolyzed in the presence of these
ligands. The reaction of the photoproduct with dihydrogen is noticeably
slover although still quite fast (k % 10° Mt ly. FPull details of the
flash photolysis of [IrHZCI(L)(PPha)z] (L = COo, PPh3) are now available and
the results are explained as shown in Scheme XLV (P = PPha). In this

~gec

instance, loss of dihydrogen from [IrHZCIP ] appears to occur within the

time of the flash (refs. 470, 471). The 70 NMR chemical shifts of the

dioxygen ligand in [IrX(OZ)(CO)(PPh3)2] (X = C1, I) have been determined
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using an 11.7 T spectrometer and found to be the same for both complexes.

This is somewhat surprising since the binding of dioxygen to the chloro

[IrFZCIPa] [1rE,C1(CO)P, ]
b A
a
:\\\\ //////i:
[1rH,CIP, ]
+H
+H2 -H2 2

[1rcip,] «S— [1rc1p,] -4 [1rC1(cO)P, ]

a) hy, =P. b) hy, -C0. ¢) +P. d) +CO
Scheme XLV

complex appears to be weaker than it is to the iodo complex based on the
fact that the dioxygen ligand can be readily removed from the former but
not from the latter. From the data obtained this ligand appears to be best
described as a coordinated peroxide. Because the observed linewidths of
the 170 signals are about 10 KHz considerable care must be used with the
acquisition parameters to obtain satisfactory spectra (ref. 472).

Interest i1in binuclear A-frame and related complexes remains high.
Electrolytic oxidation of [RhZCIZ(u—CO)(PPthy)ZI in the presence of

tetrabutylammonium nitrate and tetrabutylammonium chloride forms [239]

o
,/N\\
- 'o o‘-

o] RR- ﬂén“‘.cH
c>é"’ ci
N P
[239]

-]
which has a very short metal-metal distance of 2,589 A (ref, 473). Treat-
ment of the A-frame complexes [ha(co)z(u—CI)(Lz)z]PF6 (L2 = DPM, DAM,

DAPM) with lithium pyrazolates forms [ha(CO)z(u—X)(L JPF, (X = pz, tz,

)
272 6
4-Mepz, 3,5—Me2pz) which react with one or two equivalents of tert-butyl-
isocyanide to yield [ha(CO)(CNBut)(u—X)(Lz)z]PF6 and [ha(CNBut)z(u-X)-

(L2)2]PF6 respectively, Addition of iodine to [ha(CO)z(u—X)(DPM)Z]PF6
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forms [halz(CO)Z(u—X)(DPM)Z]PF6 with axial i1iodo 1ligands. Analogous
reactions occur with chlorine and bromine but when X = pz or 3,5—He2pz,
halogenation of the pyrazolate ligand at the 4-position also occurs (ref.
474)., Addition of silver salts to [cszhz(u—CO)(u-DPM)] forms [cszhz-
(u~C0) (u-DPM) (u-AgX)] (X = OZCMe, OZCCFB’ 82CNEt2) while with silver
malonate the product is [cszhZ(u-CO)(u~DPM)(u—AgOZCCHZCOZAg—u)(u-DPM)—
(u—CO)hacpZ] (ref. 475). The complex [240] (a-carboms only shown) is

x. Cpi

[240]

prepared from [ha(CO)a(u-SBut)zl and [cpZZr(CﬂzPth)zl. The relatively
close approach of 82 to the zirconium suggests an interaction of its lone
pair with this metal and this 1is used to explain the stereorigidity of
[240]. Complex [240] 1is a better hydroformylation catalyst than its DPPB
analog and a possible explanation 1is that the zirconium atom could act as
an electron buffer but this 1s not yet certain (ref. 476). Reactionm of
[RhCl(CO)Z]2 with two moles of pyridine-2-thiol forms a species proposed to
be 2}5—[RhCl(CO)2(py—SH)] from in situ spectroscopic data but on attempted
isolation only a dark, uncharacterizable solid could be obtained. Use of
larger ratios of the ligand gave a mixture of mono- and dicarbonyl com-
plexes which were not characterized. However if a mixture of [RhCl(CO)Z]2
and py-SH (l:4) in chloroform allowed to stand under dinitrogen for several
days crystals of [241] formed., Air-oxidation of a similar solution in
which py-SH:Rh > 6 formed an orange compound which on chromatography on
alumina yielded the red complex [Rh(py-SH)(py-S)3] (ref. 477). Addition of
[Rh(CO)z(acetone)x]Cloa to two mols of [Rh(Onapy)(COD)] forms [RhZ(COD)Z_
(u—Onapy)ZRh(CO)z] ([242]) (ref. 478).
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[241]

(COD)CO CO(COD)
[242]

Refluxing a mixture of [Rh (Co) ] and di-tert-butylphosphine in toluene
forms cis-[Rh,(C0) (PBu H)z(u—PBu 2)(u-H)] while [RhC1(COD)], and 1ithium
di—gsz&—butylphosphide in refluxing THF yield [ha(COD)Z(u-PButz)(u—Cl)].
The former contains a metal-metal bond and is planar while the latter does
not and 1s folded along the phosphorus-chlorine axis. At ~78°C in THF
lithium di-tert-butylarsenide and [RhCl(COD)]2 form planar [ha(CO)A(u-
AsButz)Z] which contains no metal-metal bond and [Rh6(CO)11(u—AsBut2)2(u4-
AsBut)] whose structure was reported last year (J, Organometal. Chem.,
324(1987)57 [104]). 1In contrast to the results of the reaction noted
above, the reaction of [RhCl(COD)]2 with 1,4-bis(lithio-tert-butylphos-
phino)butane at -~78° in THF forms [243] which is thought to have tetra-

hedral coordination about each metal and a rhodium-rhodium double bond.

(CHJ
But 4 But
(COD)Rh =—————= Rh(COD)
[243]

Carbon monoxide adds reversibly to [Rh (CO) (u-PBu ) ] to form [244] (R =
Bu ) in which the rhodium-rhodium 1nteractions indicated by dotted lines
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[244]

are significantly longer than in the parent complex but are still within
bonding distances (ref. 479, 480).

The addition of sulfur dioxide to [(OC)3Mo(u-DPM)2RhCl(CO)] forms
[(OC)ZMo(u—DPM)Z(u—CO) (u—SOz)RhC1] (ref. 481). A full report on heterobi-
nuclear ruthenfum-rhodium complexes of DPM has now appeared and the results

are outlined in Scheme XLVI. The tricarbonyl complex is fluxional as shown

RuH,(dppm),
112 [Rhet (coy,V \/z [Raciicooi],
T//A\\P . .
oc Hy cl H ct
“RT—=pn" "SriZ_—Rn(cop)
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'P/\T -
oc al (:l\l
~ -~ ~
Ru Rh Ru 2 Rh (COD)
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P p = P(OMe), P
\/ 4
lco
4 ;
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: a H (4 @\[ P co
~
SRl 4 Sl +Reue Ru=—rn]
SRR e TSR e
L-r P, Le

Scheme XLVI
in Scheme XLVII (see also ref. 558) (ref. 482). Reaction of [RhCl(CO)2]2
with dl-trans-1 ,Z—bie(diphenylphosphino)cyclopropane(L2) forms the face-
to-face dimer [haclz(CO)z(u—Lz)z] while with [Agz(u—Lz)z](BFA)2 the
product is [245]. The face-to-face iridium dimer [IrZCIZ(CO)Z(u-LZ)z] is
formed from the ligand and [IrCl(CO)(PPh3)2] or [IrCl(CO)z(R-toluidine)]
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Scheme XLVII

and on treatment with silver tetrafluoroborate gives [246] (ref. 483).

Addition of dmmm to [RhCl(CO)2]2 in methanol/dichloromethane followed by

Ph,P PPh; PhoP’ PPh;

=0 l ‘ 0

l Ci \\+| C// Ci + ,C/

/Rh “Rn-" /Ir—Ag——-lr"
4| A S e
o/ P P\ Ph2 P PPN
PN} Ph, © )
[245] [246]

metatheslis with sodium tetraphenylborate forms [RhZ(CO)Z(dm)ZI(BPh4)2
whose cation 1s shown as [247] plus smaller amounts of [Rh3C1(CO)3(dmmn)2—
(u-Cl)]BPh4. The cation [247] shows considerable congestion about Rh(2),

c12) 0(2)
Rh(2)
G

is fluxional, possible via a twisting about the metal-metal axis, and is
considered to contain a donor (Rh(2)+Rh(l)) metal-metal bond (ref. 484).
Metathesis of [248] with sodium iodide in methanol/dichloromethane causes a
rearrangement of the attachment of the diphosphine ligand to form the
cation [249] which was 1solated as the tetraphenylborate salt (ref. 485).
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The trimetallic complexes [Rh3CI(CO)3(u—C1)(L3)2]BPh4 (L3 = dpmp, dpma)
are formed from [RhCl(CO)2}2 and the ligand in chloroform/ethanol followed
by metathesis with sodium tetraphenylborate. They are fluxional as shown
in Scheme XLVIII for the dpmp complex. Metathesis of [Rh3C1(CO)3(u-
Cl(L3)2]BPh4 with sodium halides or pseudohalides in methanol forms

Pt TNy + ] /\P/\p

Rh
AP \cn/ ~ R"\cn/

P--/// \\\\”’,p P*-~/// \\\v—z”P
Scheme XLVIII
[Rh3X(CO)3(u-X)(L3)2]BPh4 (L3 = dpmp; X = N3, NCO. L3 = dpma; X = Br)
which have the same structure as the parent complex and are also fluxional
by the process of Scheme XLVIII. With sodium 1odide (L3 = dpmp) the

previously characterized monocation [250] which is non-fluxional forms

[250]
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while with sodium bromide (L3 = dpmp) the product can adopt two different
structures depending on the solvent used for recrystallization. When
obtained from acetone/diethyl ether it has the same structure as the parent
chloro complex (see Scheme XLVIII) but when obtained from dichloromethane/

methanol 1t has the structure shown in Scheme XLIX which also shows the
+ +
P////\\\p’//:;\\ ,//A\\\P”/\\\\
c

P P 0O P
c
\|
Rh

Br Br
8r Br
\Rh(; Rh/ S TRn \\Rh/
o] e Co yd
[s} oC é:
P

Scheme XLIX
fluxional process observed in solution. The cations [Rh3X2(CO)3(dpmp)2]+

(X = C1, Br, I) lose carbon monoxide to form [251] and add carbon monoxide
to give [252]. Additional chemistry of [251] (X = Cl) is shown in Scheme L

p/\ PN

+
P P///,\\\P///\\\\p N
o |
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OC—Rh</ I th—co
X ! x/
P ? P“-4/// P
[251] [252]

and when the tricarbonyl is treated with a mixture of hydrogen and deute-

/X
Rh \\\
X\Rh’\c//_ Rh
0

-]

rium a significant amount of HD 1s seen in the gas phase indicating the
N ,,/\P/\P +

o]

c\nln——nln/c l\nl R A~ R’h Rh
¥ JUA
(NG NGy A—*

.
P/’A\\P P//’\\P p
X ‘ | I l l Cl I/Cl\ '
20N 2 e Nax PN PN 2 SphZ—Rh—C!
AN fi ~" | ~¢”
c/’l H l\ﬂ ’\Yb c’/‘ H/l\“ | b3 o
P e~ P

Scheme L
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presence of multiple sites for hydrogen activation. The reaction with
formaldehyde 1is thought to involve formation of an {Rh(H)CHO} moiety but
this has not been detected. Reaction of DMAD with [Rh3C1(CO)3(u—C1)—
(dpmp)z]BPh4 forms [Rh3C12(C0)2(DMAD)(dpmp)z]BPh4 as a mixture of two
isomers of unknown structure but with DEAD a single product 1is obtained
which appears to be the same as the major isomer formed in the previous
reaction. The major isomer of [RhBClz(CO)z(DMAD)(dpmp)Z]BPh4 reacts in a
stepwise fashion with fodide ion to replace the chloride ligands without
apparently altering the structure but is unreactive towards carbon monox-
ide. The minor iscmer, on the other hand, reversibly adds carbon monoxide
and reacts with iodine to form [Rhacl(I)(CO)Z(DMAD)(dpmp)Z]I. Reaction of
appropriate quantities of dpma and [IrCl(CO)Z(B—toluidine)] followed by
metathesis with sodium tetraphenylborate forms [Ir3Cl(C0)2(u—C1)(u—CO)Z-
(dpma)z]BPh4 whose structure 1s essentially the same as [252] but unlike
the latter does not tend to lose carbon monoxide, The complex 1s flux-
ional, presumably via bridge~terminal interchange of the chloride ligands
and can be converted to bromo and iodo analogs of the same structure by
metathesis with sodium halides in methanol. If dpma and [RhCl(CO)Z]2
[IrCl(CO)z(E—toluidine)] are combined with a metal:ligand ratio of 1:l, the

or

face-to-face dimers {MZCIZ(CO)Z(dpma)Z] shown in the center column of
Scheme LI are formed. From these a variety of cationic heterotrimetallic
derivatives as well as the previously described trirhodium complex can be
prepared as shown 1in Scheme LI. The two tetracarbonyl complexes in the
second row from the top and the triiridium complex at the bottom right were
identified in solution but could not be i1solated. The stability of the
tetracarbonyl complexes towards loss of carbon monoxide increases in the
order Rh3 < halr < Irth < Ir3 and all these plus the tricarbonyl com-
plexes are fluxional presumably by interchanges of bridging and terminal
ligands (refs. 486-490).
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Scheme LI
Reaction of [Pt(C"—'CR)z(DPM)Z] (R = Ph, p-~tolyl) with [IrCl(cyoct)2]2
forms a mixture of [Ptz(CECR)l‘(DPM)z] and [253]. The latter adds dihydro-
gen to yield [254]. Refluxing a benzene solution of [Pt(CECR)z(DPM)zl and
[IrC1(CO) (PPh3)2] gives [255] (R = Me, Ph, p-tolyl) which on metathesis
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with salts of non-coordinating anions ylelds [256] (X = BPhA, R = Me, Ph,
p-tolyl. X = PF6; R = Me, p-tolyl). Complexes [256] reversibly add

dihydrogen to form [257] (R = Ph; X = BPhb. R = Me, p-tolyl; X = PF6)
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[256] [257]

(ref. 491). The structure of [IrZ(CO)z(u-CO)(u—H)(DPM)Z]BFa appears to be
quite similar to that of its rhodium analog except that in the solid the
four phenyl groups on the side of the bridging hydride obstruct the adja-

cent metal sites more than is the case in the rhodium complex (ref. 492),

Metal Nitrosyl and Aryldiazo Complexes

In refluxing toluene, benzyl bromide reacts with [Co(NO)(P(OEt)B)g]
under carbon monoxide to give low yields of benzamide, benzaldehyde, benzyl
alcohol and 1,2-diphenylethane while [RhClz(NO)(PPha)ZJ forms the first

three plus benzonitrile and [Rh(NO) (PPh ] yields benzonitrile, benzalde-

3)2
hyde and benzyl alcohbol. In all cases most of the benzyl bromide was
recovered at the end of the reaction (ref. 493). The complexes [CoXZ(NO)—
(PMe3)2] (X = C1, Br, I, NOZ) can be prepared from [COXZ(PHe3)2] (X

halide) or [Co(NOz)z(PMe3)3] and nitric oxide in methancl. The iodide
complex has a trigonal bipyramidal structure with axial phosphine ligands
and an equatorial, linear nitrosyl ligand. The chloride complex has the
same structure with possibly a bent nitrosyl ligand but a disorder problem
hampered definite determination of its geometry. The nitrite complex is
proposed to have a square pyramidal structure with a bent nitrosyl ligand.

The structural differences are attributed to electronic factors (ref. 494).
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The first example of insertion of nitric oxide into a metal-carbon bond in

a cluster has been reported in the reaction of [258] with nitrosyl tetra-
fluoroborate in dichloromethane/nitromethane which yields [259] (R1 = R2 =

Bu®, Ph. RZ = H; R! = Pr", Bu”, R! = Me; R® = COMe). Complex [259] &}

= Bun; R2 = Bun, H) reacts with butyllithium or sodium methoxide to form

e T

\
| c===u\
bt | 6KEA

[258] [259]

[260]) and with carbon monoxide to give [261]. Comparison of the structures
of [259] and [258] when Rl L R2 indicates that the insertion is regio-

specific and occurs at the more electron-rich metal-carbon bond (ref. 495).

r 1+ [ Ik

opt| = (et
24 ¢

L J L Rt -
[260] [261]

The complexes [R3Co3(u3-N0)(u3—NH)]+ (R = cp, cpMe) (see refs. 397, 398)

can be chemically reduced to [R3Cos(u3—NO)(u3—NH)] by cobaltocene. The

structure of the neutral product shows that the metal framework has become
distorted to an 1isosceles triangle suggesting that the added electron
occupies a HOMO of e symmetry. The distortion is attributed to a vibronic
Jahn-Teller effect and since the cobalt-nitrogen distances are not signifi-
cantly different from those in the parent cation, this orbital is propesed
to be largely cobalt-cobalt antibonding and to be localized primarily
between the two cobalt atoms whose separation increases (ref. 496).
Reaction of Naz[Fez(u—S)z(N0)4]-8H20 (Roussin's Red Salt) with [cp'Co-
(CO)IZ] forms [cp'ZCozFe(NO)z(u3—S)2] in low yleld (ref. 497).

The gas phase, ion-molecule chemistry of [Co(NO)(CO)B] has been studied
by FTMS techniques. Stepwise reactions of bare and ligated cobalt ionsg
with this molecule occur as outlined in Scheme LII (each step involves
reaction with another molecule of [Co(NO)(CO)al). Significant ligand
effects on the reactivity of the cluster ions were noted and appear to be
determined by the number of vacant cluster valence molecular orbitals. In
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+ + + +
Co —» Coz(CO)x(NO) -> Co3(C0)2(NO)2 --;-CoA(CO)x_’_Z(NO)3

+ +
Cog (CO) ,,(NO) s~ €«—— Cog(CO) ,,(NO),

Co(C0)+'—4>Coz(CO)X(NO)+-+ c°3(co)2(No)2+ —_—

+ +
CoS(C0)4(N0)4 - CoA(CO)x_H(NO)3 «—
(x = 2-4)
+ +
Co(NO) ' ——m—> Co0,(C0),(NO),
co(co) .t — 5 o, (co) n0)t — co_(cO), (n0) T
oit%7 02"y O3t 4 N
Co, (€0), (N0 Co, (CO)_ ., (NO)T
05(€0), (NO) " «—— Co, x+1
(x = 3, 4)
+ +
Co(C0) (NO)" ——> Co,(CO)_(NO),
(x =2, 3)
€o(c0), (N0)t —— ca, (coy_ (N0) ¥ —— co_ (cO)__ (o) T
2 2 X 2 3 x+1 y
Co, (CO), (NO) "
R AN
(x = 3, by y =2, 3)
Scheme LII
general it appears that a fragment reacts with the neutral species in such
a way as to add fourteen electrons to the cluster (ref. 498). Other work
on [Co(NO)(CO)3] include a molecular beam study of the dynamics of photo-
fragmentation using 193 nm radiation (ref. 499) and a laser~based time-
resolved infrared study of the photolysis using 248 nm radiation. In this
work, a sequence of ligand losses 1s proposed to occur following the

initial excitation which ends with the formatfon of {Co(CO)}. This then
reacts with undissociated [Co(NO)(CO)3] to form [Coz(NO)(CO)4] whose
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structure is unknown (ref. 500). The ultraviolet photolysis of [Co(NO)-
(C0)3] in liquid xenon containing dihydrogen or deuterium forms a species
formulated as a molecular hydrogen (or deuterium) adduct [Co(NO)(CO)z(XZ)]
(X = H, D). No significant oxidation of the metal is apparent and the
species rapidly disappears when dihydrogen is vented. No cobalt-hydrogen

stretching vibrations were seen but Vv and low frequency vibrations due

to the {Co(Hz)} moiety could be det:L:Ld (ref. 501). 1In related work,
photolysis of [CO(NO)(CO)3] and but-l-ene in 1liquid xenon 1is proposed to
form [Co(NO) (CO),(n*-C Hg)] (ref. 502).

Fenske-Hall molecular orbital calculations have been performed on the
isoelectronic species [cp2002(CO)(N0)] and [CPZCOZ(CO)Z]_ in an effort to
determine why they are more stable than [cpZCoz(CO)Z]. In [cpZCoz(CO)z] R
the odd electron appears to occupy an orbital which is metal-metal anti-
bonding but its presence also raiges the energies of the other metal d
orbitals relative to those of the T-acceptor orbitals on the ligands. Thus
T-backbonding is enhanced and leads to increased stability. The situation
is similar for [cpZCoz(CO)(NO)]. Also since the HOMO does not mix with
orbitals involved in the bonding to the bridging ligands it is predicted
that removal of the electron from the HOMO will decrease the amount of
n-backbonding which 1s consistent with the observed irreversibility of the
electrochemical oxidation of this complex. From these calculations it is
also predicted that [cpZCoz(NO)(CO)] should have a net metal-metal bond
order of one while [CP2C°2(C0)2] has a bond order of two (refs. 503, 504).
Hoffmann has used his fragment molecular orbital approach to explore
details of the reaction of [cp2C02(N0)2] with alkenes which has been shown
to form [262]. In this study the species [263] has frontier orbitals which

o o
/N
cpCo cpCo
\\q
o 5
[262] [263]

are well-suited for interaction with the m-bond of the olefin (ref. 505).
The solid-state MAS 13C NMR spectrum of [Co(NO)(CO)a] encapsulated in the
cages of an NaY zeolite shows & much narrower signal than is observed for
the complex itself in chloroform solution. This 1s proposed to be the
result of a more rapild scalar quadrupolar relaxation of the cobalt in the
former case. Reduction of the zeolite~encapsulated species with dihydrogen

forms a catalyst showing Fischer-Tropsch activity which does not give
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products higher than C8' This is presumed to indicate that the catalyst
exhibits a shape selectivity (ref. 506).

Reaction of [Rh(NO)(NOB)(PPh
form yields [Rh(NO

3)2] with lodosobenzene in refluxing chloro-
3)2(PPh3)2] while with [Rh(NO)Z(PPhB)Z]CIO4 in the pres-
ence of pyridine the product is [Rh(NOz)ZpyA]CIO4 (ref. 507). In a related
study, [Rh(NO)z(PPh3)2]+ is shown to undergo exchange with free nitric
oxide in contrast to a previous report. The exchange i1s enhanced by free
triphenylphosphine and an associative mechanism is proposed (ref. 508). A

convenient synthesis of [MC12(NO)(PPh (M = Rh, Ir) involves reaction of

Py
the hydrated metal trichloride and triphenylphosphine with N-nitroso-N-
methylaniline (M = Rh) or N-nitrosodibenzylamine (M = Ir) in refluxing
2-methoxyethanol under an atmosphere of hydrogen chloride (ref. 509).
Addition of 2-pyridinecarbaldehyde azine and its 6-methyl analog to [Ir-
(NO)(MeCN)3(PPh3)2](PF6)2 forms a complex proposed to be [264] (R = H, Me).
The monocationic carbonyl analog is prepared from [Ir(CO)(MeCN)(PPh3)2]+
and reacts with a second equivalent of [Ir(CO)(MeCN)(PPh3)2]+ to form [265]
(R = H, Me) (ref. 510).

Z
R Y 2+ R +
PPh PPh
I)N\ | 3N\ l
ON—1Ir OC'—IIF
N~ ~H NZ- ~H
PPh
PPhy | 3L PPh,
H /N H .~ \I|r_co
/
N | | :N rlaph3
RN R
[264] [265]

The aryldiazo complexes [Co(NZR)Ll.]Z+ (L = P(OEt)a, PPh(OEt)Z; R =
o-tolyl, m-tolyl, p-tolyl, p-anisyl, Ph) can be obtained by reaction of the
appropriate aryldiazonium cation with [Co(CO)L4]+. This route was not
successful when L = P(OMe)3 and with this ligand it was necessary to start
with [Co(P(OMe)3)5]+. The complexes are proposed to have a trigonal
bipyramidal structure with an equatorial, bent aryldiazo ligand and are
fluxional via an intramolecular process. Displacement of the aryldiazo
ligand by m-acceptor ligands occurs as shown iIn Scheme LIII (L and R as
above) (ref, 511). Addition of dibenzoyldiazomethane to [IrCl(Nz)(PPha)Z]
forms [266] which adds dimethylphenylphosphine, tert-butylisocyanide or
nitrosyl cation to give five-coordinate adducts. With carbon monoxide

however simple replacement of the diazoalkane occurs. Reaction of [266]
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+ +
[CoLS] [Co(CO)sz]
1a 1o
[Co(NO)2L2]+<-d— [Co(NZR)L4]2+ _bs [Co(CO)L4]+
c
[Co(CNR')L4]+ + [Co(CNR‘)2L3]+

a) L, 8. b) CO. c) CNR' (R' = p-tolyl). d) NO,
Scheme LIII

with hydrogen chloride in toluene forms an equilibrium mixture of [267] and

[268] 1in which the former predominates. Use of an excess of hydrogen
chloride forms an insoluble material thought to possibly be an analog of

[268] with a chloride ligand in place of the hydride. Complex [266] is

Ph\c g
PPhs |i P

R =C==2
C— I — == T

PPh,

[266]
stable at room temperature in non-halogenated solvents in the absence of

air but on heating or dissolution in dichloromethane it forms a mixture of

[267]) and [269]). Only [269] is formed 1if [IrCl(Nz)(PPh3)2] 18 refluxed

PPh,
a_ | .~ P\“
PPhy |y c,)Il’ ~, =0
C“\Ilr "'N=N\c—c¢ ° PPy SN— \
o | Yo—cZ ey S0
PPhy Ph Bh
[267] [268]

with dibenzoyldiazomethane in tolueme while in THF [269] and a minor amount
of an isomer of this form. Starting with [IrCl(PPh3)3] this last reaction

gives the second isomer of [269] as the major product together with minor
amounts of [270] (refs. 512, 513).
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[270]

Metal Alkene Complexes

Reaction of 1,1,3,4-tetramethylsilacyclopenta-2,4-diene and its german-

ium analog with [CoBr(PMe3)3} and sodium tetraphenylborate in acetone forms

[271] (M = Si, Ge). The structures of both have been determined and the

(MeyP);Co !/l

M— Me
[271] Me

coordination geometry about cobalt is considered to be approximately square

pyramidal with the cyclie ligand bonded as an n4-diene. The complexes are
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|
Me—Si Pph
] NG
Ph ¢ ColC
M/e \R co°\8/ o(c0)s
[272] [273]

fluxional even at the lowest temperature attainable on the instrument used
(ref. 514). With dicobaltoctacarbonyl the silacyclopentadienes [272] form
[273] (R = SiHe3, CH2=CHCH2) or [274] (R = Me). Addition of more of the
corresponding [272]) to [273] forms other examples of [274] (R = SiMea,
CH2=CHCH2) while reduction of [273] (R = SiMea, CH=CHCH2) and [274] (R =
Me) with sodium amalgam in the presence of triphenyltin chloride yields
(2751 (R = Me, SiMe,, CH,=CHCH,). 1In the reactions of [273], {Ph,SnCo-

3 2
(CO)4] is also formed (ref. 515). Treatment of [CoBr(PMe ] with olefins

3)3

R
co
- Ph Me——éi Ph
1/
Ph Si—Me Ph _Co
| 0C”/ “NSnPhy
R oc
[274] [275]

in acetonitrile/acetone at -80°C forms [276] (L = PMeB’ R=R'=H, R =H;

R' = CN, Ph. R = Me, R' = CN) which was identified in solution. Attempted

B L 7]
L'-,,, CHR
7/,
Co Br
7 7
L l CHR
NCMe
L -
[276]

isolation of the styrene complex by addition of tetraphenylborate ion
formed [Co(HZC-CHPh)(PHe3)3]BPh4 which is tetrahedral and the first example
of a paramagnetic alkene complex of cobalt(I) (ref. 516), Addition of TCNE
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to [(cpMe)Co(CO)(L)] im benzene forms [(cpMe)Co(TCNE)L}] (L = P(OMe)3, co,
PPha, py) which is paramagnetic with the unpaired electron localized on the
TCNE ligand (ref. 517).

Addition of diphenylmagnesium to a THF solution of [CPCO(CZHA)Z] forms
the adduct [cpCo(CZHA)(C6H5)Mg(C6H5)(THF)Z] while with diallylmagnesium the

product 1is [cpCo(ﬂ—C3H5)Mg(o—C3HS)(THF)Z]. No reaction occurs between

[cpCo(C2H4)2] and methyl or pheny] magnesium bromide in diethyl ether but
if THF is also present [cpCo(C2H4)(R)MgBr(THF)Z] (R = Me, Ph) forms. When

R = Ph this product reacts with TMEDA to yield ([277] which is considered to
c(19)

C(11)

[277]
be a Lewis acid base adduct between [Mg(tmeda)Br]+ and [cpCo(C2H4)Ph]_.
Finally, allyl magnesium bromide and [cpCo(Czﬂa)z] react in THF to form
[278] (ref. 518). 1In an attempt to prepare [cpCo(nS—CHZC(CFB)CHC(CF3)-
CHZ)]+’ [cpCo(CZH
methyl)penta~1,3~diene to give [279] and then with trityl cation but the
C(14)

4)2] was treated successively with 2,4-bis(trifluoro-
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isolated product was [280]. This could also be prepared directly from
[cpCo(CZH4)2] and trityl cation (ref. 519). Reaction of [cpZTi(CO)Z] and

cp

I
Co
( CPhy

[280]

[cpCo(CZH4)2] (2:3 ratio) in warm toluene forms the cluster [281] in which
a carbonyl ligand on each titanium has been effectively reduced (ref. 520).
T(CsHs)z

o)
|

/
CgHg—Co—

—7C°_C5H5

Ti(CsHs)
[281]
No isolable products could be obtained from the reaction of 2-pyridyl-
dimethylphosphinite with [cpCoLz] (L = CO. L, = NBD, COD) but with [epCo-

2
(C2H4)2] cleavage of the phosphorus-oxygen bond occurs to form [282]. On

Cp Cp
CO—CO/

/\l

-,

[282]

the other hand no cleavage occurs when p-tert-butylphenyldimethylphos-
phinite (L) is used and the simple substitution product [cpCo(C2H4)(L)] is
obtained. The tert-butylphenoxy substituent can be replaced in the coor-
dinated ligand by the alkoxide of cyclopent-3-en-1-o0l on reaction with its
potassium salt. Photolysis of the resulting cobalt complex then yields
[283] and the amalogs [284] and [285] (R = H, Me, Pri) could be prepared in
similar fashion. The samples of [285] with R = Me, Pr1 were obtained as
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PMe Me Me
Me Mo 7 \2 \_/
N CpcCo /,p
s CpCo

"
[283] [284] [285]

mixtures of diastereoisomers (ref. 521). Thermolysis of [286] leads to
stereorandomization but photolysis at -96°C forms [287] and this 1is pro-

posed to form via {288] as an intermediate. To further elucidate the

D Me b
\\\\\H \\\oD ..--H Ph
N
D b ! swH l D Co—cp H
| I ~._-D
H D T
ﬂo Co H H
288 2895
b L [28¢) [289]
[286] [287]

details of the reaction, [cpCo(C2H4)2] was reacted with [289] to form [290]
and [291) in a 1:5 ratio, Irradiation of this mixture forms {292] and

[291]

[290] cp

[293] 1n equal amounts which 1indicates that the 1sotopomerization is

synchronous with diastereoisomerization and no ligand crossover occurs.
The results are taken to support the "envelope" inversion mechanism (via
intermediates like [288]) for the fluxional behavior of na—diene complexes
(ref. 522), Refluxing hexane solutions of OFCOT and [cp'MLz] (M =2Co; L =
CO. M =Rh; L = CZHA) yield [294] which on photolysis equilibrates with
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cp
Clo \‘H
H Me N
S Ph | e
B _\?D 'l_‘"“H
—il
Ph jO o
D

Me c
[292] [293]

2 F F
]

. /M ¢ ) F /, il F
) F = /,M F | | F
Sl B :

F — . ¢
[294] [295)]

[295] (M = Co, Rh). From this equilibrium [295] reacts thermally with
ligands to form [296] (M = Co, Rh; L = BuNC. M = Rh; L = PMe,) via [297]
as an intermediate which could be isolated (M = Rh; L = PMea) at low

L F F
| F L F
—M F

M | F

F
F
FeET F F
FF F F

[296] [297]
temperature (ref, 523), One carbonyl group in [cpCo(CO)2] can be replaced
by 3-tert-butyl-1,1,2,2-tetrafluoro-1,2-disilacyclobut-3-ene when a mixture
of the two is photolyzed (ref. 524) while reaction of [cp'2C02(u—C1)2] with
phenyllithium in diethyl ether at -80°C followed by warming to room tempera-

ture forms [298]. The coordination of the metal atoms to the biphenyl in a
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manner which involves localized carbon-carbon double bonds is proposed on
the basis of the NMR spectrum (ref. 525). [(ns-CSHACOZMe)Co(Lz)] (L2
COT, COD) is a catalyst precursor for the cocyclotrimerization of acety-
lenes with nitriles to form substituted pyridines. It appears to have a
greater resistance to deactivation by dioxygen than 1its cyclopentadienyl
analog (ref. 526).

As part of a study to probe why {M(Co)a} and {CoL3}+ (L = tertiary
phosphine) fragments prefer to bind to conjugated diolefins but the iso~-
lobal {cpM} (M = Co, Rh, Ir) fragments prefer non-conjugated diolefins, the
complexes [cpCo{(COT)] and [cp'Co(COT)] were examined and the rates of
isomerization between the isomer with the COT bonded as a 1,3-diene (con-
jugated form) and that where it is bonded as a 1,5-diene (non-conjugated
form) were determined. In both instances the non-conjugated form 1is
preferred and while the rate of conversion of the pentamethylcyclopenta-
dienyl complex to the conjugated form is an order of magnitude slower than
that for the cyclopentadienyl analog those for the monoanions of both
complexes are approximately equal and six orders of magnitude larger. This
difference 1s attributed to a raising of the symmetry restriction for the
least motion pathway when the complexes are reduced (ref. 527). Cotton-
Kraihanzel force constants for carbon-oxygen stretching motions in carbonyl
ligands have been used to predict the reactivity of n2-~C2H4 and n6—C6H6
ligands towards nucleophilic attack. Thus carbonyl force constants in
[LnM(CO)] were used to assess the electron-withdrawing ability of the {LnM}
fragment in complexes such as [LnM(CZHé)] or [LnM(n6~C6H6)]. Unfortunately
in the case of the ethylene complexes, it proved impossible to predict by
this method whether replacement of coordinated ethylene by a nucleophile
such as a tertiary phosphine would be faster or slower than addition to it

(ref. 528). A variety of 1O3Rh NMR data on {[cpRh(diene)] complexes and

5900 NMR data on [cpCo(diene)] and [(n5—09H7)Co(diene)] complexes has been
reported (ref. 529) as has the structure of and EHMO calculations om [299]
R

7
N\

[299] R

cp—Co

(R = H, SiMea) (ref. 530),
The cumulenes R2C=C=C=C=CR'2 (R = Me; R' = Me, Ph) replace the tri-
phenylphosphine ligand trans to chloride in [RhCl(PPh3)3] (ref. 531) while
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hydrated rhodium(III) chloride reacts with 2,4,6-triisopropylbenzene thiol
in acetonitrile to form [300]. 1In [300] one o-isopropyl group on each of

Cp(29)
Cp(22)

[300]
the bridging thiolate ligands has been dehydrogenated to an isopropenyl

moilety which also coordinates to the adjacent metal (ref. 532). Lithium
tert-butylperoxide converts [Cp'Rh(1—3:5—6-n—CBH11)]BFA to [301] but

ch—-Rh:::

[301]

potassium tert-butylperoxide and [Rh(COD)Z]BF4 form [Rh(OzBut)(COD)]oxBF4
(ref. 533). The full paper on complexes of the bis(diphenylphosphino-
methyldimethylsilyl)amide ligand has now appeared. Reaction of the lithium
salt of the ligand with [RhCle]2 (L = co, C,H,» cyoct) in toluene at 0°C

forms [302] (M = Rh; L = CO, C2H4, cyoct) and analogs with L = PPh3 and

/~Eh2
Me, SI\ '
Ne—M——_
M82 Si P
Ph,

[302]
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PMe3 can be obtained under the same conditions from [RhCl(PPh3)3] and
[RhCl(PMe3)4] respectively. The iridium analog of [302] (L = cyoct) can be
prepared similarly from [IrCl(cyoct)z]z. Addition of ligands to [302] (M =
Rh, Ir; L = cyoct) forms further analogs (M = Rh, Ir; L = C2H4, CcO, PPh.,

3
PMe3) while methyl halides undergo oxidative addition to form [303] (M =

Ra2
Me,SIT T O
Nem=Me— X
Me:Si é
R,

Rh, Ir; X = Br, I; R = Ph). An analog of [302] (M = Rh, Ir; L = cyoct)
with isopropyl substituents on phosphorus can be prepared from ([MCI-

{cyoct) and the corresponding ligand and also forms examples of [303] (M

2]2 1
= Rh, Ir; X = I; R = Pr ). Addition of carbon monoxide to [303] (M = Rh,
Ir; X =13 R = Pri, Ph) forms [304] but oxidative addition of methyl ifodide

to [302] (M = Ir; L = CO) forms [305] (ref. 534).

R
./\PZ ph2
MeaSi | CHs Me,ST T CHs
—_M— e
Me i’ Meas, 7]
€20l
\/R2 \/ghz

[304] [305] -

Five~coordinate intermediates are suggested to form during the reaction
of COD with [RhC1(c2H4)Z]2 and [RhCl(BDN)]2 (ref. 535). Addition of carbon
dioxide to a mixture of [RhCl(C2H4)2]2 and tertiary phosphines forms
[RhCl(COZ)LB] (L= PthEt, PPhEtz) while a mixture of dioxygen and carbon
dioxide converts [RhCl(PPhEt2)3
(O)CO)(PPhEtZ)B]. Photolysis of a solution of [RhCl(PPhMeZ)B] in cyclo-

propane under carbon dioxide forms butyrolactone and dimethylphenylphos-

] to the peroxycarbonate complex [RhCl(Oz-

phine oxide (ref. 536). Addition of carben suboxide to a diethyl ether
solution of [Rh(acac)(C2H4)2] forms an insoluble product which is proposed
from its infrared spectrum to be a polymer of [306] associated via bridging
C302 ligands as shown. No reaction occurred between carbon suboxide and
[chhL2] (L = co, CZH4) (ref. 537). Cyclohexadienones replace both ethyl-
ene ligands 1in [Rh(acac)(CzHé)z] to form [307] (R = Me, CHClz, Bun) and
with R # Me, both exo and endo isomers are obtained. On the other hand,

reaction of l-exo-methylene-4,4-dimethylcyclohexadiene with two equivalents
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of [Rh(acac)(czﬂé)zl in refluxing pentane yields the bimetallic complex
[308] which appears to be isomerically pure. With one of the methyl groups

(o]
|
l C
oc:cTco | CI:O
C
PN
(acac)Rh Rh{acac)
| S
co QC==C==CO
I l
C
!
o}
[3086]

replaced by a different alkyl group, mixtures of diasterecisomers are
formed but the metals still adopt the anti arrangement. The same reaction

o
cH, /

0 '

]

H Rh==2

- O> ' | CH,-exo
CHj

R

[307]

CH3

HoH /O>//—>>/CH3

‘\‘ / Rh—-——o

~ CH
i
¢]
@
1
-O,/ CH4 -exo
H3
, CHy-endo
[308]

s

in refluxing heptane with a metal:dieme ratio of 2:3 forms [309] stereo-
specifically (refs, 538, 539). Another application of [Rh(acaC)(CZH4)21 is
as a "phosphite sponge" for the removal of a triphenylphosphite ligand from
[310) (P = P(OPh)s) while at the same time providing a source of ethylene
for the formation of [311]. The last is proposed to be an intermediate in
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\ \@m’{;)
0

[309]

the formation of [312] via [313] which occurs when the reaction mixture is

refluxed in deuterobenzene (ref. 540).

P —
. ‘,xCl I Cl

°\P/ 1\P A\ / R(\

[310] [311]

e

Q Ru

\p/ \P T
/ CH,CH, l c
0 .

O N\,
[312] [313]

Photolysis of [Rh(acac)(n -CH2=CHCI) ] Iin a 57C0/952CH4
both {Rh(acac) (CO) (n —CH2=CHCI)] and [Rh(acac)(CO) ]. Because of the

matrix forms

unsymmetrical nature of the olefin it was possible to detect the presence
of free olefin in the matrix by the appearance of a band assigned to Ve=c
(ref. 541). In related work, photolysis of tcPRh(CZHA)Zl at 229 nm in s
1OZCO/9OZCHa matrix forms [chh(CO)(Czﬂa)], [CPRh(CO)Z] and [CPRh(CZHQ)]'
Further photolysis of this mixture at wavelengths greater than 290 nm led
to the formation of more [chh(CO)(CZH4)] and the complete loss of [epRh~

H4)] wvhile photolysis of [chh(CO)(CZH4)] at 229 nm in an argon matrix
formed both [cpRh(CO)] and [chh(CzHé)]. The last experiment indicates the

competitive loss of carbon monoxide and ethyleme oc¢curs., In liquid xenon
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containing dinitrogen [chh(CZH 1 forms [CPRh(CZHA)(NZ)] upon photolysis

)
and if this 1is irradiated withééirbon monoxide present, [chh(CO)(CZH4)]
forms (refs. 542, 543).

Further chemistry of [314] (X = CHO; R = Ph, m-tolyl, m-anisyl, 2-F06H4)
includes reduction to the alcohol (X = CHZOH) by borohydride and conversion
to the Schiff base (R = Ph; X = CH=NR' (R' = Ph, p-tolyl, p-anisyl)) by
reaction with the appropriate aniline derivative. Protonation of [314] (X
= CHZOH; R = Ph, m-tolyl, m-anisyl, E_FCGHA) with hexafluorophosphoric acid

T\,
jh

cp

[314]

etherate forms [315] which converts to [316] on addition of chloride ion in
acetone (ref. 544). The complex prepared by the action of excess tri-

methylphosphite on [chh(C2H4)2] or its indenyl analog and originally

_ o
TN
o p
l PFG Rh
R|" CI/ \cp
L] [316]
[315]

proposed to be [RhZ(P(OME)B)S] (J. Chem. Soc., Chem. Commun., (1974)147)
has now been shown to be [Rh(P(OMe)3)4(P(0)(OMe)z)] on the basis of an
extensive NMR study. The fluxionality observed in solution is proposed to
involve a ligand rearrangement by a tetrahedral edge traverse which is
close to being the usual Berry pseudorotation., Also reported are the
syntheses of [(n5-09H7)IrL2] (L = CZHA’ cyoct) and [(ns-C9H7)Rh(l,5-HD)] by
reaction of indenyllithium with the appropriate chloro-bridged dimeric
olefin complex. Reaction of [(n5—09H7)ML2] or [MZCI2L4] (M =Rh, Ir; L =
C2H4, cyoct) with excess trimethylphosphite in chlorinated solvents forms
[M(P(OMe)3)5]Cl (M = Rh, Ir) which on dissolution in THF quantitatively
converts to [M(P(OMe)3)4(P(O)(0Me)2)] presumably via the Arbusov reaction
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(chloride attack on coordinated trimethylphosphite). Reaction with dihy-
drogen forms [RhH(P(OMe)3)4] or E&g-ﬁgg-[IrHZ(P(OMe)B)3(P(O)(OMe)z)] while
with methyl iodide the product is [M(P(OMe)3)5]I (M = Rh, Ir), In the
hydrogenation of [Rh(P(OMe)a)é(P(O)(OMe)z)], dimethylphosphite 1s also
detected suggesting the reaction may proceed via initial dissociation of
trimethylphosphite followed by oxidative addition of dihydrogen and reduc~-
tive elimination of dimethylphosphite. Addition of DMAD to [M(P(OMe)a)S]X
(x = C1, BPhl‘) forms [M(P(OMe)B)a(DMAD)]X (M = Rh, Ir) (refs. 545, 546).
The structure of [(nS—C9H7)Rh(C2HA)2] has been deteiﬁined and the results
suggest the possibility of a contribution of the n ~bonding mode of the
indenyl ligand. The proton NMR spectra of this complex and its l-methyl
analog suggest that the lowest energy fluxional process observed 1is a
rotation of the indenyl ligand and that olefin rotatlion occurs with a
higher energy of activation (ref., 547). Addition of [CPZM(PRZ)Z] M = Zr,
Hf; R = Et, Ph) to [(nS—C9H7)Rh(CZH4)2] in hexane forms [cpzM(u-PRz)th—
(ns—C9H7)]. The structure of the zirconium complex was determined and
shows pronounced slip-fold distortion of the indenyl ligand (towards
n3—coordination). This distortion appears to persist in solution but it is
uncertain whether this is the origin of the observed barrier to rotation of
the indenyl moiety. Whem R = Et, oxidative addition of methyl diodide
occurs at rhodium without affecting the bridging ligands and no reaction is
observed with dihydrogen, carbon monoxide or acetyl chloride. By contrast,
reaction with acetyl bromide and ammonium hexafluorophosphate 1s saild to
occur in a manner which alters but does not completely disrupt the bridging
aystem, The results were not described in detail however (ref. 548).

The square planar complex [Rh(L ]BF4 (L2 = (5,S)~-CHIRAPHOS), which can

)
be prepared by standard routes fr;;z[RhCl(cyoct)z}z, is unreactive towards
dihydrogen, dioxygen and carbon monoxide. It does oxidatively add hydrogen
halides to yield EIEEE'[Rth(LZ)szF4 (X = C1, Br). The 31P NMR spectrum
of the bromo complex shows two non-equivalent pairs of phosphorus atoms
indicating a distortion in the {RhPa} moiety (ref. 549). [RhCl(cyoct)z]2
also reacts with octaethylporphyrin in refluxing mesitylene under carbon
monoxide. Addition of triphenylphosphine to the reaction mixture followed
by purging with dinitrogen finally affords [RhCl(PPh3)(0EP)] as the prod-
uct. This can be converted to [Rh(OEP)(PPh3)2]C1 by triphenylphosphine in
dichloromethane and to [RhC1(CO)(OEP)] when photolyzed in THF solution
containing carbon monoxide (ref. 550). Some chemistry of [RhCl(CZHA)—

(triphos)] 18 outlined in Scheme LIV (L3 = triphos) (refs. 551, 552),
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[Rh, (L), (u=n°=50} ] (BPh, ),

1
L]
(R B, (Ly) (u-SH) )] (BPh, ) ) === I[Rh, (L) (4-5) ] (BPh,),

h

a b
[RhCl(CZHA)L3]———a[RhH(CZHA)L3]——<>[RhH3L3]

Sk

[Rh, (L, , (uB) ;1 < [Rh K, (L), Cu-) 12

3)2
g f b e

2+
[Rh, (L), (u-H),]

a) LiBHEtB, THF. b) Hz, THF. <¢) HOTf, THF., d) EtOH/CHZClz. e) air.
f) DMF/air. g) Sodium naphthalenide. h) HZS’ CH2C12/DMF then NaBPhh.
1) NZ, CH2C12. 1 02.

Scheme LIV

= (R)~1-phenylethyl) with

aodium emalgam forms a mixture of the interconverting pairs of isomers

*
Reduction of the isomeric mixture [317a,b] (R

[318a,b] and [319a,b].

Mo Mo
oc \ <© N/ \\co x©
—c
N ~u C=N
_ A L w7, i
R™ [3174] [3171b] R

The first pair was separated from the second by

column chromatography and from the separate fractions [318a]l and [319a]

could be obtained as crystalline solids. Regardless of whether one adds

\\

f\\\\\
\

[31au]

[318a] or [319a] to a solution of [RhCl(NBD)]z, the same product, [320] 1is
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obtained. This is explained by the proposal that [318a,b] and [31%a,b]
equilibrate in solution via [32la-c] and [321a] is the species Teacting

e
[320]

with the rhodium complex. This equilibration is also used to explain the
formation of the [318a,b]-[319a,b] mixture described earlier with the
initial product of reduction of [317a,b] being [321b] which then rearranges
to either [321a] or [321c]. Complex [320] and snalogs with other chiral

S, o e
ocj"\\\ g oc/”i\co i //”"\:o

c
J
\
[3214] [3216] H [321¢]

N
N
A,
r¥ [ R
*
substituents at R were tested as catalysts for the asymmetric hydrosilyla-

z/ﬁ

-

tion of acetophenocne but very poor chemical and optical yilelds were obtained
(refs. 553, 553a). Hydrogenation of [Rh(NBD)(LZ)]CIO4 (L2 = dippp, dippb,
cydiop) 1in methanol initially forms [Rh(Lz)(MeOH)Z]CIO4 and eventually
[322] 1s isolated. It is proposed that [322] forms via [Rth(Lz)(MeOH)z]—
ClOA but this was not detected. Complex [322] 1is not a good catalyst
because of the strong coordination of the perchlorate iom (ref. 534). A
full report is now available on crown ether adducts of [Rh(Lz)(NH3)2]+ (L2
= NBD, COD) which have been studied to explore second coordination sphere

interactions. The crown ethers employed were the dibenzo-3m-crown-n
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& |
o’// \\\0
H. |
&, clo
(LZ)RH° Rh(L,) 4
N
[ W Ho
[322]

(n = 6-12) family. With n = 6-11 [Rh(LZ)(NH3)2(crown)]PF6 can be isolated
with the rhodium molety situated in the V-shaped cavity of the crown as

11lustrated in [323] (n = 7). In general, four N-H---0 hydrogen bonds are

[323]

formed to the crown ether. For the adducts with n = 7-10 a significant

upfield shift of the proton NMR resonances for the COD and NBD ligands are
seen indicating that they lie in the anistropic shielding regions of the
aromatic rings of the crown ether. Tt is also suggested that there may be
specific interactions of the arene moieties with some of the hydrogen atoms
of the dienes which contribute to the stability of the adducts. In the
instance where n = 12, the 1solated product is [(Rh(COD)(NH3)2)2(crown)]-
(PF¢),
long N-H---0 hydrogen bonds to each rhodium moiety. Here there does not

in which the crown ether is in an open conformation and forms three

appear to be any interaction of the aromatic rings with ligands on the
metal (ref. 555). Addition of solid [RhCl(LZ)]2 (L2 = COD, NBD) to an
aqueous solution of B-cyclodextrin forms the inclusion complexes [(B-cyclo-
dextrin)z(Rh01(L2)2)2]. The COD complex forms a low yleld of an analogous
complex with a-cyclodextrin but the NBD complex does not. It is proposed
that the cyclodextrin surrounds the diolefin ligand but structural proof is
lacking at present (ref. 556).

As 1s the case with [RhCl(CO)Z]Z, [RhCl(COD)]2 and related diolefin

complexes continue to be popular starting points for the synthesis of
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low-valent rhodium complexes. Reaction of the COD complex with K[05H3—
(PPhMe2)3] in THF forms [(COD)Rh(u-H)3Os(PPhMe2)3] which reacts further

L3
H Os —H
1t
Il\\ \
(COD)Rh /c\ /Rh
4 ~
o) \o

with carbon dioxide to yield [324] (L = PPhMez), water and [Ost(CO)—
(PPhMez)z]. A labelling study with 1BCO2 indicates that the carbonyl

ligand in {Ost(CO)(PPhMeZ)Z] 18 derived from carbon dioxide (ref. 557).
Work related to that described in ref. 482, 1s outlined in Scheme LV in

% o ut
(SRR LALIN [ofs) NN
Ru Rh(COD)| BF, ———» Ru Rh—CO
P,/ |\Cl, & OC/| \Cl/[ €O BF,
R P\/P
HBF,
P P e
Ho | _Cl_ | [R ] ’ A
< LB hCUCODY, PLNIPLIN
P/R‘u\“-—-;RMCOD) R e e lCOD)Rh\c/Ru\ — Rh{COD
Vo T
F F‘2'\/%
cl lCuCl
\
Cu
7
R
oL ag
Ru Rh{COD}
R
/e
P H
~ rd =
P’R|u‘_ﬂ_;cuCI
\-P

Scheme LV
which the ligand used is DPM (ref. 558). Addition of bisg(3-dimethylphos-

phinopropyl) tert-butylphosphine (L3) to [RhCl(COD)]2 forms [RhCl(LS)] which
causes the disproportionation of carbon dioxide with formation of mer-
[RhCl(OZCO)(L3)] and carbon monoxide (ref. 559) while [Rh(COD)Z]BFl. and
2,2'5,5"'-tetrahydro-3,3',4,4'-tetramethyl-1,1'-biphosphole form [325). The
structure determination showed the {haPA} skeleton adopts a chair confor-
mation and the observed fluxionality was interpreted to result from a

chair~to~chair inversion process (ref. 560).
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(cod) Rh Rh(cod) (BF, 1,

[325}

Reaction of [RhCl(Lz)]2 (L2 = COD, NBD, TFB, MesTFB, duroquinone} with
[cpCo(P(O)Etz)al' in refluxing hexane forms [326] and the analog with L,

Et,
P——0
/Eiz \

cpCo P—— O0——Rh(L,)
Etp
pP—o
[326]

(0234)2 can be prepared similarly at room temperature. When L2 = COh, NBD,
TFB, HeBTFB, the diolefin can be replaced by two carbonyl ligands and the
reaction can be reversed on addition of the appropriate diclefin. On
standing in solutfon, the dicarbonyl complex loses one carbonyl ligand with
the formation of [327] (ref. 561). In acetonitrile (Ph4P)2[W54] reacts

EPtz o Ets
_ O—=P
cpC/—EPt?"‘" \ / \ / -“‘“[-I:Dt2>Cocp
ey
\p---o/ Q"/ \o:__-:P/
Ety Et,
[327]

with [RhCl(COD)]2 te form [(COD)Rh(u-SZWSZ)Rh(COD)]. This reacts further
with (PhéP)Z[WSb} to give (PhaP)[Rh(WSA)(COD)] and with phosphine liganda
to yield [LZRh(u-Szwsz)RhLZ] (L = PPhB; L2 = DPPE), In the triphenylphos-
phine complex one phosphine on each rhodium can be replaced by carbon
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monoxide while addition of bis{diphenylphosphino)acetylene to [(COD)Rh(u~
52W52)Rh(COD)] forms {(COD)Rh(u—SZWSZ)Rh(u—thPCECPth)ZRh(u—Szwsz)Rh—
(COD)]. The complexes [(COD)Ir(u—SZWSZ)Ir(COD)] and [(COD)Rh(u—SZMoSZ)Rh-
(COD)] were also prepared but the latter proved to be rather unstable
(refs. 562, 562a). Dithiophosphate complexes of rhodium formulated as
[Rh(SzP(OR)z)(COD)} can be synthesized from [RhCl(COD)]Z and two equiva-
lents of M[SZP(OR)Z] (M = Na; R = Et, Prn. M = NH4+; R = Pri; (OR)2 =
OCHZCMeZCHZO, OCHMeCH,CMe 0, OCMeZCHeZO) (ref. 563). Lithium benzothia-

zole-2~thiolate reactf 1n2diethyl ether with [RhCl(COD)I2 to form a flux-
ional species formulated as [ha(COD)z(u—C7H4N52)]. This adds silver per-
chlorate with the formation of [328] in which the perchlorate on silver can
be replaced by triphenylphosphine. Analogs of [328] formulated as [ha-

(COD)Z(p-C7H4NSZ)2(MC1)] (M = Cu, Ag) with presumably the same structure

o2)

[328]

can be prepared in sfmilar fashion (ref. 564). While l~-diphenylphosphino~
2-methylthiocethane (LZ) displaces both COD ligands from [Rh(COD)Z]BF4 to
give [Rh(LZ)Z]BFA'HZO’ 2-thienyldiphenylphosphine (L) coordinates only
through phosphorus and the product is [Rh(COD)(L)z]BFa. The source of the
water in the former complex is unknown (ref. 565).

The complexes [MC1(L)(COD)] and [M(COD)L2]+ (M = Rh, Ir; L = P(o-
anisy1)3, P(g-anisyl)Mez, P(g-anisyl)ZMe, P(g—anisyl)th, P(Q-MezNC6H4)Ph2,
P(g-PriocﬁHa)th) have been prepared by standard routes but only in the
cage of P(g-MeZNC6H4)Ph2 is chelation of the ligand observed. The COD
ligand could be displaced by carbon monoxide but not by other phosphines
(ref. 566). The 1igands [329] and [330] have been studied in an effort to
caugse oxidative addition of a nitrogen-hydrogen bond to a metal. When
reacted with [MCl(COD)]2 (M = Rh, Ir) they coordinate only through phos-
phorus and form [MC1(COD)L]. No oxidative addition occurred but the
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PPh, PPh,
:—C—Ph C— N—Ph
| -
o 0
[329] [330]

nitrogen could be deprotonated by a mixture of DABCO and sodium carbonate
whereby the resulting amido group displaced chloride to form chelate com-
plexes. With [M(COD)(THF),]C10, (M = Rh, Ir) [329] and [330] formed [331]
and [332] respectively in which the ligands have tautomerized to the iminol

Phy Pho
/,//’P P
(COD)M (COD)M
N N—
C Ph OH
o~ en

[331] [332]

form. Again no oxidative addition was seen. For M = Rh, the coordinated
nitrogen in [331] and ([332] can be displaced from the metal by aceto-
nitrile. The only 1instance in which oxidative addition of the nitrogen-
hydrogen bond appeared to occur was when [329] was reacted with [IrClLZ] (L
= PPh3, AsPh3; L2

The product was formulated as [IrHCle(fﬁh)] and two isomers of uncertain

= DPPE) which was prepared in situ from [IrCl(cyoct)Z]Z.
stereochemistry were obtained {(ref. 567). Benzene solutions of [RhCl-

(COD)]2 react with 2,6-dfallylpyridine to form [333] in which the counter~
ion can be replaced by [CuClz]- on reaction with [CuCl(SMez)]. The same

[rRhCI{CcOD)]

T —

[333]

cation as its perchlorate salt can be prepared from [Rh(COD)Sx]CIO4 (S =
acetone) while reaction of the diallylpyridine with [RhCl(cyoct)2]2 forms a
species of empirical formula [RhC1(DAP)] whose degree of association is un-
known. This can be converted to [RhC1(L)(DAP)] (L = CO, PPha) on reaction
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with the appropriate ligand (ref. 568). Successive reaction of [RhCl-
(COD)]2 with diazadienes and sodium perchlorate or hexafluorophosphate in
methanol forms [Rh(COD) (RN=CR'CR'=NR)]X (R = ¢y, Ph; R' = H. R = NHZ; R' =
Me. X = C104, PFG) from which [Rth(RN=CR'CR'=NR)L2]X X = ClOa, PF L=
PPh R =cy, H; R' = H, R = NHZ; R' = Me, L = PthMe, PEt

6°
33 33 R=cy, R" =
H) can be obtailned on successive reaction with the phosphine and dihydrogen
(ref. 569). The absolute configuration of [334], prepared from [RhCl-

(COD)]2 and the sodium salt of the ligand, has been determined by x-ray

—~3
N
/
(COD)Rh
CH
g
N
<
Ph//g“'Me
H
[334]

crystallography. The complex forms a catalyst for the asymmetric hydro-
silylation of acetophenone (ref. 570).

The 3,4,5,6,7,8-hexamethyl and 4,7-dichloro derivatives of ophen (LZ)
react with [MCl(COD)]2 (M = Rh, Ir) to form [M(COD)(LZ)}CI in which the
COD can be replaced by two carbonyl ligands. With the 2,9-dimethyl and
2,9-dimethyl-4,7-diphenyl derivatives of ophen however the products are
[MCl(COD)(Lz)] (ref. 571). Complexes of the same formula (M = Rh) are also
formed with ethylenediamine, 1,3- and 1,2-diaminopropane and 1,2-diphenyl-
l1,2-diaminoethane but with N,N'-dimethyl- or N,N-dimethylethylenediamine or
TMEDA the products are [Rh(COD)(Lz)][Rh(COD)Clz] (ref. 572). Addition of
Hdipy to [M(LZ)(acetone)x]Cloa (M = Rh; L2 = COD, NBD, TFB. M = Ir; L2 =
COD) forms [M(LZ)(Hdipy)]C104 in which the 1ligand coordinates via the
pyridyl nitrogen atoms and in which the diolefin can be replaced by two
carbonyl ligands (M = Rh; L2 = NBD. M = Ir; L2 = COD). Deprotonation of
the amine nitrogen atom {imn [M(Lz)(Hdipy)]Clo4 occurs on reaction with
potassium hydroxide in methanol to form [M(Lz)(dipy)] and the starting
cation can be regenerated with tetrafluoroboric acid. Direct formation of
[M(LZ)(dipy)] (M = Rh; L2 = COD, TFB, NED. M = Ir; LZ = COD, TFB) occurs
on reaction of [MCl(Lz)]2 with the lithium salt of the ligand (ref. 573).

A mixture of [RhCl(LZ)]2 (L2 = COD, NBD, TFB) and NH, bpt in methanol/

2
dichloromethane containing potassium hydroxide forms {Rh(Nprt)(Lz)]
([335]) which can be protonated with perchloric acid to yield [Rh(Nszpt)-
(Lz)]Cloa. The last can also be obtained directly from the neutral ligand

and [Rh(Lz)(acetone)x]Cloa (ref. 574). The complexes [MZ(LZ)Z(u-tz)Z]
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(M = Rh; 1, = COD, NBD, TFB, Me,TFB, M = Ir; L, = COD) are formed from
[MCl(Lz)]2 and the triazole in wmethanol containing triethylamine (M = Rh)
or potassium hydroxide (M = Ir), Conversion of [Mz(co)t.(“'")?_] oceurs on
reaction with carbon monoxide. Addition of one mol of [Rhc1(00)2]2 to [M2-
(Lz’z(“"")zl (M = Rh; L2 = COD, (CO)Z' M = Pd; L2 = n3-ally1) forms [336]

and analogs with {M'C1(COD)} (M ' = Rk, Ir) in place of the {RhCl(CO)z}

Ct=Rh = CO

C
(o]
[336]
moleties can be prepared gimilarly (M = Rh; L2 = COD, (co)z). With two

mols of [RhCl(CO)2]2 in this reactionm [337] (Y = C1. M = Rh; L2 = COD,
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NBD, TFB, (CO)Z. M= Ir; L2 = COD. M = Pd; L2 = n3—a11y1) is formed (ref.
575). Formation of [Rh(Onapy)(Lz)]n (n = 1; L2 = COD. n = 2; L2 = NBD,
TFB) occurs on reaction of [RhCl(Lz)]2 with HOnapy and potassium hydroxide
in methanol. The structure of the dimeric NBD complex is shown at the

upper left of Scheme LVI and further chemistry of this complex 1s shown

- S ) ST
\) //”/—l T Q\X:\‘//N/

N\H/N a
-~ Ah ™~
AY A

P C c P c c
e, © % e, m AN o >

1) €o. 41) [Rh(CO)z(acetone)x]+. 111) COD. iv) [Rh(CO)(PPh,),-
(acetone)]+.

Scheme LVI

here also (ref. 576).

The metallophosphine [che(n6—C6MeSCH2PPh2)]PFG(L') cleaves the bridge
in [RhCl(Lz)]2 (L2 = COD, Me3TFB) to form [RhCl(Lz)(L')]PF6 in which the
diolefin can be replaced with carbon monoxide giving Eig—[RhCl(CO)Z(L')]-
PF6. Electrochemical studies on these complexes indicate that the initial
one-electron reduction occurs at iron and is followed by electron transfer
from iron to rhodium. Rhodium hydride species are possibly formed here tco
(ref. 577). The complexes [Rh(COD)(L)] (L = various halogenated B8-oxo-
quinolinates) have been prepared by standard routes and the COD ligand
replaced by two carbonyl or triphenylphosphite ligands. Oxidative addition
reactions with halogens and methyl iodide were also performed (ref. 578).

Tested syntheses of [H(OMe)(Lz)]2 (M = Rh, Ir; L, = COD. M = Rh; L, = TFB,

2 2
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He3TFB) and [Rh(OH)(COD)]2 are now available (ref. 579). Some chemistry of
rhodium pyrazole and pyrazolate complexes is outlined in Schemes LVII and

LVITI. Apalogs of some of the products with 3,5-Me2sz were also prepared

[cp'RACL, (Hpz) ] —2 5 [ep'RBC1(p-C1) (y-pz)Rh (TFB) ]
c b
d [epRRC1 (u-C1) (u-pz)Rh(CO), ]

[cp'Rh(sz)(u—Cl)th(TFB)]0104 [CPZ'RhZClb] + {ha(CO)A(u-pz)Z]

a) [Rh(acac)(TFB)], acetone. b) CO, «¢) [RhCI(CO)Z]Z, acetone,
d) [Rh(TFB)(acetone)x]Cloa.

Scheme LVII

[ep'RhCl(acac)] ———EL—4>[cp'RhCl(u-Pz)ZRhL']
d lb
e [cp'Rhc1(u-pz)2Rh(c0)2]
[
[cp'Rh(L)(u-Pz)th(TFB)]CIOA [cp'RhCl(u-pz)th(CO)(L)]

a) [Rh(L')(Hpz)]C10, (L' = TFB, COD), KOH, acetome, b) CO.
¢) L(= Bu®Nc, PPh,). d) AgCl0, (L' = TFB). e) L(= py, MeCN, Hpz).

Scheme LVIII

(ref. 580). Lithium pyridine-2-thiolate and [RhCl(TFB)]2 in diethyl ether
form [338] which on successive reaction with [Rh(TFB)(acetone)x]CIO and

@ |

s
(TFB)Rh—""

s//Rh(TFB)

N

<::> [338]

then carbon monoxide forms [Rh3(CO)6(u-SC H N)2]CIO

sH, whose cation has the
structure [339] (ref. 581).

4
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In a prodigous paper the synthesis and properties of a variety of homo-
and heterobimetallic, COT-bridged complexes are described. The previously
prepared complexes Ichh(u~n4,n4-COT)Rh(NBD)]BFa and [(OC)BFe(u-n3,n5-
COT)Rh(NBD)]BF4 have been shown to have the structures [340] and [341]

[341]

respectively. In the former, the {cpRh} moiety is considered to form a
donor electron pair bond to the other metal and this is supported by the
103Rh NMR spectrum. Addition of [cp'M(acetone)3](BF4)2 (M = Rh, Ir) to
[epM'{(COT)] (M' = Co, Rh) forms [cp'M(u—COT)M'cp](BF4)2 (M = Rh; M' = Co,

Rh. M = Ir; M' = Rh) in which the COT ligand is fluxional. Reduction of
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the dirhodium complex with sodium amalgam forms the neutral species as a

mixture of noninterconverting diastereomers ({342a,b]) each of which is

R

, \ ——Rh
Y % o

[3424d] [3421]

fluxional by interconversion to its enantiomer. In the dicationic com-
plexes the 103Rh chemical shifts are at quite high field possibly due to a
delocalization of the positive charge onto the COT ligand. Also in the
dirhodium complex there is a large chemical shift difference between the
non-equivalent rhodium atoms although it is not as large as in [340]. The
explanation for this is as yet uncertain. In similar fashion, [cpRu-
(MeCN)3]+ and [cpM(COT)] react to form [chu(u—COT)Mcp]+ (M = Co, Rh) while
[epRh(COT)] and [RhC1<C2H4)2]2 in pentane yield [343] which is converted to
[344] by thallium cyclopentadienide at -80°C in dichloromethane. Like

-

/ A\

N Rh—— Rh

CpRh/| nn/ N \
A & @
(343] [344]

[342], [344] 1is fluxional via interconversion between enantiomers. It can
be oxidized to [cpzkhz(u-COT)](BFl')2 with silver tetrafluoroborate and
regeneration of [344] from the latter can be achieved with sodium amalgam.
If the reaction of [343] with thallium cyclopentadienide 1s performed at
room temperature, the product 1s [345] which can be oxidized to [346] by

G

Rh Rh
/ N\
= z_%% ’ 7
Rh Rh*
&> &
[345) [346]
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silver tetrafluoroborate. Other reactions of [343] include conversion to

[340] by reaction with silver tetrafluoroborate and NBD, to {347] by

[347]
bis(indenyl)magnesium, to [chh(u—nA,nA-COT)Rh(acac)] by potassium carbon-
ate and acetylacetone and to [(n6—C6Me6)Rh(u—n4,nA—COT)Rhcp]BFA by hexa-
methylbenzene and triphenylmethyl tetrafluoroborate. The structures of the
last two species are presumed to be analogous to that of [347] (ref. 582).
The reaction of [Rh{(SQ)(COD)] with an excess of triethylarsine has been
studied by variable temperature EPR spectroscopy. At low temperature a new
spectrum attributed to [Rh(SQ)(AsEt3)(C0D)] is seen which 1is also inter-
preted to indicate significant unpaired electron density on the metal.
Since the parent complex has the unpaired electron 997 localized on the 5Q
ligand, this suggests metal-to-~ligand charge transfer has occurred on
adduct formation and the product is formulated as a Rh(II) catecholate
complex (ref. 583). NMR studies on [348] (M = R, Ir) show that rotation of
the fulvalene ligand occurs and this is faster in the iridium complex. It

is thought that [349] may contribute more to the description of the bonding

®
CPh, CPh;

cio, Clo,
| ©
M (COD) M(COD)

[348] [349]

in the latter (ref. 584).

Reaction of the appropriate enamide with [IrCl(C2H6)2]2 forms a 2:1
mixcure of [350] and [351] (R = (R)-menthyl) but if [IrCl(C2H4)2]2 is first
treated with silver tetrafluoroborate then only [350] is obtained. This
latter route also affords only [351] when R = (S)-menthyl. CHIRAPHOS
rapidly replaces one enamide ligand in [350] (R = (R)-menthyl) at -70°C in
dichloromethane but with {351] (R = (S)-menthyl) the reaction is slow even
at -10°C. The products obtained are [352] and [353] respectively and the
latter converts to the former on warming to 0°C. This indicates that [353]
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[(350] [351]

is metastable and as the rhodium analog d1s 1isostructural this
obgervation is taken to counfirm that the metastable enamide complex is the
active form in rhodium-catalyzed asymmetric hydrogenations as was proposed
earlier by Halpern. It was further found that mixing rac~CHIRAPHOS with

e Me
M Phy O
Ph 0 e. P‘\ 01//
Me., Ir NH
N
Mé P ‘
Ph Ph
e th 2
[352] [353]

[350] at -70°C in dichloromethane, warming to -55°C for 15 min and to -20°C
for 24 hours followed by addition of [Rh(NBD)Z]BF4 gave a system which
catalyzed the hydrogenation of methyl-(Z)-a-acetamidocinnamate with 87%
selectivity to the (S)-product. A similar sequence with [351] afforded
89.52 of the (R)-product. Since the catalyst formed from [Rh(NBD)Z]BF4 and
(5,5)-CHIRAPHOS gives a 907 yield of the (R)-product it appears that the
iridium system has effected a kinetic resolution of the diphosphine (ref.
585)., Addition of indenyl potassium to [IrCl(C )4] (prepared in situ
from [IrCl(cyoct)Z]Z) forms [(n -C H )Ir(CZH4)2] which is converted to
[(n -C )Ir(CO) ] by carbon monoxide in hexane Removal of excess carbon
monoxide followed by addition of more {(n _09H7)II(CZH4)2] and heating at
reflux forms {(n C9H7)21r2(co) (p=C0)]. Addition of [Pt(C2 )Z(Pcy3)] to
a diethyl ether solution of [(ns—C9 7)Ir(C0)2] forms [354] (R = -C H )
which can be protonated by tetrafluoroboric acid to give [355] (ref. 586)

co co R Pcy
| I \ co I/ 3
R Ir Pt Pcy, BF,
>~ 7 N
VRN
ocC R | R _
(354] [355]
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Dimethylmaleate adds to [Ir(Me)(CO)(PPh3)2] to form a five-coordinate
adduct in which the methyl and carbonyl ligands are axial in the trigonal
bipyramidal structure (ref, 587). Four mols of triisopropylphosphine (L)

in benzene convert [IrCl(cyoct) to [IrCle] and when the solution is

]
2°2
refluxed a 1:2 mixture of [356] and [357] form. Complex [357] is converted
to [356] on reaction with dihydrogen and carbonylation of the original

mixture forms [358] and [359]. Since isolated [357] does not convert to

L L
| l LH
cr—1rY cl Iri
‘ H ‘ Ph
L L
{3586] [357]
L L
H H
! \\\\‘ \\\\\
C Ci Ir Ph
2 | oc? |
L
[358] [359]

[356] in refluxing benzene, it 1s evidently not a precursor to the latter.
Insight into the course of the reaction was obtained by carrying it out in
deuterobenzene whereupon the products were {IrCleLz} and [TIrCl(D)~

DS)LZ]' The dihydride therefore appears to arise from a reactlon of
[IrCle] with the c¢cyclooctene present in the solution (ref. 588)., At room

temperature, hexane solutions of [IrCl(cyoct) react with four equiva-

]
2°2
lents of bis(bis(trimethylsilyl)amido)germanium to form [360] which on

addition of more germanium reagent and carbon monoxide gives [361] (R =

cl
RoN_ |
R2 \ / SlMe z \Ge/NE ]
Me,Si—CH : f _SiMe,
RZN , 21!/ \l /CHZ OC\“/CH2
\ //' /” oc | N H
\ Ge(NRz)z b
NRZ ct e(NRy),
[360] [361]

Me351). This contrasts with the behavior of the analogous tin compounds
towards rhodium where the product is [RhCl(Sn(NRz)z)z}2 (J. Chem. Soc.,
Chem. Commun., (1985)1592) (ref. 589).
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In work related to that described in ref. 567, the complexes [MC1(COD)L]
(M = Rh, Ir; L = thP(g—C6H4NHR) (R = Et, bz)) were synthesized from
[MCl(COD)]z. Chloride abstraction from the iridium complexes with silver
perchlorate formed the cations [362] (R = Et has same structure) and

heating [362] (R = bz only) converts it to [363]. No oxidative addition of

H o Phy
U
/ e I
\[r/ I/’IH
NN
7,
HY  CH,Ph
[362] [363]

the nitrogen-hydrogen bond to the metal occurs presumably because of the

presence of the electron~withdrawing COD 1ligand but 1if the ligands are

added to [IrCl(cyoct)z]z, this reaction does occur (ref. 590). Ethanol

solutions of [IrCl(COD)]2 and cyttp form [364] (L = Cl) which reacts with

thallium tetrafluorocborate in acetonitrile to yield both [364] (L = MeCN)

and [365] (L = MeCN). Carbonylation of this mixture quantitatively forms
H

/;’TPCQ (/P§1r“———-H
Ir l
L

(e ¢ | PCYz
4
L
[364] [365]

[365] (L =~ CO) which could also be prepared directly from [364] (L = Cl),
carbon monoxide and thallium tetrafluoroborate but im only 407 yield.
Conformation [364] (L = Cl) appears to persist in solution on the basis of
NOE experiments (ref. 591).

In THF solution, [IrCl(COD)]2 reacts with Li[M(CO)a(PPhZH)(PPhZ)] M =
Cr, Mo, W) ylelding [(0C) M(W-PPh,),TrH(COD)] while with L1,[W(CO),(PPh,),]
the product 1s Li[(0C),W(w-PPh,)),Tr(COD)] and with L1[Fe(CO),(PPh,),],
Li[(OC)3F;z;:;;;;$;?r(COD)] results. Although the last 1s formed in high
yield in solution, the 1isclated yield 1s lower due to the formation of
impurities in the process, The [(OC)aﬁ?;:;;EZSZTr(COD)]- ion behaves asri
nucleophile at iridium and with methyl iodide or acetic acid forms [(0C4W—
(u~PPh

tively unreactive at iridium presumably because they contain iridium(IITI)

2)21r(R)(C0D)] (R = Me, H respectively). These specles are rela-~

but under 1000 psi of carbon monoxide at 110°C the hydride complex forms
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 pas—— | eam——
[(OC)AW(u—PPh IrH(CO)Z]. Also, Li[(OC)3Fe(u—PPh2)2Ir(COD)] reacts with

)
criphenylphosihine under 80 psi of syngas to form [(OC)3Fe(u-PPh2)ZIrH(C0)—
(PPh3)] (ref. 592). Reaction of [IrCl(COD)]2 with methyllithtum forms
[IrZ(COD)Z(“_CHZ)Z] which adds diphenylacetylene to yield [366]. On the

Ph
Ph (

[366]

other hand, 1if methyllithium is added to a mixture of [IrCl(COD)]2 and
diphenylacetylene the products are [367], [(ns—Ph6C6H)Ir(C0D)] and [(ns—

PhécGMe)Ir(COD)] (ref. 593). Proton abstraction from RNHCH=KR (R = p-tolyl)

Ph
Ph CH,—Ph
1 2
{cod)Ir @
CH,
(367]

with potassium tert-butoxide 1in toluene followed by addition of [IrCl-
(COD)]2 forms [368] while 1f tert-butyl alcohol is also added, the product
is [369] (ref. 594).

R c R
/N{_">N\ /N\
(COD)Ir Ir(COD) (COD)Ir Ir(COD)
NI=~——= 'N// N>~ -
R —c— R R ¢~ R
H H
[368] [369]

Exposure of dichloromethane solutions of the red form of [IrCl(COD)]2 to
alr forms a product now shown to be [IrzClz(COD)Z(u-OH)z(p-O)] rather than
[Ir2C12(COD)2(u~OH)2] as originally proposed. A more efficient synthesis
can be achieved by bubbling dioxygen through the solution. Although the
hydroxyl hydrogen atoms were not located crystallographically, their
presence 1is indicated by the infrared spectrum. Thus the dimer contains

iridium(IIIl) rather than iridium(II) as in the original proposal (ref.
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595). Iodine reacts with [Ir(OMe)(COD)]2 in dichloromethane to form
llrzlz(“_I)Z(COD)Z] which on subsequent treatment with silver acetate glves
a low yield of [Ir3(1rI)(u3-0)2(COD)3] plus other unidentified products.
The characterized complex is an unusual example of a bi-oxo-capped cluster
of a Group VIII metal (ref. 596). In related work, [Ir(OMe)(LZ)]2 (L2

COD, TFB) reacts with phosphine ligands in methanol to form [IrH(Lz)L'z]
(L' = PPhy; L',
hydrogenation of cyclohexanone via hydrogen transfer from isopropamol. In

= DPPE, DPPP) which are moderately active catalysts for the

ethanol, [Ir(OEt)(COD)]2 reacts with triphenylphosphine with the formation
of [IrH(COD)(PPh3)2
analog required reaction of [IrCI(COD)]2 with the ligand and sodium meth-

] and acetaldehyde but synthesis of the triphenylarsine

oxide in methanol (ref. 597). Addition of a ligand and triethylsilane to
[Ir(OMe)(COD)]2 forms [Ier(SiEts)(L)(COD)] (L = PPhB, AsPh3) from which
the silane can be displaced by more ligand with concomitant formation of
[ItH(COD)Lz]. The silyl iridium complexes react with ethylene to yield
vinyltriethylsilane and tetraethylsilame in a 45:55 ratio when L = PPh3 but
in a 80:20 ratio when L = AsPh3 (ref. 598).

Tested syntheses of [Ir(COD)(Py)(L)]PF6 (L = py, Pcy3) are now available
(ref, 599), Hydrogenation of [Ir(COD)LZ]PF6 (L = PEta. PMeZPh, PMePhZ) in
ethanol at 0°C followed by reaction with [cpZWHZ] forms a mixture of [370]
and [IrHZ(COD)LZ]PF6 possibly via [371) and [372] as intermediates. The

Hy A= ° A Qe

N\ e lrmHa H\IIJH\’ L\, .-*‘“H\’

L/ \H/y H/I\H/@ L/ \H/@

L
[370] [371] [(372]
tricyclohexylphosphine analog of [370] can be prepared similarly from
[Iercl(Pcy3)2] in the presence of silver tetrafluoroborate and here the
second product is [IrHS(PCYS)Z]’ a species which can also be synthesized
from [IrH2(acetone)z(Pcy3)2]3F4 and hydrogen in the presence of ethyldiiso-~
propylamine (ref. 600). An example of the cleavage and reformstion of
carbon-carbon bonds at iridium is found in the reaction of [Ier(acetone)z-
L,J8bF, (L = P(p-FC.H,),
dimethylcyclopentane containing tert-butylethylene as a hydrogen acceptor

)} with substituted cyclopentanes. In neat 1,1-

the iridium complex reacts at 150°C to form [373]. Heating this complex at
150°C in 1,1-dimethylcyclopentane or as & solid at 145°C for a longer time
.converts it to [(cpMe)Ir(He)L ]SbF Direct reaction of [IrH (acetone)z-
L ]SbF with l-methyl-l-ethylcyclopenta-Z &-diene yields [374] plus a minor
amount of [375] and on heating this mixture, [(n -CS 4Et)1r(Me)L ]SbF is
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SbFg
—H—1ri,
Me., Et
it/
SbFg
—_1r L2
[374] [375]

obtained indicating it is the endo alkyl group which transfers to the
metal. Heating [376] forms [377] plus [378] which is proposed to occur as

* Et * Et *
Et
Irl, O Ir(H)L, O Ir(H)L;
Et
[378) [377) [378]

shown in Scheme LIX., The feasibility of the back-transfer of the ethyl

group to the ring proposed in the second step was demonstrated by heating

[376] [377]

! T

Et +

i
C Ir(Et)L;

Scheme LIX

[cpIr(Et:)Lz]SbF6 whereupon [(nS—C5H4Et)IrHL2]SbF6 was formed. That no
products from the B-elimination process for the ethyl group were detected
indicated that no dissociation of the cyclopentadienyl group or the phos-
phine ligand occurred (ref. 601).

Several diketones react with [IrCl(LZ)]2 (L2 = TFB, Me3TFB) in the
presence of base to form [Ir(dike) (L2)] (dike = l-phenylbutan-1,3-dionate,

1,3~-diphenylpropan-~1,3~dionate), These add one molecule of ophen or bipy
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to form five coordinate complexes 1in which the diketonate 1ligands are
monodentate and bonded via the central carbon atom (ref. 602), Photolysis
of [cpIr(C2H4)2] in an argon matrix forms [379] together with a minor
amount of [380]. The formation of these products is unaffected by the

Cp Cp
1| 1I
I r
7 i i
H Hoc™ M
[379] [380]

presence of ethylene in the matrix but now some [cpIr(Czﬂa)] also appears
to form. The same two products together with [cpIr(CzHA)(NZ)] are seen in
dinitrogen matrices while in a carbon monoxide matrix [379] still forms but
much less [380] and [cpIr(Czﬂa)] are seen and [cpIt(CO)Z], [cpIr(CO)(CZH4)]
and [cpIrH(CH-CH2)(CO)] also appear (ref. 603). Electrochemical studies on
[Irz(COD)Z(u—pz)zl show two oxidation steps in dichloromethane, the first
of which 1s quasi-reversible and the second of which is irreversible unless
water 1is present. Bulk electrolysis at a potential slightly more positive
than the first wave mentioned above produces a two-electron oxidation and
forms what is thought to be an oxidative addition product with dichloro-
methane. In acetonitrile only a single, two-electron oxidation step is
seen and it was concluded that the details of the behavior of the complex
in the cyclic voltammetric experiment are very sensitive to the presence of
potential ligands in the system (ref. 604).

A substantial number of papers on asymmetric hydrogenation and related
reactions has appeared again this year. These are largely devoted to the
use of proven catalyst systems on new substrates or to the testing of com-
plexes of new ligands on standard substrates (usually (Z)-a-acetamidocin-
namic acid and its methyl ester but 1itaconic acid often 1is used). The
complex [Rh(COD)(LZ)]+ (L2 = (R)-PROPHOS) catalyzes the asymmetric hydro-
genation of (Z)-N-a-lL-aspartyl-A-~phenylalanine methyl ester to (L,L)-aspar-
tame with 907 selectivity (ref. 605) but it and analogs with L, = (=)=
NORPHOS or BPPFA were only moderately selective in the hydrogenation of
prochiral olefins by hydrogen transfer from aqueous formic acid (ref. 606).
The same three complexes fogether with analogs with L, = (S,S)-CHIRAPHOS or
DIOP gave varying results in catalysis of the hydrogenation of crotonic
acid derivatives., The best was the (~)-NORPHOS complex with (Z)-a-acetyl-
amino-2-butenoic acid where a 91.47 enantiomeric excess was achieved (ref.
607). On the other hand, ([Rh(NBD) (LZ)]+ (L2 = (S,S)-CHIRAPHOS, {(R)=-PRO~
PHOS, DIOP) gave only moderate optical yields when used to catalyze the
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hydrogenation of prochiral ketones by hydrogen transfer from isopropanol.
Treatment with base was required and a significant induction time was
observed to generate the active catalyst (ref. 608). Addition of the
monodentate DIOP complex [cpMn(CO)Z(DIOP)] to [RhCl(COD)]2 (Mn:Rh = 1:1)
generates a catalyst for asymmetric hydrogenation of standard substrates
that gives optical yields of 75-807 (ref. 609). A DIOP analog having
m-tolyl substituents on phosphorus has been synthesized and used to prepare
the usual rhodium~based catalyst systems but no information appears 1in the
abstract on their effectiveness (ref. 610). Also explored were the com=-
plexes (—)—[Rh(NBD)(Lz)]PF6 (L2 = [Su(R*,R*)]-g-bis(methylphenylphosphino)~
benzene and its arsenic analog). With standard substrates hydrogenation
proceeded to give 50-957 optical yilelds and these were generally improved
if triethylamine was present. Hydrogenation of the phosphine complex 1in

the absence of substrate formed [381] while the arsine analog formed
Ph

Me Ph

[381]

metallic rhodium under the same conditions and the meso-phosphine complex

yielded [382]. Addition of methyl-(Z)-G-acetamidocinnamate (MAC) to [382]

RS20 M

[382]

formed (t)—[Rh(Lz)(MAC)}+ as a mixture of dilastereomers and as Halpern has

Ph

previously shown for related systems, the minor diastereomer appears to
yield the major chiral product on hydrogenation (ref. 611).

The ligande [383] (R = Me, bz, PhC(0), CHO, ButOC(O), Me(OCHZCHz)n—
OCHZC(O) (n fFI,B), HOZC(CH2)3C(O), (EtO)3Si(CH2)3NHC(O)C6H4C(O))(Lz) form
[Rh(COD)(Lz)] which effectively catalyze the asymmetric hydrogenation of
standard substrates. The siloxy-substituted complex could be attached to a

silica surface and the high selectivity was retained by the supported
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catalyst. When R = Me the rhodium complex could be methylated further with

trimethyloxonium tetrafluoroborate to form [384] which functioned as an

[ B 2+
Phz
PhoP., /P'.,,
'l,, I,/ CH
NR Rh N(: 3
\ CHs;
PhzP P
Phy
- . (BF4)2
[383] [384]

effective, water soluble catalyst for the asymmetric hydrogenation of
sodium oa-acetylaminocinnamate (refs. 612-614), Other [Rh(diene)(Lz)]+
(diene = COD, NBD; L = [385]; L, = [386]. R = (-)-(1R,3R,4S)-menthyl. X =
o) 0}
RoP RaP
o) X
cl RaP
O
[385] [386]
0, NPh) complexes have been tested as hydrogenation catalysts. The former
ligand 1s ineffective but the latter affords optical yields of up to 602
(ref. 615). Further ligands investigated which form analogous rhodium
complexes for chiral hydrogenation catalysis are [387] and [388] (R =
E'N303SC6H4) which are effective in aqueous ethyl acetate. The latter

H
‘ CH,PR, Me Me
K o H
=— CH2PR;
H RoP PR
H
[387] [388]

gives better optical ylelds (ref. 616). Others are the aminophosphites
[389] (R = Me; R' = Me, Et. R = Pri, Bul, Bu®, Ph, bz; R' = Me), [390] (R
= Ph, cy) end [391] (R = OEt, NHBu", O(CH,),0Et). Here, [389] gives
optical yields of ca 857 with olefins and ca 507 with prochiral ketones
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CH,OPPN,

[390] [391]

hydrosilylation of acetophenone with diphenylsilane but in most instances
the optical yields were low (refs. 617-619). A final ketone hydrosilyla-
tion catalyst precursor 1s [Rh(NBD)(LZ)]Clo4 (L2 = (R)-o-(1-dimethylamino~
ethyl)phenyldi-tert-butylphosphine) and while chemical yields were reason-
able no optical induction was observed (ref. 620).

The ligands [392] (R = CN, CHZNHZ) were used In a ligand:metal ratio of

I1:1 with [RhCl(cyoct)2]2 to form a catalyst precursor for asymmetric
O
/

R

PhyP o

O#/ Me
Me
[392]

hydrogenation of standard substrates and high optical ylelds were obtained
with R = CN (ref. 621). Other effective systems using [Rh(COD)(LZ)]+ are

those with L2 = (8)- or (R)-PheNOP (ref. 622), [393], [394] and diphos-
phines derived from 1,2-O-isopropylidene-D-glycerol (refs. 623, 624).
O
><O o) Pho PO o OMe
OPPhy
o]

o) f393] o 0O [394]
+ .
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The carbon-carbon double bond 1in monodehydro Leu-enkephalin can be
hydrogenated to give a 937 yield of the (S)-product with [Rh(COD) (DIPAMP)]-
BF, and 68Z of the (R)-product with [Rh(COD)C1(BPPM)] (ref. 625). The
asymmetric transfer hydrogenation of ketones by isopropanol can be cata-
lyzed by [M(COD)(BDPOP)]+ (M = Rh, Ir) in the presence of base. Higher
optical yilelds are achieved with the iridium complex (ref. 626). Mixtures
of [RhCl(COD)]2 and DIOP, (-)-NORPHOS or (~-)-PPM catalyze the asymmetric
hydrosilylation of prochiral oximes by diphenylsilane but the optical
yields are low. At least one aryl substituent on the oxime carbon atom is
necessary for effective catalysis and ketimines appear to be intermediates
(ref. 627). Asymmetric transfer hydrogenation of ketones by isopropanol
occurs under phase transfer conditions in the system [RhCl(l,S—HD)]Z/AMSO/
KOH/Prioﬂ. Using acetophenone optical yields of up to 63% can be achieved
at 457 conversion (ref. 628)., Similar results are obtained using a cata-
lyst prepared from [Ir(acac)(COD)], two mols of menthyldiphenylphosphine or
phenyldimenthylphosphine and tetrafluoroboric acid followed by neutraliza-
tion with potassium hydroxide (ref. 629),

Hydrogenation of monoaryl ketones and aryl aldehydes to the correspond-
ing hydrocarbons can be catalyzed at ambient conditions by [RhCl(l,S—HD)]2
and B-cyclodextrin in THF. It 1is proposed that the substrate forms an
inclusion complex with the cyclodextrin in which the aryl substituent is
protected but the carbonyl group is exposed (ref. 630). An extension of
the borate ester system for the carboxylation of benzylic bromides (see
1984 Annual Survey, J, Organometal, Chem., 305(1986)1, Scheme XLIX) shows
that benzylic and other alkyl halides can be converted to carboxylic esters
by formate esters and carbon monoxide in the presence of [RhCl(l,S—HD)]2
and potassium iodide. Esters of aryl carboxylic acids can be formed from
aryl bromides 1in good yield i1f the catalyst system also contains
{Pd(PPh3)4] (ref. 631). While [Rh(acac)(CZH4)2
(2'-hydroxyethyl)-2-ethylidene~-4,6-heptadiencate from BDN, ethylene oxide

] catalyzes the formation of

and carbon dioxide, palladium complexes form much better catalysts (ref.
632), The aldol reaction between aldehydes and trimethylsilyl enol ethers
can be catalyzed by [Rh(COD)(DPPB)]X (X = 0104, PF6) in dichloromethane or
by [RhA(CO)IZ] in benzene (ref. 633) while [RhCl(COD)]2 and phosphorus
ligands (PPh,, PBu“3
of allenes with but~3-enoic acid. Here, the phosphine complexes give

s P(OPri)B, P(OEt)a) form a catalyst for the coupling

predominantly linear 3,6-dienoic acids while the phosphite complexes
generate primarily branched 3,5-dienoic acids (ref. 634). Reaction of
[RhCl(COD)]2 with [PhZP(CHZ)nSiMeZ]ZO (n = 1-3) or 1,3%,5~tris(2-diphenyl-
rhosphinoethyl)pentamethyl trisiloxane forms complexes presumed to contain

{RhC1(COD) } moieties coordinated to each phosphorus atom that are active
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catalysts for the hydrosilylation of hex~l-ene by triethoxysilane. The
system derived from the trisiloxame 1s the best and is slightly more active
than [RhCl(PPh3)3] (ref. 635).

The complex [RhZClz(COD)z(phenazine)] forms a catalyst for the hydrogen-
ation of olefins and aromatic nitro compounds in DMF (ref. 636) while
[Rn(coD) (1), 17 (L = Ph,P(CH,) S1(0Et), (n = 1,3)), prepared from [Rh(acac)-
(COD)], the ligand and p-toluenesulfonic acid, catalyzes olefin and diene
hydrogenation either in solution or when supported on a silica surface.
The heterogenized system 1s significantly more active (ref. 637). In
4503Na)3
catalyzes the isoprenylation of g-dicarbonyl compounds (ref. 638) while

aqueous methanol a mixture of [RhCL(COD)]2 and excess P(R'CGH

[MCl(COD)]2 (M = Rh, Ir) alone catalyzes the Claisen rearrangement of
thionobenzoates by what 1s proposed to be a metal-assisted, ion-pair
mechanism (ref. 639). The isomerization of 4-trimethylsilylnon-l-ene to a
mixture of E~ and Z-4~trimethylsilylnon-2-ene 1s catalyzed by [RhH(PPha)A],
[M(NBD)(DPPB)]BF4, [M(COD)(PPha)z]PF6 (M = Rh, Ir) and [Ir(COD)(py)(Pcy3)]—
PF6 with the best being [Ir(COD)(PPhB)z]PF6. This gives 977 of the E~
isomer with 1007 conversion at -20°C 1in dichloromethane (ref. 640). A
catalyst prepared in situ from [RhCl(NBD)]2 and triphenyl- or tri-n-butyl-
phosphine (Rh: L = 1:3) mediates the hydroformylation of tropidine and
N-substituted nortropidines. The majority of the product (86-95%7) has the
aldehyde function at the 3-position. Mixtures of [RhA(CO)IZ] or [RhCl-
(NBD)]2 and tri-n-butylphosphine (Rh: L = 1:1) catalyze hydroformylation of
tropidine all the way to the alcohol but with the latter complex and Rh:L =
1:2 the reaction stops at the aldehyde (ref, 641). 1In the presence of
P(CHR(CH,CH,0) Me), (R = H, Me; n = 1-3), [RhCI1(COD)], forms a WGSR
catalyst in aqueous or two-phase systems (ref. 642) while [Rh(COD)(Lz)]PF6
(L2 = bipy, ophen, 2,9-dimethyl or 5,6-dimethyl or 3,4,7,8-tetramethyl
derivatives of ophen) catalyze the polymerization of phenylacetylene to
linear products. The first ligands provide the highest molecular weight
products (ref. 643).

A variety of rhodium complexes including [Rh(acac)(CZH4)2], [Rh(NBD)-
(PPh,),18Ph,, [Rh(COD) (PPh,),]PF,, [(n3-ally1)2Rh(acac)] and [(n3~ally1)2-
RhCl]2 catalyze the oligomerization of BDN with carbon dioxide to 2-ethyl-
2,4,9~-undecatrien-4-0lide. The same product can also be obtained from BDN,
carbon dioxide and 2-ethylidene-6-hepten-5-olide suggesting dimerization of
the BDN on rhodium occurs prior to incorporation of carbon dioxide (ref.
644). Stability constants for the complexation of olefins and alkynes with
[ha(OZCMe)4] and [Rh(CO)2(3—(trifluoroacetyl-(I—R)—camphorate)] have been
determined by complexation gas chromatography. (Z)-olefins tend to bind

approximately five times more strongly to the rhodium(II) complex than do
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their (E)-isomers and the difference increases in the case of the rhodium
(I) complex as the steric bulk adjacent to the double bond increases. The
difference is attributed to a greater relief of strain on complexation in
the former case (ref. 645). A large number of l-methylcyclohexenes bearing
hydroxyl, methoxy, carbonryl or carboxyl substituents remote from the double
bond have been hydrogenated in the presence of [Ir(COD)(py)(Pcy3)]+ as a
catalyst precursor. Hydrogen transfer from the metal to the face of the
olefin containing the remote substituent occurs with much greater specific-
ity than when palladium-on-carbon is the catalyst. This is attributed to
an interaction of the remote substituent with the metal which provides a
preferential orientation of the substrate on the metal. An exocyclic
hydroxyl substituent provides poorer specificity than when this group is
bound directly to the ring. The poorer catalyst precursor [Ir(COD)-
(PPh3)2]+, in the presence of terpinen-4-01(S), forms [Ier(PPh3)252]+ on
hydrogenation in which it appears the terpinen-4-ol is bound only via the
hydroxyl oxygen. This suggests that 1in the system described above the
remote substituent binds first to the catalyst with the chelate effect
favoring subsequent coordination of the double bond in the preferred
orientation (ref. 646), Finally, [Ir(OMe)(COD)]2 plus ten mols of ethyl-
diphenylphosphine forms a catalyst for the selective hydrogenation of the
carbonyl group in benzylideneacetone (100°C, benzene, 30 atm HZ) to form
l1-phenylbut-~l-en-3-0l1 in high yield. The complexes [IrL4]+ and [IerLA]+
(L = PEtth) prepared independently are also excellent catalysts for the
reaction and so the original system probably involves these or very similer
species. Comparable yields of cinnamyl alcohol can be obtained from
cinnamaldehyde using the first catalyst but if the L:Ir ratio is lowered to

2:1 hydrogenation of the carbon-carbon double bond occurs (ref. 647).

Metal Alkyne Complexes

At room temperature in heptane, [C°2(C0)8] and HCECSF5 form [Coz(C0)6-
(u=n’-HC,SF,)] while at 50°C the product is [Co,(CO)s(HC,SFs),]. If the
reaction 1is carried out at 95°C [395] (R = SFS) forms from which 1,2,4~

tris(pentafluorothio)benzene can be liberated on treatment with bromine.

\\ \§C/R

- _R

(OC)zCO CO(CO)2

[395]
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The related complexes {CoZ(CO)s(u-nz-Rcsts)] (R = SFS'

SiMe3) were also
synthesized (ref. 648). Reaction of [CoZ(CO)ﬁ(u-n2~HFB)] with [cpMo(CO)3]_

or with [cpMo(CO)3]2 plus BPK forms [396]. The former route is more
CF3
CF3
Cp(CC”ZMO—————;:::>C0(COB
[396]

reliable and one carbonyl group on cobalt can be replaced by triphenylphos~
phine. Complex [396] exhibits two quasi-reversible, one-electron reduction
processes which are thought to be addition of an electron to an orbital
centered on the metal-alkyne framework followed by addition of an electron
to the molybdenum (ref. 649). Coordination of a {C02(00)6} moiety to the
carbon-carbon triple bond in [che(CECPh)(CO)Z] and [Fe(CO)A(ButP(H)CECPh)]
occurs on reaction with [002(00)8]. The latter adduct on refluxing in

hexane forms [FeCoz(CO)g(u3-PBut)] plus a small amount of [397]. The last

C49CHF’h

N
P \
e
(OC)3CO<— —/> Fe(CO);
Co
(CO)q
[397]

i described as the first example of a cluster-stabilized phosphaalkene
(refs. 650, 651). Reaction of thpcscpri with [cpN10s,(CO)g(u-H),] 1n the
presence of trimethylamine N-oxide forms [cpNiOsa(CO)S(PhZPCECPr )(u-H)3]
in which a {C°2<CO)6} unit can also be bound to the alkyne (ref. 652).
Ethylpropiolate inserts into the cobalt~hydrogen bond of {(np3)CoH] to
yield [(npa)Co(C(COZEt)=CH2)] which 1s oxidized to [(np3)Co(C(COZEt)=CH2)]-
BPh4 on addition of sodium tetraphenylborate. A concerted process for the
insertion is favored but has not been confirmed (ref, 653).

Reaction of [398] with [Coz(CO)S] in refluxing toluene forms [(n6-
CGHSMe)Co(p—nz—HFB)Co(CO)3] and a smaller amount of [399). On the other
hand, [002(00)6(u-n2—HFB)] and [cszez(CO)z(u—SMe)z] in refluxing toluene
yield [che(C(CF3)=C(Me)CF3)(CO)Z] (two isomers in which the methyl group
is either cis or trans to iron) and small amounts of the two complexes
formed in the first reaction (ref. 654), Under mild conditions diphenyl-

acetylene and its pentafluorophenyl analog insert regiospecifically into
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C(12)
Clta)
Cc

(10) l

[399]

the cobalt-cobalt bond of [Cothz(CO)lz] to form [400] (R = Ph, Cst).
Reaction of [400] (R = Ph) with diphenylacetyleme and carbon monoxide
reversibly forms [(OC)3Co(u—n2—C2Ph2)Rh(CO)3] while with carbon monoxide

[400]
alone this complex forms again together with [CoRh(CO)7] suggesting that in
the first reaction the first step is attack of carbon monoxide on [400]
(ref. 655). Oxygenation of [COZ(CO)6(u—n2—PhCZM(C0)2cp)] {M = Fe, Ru) in
dichloromethane/hexane forms [cp(CO)MCoz(CO)6(u3-CPh)] possibly via . [401]
or [402] as an 1intermediate. The reaction can be characterized as the

oxidative decarbonylation of an acetylide and is proposed to involve attack

References p. 431



380

0 Ph Ph
Cp(COI,M—C /}: /8—0
Co—=Co(CO), Cp(CO)M—-/——Co(CO)
(CO),

[401] [402]

of dioxygen at the a-carbon of the acetylide (ref. 656). A reversible
acetylene~to-vinylidene-to-alkylidyne transformation occurs in the succes-
sive conversions of [403] (M = cpHo(CO)z; R = H, But) to [404]) by refluxing
in hexene and then to [405] by dihydrogen at 20 atm. Complex [405] reverts

H R fHZR
CHR
/cj\ /C\
(0C)3Co RU(CO)3  (OC)3CO— Ru(CO)3  (OC)3Co Ru(CO)3
] ) ~N 7
™M M MY
[403] [404] [405]

to [404] in refluxing hexane and the latter forms [403] (R = But only) on
reaction with [cpMo(CO)3]" in THF. Analogs of [403] (R = Me; M = cpNi. R
= But; M = cpNi, cpMo(CO)z, ch(CO)z) also convert to the corresponding
examples of [404] in refluxing hexane. The nickel complexes form as
mixtures of two isomers but the others give only one. Metal exchange

reactions occur when [406] (R = Me, Ph, But) is reacted with [cpN:lCO]2 or

[cpM(CO)3]2 (M = Mo, W) and [407] (R = Me, But, Ph; M = cpNi, cpMo(CO)Z,

T H
l

C—':;C——R C//’/’C-—R
. N AT

(0OC)3Co—— Fe(CO); (0C)3Co——|——Fe(CO)4
Co \M/
(CO)3
[406] [407]

ch(CO)Z) is obtained. As before, two isomers of the nickel complex are
obtained as 1s the case for the others when R = Me, Ph. On the other hand
when R = But a single isomer 1is formed with molybdenum and tungsten, a
stereoselectivity which 1s attributed to electronic factors (refs. 657,
658). In related work, [cpzNi] reacts with [Coz(CO)G(u-nz-RCZR')] to form
the previously reported [cpNiCo(CO)3(u—n2—RC2R')] (R = R' = Et, Ph. R =
Me; R' = Ph). These in turn react with [M(CO)S] (M = Ru, 08) or [Fez(CO)g]
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to yleld [408] and [409] respectively. The observed structures are ratio-
nalized on the basis that the alkyne carbon atoms will bind the metal frag-
ments with the highest electron acceptor ability. With the unsymmetrical

CpNi———--——M(CO)3 CpNi—\—/—=Co(CQ)3
\\\\ ///’, N ////

Co : Fe
(€Ol ¢g (CO)3
[408] [409]

alkyne both orientations of the alkyne are seen and these isomers intercon-
vert at elevated temperature. The symmetrical alkyne complexes also are
fluxional and this is proposed to occur by one of the processes depicted im
Scheme LX (ref. 659).

\\,/” -\ -\

I\ —
‘lll L11LY ll
Rl
C, o
G her e
KA —"ICA
'Ill LY 411 u 'ul B, {13 u
~co” ~co”

Scheme LX

The very slow addition of one equivalent of an 1isocyanide to benzene

solutions of {[epCo(RC R')(PPha)] forms [410] (R1 = Rz = Ph; R3 = Ph,

1 ' 2 3 3
p-tolyl, 2, 61Me206H3 , = Ph; 1R = CO?2Me; R = El—tolyl, 2 6—Me206H3 R
= p-tolyl; R" = Ph; R® = CN. R = H; R~ = Ph, R = Me; R" = COZMe). At

80°C in toluene [410] (R1 = R2 = Ph; R3 = p-tolyl) forms [411] which can

also be obtained by reaction with diphenylacetylene at lower temperature
while at 180°C the product 1s a low yleld of [cpCo(n ~C Pha)] Inhibition
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R
Cp.
ey 2
Co R
Ph3P”’
//,N
R3
[410]
Ph Ph
CpCo
Ph Ph
N(p-tolyl)

[411]

of this decomposition by triphenylphosphine suggests phosphine loss is the
initial step. At 95°C in toluene isomerization of [410) (R1 = Ph; R2 =
COZMe; R3 = p~tolyl) to that with Rl and R2 interchanged occurs while with

methyl iodide in benzene a mixture of [412] and [413] (Rj = p-tolyl) forms.

- — -
Ph * Ph +
Cp., C
", ‘4,
Co COsMe ‘Co CO>Me
Phyp?” R Phsp?”
1
7~
- "
[412] [413]
If left in solution, [412] slowly isomerizes to [413]. Carbonylation of
[410] (Rl = R2 = Ph; R3 = p~tolyl) forms a mixture of [414] and [415].
R3 R3
~
N N/
R? Rr?
Cp.,” HO.,
(7 “,
Co ;
v HO
Phap R1 R1
0 o)
[414] [415]

Addition of two equivalents of {Isocyanide to [cpCo(RICZRZ)(PPh3)] in

toluene at room temperature forms [416] (R1 = R2 = Ph; R3 = Ph, p-tolyl,

o-tolyl, Bub, 2,6-Me,C.H.. R! = Ph; R = CO.Me, R = 2, 6-Me C.H,) which
" rey 3 2 2§33

converts to [417] (R = Ph; L = PhNC, PMe3, co. = R” = Ph; R
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3
R
-~
N e
R
[ cp.,,
1 Co 2 “co
R l R L/ )
3 3 R
RN NR N
\R3
[416] [417]
= p-tolyl; L = p-tolylNC, 2,6- Me206H3.NC, C0), a species which also forms

in the initial reaction in some instances, on reaction with the appropriate
ligand (refs. 660, 661).

A considerable number of papers have appeared on the use of cobalt
carbonyl-stabilized propargyl and other carbocations in corganic synthesis.
Oxidation of [(nl'—BDN)Co(CO)Z]2 with ferricinfium tetrafluoroborate forms
[(n -BDN)Co(CO)z]BF which reacts with nucleophiles at -78°C to yield
[(n’ -C,HgNu)Co(C0),] (Nu = py, H , Ph™, PMe. 4) in vhich the allylic ligand
has the anti conformation. A double nucleophilic addition to the cation
occurs on successive reaction with sodium cyanoborohydride and sodium
bis(carboxymethyl)methanide whereupon the major product is (Z)-2-butenyl-
dimethylmalonate (ref. 662). In another example, reaction of [Coz(C0)6—
(u-nz-MeCZCHZ)]BFA with [418] forms [419] which is an intermediate in the

OSiMes

Me il
Me

[418] [419]

formation of (%)-cyclocolorenone (refs. 663, 664). In instances where
functionalities which are sensitive to protonic acids are present, a useful
variation is to add a Lewis acid such as boron trifluoride etherate to a
{CoZ(CO)s}-scabilized propargylic ether to generate the reactive species.
Thus cis-l-trimethylsiloxy-2-methyl styrene reacts with [420] (R = S:LMeJ)
in the presence of boron trifluoride etherate at -78°C to form [421] plus a

o Me
Co(CO)y Ph 70(C0k
Me A}
c«;w(c0)3 Me,Si Co(CO),
[4 20] [421]
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small amount of its anti diastereomer. When R = H only a slight excess of
the corresponding syn product is seen suggesting that stereoselection is
the result of steric interactions in the transition state (ref. 665). A
particularly useful application of the type of reaction discussed above is
in the formation of functionalized bicyclic molecules. Thus with nucleo-
philes containing a remote double bond a {Coz(CO)6}~comp1exed enyne 1is
obtained which often can be cyclized and demetallated on heating. An exam-
ple is shown in Scheme LXI. The yields of cycliized products are often sig-
nificantly higher 1f the final step is carried out on a silica or alumina

[coscors] [Co,cO)e] [Coqtcors |

Me-—-=L= ——f——b M —L' N ° —L- OMe
——_\\ C— == — Me — ==

7 2

[ Coytcols ] [coicos]
I OMe

| OMe
\J

Me

Me H OH
a) [ttans-MeCH-CHC(O)]BFA. b) MeOH. c¢) MeMgI. d) A, 8102.

Scheme LXI

support in the absence of solvent than 1f done in solution (refs. 666-670),
Another use of the {002(00)6} moiety as a protecting group is to allow
selective reaction of the olefinic portion of an enyne. Thus protection of
the alkyne portion of a,w-diphenylpent-4-en-l-yne 1in this manner permits
selective bromination of the double bond (ref. 671).

The Vollhardt group continues to publisgh much work on the use of [cpCo-
(C0)2] to mediate the coupling and cyclization reactions of compounds
containing multiple bonds to carbon. The reaction of [cpCo(CO)2] with
BTMSA forms RZC-C-C-CR2 (R = SiMes), [cpCo(nb-Ch(SiMe3)4)] and & variety of
trinuclear, carbyne-capped products (ref., 672). Some clues to the mechan-

ism of formation of the last products was obtained from the reaction of the



385

more labile [cpCo(Czﬂa)z] with BTMSA. In THF-g8 at room temperature sub-
stantial conversion to [cpCo(CZHA)(BTMSA)] occurs as determined by proton
NMR spectroscopy but on removal of solvent the product isolated was [cpz-
Coz(u-nz-BTMSA)] which 1s proposed to contain a cobalt-cobalt double bond.
HA)Z] in
diethyl ether at 55°C to yield [423]. Complex [423] can be carbonylated to

This is readily carbonylated to [422] and reacts with more [cpCo(Cz

Si(CH3)y
Si{CH3)s {CH3),4Si
Si(CH3)s \cé_c\\
\N LA \
—Co Co 0 Cpc:)\——,r CoCp
hg v
0 CpCo

[422] [423]

give [424] and heating either one in m-xylene forms [425]. This reaction
of [424] also forms [422] and a crossover experiment on the conversion of

{423] to [425] indicates it proceeds intramolecularly, The analog of

[425], [cp3C03(u3—CH)2] is unreactive towards carbon monoxide but with
(CHy)3Si Si(CHjy) (CH3)sSi
YoM é
CpCo—|——CoCp CDCO< ——CoCp
\C0/7 Co
N ~N
| 7ce /e
c c
) L
0 Sl(CH;);
[424] [425]

tetrafluoroboric acid etherate it forms [426] which does react with carbon
monoxide at 23°C to form [427}. The latter reacts with carbon monoxide at
70°C to yleld [428] while attempted chromatography on silica gel forms
[429] in low yield. It is suggested that the conversion of [426] to [427]
is an acid mediated alkylidyne-carbon monoxide coupling while the formatiom

N T ®

S Y AR
Y, Ny
|

- L.
[426] BFe [427] BF P
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of [428] from [427] 1s a decoupling of these two moieties followed by the
coupling of two alkylidyne fragments (ref. 673, 674). In the area of

— —®
COOH

021 9
(C}\I/O

-J [429] u

_\c

Q

[428] BF 2
alkyne cocyclizations, hexaethynylbenzene reacts with BTMSA in the presence
of [CPCO(CO)Z] to form [430] (R = SiMea) in which an essentially complete

localization of the double bonds of the central ring is inferred from

the crystal structure. Similarly, [cpCo(CO)ZJ effects the cyclization of
[431] to [432] 1in modest yield and the latter on reaction with potassium
hydroxide in methanol and then with BTMSA and [cpCo(CO)z] forms [433].

/sv(cu,;,
y 4
/
’
» j - Q ’/sucn,),
,C ®
’/ O’ ~\s-(cu,),
(CHy)ySi
[431] [43 2]

(CH3)3Si

[433]
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Successive reactions of [434] with [CPCO(CZHA)Z] at -30°C in THF and carbon
monoxide (8 atm, 100°C) forms [435] in which significant localization of

&
X
2 \mdd
ULl |
&
[434] : [435]

the double bonds 1in the central ring also occurs (refs. 675, 676). A
one-step synthesis of a steroid nucleus containing an aromatized B-ring
from an acyclic precursor with complete control over the stereochemistry of
the C, D ring junction (100%Z trans) can be achieved in the reaction of
[436] with [cpCo(CO)Z] in refluxing o-xylene under photolytic conditions
whereupon [437] (R1 = R2 = R3 = H, R1 = Me; R2 = H; R3 = H, MeCO t

3

e

R, Or!
[436] [437]
% = Me; R? = H) 1o formed (ref. 677). In related work, [438] 1s cyclized
to [439] (R1 = B-Me; R2 = g~ or B-OCHZOCHZCHZOMe. R1 = g-Me; R2 = a-OCHz-
OCHZCHZOMe) wvhile the analog of [438] with a trimethylsilyl substituent on

e

R0

T

i /\)\n/
Me,Si Z
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the terminal alkynyl moiety forms a low yileld of [440] together with

comparable amounts of [441] and [442] as the reaction is rather sluggish
SiMe;

Me,Si Vi

/\/OMe
Me0Q ;

CpCo— é_CoCP
:CoCP
CO
(440]
(ref. 678). The [2+2+2] cycloaddition of alkynes to the 2,3-double bonds
of indole and various N-substituted pyrroles mediated by [cpCo(CO)Z] forms

MeQ

(441] [442]
the 4a,%a-dihydro-9H-carbazole nucleus and fused dihydroindoles respective-
ly. An example of the first is [443] (R =Y = H; X = 0; n = 2) with BTMSA

to give [444] and a small amount of [445] while for the latter system a

R (CH3)355 SI(CH3)3
\ R ,Con
N L,
)‘*(CHz)nCECY Jr-(CHa)y

X o X
[(443] [444]
R

@g (cu,)3sa Si(CH3)s

)‘(Cﬂz)n

[445]

Con

typical reaction 1s [446] with BTMSA to form [447] and a lesser amount of
[448) (X = 03 Y = H; n = 2) (refs. 679, 680). Finally, [cpCo(CO)z]
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{CH3)aSi (CH3)3Si

; Si{CHs)3
( II t
N N :
CoCp
")\‘CHz)ECE cY XJ\_(CHZ)_,l xJ\_,(CHg)n

[446] [447] [448]

mediates the cocyclization of [449) with acetonitrile in refluxing xylene
under irradiation to give [450] (X = O, CHZ) (ref. 681).

SiMe,
———— Me

T ==—SiMe, SN

X X

A = —SiMe, N
[449] [450] siMe,

Acetylene can be coeyelized with (+)-(8)-2-(l-methylbenzyl)-6~cyanopyri-
dine in the presence of [cpCo(COD)] to yield (+)~(S)~6~(l-methylbenzyl}-
2,2'-bipyridine, This and related species prepared in the same fashien
were used as ligands with [RhCl(COD)]2 to form a catalyst for the asymmet-
ric hydrogenation of acetophenone by isopropanol but low optical yields
were obtained (ref. 682). In refluxing hexane, [CP'CO(CZHA)ZI cyclotrimer—
izes phenyl~ and diphenylacetylene to 1,3,5~triphenyl- and hexaphenylben-
zene respectively. In the latter reaction (cp'Co(nh-CaPha)] also forms but
with BTMSA only [cp'ZCoz(u—nz—BTMSA)] (see also ref. 673) was obtained
while DMAD formed hexa(carboxymethyl)benzene, [cpCo(n4-06(COZMe)6)] and
[451] (R = COZHe). Reduction of [cp'CoCl]2 with sodium amalgam in THF in

R
R
7
cp’Co [as1]
AN
R

R
the presence of acetylenes formed [cp'ZCoz(u~n2-CZR2)] {R = SiHeB. Ph) or

[452] (R = COZMe). With BTMSA a second product was [cp'Co(nA—CA(SiMe3)4].

R R
cp’Co\ D [452]
R \éo R

|
cp’
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As was noted earlier for [cpZCoz(u-n2~BTMSA)], the diphenylacetylene analog
contains a cobalt-cobalt double bond and readily reacts with carbon mon-
oxide, sulfur dioxide and tetrafluoroboric acid to yield {cp'2C02(u—n2-
2
= ' - -
C,Phy) (u-L)] (L = €O, SO,) and [ep',Co,(u-n"~C,

(ref. 683). Cocondensation of cobalt atoms with nitriles and acetylenes

th)(u—H)]BF4 respectively

also forms substituted pyridines in good yield on warming but the reactions
are less regloselective than procedures used by Vollhardt and benzenes also
form (ref. 684).

Coordination of a {CoZ(CO)G} moiety to tha alkyne function in 17a-~pro-
pynylestra-1,3,5(10)-triene~3,178-diol occurs on reaction with [Coz(CO)B]
and the complex was used to assign the 2D proton NMR spectrum of the
steroid (ref. 685). The electron deformation density in [CoZ(CO)é(u-nz-
C2But2)] has been determined from low temperature x-ray and neutron dif-
fraction data 1in conjunction with Hartree-Fock, configuration interaction
calculations. The metal-metal interaction appears to occur via a bent
metal-metal bond and the calculated m-backbonding to the alkyne ligand (ca
0.88 e ) agrees well with experiment (ref. 686). Two molecular orbital
calculations have also been performed on [002(00)6(u-n2—C2H2)] as a model
for this class of complexes. The first was used to determine the barrier
to isomerization and, in contrast to Hoffmann's earlier results, by allow-
ing the {Co(CO)3} groups to reorlent in the process there is little or mno
barrier to the rotation of the carbon-carbon axis from an orientation
perpendicular to the metal-metal axfs to one which 1s parallel. Neverthe-
less, a level-crossing still is present so this process remains symmetry-
forbidden but the calculated upper limit on the activation energy for the
reorientation suggests that it should be chemically accessible. In this
study the analogy drawn by Hoffmann between the twist of the acetylene
ligand and the forbidden tetrahedrane-to-cyclobutadiene conversion {1s
thought not to be valid. No details on the second calculations were given
in the abstract (refs. 687, 688).

Addition of acetylenes to [RhCl(PPri3)2], prepared in situ from [RhCl-
(cyoct)zlz, forms [RhCl(RCzR’)(PPri3)2] (R =R'=H, Ph. R = H; R' = Ph)
which 18 converted to [chh(RCZR')(PPria)] by sodium cyclopentadienide.
The related complex, [chh(PhZC2)(PMe3)] is obtained from [RhCl(PhZCZ)-
(PMe3)]2 and sodium cyclopentadienide and reacts with methyl iodide to
yield [chhI(Me)(PMe3)]. Protonation of [chh(PhZCZ)(PPri3)] with TFA in
diethyl ether forms [453] (L = PPris; X = 020CF3) in whick the trifluoro-
acetate ligand can be replaced by ilodide or azide. Reaction with tri-
methylphosphine and hexafluorophosphate forms [chh(C(Ph)’CHPh)(PMe3)2]PF6.

Other reactions of [453] (L = PPria, X = 02CCF5) are with hydride reagents
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h Ph
~

~

Xt ¥ —

ﬁ [453]
CHPHR

to form [cpRh(C(Ph)=CHPh) (H) (PPr®,)] and then [cpRh(n’~PhHC=CHPh) (PPr,)]
and with methyl magnesium fodide to yleld the analog with X = I. Reaction
of this with more Grignard at 60°C forms the analog with X = Me which on
heating eliminates methane to regenerate [chh(Czth)(PPrla)]. Reaction of
this last complex with tetrafluoroboric acid etherate followed by dissolu—

tion in methanol, nitromethane or acetone yields [454] (L = PPria) which
cp

|
Rh
L/§

can also be obtained directly by dissolving [453] (L = PPria; X= OZCCFB)
in the same solvents, In THF, [chh(PhCZH)(PPria)] reacts with [Fez(CO)g]
to give a mixture of [455] and [456] (L = PPr')) (refs. 689, 690). Ter-

minal alkynes react with [ha(CO)z(u~H)2(DPM)2] in benzene under hydrogen

Ph
H |
Qo \\C,,:Q:§TC
<p., ¢ P, | =0
. .
“Rf ————Fe(CO), “Rh Fe(CO),
L/ \C/ L/ ‘\\
c
o
]
C
[45 5] H/ \Ph [456]
to form [Rh,(CO),(u-RC=CH)(DPM),] (R = Me, OEt, But, CO,Me, CH,OH, Ph) and

the corresponding terminal olefin. The rather peculiar features of the
CIDNP observed in the proton NMR of the reacting solution were interpreted
te indicate the existence of a metal-centered biradical and Scheme LXII was
proposed (ref. 691). Complexes [457] (M = Rh, Ir) are synthesized by
reaction of DMAD with [HZ(COD)z(u-PPhZ)z].‘_Reaction of [RhCl(NBD)]2 with
lithium dipbenylphosphide at -78°C forms [ha(NBD)z(u-Pth)zl wvhich is
unstable above =-10°C. It appears to give species which may be amalogs of

[457] with but-2-yne and methylphenylacetylene but these were not studied

References p. 431



392

~He l —|T =
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H
PVP H H
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| *£=¢ | RC =CH | |
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Scheme LXII

further (ref. 692). <Complex [458] forms approximately equal amounts of
[459] and [460] on reaction with ethylene. The reaction is slow in the

CH30;,C\C /COzCHS

2‘5 e §
Ph,

[457]

[a458]
dark but fast when irradiated and a trace of [cpaRha(CO) (CAF6)] also forms.
With higher olefins analogous products are obtained as mixtures of isomers

except with 2,3-dimethylbut-l-ene and styrene where steric factors appear

[
FyC CFy
FaC
R AT
cp—Rh/ Rh—cp \Rh Rh/
e / iy
Hzc/ \H co



393

to dominate so that only the terminal carbon is o-bonded to the metal. In
the dark, [458] reacts with acrylonitrile to form [461] but under irradia-
tion the product fs thought to be [462] although the regiochemistry of the

H2
FaC CF c
Ne—=c"° ch/gc‘CFa
/N 17\
/‘
cp—Rh Rh—cp ¢p—Rh—- Rh-—cp

H [461] CN

[a62]

acrylonitrile-derived portion of the metallacycle 1s wunknown. Electro-
chemical studies on the di-tert-butylacetylene analog of [458] 4in dichloro-
methane indicate the formation of a monocanion and mono- and dications. The
monocation is quite stable but the other ions are less so. The behavior in
acetonitrile is much more complex and the oxidized species react with the
solvent to form mono- and dicationic analogs of [460) with one carbonyl
ligand replaced by acetonitrile. Complex [458] itself 18 easier to reduce
and more difficult to oxidize than the analog just described and all ionic
products show a greater kinetic instability (refs. 693, 694). Full details

N g \c—- \n/ \o—-
" \\c/ g I \c/
p | P

[463] [464]
of the synthesls and properties of [463] (X = S, Se) and its reversible
conversion to [464] by halide abstraction have appeared. The first complex
i8 prepared from [(triphos)RhCl(nz-sz)] and HFB and 1s thought tc form via
[465] which subsequently adds across the triple bond of the second acety-
lene molecule (ref. 695). Various rhodium-containing metallacycles cata-
lyze the cocyclotrimerization of carboxymethyl acetylenes and organic iso-

cyanates to form pyridones (ref. 696).

CF
Cl 3
(triphos)Rh—C
TN
[465] CFy
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Metal 71-allyl Complexes
Addition of Na[Co(CO)q] to a THF solution of l-bromopenta-2,4~diene at

-78°C forms [466] in which one carbonyl group can be replaced by triphenyl-

phosphine. The latter isomerizes in toluene solution to the syn isomer

=N \

Co(CO),
[466]

(ref. 697), Benzyl or phenylacetyl halides react with Na[Co(CO)A] in
diethyl ether at room temperature to yield an equilibrium mixture of [467]
- [469] (R = H, o-Me, m-Me, p-Me, p-MeO, p-Cl, 3,4-(Me0),, 2,6-Cl,) which

C P
O Do Do
(467] [468] [4a69]

oligomerizes on standing. Related complexes form when styrenes containing
most of the same substituents react with [HCo(CO)A] (ref. 698). Addition
of Na[Co(CO)4] to a,a'~dibromo-o-xylene yields [470] which appears to be

Co(CO),

[470]

CO(CO)3
fluxional (ref. 699). The pentadienyl complex [471] (L = PEt3) is con-
verted by tri-n-propylphosphine to the analeg with L = PPrn3 but with
trimethylphosphine or trimethylphosphite, the product 1s [472] (L = PMe3,
P(OMe)a). The first reaction is proposed to occur by a dissociative
mechanism while the latter 1is thought to occur by associative attack on an

na—pentadienyl intermediate. Complex [471] (L = PEta) is oxidized by

Me Me
o Nl
Me | Me l
C°L2 C°L3

[471] [472]
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silver tetrafluoroborate or tetrafluoroboric or triflic acids to form a
cation in which the bonding of the pentadienyl ligand is distorted towards
that found in [472]. A one-electron inner-sphere mechanism 1s proposed
which in the case of the acid reagents is said to imply a bimolecular
reductive elimination reaction between two protonated (at the metal) forms
of [471] but why this latter step occurs here (in cyclopentadienyl analogs
ring protonation 1is the final product) is uncertain, Silver or alkyl
iodides react with [471] (L = PEt3) to replace one phosphine by iodide. In
the first 1instance an associative attack of fodide on an na-pentadienyl
intermediate is proposed while in the latter & cationic alkyl derivative of
[471) 1is thought to form initially which then undergoes cobalt-carbon bond
homolysis following which the 1odide counterion replaces one phosphine
ligand. Silver tetrafluoroborate converts [472] (L = PMe3) to [473]) and

Me Me

,)’l'\)\ BF4
COL3

[473]

this can also be formed by addition of trimethylphosphine to the cation
derived from [471]. Related rhodium complexes, [474] and [475] (L = PMe

3’
Me Me
Me Me

" RN AN

N\ | |

]

\ RhL,
[474] RhL, [475]

PEt3, PPria, PBuia) are synthesized from [RhC1L2]2 and potassium
2,4-dimethylpentadienide with the former species being the major isomer.
All are fluxional by a process proposed to be that of Scheme LXIII, At

P P1
7 — I\
P2 P2

f

Scheme TXIII

higher temperatures an interconversion of [474] end [475] occurs as out-
lined in Scheme LXIV (refs. 700, 701). Addition of various nitrogen
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P2

Scheme LXIV
heterocycles to [(n3—C3H5)2Rh(acac)] forms [476] (X = Y = N, CH, X = N; Y
= CH) but with [(n3—C:‘,I-I5)2RhC1]2 the initial product 1s [(na-CaHS)RhCI(HL)]
(L = pz, btz). The latter on deprotonation with triethylamine forms a

trimer analogous to [476] but the latter gives [(na—C3H5)4Rh2(u—C1) (p-pz)]

)\/(' ™ Yy
“ ol ~_N'/
S

[476]
in which the bridging chloride can be replaced by hydroxide or azide. With
[RhCl(CO)z]Z, [476] (X = CH, N; Y = N) forms [477] (X = CH, N; L = CO)
L

L—Rh—Cl

N
~ L
Rh/ \Rh/
N N

(ref. 702). [477]

Condensation of rhenium atoms with indene forms [(n6—C9H8)Re(n5—CQH7)]
which on deprotcnation with potassium hydride and reaction with [RhCl-
(COD)]2 forms ([478] (ref. 703). Diphenylmethylenecyclopropane can be
coupled with but-3-enoic acid in the presence of catalytic amounts of
[RhCl(PPha)B] to form 6,6-diphenyl-5-methyl-3-methylenehex-5-enoic acid and
7,7~diphenyl-6-methylhepta-3,6~dienoic acid. It is proposed that the
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Rh{COD)

/

Cl) [478]

rhodium cleaves the cyclopropyl ring to form a substituted trimethylene-
methane complex followed by coordination of the olefin and coupling of the
organic ligands (ref. 704). On partially hydroxylated alumina [(n -C 5)

Rh (CO) ] forms isolated {Rh' (CO) } moieties bound to oxygen atoms of the
support but on silica these appear to be close enough that on treatment
with dihydrogen dimerization occurs to give similarly supported {RhIZ-
(co) (u CO) } moieties Similarly, supporting of [(n -C3 5)3Rh] on silica
forms O-bonded {Rh(n -C3H5)2} moieties which on treatment with octane and
then dihydrogen convert to supported {haﬂz(u-H)z} moieties. It thus
appears that hydrogenation promotes aggregation of rhodium species on
silica. Oxygen-bonded {Rh(n3 CBHS)Z} moieties have also been confirmed to
be present vwhen [(n -C )3Rh] is deposited on hydroxylated titanium
dioxide (refs. 705, 706) On heating [cp' IrH(n -C HS)] for six days at
45°C in benzene [479] 1s formed which converts to [480] under like condi-

tions in deuterobenzene, a process which is reversed if [480] is heated in

Co*
CH N
cp*Hc//-\\cnz 0 \Iﬂ,_c *
| o) S P
Ir Ir—=Cp* 0
D

o
[479] ° [480]

benzene. Heating [479] in acetonitrile or reaction with ligands forms
[481) and [482] (L = (PMe3, P(OMe)3v co, C H ) respectively while at 100°C

co* PN

NIy /Ir—Cp"'
l\\fi (:pii r’zsir
CHy \Ir—Ir-Cp*
| I_/
CN

[481] [482]
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[482] (L = PMea) converts to [483]., With dihydrogen [479] gives [484] and
the intermediate [485] is implicated in all of the above reactions (ref.
707).

Cp\ﬁ

Ir Ir—Cp™ AN
/\ / cp* TN r\

Me -~ P—CH2 /Ir Ir=—Cp* Cp*-Ir—Ir-Cp*
{ HY SNy
Me
[483] [484] [485]
Metal Carbocyclic Complexes
Significant interest in [(nS-CSPhS)M(CO)z] (M = Co, Rh) has developed

and several syntheses have been reported. The cobalt complex has been
synthesized in low yileld from pentaphenylcyclopentadiene and [Coz(CO)S] in
refluxing toluene but better routes are from bromopentaphenylcyclopenta-
diene and K[Co(CO)4] or [Coz(CO)g] plus zinc in THF. The last route is the
best for the rhodium analog (starting with [RhCl(CO)le) but it can also be
obtained from [RhCl(C0)2]2 and sodium pentaphenyleyclopentadienide im hot
5)2Rh (CO) (u~C0)] also forms.

Better ylelds of [(n -~C bz )M(CO) } (M = Co, Rh) are obtained with [Co

THF. In the latter reaction [(ﬂ C Ph

(CO)8] plus pentabenzylcyclopentadiene in refluxing toluene and from
lithium pentabenzylcyclopentadienide and [RhCl(CO)2]2 in THF, If the first
route to [(n —CSPhS)Rh(CO) ] 1s followed in benzene 5the intermediate
[(n -CSPh )RhBr(CO) ]ZnCl can be isolated. Although [(n -CSPhS)M(CO)z] is
inert to substitution reactions, electrochemical oxidation (ome e ) in the
presence of ligands affords [(rP—CSPhS)M(CO)L] (M = Co, Rh; L = P(OMe)3,
P(OPh) M = Rhy L = PPh_, AsPh ) The last two can also be synthesized

3
however by reaction of the ligand with [(n -C Ph )RhBr(CO) ]ZnCl., followed

by reduction with PPN[Mn(CO) 1. The dicarbonyls also react wit; halogens
to first give [(n -C5PhgIMX, (CO)] and then [(n -CPhg MX,], (M = Co, Rh; X
= Br, I), Electrochemical reduction of [(nS—CSPhS)M(CO)Z] (M = Co, Rh) to
the radical anion 1is reversible for the cobalt cowmplex but only quasi-
reversible at best for the other. These radical anions are kinetically
much more stable than their cyclopentadienyl analogs although their thermo-
dynamic stability is only marginally greater. From EPR data the penta-
phenylecyclopentadienyl ligand appears to remain symmetrically bonded in the
radical anions and the unpaired electron 1s thought to occupy an orbital
having significant metal (n+1)py character (greater for rhodium) (refs.
708-711). Both [486] and [487] lose a proton on reaction with [COZ(CO)B]
and a {Co(CO)Z} molety becomes attached to the cyclopentadienyl ring. The

latter forms only one isomer but the former forms a 3:1 mixture of endo or
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exo products (ref. 712). Bulk electrolysis of [cpCo(ns-C7H9)]+ in aceto-
nitrile forms the neutral radical [cpCo(nS-C7H9)] which then dimerizes to

fo o

[486] [487]

1HnXx

[488]. The neutral complex [cpCo(n -C HS)] can be reduced to the radical

anion which abstracts a proton from the solvent (or supporting electrolyte)

[488]

to form lcpCo(n —C7H9)] which on further reduction 1is converted to [cpCo-
(n -C H O)] This last complex shows a reversible, one-electron oxidation.
The one-electron oxidation of [cpCo(n —C 8)] forms [cpZCo]+, possibly via
[cpCo(n ~C,H )] but this was not detected (ref. 713).
Detailed syntheses of [cp'CoL2] (L = co, C2H4), [cpCoIz(CO)] and [cp'z-
51 (u-I) ] have been published (ref. 714). Treatment of cobalt(II)
ehloside vith T1(CH,PPh,] forme [(n’~CiH,PPh,),Co] which behaves s a

574
chelating ligand towards [Mo(CO) (NBD)] to form cis-[(0C) Ho[(n -C.H,-

PPhZ)ZCo)] but with [Mo(CO)G], [(n -C5 4PPh Mo(CO)S)ZCo] is the prod:ci.
Both the first molybdenum complex and the original cobalt complex can be
oxidized to the monocations by dioxygen. Molecular orbital calculations
and electrochemical studies on some of the complexes were also performed
(ref. 715). FVP of [cpCo(CO)Z] at 350°C forms [cp2Co] (ref. 716) while
pentamethylcyclopentadienyllithium converts [Co(acac)Z]4 to [¢p'Co(acac)]
which 1s a good precursor to complexes containing the {cp'Co} moiety (ref.
717). Oxidative addition of cyanogen halides to [cp'Co(CO)L] forms {cp'-
Co(L)CN(X)] (L.= coO, PPh,; X = Br, I) but no reaction occurs with [cp'-
Co(L) (TCNE)] (ref. 718). Protonation of [cpCoLz] by ammonium hexafluoro-
phosphate occurs in toluene/ethanol to yield [cpCo(H)LZ]PF6 (L = PEt3,

PPh3. P(OMe)3; LZ = DPM, DPPE, cis-vdiphos). Both the neutral and cationic
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complexes of the chelating ligands were subjected to electrochemical
studies. The cationas undergo a chemically irreversible, one-electron
reduction to liberate dihydrogen (ref. 719), Addition of pentamethylcyclo-
pentadienyllithium to cobalt(II) halides in THF at -20°C forms [cp‘ZCoz—
(u—X)z] (X = C1, Br, I) and the analog with X = NH2 is obtained similarly
from [Co(NH3)6](BF4)2. Treatment of these products with ligands or lithium
dimethylamide forms [cp’Co(X)L] (X = Cl, Br; L = py, PMezPh. X =2Cl; L =
PMea) or [cp'2Coz(u~X)(u—NMe2)] (X = Cl, Br) respectively. Metathesis of
[cp'ZCoz(u—Y)z] with MY (= NaSMe, T10Et, NaNHz) forms [cp'ZCoz(u—Y)z] while
with one equivalent of lithium diphenylphosphide the product is [cp‘ZCoz-
(u—Cl)(u—Pth)]. Reaction of [cp'ZCoz(u—Br)z] with bipy forms a mixture of
{cp'Co(Br) (bipy)]Br and [cp'Co(bipy)] which on treatment with moist
dioxygen and hexafluorophosphate ion yields [cp'Co(HZO)(bipy)]PFe. EPR
spectroscopic studies of the dimeric complexes show that some dissociation
to monomeric species occurs in solution and while extremely air-sensitive
they are not strong reducing agents. It 1s thought that their aerial
oxidation may involve oxygenation rather than simple electron transfer
reactions (ref. 720).

Reaction of [cp2C02(u-PMe2)2(u-H)]X with one equivalent of ligand forms
[cpCo(H)(u-PMeZ)ZCo(L)cp]X (X = PF6; L = PMea, PMeZH, P(OMe)B. X = BFA; L
= CO0) but the stereochemistry was not determined. In nitromethane the
initial complex reacts with two equivalents of trimethylphosphite yielding
3) o (W-PMe,) 1 (PF ),
tion of [cpCo(H)(H-PMez)ZCo(PMeZH)cp]PF6 in the same solvent produces [cpz—
Coz(u--PMez)s]PF6 and [cp2Coz(PMe2H)2(u-PMeZ)Z](PF6)2. Also in nitromethane
[cpZCoz(u—PMez)z(u—H)]PF6 reacts with isocyanides to form {cpZCoz(L)z(u-

trans-[cpZCoz(P(OMe) among other products while dissolu-

PMeZ)Z](PFG)Z (L = MeNC (cis and trans isomers), Bu®NC (trans isomer), PhNC
(cis 1somer)). Additional products are trans—[cp2002(CNBut)Z(u—PMeZ)]PF6
and [489]. The last can also be synthesized from [cpZCoz(u—PMez)z]PF6 and
O
N\ PFg
—O0
/ \
—Co Co—
=</
P” e
Me” | | ~Me
Me Me
(489]

a mixture of potassium nitrite and TFA 1in methanol. If the isocyanide
reactions are performed in methanocl the products are [cp2C02(u-PMe2)2},
{cpZCoz(L)2(u—PMe2)2](PF6)2 (L. = MeNC (cis and trans isomers), ButNC (trans
isomer), PhNC (cis 1isomer) and [cpCo(H)(u-PMeZ)ZCo(L)cp]PF6 (L = MeNC,



401

ButNC, PhNC). Other products isolated are [490] and [491]. Reaction of
(490] with methylamine in methanol forms the methyl analog of [491] (ref.

H\N/Me PFg
é | AN Val IPF
AN C=N &
._\< e B
/P/<F"\ \p/r:\
Me | Me Me" | Me
Me Me Me Me
[490] [491]

721). Reaction of [AuCl(PPhB)] with [cpM(PHea)z] (M = Co, Rh) or [CP2C°2_
(u—PMeZ)Z] in the presence of lithium hexafluorophosphate yields [cpM(Au-

(PPh3))(PMe3)2]PF6 and [492] respectively while methyl magnesium iodide
PPhs

\X//C° [492]

Me, Me,

converts [cpCo(PMe3)2] to [cpCo(MgMe)(PMe3)2]I (ref. 722). The complex
[493] (R,R = CMeZ(CH2)3CMe2) with hydrogen halides forms [494] while with
[MLn(THF)] (MLn - Cr(CO)S. cpMn(CO)z) the product is [495]. With mercury

(I1) chloride the product is [cpCoClz(PMe3)] while with [Pt(C2H4)(PPh3)2]
C‘P cip cp
/C'o\ /Co\ x c"o\
Me.P T ¢ MesPY 2 CC—CHR Me.p” I Cc=cCR
3 7./‘ 3 :/ 2 3 : - 2
S—¢ S S
Xcr, JL
[493] [494] 4
(495]

substitution of triphenylphosphine for trimethylphosphine in [493] 1is the
only reaction (ref. 723). Reaction of [496] with [IrCl(Nz)(PPha)Z] forma
[497] while [498] can be obtained from [496] and [cpCo(u-CO)]z, [cpCoIz—
(C0)] plus zinc or [cpCoLZ] (L2 = COD; L = CO). For the cobalt system the
first two routes are superior to the last. Also investigated was the
reaction of [499] with [Co(N0)21]x and zinc which forms [500] (ref. 724).

In hot toluene, As4S4 and [cp'ZCoz(u—CO)Z] form [cp‘ZCoz(CO)(AsZSZ)] plus
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MeCp MeCp N‘eCpS
s’V\s v 75 "“} /
T I\z = Ir(PPhICI |\ ='CoCp

\Y/ S,v\\ o ! S/

MeCp MeCp MeCp
[496] [497] [a98]

{cp'3Co3A8254] while photolysis of [cp'Co(C0)2] and Ast.s4 in THF yields

[501]. Elemental selenium also reacts with [ep’,Co,{u~C0),] in toluene to
2772 2

o =

W\
s ;)( “Fe (NO) 3 '/‘.\
\V’< \IQK
~ (O Fe \& Cu(NO)z
@ (NOY,
[499] (s00]

cleanly form [502] but with the rhodium analog, two additional products

which have not been characterized were isolated. Complex [502] and its

[501] b5l
rhodium analog are also formed from elemental selenium and [cp'2002(00)2-

(u-Se)zj or [cp‘ZRhZ(CO)z(u—Se)] suggesting that these products may form

Se

AN

cpf—cowt Se"’t::cx-——~-cp

N~

Se‘

[s02] sL >
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via stepwise addition of selenium to the metal-metal double bond in the
original reaction. This latter route produces considerable byproducts
however (refs. 725, 726).

The electrochemical rate constants for the interconversions of [cp2Co]+
and [cp2Co] in various solvents have been determined to probe the effects
of dynamical properties of solvents on the kinetics of electron-transfer
processes. For most solvents used, including amides and nitriles the
observed rates agree well with those predicted by the solvent model which
uses an overdamped solvent relaxation in a dielectric continuum. In
methanol, ethanol and isopropanol, however, the rates are about fifty-fold
faster than predicted. Here it is thought that a high frequency dielectric
relaxation assoclated with the rotation of the solvent molecules may be
operative (ref. 727). Cobaltocene can be quantitatively oxidized to [cpz-
Co]BF4 by [csze]BF4 while the same oxidant, in the presence of ligands,
forms [Co(C0)3L2]BF4 (L = PPh3, AsPha, SbPh3, SMez, SeMez. TeMez. L2 =
DPPE) (ref. 728). Cobaltocene also reduces [Fea(CO)g(ua-PPh) ] to 1its
radical anion in acetonitrile at -40°C (ref. 729) while with [(n —06H7)Ru-
(C0)3] a stereospecific carbon-carbon coupling occurs to form [503] (ref.

730), Electrolysis of DMSO solution of cyclopentadiene containing alkalai

c,,_é%_;_\

H —RU(CO)3

[503]

metal salts at a cobalt anode forms [cp2Co+] while the same process on
acetonitrile solutions of cyclopentadiene plus diphenylacetylene containing
tetraethylammonium bromide affords reasonable yields of [cpCo(na-CaPha)]
(refs. 731, 732).

Two groups have reported the first examples of the cyclodimerization of
a phosphaalkyne in the reactfon of [(ns—CSRS)M(CZH4)2] with ButCEP to form
[504] (R = H; M = Co, Rh. R = Me; M = Co, Rh, Ir). Further reaction of

R R
M

P
But
Buﬂfs:EE;c

[504]
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[504] (R = H; M = Co) with [cpCo(C2H4)2] forms (505] and then [506] (refs.
733, 734), The helicene [507] on treatment with butyllithium and {CoBrz-
DME] followed by oxidation with iron(III) chloride forms oligomeric cobalt

(ITI) helicene complexes with two to four helicene moieties linked through

L

s/
)561)/ \ Co
P—-{ <L7] @/
[505] [506]
cobalt 1ons which are ns-coordinated to the terminal cyclopentadienyl
residues (ref. 735). The EPR spectra of [(ns-c )Co(n C6R'6)] = R' =

H, Me. R = Me; R' = H. R = Mej; R'_ = Me_H) and [(n6 C M Co] have been
5 6

6 €)2
measured in diamagnetic host lattices and in frozen solution. The

(507]
unpaired electron resides in an elg orbital which is largely metal dxz +

dyz in character and a dynamic Jahn-Teller effect 1is seen. A greater
covalency in the metal-ring bonding 1s seen when methyl substituents are
present on the rings and this is more pronounced for the five~membered ring
6H6)3003(u3~00)2]BPh4 has been deter-
mined and one metal-metal bond is longer than the other two. Analysis of

{ref. 736). The structure of [(n6—C

the metal-metal bond distances in this and analogous 48-electron clusters
with the {003(u3—X)(u3—Y)} (X = CO, CS, NO; Y = 0, NR, S) core reveals a
correlation between the mean cobalt-cobalt distance and the covalent radius
of the larger capping ligand. Since the 48-electron cluster [cp 3(u3
CO)Z] has shorter metal-metal distance than the benzene complex it appears
that the e'" HOMO of the latter 1s largely metal-metal antibonding 1in
agreement with Fenske-Hall molecular orbital calculations (ref. 737).
Refluxing [Co (CO) (TPM)] with hexamethylbenzene in dioxane/THF forms

[(n -C He )Co (CO) (TPM)] and an analog with [2,2]paracyclophane could be
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similarly prepared. These complexes along with [Co (C0)12], [(n CGH Me)-
Coa(CO)g] and [CoA(CO)g(TPM)] were studied electrochemically and show a
one-electron reduction which is reversible on the cyclic voltammetric time
scale except in the case of [Co (C°)12] Further reduction was observed
only for [CoA(CO)g(TPH)] and [(n —C6 5Me)Co (Cco) ] Models for most of
these complexes were subjected to SCF-Xo-DV molecular orbital calculations
which suggest that the substituted cobalt atom binds more strongly to the
rest of the cluster than does a {Co(C0)3} molety. The observed redox
potentials correlate well with the calculated core charges but not with the
HOMO-LUMO energy gap suggesting that cluster bonding involves delocalized
orbitals (ref. 738). In refluxing THF, Na[cpM(CO),] (M = Mo, W) reacts
with [(n° ~C,Me,)Co(C0),1PF to form [(n ac e )c3755§?5_553;hcp(c0) ] which
can be reversibly decarbonylated to [(n'-C Me )Co(u co) Mcp] The last on
reaction with DPM forms [(n -C Hea)Co(CO)(DPM)][cpM(CO) ] In [(na—CaMea)—
CS?E:Easgﬁcp] the {cpH(CO)B} moiety is thought to be isolobal with a cyclo-

pentadienyl ligand on the basis of the low value for v and the upfield

co
shift of the proton resonances for the methyl groups (ref. 739). 1In re-
fluxing 1,2-dichloroethane, [Coz(CO)BI reacts with cyclopropenium cations

to form [508] plus [(n’-C,Ph,R)Co(C0),] (R = Ph, Bu®). Analogs of both

Ph—@éo
| R

~Co
oC”~ C‘cO
0
[s08]
with three tert-butyl substituents on the ring cen also be formed from
PPN[Co (CO) ] and the corresponding cyclopropenium cation. Carbon monoxide
extrusion from the ring in [(n —C3Bu 3CO)Co(CO) ] does not occur nor 1is
ring expansion induced by addition of phosphines to [(ﬂ -CaBu )Co(CO) ]
Here a carbonyl ligand is replaced on the metal. Treatment of [508] (R -
H, Me, Ph) with methyllithium, phenyllithium or lithium triethylborohydride
and carbon monoxide at -78°C in THF followed by warming to room temperature
provides a regiospecific synthesis of 2H-pyran-2-ones but with [(na-CaButa-
CO)Co(C0)3] the reaction stops at [509] presumably because of the bulk of
t-Bu

t-8
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the tert-butyl substituents. In other cases, the reaction is thought to
proceed as shown in Scheme LXV (refs. 740, 741).

Ph Ph Ph
MelLi co Ph
Ph o) ——> Ph o) _— = o]
s [® o i+ (QC) c/ “X
Co(CO)3 (OC)ZCO\ /O Li 3Co / o)
C Me
Me
CO |-Co(CO},™
Ph Ph
R Ph R Ph Ph o
N —
{ R
~_C
Me o] o] Me o ll Ph
C——=0
Scheme LXV ©
Me

Dicobalt octacarbonyl reacts with l-tert-butyl-2,5-dihydro~2-methyl-1H-
1,2-~azaborole in refluxing petroleum ether to form [510] in which the

Co(CO)s,

_n—>8u'
)"
\\\hde

[510]

carbonyls can be replaced by COD under photolytic conditions (ref. 742).
Similarly, [Coz(CO)s] and l-phenyl-l-boracyclohexa-2,4-diene form [(n6-
PhBCSHS)Co(CO)Z] when the reaction is carried out above 60°C but at 30°C
the products are [511] and [512] (ref. 743). In refluxing methanol,

@B*Ph @_

Co(CO), Co(CO)5

[511] (512]

[cpCo(DPPE)(P(O)(OMe)z)]I reacts with mercury(II) iodide to form [cpCo-
(DPPE) (P(0) (OMe)z)]HgI3 which from the structure study was thought to be
able to coordinate Lewis acids to the {P=0} moiety but this was found not
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to occur (ref. 744). Reaction of [Co(acac)3] with pentamethylcyclopenta-
dienyllithium in THF at 0°C followed by addition of diethylphosphite forms
[cp'Co(u—P(O)(0Et)2)3Co(u-(EtO)z(O)P)acocp'] which can be cleaved to
[cp'Co(P(O)(0Et)2)3]-(L3) by sodium cyanide in aerated methanol. Further

reactions of the last species are shown in Scheme LXVI (ref. 745). Its

{Co(L,),]PF [T1(L,.),]1(PF,)
3°2 6 ‘\\f\\\ ’/:l///)7 372 6”2
L
3
/\
[V(O)(L3)(acac)] 4 [Re(L4) (CO) ]

6

[(n —C6Me6)Ru(L3)]PF6
a) [Co(acac),], HPF, cnzczz. b) 1. cp,TiCl,, H,0; 2. PF6'.
c) Kz[Re(CO)3Br2]. d) [(n -C6Me6)RuC12]2. e) [V(O)(acac)z].

Scheme LXVI

cyclopentadienyl analog has been used as an ionophore for lithium and
sodium fons in a study of the rates of transport of these ions across
artificial phospholipid vesicles, Here lithium is favored (ref. 746).
Addition of sodium diphenylphosphinoacetate to [cp'Rh012]2 forms [513]
(ref. 747] while reaction with pyridazine in acetone forms [cp'RhClz—
(pydz)]. Chloride abstraction from this with silver ion in the presence of

[(513]
more ligand forms [cp'RhCl(pydz)z]X (X = c104, BF4) which can also be
cbtained from [cp'RhCl(acac)], pyridazine and HX i1in aqueous acetone.
Chloride abstraction from [cp'RhCl(acac)] with silver i1on followed by
addition of pyridazine yields [cp'Rh(pydz)(acac)]X (X = 0104. BF4) while 1if
[cp'RhClz(pydz)] 1is added to [cp'2Rh2014] following treatment with four
mols of the appropriate silver salt [cp'thz(u—Cl)z(u—pydz)]X2 (X = C104,
BFA) forms. Addition of tetrafluoroboric acid to a mixture of [cp'thz(u-
OH)3]BF4 and pyridazine forms the analog [cp'ZRhZ(u—OH)Z(u—pydz)](BF4)2
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together with some [cp'thz(u—pydz)z(u—OH)z](BF In the presence of a

4)3'

large excess of pyridazine this reaction forms [cp'Rh(pydz) ] (BF (refs,

)
472
748, 749). In acetone, a variety of pyridine derivatives form [cp! th2L2~
(u~OH)2]0104 (L = py, 2~Mepy, 3~Mepy, 4-Etpy, 4- pr"” Py, 4-bzpy, 2-MeOpy)
when reacted with [cp'thz(u—OH)3]0104 in the presence of one equivalent of
perchloric acid while in methanol the same reaction forms [Cp'thz(py)z(p-
OMe)z]CIOA.

prepared (ref. 750). Heating [cp'zMz(u—OH)B]PF6 (M = Rh, Ir) in isopropa-

Iridium analogs of both pyridine complexes were similarly

nol containing potassium hexafluorophosphate for six days at 60°C forms
[cp'4M4(u3-H)4](PF6)2. This synthesis 1s more convenient than the original
one which used dihydrogen (ref. 751).

Reactlon of [cp’RhCl(u-pz)th(CO)Z] with chelating diphosphines and
sodium tetraphenylborate in methanol forms [cp'Rh(u—pz)2(u-CO)Rh(CO)(L2)]—
BPh4 (L2 = DPPP, cis-vdiphos) which loses carbon monoxide in acetone or
dichloromethane solution to give [cp'Rh(u—pz)z(u—CO)(Lz)]BPha.
the latter are obtained directly when the ligand used is DPM, DPPB or DPAE,

Analogs of

The initial reaction with monodentate phosphines forms a mixture of [cp'-
RhCl(u-pz)th(CO)L] and [cp'Rh(u-pz)2(u-CO)Rh(CO)L]BPh4 (L = PPh3, Pcy3)
(refs. 752, 753). Also 1in methanol, sziim reacts with [cp'RhCl(acac)] or
[cp' Rh(aeac)L ]ClO to form {cp'RhC1(Hbiim)] and [cp'Rh(Hbiim)L']ClO4 (L' =
py, Bu NC PPh 3, P(OEt) ) respectively Addition of [Rh(acac)L ] to the
latter forms [514] M = Rh L' = py, Bu'NC, PPh,, P(OEt) 5 L, = (00)2, NBD.
M = Rh; L' = Bu NC, PPh 3° P(OEC) = TFB).

**7

RAll hm

N\\\/N

]

— r\L

Lt
[514]
Iridium analogs with L = PPh3, P(OEt)3 and L2 = TFB were prepared in an
analogous fashion while addition of [Rh(acac)Lz] to f[cp'RhC1(HBiim)] forms
[cp'RhCl(u-—biim)RhL2]2 (L = Co; L2 = COD) of similar structure (ref. 754).
In toluene solution, addition of one equivalent of phenol to [ha(dippe)2
(u—H)z] forms {ha(dippe)z(u—ﬂ)(u—OPh)] which 1s unreactive towards dihy-
drogen and ethylene but with carbon monoxide it gives [ha(CO)z(dippe) -
(u-CO)Z]. Use of an excess of phenol in the first reaction yields [{(n"-

CGHSO)Rh(dippe)]-2C6HSOH in which the two phenol molecules are hydrogen-
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bonded to the oxygen atom of the phenolate ligand. A labelling study
showed that phenol undergoes oxfdative addition to [ha(dippe)z(u—ﬂ)z] and
scrambling of hydrogen occurs before the reductive elfmination of dihydro-
gen to yleld [ha(dippe)z(u-ﬂ)(u—OPh)] (ref. 755).

The protonation of [515] can be effected with p-fluorophenol indicating
the complex i{s quite basic. This 1s attributed to an inductive effect of

A
\/

Rh CH,OMe
I
cp [515]
the {cpRh} moiety which is also proposed to explain the ready protonation

of the corresponding alcohol complexes (ref. 756). The primary fragmeﬁta—

tion processes during mass spectral analysis of [516] lead to [517] and

o ™ o 4
(UCGC)Rhil\. He— R
H
L Me _|
[516] Me [517]

[(cpMe)Rh(acac)]+ while fon-molecule reactions of rRh(acac\(CO) ] and p-
XC6H4CH R (X = He' R = CHC12, CC136 X = Hy R = Me) form [(n 'B'M9C6H4'
CH=CY )Rh(acac)] (Y = H, C1), [(n -B—XC6 4CH R)Rh(acac)] (X = Me; R =
CHC12, CCla) and [(n ~p-XC¢H, CH )Rh(acac)] (X = Me) for the first two
arenes but only the latter two 1ons (X = H; R = Me) for the third (refs.
757, 758). Addition of Na[(C7H7)Fe(C0)3] to [RhCl(COD)]2 in THF affords
1
[(OC)3Fe(u—C7H7)Rh(COD)] which is fluxional by processes involving all the
ligands. The COD ligand can be replaced by two carbonyls and this product

on reaction with one equivalent of a phosphine ligand forms a mixture of

[518] and [519] (PR3 - PPh3, PHea; L = CO) while with two equivalents or
O | | an Q—n,h',
1 (OC);Fe — RIVPRy)(L) oC““‘/ "P
(OCHR3PIRh— Fe(CO); N’ 5 \,L/
o
{s1¢] [519] [5 20]
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with a diphosphine the product is [519] (L = R3P = PMea) or [520] (ﬁ\P =
DPM, DPPE, dmpe) respectively. The fluxional behavior of [519] and [520]

is proposed to occur as shown in Schemes LXVII and LXVIII respectively

9,
cil
a,P—-sa[ﬁ"—"h —C0, [ QS: [ RyP == A .
\Cl/ RyP—Rh—Fe ~HCO, N \ “co,
o, Vs (]
b ¢ Yco, ! ?
g 6
t

] 1 l ]
w,.ﬂh— Fo “uy, o —Fe.—CO,
RPYY N/ NUCo, AP I \“co,
¢ g, €O co, GOy
Scheme LXVII

(ref. 759). Chloride abstraction from [RhCl(DQ)]2 with silver perchlorate

in acetone forms [Rh(DQ)(acetone) 1C10, from which a variety of arene com~

4
plexes [(n —arene)Rh(DQ)]ClOa (arene = biphenyl, diphenylmethane, naphtha-

lene, indene, fluorene) are obtained. No tractable complex of benzophenone

h—FO o Rh Fe —CO, h F.
¢ / \ / \W°° Ped / \WCO P 5 e\ \“"‘oo
3 L \C Q,PI \Cozo‘ ( I 02 '

Scheme LXVIII
could be obtained here but it could with [Rh(L ) (acetone) ]ClO (L = (COD,

Me TFB) (ref. 760). Hydrogenation of a mixture of [M(NBD)(PPh ) ]BF6 and
thiophene in dichloromethane forms [(n —C AS)M(PPhB)Z]PF6 (M = Rh, Ir).
The rhodium complex reacts with carbon monoxide to form [Rh(CO)Z(PPh3)2]PF6
and with NBD to regenerate the starting complex while the iridium analog
does not react with diolefins and only slowly reacts with carbon monoxide
(ref. 761). The head-to-head and head-to-tail coupling of allene is
promoted by [Rh(DPPE)(nG-CGHSBPh3)] and under more strenuous conditions

cocondensation of allene and carbon dioxide occurs (ref. 762).
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Photolysis of [cp'Rth(SiEta)2
(SiEta)(Si(OR)a)] (R = Me, Et) plus ethane. Of particular note is the
alcoholysis of omly one triethylsilyl ligand. A fifty percent conversion
to [cp'Rth(SiEta)(Si(OEt)a)] occurs when the original complex is photo-

] in methanol or ethanol forms [cp'Rth-

lyzed 1in cyclohexane containing triethylsilane and on prolonged reaction
some [cp'Rth(Si(OEt)3)2
[CP'Rh(CZHQ)Z] and triethoxysilane. It was proposed that the original

] 18 also formed. This can also be obtained from

reaction proceeds via initial reductive elimination of triethylsilane and
then possibly the formation of {cp'Rh+H2(SiEt35R)] (ref. 763). Refluxing
[cp'RhClz]2
[cp'RhCl(u—L6)RhC1cp']BPh4 in which each metal is coordinated to two
adjacent sulfur atoms on opposite sides of the ligand (ref. 764). The
reaction between [RhC1l(PMe )L]2 and Liz[Me C CHZCSMe4] forms [521] (L =
PMe3 C H ). When L = CZHA reaction of [521] with methyl triflate yields
[522} (L = C,H ) following metathesis with hexafluorophosphate ion. Com-

plex [521] (L = C ) reacts with TFA and with methyl iodide in diethyl

with 1,4,7,10,13,16-hexathiacyclooctadecane (L6) forms trans-

[521] [522]

ether followed by crystallization from acetone to yield [523] (X = OZCCF )
and [524] respectively while [523] (X = 0 CCF ) and phosphine ligands forms

@r‘s@@“@

H3t/ \ /\\CHa

/‘ PMe
Me3P )l( XXty 3 PMey PMe

[523] [524]
[525} (P = PMea) or [526] (ij = DPM, DPPE, DPPB) after methathesis with
hexafluorophosphate ion. Reaction between MZIR4C CH,C.R,] (M =T1l; R = H,

562058,
m (PFgig m (PFg),
\ ] \ ]
R Rh R /Rr{\
71 p7\ / p’ \ oM
P o B P MeqP x Q\’/ X 23
[525] [526]
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= . = 5_ _5
M = Li; R = Me) and [Rl'rCl(CO)Z]2 forms [(OC)ZRh(n CSRACHZCSRIQ n )Rh(CO)Z]
with a structure analogous to [521]., This is reversibly decarbonylated on

heating to yield [527] (R = Me) or [528] (R = H)., The iridium complex

Rh—\—-=_-—-Rh R\h R/
\ / h
c /C‘ / \C/ .
[527] [528]
[(OC)ZIr(nS—C5H40H205H4—n5)Ir(CO)Z] was also synthesized 1in a similar

fashion (refs. 765, 766).
The first example of a 1,2-diborabenzene complex 1s [529] which can be
synthesized from [Li(TMEDA)]2[1,2-NMe2-1,2-BZC4H4] and [RhCl(COD)]2 in THF

Rh(COD)
AN
<:;::) B—NMe, [529]
Rh(COD)

(ref. 767) while [RhCl(C2H4)2]2 and 1,2,3,4~tetraethyl=~5-methyl~1,4-dibora-

cyclopent-2-ene form [RhZ(EtABZCZCHMe)Z(u-CI)Z]' This can be reduced with

potassium to yleld [530] and reacts with sodium cyclopentadienide to form

[531]. 1In all complexes the neutral diboracyclopentene ligand is thought
Me

Et—8 B—Et

10

t |

m

-~
I

m
ps)
=g

=

Et—B B—Et Et—B B—Et

m
~—
l T~
m
~
m
Cd
T e
m
(ad

‘s
K——_
,
¢/

Me H [530] Me H [531]

to i{nteract with the metal through both the double bond and the saturated
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carbon atom (ref. 768). At room temperature, [(n6-C6Me6)2Fe] and [cp'M-
(CO)2] (M = Co, Rh, Ir) form a mixture of [cp'ZMZ(CO)Z] and [(nG—CGMeG)Fe-
(u—CO)ZMcp']. The latter is proposed to contain a metal-metal double bond
and the iron-iridium complex reacts with diazomethane at -78°C to form a
trace of [(n6-C6Me6)Fe(C0)(u—CHZ)Ir(CO)cp'] (ref. 769).

The 1indenyl complex, [(n5—09H7)Ir(cyoct)2] can be synthesized from
[IrCl(cyoct)2}2 and indenyllithium. It reacts with ligands to form [(ns-
09H7)IrL2] (L = Co, PEt3) or [(n3—09H7)IrL3] (L = PMeB’ PMezPh). 3The last
is reported to be the first example of the formation of an n -indenyl
complex from an ns—indenyl precursor and a neutral ligand (ref. 770).
Addition of T1[CSHQCF3] to [MCl(COD)]2 forms [(nS—CSHGCFa)M(COD)] (M = Rh,
Ir). The photoelectron spectra of the products indicate the trifluoro-
methylcyclopentadienyl ligand possesses a significant electron-withdrawing
ability (ref. 771). Pyrazole reacts with [cp'ZIrZCIZ(u—Cl)Z] in methanolic
potassium hydroxide solution to form [cp'Ir(pz)Z(sz)] which 1s protonated
by tetrafluoroboric acid to give [cp'Ir(sz)3](BF4)2. The NMR spectrum
(1H) of this species shows all three pyrazole ligands to be equivalent and
a dynamic hydrogen-bonding interaction between them 1s proposed. By
contrast, protonation of [cp'Ir(Mezpz)z(Mezsz)] forms [cp'Ir(Mezpz)—
(MeZPZH)Z]BF4 and here only one of the dimethylpyrazole ligands hydrogen-
bonds to the dimethyl pyrazolate. With pyrazoles, [cp'ZIrZ(u—OH)alBF4 in
refluxing isopropanol forms [cp'zlrz(u-H)z(u-L)]BF4 (L = pz, 3-Mepz, Mezpz)
which 1s unreactive towards carbon monoxide, tert-butylisocyanide or
pyrazole under mild conditions (refs. 772, 773). The neutron diffraction
structure and photoelectron spectrum of [cp'Ier(SiEt3)2] have been
obtained. 1In the latter, the lowest energy band is assigned to an ioniza-
tion from an orbital which 1is primarily metal dzz in character while the
next appears to arise from an orbital which is a mixture of metal dxz-yz

*
and a 1 orbital of the pentamethyleyclopentadienyl ligand (ref. 774).

Metallaborane and -carbaborane Complexes

Formation of 1low ylelds of [3—(n5-CgH7)-3,1,2-C0C2B9H11] occurs when

[Co(acac)3] i8 reacted with T12[C } and then indenyllithium. This

2Bof11
first example of an indenyl metallacarbaborane undergoes two reversible,
one-electron reduction processes which are apparently metal-based. From
the structure study it appears that the indenyl ring is somewhat "slipped"
towards an na—coordination mode which is consistent with EHMO calculations
(ref. 775). Cocondensation of cyclopentadiene and cobalt atoms into a
mixture of cyclopentadiene and 5122—2,6—C2B7H11 forms the known compounds
[2—(cpCo)-6,9—CzB7H9] and [8-(cpCo)-6,7-CzB7H11]

[2—(cpCo)—1,4—CzB7H9] ([532]) and [4—(cpCo)-2,3—CZB7H13

plus the new species
1 ([533]; terminal
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hydrogens and cyclopentadienyl group omitted). Complex [532] is the sixth
isomer of this species now known and on heating at 70°C it isomerizes to
[2—(cpCo)-1,6-CZB7H9] (ref. 776).

The reaction of [cp'RhIZ]n with T1[3,1,2-T1C2B9H11] in THF forms [3,1,2~-
cP'RhCzBQHlll‘ This complex, its cobalt analog and [3,6,1,2—(cpCo)2C2B8-
HIO] were reduced with sodium amalgam and their isomerization processes
studied. The rhodium complex goes to its [2,1,7] isomer significantly more
rapidly than does the cobalt complex while the dicobalt species isomerizes
very slowly (ref. 777). Addition of [CP'ZRhZCIA] to a benzene solution of
[arachno-Bloﬂlz(PMezPh)z} or to dichloromethane solutions of (Et4N)2[EE£1“

BIBHZO] or [arachno-Bgﬂla]_ forms [534], [535] and [536] respectively. The
C(134)

CQ133)

first two are obtained in modest yields while the third forms quantita-
tively. Complex [534] contains one B-H-B and two Rh-H-B bridging units
instead of two of the former and all three bridging hydrogen atoms appear
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[536]
equivalent in the 1H NMR spectrum (refs. 778-780). In refluxing methanol,
[RhCl3(PMe2Ph)3] reacts with (EtaNH)ZICIOSD_BIOHIO] to form predominantly

[B9H13PMe2Ph] plus a low yield of [(PhMezP)2Rh(H)BIOHB(OMe)Z] [(537]) and

sometimes traces of [(PhMeZP)ZRh(H)BIOHBCI(OMe)] whose structure is basic-
ally the same as that for [537]. Here it appears the phosphine ligands on
the starting rhodium complex are quite labile and react preferentially with
the borane (ref. 781).
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The 2D, 1H—lH CO0SY NMR method with simultaneous broad-band 1IB decoupl-

ing 1s proposed as an effective means of determining connectivity in

polyhedral boranes and their derivatives. It 1is said not to be subject to

the limitations of the 2D, llB—ll
' —

cp RhB9H11] (ref. 782). The complexes [H(PMe3)21r38H7C1] and [H(PPhB)

(PhZPCGHA)IrBQHB]’ previously proposed by Kennedy and Greenwood to be

B COSY method and was applied to [nido-5-

iso-closo, are now thought to have two fewer skeletal electron pairs than
their closo counterparts and are therefore proposed to be described as
hyper-closo. This has been rebutted with the contention that the metal
vertex need not contribute only three orbitals to cluster bonding and that
if four are used here then no problem arises. The rebuttal is continued
with the statement that to describe all structures of clusters not obeying
the usual electron-counting "rules" as hyper-closo 1s not necessarily
useful. Subsequently, molecular orbital calculations on [Rh(CO)3B9H9]+ and
the corresponding anion confirm an earlier analysis by the tensor surface
harmonic theory that while the anion, with n+l skeletal electron palrs,
should have a conventional deltahedral geometry, the former, with n skele-
tal electron pairs, should have a polar deltahedral (bicapped square
antiprism) structure. These results are stated to contradict the above
claim by Kennedy, et al. that the {ML3} fragment 1in [H(PPh3)(Ph2PC6H41r)—
89H8] should contribute four rather than three orbitals for cluster bonding
and these authors reaffirm the hyper-closo characterization of the struc-
ture as most appropriate (refs, 783-785).

Addition of l-diphenylphosphino-2~isopropenyl-o~carbaborane (L2) to [Rh-
ClL'2] (L' = CO; L'2 = COD) forms [ha(Lz)Z(u—Cl)z} which is cleaved to
[RhCl(py)(Lz)] by pyridine (ref. 786). Copolymerization of methyl methac-
rylate with l-isopropenyl-(3)-1,2-dicarbaundecaborate forms a polymer which
reacts with [RhCl(PPh3)3] in ethanol to form a supported analog of [closo-
3,3-(PPh3)2-3-H—3,1,2—RhC2B H,.]. This 18 a highly active catalyst for the

9711
hydrogenation and isomerization of olefins and dienes (ref. 787).

Miscellaneous Complexes

As in previous Annual Surveys this section covers those papers which do
not seem to be appropriately covered elsewhere but which may be of interest
to organometallic chemists, First on the list is a number of papers con-
tinuing studies of bare or ligated metal ions reacting with various organic
molecules using FIMS techniques. In the Co+-a1kane (linear) system a
correlation has been made between the preference of the ion for insertion
into a particular carbon-carbon bond and the ionization potential of the
alkyl radical so-produced. It appears that the preferred site of attack of
cot is on the carbon-carbon bond which will give {Co—alky1}+ with the
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highest cobalt-carbon bond energy (ref. 788). In the reactions of {Co-
(OH)}+ with acyclic alkanes having three or more carbon atoms, insertion
into carbon-hydrogen bonds 1s the predominant initial step although a fair
amount of attack at carbon-carbon bonds also occurs. Following carbon-
hydrogen insertion, loss of water occurs to give an activated {Co-alk.yl}+
species which generally reacts further. With cyclic alkanes, carbon-carbon
bond insertion is seen with cyclopropane and cyclobutane but with cyclo-
pentane and cyclohexane only carbon-hydrogen insertion is seen (ref. 789).
Silanes react with Co+ primarily to form dihydrogen and cobalt-silylene
moieties although in some instances hydrogen abstraction occurs., Bond
energy estimates were made for the cobalt-silylene bonds and also for the
cobalt-carbon bonds in {Co—X}+ (X = CH2. CH, C). The latter used data from
photoinduced rather than collision-induced dissociation of {CoCH2}+ (refs.
790-792). The ioms {Co(CO)Z} , {Co(CO)(NO)}™, {Co(CO)B}- and {Co(CO)z—
(NO)} , derived from low energy electron impact on [Co(NO)(C0)3], have been
reacted with l-nitroalkanes, 2-methyl-2-nitropropane and n-butylnitrite.
In contrast to what was observed with the corresponding cations, no inser-
tion into carbon-carbon or carbon-hydrogen bonds occurs. Instead reaction
occurs by a charge~transfer mechanism with 1initial cleavage of carbon-
nitrogen or nitrogen-oxygen bonds followed by rearrangement and/or frag-
mentation. Only the first two ions react with l-chlorcalkanes, straight-
chain alcohols or 1,n-chloroalcohols and here the initial step is insertiomn
into the carbon-chlorine or carbon-oxygen bond. This is followed by charge
transfer to oxygen or chlorine (refs. 793, 794). Another study of the
reaction of Rh+ with alkanes reports that insertion into carbon-hydrogen
bonds generally occurs and facile g-hydrogen transfer to give 1,2-dehydro-
genated fragments ensues. Unlike the cobalt case pg-methyl transfer 1s not
seen except with neopentane where pg-hydrogens are absent. Some carbon-~
carbon insertion also is seen. The observed barrier to reductive elimina-
tion of R-H or H2 moieties from rhodium 1is much less than in the cobalt
analogs possibly due to a high internal excitation of the primary dehydro-
genation products. This also leads to the exothermic elimination of a
second molecule of dihydrogen from the initial dehydrogenated product. The
differences in reactivity between Rh+ and Co+ in these systems is attrib-
uted to differences in the sizes and shapes of the orbitals used in bonding
(ref. 795).

The complexes [Co(X)(PPB)] (PP3 = P(CHZCHZPPhZ)a;
SCN, H) have been prepared and the bromo complex found to react with

X = C1, Br, I, CN,

ligands in the presence of methanolic 1ithium hexafluoroarsenate to yield
[Co(PP)L]AsF, (L = CO, PPhMe,, PEt,, P(OMe),, PPh,(OMe), Pie(OPr'),,
PFZ(OMe)). Extensive 31? NMR data were obtained on the products (ref.
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796). Reaction of the phenyl carboxylates RC(0)0Ph (R = Me, Et, Pr", Ph,
CF3) with [CoH(NZ)(PPh3)3] in toluene forms new esters RC(O)OR' with R' =
Et, Prn, Bun, bz, CF3CH2 respectively plus [Co(OPh)(PPh3)] while [Co(Me)-
(PPh3)3] forms RC(O)Me and the same cobalt complex. In the case where
[CoH(Nz)(PPh3)3] was reacted with CF3C02Et the intermediate [(Ph3P)3Co(OCH—
(CFa)(OEt)} was 1solated suggesting that the cobalt-hydrogen bond adds
across the carbon-oxygen double bond of the initial ester. Transfer of the
phenoxy group to cobalt and elimination of aldehyde follow with the alde-
hyde then dimerizing to give the final product (ref. 797). A mixture of
[COZ(NZ)(PPh3)6] and another phosphine (P:Co = 2:1) forms a catalyst for
the cyclization of 4-pentenal to cyclopentanone. The best addend is DPPE
which gives a relatively long-lived catalyst (ref. 798), The species
[CoH(Cl)(PPh3)2], proposed to be prepared in gitu from cobalt (I1) chloride,

the phosphine and sodium borohydride mediates the conversion of terminal

alkynes to trans-trans-1,3-dienes (ref. 799).
Bis(trimethylsilyl)phenylarsine reacts with [CoClz(PPha)z] in THF to
form [538] (phenyl groups omitted) (ref. 800) while in refluxing n-butanol/
THF [CO(Hzo)e](BFa)G plus two mols of DPM and 1.5 mols of white phosphorus
ylelds [539] which i1s a monocation and which on photolysis in the presence

Aslg
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of [M(CO)G] (M = Cr, W) forms a derivative with an {M(CO)S} moiety attached

to P Neither cobalt(II) chloride in the above reaction nor [Co(DPPE)2]+

reacfed with white phosphorus indicating the need for coordinative unsatur-
ation at the metal. In [539] the metal is considered to be formally Co(~1)
while the {P4} molety is formally dipositive and functions as an eight-
electron donor (ref. 801). The reaction of cobale(II) with phosphites (L)
to give [CoL5]+ plus [CoL6]3+ has been studied. A minimum basicity of the
ligand 1is required for the reaction to proceed and subtle steric effects
are also apparent. It is suggested that the ligand shape 1s important in
addition to its overall bulk (ref. 802). Thermal reaction of [CoCl(PMe3)3]
with dmpm in THF forms [CoCl (dmpm)(PHeB)] plus the paramagnetic dimer
[Co (PMe )2(u dmpm) (u-PHe )l. The latter can also be formed from a
mixture of [CoClz(PMe3)3] and dwpm on reduction with magnesium or potassium
or from [Co(PMe3)4] and 1.5 equivalents of dmpm but not when this latter
mixture is treated with lithium dimethylphosphide. These results suggest
the dimer forms by a metal centered process and the bridging dimethylphos-
phide group 1s thought to arise from homolysis of a phosphorus-carbon bond
of trimethylphosphine at the metal (ref. 803). Ethylcyanoformate reacts
with [Co(H)(np3)] to form [Co(CN)(np3)] and ethyl formate., An initial
coordination of the cyanoformate via the r-bonds of the cyano group is
proposed to occur (ref. 804). The electrochemical reduction of [CoClz—

(PPh ] in propylene carbonate forms a catalyst for the highly selective

)
dimezi:ation of ethylene to but-l-ene (ref. 805) while photolysis of
solucions of [Co(H)(PPh(OEt)Z)A] containing allylic compounds effects their
isomerization to the corresponding l-propenyl derivatives. The same
complex can be electrochemically oxidized to a cobalt(II) species which
catalyzes double bond migration in 3-phenylpropene but further oxidation to
cobalt (III) lowers the activity significantly (refs. B805a, 806).

Heating a mixture of [Co(H 0) ](BF4)2, triphos and argsenic selenide or
telluride in ethanol/THF forms [(triphos)Co(n -As E)]BF (E = Se, Te) while
[CO(H20)6](C104)2
same solvent in the presence of elemental tellurium forms [(triphos)Co-

and triphos when reduced with sodium borohydride in the

(u-nz—Tez)Co(triphos)]. The former complex (E = Se) reacts with [Rh(COD)-
(THF) }BF and triphos at room temperature to form [(triphos)Co(u-na-
As Se)Rh(triphos)](BPh[‘)z
(COD) (THF) ] and ligand to form [(triphos)Rh(u-n As Se)Rh(triphos)](BPh4)2
which is also the product when the original reaction is carried out at

after metathesis. This reacts with more [Rh-

reflux in the presence of tetraphenylborate ion (refs. 807-809). In
related work, [(triphoa)M(n3-P3)] (M = Co, Rh, Ir) is methylated by methyl
triflate or trimethyloxonium tetrafluoroborate yielding air-sensitive

[(triphos)H(na-P3He)]+. The methylated phosphorus atom forms shorter bonds
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to the metal and to the other phosphorus atoms than do the others (ref.
810). The reaction of [RhHa(triphos)] with [Zn(OAr)Z(THF)Z] (Ar = 2,4,6~
But3C6H2) forms [(triphos)Rh(u-H)BZn(OAr)Z] which 1s thought to also
contain a metal-metal bond. The same complex with [Zn(N(SiMea)z)z] yields
[(triphoa)Rh(u—H)ZZn(N(SiMea)Z)] which 1s thought to form wvia initial
formation of a species similar to the product of the first reaction fol-
lowed by a binuclear reductive elimination of bis(trimethylsilyl)amine
(ref. 811).

The ester thPOC(O)CH=CMe2(L) functions as a simple ligand and with
[RhCl(PPhB)B] forms [RhCl(PPh3)2L] which catalyzes the hydrogenation of
substituted acrylic acids in acetone containing potassium hydroxide. In
benzene the olefinic moiety can be hydrogenated presumably because the
chelate effect promotes interaction of the olefinic substituent with the
metal (note that {RhCl(PPhB)B] itself 1s not active for hydrogenation of
3-methylbut-2-enoic acid). Scheme LXIX 1s proposed for the catalysis by

[RACI(PPh,), (Ph,PO,CCH==CMe, )]

b
H

P O =0 Phﬂ\n‘n*’ H
. e H2 Ph,P®” | “Swpph
3 2
PhyP— Rh*——{]
c ~ Me M \\\
/N +2 c=c¢ 0
Php  Me  Me Mo~ N
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[M02CHCH2C02]' J [
{Me2C==CHCO,]~
H
PhaP, Ph.P
Rh*—P= OC(O)CH;CHMe, ——> \Rh"—Pth
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Scheme LXLIX
[RhCl(PPh3)2L] (ref. 812). The phosphorane [540] forms the very air-sensi-

tive complex [541] when reacted with {RhC1(PPh_).] at low temperature and
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on dissclution in dichloromethane is converted to [542] by a process which
is effectively a three-fragment oxidative addition (ref. 813). Full

L—N
PhgP R|h/CIll-’f}>
h3 - - -“ N
4
)
H

[542]

details of the synthesis and chemistry of [Mx(PA)LZ] M
PPhB, p-tolyl

Rh; X = Cl; L =
aP, E-tolylaP, AsPha. M =Rh; X =Br, I; L = PPh3. M= Ir; X
=Cl; L = PPh3) have appeared. The complexes are prepared 1in dichloro-
methane at -78°C and most involve nz-coordination of the P4 1i1gand although
in the triphenylarsine complex n3-coordination may occur. Some chemistry

of these complexes is shown in Scheme LXX. EHMO and SCF-Xa-SW calculations

[Rh(DPPE)z]Cl

<t [RhCL(P, )L, ] —S-> [RRC1(CO) (P,)L]

AN

[Rh C1 L ] [RhCl(PF3)2L2]

[RhCl(CO)LZ]

[RhCl(PEtB)B]

a) DPPE (L = PPh3). b) €O, -78°C (L = PPha). ¢) CO, -78°C (L =
AsPh3). d) PEt3 (L = PPh3). e) [RhC1L3] (L = PPha). f) PF3 (L =
PPh3).

Scheme LXX

on [RhCl(P4)(PH3)2

the proposed analogy between the nz-P4 moiety and an nz-olefin or -S2

] as a model for the triphenylphosphine complex support

ligand with the m-backbonding described as a three-orbital, four-electron
interaction. From the latter calculations the most important covalent

%
interaction is an in-plane w-overlap of a rhodium 4dxy orbital with a =«

orbital on the P, edge bonded to the metal although an important o-compo-

nent also is preient. Most of the bands observed in the electronic spec-
trum are assigned to metal-to-ligand charge-transfer absorptions (ref.
814)., The tetrathiosquarate complex [Rh (PPh (u-C4S4)] is synthesized
from [RhCl(PPh ) ] and potassium tetrathiosquarate in THF (ref. 815).

Cyelice voltammetric studies on [Rh(P(OPr )3)4] have been interpreted as
involving a two-electron reduction to [Rh(P(OPr )3)4] but on reoxidation

two, one-electron processes occur with [Rh(P(OPr )3)4] being formed as an
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intermediate. This last species 1s thought to be the source of the blue
color observed when one equivalent of electrons have been passed in a
controlled-potential reduction of [Rh(P(OPri)3)4]+ but 1t 1s proposed to
T with [Rh(P(OPr1)3)4]+

rather than by a direct, one-electron reduction. It is stable in solution

form via conproportionation of [Rh(P(OPri)B)A]

at -20° but decomposes at room temperature possibly by metallation of a
ligand methyl group (ref. 816). Addition of [Pt(CZHA)(PPh3)2] to a dichlo-
romethane solution of [Rh(NPZ)ZIBF4 forms [RhPt(u—NPZ)(U—Pth)(PhZPCH -

2
CSHéN)(PPh3)](BF4)2 whose cation is shown as [543] (phenyl groups omitted).

With [M(NO,)(PPh,),] (M = Ag, Au), [Rh(NP,),]BF, forms [544] (M = Ag, Au)
which when M = Au reacts with carbon monoxide and hydrogen halides to form
[545] and [546] (X = C1, Br) respectively (ref. B817). The structure of
[RhHZ(LZ)(PPha)Z]PFé (L2 = PhN=CHCH=NPh) has been determined and it has the
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phosphine ligands trams to one another. Dihydrogen is eliminated on reac-
tion with carbon monoxide, and DMAD to yield [Rh(CO)(Lz)(PPh3)2]+ and
[Rh(DMAD)(Lz)(PPh3)2]+ respectively. This also occurs with methyl iodide
but the product 1is thought to contain a weakly-coordinated methyl 1iodide
molecule rather than being an oxidative adduct (ref. 818). The kinetics of
oxidative addition of 1odine to [Rh(tfac)(P(OPh)3)2

diiodo product are interpreted in terms of a two-stage process. The first

] to form the trans-

step 1s considered to be a cis-oxidative addition of fodine with isomeriza-
tion to the trans product occurring subsequently (ref. 819). Cocondensa-
tion of rhodium atoms with toluene forms a red-brown solution on melting
which is stable to ~50°C. Addition of phosphorus ligands to this yields
[Rh(H)Lb] (L = P(OMe)3, }DPPE) suggesting that the red-brown material
contains a rhodium-hydrogen bond. The full nature of the complex has not
been determined but it appears to be trinuclear (ref. 820). Complex [547]
(L = PPh3) can be prepared from [RhH(PPh3)4] and [cp22r(CH2PPh2)2] and is

CHp,——PPh,

cp.2r u“"L
CH» PPh,
[547]

an active catalyst for hydroformylation of hex-l-ene. The selectivity
decreases with time but can be improved, along with the activity, if two
mols of triphenylphosphine are added (ref. 821).

Triethylamine reacts with EEE-[RhC13(DMSO)3] in acetone to form mer-
Egggg-[RhCl3(DMSO)(MeCH=NEt2)] by dehydrogenation of one alkyl group on the
amine, Isomerization to the mexr-cis isomer occurs on standing (ref. 822).
Addition of three mols of silver perchlorate to EEE-[MC13(PMe2Ph)3] M =
Rh, Ir) yields EEI‘EEEEE'[MCIZ(Oﬂz)(PMezph)3]C104 which is fluxional by a
process proposed to involve dissociation and recoordination of water and
rearrangements of the resulting square pyramidal intermediate (ref. 823).
The cluster [RhSS(PPh3)12C16]' for which a complete elemental analysis and
molecular weight are available, is proposed to be the product of reduction
of [RhCl(PPh3)3] with diborane in THF. The related cluster [RhSS(PBut3)12-
0120] in dichloromethane solution degrades to Rh13 clusters, among other
species, at a platinum electrode. If water is also present, electrophore-
sis 18 observed with the cluster migrating to the cathode. Aggregation of

the Rh13 clusters occurs to form species proposed to be [(Rhlj) (refs.

] .
13'n
824, 825). The electronic and EPR spectra of [Rh(SQ)Lz] (SQ = semiqui-

nones; L = CO, PPh AsPha, P(OPh)s; L., = COD) and the EPR spectra of the

3 2
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products of the reactions of some of these with dihydrogen, tributyltin
hydride and diethylgermane have been measured. The unpaired electron in
the former complexes 1s localized primarily on the semiquinone ligand but
the metal-to~ligand charge-transfer band frequencies are quite dependent on
the nature of L and the substituents on the semiquinone (refs. 826, 827).
Hydrogenation of [Rh(acac)(P(OPh)3)2] in the presence of excess phos-
phite forms [RhH(P(OPh)3)4] which catalyzes olefin isomerization. Treat-
ment with carbon monoxide forms [RhH(CO)(P(OPh)B)a], also obtained directly
from the acetylacetonate complex plus phosphite under syngas, which 1is an
olefin hydroformylation catalyst (ref. 828). Other catalyst systems are
those based on [RhCl(La)] (L3 = bis(2-diphenylphosphincethyl)amine) and its
iridium analog for olefin hydrogenation (kinetic and activation parameters

determined) (refs. 829, 830), [RhCl(PPh ] alone for the regioselective

)
reduction of cinnamyl acetate to Ezggg—sfmzthyl styrene by l,3-dimethyl-2-
phenylbenzimidazoline (ref. 831) and [RhCl(PPhB)B] in combination with
LiQSiMIZOAO (M = Mo, W) for the selective hydrogenation of phenylacetylene
to R-methyl styrene (ref. 832). Other sgystems based on [RhCl(PPh3)3]
include those using triethylenediamine which catalyze the formation of
methyl and ethyl formates from the corresponding alcohols, dihydrogen and
carbon dioxide (ref. 833), one which catalyzes the hydrogenation of imines
in alcoholic solvents under mild conditions (ref. 834) and one which
catalyzes the addition of 1,3-dienes to 3-alkenoic acids to form 3,6-
dienoic acids. In this last system [RhH(PPh3)a], [Rh(OZCMe)(PPh3)3J and
[Rh(COD)(PPh3)2]PF6 were also active but not as effective as [RhCl(PPh3)3].
The high regioselectivity observed is attributed to the formation of
metallacyelic intermediates (ref. 835)., Further uses of [RhCl(PPh3)3] are

to mediate the cyclization of [548] to [549] (ref. 836) and to catalyze the

/fm
CH
H o)
p-tolyl —— C —8 CH,CHO Me,
“ Me
Me

p-Tolyl Me

[548] [549]
hydrostlylation of q,B-unsaturated esters (ref. 837) and quinones (ref.
838).

The cleavage of carbon-carbon double bonds by dioxygen to form aldehydes
is catalyzed by [RhCl(PPh3)3] and related complexes (ref. 839) while the
catalytic activity of [RhCl(PPh3)3] analogs supported on polymers via
pendant diphenylphosphino groups 1is said to be quite dependent on the
preparative conditions. In particular binding of rhodium by two such
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groups appears necessary for best resulets (ref. 840)., The complexes
[RhCle] (L = (Et0)3S:l(CH2)nP(menthyl)2 (n =1, 3, 5)) prepared in situ
from [RhCl(C2H4)2] have been examined in solution and on silica surfaces
for asymmetric hydrogenation catalysis. The latter were more stable and
selective than the homogeneous counterparts but some leaching did occur
(ref. 841). A mechanistic study of ketone hydrogenation by hydrogen
transfer from an alcohol in the presence of [RhH(PPh3)4] postulates ligand
dissociation and subsequent m-coordination of the keto group to the metal
(ref. 842) while [RhH(CO)(PPh3)3] catalyzes the {isomerization of o-tri-
methylsilylketones to the corresponding enol ethers (ref. 843) and [RhH-
(PPh3) 4

y-lactones or y-alkyl-6-lactones respectively in the presence of 4-phenyl-

] mediates the oxidation of 2-alkyl-l,4- or -1,5-diols to B-alkyl-

but-3-en-2-one as a hydrogen acceptor (ref. 844). The last complex also
catalyzes the oxidation and isomerization of cis- and trans-4-tert-butyl-
cyclohexanol (ref. 845).

[Ier(PPh (acetone)z]BF4, which together with related complexes is

)
active for tiezstoichiometric or catalytic dehydrogenation of cycloalkanes
to cycloalkenes and aremes (ref. 846), reacts with bipy to form [IrHZ(bipy)-
(Pph3)2]BF4 which on treatment with [Au(NOB)(PPha)] and more tetrafluoro-
borate ion yields [(PhaP)z(bipy)Ir(u—H)zAu(PPha)](BF4)2. The hydride loca-
tion is proposed from NMR data and unlike [Ier(Nos)(PPh3)2Au(PPh3)]BF4 no
further gold moieties can be added. Reaction of [IrH(CO)(PPh3)3] with
[Au(NOa)(PPhB)] and potassium hexafluorophosphate forms EEI—[IrH(CO)-
(AuPPhB)(PPha)alBF4 while [Irﬁuz(ﬂ)(N03)(Pph3)4]BF4 reagis with triphenyl-
phosphine to form [Au(PPhg)z] and [IrH(AuPPhB)(PPh3)3] . The latter has
a square pyramidal structure with an apical {AuPPh3} ligand (ref. 847).
Water oxidatively adds to [IrLk]PFG (L = PMe3) yielding Eig—[IrH(OH)L4]PF6
which is thermally stable to 100°C, 1In D20 the latter forms cis-[IrH(OD)-
LA]PFé which also does not undergo reductive elimination and reverts to the
hydroxide complex on exposure to air. The hydroxide complex in methanol
yields gig—[IrH(OMe)Lé]PF6 which is also obtained together with EEE'[Ier“
L4]PF6 from [IrLA]PF6 and methanol. The methoxide complex i1is stable to
70°C but reacts immediately with tetranitromethane to reductively eliminate
methanol. The results of the reaction of [IrL‘.]PF6 with methanol suggest
it proceeds vis oxidative addition of methanol to [IrL3]+ to form [IrH-
(OMe)L3]+ which then undergoes either B-elimination or addition of a fourth
phosphine ligand. [IrLl.]PF6 also adds hydrogen sulfide to yield cis-
[IrH(SH)LA]PF6 which 1s unreactive towards alcohols unlike its hydroxy
analog (ref, 848). Halide abstraction from EEE'[ITC13L3] (L = PMezPh) by
silver perchlorate in aqueous methanol under carbon monoxide forms mer-

trans-[IrClZ(CO)La]Clo4 which in dichloromethane solution is converted to
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mer-trans—[IrClz(COZH)La] by aqueous potassium hydroxide. The last reverts
to the carbonyl complex on treatment with acetic or trifluoroacetic acids
and with lithium bis(trimethylsilyl)amide forms a 3:1 mixture of mer-trans-

and mer-cis-[{IrHC1 With thallium formate in methanol [IrC13L3] forms

E.].
273
mer—trans—[IrClz(OC(O)H)L3] which is unaffected by refluxing in THF (ref.
849). Hydrated iridium(II1) chloride and o-bromophenyldiphenylphosphine(L)
in refluxing ethanol form [IrC13L2] which reacts with triphenylphosphine

yielding [550] (ref. 850).

Ph,P
Cl

.

V“c
Cl—1r-=-—Br

Ct

PPhy [550]

Under 60 atm of carbon dioxide [IrH(PMe

in hot THF to yield [Ier(PMe3)4
of a carbon-carbon bond between carbon dioxide and an activated alkane.
2)Z]Cl forms [MHCI(LZ)Z][OZCCH(CN)Z] (M = Rh; L2
= dmpe. M = Ir; L2 = depe) (ref, 851). Oxidative addition of tetra-
fluoroboric or perfluorobutane sulfonic acids to [Ir(Nz)Cl(PPh3)2] at -25°C
forms trans—[IrH(X)Cl(Nz)(PPha)z] (X = FBFB, 0502C4F9) in which two good
leaving groups are present, The products catalyze the isomerization of

3)4] reacts with dicyanomethane
][OZCCH(CN)Z] which involves the formation

The same reaction with [M(L

phenyl- or 1,2-diphenyloxirane to the corresponding acetaldehyde deriva-
tives and react with ligands at low temperature to form trans-[IrH(L)Cl-
(Nz)(PPh3)2]3F4 (L = HZO’ MeOH, acetone, THF, MeCN, CO, CZH&) or trans-
[IrHCl(PPh3)3]X (ref. 852), Addition of thionitrosodimethylamine to
EEE-[I:HClz(PPh3)3] in toluene/diethyl ether yilelds Ezgﬂg—[IrClzﬂ(S=NNMe2)—
(PPh3)2] while with [IrHCl(MeCN)Z(PPh3)
(S=NNMe2)Z(PPh3)Z]+ (ref. 853). In refluxing ethanol/hydrochloric acid,
(NH4)2[Ir016] reacts with excess triisopropylphosphine yielding trans-

2]+ the product 1s cis-[IrHC1-

[IrH2C12(PPr13)2] which is the first example of a paramagnetic iridium(IV)

hydride. At room temperature in solution this species appears to undergo a
reductive elimination of dihydrogen to form the diamagnetic f{ridium(III)
complex [IrHClz(PPriB)zl. a process which can be reversed on cooling. For
this reason 1t 1is proposed that the dihydrogen formed remains somehow
agsoclated with the product complex leading to a characterization of the
equilibrium as a temperature-dependent ligand-to-metal 1 metal-to-ligand
charge transfer process (refs. 854, 855). Treatment of EEZ—[IrH3(PPh3)3]
with two equivalents of silver triflate in acetone forms [551] (L = PPh3).
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H
S Ag(OTH)
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L/Ir
H l Ag(OTf)
. 9

| a
[551]

H oTf

The hydride ligands were not located in the structure determination but the
positions indicated were suggested by NMR data (ref. 856).

List of Abbreviations

acac = acetylacetonate

AMSO = N-acetyl-(S)-methionine-(R,S)-sulfoxide

BDN = buta-1,3-diene

BDPOP = 2,4-bis(diphenylphosphinyloxy)pentane

biim = 2,2'-biimidazolate

bipy = 2,2'-bipyridine

BPK = benzophenone ketyl

BPPFA = (R)-{1-[(S)-2,1'-bis(diphenylphosphino)ferrocenyl]-
ethylldimethylamine

BPPM = (25,48)-N-tert-butoxycarbonyl-4-diphenylphosphino-2-
diphenylphosphinomethylpyrrolidine

br = 1,3-diigsocyanopropane

BTD = 2,1,3~benzothiadiazole

BTMSA = bis(trimethylsilyl)acetylene

btz = benzotriazolate

btzH = benzotriazole

bz = benzyl

CAMP = methylcyclohexyl-o-anisylphosphine

(5,S)-CHIRAPHOS = (5,S)~2,3-bis(diphenylphosphino)butane

CIDNP = Chemically Induced Dynamic Nuclear Polarization

4-CNpy = 4=-cyanopyridine

CcoD = cycloocta-1,5~d1iene

CoT = cyclooctatetraene

References p. 431



428

cp

cp
cpMe
CTAB
cy
cydiop

cyoct
cytcp
DAB
DABCO
dacoda
dahd
DAM
DAP
DAPM
DBU
DEAD
DIOP

DIPAMP
dimen
dippb
dippe
dippp

dipy
DMA

DMAD

DME

dmgH

dmmm

dmpm

DMSO

DNMR

(DO) (DOH) pn

DPM
dpma
dpmp
DPPB
DPPE

cyclopentadienyl

pentamethylcyclopentadienyl
methylcyclopentadienyl
cetyltrimethylammonium bromide

cyclohexyl
2,3-0-isopropylidene-2,3-dihydroxy~1,4-bis{dicyclo-
hexylphosphino)butane

cyclooctene
bis(3-dicyclohexylphosphinopropyl)phenylphosphine
1,4-diphenyl-~1,4-diazabuta-1,3-diene
1,4-d1azablcyclof[2.2.2]octane
1,5~-diazacyclooctane-N,N"-diacetate
3,4-diacetyl-2,4-hexadien-2,5-d1clate
bis(diphenylarsino)methane
2,6-diallylpyridine
diphenylarsinodiphenylphosphinomethane
1,8~diazabicyclo[5.4.0]undec~7-ene
diethylacetylene dicarboxylate
2,3-0-1sopropylidene-2,3-dihydroxy-1,4-bis(diphenyl-
phosphino)butane
(R,R)—l,2—bis(g—anisylpheny1phosphino)ethane
1,8-diisocyanomethane
1,4-bis(diisopropylphosphino)butane
1,2-bis{(diisopropylphosphino)ethane
1,3-bis(diisopropylphosphino)propane
bis(pyridin-2-yl)amide

N,N-dimethylacetamide

dimethylacetylene dicarboxylate
1,2-dimethoxyethane

dimethylglyoximate
bis(dimethylphosphinomethyl)methylphosphine
bis(dimethylphosphino)methane
dimethylsulfoxide

Dynamic Nuclear Magnetic Resonance
diacetylmonoxime diacetylmonoximato propane-1,3-
diyldiimino

bis(diphenylphosphino)methane
bis(diphenylphosphinomethyl)phenylarsine
bis(diphenylphosphinomethyl)phenylphosphine
1,4-bis(diphenylphosphino)butane
1,2-bis(diphenylphosphino)ethane



DPPP
DQ
EHMO
ENDOR
EPR
EXAFS
FTIR
FTMS
FVp
sziim
1,5=-HD
szahd
Hdipy
HFB
Him
HMPA
Hetz
Htz

im

MAS
3-Mepy
4-Mepy

Me ,Onapy

2
Mezpz
Hezsz
MeBTFB
NBD
Nszpt
NMP
NOE

(-)NORPHOS

Np

NP2

np,
OEP
OFCOT
Onapy
ophen
oq
OTfE
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1,3-bis(diphenylphosgphino)propane
duroquinone

Extended Hiickel Molecular Orbital
Electron Nuclear Double Resonance
Electron Paramagnetic Resonance

Extended X-ray Absorption Fine Structure
Fourier Transform Infrared

Fourier Transform Mass Spectrometry
Flash Vacuum Pyrolysis

2,2'-biimidazole

hexa=1,5=-diene
3,4-dlacetyl-2,4-hexadien-2,5-d10l
bis(pyridin-2-y1)amine
hexafluorobut-2-yne

imidazole

hexamethylphosphoramide

tetrazole

1,2,4~triazole

imidazolate

Magic Angle Spinning

3-Methylpyridine

4-Methylpyridine
5,7-dimethyl-1,8-naphthyridin-2-one
3,5~dimethylpyrazolate
3,5-dimethylpyrazole
trimethyltetrafluorobenzobarrelene
bicyclo[2.2.1)heptadiene
4-amino-3,5-bis(pyridin-2-y1)-1,2,4-triazole
N-methylpyrrolidine

Nuclear Overhauser Enhancement

(2R, 3R)-(-)-2,3-bis(diphenylphosphino)bicyclo[2.2.1]-
hept-5-ene

neopentyl
2-[bis(diphenylphosphino)methyl]pyridine
tris(2-(diphenylphosphino)ethyl)amine
octaethylporphyrin
octafluorocyclooctatetraene
1,8-naphthyridin-2-one
1,10-phenanthroline

8-oxoquinolinate

trifluoromethanesulfonate ("triflate')
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PAMP
PES
(S) -PheNOP

PPD
(-)PPM

PPN
(R)-PROPHOS
PY
pydz
py-SH
pz
pzH
salen
5Q
syngas
tcbiim
TDA
TEMPO
TFA
tfac
TFB
TFTMAA
tht
TMB
TMEDA
TPD
TPM
TPP
triphos
TTP
ttz
tz
vdiphos
vy
WGSR

methylphenyl-o-anisylphosphine
photoelectron spectroscopy
2-(S)-3-phenyl-2-N-methyl~2-N-phenyl~diphenylamino~1-
diphenylphosphinoxypropane
(E,E)-1-phenyl-1,2-propanedione dioximate
(28,48)-4~diphenylphosphino-2-(diphenylphosphino-
methyl)pyrrolidine
bis{triphenylphosphine)iminium cation
(R)-1,2-bis(diphenylphosphino)propane
pyridine

pyridazine

pyridine-2-thiol

pyrazolate

pyrazole
N,N'-ethylenebis(salicylaldiminato)
o-semiquinone

synthesis gas (H2/C0)
4,4',5,5'-tetracyano-2,2"'~biimidazolate
tris(dioxa-3,6-heptyl)amine
2,2,6,6,-tetramethylpiperidinyloxy
trifluoroacetic acid
trifluoroacetylacetonate
tetrafluorobenzobarrelene
1,1,1-trifluoro-5,5,5-trimethylpentandionate
tetrahydrothiophene
2,5-dimethyl-2,5-diisocyanohexane
N,N,N',N'~tetramethylethylenediamine
Temperature Programmed Decomposition
tris(diphenylphosphino)methane
tetraphenylporphyrin
1,1,1-tris(diphenylphosphinomethyl)ethane
tetra-p-tolylporphyrin

tetrazolate

1,2,4~triazolate
1,2-bis(diphenylphosphino)ethylene

vinyl

Water~Gas-Shift Reaction
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