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1. Reviews

To mark the publication of Volume 200 of The Journal of
Organometallic Chemistry selected organometallic chemists were
invited to contribute papers. These included, "The use of atoms
of the Group IV, V and VI transition metals for the synthesis of
zerovalent arene compounds and related studies'" by M.L.H. Green

[1]; "Nucleophilic addition to transition metal complexes" by
P.L. Pauson [2] and "The way to novel sandwich-type complexes"
by H. Werner [3]. As part of a US government report King has

summarised the reactions of alkyliminobis(difluorophosphines) with
the carbonyls of Cr, Mo, W, Fe, Co and Ni and the Q7-cyclopenta—
dienyl)metal carbonyls of V, Mo, W, Mn and Fe [4]. Jonas and
Krueger have reviewed the chemistry of alkali metal-transition
metal 7T-complexes. A section on the preparation of these compounds
from ferrocene, cobaltccene and nickelocene was included [5].
Pearson has reviewed recent developments in the chemistry of
tricarbonyl(n)-diene)iron complexes [61. Birch has surveyed the
stereosvecific and regiospecific formation and reactiviiy of some

substituted tricarbonylG7—cyclohexadiene)iroh,complexes [7].

2. Genéral Results
A theoretical investigation of bonding in the metallocenes

(I7—C5H5)2V, (r]—CsHB)ZMn, (q-csﬂs)aFe, (17-(:535)2 Ru and
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()-CoH ), Ni has- indicated that the bond orders of the C-C bonds
reflect the extent of 1r~-bonding which in turn determines the
strength of the metal-ligand bond. Paulings bond distance-bond
order relationship was used to determine the bond orders of the
C-C bonds and the number of M-electrons in the metal-ligand bonds
were derived., The values were correlated with observed dissociation
energies which allowed the estimation of the energies of the
highest occupied molecular orbitals, these energies were then used
to predict the metal-ligand distances [8]. The carbon 1ls, nitrogen
1s and oxygen ls binding energies of fifty five transition metal
carbonyl and nitrosyl compounds have been subjected to correlative
analysis. The carbon 1s and oxygen ls binding energies of the
carbonyl complexes were linearly related to the C-0 stretching
force constants and similarly for the nitrosyl complexes the
nitrogen ls and oxygen ls binding energies were linearly related
to the N-O stretching force constants. The data showed that the
transfer of electron density to the CO and NO groups weakened .the
C-0 and N-O bonds. Also, that in back bonding to CO more charge
was transferred to the carbon atoms than to the oxygen atoms and
for NO similar amounts of charge was transferred to the nitrogen
and oxygen atoms [9].

The frontier molecular orbital method was used to analyze
bonding in transition metal TE-complexes. A simple model was
proposed but when it was applied to tricarbonyl(cross-conjugated
dienyl)iron cations it failed [10]. The application of the

rtended Hueckel Theory to organometallic molecules has been
examined. A new population analysis, which gave good results,
was applied to di(p-benzene)chromium, (n-venzene)tricarbonyl-
~chromium and ferrocene [11]. . Apparatus has been described for the
synthesis of organometallic compounds by cocondensation of metal
atoms and the vapour of the ligand. The liguid reaction product
was monitored spectrophotometrically to determine the extent of
reaction and the liquid could be recycled [12]. A related patent
described'apparatus which differed in that the pressure in the
evaporator section~(10_4 torr) could be maintained below that in
the reaction chember (>10-3 torr) [13].

, A route to functlonally substituted 07-cyclopentad1enyl)-
~tran51t10n metal complexes has been reported. It permitted the
synth351s of complexes whlch were dlfflcult to form by electro-
philic substitution of theAparent system. = The procedure involved

-References P- 360 -
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the formation of formyl-, acetyl- and methoxycarbonyl-cyclopenta-
dienylsecdium (2.1; R = H, Me, OMe respectively), by treatment of
cyclopentadienylsodium with ethyl formate, methyl acetate and

dimethyl carbonate respectively. These intermediates were then
trezted with transition metal salts and transition metal carbonvls
Y TA N ¥ L W kS e J W V3 \YES N A —— WICAL Ve CAZLi Vi QAL v L Jll e v WAl MUy 2o

to form the functionally substituted complexes. Thus the sodium
salt {(2.1; R = Me) was treated with cobalt chloride to give
1,1'-diacetylcobaltocene, The formation of chromium, molybdenum,
tungsten, rhodium and nickel compiexes was also described [14].

A series of metallofulvalene complexes (2.2; M =V, Cr, Ni;

Z = 0) has been synthesized and characterized. The complexes (2.2)
were regarded as electronically delocalized systems and were
formally analogous to the metallocenes. Each of the complexes has
been obtained in three oxidation states (2.2; M =V, Cr, Nij;

Z =0, 1, 2). The crystal and molecular structures of two of the
complexes (2.2; M =V, Ni; Z = 0O) have been determined by X~ray
crystallography [15].

o= =@

Na™
M M

[ —C

2.1 2.2

Reaction of CSDSNa with a metal chloride has been used to
prepare the perdeuterated metallocenes, 07—C5D5)2M, where M = V,
Cr, Mn, Fe, Co, Ni. The infrared and mass spectra of the
perdeuterated species were recorded and discussed [16]. In the
mass spectra of cymantrene, benchotrene, tricarbonyl07—cyclopenta—
dienyl)rhenium, tetracarbonyl07—cyclopentadienyl)vanadium and
ferrocene obtained by their simultaneous evaperation with organic
molecules and deuteroanalogues, protonated (deuterated) molecular
and fragment ions were detected. These were formed as a result
of (i) ion-molecule reactions in the ionization chamber at
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pressures of 107210 4mn Hg and (ii) the interaction of neutral
‘molecules of the Tr-complex and the organlc compound before their
ionization [17].

Stainless~steel porous-layer open tubular (PLOT) columns were
prepared with Dexsil and other stationary phases that were suitable
for the separation of organometallic compounds. Ferrocene,
ruthenocene and asmocene were separated as were dicarbonyl-
(q—cyclopentadienyl)nitrosyl-chromium, -molybdenum and -tungsten.
Plate numbers in excess of 10,000 were obtained demonstrating the
excellent behaviour of these compounds on PLOT columns [18].
Metallocenes containing chromium, molybdenum, manganese, iron or
nickel have been used as sources of metal impurities in the doping
of semiconductor materials during vapour-phase epitaxy. The
impurity distribution was found to change sharply from one film
to another in semiconductors based on GalAs, InP, Si, CdS and PhbSe

f19].

3. (P-C-BOV(CO), -

The 1P and 5ly wvm spectra of the vanadium complexes [3.1;
PR3 = PHéPh, PMeB, P(n—Bu)B, PMePhZ, 3, P(OMe)B, P(QOPh) ] have
been recorded. The shielding of the V atom decreased w1th
decreasing ligand strength (electronegativity of R) and increasing

spatial requirement for the PR3 ligand [20]. Photolysis of
O7-cyclopentadienyl)vanadium tetraca:bonyl in the presence of
triphenylphosphine using monochromatic radiation gave the complex
(3.1; PR3 = PPhE). The mechanism involved photodissociation of

T /\/
oy ol N o

s 3.2

Réfemnca p360
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the excited starting material to give a vanadium,tricérbonyl»-
intermediate which then underwent nucleophilic attack by the
chosphine [21]. 7 , -

The UV irradiation of tetracarbonyl(q—cyclopentadienyl)—
vanadium with MeSSMe in THF gave a mixture of the binuclear complexes
[(7-C H;)V.SMe(CO),]1,, 21-68% yield and [(-CgHg)V(SMe) ],
8-59% yield. The proportions of the two products varied with the
reaction time [22]. The photolysis of tetracarbonyl(?-cyclo~
ventadienyl)vanadium in tetrahydrofuran gave the dimer (3.2).

The thermal and photochemical reactions of the dimer (3.2) were
examined [23, 24].

L. Q?»C,gé)(:r(co)3
(i) Formation

The formation of the tricarbonylchromium complexes (4.1;
1 R
R = oMe, 2 = % = B: R' = OMe, R = H, Me; R’ = OMe, R® =

s—l

R3-=

‘Rl Rl Rl

ROH
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Me;‘ Rl.= R2.= H, R3 = Ph) from the corresponding benzyl alcohols

enhanced the stability of the carbenium (4.2) ions generated from
these alcohols. Treatment of these carbenium ions with ammonia,
amines or alcohols (R = Me, Et) gave the corresponding amines and
ethers (4.3, 4.4, 4.5). This method was used to control the
stereochemistry of nucleophilic attack in indane and tetralin [25].
Reaction of triphenylarsine with hexacarbonylchromium produced the
tricarbonylchromium complex (4.6). The structure of the chromium
complex (4.6) has been determined by X-ray analysis. The geometry
about chromium was of the symmetrical "three-legged piano-stool"
type with a Cr to As distance of 3.73 ® which indicated that there
was no bonding between these two atoms [26].

Several chromium tricarbonyl complexes of phenylsilanes such
as the benzylsilane complex (4.7) and the bimetallic complex (4.8)
have been synthesized. Some chemical reactions of the complexed
ligands were reported [27]. Tricarbonyl@7—phenalene)chromium (4.9)

H
AsPh, CH,SiMe, SiMep
Cr Cr Cr
(00)3 (CO)3 (00)3
4.6 L.7 L.8

has been obtained by treatment of the free hydrocarbon ligand with
(MeCN),Cr(c0).. Complexation of the metal to ring A occurred
exclusively [28]. The reaction of 2,6,15,19-tetrathia [7.7]para-
cyclophane with hexacarbonylchromium gave five products (4.10,
4.11,'4.12, 4.13 and 4.14). The formation of these products was
discussed and a radical mechanism was proposed for the elimination
of the 1 3—propaned1th1a unit which was requﬁred for the formation
of the complexes (4.12, 4.13 and 4.14) [29]. Ladder polyphenyl—
51lsesqu10xane and a linear polydlpheny151loxane were treated with
hexacarbonylchrom_um to g:Lve the correspond:n_ng trlcarbonylchromlum
complexes.{' These silicone polymer complexes catalyzed stereo-~

 References p. 360
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selective hydrogenation of methyl sorbate to cis-3-hexenoate in

cyclohexane and tetrahydrofuran {301.
The tricarbonylchromium complex (L.1l5) was prepared from the
parent fluoro alcohol by reaction with tricarbonyltris(pyridinel-
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Cr ) Cr
(00)3 (co)3

4el5 4.16

chromium in the presence of boron trifluoride~ether. Addition

of potassium t-butoxide to the complex (4.15) resulted in cyclization
to give the chroman complex (4.16). Treatment of the latter
complex with jiodine gave the uncomplexed chroman in quantitative
yield [31]. When (7-benzene)dicarbonyl(methyl cyanide)chromium
was heated in benzene the chromium complex (4.17) with a Cr=Cr
triple bond was formed [32]. Heating chromium hexacarbonyl with
di-n-butyl ether at reflux temperature gave a mixture of o-, m-,
and p-dimethylbenchrotrenes. In the samé way dipentyl ether and
chromiuﬁ hexacarbonyl gave a mixture of isobutyl- and l-methyl-3-
~propyl-benchrotrene, Dipropyl ether and dihexyl ether were inert
towards the carbonyl. Carbon amides may act as catalysts in
promoting the reaction [33]. Regiospecific attack of l,4~enyﬁes,
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RCECCH20H=CH2, where R = Me, Et, Pr, Bu, on pentacarbonyl(methoxy-
phenylcarbene) chromium (0) gave the tricarbonylchromium complexes
(4.18; R = Me, Et, Pr, Bu) which were degraded to the free

ligands or the corresponding naphthaquinones on silica gel.
Oxidation of the complexes (4.18) with Ag,0 gave only the corres-

ponding naphthaquinones or their tricarbonylchromium complexes [34].

(ii) Spectiroscopic and Physico-chemical Studies
The electronic effects of the ligands CO, CS and CSe in the
benchrotrene complexes (4.19; I = CO, CS, CSe) have been compared

by theoretical calculations and by spectroscopic and structural
investigations. The strength of the ligand-metal bond and the
electron withdrawing power of the ligand decreased in the order
CSe>CS>CO with the largest difference between CS and CO. cs
was the most efficient Tr-electron acceptor and G-electron donor [35].

Et Et Bt Et
co,Me  Et Tt Bt Et
cr Bt Bt Et Et
(co),L Cr Cr
(co) (co),PPh
3 2773
4,19 4.20 .21

The crystal and molecular structures of the two chromium carbonyl
complexes (4.20 and 4.21) have been determined by X-ray analysis,

In complex (4.20) the hexaethylbenzene ligand closely resembled

the ground state conformation of the free arene witn an alternation
of the ethyl groups above and below the mean plane of the benzene
ring. However, in complex (4.21) all six ethyl groups were on the
side of the benzene ring reaote from the metal [36]. The crystal
and molecular structure of the benchrotrenylketene (4.22) has

been determined by X-ray diffraction. The structure showed l1ittle
evidence for conjugation between the phenyl ring and the vinylketene

group [37].
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(oc)aCr

Cr
(00)3

.22 OMe

ha23

The crystal and molecular structure of @7-benzene)dicarbonyl—
methoxyphenylcarbenechromium (4.23) have been determined by X-ray
crystallographys The chromium-carbene carbon interatomic distance
was the shortest reported to date at 1,93 2. Bond lengths and
bond angles around the carbene carbon atom were discussed in terms
of the Tr-donor ability of the three groups and competition between
them for the carbene positive charge [38]. The structure of the
07—tetralone)chromium complex (4.24) has been determined by X-ray
analysis. The Cr-C(S) bond was shorter than the Cr-C(0) bond
due to the greater degree of r-back-bonding associated with the
thiocarbonyl ligand [39]. The (V-diazaborin)chromium complexes
(4.25; R = H, Me) were obtained by treatment of the free ligands

ET Et

—<Oy
I\

cq.rcr:sk.PPi 5.0 L _ B (co)
";4;24”" TT o .'  ‘A N T N 4.25 |
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wnhnich were isoelectronic and isostructural with benzene, with
(MeC:N)BCr(CO)__5 or Cr(CO)6 in acetonitrile. The X-ray crystal
structure of the complex (4.25; R = H) confirmed that the metal-
ring atom bond distance was determined by the nature of the ring
atom [40]. The photoelectron spzctra of the tricarbonyl-chromium
and -molybdenum complexes of mesitylene have been measured,
The electronic structures of the ligands were found to be insensitive
to the nature of the metal [411.

The mass spectra of several substituted benchrotrenes (4.26;
X = H, alkyl, aryl, OMe, NH,, NMea, Co Me, halogeno) have been
recorded and interpreted in terms of the guasi-equilibrium theory.
The nature of the groups X in the complexes (4.26) did not affect
decarbonylation of the mclecular ions. A linear relationship was
observed between log [Cr]+/[(XC6H5)Cr]+ and the number of degrees
of freedom of the ion [(XC6H5)Cr]+ [42]. The ion-molecule reactions

X (CH)

Cr Cr
——PR
(CO)3 (CO)2 2
426 L .27

/(CHZ)Z
<C%> 2 0 (C\Ha) >
0 \ (cud) o
(CH cH
/ 2)2 Cr / PFZ__ _Z_éCr PFZ
co PF
) 2 )
TTPF,

L .28 L.29
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that occurred in a mass spectrometer were studieg for the combined

Taporization of the [-arens)iricarbonylohromivg ecompleves
¢ wama = O . 0RO, C.H NMa. . CH d the (- -
(p-arene : + CglsCl, Cglsh ,,2,",.4.:4:};'. HL;SE) and 7-cyclo
entadianylfuetal carbonylis, e H RIS 5 whers M= Nz, R =

-
5, CL, Br, COMe,n=3; M=Re, R=%, =33 =¥, B~H, & = &,

with various aromatic (PiR; R = H, NH,, C1, OH, CH,CI, NE, b ane
heteroecyclic compounds, In all cases sccondary lons of the type
(arcrr)t or (C5H4RML)+ where L is an aromatic or helerocyclic

i compound, were formed [43]. The mass spectra of the (p-arene)-
{ -chromium complexes (4.,27; R = OPh, n = 1-5; R = Ph, n = 2;

R=0Et, n=2,3; R=zF, n=2; 4,28 and 4.29), some related
complexes and of the tricarbonylchromium precursors to these

. compounds wers recorded and interpreted., The mass spectra of

the complexes (427, 4,28 and 4,29) showed tie presence of molecular
ions which decomposed by the simultaneous ejection ot the two
carbonyl groups. The subsequent fragmentation was contrsnlled
by thec nature of the substitutuent on the phoaphorus atom [44],
Elestron impact and chemical ionization mass spectra have heen
compared for a range of benchrotrene complexes including methLyl=-
and acetyl-benchrotrenes, the naphthalene complex (4.30) and the
diphenylpropane related complexes (4.3 M = C, Si, Ge, Sn, Pb).
The MH" 1on was the basc peak for all of the simple benchrotrene
complexcs using chemical ionization while [M-BCO]+ or L"Z(J:r'+
dominated the mass spectra with electron impact _onizalion, The
diphenyl complexes (4.31) save chemical lonization molecular aon
clusters, but the base peaks arov.« by fragmert.tiny of the Group

Cr
(co)3 (co)3

4,30 L.31

Roferences p, 360
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IV 2l=zmest-banzene bond. Electron impact ionization of these
complexes was characterized by loss of carbon monoxide and the
formation of Cr' ions [45]. Gas phase reactions of a series of
(?-arene)tricarbonylchromium complexes, wheren7-arene = benzene,
toluene, metnylbenzoate and acetophenone and (7—cycloheptatriene)—
tricarbonyl complexes of chromium, molybdenum and tungsten with
Brdnsted acid reagent ions H3+, CH5+, t-C4H9+ and (NHS)nH+ have
been investigated. These reactions were carried out in a mass
spectrometer and they depended on the Brgnsted acid strengths of
the ions and on the basicity of the metal complexes. Processes
were identified which involved either metal or ligand proton
attachment together with charge exchange, electrophilic addition
and rearrangement [46].

The neutron inelastic scattering spectrum of 07—benzene)tri—
carboaylchromium has been measured between 10 and 2000 cm ~. A
new valence force field was determined and when this was used to
calculate the neutron spectrum, good agreement with the observed
optical frequencies and neutron intensities was obtained [47].
Methods have been developed for the accurate determination of
chromium in organochromium compounds. After oxidation the chromium
was determined spectrophotometrically as Cr(VI) with diphenylcarba-
zide [48]. The IR spectra of a number of benchrotrene analogues
such as the complexes (4.32; X = EE, COaMe, L = CS; X = COMe,

L = PPhE, AsPhB; X = COZMe, I, = CNCOPhL) were recorded in the
carbonyl stretching region. The activity of several complexes
(4.32) in the hydrogenation of norbornadiene was evaluated and it

was inferred that changes in the IR spectra of the complexes in

THF solution may be used as a guide to the catalytic activity.

It was suggested that centrochiral complexes of stoichiometry
(i7-Arene)CrCOLlL2 may be useful as hydrogenation catalysts in
asymmetric synthesis [49]. The IR and Raman spectra of tri-
carbonyl(¥)-cycloheptatriene)-chromium, -molybdenum and -tungsten have
been used to determine the CO force constants. The results obtained
allowed an almost complete assignment of the metal-ligand vibrations;
v~(C0), & (MCO), v (MC), v-(M-ring), ring-tilt and &(CcMC) [50].

The “H NMR spectra of the tricarbonylchromium complexes
(4.33, L4.34 and 4.35) were recorded and the nonexponential relaxation
of the methyl signals was analysed. Correlation times for internal
rotation of the methyl group and local reorientation were determined
[51]. Bis(tricarbonylchromium)diphenylmethane has been treated
with excess potassium t-butoxide to give the anion (4.36).
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COZMe
Q»x
co_Me
(Cr Cr 2
CO).L (co)
2 3 433
4,32
Cr(co) cr(co
MeO,C 2 M205 ’
c COZMe Cr CHO
r
(o) (CO)3
3 L o3l 4435

1

3¢ and YH NMR chomical ohafl coupling €0n stant data tadicated thad
the carbanion (4.36) was stalilized by delecalization of negalive
charge on to the carpounyl moilctics, The calion (457) W, tudros

Cr ©
(o), 0,

4-36 "'"'3'
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also and there was no evidence to suggest any interaction between

the chromium and the oX—carbon atom [52]. The 12C and 17F NMR
spectra of the tricarbonylchromium complexes (4.38; R = H, F, C1,
Br, OAc, COMe, OMe, Me, t-Bu, 4.39; R = H, F, OAc, OMe, Me, and
L.n0; R = H, F, OMe) were recorded and interpreted. The
substituent chemical shifts (SCS) permitted an unambiguous evaluation
of the volar factors governing L3¢ ana 19 scs in (QFarene) Cr(CO)3
complexes. It was concluded that a qualitative description of the
q—arene—Cr(CO)3 bond in terms of only the Ti—electrons of the arene
ring was preferred and that there was littie participation by the

G —electrons [53].
F
O OO
Cr Cr Cr

(o) (€0l (co)3

By
b

4.38 4.39 4.40

The 13¢ NMR spectra of O7—fluorene)—, (f}-3-methylfluorene)-
and 07—6-methylfluorene)—tricarbonylchromium complexes were
described by the "fingerprint" method, 13C spin-lattice relaxation
time measurements and an additive calculation of carbon chemical
shifts of the methyl-substituted complexes [54]. The preferred
conformations of mono— and bis—(tricarbonylchromium) complexes of
dimethyl-1,1'~biphenyl-2,2'-dicarboxylate were determined via lH
NMR- spectroscopy using the lanthanide induced shift technique.
The mono~ and bis-(tricarbonylchromium) complexes of methyl-2%-
-methyl-1,1'-biphenyl-2~carboxylate were used as model compounds.
In 2ll the complexes the torsional angle between the two rings
was approximately 900 with the substituents,Cr(CO)s, COZMe and Me
occupying one of the different octants [55]. The formation of
charge-transfer complexes by benchrotrene and twenty substituted
benchrotrenes withTr-acceptor molecules including tetracyano-
ethylene, chloranil, trinitrobenzene and trinitrorhenol has been
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investigated by UV-visible absorption spectroscopy. Tetracyano-
ethylene formed molecular complexes which were of themuy-type.

The character of the donor-acceptor interaction betwean the
tricarbonylchromium group and the arene ligand depended on the
positive charge value on the benzene ring which was identifiable
by the electron arffinity of the acceptor., Thus for the powerful
Tt-acceptor tetracyanoethylene, the tricarbonylschromium group is an
electron-donor relative to the benzene ring while the same group
is an electron~acceptor for trinitrobenzene {s6].

(1ii) General Chemistry
Lithiobenchotrene (4.41) has been prepared by ithe reaction
of benchotrene with n-butyllithium in tetrahydrofuran at -20%.
When the lithio-derivative (4.41) was quenched waith me.hyl iodide
or lodino, (q-toluene)- and (q-iodobenzene)—trlcarbonylchromlum
respectively were obtalned. When the lithio-der valive was warmed

R
- \ O
Cr Cr Cr
(cody (C0) 5 (coyy o
Gell Lol42 Lol 5

@

Cr
(co)3
bobl

References p. 360
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to 09C in the presence of excess n-butyllithium, rn-butylbenzene

was formed in high yield [57]- The addition of 2—__iuhio—2—methyl—
vropionitrile to tri carbonyl(r] —styrene)chromium (4.42) at —30
gsave the complex (4.43; R = H) after hydrolysis. If an electro-

phile was added before hydrolysis a substituent was introduced
into the o{-position. For example, the addition of methyl iodide
or acetyl chloride gave the complexes (4.43; R = Me and COMe)

respectively. Similar reactions were carried out with other
OM
0):1 g e
HZSO L ';' . MeOH
~ — \ - N
~ N
Cr Cr Cr
(c0o) (co)
3 (Co)g 3
Lo4s L.hg
cN |
NHCOMe + -]
. CN | 2+
\\
Me H
X cr Mo Mo
COlz
(sMe) (8Me)
Loy? b b
Mo Mo

.48 Loi9
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organolithium reagents and with othce tricarbonylchromium complexcs,
for examplec with the 76-dihydronaphtqalene derivative (4.44) [58].
Treatment of the (8)-(+)-l-phenylethanol complex (4.45) of optical
purity 89% with methanol and sulphuric acid gave the ether
(8)=(~)- (4.46) of 64% optical purity. Therefore this reaction
proceeded with retention of configuration and 72% conversion of
optical purity., The amide (4.47) was prepared in a similar manner
and Lt was obtained with 92% optical purity [59].

Exhaustive electrolysis of the (7-cyanocyclohexadLenyl)moly—
bdenum complex (4.48) at a controlled potential of + .2V 1n
propylene carbonate gave the (M-benzonitrile)molybdenum complex (4.49
The reaction involved two-electron oxidation followed by rapid
elimination of a proton [60]. The binuclear (q—toluene)molybdcnum
dication (4.50) underwent oxidation with KMnO, in hydrochloric
acid at -10°C to give a dication of storchiometry [MOZ(MGCGHS)Z-
(SMe) OSMe]2+ IR and NMR spectroscopy confirmed that oxidation

had Raken place at the sulphur atom [61]. The carbene complexus
?Et
2+ - =M ([
C=M(CO)g (iif§>~—-c_M(v3)qx
Mo
Cr Cr
Cco CO) .
( )3 ( O)j
(SMe) )
4.51 bob2
Mo
4.50

(4.51; M = Cr, Mo, W) have been preparcd by trealment of tri-
arbonyl(q6-phonyllithium)chromium w1th M(CO)6, where M = Ci, Mo,
W, followed by alkylation with (EtBO) BFA . Reaction of the
carbene complexes (4.51; Cr, W) with boron halides, Bx3 (x = C1,
Br), gave the carbyne complexcs (4.52; M = Cr, W; X = cl1, Br)
[62],

References p. 360



280

Nucleophilic and electrophilic substitution in @7—arene)tr}carbonyl—
chromium complexes has been investigated by the application of
extended Hueckel molecular orbital calculations and qualitative
considerations from perturbation theory. It was found that the
regioselectivity of attack on the arene should be controlled by the

- OO

Cr Cr
(co)3 (co)3
L.53 L.5nL

substituent on the arene and the conformapion of the tricarbonyl-
chromium moiety. It was shown that arene carbons which were
eclipsed with respect to the carbonyl group were more prone to
nucleophilic attack whilst electrophilic substitution occurred
more readily at the staggered arene carbon atoms [63].
Base-catalysed hydrogen-deuterium exchange in the benchrotrene
complexes (4.53; R = Me, CHéPh, CHéCHéPh, CH=CHMe and 4.54) took
place fastest for the hydrogens adjacent o the complexed benzene
ring. A mechanism involving conjugative stabilization using the
tricarbonylichromium group was suggested. The exchange reactions
for the benchrotrene complexes (4.53; R = OMe, NMe o, CMeB
and COaEt) were explained in terms of the conformation of the
complexes [64]. Jaouen and co-workers showed that the complexation
of the tricarbonylchromium unit to certain aromatic hydrocarbons
enhanced the benzylic position towards attack by superoxide ion
in dimethylsulphoxide., For example, the reaction of tricarbonyl-
076—diphenylmethane)cbromium with KO, in dimethylsulphoxide at
90°C gave benzophenone in 59% yield [65].» Photolysis of 076—arene)—
tricarbonylch;omium complexes, where arene = PhH, PhMe, 1,3,5-Me 06H s
with diphenylacetylene in tetrahydrofuran gave 072-PhCECPh)BCr(CO).
Benchotrene underwent a similar reaction with PhBGeCECPh to give
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’2—Ph3GeCECPh)3Cr(CO) [66].
A scheme has been developed for the stereospecific synthesis

f optically active benzobicyclic systems using (7—indanone)— and

]-tetralone)—chromiumtricarbonyl complexes. Thus a mixture of
___\\Wr// 0
0 Cr
(CO)5
L.55
0 0
Cr 4.56
CO)3
base
: f base
0
Cr "
o, 7
4.58

(co) (co)
-3 5L..59 > L.60

émmmptﬁﬁﬁ i
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the exo- and endo-isomers of the methyltetralone complex (4.55)

was treated with methylvinylketone to form the 3-oxobutyl derivatives
(4.56 and 4.57) in the ratio 13:87. Cyclization of the exo-
-methyl isomer (4.56) in methanclic Triton B and benzene gave the
«—encne complex (4.58) in 91% yield while cyclization of the endo-
-methyl isomer (L4.57) afforded a small vroportion of the aldol
condensation product (4.59) together with the keto-alcohol (L.60)

as the major product [67]. The dicarbonyl(q-phenanthrene)—
chromium complexes [4.61; L = PEts, PBuB, PPhy, P(OMe)B, P(OEt)B,
P(OBu)B, SbPhs] and the dicarbonyl@?—naphthalene)chromium complexes
(L.62; X = Et, Bu, Ph, OPh) have been formed from the corresponding
tricarbonyl complexes by photosubstituticn. The complexes (4.61

nd 4.62) were investigated as catalysts for the hydrogenation of
orbornadiene. and found to be less efficient than the corresponding
r

3 0W

tricarbonyl complexes. The difference was ascribed to steric

shielding of the chromium by the bulky PR3 group which inhibited

diene-chromium interaction. The crystal and molecular structures
Cr Cr Cr
(CO),L (CO), PX.. (co)
2 461 2 .62 > 4.63
0OCCMe

Cr
(CO)
Cr \Cr >
(CO)3 200)3

L.eln © hL.65 L4.66
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of two complexes (4.61; L = PEt3 and 4.62; X = OPh) were
determined by X-ray crystallography and supported this proposal
[68].

Treatment of tricarbonyl(?-fluorene)chromium with an excess
of potassium t-butoxide in THF at -70°C gave the anion (4.63)
which combined with methyl iodide to form the C(9)-methyl
derivative (4.64). A second methyl group was introduced at
C(9) by treatment of the derivative -(4.64) with potassium t-but-
oxide and then methyl iodide. Acylation of the anion (4.63)
with acetyl chloride at —700 gave the enol form of the acetate of
tricarbonyl(9-acetylfluorene)chromiun (4.65). When the anion
(4.63) was allowed to warm from -7000 to -20°C then rearrangement
to the 075—£1uorene)chromium anion (4.66) took place [69].

0
CO,H 0
O,H
Cr Cr Cr
(co)3 (co)3 (co)3
L .67 4,68

Diphenic acid and its monomethyl ester have been converted to the
corresponding mono- and bis-tricarbonylchromium complexes, such as
the diacid complex (L.67), by way of the trimethylsilyl esters and
subsequent hydrolysis. The complexes were then reduced to the
hydroxymethyl derivatives with diborane. Configurational assign-
ments for these last derivatives were made by IR and lH NMR
spectroscopy. The trans-bis(tricarbonylchromium) complex (4.68)
was formed in the same way as the diphenic acid complexes and was
used in ring opening and cyclization reactions [70].

The reactions of 2- and L-azafluorenes and methyl derivatives
of these compounds with hexacarbonylchromium have been studied.
2-Azafluorene forms a Cr(CO)g N-donor complex while the other
compounds form 07—arene) chromiumtricarbonyl complexes with the
benzene ring rather than pyridine bonded to the metal. The product

References p. 860 -
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5 QS Quof,

r Cr
(co)3 (CO)3 (CO)3
L .69 L .70 4.71

K+ ¢ " CO Me

Cr
(CO)3

L.72 L.73

(4.69) obtained from L-azafluorene underwent addition with methyl
jodide to form the corresponding quaternary ammonium salt (4.70)
while deprotonation with an excess of T-BuOK gave a mixture of the
076rarene)chromiumtricarbonyl anion (4.71) and the (”-cyclepenta-
dienyl)chromium tricarbonyl anion (4.72) [71]. The hydrogenation
of the ester (4.73) in the presence of tricarbony107-phenanthrene)—
chromium as the homogeneous catalyst was stereospecific and highly
regioselective with the cis-endo-1,2-addition of hydrogen [72].
Irradiation of tricarbonylG7-phenanthrene)chromium with polystyrene-
—CHZPPh2 polymer beads gave the dicarbonyl(q—phenanthrene)substituted
polymer (4.74). The polymer beads (4.74) were examined by scanning
electron microscopy. Large pore peads allowed the reagents to react
throughout the polymer, whereas small pore sizes Permitted pene-—
tration of the reagents only to a limited extent [73]. Benchro-~
trene and its carboxymethyl derivative have oeen irradiated with
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Ph
CH_ P—cr R
Ph (CO)Z
L.74
n
2
[\\v//?Pha
L.75

1e ligand PhZP(CHZ)ZPPh2 to form the complexes (4.75; R = H,
)ZMe). A similar reaction was carried out with tricarbonyl-
)-mesitylene)chromium [74].

(g=CeH ) cr

The cocondensation of chromium vapour with chlorobenzene followed
r oxidation and treatment with sodium hexafluorophosphate gave the
I-chlorobenzene)chromium complex (5.1; Rl = R2 = Cl). The
raction of this latter complex with sodium methoxide in methanol-
ithyl cyanide produced the (-methoxybenzene) complexes (5.1;
* = MeO, RS = c1; r! = R = Me0) [75]. The reactions of metal
.oms with various organocyclopropanes have been examined including
te cocondensation of chromium atoms with ceyclopropylbenzene when
BG7—cyclopropylbenzene)chromium (5.2) was formed [76]. The
wpour of [3.3]paracyclophane has been cqcondensed with chromium
.oms to form the cyclophane-chromium complex (5.3) which was
didized in air to give the corresponding radical cation isolated
i the hexafluorcphosphate salt [77].

BisG7—naphthalene)chromium (5.4) has been formed by condensation
" chromium atoms into a solution of naphthalene in diglyme at
0°C. The l-methyl- and 1,4-dimethyl-naphthalene complexes were
tained in the same waye The parent complex (5.4) was highly
active and one naphthalene ligand was displaced by carbon
noxide at 0°C to form the benchrotrene analogue (5.5). Similar

actions were achieved with PF3, P(OMe)3 and PMe, while isocyanides

3
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<;>% O
O

: O

5.1 5.2 5.3

displaced both arene ligands [78]. The infrared and Raman spectra
of (q—C6H6)Cr(t7-C6F6) and (r]—C6D6)Cr(r]—CGF6) were analyzed and about
half of the forty six normal modes in each molecule were assigned,

F P
f: : F :
Cr F Cr F
Cr
i (GO)z
5.k 5.5 5.6

The assignments fitted in with the idea of Tr-electron migration
from the»7—06H6ring to the 7—C6F6 ring [79]. The 9% NMR spectra
of a series of bisO7-arene)chromium complexes [5.6; X = PPh,,
SiMez, Ph, SMe, CO,Et, CONHCGH, F, CO-C,Hz0, H, CH(OH)-ferrogenyl, F]
were recorded, interpreted and compared with the spectra of the

corresponiing CGFsX'molecules. On complexation the 19F chemical
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;hifts were shielded by 30-50 ppm [80].

. [gq-c7§7)0r(00)3]+ and (C,Hg)Cr(co);

Treatment of the Q?—arene)tricarbonylchromium complexes
4.53; R = H, Et, Ph, CH,Ph, CH,OH, OMe, NMe,)
hloride-lithium diisopropylamide led to stereospecific ring
Xpansion and the corresponding ggﬂg—@?—cycloheptatriene)complexes

6.1la and 6.1b) were obtained [81]. Field desorption mass

R H H
Cr Cr

(CO)3 (co)3
6.la 6.1b

with benzyl

pectrometry was used to characterize tricarbonyl(76—cycloheptatriene)
chromium, molybdenus and tungsten. The only peaks obszrved were
he molecular [P]** ions and the less intense [P + 1]* and [P + 21"
ons. There was a complete absence cf fragment ions [82].
ricarbonyl07—cycloheptatriene)chromium underwent [4s + 6s] cyclo-
ddition with butadiene in the presence of UV light to form
q—bicyclo[4.4.l]undeca—l,3,7—triene)tricarbonylchromium in 29%
ield [83]. Butadiene has been irradiated together with tri-
arbonyl@y—cycloheptatriene)chromium in pentane to form ()-bicyclo-
4.4.1] undeca—2,4,8-triene)-tricarbonylchromium in 29% yield [84].
The O?—cyclobeptatrienyl)ferrate anion (6.2), generated from

he corresponding (f)-cycloheptatriene)iron complex, has been used

s a nucleophile to attack the 07—cycloheptatrienyl)metal cations
6.3; M = Cr, Mo, W) and form the binuclear complexes (6.54;

= Cr, Mo, W). The products (6.4) exhibited exo-stereochemistry
85]. The mechanism of displacement of cycloheptatriene from
ricarbonyl07—cycloheptatriene)-chromium, -molybdenum and -tungsten
y benzonitrile has been investigated. Results for the chromium
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-
O N
I
Fe Cr Cr Fe
(C0)3 (CO)4 (CO)3 (o),
6.2 6.3 6.4

complex indicated a first-order dependence on the concentration of
complex and benzonitrile while results for the molybdenum complex
show first-order dependence on the complex and second-order depen-
dence on benzonitrile., The tungsten complex showed intermediate
behaviour. A mechanism was suggested in which the cycloheptatriene
was attacked successively by benzonitrile ligands [86]. Reaction
of dicarbonyl07-cyc10heptatrieny1)iodomolybdenum with sodium tetra-
phenylborate gave the zwitterionic complex (6.5). Cyclic volt-
ammetry of the molybdenum complex (6.5) indicated several stable
oxidation states. This complex also behaved as a homogeneous

catalyst in the hydrogenation of cyclohexene and phenylacetylene [87].

Mot i

Mo
co
06/ opy SN
- 2 2 1
: |
BPhs I o
N /N H
/ Me'
Me Me Me
Fh Ph

6.5 6.6 o 6.7
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Treatment of dicarbonyl( 7-cycloheptatrienyl)iodomolybdenum
with (S)(+)—Ph2PN(Me)CH(Me)Ph gave the corresponding monocarbonyl
complex as two diastereoisomers (6.6 and 6.7). An X-ray structure
analysis on complex (6.6) showed that the absolute configuration
at molybdenum was (R) [88]. The hydrocarbon ligand in tricarbonyl-
Q7—cyéloheptatriene)molybdenum and -tungsten has been displac=d by
3,5-dimethylpyrazolyl phosphines to give the corresponding pyrazolyl-
phosphine complexes [89]}. Treatment of tricarbonyl07—cyclohepta-
triene)molybdenum with tetraethylthiuram disulphide in daylight
gave MO(SZCNEt2)3° When the same reaction was carried out in the
dark MO(SZCNEt2)4 was formed [90]. Reaction of dicarbony1077_
—cycloheptatrienyl)iodotungsten with the thiolates Pb(SR)2
(R = Et, n = Bu) or the selenol PhSeH gave the dinuclear (6.8) arnd
trinuclear (6.9) coordination compounds or their analogues with

g S8 s

S

Sveor, () SN Suceo
5 s

o \" é\s/

R R o R

v
;n

X

=

/

6.8 ' 6.9

SePh in the place of SR [91].

7 - (U-ngc )MH(CO) 4
M 7 7

(i) Formation
iricarbonyl07—cyclopentadienyl)manganese has been prepared in
high yield by stirring titanium (IV) chloride, manganese (II)
chloride, mégnesium and cyclopentadieﬁe in tetrahydrofuran at room -
temperaﬁure for forty hours, followed by carbonylation with carbqn
mondxide‘atﬂlSOQG and'eighty,atﬁbspheres,for three hours [92].
Cyclopentadienylthallium (I) combines ‘with tetracyanoethylene at
room*temperafufé tQifdrm_thallium (1) tricyanovinylcYclopehﬁadienide,
”le+[Q5H;Q(CX)C§CN52] "in ‘good yield. This reagent was‘attacked.by
 bromopentacarbonylmanganese in THF to form the cymantrene complex
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+
ke
CN BF4
Mn Mn

7.2

~J
L]
[

(7.1) in 31% yield. Several related reactions were repcrted [93].
G]s—Indenyl)— and 075-fluorenyl)—tricarbonyl—manganese and
—rhenium have been prepared by treatment of the methylcyanide
complexes (MeCN)aM(CO)BX where M = Mn, Re;j X = C1l, Br, with
indenyl- and fluorenyl-potassium. Reaction of the 75—indenyl
complex with NOZBF gave the corresponding nitrosyl derivative
(7.2) [s4]. Hydrostannation of 2,4-hexadiyne with dibutyltir

1in
U O O
(23)3 <;;>

7.3 7k 75

dihydride gave 1,l-dibutyl-2,5-dimetnylstannole which when treated
with phenylantimony dichloride gave l-phenyl-2,5-dimethylstibole
(7.3) Treatment of the cyclic diene (7.3) with lithium followed

by reaction with bromopentacarbonylmanganese or ircn (II) chloride
gave the corresponding cymantrene (7..4) and ferrocene (7.5)Aanalogues.
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1% :
The 1H and —C NMR spectra of these compounds were recorded and
discussed [95].

(ii) Spectroscopic and Physico-—chemical Studies

The 1,2-disubstituted cyamantrene (7.6) was resolved into
the enantiomers by erantiospeciiic formation of stable copper
complexes with chiral dipeptides. The absolute configuration of
the enantiomers was determined by X-ray analysis [96]. x—-Amino-
ethylcymantrene (7.7) has been resclved into its enantiomers by

CH.ZNMe2

CHO CHMe

NH2
Mn Mn
GO
(o), (05
7.6 7.7 -
means of (+)-d-tartaric acid. The molecular structure and

absolute configuration of (+)-(R)-«~-(N-acetylamino)ethylcymantrene,
prepared from (-~)- (7.7), was established by X-ray analysis [97].
The crystal and molecular structure of chlorotris(cymantrenyl)tin
has been determined By X-ray analysis. The tin atom was in the
planes of two of the p~cyclorentadienyl groups and the angles
between the rings were 69, 69 and 73° [98].

The structure of the manganese complex (7.8) has been
determined by X-ray cr&stallogranhy. The three unidentate ligands
and the centre of the q-cyclopentadlenyl ring surrounded the

mangannse atom in a distorted tetrahedral arrangement. By comparing
the bond lengths wita those found in related complexes it was
concluded that Mn—C(S)=Mn—C(0) > Mn—N(0) [99]. Thke crystal

and molecular structurn 01f&—[oxybls(d*methylphosphape)]bls-
[dlcarbonyl07-cyclopentad1enyl)manganese(I)] has been determined
by X-ray ana1y51o f100]. = The mass spectra of the manganese
reomplexes (7,9, R = H, Me) were recorded and the appearance
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Mn Mn
C5.NO.T CS.CO.I
78 Te9

potentials of the manganese containing ions with intact ligands
were determined, The primary fragmentations in the spectra were
assigned and it was concluded that the strength of the manganese-
-ligand bonds in the fragment ions followed the order I:'RC5H4>-
Cs>»NO [101]. The mass spectra o dimethylaminoalkyl derivatives
of ferrocene and cymantrene, the corresponding methiodides and
deutero analogues have been recorded and interpreted. It was shown
that mass spectrometry could be used for the quantitative determin-
ation of the total deuterium ceonternt in these aminoalkyl derivatives
[102].

The Fourier-transform ion-cyclotron-resonance mass spectra
of cymantrene and related ccmplexes have been measured. Cymantrene
underwent condensation with the elimination of carbon monoxide and
the mechanism of the process was discussed [103]. Liquid‘cbroma—
tography has been used to examine the cﬁromatographic properties
of copper (II) chelates formed from the Schiff bases obtained by
condensation of a dipeptide with a 1,2-disubstituted cymantrene
containing both planar and central chirality. Metallatioﬁ of
[ (N ,N-dimethylamino)ethyl]cymanirene (R,S) with n-butyllithium and
treatment with dimethylformamide gave a mixture of diastereoisomers
(7.102 and 7.10b) in the ratic 7:2. The isomers (7.10a) were
separated from the isomers (7.10b) by liquid chromatography of the
copper chelates of their dipeptides. Metallocene chirality was
important in the separation but central chirality did.not contribute
to the separation [104]. Reaction of dicarboqyl07—cyclopentadiényl)—
tetrahydrcfuranmanganese with the 072-Csa)iron derivatives [7.11;
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CHO

7.10b

L = P(OMe)B, PMe,Fh, PMeB, PPhB] gave the correspondirng manganese
complexes (7.12). The structure of the complex (7.12; L =
PMeZPH was determined by X-ray analysis. The FeCSZMn moiety was

nearly planar [105].

L L
S Mn
0C—— o —KS oc /C/ (€0,
Fe“;:ﬁ -_‘_““Fe-:::
OC’/, S oc”” =
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(iii) General Chemistry

Reaction of benzoylcymantrene with the Grignard reagents
BrMzC=CRIRZ(0MgBr) [R! = R® = Me; R! = Me, RS = Et; RERZ =

(CHZ)Q’ (CH2)5] gave the corresponding diols (7.13) [106].

ri R2
(IJH OH
1.2 —
cc=CrlRr
| g2 gl / \o
Ph 1
M Fe 0 (00)3
(co) (coJ,,
>
7el3 7.1l 7.15

Reaction of the ,B-unsaturated ketones rlcH-CHCORZ [Rl =
(2—05}14)1@;00)3, RS = (r]—C5H5)Fe_(1?—C5H4), Ph, (qi(%ﬁq)m_u(co)?;
R™ = Ph, E° = (q—C5H4)Mn(CO)3] with nonacarbonyldiiron gave tne
corresyonding tetracarbonyliron (7.14) and tricarbonyliror (7.15)
complexes whilst treatment with dodecacarbonyltriiron gave only
the corresponding tricarbonyliron complexes (7.15) in high yields
[107]- Reaction of (V—CGHG)CI‘(CO)ZTHF and (r)—-MeCsHL*_)Mn(CO)ZTHF
with methkylene- and benzylidene-phosphoranes gave the stable
compliexes (7.16; R = H, Ph, x = 0-3 and 7.17; R = H, Ph, x =
0-3) respectively. The “H NMR,>1P NMR and infrared spectra of
these compounds were recorded and discussed [108].

Cr
(C0)2

+ - +
CHR—P(Ph ( Mn ~——CHR—P(Ph),__(Me)
¢ )5—XkMe)X (co), 3-x x

7.16 7.17
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The acetylene complex of cymantrene (7.18) has been treated
with triphenylphosphine in pentane to form the phosphorylide
complex (7.19) ir 85% yield [109]. The acetylenes, RC=ZCH where
R = EtBSi, PhBSi, Ph, ferrocenyl, underwent hydrosilylation in
the presence of Speiers catalyst to form mixtures of adducts.

CO,M
2ne V.
c
(0 )é\E%V// (OC)é\iyl COMe
+PPh3
7.18 7.19

Thus hydrosilylation of ferrocenylacetylene with the cymantrenyl-
silane (7.20) gave a mixture of the B-adduct (7.21) in 68% yield
and the X-adduct (7.22) in 17% yield [110]. Tricarbonyl@?—cyclo-
pentadienyl)rhenium has been used as a starting material for
synthesis of triphenylsilyl carbene and carbyne complexes, The
initial stages involved treatment with LiSiPh, and alkylation with
MeSOBF to form the-triphenylsilyl complex (7.23) [111].

Reaction of the 7—cyclopentadienyl complexes (7.24; M = Mn,
R~ = Me; M = Re, Rl = H) with diazonium salts produced the
corresponding aryldiazenido complexes (7.25; R® = CF,, F, H).

The structure_of the complex cation (7.25; M = Mn, R™ = Me, R2 =
CF3) was .determined by X-ray analysis. The cation had the '"piano
stool" geometry with the aryldiazenido ligand coordinated to the

1

metal in a "singly bent" configuration. The complexes (7.25;
M = Mn, Rl = Me, R2 = CF;; M = Re, Rl = H, R2 = CF3) underwent
reactlon with a variety of nucleophiles to form the corresponding
dinitrogen complexes (7. 26) {112, 113] Photolysis of the THF
complex (7.27) with tolunitrile gave the nitrile complex (7.28)
“ which. on subsequent treatment with dlmethylmethylenepheny1phosphorane
CH—PPhMe ) which was hydrolysed
Me) [114]. ‘ Several cymantrenyl—

- gave the phosphorane (7.29, ‘R
to the imine complex (7.29; R

It

R_.e!’erel;oa‘p-v 360
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SiHMePh SiMePhCH=CH
Mn Mn re
(ol (CO) 5
7.20 7.21
Sir.we:plac:\<>
Mn
Fe Re
(co)z (oc)a\OMe
O SiPhg
7.22
7.23
carbenium ions [7.30; RY, RS = H, Me, Et, Ph; LY, L2 = co,

1 2 F

0D - —

PEtB’ PPhB, P(OBt) ., P\O-h)j, L'L- = PhZP(CHZ) PPh2 where n = 2, 3]
have been prepared from the corresponding cymantrenylmethanols and

investigated by IR and 3]‘P NMR spectroscopy. Formation of the
carbenium ions involved a change in geometry by which the x-carbon
atom moved closer to the manganese atom. In the presence of a

phosphorus containing ligand the number of carbonyl bands observed
in the IR exceeded the number theoretically expected, When two
onosphorus atoms were pfesent tuey were found to be magnetically
nonequivalent [115].

Treatment of the rhenium complexes (7.31; R = Me, CHZOH)
witn trimethylphosphine produced the corresponding -cyclopentadiene
complexes (7.32) [116]. Cymantrene has been converted to the THF
intermediate (7.27) by irradiation at room temperature and the
THF ligand was displaced by a phosphorin to give the 61phqsphorin
complex (7.33). Subsequent irradiation of this complex (7.33)
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o 1 +
RZ BF,~
M . M_N
(CO),H.51Phy (o) N\
N
— |
7.24 7.25
R]—
M
Mn Mn
(Co),N, (CO),THF (co )\E\NC —@
7.26 7.27 7.28
Rl
+
R
R
Mn Mn
(CO')}‘NH co.rt.1?
7.29 7.30

gave the -(qs—phcisphorin)manganESe complex (7.34). Several similar
reactions were described [117]. The triphenylphosphine complexes
(7.35; M = Mn, Re) underwent halogenation with chlorine or bromine
Ito'fdrm salts sﬁch'as the tribromide (7.36; M = Mn, Re; X = Br;

JReferances p. 360 -
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NO
R
Re + 2 PMe ~ ocC _—n "\PM
- 3 e
on-” / g - y 3
7.351 7.32
¥ = Brs) and the chloride (7.36; M = Re; X =Cl; Y = c1) [118].
The cationic cymantrene analogues (7.37; R = H, Me; L = COj;
Ph
i
Mn Mn M
Ph
(c0)3F O (CO),PPh
3
h P
i Pn B O
7.33 734 Ph 7.35
+ + .
M o Mn Mn
(CO) ,PPh;X CO.NO.L CONH,.NO.L
7.36 7.37 7.38
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‘ R=H, L = PPh3’ AsPh3, CNMe, CNEt) combined with liquid ammonia
to form the neutral carbamoyl complexes (7.38; R = H, Me, L = CO;
R=H, L = PPhB, AsPhB, CNMe, CNEt). The carbampyl ligand was
converted to a carboxylic ester group on treatment with an alcohol
[119].

The thermal isomerization of 07—6—g§g—lH—cyclohexadienyl—d6)-
manganesetricarbonyl (7.39) has been the subject of a detailed
kinetic study. The reaction was first order k = 1.1 x 1077 s~
at 111.500, ACF = 3 keal mol_'l for the isomerization of the single
6-exo0 hydrogen to vinylic ring sites. The mechanism involved
insertion of manganeseiinto the endo-C-D bond to give an inter-
mediate (94—benzene)manﬂanesetricarbonyl deuteride which formed
(q—cyclohexadlenyl)manganese+rlcarbonyl or underwent 1,2-manganese

shift to give scrambling of H to new sites [120]. The reaction
H H
D H
d B ] R
5 R
+
PF6‘
Mn Mn Mn
(CO)3 = (CO)z (C0)3
7359 v . 740 741

of arenes with bromcpentacarbonylmanganese followed by addition of
aqueous hydrogen hexafluorophosphate gave the manganese complexes
[7-40; R = H; 1,4-(Me0),; L4-Cl; Me; 1,3, 5—Me3, Me5, Me6] in
good ylelds- Reduction of some of these complexes gave the
correspondlnqu —cyclohexadienyl compounds (7.41; R = H, Cl, Mej.
Tr1carbonyl(q§—6 exo-methylcyclohexadlenyl)manganese and tricarbonyl-
(95—6-exo—phenylcyclohexadlenyl)manganese were prepared by treatment
of_théj}g-benzene complex (7.40; R = H) with methyl- and phenyl-
—lithium respectlvely.r These n -6—exo-methyl and -phenyl-cyclo-
,hexad_enyl,derlvatﬂves underwent hydrogen mlgratlon which involved
a shift of. the: 6~ endo—hydrogen V1a a metal hydrlde 1nfermed1ate
.-_[121] : :
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(iv) Applications
The effect of added methylcymantrene on the ignition of
kerosene in air has been examined. Changes in the induction time

for ignition were observed and these changes were dependent on
the concentration of the additive [122]. The addition of tetra-
hydrofuran to gasoline, containing tricarbonyl@75—methylcyclopenta—
dienyl)-manganese as the antiknock agent, reduced the exhaust
hydrocarbon emissions and combustion-chamber deposits of the engine
[123]. Methylcymantrene has been mixed with the dimer of an
unsaturaced Cl6—18 carboxylic acid and added to gasoline as an
antiknock. A substantial decrease in hydrocarbon emission was
achieved in vehicles using this fuei composition [124].

Ethyl cymantrene has been evaluated as a gasoline antiknock.
The effect of this compound on spark plug life, combustion chamber
deposits, catalytic converters and exhaust emissions has been
examined. Its use at >0.03g Mn/gal. in gasoline was found to
have an adverse effect on the control of the emission of hydro-
carbons from the exhaust [125]. Tricarbonyl(v—methylcyclopenta—
dienyl)manganese (0.1-1.0 wt. %) together with an oXygenated
compound (0.01-1.5 wt. %) for example, tetranydrofuran, acetone,
undecanol or propionaldehyde, were added to diesel fuel as com-
bustion improvers. The exhaust smoke was greatly reduced in the
presence of these additives [126]. TIributyltincymantrene was less
efficient as an antiknock in gasoline than trimethylsilylcymantrene,
cymantrene, trimethylleadpentacarbonylmanganse and tetraethyllead.
The tin complex was formed from lithiocymantrene and tributyl-
tinchloride [127].

8. Polynuclear (n—C5I_{,:)Mn(CO)I Complexes
7 e 4

The chemistry of polynuclear cymantrene complexes has been
the subject of a considerable increase in activity during 1980
and reports of work in the area have been collected together in
this section. Some overlap occurs between this topic and Y“carbene
and carbyne complexes of cymantrene' surveyed in Section 9.

The crystal and molecular structure of the nitrogen-bridged
binuclear cymantrene complex [07—05H4Me)Mn(CO)2]2y—N2 has been
determined by X-ray crystallography. The N-N interatomic distance
was found to be 111.8 pm [128]. The crystal and molecular
structure of tris(cymantrenyl)bismuth (8.1) has been determined
by X-ray analysis. The q—cyclopentadienyl rings were planar and
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DU O

(OC)BMzz'—@——‘Ti__@‘ Mn(CO) 5

Bi
Mn
(00)3 d 3

.the bismuth atom was 0.264 out of the ring planes [12G6]. The
.reaction of lithiocymantrene with dichlorobisG7—cyclopentadienyl)—
titanium gave the titanium complex (8.2), the structure of which
has been determined by X-ray analysis [130]. The mass spectra
of the cymantrene derivatives (8.3 and 8.4; M = Fe, n = 2, X = 0,1;
M-=Mo, n =3, x=0,1; M=W, n=3, x=0,1) have been recorded
and interpreted. It was concluded from the high intensity of the
[(17—05}15)w(co)31vm]+ and [(7-C5H5)Fe(co)2Mn]+ ions in the spectra
that it might be possible to synthesise compounds of this type
[131].

The redox potentials of the mangansse complexes (8.5; x = 1,
L = N, N2H4, NHB; X=2, L = N2H2) have been measured. The N,
complex was reduced more easily than the corresponding carbonyl

(CHa)xM(CO)n CO(CH, ),

M(CO), L

)3

(co

(©0)3 L oy =

8.3 . : 8. o 8.5
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complex, The hydrazine complex was oxidised to the binuclear
diazene complex and then to the dinitrogen complex [132].

The THF derivative of cymantrene, (V—C H )Mn(CO) o>THF, combined

with phenylethynylketone, PhCOC=CH, at 20 C to Iorm the mixed cyclo-
pentadienyl-acetylene complex (8.6; X = H) together with a small
proportion of binuclear complex (8.7). The acetylenic hydrogen

in the complex (8.6; X = H) was replaced by chlorine using
hyérogen chloride as the reagent and by acetate using acetic acid
as the reagent to form the derivatives (8.6; X = Cl, OCOMe)
respectively [133].

O

(8]
Ph
Mn Mn————Mn
0>y (oc)z\[/(cm2
X CHCOPh
8.6 8.7

The chemistry of the binuclear manganese complex (8.8) with
a vinylidene ligand has been studied. The complex (8.8) underwent
protonation at vinylidene in trifluoroacetic acid to give the salt
(8.9) and was attacked by LiEthH in THF followed by methyl iodide
to form the allene complex (8.10) which was characterized by X-ray
crystallography [134]. The THF derivative of cymantrene (7.27)
combined with antimony (III) chloride to form either the cyclic
(8.11) or the open chain (8.12) trimetallastibine complexes
depending on the reaction conditions used. The two complexes
(8.11 and 8.12) were each characterized by X-ray crystallography
fi135]. Ultraviolet irradiation of methyl cymantrene in tetra-
hydrofuran followed by addition of [WEEC(4-C6H4Me)(CO)Z(q—C5H5)]
gave the manganese complex (8.13). Similarly, irradiation of
(Q—C6Me6)Cr(CO)3 in tetrahydrofuraﬁ followed by the addition of
the same tungsten complex gave the chromium complex (8.1%4). The
structure of the latter compound was determined by X-ray analysis

[136].



303

+
0,CCF3~
Mp—————Mn Mn Mn
(oc)z (co), (oc), (co),
8.8 8.9
Q W
\ M ———Mn
/ 0o \/ (00)2\\/(00),2
S 2 o SbC1
Mn(CO),
8.10

8.11

" Irradiation of tricarbonyl@?—pyrrolyl)manganese with
dicarbonyl07;cyclopentadienyl)iron iodide gave a trinuclear complex
{8.15) in which two trlcarbonyl(q—pyrrolyl)manganese groups
behaved as coordlnatlng ligands to a third manganese atom. The
crystal and molecular structure of the complex was confirmed by
X~-ray crystallography [137]. Reaction of dlcarbonylﬂ?-cyclo—
pentadienyl)tetrahydrofuranmanganese with the methanediazo
complexes (8 16 M = Mo, W) gave the corrresponding thermally

. stable brldged compounds (8 17) ‘where the methanediazo Eroups
:'acted as brldflng llgands via thelr basic. nltrogen atoms [138]..
' Cymantrenylllthlum was . coupled w1th a series of ferrocene~11th1um

Reterencass. 360
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Clp Clpy
Mp——Sb Sb ————Mn

(0C)5 N~ (co)

(co),

Q

8.12

compounds (8.18; R = H, Ci, CHZNMea) in the presence of copper
(II) chloride, to give the corresponding dimers (8.19) [139].

(oc), (co), (oc), (co),

8.13 8.14

Cleavage of metal-metal bonds in arsenic bridged transition
metal complexes resulted in the formation of functionmal dinuclear
complexes containing the MAsM'PCl and MAsM!PP frameworks. Thus
the cymantrene complex (8.20) was cleaved by Me,PCl to give the
product (8.21). This and related complexes were coupled under

hydrolytic conditions or in the presence of metai carbonyls to give

tetranuclear and pentanuclear derivatives respectively [140].
The nucleophilic cleavage of the manganese to cobalt bond in the



OO0

Mn Mn
(CO)3 (co)s
8.15
M Na Mn
(c0), Mo (c0),
8.17

M
(C0)p(N;Me)
8.16
R
L1
Fe

30b

8.18

singly bridged dinuclear complex (8.20) by a seric. of dimethyl~

arsenlc-metal complexes gave itho corrcspomdir; trimuclear COmMpPOatide.

R
Fe
Mn
(c0)5
8.19

Reforences p, 360
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PMe201
Mn (co) c /\
Co(CO Mn C Co
3
(oC) 0] Me.P
Z\As/ \C COPM93 3 \’55
Me, 0 I
8.21 8.22 8.23

A series 0f trinuclear complexes was formed by the cleavage of iron-
—cobalt, manganese-cobalt, iron-iron and iron-manganese in several
arsenic or phosphorus singly bridged dinuclear complexes [141].

The methylcymantrene derivative (8.22) has been treated with sulphur,
58, to give the metallapentathiaheterocycle (8.23) [142].

9. Carbene azand Carbyne 07—05g:)Mn(CO)2 Complexes
P ~
The synthesis and properties of cymantrenyl carbene and

carbyne complexes have attracted an increase in activity in 1980
and research in this area has been brought together as a separate
section.

The manganese carbene complex (9.1) was attacked by glo
transition metal species such as Nio, Pd° and PtY to form hetero-
nuclear dimetal compounds with bridging carbene ligands [143].
Transition metal carbene derivatives of cymantrene have been formed
from carbene starting materials through intermediate transition
metal carbynes. Thus the methylcymantrene complex (9.2; X = OMe)
was treated with boron trichloride to form the cationic carbyne
complex (9.3) and this, in turn, was treated with thiocyanate ion
as a nucleophile to yield the carbene thiocyanate (9.2; X = SCN).
Several related reactions were described [144]. . The crystal
structure of [075~C5H4Me)Mn(CO)a]a(VZ—CloHS) (9.4), a carbene
addition product of dicarbony102 —methylcydlopentadienyl)tet;ahydro—
furanmanganese has been determined by X-ray analysis. It was
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o o]

Mn Mn Mn
(OC)B Ph (OC)BYX (oC), \
OMe
9.1 9.2 )

claimed Lhat this was the first exanple of an oligocyclic dicarbezne
which was stabilized by complex forsation [145].

Mn(co)2

Mn
(0c),

9l

Reaction of the carbyne-manganesc complex (9.5) with the
isocyanides RNC, where R = Me, cyclo-C H]l’ t-Bu gave the corres-
ponding thermolabile keteniminyl complexes (9.6) [146]. Treatment
of the acetylene complex (9.7) with an organo-lithium compound,
RLL, where R = Me.C, CHZPh, cyclohexyl, Ph, gave the corresponding
carbenes (9.8) which decomposed thermally to producc the dimers
(9.9). Reaction of the acetylene complex (9.7) wita methyllithium
gave the carbene (9.,10; R' = R = Me) [147]. By contrast the
acetylene complex (9.7) was attacked by organolathium reagentas
in eguimolar proportion at =20 to -53°C Lu ether to form the vinyl-

References p, 360
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Mn
(oc)>

9.5

idene complex (9.11) in 38%

Mn BClQ'
(0C)»
\
R
9.6
yield. However, when the organo-

lithium reagent (RLi) was in excess the tertiary alcohol (9.12;

Mn
HC=
(CO)2 CCOZMe

9.7

?9

(oc)a\T/’(co)2

R R

9.9

R
R 4
(cO)p
R
9.8
r:
Mn
(oc),
r2

9.10
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Mn Mn Mn
(0C), \ (oc), \ (ocy, R
\——COZMe \_— C(OH)R,

CJ Me
9.11 9.12 9.13

R = But, Ph) was formed. Treatment o the vinyladene corplox
(9.11) with excess organolithium rcagent also gave the <lconol
(9.12) and this was dehydrated to the cumulene (9.8; R - But,

Ph) [148]. The reaction of diCarbonyﬁ(VB—cycloluntadlanyl)methyl-
propiolate)manganese with different proportions of t-butyllithium
followed by HCLl or MeOSOzF produced the vinylidene compleres

[9.10; R' = H, Mc; R = CO,Me, Me;CC0, (MeC) ,COH].  The carbene
complexes (9.13; R = NH,, OMe) were a.so prepared [149].

The cymantrene-allenylidene complex {9.8) combined with the
cymantrene-ether reagent (2.14) to forn diorganoallenylidenc
compounds of the [(p-cC I-IL))M.n(CO)a]2 fragment (9.9; F = But,

Céﬁll’ C6H5’ C6H5CH2) 150]. The mangancoe carbyne complex (9.9)
combined with NaRe(CO)5 to give the biruclear phenylkelenyl complex

Q
Mn/ R (CO)
Ma ///’ h -~ b

.

oC

o
( o)aom-.‘2 _

9.14
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(9.15). X-ray crystallography demonstrated that the Mn-Re bond
was bridged by the X-carbon atom of the alkylphkenylketenyl group
and semi-bridged by a carbonyl group [151]. Hydride abstraction
from the (9~cyclopentadienyl)rhenium alkyls (9.16; R = Ph, Me, Et)
%0 form the cationic alkylidene complexes (9.17; R = Ph, Me, Et)

+ -
L Po,C PR, )
on” | \\PPhB on”” || een
CH CH 3
X \
R R
9.16 9.17
" ol
’,ﬁe\\ PF.~ _Re__ ’,%e\\
oN PPh h
/CH 3 ON Hcl:l PPh on” 1 “PPog
Ph \\\Ph Meo’//]
Ph

is both regiospecific and stereospecific. Attack occurred only at
the &¢~carbon and one diastereotopic X-hydride was preferred over the
other [152]. Addition of sodium methoxide to either one of the
two geometric isomers of the benzylidene complex (9.18A and 9.18B)
gave the corresponding rhenium complex (9.19) in which a new chiral
¢entre had been generated stereospecifically or with high stereo-
selectivity. Treatment of either isomer of the complex (9.19)

with PhSCPF6 caused. chemospecific abstraction of the methoxy group
and stereospecific regeneration of the isomers of the complex (9.18)
f153].
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10. (Acyclic-?-dlene)Fe(CO)I Comploxe,s
Several 1l,3-butadienes with trim:thyls=1yl substitucnt,,

including 1-(trimethylsiloxy)-1,3-butadiene, 5-(trimethylsilyl)-
~1,3~pentadiene and 2-(trimethylsiloxy)=-l,3,5-pentatriene combined
with diiron enreacarbonyl in benzene to form the corresponding

tricarbonyliron complexes. Thus 1-(trimethylsiloxy)-1l,3-buta~
diene gave the complex (10.1) [154]., Substituted (p-butadicnc)-
and (7-1,B—cyclohexadiene)trlcarbonyllron complexcs have been

ﬂ—osmC Ph / \ 4 /‘ \
| ’ | \ T .

Fe Fe (,,
co).,

(co)5 (co)j )j

10.1 10,2 10.5

prepared by treatment of the appropriato(x,B—unsaturatcd alcohols
with aron carbonyls [155]. Cymantrenyl- and ferruvcenyl-butadiencs
have been coaverted to the corresponding iron tracarbonyl complexes
[10.2; R = (9-05H4>Fe(q-c5115>, CH=Ct (N~CoH, JF:(n-C, Hy)s ("]-CSHLI)-
Mn(c0)-, CH=CH(7-05H4)Mn(CO)3; 10.5; R = (7-05114)1*‘0('1-%115),
(q-CSHq)Mn(CO)B] by treatment with sriiron dodecacarbonyl [1%6].
Reaction of the dicne (10.4) and the tricne (10.5) with pentacurbon
iron gave the complexes (10.6 and 10.7) respectively. Further
reaction of compound (10.6) with Ph >=CHCO,Me pave the dsomersc
N-diene complexes (10.8 and 10.9) [1,7].

Photochemical reaction of OsB(CCj)12 with buta liene gavi
(§-L,3-butadione)tricarbonylosmium, , The ‘H and H-coupled 3¢
NMR gpectra for this complex were comparcd witi those of the
analogous iron and ruthenium complexes. The data indicated Lhat
there was an increase in distortion from planaraty of the C,H-
~skeleton at the terminal dlene carbon atoms in the reduence
Foe<Ru< 0s [158]. Extended photolysis of pentacarbonyliron in
2,3-dimethylbutadiene caused the diene to dimecrize and then form

Relevences p. 360
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OEC Me0,,C
COaMe
cO aMe

cO 2Me —

10.4 10.5 COaMe
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MeOZC Fe o COZMe
(00)3 (CO)3 COaMe
10.6 10.7

MeO_C // \\

A \\ MeOEC I \\
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e 2 Fe MeOZC Fe
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10.8 10.9

the tricarbonyliron complex (10.10). The complex (10.10) had
trigonal bipyramidal geometry with the exocyclic double bonds and
a carbonyl group lying exactly in the eguatorial coordination plane
[159]. The ligand 2,3,5,6—tetrakis(methylene)—?—oxabicyclo[a.a.l];
heptane combined with iron pentacarbonyl and diiron enneacarbonyi
to give several Gy—diene)tricarbonyliron complexes. When the
solvent was hexane, benzene or acetonitrile then the exo-complex
(10.11), the diiron complexes (10.12 and 10.13) and the rearranged
product (10.14) were obtalned. When the solvent was methanol A
then the endo-complex (10.15) was obtained in addition to the other
products. The structures of the endo-complex (10.15) and the



75\ P Q Fo(C0)

F e CO
N
Vo]
10,11
10,10
(OC)BFO 0 Fe(CO)j OL Fc(CO?j
/ /
{
F
‘ 10.12 (Cg) 10.13
)
Fe e
(CO)3 (00)3
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| rearranged complex (10.l4) were confirmed by X-ray crystallography
{160].

Reaction of 5,6,7,8-tetrakis(methylene)bicyclo[2.2.2]oct~
-2-ene With Ruz(CO),, gave tho exe- and gndo-tricarbonylruthenium

References p, 380
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Ru(co)3
Ru
10.16 (00)3
10,17
Fe(C0)3 Ru(co)3 Ru(CO)3
/
Fe.
10.18 (co)s 10.19

(OC)5W Ru(CO)3

10.20

complexes (10.16 and 10.17). The tricarbonyliron complexes (10.18
and 10,19) were prepared also and coordination of all five double
bonds was achieved by the reaction of the complex (10,16) with
tricarbonyltris(methyl cyanide)tungsten to form the exo-isomer
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(10.20) [161]. Reactaon of iron (I1) chloride with an i1onic
Pentadienyl ligand (10,21; R =R% = R® = H; R! = RJ = Me,

=H; R'=r’ =8, R%=Me; RI=R2=Me, B2 = §; K=1Li, g)
gave tho corresponding bis(75-pentadieny1)iron complexes (10.22),
"open ferrocenes", The methyl substituted complexes were similar

THF

10.21

10.22

RS
to ferrocenc, being hydrocarbon coluble, sublimable, stable at room
temperature and air stable for at lea.t scveral ho.urs. The Infrarec
spectra werc devold of C=C ctretching hands which gsuggested a >
mode of bonding. X-ray analysis showed these compounds to be
"open sandwiches" [162]. The (qj-vlnylcarbcne)Lrlcarbcnyliron
complex (10.23) was attacked by cyclohexylisonitrile to “orm the
(qq-vinylketenim1ne)tr;carbony]iron complex (10.24), The structure
of this product was confirmed by X-ray crystallogr.vhy. Methy-
lation of tbe complex (10.24) with uFoa(OM€> in methylene
dichloride afforded the Neucthylated derivative (10,.29) [163],

CO_Me MeOac

10.23 10.24 10.25

(
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A 130 XMR investigation of several diene-isonitrile complexes
(qﬁ—d;ene)Fe(CO)ZCNR,\Mhere diene = butadiene, 2,3-dimethylbutadiene,
renta-l,3-diene, cyclohexa-l,3-diene and cyclohepta-1l,3~diene and
R = Me, SiMes, GeMeB’ SnMeS, has indicated that these complexes
are fluxional in solution. A conformational preferencs was
observed at low temperatures where one CO group occupied the
apical position of a square pyramid while the CNR ligand together
with & CO

pseudsrotat

omd

igand and the olefin were in basal positions. The

on process was discussed on the basis of AG* values

I

for the CO-CNR ligand exchange [164]. In a related paper the mass
spectra of the complexes were discussed. Elimination of the
intact isonitrile ligand, the olefin ligand and sequential loss

of CO was common to all of the complexes while fragmentation of the
olefin ligands showed important differences [165]. The ring
opening of 1,3,3-trimethylcyclopropene with diiron nonacarbonyl
gave the (7—pentadienone)iron complex (10.26). X-ray crystall-
ographic analysis of the molecular structure indicated that the
l-ferracyclopent-3-en-5-one canonrical form (10.26b) made a large
contribution to the structure. The alternative diene canonical
form (10.26a) was slso important [166].

The crystal structure of dicarbonyl(7ﬁ-cinnamaldehyde)triphenyl
phosphine iron (10.27) was determined by X-ray analysis. The
molecule displayed sguare-pyramidal cocrdination with the PPh3
group in the apical position [167]. Quantitative structure-~
-resonance theory and previously described graph-theoretical

/ \ — PPl
o)
\/\ <> 0
Fe 0 / COo
(CO) Fe T~
3 (CO)3 / e\co

10.26a 10.26b

10.27
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alporiins have vbeen used Lo describe caghteen Lf;udrbuwyl(cf_dlcnc;_
iron complexes as resonance hybrids of valence~bond structurcs,
Resonance encrgies have becn calculated and the valuer obtained
were in ag -e°ment with the experimental propertics of the complexes
[168]. The photoelectron spectra of eighteen tricaroonyl(v-dienc)-
ircn complexes and the corrcsponding free diene ligands have been
recorded, Comparisons betweon the spectra of the 1ijands and Lhe
complexes cnabled perturbation energies to be calculated for tae
tntergaction of the two TC orbitals of the disne with the tricarbongyi=-
iron group. Only slight variations in perturbation cnergy were
obscrved in the serics, ATy, = 0.89 £ 0.07 <V, AW, = 0.22 + 0.06 <V
Fhes,e valuss were used to ogtimate the Toicwi.uabicn enori,ies for
the transient ligands cyclobutadiene, .29 cnd 11.95 oV, and
trimethylenemethane, 8.36 and 11.79 <V [169].

Tne lipgand exchange reaction:

(r)L"-(:none)Fe(CO) + d..l.(:nc:(nl‘k-dlcnu)FU(CJ)j £ Lrono
where enonc = benzylideneacetone, cinnamalaehyde, ~la'cone aad
dypnone and diene = 1,4-diphenylbutadicne, cyclohexad.icne, cycle-
heptadiene, cycIoheptatri.ne and cycloctatebrocne, wn, & stepwioo
process with rate-detcrmin,, dechelation of the enonc CO group
followed by coordinatioun of the dicne as an qa—]lhdnd and then
displacement 0f the enonc ligand {170}. The ligand=oalnsiitulior
rcecaction 1n the (q—butad;une)iron comples (10.28; M = P, Az, SbH)
with carbon monoxide to fora the rrontricurbonyl complesn (10.29)

nas been investigated by le and oyullibrooum Liudie, The
mechanicm involved a discocialive cquilibrium of Lhe nitidd
complex (T10.28) to plve an intermediate & =bonavd crunbsi arbon i
complick. DLTTCrLnCes A0 vie waliTiEB) £ tdiae e el E%%J, ;,Eb/

Ph—'//_\N———Ph Ph——//_—\\N P}

0 —

+

Fo = Fo MPh 5
(CO)aMPh3 wo)j
10.28 10.29
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and Sb‘Ph3 were responsible for the differences observed in the
equilibrium and rate constants [171]. Several (r)-diene)iron-
tricarbonyl complexes have been converted to the nitrile anions
[(q—diene)Fe(CO)ZCN]- with NaN(SiMe5)2 and then to the neutral
isonitrile complexes (r]-diene)Fe(CO)ZCNR, where diene = butadiene,
l-methylbutadiene, 2-methylbutadiene, l-ethylbutadiene, 2,3-dimethyl-
butadiene, cyclohexadiene, cycloheptadiene, cyclooctatetraene,
2,5-dimethyihexa-1l,3~diene and R = Me, Et with (R30)5F4 and to the
neutral complexes (r]-diene)Fe(CO)ZCNMR3 where M = Si, Ge, Sn, Pb
and R = Me, Et with RgMC1 [172].

The attack of methylamine on (q-butadiene)iron complexes has
been examined as part of a study of the synthesis of S—Iactones.
The complex (10.30) was converted to the trans-ferralactam (10.31)
together with the cis-isomer [173]. A study of the thermal decompos-—
ition of tricarbonyliron lactones has shown that (7—diene)iron
complexes may be formed in some case€s. Thus the lactone (10.32)
in THF gave the complex (10.33) in 54% yield [174h]. The photolysis
of tricarbonyl(q—z,3—diemthylbutadiene)iron and (f)-butadiene)tri-
carbonyliron in argon and Xenon matrices at 10°K has been investigated,
Both complexes underwent loss of carbon monoxide as the major photo-
reaction while (f7-butadiene)tricarbonyliron alsoc underwent decomplex-—
ation to form (q —~butadiene)tricarbonyliron. The same product was
formed in the photolysis of (qa-butadiene)tetracarbonyliron and it
was subsequently transformed to (q&-butadiene)tricarbonyliron.
Photolysis of the two original tricarbonyl(q4—l,B-diene)iron complexes
in a nitrogen matrix gave (174—1,3-diene)Fe(CO)2N2 rizsj.

Fe
(00)3

10.30 10.31

Photolysis of (q-butadiene)tricarbonyliron derivatives,
bis(f)-butadiene)carbonyliron complexes and tricarbonyl@]—cyclo—



319

Fe
(00)3

10.32 10.33

butadiene)iron in the presence of excess trimethylphcsphite
resulted in both carbonyl displacement and diene repla-ement,

¥=0
0
“*Fe
111‘1. (co)
Fe 5
(c0)
10.34 10,35

AcO

OMe
S
M‘W""‘Fe(CO)3
MFe(CO)B -
Me O 0
R
10.36 10.37

References p. 360
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Quantum yields for the two reactions (@CO and @D respectively)
were determined and were found to be substantially less than 1.0.
Quantuz yields increased with decreasing wavelength down to 213 rm.
Values °ori£co were greater than values for 6 and the ratio
@,Ty’ér)lncreased with decreasing wavelength. The react4on
mschanism was considered to involve azn intermediate (q ~diene)iron
complex [176]. The (7—butad1ene)urlcarbonyl_ron complexes,
LFe(”O)ﬁ, wkere L = isoprene, 2,5-dimethyl-1,3-hexadiene, 1,3-
—cyclobe tadiene, were attacked by NaN(SiMe3)2 to give the anions
CN]”. These anicons and the corresponding anions where

2
I. = butadiene, 2,3-dimethylbutadiene, 1,3-pentadiene, 1,3-cyclo-
nexadiene and cyclooctatetraene were found to be fluxional in

solution. The low temperature isomer was a square pyramid with
the basal positions occupied by two carbon atoms of the diene,
one CO molecule and the CN ligand [177].

The tricarbonyliron complexes of the chiral enones (10.34) and
(-)-3B~acetyloxypregna-5,l6-diene-20-one (10.35) have been prepared.
Treatment of these complexes (10.34 and 10,.35) with l-methoxycyclo-
hexa-1,3-diene, l-methoxy-4-methylcyclohexa-1,3-diene and methyl
sorbate gave the corresponding optically active tricarbonyliron
complexes (10.36; R = H, Me) and (10.37) [178]. Treatmert of

Ru
i._PPh
2
Ru
Lapth_
10.38 10,39

bis(q#—butadﬁene)tripheny1phosphineruthenium with an excess of
P(OMe)3= P(OCH ) CMe or PFZNMe2 resulted in displacement of one
molecule of buuadlene to give the corresponding ruthenium complexes
[10.38; L = P(OMe),, p(oCH ) CMe, PF NMe ] Reaction of

('7 —~benzene) (17‘* _,3-—cyc'l ohexad_ene)ruthemum with P(C)Me)3 or
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P(OCH2)3CMO gavs the corresponding (7-“,j—cdclthXAdJuuu)—ruthonjwm
comploxeg [10.39; L = P(OMc)5, P(OCHa)ECMe]. The variable
temperature 51? NMR speoctra of these complexes were reccooded and
anterpreteq [179].

11. ~Trimethyleonemethane)Fe(CO), Complexes

The thermal conversionof tetracarbonyl(?-cyclobutexe)iron
complexes to (n~butadiene)traicarbonyliron species and of tectra-
carbonyl(n-methylenecyclopropane)iron complexes to tricarbonyl-
(V-trlmethylenemethane)iron compounds have becen snvestigated
theoretica]ly by the Extended Hueckel MO method, A qualitative
frortier Mo picture wag derived that allowed the rcactions to be
classifieq as allowed or forbidden. 1Tt further showed that for
allowed dygpotatory ring-opening the rotational mode that bent
the breaking o -bond towards the melal was preferred.  Whercas for
forbidden gigrotatory reactions bending of Lhe ¢o™-bo 4 away from the
melal was tpe lower energy procceas [180]. Some re. slts cn the ring
opening of tetracarbonyl(7-phenylmcthylonecyclopropane)Jron were
presented ip support of the theorctical jroposals (181]. Treatment

Fe
(co)
11.1 1t.¢
Et
TN
1
FoR Fe
(co) 5 (C0) 4
11.3 11.4
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of the allenes, CH,=C=CR'R®, where R = R® = H, Me; R = H, R* =

Ph, with an alkylferrate, formed from sodium tetracarbonylferrate
and ethyl bromide, gave the corresponding complex anions (11.1).
Reaction of the anions (11.1) with trimethylchlorosilane gave the
qq-trimethylenemethane complexes (11.2) which undgrwent reaction
with trifluorocacetic acid to form the q-heterodiene complexes
(11.3) [182 and 183]. Further work by Roustan and co-workers
showed that protoration of the complex anions (1l.1l) by acetic acid
gave the corresponding (74—hydroxytrimethylenemethane)—iron complexes
(11.4) which isomerized easily to give a mixture of (qﬁ—heterodiene)—
iron tricarbonyl complexes [184]. Oxidation of these latter
compounds with trimethylamine oxide released the of,8-unsaturated
ketone, the most substituted ketone predominated [185].

The unstable butadiene (11.5) has been stablized by treatment

with enneacarbonyldiiron to form the tricarbonyliron complex (11.6;
1 2

R™ =R = COaMe) which on hydrolysis witk potassium hydroxide gave
1 2
Me0_C GO_Me rR- R
2 /2 \ /
N—-DN N—-N N——-NH

it.5 11.6 11.7

Br Br

7\

11.8 11.9 ‘ 11.10
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successively the monoester (1'.5; Rt = CO,Me, R = H) and the
hydrazine (11,6; RY = RZ = H.. Air oxidation of the first formod
complex (ll.6; R = R® = COZMe) gave the pyridazine complex
(11.7). The dibromide (11.8) attacked enneacarbonyld iron with
the formation of the trimethylenemethane complexes (11.9 and 11.10)
in addition to an (7-allyl)iron complex. Protonation and
deprotonation of the complexes (11,9 and 11,10) conver’ud them to
(q—diene)iron complexes [186]. The (cross-conjugated p-dienyl}iron
cation (11.12) has been the subject of an experimental and theoret-
ical study of its structure, The cation (11l.12) was tormed from
the (q-trimethylenemethane)1ron complex (11l.1l) in a mixture of
fluorosulphonic acid and liquid sulphur dioxide at -78°C and
examined in the temperature range -65 to -20°% by NMR cpectroscopy.
The cation (11.12) behaved as a coordinatively saturated species
and showed an energy barrier to rotation abtout the CE'C bond of
>13 kcal mol-l. These observations exclude the qj structure (11.13)

11,11 11.12 11.15

+
Fe Fe
(00)3 (CO)3

11.14 11.15
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ovredicted by simplified (one-interaction) frontier orbital model
and instead favour the 04 structures (11.14 and 11.15). An
Extended Hueckel treatment suggested similar energies for the three
structures (11.13, 11.14 and 11.15) [187].

12, (-C,H IFe(CO) -

The crystal and molecular structure of the 07—cyclobutadiene)—
iron complex (12.1) has been determined by X-ray crystallography at
-359%. The electron-withdrawing carbonyl group was bound more
strongly to iron than in the parent 07—cyclobutadiene)irontricar-
benyl complex by virtue of the electron donor capacity of the
phosphine ligands. Stereochemical results for ten (7—cyclobutadiene)-
metal complexes characterized by X-ray methods have been analyzed
in terms of distortions from idealized symmetrical structures [188].

D

] .

Fe—PPh, Fe
ocC

\ > (co)3

P
th

12.1 12.2

Oxidation of Q7—cyclobutadiene—l,2—d2)irontricarbonyl (12.2) gave
an equimolar mixture of methyl (Z)~3-cyanocacrylate trapped products
derived from the twc isomeric forms of the free cyclobutadiene
intermediate confirming the square form of the ligand ring in the
complex (12.2). Trapped cyclobutadiene products from organic
precursors were not obtained as eguimolar mixtures [189].

13. (nglic-qediene)Fe(CO)Jicomplexes

(1) Formation

The formation and reactions of 1,l-disubstituted ~l-germa-
cyclohexa-2,4-dienes have been reported. These dienes combined
with iron vpentacarbonyl to form the iron tricarbonyl complexes
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0
R,N NR
// deR, 2 2
RN NR,
Fe
(co Fe
3 (o)
13.1 13,2

(13,13 R = M¢, Et, Pn)[190). Diaminoucctylone.. R,NCECHR
where R = Me, Et, obtained by pyrolysis of cyclopropenones,
combined with pentacarbonyliron to form the (g-cyclopentudienone)-
iron complexus (12.2; R = Mc, Et) {191},  React_un of bicycle
{3.2.2] tertiary alcchols wilh Fea(CO)9 gave the corresponding
n-diene complexes, for eaample, compleree (15,3 ana 13.4;

R = Me, Ph), Treatment of theue compound. (15,3 and 13.4) with
hydrogen tetrafluorobor (t¢ in acetic anhydride produced (P-blcylo-
[3.2.Z]dlenyl)trlcarbonylLron cations fl?é]. The sturcospecifi

1 a2 3
TnuXa

diunejirgo.

syntiesis of (p=y,6=disubnrituredeye
m

been reported, Thus a mixtur- of the two diagtereoloLumerlc
of the alcohol (15.9) wag converted with Lhallium (1il) trifluoro-

(CO)BFG____

/ 4
HO Fe HO
(co)g
15.3 13.4
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acetate to the complex (13.6) as a single diastereoisomer and thence
to the (f-cyclohexadienyl)iron salt (13.7) with tetrafluoroboric
acid. The salt (13.7) combined with dimethyl sodiomalonate to

form the disubstituted complex (13.8) as a single diastereoisomer

f193].

CHECHOHMa 0
.|
+
CHaiﬂMe
BR,
QAc b
Fe (gg Fe
(co)3 )3 (co)3
13.5 13.6 13.7

(\ieoac) Oﬁ

CHZCF(OAC)Me
i : | RrL R®

13.8 13.9 13,10

Treaument of the 7—cyclohexad1enyl complexes [13.9; Rl = H,

R2 - H, Me; RY = OMe, Me, RZ = H; R'R® = (CH »),] with 1,2-bis-
(trimethylsiloxy)-l-cyclopentene at -20°C in methyl cyanide gave,
after treatment with hydrogen chloride in methanol, the corres-
ponding 2-substituted 2-cyclopenten-l-ones (13.10) [194].

Reaction of a series of tr 1carbony1@7-cyclohexad1eny1)1ron complexes

[13.11; RV -2 _ g3 - g% - H; R! = R3 = R4 = H, R® = Me;



w
]
-3

0)s (00)3

13.11 13.12

RY = R% = R = H, B® - OMe; R' = COMe, RZ = Me, B° = R = H;

r! = RY = H, RE-R3 = (CH2)4] with allyltrimethylsilane gave the
corresponding substituted n-cyclohexadiene complexes (13.12) [195].
In the same way reaction of the cyclohexadienyl complexes (13.13;

g} =R% =8 = H; R'=R®=H, B = oMe; R! = CuMe; R° = H,

R5 = Me) with trimethylsilyl enol ethers derived from cyclohexancne
and 2-methylcyclohexanone (13.l4; R = H, Me) gave lhe corresponding
qq-cyclohexadlene complexes (13.15)[196]). Reaction of She tri-
carbonyliron complexes (23,163 SR CH H; Rt - Me, R = H;

rt = OMe, RS = H) with either sodium or potassium nitromethanate

R
0
- OSiMey
1
R R R
Q \ /
- —>
]2 3| e * i3 RS

Fe Fe
((:0)3 (00)5
13.13 13.14 13,15

References p. 360




328
H,NO, cozmgjﬁ_

.."O

PFg RrL
e Fe
Fe
13,16 (G0 (co)5 (CO)3
13,17 13,18
CO e 5
N
. R
13,19 Fe 13.20
(CO)3
X
Fe Fe Fe
(co), (CO)3 (CO)
13.22 .

13.21 .
gave the corresponding r,-cyclob_exadiene complexes (13.17) [197].
The nucleophilic addition of silyl enol ethers to (y-c¢yclo-
hexadienylium)iron salts has been used as a rodferto>2-substituﬁed
Thus the Q?-cyclohéxadienjlium)iron salt (13.18)

carbonyl arenes.



e Y

COZMB PFg
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(C0)5 13.25
+
MeO O CO,Me -
PF6
0]
Fe
(co)
3 13.24
i +
COaMe
MeO PF6"
(co)
Cco
2 13.25
MeO \\
13,26
o GOaMe
(C0)3
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T S R T

329



330

was treated with MeCH:CEtOSiMe3 to give the corresponding (q—cyclo-
hexadiene)iron complex which underwent decomplexation and
dehydrogenation to form the arene (13.19) [198]. Treatment of
tricarbonyl(75—cyclohexadienyl)iron tetrafluoroborate with

aniline, p-toluidine or p-anisidine in acetcnitrile at room
temperature gave the corresponding N-alkylated products (13.20;

R = H, Me, OMe). When the same reaction was carried out with
aniline at the reflux temperature cof acetonitrile C-alkylation ortho
and para to the amine occurred to give the tricarboanyl iron complexes
(13.21; X = o-NH,, p-NH;; 13.22) f199]. An unsuccessful attempt
has been made to spirocyclize the tricarbonyliron complexes (13.23
and 13.24).  However the n-cyclohexadienyl complex (13.25)

readily cyclized to give tricarbonyl [7—7—&0—(methyl Q-methoxy-2-~
-oxospirol 5.5]undeca~7,9-diene-l-carboxylate)]iron (13.26) as a

pair of diastereoisomers [200].

Reaction of tricarbonyl(4-methoxy-l-methylcyclohexa~2,4~dienyl )~
iron hexafluorophosphate with the potassium enolate of methyl
2-oxocyclopentanecarboxylate gave an equimolar nmixture of the
diastereoisomers (13.27 and 13.28) in quantitative yield. The
potential of this reaction for constructing the carbocyclic framework
present in trichothecanes was investigated. The structure of the

CO 2Me

MeO MeO

Fe Fe
(co)5 (co)3

13.27 1i3.28

isomer (13.27) was determined by X-ray analysis [201]. The tri-
carbonyl(q—cycloheptadienylium)iron cation underwent nucleophilic
addition with ethoxide ion at 0°C to form the nuetral carboalkoxy
complex (15.29). On raising the temperature the complex spontan-
eously rearranged to give the 5-exo-ethoxy complex (13.30) [202].
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OEt

Fe Pe
(CO)acant (00)5

13.29 13,30

Reduction of tricarbonyl(q-cyclohexadienyl)-05m1um with sodium
borohydride jave the 1,3-diene complex (13.31; PR = H) and the
GLq-allyl derivative (1%.32; R = H). Reaction of the inaitial
dienyl complex with cyanide pave similar products (13.351, R = CN
and 13%.32; R = CN). However, all other nucleophiles cuch as
alcohols, thiols, amines, phosph.ncs and other car-on nucleophiles
produced only the corresponding 1,3-diene products 15.21) [203].

-".R
j R \
Os Og
(co)3 (CO)s
13,71 13.32

(i1) Spectroscopic and Physico-chemical Studie.

The highest occupied molecular orbitaln of tricarbonyl(?—cyclo-
octatetraene)iron (13,33) have been derived from those of
(q-butadiene)tricarbonyliron and used together with INDO calculatiol
to interpret the He (I) photoelectron spectrum of the complex
(13.33). The first five bands of the spectrum were a.sighed on

References p. 360
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this basis [204]. As part of a theoretical study of the reaction

pvath for bisethylene metallocyclopentane interconversion where two

olefin groups are coordinated to a trigonal bipyramidal irontri-
F1

carbonyl moiety, the previously reported conversion of 07—cyclo—

Fe o)
(co)5 3

13.33 13.54

octa~1,3-diene)irontricarbonyl and perfluorcpropene to a metalleo-
cyclopeniene has been reconsidered [205]. The jirontricarbonyl

compviex (13.34) was formed frem the free ligand and used to

elucidate the structure of the latter by lH NMR spectroscopy and

X-ray crystallography [206]. The cyclocctatetraene (COT) complexes
(7 -a.ene)(74—COT)M, where M = Fe, Ru, Os and arene = PhH,

1,3,5- C H, Nc;, C6Me6, have been prepared by treatment of 07—arene)-
metal ha11des or b1s(7—arene)metal cations with COT The crystal

| A
Ru \\////

Fe
(CO)3
/ 13.36

13.35

OR
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and molecular structure of the ruthenium complex (13.35) has been
determined by X-ray crystallography, The Ru-C(diene) interatomic

e LT e P P A1 = i AN NR S Aass e e R e

wa S e ENTEST &G SuUliTEr Cdad L ;?;—uuf,:nu\,&\a(t,z bl VAUriAULd TEemperatira

1 1% 7

Bl I e Vs NL E ST - — e - 2, i -~ 4 T =
®oamd TUo IPSCLTCACIRY 483 Iwwnr Ysal Tos 0T tuag us wlgely

fluxional by comparison with the corresponding tricarbonyls [207].
Acetolysis of the norbornadiene complex (13.36; R = SOaMe}
to form the derivative (13.36; R = COMe) proceeded 5 x 10-5 times
ag fast as that of the free ligand and indicated that complexation
of the ligand reduced double bond participation in the rate-
determining and product-determining steps of the reaction [208].
The second-order rate constants, kl’ have been determined for the
¢ addition of anilines and pyridines to trlcarbonyl(?-dlenyl)lrun
cations. Thus the cations (13,37) werc attacked by asiline and
substituted anilines glving the(7~cyclohexadione)1ron complexes
(13.38). The Bronstead relationship, log kl, = ApK, + constant,
was obeyed for the additioa of anilines tc the catioa (13, 37;
X = MeO) and of pyridines to the cation (13.37; X = H). The rate

+ ! !
O[O AD—O
* —>

Fe Fo
(00)3 (00)3
13.37 13,38
Y = H, 2-Me, 3~Me, 4=Mo, 4-OMe,
3=Cl, 4-Cl

. constants, kl, were shown to be stronglydependent on amine basicity,
The results were interpreted in torms of a "hard" chuaracter for the
dienyl ligands in the cations (13,37) [209]. Dehydration of the
2lcohol (13,39) with p-toluenesulphonic acid gave a mixturce of
products which, on repcated treatment with p-toluenesulpnonic acid
gave tricarbonylw=2~(2-met hyleprop-l-cnyl)ecycloacxa~1,3-dicneiron
(12.40) 1in high yleld. The presance of a mothoxy group al the
2-position prevented tsomerization of the coordinated d.ene into
conjugation with the olefin, with %he side chain remainiag in the
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Fe Fe Fe
(00)3 (co)3 (€Ol

13.39 13.40 13.41

5-~exo~position [210],

Tre mass spacira of the 7—cyclohexadiene complexes (13.39 and
13.41) were recorded. Both exhibited a MclLafferty rearrangement
mechanism for an arene fragment bearing a coordinated iron atom
[211]. The gas phase protonation of (f-butadiene)-, (p-cycle-
butadiene)-, (p-cycloheptatriene)-, (n-cyclooctatetraene)-irontri-
carbonyl and related complexes by a series of Bronstead acid reagents
H3+, CH5+, t-0459+,(NHS)nH? has been investigated. The reactions
and mass spectra were discussed in terms of the relative acid
strengths >f the protonating reagernt iouns, These results were
compared witn the conditions used for protcaation of the same
complexes in the solution phase [212]. Iron in tricarbonyl(7—cyclo—
nexadiene)iron complexes has been determined by atomic absorption
spectrometry. Dimethylformamide solutions were used and the
effects of molecular structure of the complexes together with flame
parameters were evaluated 7213]. Phase selective alternating
current polgrography has been used to determines the elsctron-transfer
parameters of tricarbonyl(q&—cyclooctatetraene)iron in dimethyl-~
formamide in the presence of tetrabutylammonium hexafluorophosphate
as the supporting electroiyte. The results obtained were.compared
with those for uncoordinated cyclooctatetracne. It was concluded
that there were no large structural changes on reduction [214].

(1il) General Chemistry

The absclute configurations of the r-cyclohexadiene complexes
(13.42; R = H, Me) were obtained by chiral transfer of Fe(CO)3
to the two methoxycyclohexa-l,3-dienes from the complex of
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Me0 R

Fe Fe

13.42 13.43

(+)=pulegone and conversion of the complexes into the known
terpenes, cryptone and phellandrene [215]. Tricarbonyl{p-1-
-carboxycyclohexa-1l,3~d1iene)iron was resolved into its optically
pure (+)- and (=)~ isomers. Reductlon of the (+)~ 1somer with
BHz-Me,S and BF;-Et 0 gave the (-)-l~methyl complex (13.43) [216].
The methylene group, generatoed under Simmons-Smith conditions from
dllodomethane and zinc-copper couple, attacked the uncoordinated
double bond 1ntricarbonyl(q—vycloheptatriene)1ron to forr the
q-blcyclo[5.1.0]0ctad¢ene complex (13.44). A similar rcaction with
trlcarbonyl(q-cyclooctatetracne)1ron gave the q-tr:cyclo[&.l.o.o]
undecadicene complex (15.45) by the additaion of these ecquivalents
of methylenc [217].

R

Fo F Fe
© (co).
(00)3 (CO)3 2
13,44 1345 12.46
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Reaction of the tricarbonyliron complex (13.46; R = H) with
bromoform (as reactant and solvent), sodium hydroxide and benzyltri-
ethylammonium chloride or tricaprylmethylammonium chloride, as the
phase transfer catalyst, afforded the dibromomethyl complex (13.46;

R = CHBr,) formed by insertion of dibromocarbene into a saturated
carbon-hydrogen bond. (qucyclic diene)carbonyliron complexes
coataining a secondary or tertiary C-H bond also experienced
dibromocarbene insertion in the presence of a phase transfer catalyst
[218]. Irradiation of the tricarbonyliron complexes [13.47;

rRY - g2 = Me, rig2 =

Cleavage of carbon-carbon bonds occurred to give the 7 —cyc1openta—

(c&z)qj was atudied at 10°K in an argon matrix.

dienyl systems (13.48) [219]. The (q—b1cyc¢ononatr1enol)tr1-
carvonyliron complex (13.49) rearranged in the presence of iron-

1
rt RS R
Fe Fe
(co)s (CO)2R2
13.47 13.48

pentacarbonyl to give the (q~bicyclononatrienone)tricarbonyliron
complex (13,50) rather than the expected product. A mechanism
involving an intermediate ion pair with [HFe(CO)4]~ was proposed.

The structure of the product (13.50) was confirmed by X-ray crystall-
ography [220].

Tricarbonyl(q-tropone)iron combined with thiols in the presence
of boron trifluoride etherate to form the corresponding alkyl- and
aryl-thio derivatives (13.51; R = Me,CH, Ph). A difunctional
reagent, HSCHacﬂasH, underwent a similar reaction to give a
binuclear product [221]. Mechanistic studies were carried out on
the reactions of 5-exo-substituted tricarbonyl{q—cyclohexadiene)iron
compounds (13.52; R = OMe, OEt NMeZ) and the tricarbonyloq—cycl§-
hexadienyl)iron cation. It was concluded that the conditions
necessary for endo addition to the p-cyclohexadienyl ring were:
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(co)
Fe< I‘e(CO)
(co>5
13.49 15.50
15451

1, addition to the gxo face musl be reversible in tne vrescnce of
acid, 2, the endo form must be sufficiently alable tuermodynamically
and 3, 1its formation mugt not be i1nhibited by Lhe nize of the
nucleophale [222]. The \nq-splrononadicnc)Lron comrlex (15.55)

was attacked by diiron non;carbonyl in boiling benzene wilh cleavape
of an unstrained C~C bond and formation of the bridged (d-alkyl-qb-
~cyclopentadienyl)iron complex (1l3.54) which subuequenlly underwent
insertion of tetracarbonyliron into the Fe-alkyl bond.  bY,b=bralkyl-

oo

B3 @\

| (Ciiy),
Fe Fe Fe
(CO)3 (Co)5 (c0)>
13.52 15.55 1,.04

cyclopentadienes also took part i1n this reaction and crosgover
experiments topgether with stereochemical studies indlcated an ingra-
molecular reactlion mechanium with migration of the endo-2lkyl gproup
[223]. Tracarbonyl[n-5-gxo~(1s0proponyl) cyclohexa=1,5~livncliron
(13.55) has been preparcd [rom trlcarbonyl[7-5—353~cyan0(cyclohoxa-l,
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_T
+
\
HBF}, = BF, ~
Fe Fe
(cO)5 (CO),
2
. CH3COCl 1
13.55 A1013 13.56

Fe
(00)5
13.57

3—diene)lironby treatment with methylmagnesium iodide followed by a
Wittig reaction on the resultant acetyl complex. Protonation and
acetylation of the complex (13.55) gave the l-substituted fj-cyclo-
hexadienyl cations (13,56 and 13.57) respectively [224].

The (q—homotropone)iron tricarbonyl complex (13.58) dissolved
in vifluoroacetic acid to give the oxygen-protonated cation (13.59).
When sulphuric acid was the solvent then the cation (13.59) underwent
rearrangement to form the carbon-protonated cation (13.60). The
reaxcti.l mechanism was investigated by deuterium labelling and the
preferred site of protonation of the (q—cyclooctatrienone)iron
complex (13.60) was confirmed as C(2). The corresponding reactions
of some clesely related complexes were described [225]. Reaction
of the cationic ruthenium complexes (13.61; N-N=1 lO-phenanthro;ine,
2,2'-bipyridyl; PRB—PMe Ph,PMePh ) with various nucleophlles,
Y, where Y = H, CN, OH, gave the correspondlng stable n -cyclohexa—
dienyl complexes (13.62) [226]. Several (q—cyclohexadlene)lron
complexes, such as the ether (13.63), have been converted to. .the
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CFBCOEH
or HZSO

Fe Fe Fe
(00)3 (00)3 (co)3

13.58
13.59 17,60

corresponding (q—cyc1ohexadienylium)1ron catlong, _uch as the complex
(13.64), with triphenylmcthylium tetrafluoroborate. fhe complex
(13.64) underwent a highly regioopecific reaction with sodiomalono=
nitrile Lo form the 1,4,4-lrisubstituted cyclohexadiene complex

Y .
4
2+ H
2PF6 130
Ru\ Ru
N SN
R,P
3 \ / RjP\/,
N N
15.61 L3.62

(13.65) and the 1,2,4~-trisubstituted cyclohoxadione complex (13.66)
in the ratio 90 : 10. The product (13.6%) was a potential
4,4~digubstituted cyclohexenone precursor [227]. The cationic
(q-germacyclOPGntadiene)iron complexcs (15.68; R = H, Ph) have been
obtained by abstraction of a hydride 1on or a halade loh from the
correspondling neutral complexes (1%.67; R = H, X = F; R = Ph,

X =H, F, C1). Structure and bonding in Lhe complexes (15.68)
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MeO CHZCHZOMe MeO Q HZCHZOMe

+ -
PhzC’ BF;,

~
>

Fe
Fe
(co)5 (€05

13,63 13.64

NaCH(CN) o

CH(CN)
(NC)ZC‘fI ] 2
CHZCHZOMe

MeO CHZC HZOMe

+ MeO
Fe Fe

(CO)3 (éo)3

13,66 13.65
were discussed [228].

\/ +

R R R Ge R

\ ] \ ]

Fe Fe
(CO)3 (00)3

13.67 7 13.68
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4. [gg:c5§52Fegq-c6_@6l]+
Tie cocondergation of irowr atoms amd berzene on to o liguad
nitrogen cooled surface gave a highly reactive mixture which, when
treated with cyclopentadiene gave the qs-cyclohexadlen;l complex
(14,1) and a small quantity of ferrocene. Isotopic labelling

+
X
X Y
Fe Fe Fe
1.2 he
14,1
T —
2+
2+
Fe
Fe
X
x [; 1O
Fe Fo
b D

experiments indicatod that hydrogen transfer from cyclopentadicne
to coordinated benzene occurred gxo with reupect to the metal and
was intermolecular in naturo [229]. Forrocene underwent ligand
exchange with heterocyclic analogues of fluorenc ani anthracenc in
the prescnce of aluminium and aluminium chloride to givc mono-
nuclear and dinuclear (q~arene)(q—cyclopcntadLonyl)iron complexco.
Dibenzofuran gave the cations (14.2; X = 0, lh.u; X = 0),
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dibenzothiophene gave the complexes (14.2; X = S, 14.43 X = 8)
while carbazole gave only the binuclear complex (l4.4; X = NH).
Xanthene gave the products (14.3; X = CHZ’ ¥ =0, 14.5; X = CH2
Y = Q), thioxanthene afforded the cations (14.3; X = CHZ’ Y =25,
14:.5; X = CH;, Y = 5) phenothiazine led to the species (14.3;

X =NH, Y=35, 14.5; X = NH, Y = S), while phenazine gave only the
binuclear ovroduct (14.5; X = ¥ = NH) [230].

The unrestricted Hartree-Foch method n the INDO approximation
with modified parametrization has been used to study the electronic
structure of the (:7—C6H6)(17-C5H5)Fe+ ion and its carboxyl and amino
derivatives, Comparisons with the analogous derivatives of
ferrocene were made. An unsymmetrical charge distribution was
found between the two rings, with the greater positive charge on
the arene ring. This difference was manifested in the acidic and
basic properties of the rings which was confirmed both by direct
calculations of acidic dissociation energy and by experimental
observation [231]. The 57Fe4ﬁﬁssbauér spectrum of the (q—cyclo—
hexatriene)iron complex (14.6) has been measured in the temperature
range 4.2-350°K. As the temperature was raised the initial quad-
ruvole doublet changed to a four-pealk spectrum and then to a single
peak spectirum. The last change corresponded to a phase change in
the solid. The changes ouoserved were reversed on cooling the sample.

The organometallic cation was assumed to lie at an eight-coordinate

Ci

PF6 . PF6

14.6 1L.7 . 14.8
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site made up frou g BTTEps. Roor tiono withan Lhuo
site were proposed to account For the spectral changes obsurved
[232].

Moessbauer spectra of (q—benzene)(q—cyclopentadlenyl)lron
complexes have been recorded in the temperature range 4._-295 K.
The grcen complex (14.7) was a paramagnetic 19 electron d° specle
wnich exhibited Jahn=Teller distortion, The observation of quad-
rupole doublets at temperaturcs below 185°K indicuated a phase
transition [233]. The kinetics and mechanism of the reaction of
(96-chlorobenzene)(75—cyclopontadlenyl)iron hexailuorophosphate wity
piperidine in dioxane, bensene and chlorobenzune was inv: stipgated,
The reaction was first order in the Tl-complex aad secone order in

¢ piperidine [234]. The second order rale conctants and Lhe

actlvation parameters were detormimed for the subgtitabtion ruaction

. of the iron complexes (14.8; R = g-, m- or p-Mc, p-COyhu, ) with
sodium methoxide in melhanol. The reactavity of the complexXeo
increased in the order (14.8; o-Mc < m-Mc (h-Mu‘(coZNd(H) and thuis
was different from that for the uncoordinated lipanis [259].

; The anomalous temperature behaviour, averaging or the g=Facter
anisotopy, in the EPR spectrum of (7—cyclopontud;eqy1)(q—naphth-
alenc)iron was investigated by studics on Lhe complexes (14.9;

R = &=Me, fB-F). The latler two compound. showed Lplittang ol the

L5 Ll lare

811 sighals 1nto two components whichcorrespornded ¢ Lwo d

isomers (14.9a and 14.9b) at Lemperaturcs above 779% [256].  The
ESR spectra of the drcation.. (14,107 R = 4, Mu) wuro budies at
?.’n:’(:. The &) orid Ly WLy Wertt mees oo oamd ddse o bbbl Of L

5 S

‘ 14.9a 14,96
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degenerate =5 orbitals were calculated. The splitting of the

e orbitals in the dications was far smaller than the splitting of
(=] *

the S1g orbitals in the corresponding neutral complexes [237].

. —
2+ —_
+
O '
Fe

Fe Fe
L3
14,10 14,31 14,12

Visible-light irradiation of the complex cation (14.11) in the
presence of suitable ligands gave the products of pp-arene ligand
replacement [14.12; sz(ngNC6H4Me)3,(CO)3, hexamethylbenzene,
triphos]. The quantum yields for the formation of the complexes
(14.12) were high [238].

The nucleophilic addition of tertiary phosphines to the bis-
07—benzene)metal (II) cations (14.13; M = Fe, Ru,Os) to give the
corresponding q—cyclohexadienyl complexes (14.14; R = Bu, Ph) has

2+ 2+

PR5

3 << M

14,13 1.1
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beer studjeq via variable temperaturce 51? and lH NMR speclroscopy.
The Olectrophllic reactivity was very metal dependent: FedRuDOs
(390:7:1), 1t was supgested thal the metal-—®benzene gr-backbonding
in [(?-CGHG)EM]2+ followed the order Ru, OsPF¢ and thi. was used
to account for the greater thermodynamic and kinetic electrophilic
properticg of the iron complex [239].

Reaction of bis(p-benzene)-iron (II) and -ruthenium (II)
dicationg with trimethyl- and tri(q-butyl)-phOSphite produced the
corresponding phosphonium adducts (14,15; M = Fe, Ru; R = Mc, Bu).
The dicatjions were £ood homogeneous catalysts for the conversion of
P(OR)3 1nto HP(O)(OR)Z, wherc R = Me, Bu [240]. Bls[(q~ben20n0)~

2+
P(OR)3

14,15

osmium dichloride] has been obtained by treoatment of 1, 5-cyclo-
hexadiene with an equimolar mixturc of podium huxaenloroonmeate and
tin (I1) chlorade 1n alcohol at 40-80°¢ [241].

. - and - 00
15. C5§512Ru and _(n Collg) ,00
Theooretical calculations on the structufc. or putnevw av and

v .

e o N Ve 7 Coivim
ISLTCTarip a1 b6 S+ald Stulu fia¥e Suo®h cass M,

T oLCiipeoey £
werc mory gtavie than tne staphufud form . s prLnct el
contribution to the energy daifference was the induc .ion cnersy

of the metal in the potential field of the rings. Dircct ring-rang
electrostaytic enersy also favours the eclipwed form [242].  The
direct pegction of ruthenium (III) chloride trihydrate In the
prescnce of metallic zinc with cyclohexa=l,3=-dicnc arg cycloocla-l,
5-diene gave the ruthenium complexes (15.1 and 15.2) respectively.
The analogous reaction with cycloocta-1,3-dicne, cyclohepta-l,3-
-diene ang cyclopentadiene gave tho corrosponding dionyl comploxes

Reforonces p, 369
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Ru

e
4

O

15.1

Ru

15.2 15.3
O
103Ru

5.4 15.5

(15.3 and 15.4) and ruthenccene [243]. A series of 197Ru labelled
ruthenocene derivatives (15.5; R = Me, CHEOH, CHO, CHEOCHaPh,
CHEOZCNHPh, 15,6 and 15.7) has been prepared by standard methods
from labelled ruthenocene or by treatment of the corresponding
ferrocene derivative with l03RuC1 . The tumor affinity of all the
ruthenocene compounds was low [244].

The N-methyl-N-R-chlorcethylhydrazone of ruthenocenecarbaldehyde
has been synthesized using labelledlojRu. The hydrazone has been
administered to rats and mice in order to investigate its metabolism
and cytostatic effects, Measurements of organ distribution and
excretion confirmed that one main metabolite was formed and was
rapidly excreted in the bile, there was no indication of the form-
ation of ruthenium ions. The hydrazone had a high affinify for
lung tissue but only modsrate amounts were found in the gut, ki&ney
and liver. The cytostatic effects of the hydrazone were similar -
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O O 0

103 10
Ru 3Ru w Ru
'
: : : : ] .

15.6 15.7

to those of the corresponding ferrocenccarbaldehyde and benzaldchyde
hydrazones [245]. Lithioruthcnocene was attacked by chromium-,
molybdenum- and tungstcn-hexacarbonyl to form, on subsequent alkyla-
taon with [EtBO][BFq], Lhe corresponding pentacarbonylethoxy-
ruthenocenylcarbenes (15.8; M = Cr, Mo, W). The bunpelen complex
combined with boron and aluminium chloride and bromide at low
temperature to give trans-halogenotctracarbonylruthenoccnylcarbyncs
(15.9; X = Br, Cl). Some physicochemical properties of the
carbynes were reported and the crystal and molecular structure of
the carbene (15.8; M = W) has been determined by X-ray crystallo-

graphy [2y6].
@E W(CO) X
Ru

15.8 15.9
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The coupling of l1l,l'-diiodoruthenocene with the 1,1'-dilithio-
ruthenocene-TMEDA complex in ether at 25-85°¢C gave a mixture of
ruthenocene oligomers in an overall yield of 24%. Diruthenocene
{15.10), 1,1l'-terruthenocene (15.11; n = 3) and 1,1'-quater-
ruthenocene (15.11; n = 4) were separated from the mixture by
chromacography. The low yield of coupled products, compared with
the corresponding reaction of ferrocene, was explained in terms of
low anion nucleophilicity of the lithioruthenocene, Electronic

OO

15,10 15.11

absorption spectra of the oligomers indicated 1ittle electronic
interaction across the ruthenium atom of the metallocene group and
thus no significant charge delocalization along the poly-1l,1'-~
-ruthenocene chain [247]. Ligand exchange in ruthenocene has been
examined under various conditions. No exchange with benzene was
observed at 80°C in contrast to the reaction of ferrocene under
these conditions. Exchange with hexamethylbenzene at temperatures
up to 250°C afforded only 10% yield of exchanged product whereas
ferrocene gave yields of 60% under similar conditions. Exchange
with mesitylene was facilitated by the addition of water to the
reaction mixture [248].

Treatment of the ruthenccenyl- and ferroc¢enyl-trichloropropanes
(15.12; M = Ru, Fe) with potassium hydroxide in ethanol, followed
by acidification, gave the corresponding ethynyl ketones (15.13)
[249]. Mechanical spectroscopy, using the torsional pendulum and
vibrating reed techniques, has been applied to the measurement of
benzene and cyclopentadienyl ring rotation in organometallic compleXes.
Activation energies have been determined for several complexes and
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\ = \ =/
M 1. KOH-EtOH 80°%C
-
2. HpS0,
15.12 15.15

found to fall in the range 4.9-6,2 k cal mole™t compared with
values for ferrocene, 2.0; ruthenocene, 4.5; bls(q-benzene)-
chromium, 4.6 kcal mol-l determined previously by NMR techniques
[250].

The incubation of acetylruthonocene- 103Ru with rat liver
homogenate, NADPH and UDP glucuronate gave hydroxyacetylrutheno-
cene—lOBRu and its O=-glucuronide, Conditions for the hydroxy-
lation and glucuronidalion 1in vitro were optimized. Hyaroxyacetyl-
ruthenocene-105Ru accumulated i1in Lhe adrenal gland: of mice after
intravenous administratlion while the corresponduing glucuronide did
not {251]. Cholest=S-cn-3-yl PuthunOCeHOCerOXyljLC-leRU hat,
boerr propared by Creatmoot of the correcpomda, foeroe ne derivatie
with l0312\1(;15. 17B-Hydroxy-1,3,5(10)=colralricn=3=yi~ and
5-hydroxy-l,j,5(10)eutrdb;en-lﬂS-yl-ruLhunuucuecazuuxylahc-lojku
were prepared by rvaction of estradiol with ruthenocenecarbonyl
chloride- gy [252].

16. (=CoH:),Co, [(9=CoHs) Col” and (n-C,H, )Co(n-CsH;)

The intercalation compounds MOCl[Co q'CBHB)E]O.lé, where
M = Ti, V have been prepared and examined by X-ray powder diffraction
methode., The structures were found to be gqualitatively similar to
that reported previously for the compound FoOCl[Co(q-C5H5)2]O_16.
Moessbauer spectroscopy and magnetic suscoptibility measurements
indicated that electron tranasfer from metalloceno to host took
place on intercalation [253]. Iulercalation complexes of
cobaltocene, nickelocene and forrocene in aron oxychloride (lFeQCl)
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have been investigated. From the Moessbauer spectra it was
concluded that the high-spin Fe (III) state of the host lattice

was retained on inclusion, Ferrocene was oxidized to the
ferrocenium ion on intercalation and it was proposed that the
intercalation compound contained free electrons, The conductivity
of this latter intercalation complex was 104 times greater than that
of FeOCl [254].

Cobaltocene and the cobaltocenium ion combined with the layer
compound Cc‘xPS3 to give intercalation compounds, Highsr rates of
intercalation were obtained using the metallocene cation. Physico-
chemical investigation of the intercalation products indicated that
electron donation from metallocene to host tock place and that the
electrons gained by the host were probably paired and trapped in
localized states [255]. The direct reaction of cobaltocene with
zirconium hydrogen phosphate gave a cobaltocenium intercalation
compound of zirconium hydrogen phosphate. The reaction was
represented by the equation:

Zr(HPO4)2.H20 + 0.5 (7—05H5)200 _—

zrf (r]—c5ﬁ5)200]005ﬂl°5(POL{_)a + 0.25H, + H,0
The same product was obtained by the ion exchange reaction of
cobaltocenium solutions with zirconium hydrogen phosphate [256].
Raman (10-800 cm—l) and infrared (10-4000 cm-l) spectra of MnPS
and CdPS3 intercalated with [(q—CgH5)Zco]+ and [(q-06H6)20r1+
have been recorded in the 300-310"K temperature range. The
chemical composition of the intercalated compounds was MlPS 0.33
(g-L)M%, where M" = Mn, Gd; M® = Go, Or; f-L = (9-CoHs), (n-CgHg)
and it was concluded that the sandwiches and intercalated molecules
interacted weakly [257, 258].

The He (II) spectra of a series of metallocenes, including
cobaltocene, nickelocene and ferrocene and the corresponding
1,1l'-dimethylmetallocenes have been recorded. The He (I) and He (II)
spectra of the corresponding ﬁecameppylmetallocenes were recorded.
The photoelectron spectra were discussed and interpreted but
overlap between the ligand and metal d band structures prevented
complete assignment for zobaltocene and nickelocene [259]. The
lH and 130 NMR spectra of ethyl- and t-butyl-substituted cobalto-
cenes in acetone, benzene and toluene were strongly dependent on
concentration and temperature. When the metallocene concentration
increased and the temperature decreased all tﬁe 1H and 13C signals
associated with the metallocene and the solvents shifted to higher
field., A similar effect was found with substituted nidkelobenes
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" and vanadocenes in tetrahylrofuran or tolucnz, The effect
was attributed to preforred mutual orientation of metaliocene
i and solvent molecules which induced additional shifts in the
metallocenes themselves and in the solvent. The effecl wags thought
to originato from susceptibility shifts which were du. Lo anisotropy
and orlentalion of the molecules [260].

The “YCo ¥=radiolysis of the cobaltocenium cation in aqueous
solution has been investigated, The radiation-chemical yield of
decomposition producta increased with a fall in pli and with an
! increase in the concentration uf th: substrate. It was proposed

that the mechanism of radiolysis involved the solvated clioctron and
a rate constant for the rvactior & caleulated [261). Sclubioms

of cobaltocene were neutron irradiated and the 6OCo sield,

: _ 9

& Co Co 1~ + Co
| >
"\é?
— o
16.1 16.2 Tbe3 K
j : : | ﬁ T |
, Ni . SN Nl:l. ¥=
A
|
{ .—::z:i:j;:“ —”‘;;i;;::j;j;/
! 6.4 16.5 R
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as cobaltocene-cobaltocenium ion, was concentration dependent and
was increased by the addition of nickelocene [262]. Thermal
decomposition of 1,1'-diethylcobaltocene in hydrogen at 240~400°C
Zave shiny coatings of cobalt on ceramics, glass, gquartz, copper
and on magnesium and aluminium alloys, Thus a solderable coating
of thickness O,%u.on glass—ceramic was formed in 20 min at 260°¢c
[263].

The reaction of decamethylcobaltocene and decamethylnickelocene
with electrophiles has been investigated, Deczmethylcobaltocene
(16.1) underwent axidative addition on treatment with phenyl or
methyliodide to form the cobaltocenium ion (16.2) and the cyclo-
pentadiene complex (16.3). Treatment of decamethylnickelocene (16.4)
with the electrophiles RX, where RX = CF,COZH, CFBSOBMe, PhCHZBr,
CCl, , PhCOCl, gave the salts (16.5) which were stable to air and
water [264]. The charge transfer complexes cobaltocene-CCl, and

Me Et Et

:eai CO?VQ

t

Et Me Et E Me
N N
Oy KO—03
)/ N )
e Me p Me
Et Et

\\ R 16.7
O
yal

16.8
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nickelocene-CCl, have been investigated photochemically in cyclio-
hexane and ethanol, Equilibrium constants and molar extiaction
coefficients were obtained [265]. The three-layer sandwich thia-
borelene (16.6) has been treated with sodium cyclopentadienide
and iron (II) chloride to form the four-layer sandwich complex
(16.7). The crystal and molecular structure of this trinuclear
thiaborelene species has been determined by X-ray crystallography
[266]. Potential mechanisms for the haptotropic rearrangement
of (n-tetrasubstituted cyclobutadiene)cobalt complexes (16.8) have
been theoretically evaluated using EHMO calculations [267].

17, Cobalt—-carbon Cluster Compounds

Dicobalt octacarbonyl combined with carbon disulphide at room
temperature to give a mixture of products from which the mixed
cluster complex (17.1l) has been isolated. The structure of the
complex (17.1) was confirmed by an X-ray crystallographic analysis.
The substituent group consisted of a Co,S pyramid symmetrically

linked to the Co,C cluster by a CS, bridge [268]. A ons-step

3 2

I

\\\\\\\‘CO(CO)B \\\\:;;;FO(CO)B

CSECOS(CO),?S 1

.00)300“’—_bo (CO)BCo'——“'Co
(00)3 (co)s
17.1 17.2

synthesis of alkylidyne tricobalt nonacarbonyl complexes has been
reported. Dithioesters RCS,Me, where R = Me, Et, Me,CH, (CHZ)BME’
cyclohexyl, Ph, 4—Me.C6H4, 4—MeO.C6H s 4-Me2N.C6H4, 3,4—Me2.C6H3,
X-naphthyl, were attacked by dicobalt octacarbonyl in ethanol to
give the cluster complexes, Rccé3(co)12, in yields of up to 74%.
The reaction mechanism involved desulphurization of the dithioester
by radical pathways [269]. Qctacarbonyldicobalt combined with the
dichlorocarbene precursor Hg(CClj)Ph in hexane at 600C to give
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the chloro-substituted cluster complex (17.2). The mechanism of
the reaction was investigated and the compounds Go(CGls)(CO)LP and
uo(HgPh)(CO) were implicated as key intermediates [270]. The
reactions of the double-bonded metal dimer, Coa(r75-c5Me5 agu~co)2
with various vhotogenerated M(CO)_ and M(C R )(CQ). species were
investigated. Two electronica le eadlvalent but structurally
different series of triangular dﬂcobalt—metal clusters, MCOZ(I']5
C5Me5)2gu-co)gg5-co), where M = Cr(q —C6H5Me), Mn07 -C H4Me),
Fe@74—C4H4), and MCOZ(q5-05Me5)ZQF-CO)ESHB—CO), where M = Fe(CO)B,
COO75—C5H4Me), were characterised [271].
Methylidynetricobaltnonacarbonyl has been attacked by organo-
germanium hydrides in boiling benzene to form trialkylgermyl-
(17.3; R = Et, Bu, Ph) and dialkylchlorogermyl-methylidynetri-
cobaltnonacarbonyl complexes (17.4; R = Et, Ph, CHaPh) [272].

TeR3 GeR,C1
c c
Go(Co)5 \ Co(Co)3
/j;7 /j??
c0) ;0o (— - (C0)5Co 4 L
(00)3 (CO)3
17.3 17 .4

Bromo- and chloro—-methylidynetricobalt ﬁonacarbonyl (17.5; X =
Br, Cl) combined with aliphatic alcohols, phenols, and secondary
amines and anilines, in the presence of triethylamine, to form the
derivatives (17.6; Y = RO, ArO, RlRaN, ArNH) respectively. In
a typical reaction the bromo cluster complex {(17.5; X = Br) was
treated with diethylamine at room temperature to form the amide
(17.6; Y = Et N) in 75% yield. The parent complex, methylidyne-
tricobalt nonacarbonyl, combined with alcohols and amines to give
similar products to those obtained from the halo cluster complexes
but yields were poor. Several possible reaction mechanisms were
considered [273]. Several mercapto~methylidynetricobaltnona-
carbonyl complexes (17.7; R = BEt, Pr, Prl; Bu? CHZCOZMe,’Ph,
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CH,Ph, COPh, COMe) have been prepared 1n yields of 10-%7% Ly
heating the halides (17.5; X = Cl, Br) with thc tin mercaptides
Me,Sn(SR), in toluene [274].

X coY
I I
Q\\\\\\\ C\\\\\\\
\//(}o(co)3 //00(00)3
(00)300 "'/"—Co (co) CO—/—_—CO
(co)s 5 (co),
2
17.5 17.6

Bromomethylidynetricobalt nonacarbonyl combined wilh alkanc
thiols in the presence of triethylamine Lo form the thioe.ters
(17.8; R = MeZCH, Bun). Thioeuters wore also oblalned “rom the
same cluster complex and lithium alkane- and arcnc-thiolateu.
Arylthioethers (17.7; R = Ph, Me.C6H4) were formed when chloro-

methylidynetricobalt nonacarbonyl combined wilh arcncthiol. The
mechaniom of the reaction w.a discusuved [d’/‘)]. Sodium telra=
carbonyliridate was treated with Cchl\‘, whero R o~ Moy Pl, CLl, 518

~
or Cl,GeMc to form the corresponding cluster compound. (17,43
)

SR CcO.Sk !
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E
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5-R = C-Me, C-Ph, Si-Me, Ge-Me). From infrared data it was
suggested that these compounds had similar structures to those of
the methylidyne clusters (CO)QCOBCR [276].

18. (1—0525)2§;
Reaction of nickel (II) bromide with lithium pentamethylcyclo-

pentadienide gave decamethylnickelocene (18.1) and pentamethyl-
nickelocene (18.2) was prepared fram chloro(q—pentamethylcyclo—
pentadienyl)triphenylphosphinenickel and thallium cyclopentadienide.
Treatment of the complexes (18.1 and 18.2) with hydrogen tetrafiuoro-
borate gave the ring hydrides [(qS—CSMeS)Ni(l’]L"-CSMeSH)]+BFLl_- and
[(175—0535)Ni(7‘*-c5Me5H)]"BFL;. The reactions of the substituted
nickelocenes with tetracarbonylnickel and triphenylphosphine were

PGl =

Ni Ni
18.1 18.2
investigated [277]. The structure of nickelocene has been determined
at room temperature and 101%k by X-ray analysis, At room tempera-—

ture nickelocene was isostructural with monoclinic ferrocene but
there was no phase change to a triclinic structure as occurred

with ferrocene on cooling. When nickelocene was cooled there was
an appreciable decrease in thermal motion and thel7—cyclopentadienyl
rings were staggered [278]. The electronic structure of nickel
ocene has been studied using calculations based on the all-electron
self-consistent-field multiple scattering X method. <Calculations
were carried out hoth for nickelocene and the nickelocenium cation.
The ionization energies calculated for nickelocene were in good
agreement with data obtained by photoelectron spectroscopy.

However, current interpretations of the UV-visible absorption spectra
were questionable on the basis of the transition energy calculations
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(279].

The multiphoton dissociation and ionization of nickelocene
and ferrocene have been investigated with guneable dye lasers.
Excitation 1n the spectral range 3750-5200A led to a collision-free
multiphoton dissociation. The order and dynamics of this
dissociation process were explored by determining its intensity
dependence [280]. The 1onization of a gas mixture containing
nickeloccne by an Nz—laser beam has been explored as a technique
for testing and calibrating ionizing particle detectors [281].
The infrared spectra of nickelocene-HCl and ferrocene-HCl compleXes.
in liquid xenon solutions indicated that the 7r-clectrons of the
metallocenes participated in complex formation. The enthalpics of
complexation of hydrogen chlorade wath nickelocene and ferrocene
were 2.4 and 1,1 kcal mol™t respectively [282].  The mechanism of
vhaee transibticns in nickelocene and ferrvecene hau been 1aveubigabed
by analysis of the IR and Raman spectra of the polycrywtalline
solids in the temperature range qO—hOOOK. Ferrocetie and nickel=~
ocenc showed the same disorder at room temperatur. out the long-
~-range order was found to be shorter for nickelocene than for
ferrocene. The sccond-crder phasc tram.ition mechanism wao
discusscd [283].

13C NMR spectra have becn recorded for the following naickzl-
ocenes, (l”-CsHS)ENi, (l’]-CsDb)aNl, (O-MOCSHQ) N1, (l’)-EtC5H,+)2Nl,
{VI—E—B‘GC5HL+>2N1 ang {r]—_t_a-'BH'LSHL‘_}ZNi. The spectra had indovidunl

signal halfwidths >5000 Hz with signal groups >20,000 Hz and Lhey
covered a range of »>2z00 ppm. 1t wao concluaed that wrckeloceneo

rreee

were radicalo with the two unpairced clectrono in ¢y urostala fédql.
L
. ) O .
Hydrogenation of nickelocene at 200-3007C pave a migture of cvclo-

pentadiene, cyclopentene and cyclopentane. The yield of cyclo-
pentaarensg increased witn tncreantng temperature whoie biie yrobd of
Cyclonentditd duclvdned, Theoe Puoulbo wuiv cuBorobont @ith buo

free energy of formation of cyclopentane at 200° ani 35000 [285].
(25-Allyl)(05-cyclopentad;enyl)nickel complexes (18.3; RY = R® =

R’ = H, Me) were prepared by the reaction of nickolocene with
2-alkenylmaghesium compounds or with dienes and alkylmagncesium
halides. For example, the reaction of nickcloccne with ]
Mo,C ==C(Me)CH,MsC1 gave the nickel complex (18.3; R = R% = R’ -
Me) [286]. The rcduction of nackeloccne with sodium naphthalenide
in tetrahydrofuran gave five different kindc of q-cyclopentadionyl—
-nickel clusters viz,, Nia(q—C5H5)2(P-C5H6), Nij(q-c5h5LV

Roferences p. 360
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| |

PhsGe———Hg-———Ti——Hg Ni Hg—-——GePh3

GePh3 GePh3

18 oLi-

Ni, (7-CoHg) B, (n = 1, 3), Nig()-CgHs)gH, and Nig()-CgHg),. N
Oxidation of the last complex with AgPF produced [N1607—C5H5)6] -
PF6“. The structures of the complexes N1607—05H5)6 and
[Ni6(l7—C5H5)6]+were determined by X-ray analysis.  They were both
cluster compounds with the six nickel atoms located at the corners
of an octahedron and a.75—cyclopentadienyl ligand was coordinated
to each nickel atom [287].

Nickelocene has been attacked by bis(triphenylgermyl)cadmium
to form a polymetallic complex, [ijGe.Cd.NiG7—05H§)(GePhj)]ZCd,
containing germanium-cadmium-nickel metal-metal bonds. The crystal
and molecular structure ofthe complex was confirmed by X-ray cry-
stallography [288]. The reaction of bis(triphenylgermyl)mercury
with nickelocene gave the polymetallic molecule (18.4). The
crystal structure of the monotoluene solvate of this latter
molecule was determined by X-ray analysis [289]. The aging resis—
tance of rubber was improved by the addition of nickelocene (3.2%)
in the presence of a 'tellurium coupler!' [290]. The hydro-
silylation of styrene and octene with alkyldichlorosilanes in the
presence of nickelocene and other nickel complexes has been
investigated. The activating effect of triphenylphosphine in
these systems was studied [291].

(V-Tetraphenylcyc1obutadiene)nickeldibromide has been attacked
by 1,5-cyclooctadiene (COD) and cyclooctatetraene (GOT) to form
the mixed sandwich complexes (q%Ph404)Ni(COD) and (q—Ph4CQ)Ni(COT).
In each case the complex underwent ligand exchange with bidentate
nitrogen and phosphorus donors such as 2,2'-dipyridyl, 1,10-phenan-
throline and PhaPCHECHaPPhZ(LZ) to give the products (q-Ph4c4)-
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NiL, f292].

19. (p=glg),l

Deprotonation of 1l,4~di-t-butylcyclooctatriene with potassium
amide in liquid ammonia gave the corresponding dranion which was
treated with uranium (IV) chloride =o guive 1,1',4,4'-tctra(t-butyl)-
uranocene, Thermal decomposition of the adduct of uranium (IV)
chloride and n-butyllithium gave finely divided uranim which
reacted with cyclopoctatraene to form uranocene in good yield (69%).
1,1'-Di(n~-butyl)uranocene was prepared by the samo route [293],
Cyclooctatetraene dianion combined with alkyl halides to form
bicyclooctatrienes which were deprotonated to the co:rcsponding
alkyl annulated cyclooctatetraene dianions and subsequently treated
with uranium (IV) chloride to form the corrcsponding annulated
uranocenes, The crystal and molecular structures of dicyclcbuteno-
and dicyclopenteno-uranocene have been determined by X-ray diff-
raction methods and the effects of annulation of the uranocenc
morety were evaluated, The variable tempcerature lH AMR spectra of
uranocene and seventecn substituted uranocenes have ben obtained
in the range -80°C to ?OOC and energy bar.iers to ring rotation
calculated [294]. The uranocencic estcrs (19,1 and 19,2; R =
Et, t-~Bu and CHaPh) have been prepared from the cor.:scponding
cyclooctatetraene esters by reduction with potassium naphthalenide
followed by reaction with uranium (IV) chloride. The eslers were
hydrolyzed immediately by hydroxylic solvents [295].

©/COER ©/ b
U )

[::f:::] [::%:::]//POER
19.1 19.2
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‘The bis(gﬁ—_,j,5,7—tetramethylcyclooctatetraene) complexes of
protactinium, neptunium and plutonium were prepared by reaction
of the corresponding actinide borohydride compounds M(BH4)4 with
the tetramethylcyclooctatetraene dianion in tetrahydrofuran,

From X-ray data it was concluded that these complexes had the same
structure as the corresponding uranocene [296]. The electro-
ciemical oxidation of uranocene in nonaqueous solvents has been
investigated. Bvidence was obtained that indicated the existence
of the uranocene radical cation and dication intermediates [297].
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