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1. REVIZEWS

The Organic Chemistry of Iron, Volume 1, edited by Koerner
Von Gustorf, Grevels and Fischler contained several excellent

[}

surveys covering many different aspects of this field of chemistry.
These included chapters on Structure and Bonding by Krueger,
Barnett and Brauer; NMR Spectroscopy by Marks; Mass Spectra by
Mueller; Moessbauer Spectroscopy by Parish; Optical Activity by
Brunner; lonoclefin Iron Complexes, Allyl Iron Complexes and

Diene Iron Comvlexes zll three by King and Stabilizing of Unstable
Species with Carbonyliron by Landesberg [1].

Arene exchange between a free arene and an arene-transition
metal complex was reviewed briefly with respect to structure,
thermodynemics, kinetics and resction mechanism. The role of a
catalyst in an arene exchange reaction was also considered.
Experimental results were presented for arene exchange reactions
with the complexes (qé—arene)—1,5-cyclooctadieneruthenium, the
cationic (qé-arene)-1,S-cyclooctadieneiridium and (n -arene)-
tricerbonylmolybdenum. The mechanisms of these reactions were

discussed [2]-
Wong has discussed the use of transition metal complexes

with optically active phosphine residues as catalysts for asymmetric

synthesis [3].



2a GHEIERAL RESULTS

Extended Hueckel calculations have been used in a theoretical
study of bonding in M3L9 (Ligand) complexes. The frontier orbitals
for an M3(00)9 unit, where M = Fe, Ru, O0s,Co,Rh, Hi, Pt were con-
structed from three M(CO), pieces of by removal of threse ligands
from a D3h symmetry H3(CO)12 molecule. The orbitals consisted of
a low-lying Walsh -like set 1a1 + 1e and a higher cgclopropeniumr
like 2a1 + 2e set, the latter set was empty for a 4  metal. The
orbitals were used to analyze the electronic and geometricsl
structure of the M3L9 (Ligand) complexes where the ligand was
co, (Co),, S, S, CR, ccgz+, CH,=CH,, HC=CH, polyene. In the case
of GoB(CO)9CCH2+ the symmetrically topped structure was nots a
local energy minimum but contained three equivalent unsymmetrical
structures of a complexed ethylidene type [u].

The electronic structure of the iscelectronic series:
(q-CgHy )0 (CO) 3, (n-CgHg)Hn(CO) 5, (n-Cp %) JFe(CO) 5, [q—c(052)3]Fe(co)3
has been compared with that of the corresponding dinitrogen com-
plexes:

(q—CéHé)Cr(CO)ZHZ, (q—CSHS)Mn(CO)2H2, (q-Chﬁa)Fe(CO)ZNZ,

[n -clcry) 4y JFetco) N,

by the application of the CLDO/2 method using both experimental
and standard geometries. The calculated trends for the metal-CO
and metal-H2 bond strengths as measured by ¥Wiberg indices, charge
distributions, and orbital populations correlzted well with the
experimenta 1 CO and NZ stretching frequencies and force constants.
The following orders were oObtained:

cr<Mn< Fe and (r\—Can)I'l(CO)2< (ﬂ—cnﬁn)m(co)zuz< (Y\—Can)IkL(CO)3.

The calculatea total energies of the (W_Cnﬁn)M(CO)Z complexes
indicated that a tilted geometry was preferred (5 |.

The 130 Hi:R spectra of five series of (q—hydrocarbon)—
transition metal complexes (2.1:; R = H, COZMe; X =0, S, Se;
2.2; R = H, Me; X =0, S, Se; 2.3; X =0, S, Se) have been
measured in the temperature range -30 to —SOGC. The changes in
chemical shift observea with chenges in the nature of the chalco-
carbonyl ligand indicated that the T-acceptor/&-donor ratio of
these ligands increased in the order co< cs<CSe [6].

A general theoretical gnalysis of the complexes (2.L; M = Mo,
W, Mn, Fe; L = alkyl, carbene, ethylene, acetylene, imine, sulphur

dioxide) has been carried out. The extended Hueckel method was
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; : O

Cr kn Re
{20),CX (co),ex (C0),0X
2.1 2.2 2.3

used, fregment orbigals of (q-GEHE)H(CO)z were constructed. This
2 basis for the discussion of the bonding with

a
ent ligands with the emphasis on conformational preferences
a

and rotational barriers [7].

Metal binding energies for a number of bis(q-fulvalene)dimetal
complexss have been determined by X-ray photoelectron spectroscopy.
The values obtained for the diiron complex (2.5; ii = Fe; n = 0),
708.5 eV, the dicobalt complexes (2.5; ¥ = Co; n = 1, 2), 780.7 eV
znd 781.9 eV respectively and for the dinickel complexes (2.5;
¥ =Hi; n =0, 1), 854.9 eV and 856.7 eV respectiveiy followed the

[~ —J n+t+
M H !
(CO)ZL
O
2.l 2.5

trends exvecited. However the value Tor the neutral dicobalt
complex (2.5; ¥ = Co; n = 0) 77%.5 eV, was lower than expected

and suggested an electronic structure with Co{I) atoms. The low
value, 856.2 eV, for the dinickel dication (2.5; M = Hi; n = 2)
terms of an electronic structure with Ni(II) atoms

o]

was explained 1
and one pair of electrons removed from the two fulvalene ligands
[8].

An ab initio investigation of the structure of the Cglg
cation has indicated that while the most stable form of the cation
is a planar eight-membered ring, = structure related to "fly-over

2+

bridze" (n~ hydrocarbon)transition metal carbonyl complexes was

only 58 kcal mol ™ higher in energy [9].
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The thermodynamics of the synthesis, hydrogenation and tnermal
decomposition of q cyclopentadienyl-transition metal complexes was
investiga yed[IO]

The O nuclear magnetic resonance spectra of a range of
organometallic derivatives of metasl carbonyls were recorded and
ingterpreted. ‘The 17O snielding values for the termiral transition
metal carbonyl oxygens were 300-4L00 ppm downfield from 1701—12. The
carbonyl 170 chemical shift trends were opposite to
carbonyl 13C cnemical snifts and this was explained by metal
T-backbonding to the carbonyl T~ orbitals [11]

The thermal decomposition of the b1s(q cyclopentadienyl)
derivatives of vanadium, chromium, manganese, iron, cobslt and
kel in a vscuum has been investigated. Ferrocene was jthe most

1y stable and for the complexes wnich are to the left of

the Periodic Table the thermal staebility decreased in the
order. (ﬁ CF‘F) V )%W C~15)2Cr >%q 05“5) Mn. The thermodynamic
dlssoc1aulon cna acteristics of the ring-metal bond, that is, the
average Gibobs free energy and the average dissociation energy
decreased in the same order. The thermal stabllity of iron-triad

tallocenes decreased in the order (q—CSHS) Fe:>(q—CSHr) Co >
(q-chS)QHi. It was concluded that the pyrolysis of metallocenes
was a nomogeneous-heterogeneous process that consisted of a2 series
of consecutive, parallel and catalytic reactions [12].

Thne hezts of formation were determined for the bis(q-
cyclonentadienyl) derivatives of magnesium, vanadium, chromium,
manganese, iron,cobalt and nickel and for crlcaroonyl(q cyclo-
pventadienyl )manganese and dicarbon VI(q—cyCIODenba dienyl)cobalt

by static-bomb calorimetry. The heats of Tormation were used toO

analyse the feasibility of the process M(q—CSHS) —>[M(q—05ﬁﬂ) ]++ e .
The feasibility order vias determined as (M =) V<Cr >ikin >Fe<<Co>Ni.
It was shown also that bond energy additivity did not occur for .the

(q cyclopentadienyl)metal carbonyls investigated [1)]

Hickelocene, cobaltocene and ferrocene underwent ligand
exchange with alkenes such as cyclooctadiene (COD) to form the
corresponding diere ccomplexes such as Hi(COD)g. Tne complexes
were metallated with iithium in THF to give the dilitnio adducts

such as Ni(COD),Li, (THF)) (1n].
Pyrolysis gas chrom:tog“abny has been applied to the analysis

of the thermal decomposition products of organometallic compounds
containing the cyclopentadienyl ligand [15].

The homopolymerization and copolymerization of several
(q—hydrocarbon)transition metal complexes has been investigated.
Vinylcymantrene underwent anionic copolymerization with acrylo-
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le and methyl methacrylate in the presence of butyllithium

f~e

nitr
and sodium naphnthalenide but it did not combine with styrene or
undergo anionic homopolymerization. The failure of the last reaction
was ascribed to resonance destabilization of the anionic intermediate
by the electron-rich cyclopentadienyl group. (n-Benzyl zcrylate)-
tricarbonylchromium and (n-2,L-hexadienyl methacrylate)tricarbonyl-
iron also failed to undergo anionic homopolymerization [16).
The mass spectra of four benchotrenyl- six cymantrenyl- and

ven ferrocenyl— carbinols were recorded and interpreted.

Elimiration of water occurred via a 1,2- elimination mechanism and

] M

ok

his involved hydroxyl transfer to the metal atom [17).

W

. -CH)V(CO

(ﬂ. b_s ( )u_

The crystal and molecular structure of the (q-cyclooenta—
dienyl)vanzdium complex (3.1) has been determined by X-ray crystal-
lography. The vanszdium-phosphorus distances were found to be

relatively long while the phosphorus-vanadium-phosphorus angles

were relatively small [18].

The infrzred and Raman spectra of uetracavnonyl(q cyclopenta-
dienyl)niobium were recorded and interpreted [19

Zlectrochemical reduction of carbonylbis(n-cyclopentadienyl)-
vanadium took place by a one-electron process to give the corres-
ponding anion &q C ) VCO] wnich was further reduced to the
cyclorentadienide ion, vanadlum and carbon monoxide. The anion
wzs unstable at room temperature decomposing to tetracarbonyl-
(q—cchODentadﬁe 1yl )vanzdium through the intermediate radicals

% o ©0

(oc), l
P (CO) p—7P (00)2
Ph, (co) PoRy R, R,
3.1 3.2 3.3

[(r\-CEHS)VCO]‘ and [(r\-cgﬁg)v]' which combined with carbon monoxide.
The reversible one-electron reduction of tetracar bonyl(q cyclo-~
pentadienyl )vanadium gave the radical anion [ﬁ\ c 5)V(CO)LL]—-
which was decomposed by traces of water [20

The electrochnemical reduction of tetracarbonyl(n-cyelopenta-
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dienyl)vanadium and carbonylbis(n-cyclopentadienyl)vanadium has
been investigated. Decomposition products of the former complex
were identified while the latter complex gave the anion
[ﬁ\-CSH5%¥CO]_ in a reversible process. The anion was not suf-
Ticiently stable to be used for synthetic purposes [21].

Tetracarbonyl(q-cyclopentadienyl)vanadium was irradiated in
the presence of the diphosphine ligands, PZR& ( R = He, cyclohexyl),
to give the corresponding mononuclesr complexes (3.2) and the
dinuclear comolexes (3.3). Similar reactions were carried out
with diarsine snd distibine ligands [22].

Tetracarbonyl(q-cyclopentadienyl)Vanadium was reduced with
sodium amalgam to form the tricarbonylvanadium salt
Naz[h\—CSHS)V(CO)B] which underwent carbonyl ligand exchange with
EfMe.Céﬂu.SOEHMeNO to give the dinitrosyl complex (3.L; L = CO;

n = 0). Further reaction of this complex (3.h; L = C0; n = 0)
with HOPF, in nitromethane at —250 gave the trinitrosyl complex

(3.4; L =m50; n = 1) [23].

The photolysis of tetracarbonyl(q—cyclopentadienyl)vanadium
using a falling-film protoreactor gave M-dicarbonyl-tricarbonyl-
bis[G\—cyclopentadienyl)vanadium] in 689% yield [2&].

n+

v
(30 )2L_J

3.i

L. (-r\‘—-c:,)_ié)c:-(co)3

(i) Formation

A series of (q-arene)tricarbonylchromium complexes was prepared
by the direct reaction of hexacarbonylchromium with the arene in a
mixture of dibutylether and tetrahydrofuran (90/1C v/v). This
method enabled (n-polyaromatic)tricarbonylchromium complexes to be
prepared directly in good yields. The scope, limitations and
advantages of this method were discussed [25].

The tricarbonylchromium complexes (L.1; R
BZ = RO = te; R' = R2 = R3 = &% = mMe, 8% = m: RR® = CH,CH,,
R® = R> = Ru = H) were prepared by the reaction of hexacarbonyl-

chromium with the corresponding cyclophane. The tricarvonyl-

1:RL"=R5=H’

References p. 429
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53 g (csa)nx
gl RZ cr
(co)
Cr
(CO)3
b1 L.2

2 _

chromium group was displaced from the complex (4.1; R' = RS =
] - -
R3 = RL = Me, ib = H) by treztment with tetracysnoethylene [20]

The benchrotrene complexes [*.2, X = Co “, n =0, 1, 2;
X=¢Cl, Br, n = 2; L.3; R = CHacHEBr, R = H; R' = Me,
RZ = (GH,),00,H, (CH,)40H, (CH,),0H, (CH,)Br] have been srepared
nt o h oropriate ligand UWEh hexacarvonylchromium,

nEq) g , or (nyr cine)qu(CO)3 [27].
” “sSubst futed styrenes,lindenes and related compounds combined
with chromium hexescarbonyl to form the benchrotrene complexes
R 7
Cr Cr R
GO co
(Co), (co),
-3 bl 1.5
(|' P e R1 .. e P v - 2 — Tr T TT IT—% ~ 3 -
Lo = H, Me, CGde, F, Gl; R® = CH=CH,, oanCﬂ—c.r{2 and iL.5;

R = H, He). The reactions between these complexes and (n-phenyl-
acetylene )hexacarbonyldicobalt hsve been examined. The zromatic

nd of the benchrotrene complexes underwent either addition or

[
o
]
P

ition to form either butadiene or cyclopentenone complexes
vely. Thus the benchrotrene (.43 R 1 = lie R2 = CHE= Ch )

T = je; r® = E—(Ch—CH) ,Ph ] in

29% yield and the cyclopentenone complex (ii.li; R He, R2 =

2-oxo-3-phenylcyclopent-3-en-1-yl) in 39% yield [28].

gave the diene complex [Q.h; R

Prodedures nave been described for the formation of (q-arene)-
tricarbonylchromium complexes in 6l-90% yield by treatment of the
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4.6 L.7

appropriate ligand (arerne = PhH, PhF, PhCl, PhOiie, Phﬁﬁee,
PhCOZI‘Ie) with chromium hexacarbonyl [29].
The reactvions of benzo-crown ethers with trans
carbonyls and transition metal organometallic compounds have been
e

studied. EKexacarbonylchromium combined with benzo-1&-crown-6 o

give the tricarbonylchromium complex (i.6). Similar complexes

have been formed slso with benzo-l15-crown-5 and methylbenzo-15-

crown-5 [30].

The treatment of pentacarbonyl[ferrocenyl(methoxy)carbene]—
chromium with tolan in dibutyl ether gave the tricarbonylchromium
complex (l4.7) [31].

Reaction of methyl-2-amino-2-(o-tolyl)-benzozte with hexa-
carbonylcnromium gave the isomeric tricarbonylchromium complexes
(Lo and L.9). HMR spectroscopy snowed that both the complexes
(L.8 and 11.9) existed a5 two torsional isomers. The activation
energy Ior thne interconversion of the isomers of the major product
(L.8) was approximately 91 kJ mo1~" [32].

Reaction of bis[tricarbonyl(q—phenyl)chromium]mercury with
copper (II) chloride gave a mixture of berichrotrene and tricsrbonyl-
h\—chlorobenzene)chromium [33].

The f\—thienyl (ira10) and t\—benzofur‘yl (it.11) complesxes were
prepared by reacition of hexacarbonylchromium with the dicarbonyl-
iron complexes (L.72; R = 2-thienyl, 2-benzofuryl) respectively

[3k].

Controlled reduction of H-methyl-3-ethylpyridinium iodide
gave the corresponding 1,2-dinydropyridine which underwent
reaction with tris(acetonitrile)tricarbonylchromium to give the

References p. 429
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CO_ le COZHB

L.8 L.9
0
S
— Fe
O (58g© O (ﬁ@
cr Ccr
(00)3 (00)3
.10 k.11
—x // —N \‘
Fe
C Cr
(CO)ZR (05)3 (GO)3
L.12 L.13 L.k

tricarbonylchromium derivatives (4.13 and L.1l). Analogous
reactions were carried out with other dihydropyridine derivatives
to give the corresponding tricarbonylchromium complexes [35].

The reaction of [(q—arene)eﬁo]PF% (arene = benzene, toluene)
with pyridine gave the corresponding paramagnetic molybdenum
derivatives (lL.15; R = H, Me). The three pyridine ligands were
easily replaced by 1-methylimidazole (1-Me-Im) to give
[G\*arene)Mo(1—ﬁe—Im)3]PF6. Treatment of the pyridine complexes
(b.15; R = H, Me) with carbon monoxide gave the carbonyl complex

trans-[Ho(C0), (CcHLN), JPF, [36].
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[ +
R
PFé
¥o
C.H.N
(CgHet) 5
- —
bh.15
L. (ii) Spectroscopic and Fhysico-chemicgl Studies

Molecular orbital calculations were carried out for a series
of tricarbonylchromium complexes {(I..16; X = H, ltie, NH,, OH, F) in
an attempt to rationalize substituent effects on the dipole moment
and the infrared spectrum of (q-benzene)tricarbonylchromium [37].

The crystal and molecular structure of the (n-endo-7-
phenylcycloheptatriene)chromium complex (4..17) has been determined

by X-ray crystallography and the structure compared witn the

exo-T7-phenyl isomer [38].
Me

I /
Ph
X Fe
Iie
(gg) E% Cr cr(co),
3 (C0)3 1
o} L:o
[0}
L.16 .17 .18

The crystal structure of dicarbonyl(q—maleic anhydride)-
G\-mesitylene)chromium (L.18) was established by X-ray analysis.
The maleic anhydride was symmetrically bonded to the chromium
atom with the double bond almost parallel to the benzene ring
plane. The double bond length (1.433 2) was longer than its
value in the non-coordinated molecule (1.303 R). The maleic

o]
anhydride was almost planar, the oxygen atom deviated by 0.09 A
from the mean plane of the four carbon atoms. The hydrogen

References p. 429
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isotope exchange resction of the complex (4.10) in deuterotri-
fluorocacetic acid was investigated. The presence of the electron
accepting maleic anhydride ligand leda to a twenty-iold decrease
in the rate constant of this reaction [39].

The crystal and molecular structure of the bridged benchro-
trene anglogue (i.19) has been determined by X-ray diffraciion.
Distortions of the molecular structure were ascribed to strain
inherent in the short benzene to chromium bridge. The chromium-
phosphorus bond length was 2.201 g,the shortest reported to date
[Lo].

The crystal aznd moleculer structure of the charge-transfer
complex tricarbonyl(n-phenanthrene)cnromium-1,3,5~-trinitrobenzene
was determined by X-rey snalysis. In the solid state tne phen-
anthrene and benzene rings were parallel to each other and the

structure was composed of stvacks of alternsting donor and acceptor

molecules [hi].

K’l X2
e}
/
Cr——P Cr
1,19 L.20

The crystal structures of Hoﬁez(q-06H6)(PPhﬁe2)2 and
Hoﬁez(q—céﬁsﬁe)(PPhﬁea)a were determined by X-ray analysis. The
Eo—C (Tl ) bond distances, in the toluene derivative, ranged from
2.250 to z.3h 2 and varied in a pair-wise fashion such that the
1\ ~arene ligand showed a tendency to act as a diene [QZ].

The electric dipole moments and carbonyl stretching freguencies
= %2 =m),

tricarbonyl(W—fluorene)chromium and tricarbonyl(q—cis—stilbene)—

I~

for tricarbonyl(n-diphenyl)chromium (ii.20; X

chromium have been determined and indicate that the TN-basicity
of the arene ring bound to the metal is dominant over the
T-basicity of the complete aromatic ligand. Substituent effects
in the methyl and amino complexes (L.20; X = He, NHZ; X2 = H;
o= x% = NHZ) were weaker than 1n the corresponding benchrotrene
complexes. The amino complex (iL.20; x' = NH,; x2 = H) was found
to exist as two distinct conformers, one with the nitrogen lone
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pair electrons directed towards chromium, the other with the lone
pair directed away. The tricarbonylchromium group was bound
preferentially to the unsubstituted vhenyl ring in the fluoro
complex (it.20; X' = H, x> = F) [u3].

The electronic azbsorption spectra of the q—benzene complexes
(4.21; M = Cr, lo, W) and (n-cyclopentadienyl)tricarbonyl-
manganese were recorded. The eff'ect of substituents in the
q-benzene ring of the chromium complexes was determined [k&]-

The IR and Raman spectra of (q-methylbenzoate)dicarbonyl—

selenocarbonylchromium (L4.22) have been measured and thne

GO Me
M Cr
(CO)3 (CO)2CSe
.21 .22

vibrational modes assigned. A valence force field w

a
and comparisons have been made with the corresponding tnrio

|_J
I
K
f.

complex. Donor-acceptor effects of the selenocarvony
carbonyl ligsnds were discussed [45].

An investigation was carried out on the ring current con-
tribution to the T4 WMR chemical shifts of (q—benzene)tricarbonyl-
chromium complexes. The results indicated that the ring current
shielding in the complexes was considerably reduced sbove the
ring plane'[ué].

C HMR spectra of a series of (q—arene)tricarbonylchromium
complexes were recorded in trifluorocacetic acid. The signals for
all the carbon nuclei in the T -arene ring were shifted 10 - 12 ppm
in comparison to their positions in a neutral medium [47).

The13c IR spectra of the (q—benzophenone)chromium complexes
(L.23; X = F, Cl1, OMe) indicated only a small substituent effect
on the complexed benzene ring and on the Cr(CO)3 carbon atoms.
Self-consistent charge and configuration molecular orbital method
calculations on the complexes (4.23) showed that 6-electron
donation from chromium to the benzene ring outweighed T-electron
donation from the benzene ligand to chromium which left the ring
with a greater negative charge then before complexetion. The

chromium atom carried a greater positive charge than in benchro-

References p. 429
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trene and the calculated C—0 bond orders showed the same trends
2s those determined by IR spectroscopy [48].
> i T
The 3C NIR spectra of a series of (n-arene)carbonylchromium

ﬁ G(3}
C X clL X
Cr Cr
(CO)3 (CO)ZL
L.23 L.al

complexes (L.2L; L = CO, PPhB; X = aliphatic and aromatic sub-
stituents) wWere recorded and interpreted. It was found that
correlations existed bebtween 5(13C) and G, (Taftts constant) in
the tricarbonylchromium complexes for both the C{L) and C(3)
nuclei, the difference being that the slopes of the corresponding
curves were opposite [u9].

Substituent effects in the attack of substituted benchrotrenes

by carbanions have been investigated. The reaction proceeded by

addition of the carbanion to the aromaetic ligand to give an inter-
medizate (q-cyclohex&dienyl)chromium complex which was oxidized to
an isomeric mixture of disubstituted benzenes. Thus the methyl-
benchrotrene (lL.16; X = Me) was attacked by LiCH,CO,R to give a
mixture of the o- and m-substituted toluenes in the ratio 28:72.
Similar reactions were carried out for the benchrotrenes (l.16;

X = OHe, Cl, CF,, Silie,, IMe,, Bt, Bu®). Chloride and methyl
substituents showed similar directing effects, orino and meta,
while CF3 and SiMe3 were para-directing. The results were
discussed in terms of resonance effects and in terms of HOMO-LUMO
interactions [50]. The crystal and molecular structure of
one(W~cyclohexadienyl)chromium complex (4.25) was determined Dy

X-ray crystallography [51].
A kinetic study was carried out on the replacement of halide

by methoxide in s series of neutral and cationic complexes

[h.Zé; LM = Cr(CO0);3, Mo(CO)j, Fe(q—CSH5)+, Mn(CO)3+] of fluoro-
and chioro-benzene. The rate increased through the series
Cr(c0) ;< Mo (C0) 5 <K Fe(r\—C5H5)+<I-In(CO)3+, ana the fluorcbenzene
complexes were more reactive than the chlorobenzene analogues

[52].



357

.27 l.28

, The racemic (q-fluorenone)chromium complex (L..27) was formed
by treatment of fluorencne ethylene ketal with chromium hexacarbonyl
and subsequent cleavage of the Xetal. Asymmetric reduction of
the racemate (4.27) gave the (-)-endo-alcohol (L.28) in 80%
optical yield end the unreactea (+)-ketone (lL.27) was recovered.
The absolute chirality of this ketone was determinea as S and
attempts to racemize it were unsuccessful indicating that no

e R
r3 R} R R
Pn
CHO CH=NNHCOCOMNHCH
Me
Cr Cr
co
{co) 3 (co) 3
L.29 L.30
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transannular shift of the tricarbonylchromium group took place

1

Resolution of the racemates of the aldehydes (LL.29; R = MNMe
22 = R3 = 5; R' = ote, B2 = R> = H; R' = R® = OMe, RO = H;
81 = H, 32 = R3 = QOle) was achieved by column chromatogravhy of
the corresponding semioxamszones (li.30) [5&].

The exchange reaction (Zquation 1) of (q-arene)tricarbonyl—

chromium complexes with different arenes was studied:-
1\-ArYCr(CO)3 + ArX{ —/— r\—Ar}{Cr(CO)3 + ArY (1)

The more rirmly bound arenes tended to displace the more wezkly
held and the preferred order of disvlacement was C6Me6:>CGHEMe
>GC H ey >Phillie, =G, oHp e >Phlie v~ G Ho >PhCOlie v PhOde >PhCO Ne >
PbCTv~PhF:>C The mschanism of the exchange reaction was

discussed [5;3

L. (iii) General Chemistry
Benchrotrene complexes, including the methyl esters (b.31;
R = HE, Me; L = CO) nave been converted to the corresponding

thiocarbonyl derivatives by pnotolysis with cis-cyclooctene to
form the intermediates {(L.31; R = H, Me; L = CaH1u) wnich were
treated with carbon disulphide and triphenylphosphine to give
the products (l;.31; R = H, Me; L = GS) in 8L - 90% yield [56].

Irradiation of (q—arene)tricarbonylchromium (arene = methyl
benzoate, methyl o-methoxybenzoate, methyl m-methoxybenzoate,
R Li R
COQMe Oiie Olie
Cr Cr Cr
c L o}
(co), (co)y ~(co),
k.31 4.32 4.33

benzene, hexamethylbenzene) in the presence of pobassium cyanide,
followed by the addition of benzoyl chloride, afforded the
corresponding benzoyl isocyanide complexes (n- arene)Cr(CO) (CHCcOoPhL).
Spectroscoric evidence suggested that the N-benzoyl 1socyan1ae
group had electronic properties close to those of carbon monoxide.
Photochemical substitution of carbon monoxide by triphenylphosphite
to give (“ arene)Cr(CO)P(OPh) (CICOPh) confirmed the strength of
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the Cr—CHCOPh bond and it also provided a rouve to chiral
complexes [5?}.
Substituted tenchrotrenes have been lithiated with n-butyl-
d ramethylethylene—

lithium at -78°C in the presence of THF and te

t

diamine. The o0-1ithio species generated -were quenched with
electrophiles to form o-disubstituted benchrotrenes. Thus the
(n-anisole)chromium complex (&.16; X = OMe) gave the lithlo-
intermediste (it.32) which was quenched with GO /b..2 2 MeOSOZF,
}e,CO, PhCHO, Me,SiCl to form the derivatives [g 33; R = COylle,
Me, C(OH )he CHOEPh, Sile ] respectively. fRelated reactions
with benchrOurene snd its fluoro and chloro derivatives {iL.163;
X = P, Cl) were reported and tne stereochemistry of tne reactions
were studied [58].

The metallation of the tricarbonylcnromium derivative

diphenylmethane and triphenylmethane was investigated.

T
preliminary results indicated that the cocerdinagtion of an ary
ring with tricarbonylchromium greatly activated the ri g
towards carbon bases and that abstraction of an exocyclic hydrogen
(Scheme 1; Route 1) was less imporvant than alkylation (3Scheme 1;
Route 2) even with the tripnenylmethane derivative whose pKa
was relatively high [ 91.

Reaction of (q-bepz,"e)urwcaroo 1ylchromium with n-butyl-
lithivm in ether-tetrahydrofuran mixtures at —&O gave the lith
ative (L.16; X = Li) in good yields., Reaction of the lithio

'.h

o

deriv

derivative with trimethylechlorosilane or iodine gave the tri-
carbonylchromium derivatives (L.16; X = i‘u’e3 and I) respectively
(60 ]

reatment of tricarbonyl (n-methoxybenzene)chromium with
o-2-methylpropionitrile gave the anion (4.3Lh). Reactlon
of the anion with trifluoroacetic acid followed by agueous
ammonium hydroxide produced the cyclohexadiene derivative (L.35)

Grignord reagents attaclked the benchrotrene aryl imine
complexes (ir.36; R‘I = H, Me, OMe, Cl; R2 = H, le, BEt, Ph;
RS = H, Me) to give the secondary amines (i.37; RY = lie, PhCH2).
The reaction proceeded with considerable asymmetric induction
which was dependent on the position of the substituent in ring
A. A large entering group favoured asymmetric induction and
possible transition states for the reaction were discussed [02].

Treatment of (q-fluorobenzene)tricarbonylchromium with

alcohols, RH, where R = leO, MeBCO, MGBCS’ cholesteryloxy and

References p. 429
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Ph
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menth-1-en-8-yloxy and subsequent cleavage of the resulting
complexes by air oxidation gave the ethers PhR in good yield

[63].

Irradiation of the benchrotrene bisphosphite complexes
(4L.38; o, m, p, n = 2; m, n = 3) gave the corresponding di-bridged
benchrotrene analogues (it.39; o, m, p, n = 2; m, n = 3) while
the same reaction with the biphosphites (b.36; o, m, p, n = 1)
gave the singly-bridged complexes (L.LO; o, m, p). The fzilure
of the second bridge to be formed in these cases was ascribed to

steric hindrance. Irradiastion of the symmetrical trivhosphite

R1 31
I,
\—“=N g2 R MgX . Nl 22
R
3
ring A R’ R
Cr Cr
(CO)3 (CO)3
[-l-- 36 1’,. 37
CH.,) _OP(OPh
(CH,,)_OP (0Ph),, (i),
. (CH
(CH,) 0P (OPh), \ (\Z)n
o) 0
\ /
cp P — Cr P(0Ph),
(60) (OPh)2 co
3
I.38 11.39

complex (It.h1) gave the di-bridged product (lL.L2) rather than
a tri-bridged product [64].

Difluorophosphite derivatives of benchrotrene were converted
to the corresponding bridged complexes on UV irradiation in
ether. Thus the tris(difluorophosphite) complex (4.L3) gave the

References p. 429
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Cd CH OP(OPh)

CHZOP(OPh)z
CH, (Ph0) ,POCH,CH,,
N
/' GE,GH,0P (0Pn)

" P(2
Cr .(..Ph)2

(co)2

bh.ho.

(OFrF
e (OPR)
h.hz
0
o Cr l
—
\\P’//’\ o PF,
F, P
Eo
HIpINIE

tri-bridged benchrotrene anzlogue (l.idy),

bridged complexes were formed in the same

2
F2P0
Cr

(CO)

fr.ly1

OPF
(CO)3 OPF,

(co) (PFaopn)n

L.h6

di-oridged and singly
way. Irradiation of

tricarbonylﬁ\—mesitylene)chromium (L.45) with phenyldifluoro-

phosphite gave a mixbure of mono-, di-, and tri-carbonyl displace-

ment products (L.4j6; n = 1 The structure of the complex

{(L.hl) was determined by X-ray analysis [65, 66].
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_ <
(cH,) —o0 (CH,) _OH
Cr Cr \
(c0)3 (co), ™~/
> 4 _ |

L.b? b.u8

The bridged benchrotrene analogues {lL,L7; n = Q, 1) and
methyl derivatives of these complexes were treated with sgueous
tetrafluoroboric zeid in ether to give the 2l1lyl benchrotrene
analogues (4.48) with clesavage of the bridge [67].

The benchrotrenylcarbinols (4.49; R = ke, Olie) combined
with acetonitrile and benzonitrile in the presence of sulphuric
acid at -15°C to Torm the amide complexes (L.50; ! = Me, OMe;

R2 = ke, Ph). The reaction involved z carbenium ion intermediate
stabilized by the x-benchrotrenyl group [68].
Tricarbonylchromiumphenyldimethylsulphonium, phenyldimethyl-

sulphonium and L-nitrovhenyldimethylsulphonium tetrafluoroborates

R CH_,0H R CH,IIHCOR?
Cr Cr
(co) 3 (CO) 3
L9 L.50

were treated with benzophenone in the presence of potassium
t-butoxide. High yields of the oxirane (4.51) was obtained from
the uncomplexed ylides but in the presence of the tricarbonyl;
chromium group the olefin (4.52) was formed in high yield. The
different reazction mechanisms were discussed and explained in
terms of the strong electron withdrawing effect of the tricarbonyl-

chromium group [69].
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0 Ph Ph
/S \/ \

g C¢——C C =—=CH
2 2
\ /

Pn Ph
L.51 .52

The reactivity of the formyl group was enhanced when
saliecyleldehyde was complexed with molybdenum in the compound
(T\—salicylaldehyde)tricarbonylmolybdenum. The effect was ascribed
to the electron-withdrawing character of the metal atom whnich

increszsed the carbonium ion character of the formyl carbon atom

[70].

5. (n-C B ) Cr

The resciions between metal atoms and ligands containing the

cyclopropane group have been examined.- Cyclopropylbenzene combined

with chromium atoms to form bis(q-cyclopropylbenzene)chromium [71].

3
CF
3
Cr
oF
3
c
F3 5.1

Chromium ztoms and 1,3bis(trifluoromethyl)benzene vapour
were cocondensed on a cold finger to give the bis(q-benze;e)chromium
complex (5.1) in LLZ yield [72].

The n-biphenyl-chromium complexes (5.2, 5.3 and 5.li) were
$repared by cocondensation of chromium atoms with biphenyl. The
H ¥R sp=ctra of the complexes were recorded and interpreted.
The =SR spectra of the mono- and di-cations of the complexes (5.2
and 5.5) were recorded in solution and in glassy media. The ESR

spectra were interpreted and compared to those of the ferrocene

anzlogues [73].
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Resction of chromium vgpour with triphenylphosphine gave
the chromium complex (5.6) in low yield. TFreatment of the

is(triphenylpnosphine) derivative (5.6) with bis(benzonitrile)-

o

dichloropalladium gave the palladium complex (5.7) [7&].
Cocondensation of molybdenum atoms and chlorobenzene or
dimethylaniline vapour
molybdenum complexes (5.8; X = C1, NHez) respectively in yields
of up to 55% [75].
Vartous electrical properties, including the dielectric

o)

ave the corresponding bis(q—benzene)—

constant, the thermo emf znd the temperature dependence oi the
R +

% R

o)

5.8 5.9

a.c. conductivity, nave been determined for bis(n-benzene)chromium
chloride (2.9; R = H, X = Ccl), bis(q—mesitylene)éhromium phenolate
{5.9 ; R = Me, X = OPh) and benchrotrene. The complexes (5.9)
were n-type semiconductors while benchrotrene was a p-tyve
semiconductor [76].

A series of bis(n-benzene)- and (n-olefin)-chromium complexes
were oxidized and reduced electrochemically. The oxidations
carried out in dichloromethane at a platinum electrode were
chemically reversible [77].

The heats of thermal decomposition and iodination were deter-
mined and used to calculate the standard enthalpies of formstion
of (f\-1,3,5-06331~1e3)20r, (n~Clie ), Cr, (1\-1,2,3,1-,,'4a,8a—naph—
thalene)ZCr and (q—1,2,3,4,&a,8a-naphthalene)Cr(CO)3. A vacuum
sublimation microcalorimetric technigue was used to determine the
enthalpies of sublimation of the same molecules. This -data was
used to evaluate the bond enthalpy contributions to the metal-
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ligand bond in the gaseous metal complexes, the values were:
(n-C,le,)—Cr (155 oy, (n-CgHglties)-Cr (1517 Te); (\-1,2,3,4,4a,8a-
CioHg)—Cr (145 = 6) ¥ J mol 1 [78].

Bis(q-benzene)chromium has been pyrolyzed at 3@0-40000 and
the first order rate constant determined [79].

The thermal decomposition of bis(q-benzene)chromium, bis(q-
mesitylene)chromium and bis(n-ethylbenzene)chromium was studied

in the presence of benzene, styrene, biphenyl and naphthalene

[80].

and the lithio intermediate (5.10; X = Li) treated with acetyl-
ethyl formate, ethyl chiloroformate, furoyl chnloride and
X = COiie,

(W-Benzene)(q—pentafluorobenzene)chromium has been lithiated

chloride,
acetaldehyde to give the organic derivatives (5.10;
CHO, COZEt, CO.CQHBO, CHOHNe) respectively. The dilithio inter-
mediste (5.11; X = Ii), formed by lithiation of (n-benzene)-
(Wf1,2,B,A—tetrafluorobenzene)chromium (5.11; X = H), was

condensed with ethyl chloroformate to give thne corresvonding
diester (5.11; X = CO,=t) [81].

As part of an investigation of the nydrogenation of (q—arene)—
transition metal complexes, the hydrogenation of the dimer
[(Tf-Céﬁsﬁe)Ho(ﬂF—CSHS)Cl]Z has been examined. Hydrogenation
occurred exclusively and irreversibly at the allyl ligand %o

form propylene [82].
X
Cr Cr

.10 Se11

+
s T
6. [(n-C,H,)Cr{C0) ]” and (n-C_Hg)Cr(CO) 4
The structure of tricarbonyl(q—h,6,8-trimethylazulene)—
chromium has been determined by L C HMR studies and by a single
It was confirmed that the chromium was

crystal X-ray analysis.
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bonded only to the five membered ring (6.1) and not to the seven
membered ring (6.2) of the ligand [83].

The crystal and molecular structure of the methoxy bridged
comnlex (r\ ~eycloheptatrienyl Jdicerbonylmolybdenumtris (pl—methoxo )-
(1'\ -cycloheptatrienyl)molybdenum (6.3) has been determlned by

(Co) Cr
(CO)3
6.1 6.2
Mo
N
MeO\ IOHe OMe
Mo CO)2
Cr
(GO)2
6.3 6.1

X-ray crystallography. The Mo—Mo distances indicate a single-bond
but the Mo—0-Mo bond angles do not suggest a metal-metal inter-
action [8).].].

Mass spectrometric fragmentation of tricarbonyl(f\ -toluens)-
chromium and trlcarbonyl(r\—cycloheptatrlene)chromlum gave the ion
[(C HB)Cr] A deuterium labelling study indicated that the
structure of the ion generated from the toluene complex was

[MecéHl_“—CrH]i_ while appearance-potential measurements snd frag-
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mentation patterns suggested that the ion generated from the
cyclohevtatriene complex did not have the ssme structure {85].

An investigation of the bonding in tricarbonyl(n-cyclohepta-
triene) complexes of the Group VIA metals has been carried out
using He-I and He-II photoelectron spectra in conjunction with
quantum-mechanical calculations. A general agreement between
computed and measured ionization energies was found for molecular
orbitals mainly ligand in character. Similar correlations did
not hold for the highest energy orbitals which were mainly metal
d based [86].

The structures of the trlbly thiolato brlaced complexes
trlcarbonylmolybdenum—urls(q -&- butyltq1o)(q -cycloheptatrienyl)-
molybde wum and trlcarbonylmolvodenum—trls(q -n-butylthio)-

G\ -cycloheptatrienyl)molybdenum were determined by X-ray analysis

[e7].

Irradiation of tvicarbonyl(q—cycloheptatriene)chromium with
6,6-dimethylfulvene gave a mixed (q—cyclohentadlenyl,(q—cyclo—
pentadienyl)chromium complex (4.)) which was characterized by
1H anda 13¢ NHR spectroscopy. A similar reaction was reported
for 6,6-diphenylfulvens [88].

Reaction of the q-cycloheptatrienyl complexes (6.5; L = CO,
Br) with triphenylphosphine and hydrazine gave the dicarbonyl-
tungsten complexes (6.5, L = PPh3 and N2 4) respectively. Similar
reactions were carried out with triphenyl-arsine and -stibine.
The binuclear complex [(W-C7H7)W(CO)3]2 was prepared electro-
chemically [89].

R
H R
R
R
W Cp R M
(CO)2L (co)3 (co)3
6.5 6.6 6.7

Reaction of trlcarbonyl(W—cyclohentatrlenyl)cnromlum tetra-
fluoroborate with a series of ketones in the presence of bases,
such as hydroxide or fluoride ion, gave the tricarbonylchromium

derivatives [6.6; R = GH,GONe, CHMeCOMe, CH(CHMe,)CONe ]. These
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2,

erivatives were formed by nucleophilic addition of the enolate
ion to the q—cycloheptatrienyl ligend [90].
The mechanism of metal migration in the fluxional (n-cyclo-

octatetraene)-chromium and -molybdenum complexes (6.7; ¥ = Cr, W

W

= H, Ie) has been reinvestigated by 130 WiR spectroscopy using

the Forsen-Hoffman spin-saturation method. It was concluded that

I

ietal migration proceeded by both 1,2- and 1,3-snifts [91].

1. (q-C H)kn (GC)

{i) Tormation

An improved route to pentamethylecymentrene (7.1; M = kn)
and the corresponding rhenium compound (7.1; K = Re) has been
reported. FPentamethylcyclopentadiene was heated with manganese
carbonyl or methylmanganesepentacarbonyl in boiling n-decane to
give the product (7.13 M = kn) in 30% yield [92].

(0C) ,4n ¥n(C0),
H CH
(colq

7.1 7.2

An improved preparation of cymantrene has been reported.
Cyclopentadiene was treated with manganese(II) chloride and metallic
manganese in THF in the presence of 0.01-5% by weight of titanium(IV)
chloride or tetrabutoxytitanium and the intermediate formed was

treated with carbon monoxide to give the product [93].

7- (ii) Spectroscopic and Physico-chemical Studies

The crystal and molecular structure of the binuclear manganese
complex (7.2) has been determined by X-ray crystallography. It
was found that |SC NMR spectroscopy was a convenient technique
for digstinguishing between dimetallocyclopropanes of this type and
Fischer-type carbenés as well as from/m—alkylidene complexes
without metal-metal bonds [9&].
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The crystal and molecular structure of the cymantrene analogue
(7.3) has been determined by X-ray crystallography [95].

The structure of the dimethylphosphine sulphides (7.Lh; n = 1,2)
have been determined by X-ray crystallography. The manganese-

phosphorus bonds were found to have appreciable ll-character [96}.

¥n Ph

) in
’ )2\\>%J‘\‘b 0 (co), >
GOlie i
1 Me,

7.3 7.h

The nitrosyl cation (7.5) combined with liguid ammonia to
give a neutral carbamoyl compound (7.6) the structure of which
has been determined by X-ray crystallography [97].

Irradiation of tricarbonyl(q—methylcyclopentadienyl)manganese
with hexa-2,5-diyne gave the dimeric dicarbonylmanganese complex
(7.7). The structure of this complex (7.7) was determined by
X-ray analysis. Structural and infrered data suggested that the
alkyne ligand wes a good s~donor but a poor \l-acceptor [98].

The mass spectrometric fragmentation of ferrocenyl- and
cymantrenyl-chalcones (7.8 and 7.9) exhibited metal-ligand bond
cleavage as the principal fragmentation process, the alternative

+
Mn Mn
(co)aNo CO.NO.CONH
2
| _
7.5 7.6

Tehalcone” mode of fragmentation was weak because the positive
charge was localised preferentially on the metal atom [99].
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n c——=C Nn
o] e,
G G
Me e
7.7
COCH=CH CH=CHCO
Mn t¥n
(CO)3 (co)3
7.8 Te9
P CH2 Hgii\
CH ===N Cu 0
(CO)3 (CO)3 1oy . ﬁﬁé
R N C
~\\\“C ==
d
7.10 T.11

The 'H NMR spectra of phosphacymantrene (7.10) orientated
in the nematic phases of liquid crystals have been recorded and
interpreted. The results indicated that the ring skeleton was
essentially planar. The H-H and H—P direct dipolar coupling
constants were used to determine the relative proton-proton

and proton-phosphorus distances [100].

The cptical isomers of 2-formyl(N,N-dimethylaminomethyl)-
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cymantrene were separated by liquid chromatography on silicg gel

of the Cu(II) chelates [7.11; R' = RZ = Me; R' = Me, R® = Hj

R' = H, R? = Me; R' = H, R® = CHMe,] formed from the Schiff

bases and a dipeptide. Hydrolysis of the chelates (7.11) gave

optically pure enantiomers of 1,2-disubstituted cymantrene [101,102].
Tricarbonyl(q—cyclopentadienyl)manganese_and aicarbonyl-

(\—cyclopentadienyl)(dinitrogen)manganese were separated on a

preparative scale by high-pressure liguid chromatography at -15

[103].

7. (iii) General Chemistry

Some aspects of the chemistry of cymantrene have been
compared with those of appropriate inorganic compounds [10&].

Gas chromatography has been used to determine methylcymantrene

COCT'I Cc1

(CO) (CO) (00)3 (60)

7.12 7.13 T-14

at low levels in biological fluids and tissues. The samples were
extracted into hexane containing biphenyl as internal standard.
Flame ionization detection was used and this enabled <1-2 ppm
of methylcymantrene in tissue to be determined easily. The
procedure was used to show that the enzymic oxidation of methyl-
cymantrene by rat liver microsomes was dependent on cytochrome
p yso [105].
Dicarbonyl(q—cyclopentadienyl)tetrahydrofuranmanganese in
tetrahydrofuran was irradisted in the presence of acetylene and
hydroxide ion to give the bridged complex (7.12). The CCH,
ligand symmetrically bridged the two manganese atoms and it had
a carbon-carbon bond length of 1.31 R, typical of a2 double bond.
There was an 11° twist of the ligand about the double bond [106].
Cymantrenoylmethyl chloride (7.13) has been treated with
the sodium salts NaMo(CO) (q- 5 5) NaW(co) (“- 5H5) and
NaFe(CO) (W-CSHS) to give the mixed metal complexes (7.14;
M=Mo, W, n=3; M=Fe, n=2) [107].
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Xx rR> X
Mn M
(cc)3 (CO)3
7.15 7.16

Acetyleymantrene has been cyclized with u,%—unsaturated
ketones, R1CH = CchORB, in acetic and perchloric acids to form
the pyrylium complexes (7.15; R1,R3 = Ph, p-MeO.C.H, , R = H;
' = 1, »%°> = C0.GH), -0; X = o¥. €10,7). Ireatment of these

complexes with zmmonisz and aniline gave the corresponding
pyridines (7.15; X = N, NPh~ c10,7) [108].

CHO
CSPh CH=CECOR CHZNMe2
kn Mn Mn
(CO)3 (CO)3 (00)3

7-17 7.18 7.19

the zcid chlorides (7.16; X = GOCl; M = Mn,
¥ = Mn, Re) gave the corresponding qrcyclo-
pentadienyl derivatives [7.16; R = COKM(CO0) ] which decarbonylated
to give the octacarbonyls [7.16; X = M(CO)S] [109].

Reaction of benzoylcymantrene with phosphorus pentasulphide
in cerbon disulphide gave the thioketone (7.17) in good yield
[110]. '

Treatment of formylcymantrene with a2 series ol acetyl
derivatives RCOMe [R = Ph, (1-CgH, )ln(CO)5, ferrocenyl,
(q-CH=CHGBHu)Hn(CO)3, (q—CH=CHGsHu)Fb(q—CSHE)] gave the correspond-
ing olefins (7.18) [111].

1-(¥,N-Dimethylaminomethyl)-2-formylcymantrene (7.19) was
resolved into enantiomers and these isomers gave enantiomeric
copper complexes with diglycine. The copper complexes were

3
]
[}
£
3
g
2 ®
3
ct
~ 0
s
o
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alkylated with acetaldehyde and then hydrolysed to give a mixture
of dipeptides containing threonine and allo-threonine with an
asymmetric yield of 92-98%. The enantiomeric copper complexes
were used also to retroracemise the dipeptide (R,S)-alanine-R,S-
(norvaline) [112].

Condensation of the pyrazolines (7.20; R = cymantrenyl,
ferrocenyl) with benzaldehyde gave the corresponding lLi-benzal-
pyrazolines (7.21) [113].

Tne reaction of (q—methylcyclopentadienyl)tricarbonyl-
manganese with bis(1, 3-dipnenyl-1, 3-propane dionato)tin(II) in
tetrahydrofuran gave bis(1, 3-diphenyl-1,3-propanedionato)}bis-
(tetrahydrofuran)mangenese(II) as one of the products. The

g 7 unm
R GH R
Mn Mn {
Ph
(co) 3 (co) 3
7.20 T7.21
Li <—mqe2 CHO
% l .
CH2NMe2 CH2 CHZNMe2
o
Mn Mn Mn
(CO)3 (CO)3 (CO)3
7.22 7.23 7.2
Me
|
OHC CH2NMe2 (::) ?1——X
Ph
Mn Mn
(CO)3 (CO)3
7.25 7.26
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structure of this product was determined by X-ray analysis. The
manganese atom was octahedrally coordinated by two chelating
14 3-diphenyl-1, 3-propanedionato groups and two tetrahydrofuran
molecules [11&].
Lithiation of (N,W-dimethylamino)methylcymantrene (7.22)
and treatment with N,N-dimethylformamide gave the 2-aldehyde
(7.24). However when the lithio derivative (7.23) was quenched
with deuterium oxide, converted again to the lithioc intermediate,
quenched again with deuterium oxide and then subjected to lithiation
and treatment with N,N-dimethylformamide the predominant product
was the 3-zldehyde (7.25) 70% yield. The 2-aldehyde (7.24) was
& minor product, 30% yield. The exhaustive lithiation and
deuteration had converted the of-hydrogen atoms in the original
amine (7.22)to deuterium atoms which altered the course of a
subsequent metallstion [115].
The cymantrenylsilane (7.26: X = H) was chlorinated with
palladium(II) chloride to form the chlorosilane (7.26; X = G1)
which was, in turn, treated with lithiated ferrocenylacetylene
in THF to form the silylacetylene (7.26; X = C=C.ferrocenyl)
[116].
Mixed metal binuclear cymentrenes (7.28; M1,M = Mn, Re)
were obtained by ireatment of the mercurichloride (7.27; M = Ma,
Re) with sodiorheniumpentacgrbonyl or sodiomenganeseventacarbonyl
(117].

M M=

M
(co)3 (CO)3 (CO)3

2

7.27 7.28

7. (iv) Analogues
The neutral formyl complex (7.29; L = CHO) underwent a

Cannizzaro type reaction to give the binuclear ester (7.30) which
was hydrolysed to the hydromethyl complex (7.29; L = CHZOH) in
the presence of methanol [118]-

The mangenese carbene cation (7.31) as the tetrachloroborate
salt was treated with t-butylisocyanide at -50°C to give the
adduct (7.32) characterized as the tetrachloroborate [119].



377

Re Re 0 Re
CO.WO.L co.No\\CHg"\\ﬁ/’co.ﬂo
0

7.29 T.30

Reaction of di(carbonyl)(n-cycloventadienyl)(tetrahydrofuran)-
rhenium with triphenylgermyl- and triphenylsilyl-phenylacetylene
gave the rhenium complexes (7.33; M = Si, Ge, 7.3 and 7.35;

X = G0, G=ChPh) [120].

The THF complex (7.36) derived from cymantrene combined with
9-diazoanthrone(10) to give a2 complex (7.37) containing the
ﬂ?—anthranylketone ligand. The crystal and molecular structure
of the complex (7.37) was confirmed by X-ray crystallography
[121].

Irradiation of phenalene with methylcymantrene gave the
qz—phenalene complex (7.38) [122}.

Reaction of the (q—cyclopentadienyl)manganese complex (7.39)
with the chlorophosphines, ClPR2 (R = Pn, Et, OEt) and chloro-

diphenylarsine gave the corresvonding carbon-coordinated isocyano-

[ 1+

— —_

4

. .1 O

Mn —= GPh (CC))2 |

(CO)2 CHBu Re
=
| ] | _J (CO)2Ph3LC_CPh

7-31 7.32 7.33

(28TG=CHPh ( R? R? ) Min
2 co GO (GO) ,THF
2 2 2

734 7.35 7.36
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1 ﬁ Mn
(OC)2 c (CO)Z
0
7.37 7.38
r_ ] —
K" I CNPPh.,
Kn Mn Mn
(CO;ZCN (CO)2CNMR2 (CO)2
| | 2
7.39 7.10 7.51

ne (7..0; ¥ = P, R = Ph, Bt, OEt and K = As,

i
R = Ph) respectivsly. Treatment of the isocyanophosphine

(7.40; M = P, R = Pn) with dicarbonyl(W—cyclopentadienyl)tetra-

hydrofuranmanganese gave a complex with an isocyanophosphine

bridge (7.h1) [123].
Cymantrene underwent a ligand exchange reaciion on irraedistion

with divhenylsilacyclobutane to give the silane (7.42). The

corresvonding reaction with disilanes RBSiSiR3 gave the complex

(7..3) [12it ].

antrene has been irradiated with tin(II) chloride and

THF to give the complex (q-C5HS)Mn(CO)2.SnClZ.THF which on

converted to the tin complex (T.4li; X = Cl},

Ia]
wyn

hezting was
hydrolysis yielded the corresponding hydroxide (7.Ll; X = OH).
Spectroscepic results suggested that these compounds contained
a tin-manganese vond with carbenocid characier [125].

ketallation of the cymantrene analogue (7.45; R = H) with
an excess of n-butyllithium and subsequent treatment with methyl
iodide and trimethylchlorosilane gave the phosphines (7.4L5;
R = Me, SiMe.,). The trilithio species (7.45; R = Li) was
invoked as the reaction intermediate [126].
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Ph
2 . A
0C). M 81 (0C) Mn SiR Mn Mn
(oc), Ul 2 I 3 (CO) ,SnX, (CO) PR,
Si
3
7.h2 T.43 7.ub 7.L5
M Lin
/mi\- PPh i\kph
4 \/
(0C)_ Fg —Fe Ph_P(0C)_ Fe ——— Fe
3 (Ol 4 3 3 (co)
3
7.46 7-L7
(CO)~——Fe GOu
CcO.L (CO)EL
Mn Mn
(CO)ZPPh3 (CQ)ZPPhB
7.48 7.49

Attack on the trimetallic cluster complex (7.46) with
triphenylpnosphine led to cleavage of the iron-manganese bond
and opening of the cluster to form the phosphine complex (7.47).
The reaction was reversible allowing tne original cluster complex
to be reformed [127].

The mixed manganese-iron complexes (7.48; n =0, 1; L = CO)
underwvent carbonyl ligand displacement on irradiation with
triphenylphosphine to Torm the triphenylphosphine derivatives
(7.48; n = 0, 1; L = PPny) [128].

Photolysis of the cymantrene analogue (7.49; L = CO0) with
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tripvhenylphospnine gave the triphenylphosphine derivative (7.49;
L = FPhy) [129].
B T+ B T+
+ PBu3 —_— PBu3
M M
(CO)EL (co)3
L ] L _l
7.50C C7.51

The nucleophilic addition of tributylphosphine to (n-arene)-
M = Mn, Re;

manganese and -rhenium cationic complexes (7. 50;
M = Mn,

L = ¢CO) to form (W—cyclohexadlenyl)metal complexes (7.51;
Activation

Re) has besen 3she subject of =z kinetic investigation.
(&)

parameters have been obta
o adienyl)manganese complex (7.51; M = kn)

H

ined for the
nex WES
otccbe41c311j to the (W arene)metal complex (7.50;
) [130].
the (ﬂ—cyclonenta
(7:52) with pentacardonylchnlorornenium gave
bridzed molecule (7.53). The structure of
(7.53) was confirmed by X-ray analysis [ 31]
Irradiztion of cymantrenylcarbinols in the presence of
ies of tnirteen diphosphine complexes

dienyl)manganese derivative
the sulphur-rhenium

tae bridged molecule

dipnosphines gave a ser
(7. 4; &', R® = H, He, Et, Ph, CH JPh; n = 2,
(1] ifluoroaceulc acid formed une corresponding cearbenium 1ons
7. 55, R1, RZ = H, Me, Et, Ph, CH,Ph; n = 2, 3). The 3¢ ana
1 the carbinols confirmed the equivalence of
atoms in the chelate diphosphine ligand while
This

3) which on treatment

(

31p mMR spectra of
the two pvhosphorus
in the carbenium ions (7.55) they were non-eguivalent.

ibed to changes in the geometry of the molecule

eifect was ascri
on formation of the carbenium ions. Cymantrene carbinols with
V= g2 = Pn, R' = He,

monofunctional phosphine ligands (7.56; R
RZ = Céﬂq.ﬁe-g; R2 = Et, Ph, CH,Ph) were protonated at manganese
on treatment with trifluoroacetic acid [132].

Reaction of dicarbonyl(ﬂ-cyclopentadienyl)triphenylphosphine-

rhenium with tin(IV) nalides gave the 1:2 adducts (7.57; X = C1,

Br) [133].

orward and reverse rezctions.



Mn

(CO)ZPMeZS

7.52

?R1R2
OB

2
P—(CHZ)n

Mn
oc™ \\%fh

Ph2

7-5h

3
e

OH

Mn

CO (PMeR !

2
R )2

7.56
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CF,COH

Mn{cO),

7.53

7.55
B 1+
Snxs-
Re
(CO)ZPPhB(SnXB)
7.57
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+
i kin
HO.PPh..L NO.PPh,L Mo
L 3 3 CO.PPh;- I
7.58 7.59 7.60
B 1+
Re ' Re Re
H0.CEO. PhB L"O.CO.PPh3 HO.I"Ie.PPh3
7.61 7.62 7.63

£ number of ligand exchange reactions of the metinylcymantrene
} have been described. Cyanide, ioaide,

triphnenyltin liganas were involved and in

tion sequence the cation (7.58; L = CO0) was treated

dide to form the neutral iodide (7.59; L = I) and

to the nitrile (7.59; L = CH) with sodium

this was convertsd ©
eyanide. The nitrile (7.59; L = Ci) was in turn alkylated with
- i he cation (7.58; L = CHEt). Some related

tions of the (q-cycloheptatrien r1)molyodenum complex (7.60)

c d [ )L]

Treatment of the rhenium complex (7.061) with meSOBb gave
o complex (7.62) and the meitnyl-rhenium derivative

Q

the czarbon
(7.63). Comparable resulis were obtained with other electrophiles.
A mechanism was proposed for the formation of complex (7.63) via
a cationic rhenium-carbene intermediate [135].

The rhenium Tormyl complex (7.61) has been characterized
by X-ray crystallography. The formyl iigand was reduced to methyl
with BHB.THF and it underwent hydride loss with CFBbOBH to give
the carbonyl ligand [136].

Irradiation of the cymantrenylethylphosphine (7.6l) gave the
bridged comolex (7.965) by displacement of carbon monoxide [137]-
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Several metal carvonyl cations have been convertied Lo the
unstable neutral metal formyl complexes by trestment with
LiEtBBH at low GTemperatures. Thus the manganese and rhenium.
complex cations (7.66; I = kn, Re) were converted quantisatively
n, Re). Reactions of the

to the formyl complexes (7.67;
formyl complexes were investigated and were related to the mech-
anism of Fischer-Tropsch catalysis [138].

Ultraviolet irrsdiation of dicarbonyl(\-cyclopantadienyl)—
triphenylchosphinemanganese and carbon disulshide gave the thio-
carbonyl derivative (7.68) and irradiation writh carbonyl sulgshide
gsave a mixture ol cymantrene and the thiocarbonyl compound (7.65).

The effect of the carbonyl and thiocarbonyl ligands on the

PPh

2
Mn Hn ~—— PPh,
(co), (co),
7.6l 7.65
[~ I+
M M Mn
(co) o | C0.:0.CHO (0),Cs
L
7.86 T.67 7.68

deuterium exchange properties of the ﬂrcyclopentadienyl ring were
investigated [139].

A procedure has been described Tor the conversion of the
thiocarbonylcymantrene (7.69; L = G0} to the twiphenylphosphine
derivative (7.69; L = PPh,) in 25% yield. A bidentate phosphine
ligend was introduced in the same uay [140].

Cymantrene has been irradiated in THF to form the inter-
mediate (7.70 3 L = THF) which combined with carbon diselenide

>
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and triphenylphosphine to form the selenium and phosphorus
devivatives (7.70; L = CSe, PPh,) [141].

Direct iodination of the dlmer [h\-RCH u)Mn(CO)NO]z, where
R = H, Me, at room temperature gave the mixed carbonyl-nitrosyl-

Mn Mn Mn
Co. CS L (GO)2L NO.I.L
7.69 7.70 7.71

iodo complexes (7.71; R = H, Me; L = CO) as 2ir sensitive solids.
Triphenylphosphine smoothly displaced the carbonyl ligand to
form the air stable derivatives (7.71; R = H, Me; L = PPh3) [1&2].

The acylation of 3,li-dimethylphosphacymantrene (7.72; R = H)
with acyl chlorides in the presence of aluminium c@loride gave
the corresponding acyl complexes (7.73; R = Me, Prl, CHZCMSB’
CH=CEMe, CH=CHPh, Céﬁ,.EfF). The acetyl complex (7.73; R = Me)
was reduced by lithium zluminium hydride and gluminium chloride
to the ethyl derivative (7.72; R = Et) and by sodium borohydride
to the 1-ethanol (7.72; R = CHOHMe). An iron tetracarbonyl
complex (7.7L) has been obta ned—by treatment of the phospha-

wit

cymantrene (7.72; R = H) th e(CO)uTHF [143].

Te(coju
Qo e
(CO)Q (co)3
Mn
(co)
3

7.72 7.73 7-7h
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7. {v) Avvlications

The acute toxicity of methylcymantrene has been investigated.
The LDSO values for mice were found to be 251.9 and 131.5 mg kg_‘
Tor oral and i.p. sadministration respectively. wsxposure of mice

to methylcymantrene vapour at a level of 1 g m_3 for 1 hour caused

100% mortality. Organo-manganese compounds were Iound in the
liver, kidney, lung and brain of these animels and the levels were
dose-relgted. The two-week LGSO value was found to be 53.56 mg m73

Tter a li hour exposurs. Daily exposure of mice and rats , 6 or
22 hours per dzy, for [l weeks =t concentrations of 5-7 mg m~3
caused loss of weizght and a high mortality [14_]

The acute toxicity of methylcymantrene to small mammals has

been investigated by dermal application of the complex Go rabbits,
rats and mice. The LDSG for rabbits was 1b0-795 mg kn-],

moderate skin irrigation was observed but eye irritation did not
occur. Female rais were more sensitive than male rats or female
mice to oral administration of the complex [1&5].

The use in gasoline of tricarbonyl(n-methylcyclopentadienyl)-
mznganese mixed with methylcyclopentadiene dimer or hydrogenated
and glcohol derivatives of tne same dimer were investigatved. The
addition of these mixtures at 0.125 g of manganese per gallon of
gasoline improved the octane number [1&6].

The addition of tricarbonyl(W—methylcyclopentadienyl)manggnese,
a polyamine and paraffin oil to gasoline reduced the octane-
requirement increase of the fuel [1&7].

Hethylcymantrene and ferrocene showed a synergistic effect
when used together as antiknock additives in gssoline. %“he
research octane number of gasolines was increased to the same
level by a mixture of the iron and manganese compounds as was
achieved by the use of the more efficient manganese compound
alone [148].

An investigation was carried out into how tricarbonylh\-
methylcyclopentadienyl )Jmangenese caused the plugging of monolithic
converters atvtached to agutomobile engines. It was concluded that
the plugging was a physical rather than a chemical phenomenon
and the manganese oxide was deposited primarily on the inlet edge

of the converter [1&9].

8 (Acyclic—qfdiene)Fe(CO)
Reaction of 2,3,5, 6—tetrakis(methylene)bicyclo[2.2.2]octane
with nonacarbonyldiiron gave the tricarbonyliron complexes

[exo-endo—, endo-exo- and exo-exo- 8 .1; L,l = L2 = Fe(CO)B] and

References p. 429
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2).

{exo- and endo-8.

(endo-6.2) was determined by X-ray anslys

Complexes of

i
for example (3.3 and B8.4) were prepared

acyclic er

The crystal structure of
the type Pe(\ -

nd cyclic dienes by metal ztom

the complex

is [150].

rom 2 variety of simple

evaporation techniqgues.

Also, complexes of the type Fe(nL diene) L uere prepared from

acyclic dienes. The 31P and

rbonyliron

¢t
"
[
(o]
)
x

tre

e
or ennsacarbonyldiiron,

H2C CH2
L1//” ~1
2
8.1
7 I\
Fa P(OI'-Ie)3
\ !/
B.3

. 8.5

ating

d iR soncUrq of the complexes

scussed [1;1].

comolexes of the tyse g.6

the dienes

The lIoessbsuer spectra of the

The reszction of the

HZC CHZ
. \Fe(CO)3
H .
2 Cdz
8.2
Fe
P(Ol’-’le)3 3
8.4
Fe
(CO)3
8.6

(L = phosphorus ligands),
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Fe

(co)3

8.7 8.8

complexes with aluminium trichloride was investigated. For
example, treatment of the complex (8.6) with 2luminium trichloride

gove the hydrocarbon (C.8) [152].

Za
Phrotolysis of the methylenespirozlksnes (8.9; n = 0, 1, 2)
xture of the two (n-diene)iron

with iron pentacarbonyl gave =z mi
complexes (3.10 and 8.11) together with a
cormplex of z branched triene [153].

The mechanism of formation of u,p—unsaturated ketones in
the rezction of allene and an alkyl bromide with disodium tetre-
The rezction involved

bis(“—allyl)diiron

carbonylferrate has beern investigated.
the insertion of allene into an iron-zcyl bond and protonation

of the resulting intermediate to form an (n-trimethylenemsthane)-

iron complex (8.12; R = H), whiech was characterized as the
SiKe,). The (W—trimethylene—

trimethylsilyl derivative (&.12; R
= H) rearranged by a sigmatropic

methane)iron intermediate (&.12; R
shift to an (“—heterodiene)iron complex (¢.13) which subseguently

broke down to give the product [15&].
Dienes and sulphur compounds were removed from a thermal

crecking gasoline by treatment with triiron dodecacarbonyl

[155].

The crystal and molecular structure of the (q-tetradeca—

tetrazene)diiron complex (0.1l) has been determined by X -ray

74
(CHa)n = =
(CBZ)n —_— Fe(co)3

8.9 6.10
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(OC)BEi\ ]
(CE,) [ oS
CH
2'n // \\
¢ |
PFe
(co)3 (c:o)3
8.11% 6.12 8.13

6.1

crystallography. The complex (8.1L) contained two isolated
(W-butadiene)iron grouos [156].
(q—Benzylideneacetone)tricarbonyliron was heated with
trans-1,3-pentadiene, trans,trans-2,ii-hexadiene, 2,3-dimethyl-
butadisne and itrans,trans-2,4-hexadienzl to give the corresponding
tricarbonyl(q-diene)iron complexes in yields of 5i-96%. Cyclic
dienes with planar diene units such as 1, 3-cyclohexadiene,
cycloheptatriene znd cyclooctatetreene underwent the same reaction
to give tricarbonylG\—cyclodiene)iron products in 50% yield or
better while cyclic dienes without a planar diene unit such as
1,li-cyclohexediene, 1,3-cyclooctadiene and 1,5-cyclooctadiene
were inert to (q—benzylideneacetone)tricarbonyliron. This
difference was rationalized in terms of the high energy barrier
t0 conversion of a dihepto-intermediate with a non-planzr diene
group to a tetrahapto-complex by twisting of the ligand [157].
The rates of isomerization of the tricarbonyliron derivative
of the type (8.15; R! = Me or Ph; RS = R> = Rh = H) wnich hsave
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anti aeyl groups to the corresponding syn isomers (8.16) have
been determined in the presence of strong zcids and bases. In
methanol the reactions were first order in methoxide or methyl-
oxonium ion, Substitution of triphenylphosphine for carbonyl
greatly reduced the rate of isomerization [158].

Relative partial rate factors have been obtained by a study
of the competitive acetylation of tricarbonylh\-diene)iron
complexes with acetylchloride and aluminium chloride in dicnloro-
methane. The factors are shown for the complexes (8.17 - 8.20)
and the results indicated that substituent effects were small,

that substituted carbon atoms were not acetylated and that acyl
The following seguence of

groups wWere strongly dezctivating.
-trans-1-acetyl-

relative reactivities was constructed: (“
butadiene)tricarbonyliron<:G\-1 li-dimethylbutadiene)tricarbonyl-
iron< (n-cyclohexadiene)tricarbonyliron<< (3. 17)<:[ -1-{p-acetyl-
phenyl)butadlepe]tr1carbony71ron<:(c 18)<< (€. 19)<:(8 20)<<
(n-2-methoxybutadiene)tricarbonyliron<(n-bicycloheptadiene)-
tricarbonyliron [159].

The photoelectron spectra of eight (n-butadiene)tricarbonyliron
complexes, tricarbonyl(n-cyclobutadiene)iron and tricarbonyl-
(q—trimethylenemethane)iron together with the spectra of the free
butadiene ligands have been recorded. The perturbation energies
of the T-orbitals introduced by the tricarbonyliron group have

B3 RS RS R
RLI- / \ RLL‘)_'—&‘ 1. o'/ I\“l o
COR' (co) (CO)
Fe
(00)3
8.15 8.16 .17

Be 20 VAR

0.8 o.o u.-o
0.0 PFe Fe Fe
(co) co
3 ( v)3 (00)3
8.18 8.19 8.20
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>T“ﬁ( [\ /S \
2 l N\__g3 FQOP——(/ l \ O
[p(OHe) ]3 ﬁ-——T FeCO
rZP fPé
o
FZP \\\He
6.21 8.22

t c
NM-ionization energiss of the la g as cyclobutadiene,
€.29 and 11.95 eV, trinethylenemethane, 6.35 and 11.79 eV [160].
The intramolecular exchange pathway in the fluxional
s (G.21; 31 = 32 = R3 = H, 3! = RZ = Hie,

o (
2% = %, R' = 8> = te, R® = H) nas been studied by 1p UH '} kR
c

ony. The results indicated a mecnanism which involved

cyclical exchange of the three phospnorus ligands and which may
be described as diene rotation [101]

Phe rezction betwsen (q benzzslacetone )tricarbonyliron and
the ligend ¢ethylaminobis(difluoroohosnhlne) gave a complex
(c.22) containing a chelating ligand bonded to iron tnrough both
1,3-diene and aminodirfluorophosphine groups. ‘he crystal and
mol ructure of the complex (8.22) has been determined

ffraction analysis. The Tormation of the complex

was explained by a mechanism involving an intramolecular iittig-
type reaction [162].
EL r! al 2l
o AN 2 ) Y
R2—u ‘ N—R RZ_ Y N—R
Fe FeCO
(co) l
Diene
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(—\\‘R 71N\

Lie CHpR
Fe FQ
(CO)3 (00)3
8.25 6.26 8.27
,//N
(CO)
8.28 8.29 8.30

Photolysis of the tricarbonyl(1l,ii-digza-1,3-diene)iron

complexes [0.23 31 = H, R2 = heZCH; R1 = B, 32 = 06E11; R1 = lie,

R = C.E; Ohe] the presence of the dienes {butadiene,

2,3~ ulveunylbuoaa e, 1, 3-cyclonexadiene) gave the corresponding

carbonyl(1,l-diazza-1,3-diene) (diene)iron complexes (8.24) {163].
A series of car bonyl(q—nuntaaﬂe 1y1l)iron fluoroborates

[8 25; R = H, Me, Et, CH(Me), ] was prepared znd trested with the

hydride donors sodium bO”Ohy ide, sodium cyanoborohydride and

lithium triethylborohydride. A series of products (8.26, 3.27,

8.28 and 6.29) was obtained but no products arising from attack
at C(2), C(3) or C(lL} of the pentadienyl ligand were isolated.
Sodium cyanoboronydride gave products of retained configuration
whereas lithium triethylborohydride gave trlcarbonyl(q-alene)lron

compounds of inverted configuration [164]

Treatment of (1-methylpentadienyl)tricarbonyliron tetra-

fluoroborate (£,30) with nitrosobenzene gave the nitroxide
radical (6.31) which was examined by ESR spectroscopy. Reduction
of nitroxide radical (8.31) with lithium aluminium hydride gave -
the corresponding amine (8. 32)[165]

The treatment of 5-bromo-1,2-pentadiene with disodium
tetracarbonylferrate gave, after protonation, 2—methylcyclo-

pentenone in 30-405 yield. It was suggzested that the intermediate
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in the reaction involved the delocalisation of electron density

on to the organic ligand as an (q-tetramethylenemethane)iron

species. Thls suggestion was confirmed by treatment of the

reaction mixture with trimethylchlorosilane when the (q—trimethylene~

methane Jiron complex (8.33) was isolated [166].
Self consistent charge calculations were carried out on

BSI—Z9 and the 1- and Z-isomers ol [FG(GO)BBL;,HSJ so that the
contribution of the Fe(CO)3 units to bonding in these species

Me-—'CHﬂ Me—- ({H—-//_—\
|
O_III Fe r;ﬂ e
Ph (co)3 Ph (coJ3 Fe
(00)3
8.31 8.32 8.33

could be ascertained. It was concluded that the apical and
basal Fe(CO)3 units in the 1- and 2-isomers respectively have
approximately one less electron involved in cluster bonding

than the corresponding BH units [167].

9. (n-C; H, )Fe(CO)
d = 3
Honemnirical molecular orbital calculations were carried
out on a variety of h\—cyclobutadiene) metal complexes. &
detailed analysis of the frontier orbitals for tricarbonyl-

G\-cyclobutadiene)iron indicated that the molecule was best
considered as an (q—Chﬁh)Fe fragment perturbed by the carbonyls
rather than a tricarbonyliron moiety perturbed by the n-cyclo-
butadiene ring. For the “-cyclobutadieneiron fragment, when the
total W system was considered there were six electrons in bonding
metal-ring W-orbitals. It was concluded that the stabilization
of the fragment and the Y| delocalization depended intimately
upon the metal-ring bonding interactions and the phenomenon was
referred to as "metalloaromaticity®. The complexes (q-CuHu)Cr(CO)u
and h\-ChHA)Ni(CO)Z were considered and a comparison was made

of 1\~ H) with n-CgHg and 1\~CgH, as ligands [168].

The character of the carbon-carbon bond in (W-butadiene)-

‘tricarbonyliron has been investigated and the charge on manganese
" in cymantrene has been determined [169].
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The crystal =nd molecular structure of the (q benzocyclo~
butadiene)iron complex (9.1) has been detsrmined by X-ray

crystallography and compared with the structure of the free ligand.

[170].

MeOCHZ o CH20Me
7\ 0 O
o I
(:) (Fe)
T CoU
t t 3
Bu Bu
Fe
Co
(¢ )3
2.1 9.2 $.3
The tetracarvonyliron dianion combined with the bicyelo-

heptenone ligand (9.2) to give the (q—cyclobutadiene)iron

complex (9.3) [171].

10.  (Cyclic-m ene)be(CO)3

(i) Formation

The provortions of (n-cyclohexadiene)iron complexes obtained
on thermal and ghotochemical isomerization of v7nylcyclohexeﬁes
in the presence of iron pentacarbonyl have been compared. Under

thermal conditions, lL-vinyleyclohexene gave the (q 1-ethylecyeclo-
hexadiene)iron complex (10.1) together with the Z-ethyl complex
in the proporiion 5:1. Under photochemical conditions the ratio
of the same two products was 1:5. The thermal isomerization of

o-phellandrene gave a mixture of the endo and exo forms of the

‘.h

(n-cyclohexadiene)iron complex (10.2) in the ratio 1:l, wnile
the photochemical isomerization gave a ratio of 1:1 [172
Bicyclo[u.2.1]nona-a,u,T-triene-9-one (10.3) formed several
interesting chromium, molybdenum and iron complexes. Thus on
heating with diiron nonacarbonyl in benzene at 60°C exo-
tricarbonyliron complex (10.l) was obtained. Using methanol as
solverit and a temperature of 30°C then the endo-tricarbonyliron
complex (10.5; M = Fe) was formed. The ketone group in the
bicyclic ligand of the complex (10.5; M = Fe) was reduced with
borohydride to form the corresponding alcohol (10.6) which was
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further reduced by hydrogernation over palladium to the derivative

(10.7). By contrast the exo-isomer (10.L) was inert to borohydride.

/ 0\ / \ 9

Q§_TJ¢}——Et ——4§§_rjé}——05me2 ?

Fe Fe
(CO)3 (co)3

10.1 10.2 10.3

\
0 0oH
\

! l

Fe
(00)3 (00)3
100 10.5 10,6
(CO)3 0 0
— !
— N—
Fe
(co),
10.7 10.08 10.9
Both isomers (10.L and 10.5; M = Fe) underwent hydrogenation

over palladium to give the dienone complexes (10.8 and 10,9)
respectively. Treatment of the original ligand (10.3) with
(MeCN)3CI-(CO)3 gave the endo-tricarbonylchromium complex (10.5;
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M = Cr). The corresponding molybdenum complex {10.5; K = ko)
was also prepared. A reaction between 9-methylenebicyclo-
[4.2.1)nona-2,k,7-triene and (MeCH)4Cr(CO); gave the exo-
tricarbonylchromium complex rather than the expected endo-isomer
[173].

The tricarbonyliron complexes [10.10; R = (CH,),C0zke,
(cs,),c0 Me] were prepared by treatment of the parent diene with

2372
pentzecarbonyliron. Treatment of the 7m-diene comblexes with

triphenylmethylium tetrafluoroborate gave the corresponding
cationic complexes (10.11). Reaction of the tricarbonyliron
derivatives. (10.11) with sodio-dimethylmslonate gave the cor-
responding triester complexes (10.12) which on treatment with
trimethylamine N-oxide removed the tricgrbonyliron group [17&].

The reaction of heptalene with benzylideneazcetonetricarbonyl-

on gave the air-stable n-heptalene comolex (10.13). Formyvlation

ir
of the complex (10.13) via the Vilsmeier method gave uncomplexed
1,6~heptalenedicarbaldehyde [175].
+ R
R Olie R OMe P OMe
(MeO_C) CcH e
2 2 {co)
3
Fe Fe
CO Co
(CO) 4 ( )3
e -
10.10 10.11 10.12
[— 1+

NS T e (003 Fe Fe

10.13 10.14 10.15
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Me., Me
T2 asl e
Si=-51 Si2
Pn \ / ra Ph \ / Ph
Fe Fe
Cco
( )3 (co)3
1C.1 10.17 10.18
h Fe (CO)
He N Ph _Feloo,
2 R As -
e lie
M Fe
(CO)3 (co)3 Fe
(CO) 5
10.19 10.20 10.21

Cocondensation of iron atoms with toluene vapour at low
temperatures znd subseguent trestment with dienes such as 1,5-
diene, cycloheptaﬁriene and cyclooctatetraene gave the
ding (q*arene)@\—diene)iron products of which the

triene comolex (10.1L) was typical. Protonation

ol
o
]
0
=
o
[y
(0]
o]
ot
o
cf

of this complex gave the (q—cycloheptadienyl) cation (10.15)

The (q—disilacyclohexadiene)iron complex (10.16) was obtained
g th iron pentacarbonyl in benzene,

(]
(0]
}_l
[
09
B
:
Q.
=
=
ct

the 1.

oy
d
o
o
w
cf
l—l
o]
o
ct

wnile the corresponding reaction in xylene at 160° gave a mixture
e cyclohexadiere complex {(10.16) and the (ﬂ-silacyclopenta—
Yiron complex (10.17). The cyclohnexadiene complex (10.16)
went ring contraction at 160° to form the cyclopentadiene
complex (10.17) in separate experiments [177].

Irradiztion of chloro- and bromo-thiophene-1,1-diloxides with
iron pentazcarbonyl gave initiszlly the iron tricarbonyl complex
of the ligand followed by stepwise reductive dehalogenation of
the complexes. Thus 3,L-dioromo-2,5-dimethylthiophene-1,1-

dioxide gave the iron tricarbonyl complex (10.18; X1 = X? = Br),
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the mono-bromo complex (10.18; ' = Br, X% = E) and the aimethyl
complex (10.18; K1 = K2 = ). The reaction involved insertion
of irontricarbonyl into the carbon-bromine bond followed dy
displacement of tne metsl by a proton [176].

Direct reaction of the cationic complexes [h(ﬂ—séﬁ7)(30)3]+,
(i = Fe, Ru, Os), with H,i-dimethylaniline gave the corressonding
n-diene complexes (10.19). 4 kinetic investigation indicated
that the reactivity of the q—hexadienyl iigand, wnen coordinated
to a metal, decreased in the order Fe >0s>Ru (i11:3.621) [179].

Elimination reactions occurred on treatment of 3~bromo-
cyclohexene, 3,ii-dibromocyclohexene and 3,6-dibromocyclonexene
with the iron carbonyls, Fe(CO)S, FeZ(CO)9 and Fe3(C0)12, to
give the tricarbonyliron complex (10.20; R = H). 3Similarly,
the same reacitions with 2-chloro-3-bromo-cyclohexene znd
2,3-dichlorocyclonexene gave the tricarbonyliron complex (10.20;
R = 61) [180].

Reaction of 1-phenyl-2Z,5-dimethylarsole with trilron dodeca-
carbonyl in toluene gave the tricarbonyliron and tetracarbonyl-
iron derivatives (10.21 and 10.22) respectively [181].

The cyclomentadienone complex (130.23) was prepar

a
reaction of diiron nonacarbonyl with PhCS CH(OEt)Z [182],

Ph Fe(CO)
e L 0
tie As tie
\WQ;_j?r’ Ph CH(OES),
(EtO)ZHC Ph
Fe
co
( )3
10.22 10.23
10. (ii) Spectroscopic and Physico-chemical Properiies

The crystal structure of tricarbony1[3—4:6—7—“—(2—isopropylthio-
8-benzoylbicyclo[3.2.1]octadiene)]iron (10.2iy) was determined by
X-ray analysis. The bicyclo—[3.2.1]octadiene ligand had M-exo
stereochemistry at G(2) and it was coordinated to the iron atom

via two T-zlkene bonds [183].
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ture and conforimastion

determined

rioieties were exo-

tetragongl nyramidal

(3G )EC=G (C1i)—C(CI) >

The crystal structure, molecular struct
of bis-(n-heptalienejtricarbonyliron (1£.25) has been
by L-ray methoeds. The two outer butsdiene
com tricarbenyliron grouns to form
iron complexes. The seven-msmbered rings of the
heve bozt conformations with a flat central resion

— —
+
Cﬂz Cﬁg
Fe Fe
(CO)ZPP‘;3 (CO)ZPPh3
- -

10.26

10,28

10.25

1C.27
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B I+
_ _ R
+
R
Pe Fe
0 GO

(G )3 ( )3

10. 30 10.31

he (q CJClODe adiene)iron complex (10.2¢) was attacged

orm the (n-cyclopentadienyl)iron salg

~F
ular structure of each oI These

c
10.27) has bsen determined by X-ray crystal-

&
s - . P ) ;
The negsfive ion mass swectra of |- and -cyeclonapt
chromium, molybdenum -nd tungsten carbonyls
s

g
lecular gnions in hizh zbundance and tnai
n

exhibited mo ) ok Rede

avparent violation of thne rare-gas rule. [fhese mass svacira were

explained :nd the fragmentation pathways were identiflea [166 .
Infrared evidemnce ated that iIn solution zliuminium

(qr cyclohexadiene)}-, (n-cvclohepitatrisne)- and (“—cycloocta—
tetraene)-tricarbonyliron [167 .

The fluxional behaviour and substituent site prefere:ices
1 the cationic monosubstituted (n-tropylium )i on
complexes (16.28; R = Me, Ph, cycloprooyl, lie.CH) were

by variable temperszsture 1H and 130 uMR spectroscopy. fne

|t

1]

N

relative stabilities of the four isomers (10.25-10.31
dical

determined. The substituent site preferences indic

r

there was relatively little charge on the carbon

metal-complexed pentadienyl ring, but among the three different

sites, the most positive charge resided at 02 and C [168].
Tricarbonyl(cross-conjugeted dienyl)iron caclo were

generated from the precursor alcohols in-strong acld solution

1H ¥R spectroscopy. The bt-anti-methyl

ated

and studied by 'SC and
cation (10.33), gencerated from the alcchol (10.32), coordin
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reversibly with fludorcsulvhonate ion to give the adduct (10.3iL).
(

ther rezcitions of the cztion 10.33) were also investigated

[189].
kicroczlorimetry has beex used to determine several thermo-

»n for tricarbon yl(q cyclooctateiraene }Jiron
relexes. The Following values were obtained (kJ mol_1)
of formetion at 298°K, -237; enthalpy of
nd enthalyy for the gaseous me:tsl

[
rh
-
%
-
o
)

H
complex [(“— ~)—re 30 . The transferability of the enthalpy
conbributions be:ween organoiron complexes was discusssd [190].
==J

The mechanisms of hydrogen shift in (W—CJcloneAad ene)- and

(qrcycloheptatriene)~irontricarb0;yl were investigated [191]

Me

2
Co Co

= - FO_S0—Fe —CO
v

10.32 10.33 10.34

10. (iii) General Chemistry

B N

Fe
(CO)3

10.35 10.36

The tricarbonyl(n-cyclohexadienyl)iron cation was attacked
by phosphines and phosphites to form (q—cyclohexadiene)iron
cations, thus triphenyliphosphine gave the product (10.35). Rate
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and activation parameters for the reaction indicated direct
addition of the phosphine to the dienyl ring [192].

The (n-cyclohexadienyl)tricarbonyliron cation combined with
the G\—cycloheptatrienyl)tricarbonyliron anion to form the neutral
binuclear complex (10.36). Some related reactions were also
described [193].

PhCO0

10.3?

Fe Fe
(CO)ZI (...O)ZPR3

Scheme 10.1

Hydration of the tricarbonyliron complex (10.37) via
hydroboration and removal of the tricarbonyliron moiety with
iron(III) chloride or trimethylamine N-oxide gave a mixture of
(22R)~ and (228)-3P-benzoyloxyergosta-5,7-dien-22-0l1 and (23R)-
3p-benzoyloxyergosta-5,7-dien-23-01 [19&].

The reaction of dicarbonyliron complexes [Fe(q—06H7)(GO)2I]
and [Fe(q—C7H9)(CO)ZI] with tri-n-butylphosphine and triisopropyl-
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phosphine was shown to proceed stepwise (Scheme 10.1). A kinetic

study of this reaction was carried out. It was concluded that

R
CHO
2
~ R H CHN
CN
N HeO oN
CN
Fe Pe
(CO)3 (CO)3
Fe
(CO)3
10.368 10.39 10.40
0

e
{(co
{ )3

0.1

in this system, and in other related reactions, addition to the
T-hydrocarbon ligand by a trialkylphosphine was kinetically
favoured over attack at the metal [195].

Treatment of the aldehyde (10.38) with trimethylorthoformate
in tne presence of & catalytic amount of hydrogen chloride gave
two isomers of the 8-methoxyheptafulvene derivétive (10.39;

R1 = H, R2 = OMe). The heptafulvene derivatives (10, 39; R1 =H
RS = OEt; r! = OMe, RZ = Ph) were prepared by similar reactions.
Tetracyanoethylene and lN-phenyliriazolinedione added to the
complex (10.39; Rl = H, RS = OMe) to give the tricarbonyliron

derivatives (10.L:0 and 10.41) respectively [196].
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Me
CHO H \\ Ph
Fe Fe Fe
(CO)3 \CO)-3 (CO)3
10.42 10.43 10.40
c1l Cc1l
(ne) (cw), cl c1
Me Me
// \\CH
\\ 2
CH
Fe 2 Fe (CO)
(CO) (CO)3 3
3
10.45 10.46 10.L7

The Wittig reaction has been used to form tetraene-iron
tricarvonyl complexes from the (W cycloheptatriene)iron complex
(10.L.2). The aldehyde (10.42) combined with triphenylmethylene-

phosphorane to give a2 mixture of the two isomers of the (q—hepta-

fulvene)iron complex (10.43). "Triphenylbenzylidene phosphorane

condensed with the same starting material to give the cis and
trans isomers of the (q—cycloheptatrienylstyrene) iron complex
(10.4)1). Similasr reactions with the same aldehyde (10.it2) gave

the appropriste trans condensation products. Dienophiles such
as tetracyanoethylene (TCHNE) and N-phenyltriazolinedione underwent
perioselective reaction at the free diene moiety of the Wittig

reaction products. Thus the (n-heptafulvene)iron complex (10. 43)
n P

combined with (TCNE) to give the 8 + 2 cycloadduet (10.45) [197].
Dichlorocarbene added to (W—cybloheptatrlene)- and (q—myrcene)—
tricarbonyliron to give the cyclopropyl derivatives (10.46 and

10.147) respectively. Treatment of the complex (10.47) with

copper(II) liberated the ligend [198].
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Addition of (“—T-Ph3GeC7H7)Fe(CO)3 to potassium t-butoxide
resulted in endo-vroton abstraction to give the anion (10.48).
The anion (10.48) was fluxionsl and on treaztment with DCL it

produced exclusively the twe isomers (10.49 and 10.5C) [199].

B T ? 2
GePh3 u . -
3 (=
(c0) 4 the//?\_/ —
L _ _J Fe Fe
(co)3 (Co)3
10.L8 10.h9 10.50

Tricarbonyl(q~cycloheptadienyl}iron Tfluoroborate has been
treated with nucleophiles to give the substitused (n-cyclohepta-
diene)iron complexes (10.51; X = ke, Ome, OFh, 3Ph, Htie,, HHCEBB).
These complexes were oxidized to liberate the corresvonding
. substituved cycloheptadienes and thereby provide a convenient
route o tnese compounds [ZOO].

(n-Gyclonexadienyl)- zand (W—cycloheptadienyl)-tricarbonyl—
iron tetrafluoroborate were reduced in acetonitrile to give
(n-1,3-cyclohexadiere)tricarbonyliron and 5,5'-di(q-1,3-cyclo-
hexadiene)hexacarbonyldiiron, and di(n-cycloheptadienyl)tetra-
carbonyldiiron and 5,5'-di(w-1,3—cycloheptadiene)hexacarbonyl-

diiron respectively [201].

Me \’\«\ Me &'\,ﬁ

Bzo

GO} F
(013 e

10.51 10.52 1

o
»

ul
w
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Pyrolysis of tricarbonyl(q-ergosteryl benzoate)iron (10.,52)
afforded neocergosteryl bernzoate (10.53) together with ergosta-
8(1L)22~dienyl venzoate. TIhe reaction proceeded Dy radical
decomposition of the complex (10.52) to form an iron hydr
svecies and bisergostatrienyl benzoate which subseguently decom-

posed to the product (10.53) [20¢]

o
[e]
e
g
o}
0
(4]
dl
ct
|4l.
(o]
o
(o]
L'}
cr
Q
|

22 e mmhearol el alantas+rndana )
LrLCaruul .yJ.\T\"' Civlicovavl Lorloe -

ermal a
iron was investigatved [203 .
Jluorobut-2-yne combined with tricarbonyl(“-cyclohepta-

triene)iron to give a quadricyclic complex (1U.5lL) the structure

of which was confirmed by X-ray crystallograzhic a:ialyslis ol a

phosphite analogue [204].

(00)3 CFB CF,

10.50L

The hydrocarbon ligand was displaced from

phine ligands (L-L)

tricarbonyl-

(q—cyclooctatetraene)iron with bidentate pho
to form the corresponding complexes, We(CO)B\L L) [20
piiron nonacarbonyl was active in the carbonylation of

-

2,3-homotropilidenes in the prasence of rhodium complexes To

give bicyclononadienones in high yields. The role of organo-

metallic intermediastes in the rezsction was discussed [206]

11. [(g-CSH_,,-)a)Fe(g-CEIgé_)__]+

The hydrogenation of aromztic ligands during the synthesis
of (q—are e)(q -cyclopentadienyl)iron mono- and di-cations was
investigated. It was postulated that the hydrogenation was
initiated by the sbstraction of H by aluminium chloride to g

a carbonium ion which was stabilized by a reversible intra-
Successive abstractions of H by

ive

molecular electron transfer.
the iron atom and subsequent transfer to the ligand effect the

hydrogenation [207].
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igend exchange reaction between Ferrocene and aniline
e aluminium chloride gave the (“-anlllne)-
1tadienyl)iron cation (11.1; X = “Ha) wnich underwent
acenment with Ha0H and ia3H to form the
nol}iron end (n-tniophenol)iron complexes (11.1; £ = 0H,
e these last two compleXxes

il
{n-cyclohexadienyl)iron complexes (11.2; X = 0O,

zave the neutra
S) ressectively [266 .
2 sariss of (n-arvene)n-eyvelopentadisnyl)iron cations iwas
1 A - - -
+ [ +
X X
Pe Fe
Fe
1.1 11.2 11.3
prepared dy the erene, wnich possessed
an ¢« -carbon substituent containing one or more hydrogen atoms

znnd Tferrocene in the presence of aluminium-zluminium chloride.

:ated with base to give the corresponding

The cations were desroton
neutral zwitterionic specles. These zwitterions behaved as
nucleophiles with different substrates, such as methyl iodide,

carbon disulphide and carbon dioxide, to give a wide range of
productcs [209].
The ligand sxchange reaction between ferrocene and pyrene

e
was carried out in the presence of alum

1 inium chloride-aluminium
N e o - . . 4
powder mixtures., Ligand exchange occurred to give the cation

(11.3) togetner with the hydrogenated products (n-cyclopenta-

dienyl) (n-i,5-dihydropyrene)iron cation, (n-cyclopentadienyl)-
(n-4,5,9,10-tetranydrooyrene}iron cation, ﬁ\-pyrene)-trans-
oﬁs[h\—cv010nentaa1e yl)lron] dication and (n-L,5,9,10-tetra-
hydropyrene)-trans- 01s[Oq—cyclopennadlsnyl)*ron] aication. The
mechanism for partial hydrogenation of the pyrene ligand was
discussed [210].
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Iie
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A series of (q-are:e)(ﬁ—cyclopen'

TO o
(SAS1

red by ligand excrianje vetw
n

s
wnich then behav

epa
Devrotonation of the cations with vot
ponding zwitterions

with alkyl haliides, carbon diox
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[o]
[»)
"
o
[u]
1,
[}
H

_— i
<:> 002H (:) CH{OH)R (:)
Fe Fe Fe
H H
H H
- o~ R
11.6 1.7 11.8
Reaction of ferrocene with hexamethylbenzeiie and aluminium

atmosphere of carbon dioxide resulted in
the n-arene complex

chloride under an
carboxylation and ligand exchange to give
(11.6}. When hexamethylbenzene was replaced by nashthalene or
mesitylene the complexes [(q-naphthalene)?e(“—CSHuCOZH)]+ and

. + s N R ~
[ﬁq—me51tylene)Fe(ﬂ—CSHACOZH)] respectively were isolated [412].
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CHAR

e Fe N
Fe
R (00)3
B | _ _
1.9 11.10 1.1

On dissolution of the (n-cyclohexadienyl)(n-cyclopentadienyl)-

n complexes (11.7; R = He, Ph) and (11.8; R = CH;0H, CHeZOH)

4

ro
n trifluorocacetic acid the corresponding (q—arene)(q—cyclOpenta_

J<

ienyll}iron cations (1.9 and 11.10)} were formed by loss of the

[oN

hydroxy group and nydride transfer. The mechgnism of this
reaction was studied by tne use of deuterium-labelled subsitrates

~ave the corresponding methoxyborane wnich on treatment with
EeZ(CO)9 gave the conjugated diene-tricgrbonyliron complex (11.11).
Wnen the complex (11.11) was heated, bis(n- -methoxyborabeizene)~
iron was formed & his cOompleX was redi h lithium aluminium

)
ed in nydride dis-
nation of bis(n-1-butylborabenzene)iron.
Rezction of the complex (11.12) with trifluoroacetic acid-d
resulted in the incorporation of up to four «-D atoms [21&].
The theoretical model wvwreviously proposed by Bochvar =nd
coworkers has been used to calculate charge distributions in the

mixed szndwich compound (q—CBHB)Fe(q—Céﬁé) and the corresponding

cation. Atomic charges obtained {for the neutral complex were
as follows; Fe +0.006, cyclopentadienyl C -0.092, benzene C -0.024

ied out for a
CO_kie).
> )

IND0 Moleculzr orbital calculations were carr

+ s -

series of cations [(q—Céﬁsx)Fe(q—CEHE)] (X = H, ke, ONe,
An attempt was made to correlate the reactivity of the T-coordinated

ligands with electronic parameters. 1t was concluded that the

factors which determined the position of attack in a particular
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ring were neither charsge controlled nor influenced by the lower
erergy unoccupied molecular orbitals in the complex [216].
HSR svectra of several electroneutral (q—arene)(w-cyclooenta—

dienyl)iron complexes were measured at 77-300 K. The g-Tactors

were slignitly anisotropic and the values of the splitting of the
e{g energy levels were determined on the basis of g-factor

anisotropy. An unusual temperature dependence of the =S soectrum
of (W cyclonentadien yl)(“ naphthalene)iron was observed and this
was discussed in terms of the Jahn-Teller effect [217].

The 19-elecitron (q-hexameunyLbe 1zene jiron complex (171.713)
underwent hydrogen abstraction with molecular oxysen to Torm the
(“ cyclonexadienyl)iron complex (11.7{). Relsated (q benzene ) -
G\—cyclopenuaalenyl)lron complexes wnere the benzene ligand had

less than six methyls were dimerized by oxygen to give binuclear

o9
o &

11.12 11.13

(q cyclohe adienyl)iron complexes of which the dimer (11.15) was
typical [218]. '

The n-arene-iron complexes (11.16) and (11.17; R' = bie, R® = Me,
%) were prepared by reduction of the parent cations. Reaction
of the comnlex (11.16) with air foilowed by addition of excess

‘methyl iodide, metathesis with HPF% and reduction with sodium
1

amalgam gave the hexaethylbenzene derivative (11.17; R = H,
RZ = Bt). Treatment of the complexes (11.1?; R1 = H, .R2 = otj
R1 = le, Ra = Bt) with oxygen gave the corresponding 02_' salts.

The crystal structure of the complex (11.16) showed that it was
a 19-electron complex with both rings plansr and parallel [219].
The neutral (n-aren e)(\—cyclonentaale 1wylliron complexes

(arene = PhlMe, PhPh, phenanthrene, fluorene, tetrzlin) were
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11.16 11.17

obtained by reduction of the corresoonding cations with sodium
amalgam in HeOCHQCHQOMe. Yields of ©66-80% were obtained and the

x properties of the complexes were Investigated [220].
Treatment of bis(“—benzene)iron(II) cation with tertiary
s gave the corresponding air-stable phosphonium cations
(11.18; R = n-Bu, Ph, p-solyl) [221].

The treatment of [RuClz(qé-arene1)]2 in acetonre successively
tetrafluoroborate or silver hexaflucorovhosphszste, acid
tic acid, nydrogen tetrafluoroborate or hydrogen

e) and arenez gave the ruthenium(II} salts

[Ru(w—arene n

methylbenzen T = a wide range of aromatic compounds;

e
o]

e
os

1)(f\—are..ez)]x2 (arenel = benzene, mesitylene, hexa-
e
) in good yields. Preliminary experiments indicated

X = BFL, PF%
that these ruthenium(II) salts could be reduced by alkali metals
to give zerovalent bis-érene-ruthenium(o) complexes of the type
[Ru(ﬂé-arene1)(ﬂu-arenea)] [222].

The 19-electron neutral complex (11.19) was used with the
corresponding cation as a redox couple for the reduction of

nitrate ion to ammonia at a mercury electrode [223].
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F' PR, o+
H
Fe Te
| _
11.18 11.19

12. (q-CcHc) Ru and (n-Tcic) .08
Ruthenocene was prepared in good yield oy

ﬁ—ruthenium(III) chloride with cyclopentadiene‘
The exchange ol iron 1n ferriacenes with 1uBRuCl3 cave =

‘'The reaction conditions

tresating
in ethanol [224].

series of radioactive rutnenocenes.

- . 5 - s . 103, .
were optimized to give the maximum yields of 3Ru—rutnenocenes

cation of thermal modulation spgectroscopy to
including ruthemnocene,
thermal modulation method was useful for
and ions with (i) non-Boltzmann

and organometallic compounds,
a

ted. The
n

ii) multiple levels responsible

s
excited state populations,
(iii) vibronicglly allowed transitions

for the observed emission,
(226 ].
Ruthenocene has been metallated with n-butyllithium in the

oresence of tetramethylethylenediamine to form lithio-,
The metallsted

1,11-dilithio- and 1,3,1'-trilitnio-ruthenocene.
1,1%~diiodo-

intermediates were treated with iodine to form iodo-,

and 1,3,1'-triiocdo-ruthenocene. +The relztive ylelds of the

jodoruthenocenes were dependent on the solvent mixture used and
on the proportions of the reactants [227].
Estradiol—3—ruthenocene-1OBRu carboxylic aecid ester (12.1)
and -17—ruthenocene—103Ru carboxylic acid ester were injected
The radiocactive label was concentrated

into three-day old rats.
Jdith the C-17 ester the

to the greatest extent by the liver.
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uterus and the ovary were also labelled and the kidney was
lebelled with the rutnenocene derivative (12.1}. The greatest

amount of labelling occurred witnh the C-17 ester [228].

] 2
Pd c1 Ru
Ru c1 Pa
Me I ——mm
Me, N CH,
12.3

The reactlon of rutnenocene with an arene in the presence
um

[l

&
of an alumini halide and aluminium powder resulted in ligand
exchange to give the corresponding f\~arene complex (12.2; R =H ,
ke, Pn, Cl) in low yield. HMR spectroscopy indicated that these
complexes had a sandwich structure with planar undisturbed cyclic
ligends. It was concluded that the positive charge was delocal-
ized onto the ligands to a lesser extent with [(q-arene)Ru(q-C5H5)]+

as compared with [(q—arene)Fe(r\—CEHS)]+ [229].



(Dimethylamino)methylruthenocene combined with LiZPdClu to
give the binuclear palladated ruthenocene (12.3). The structure
of the complex was confirmed by IR spectroscony and by reactions
with triphenylphosphine, thallium(I)acetylacetonate and LiAlDu.
Some reactions of z relzted mononuclear palladated ruthenocene

were described [230].

13. (f\‘c_jq_ﬁ, )CO(ﬂ\_CSES)
Bis(trimethylsilyl)acetylene combined with dicarboayl-

(q—cyclopentadienyl)cobalt to give several products including
the (W-cyclobutadiene)cobalt complex (13.1) and the trinuclear
cluster complex (13.2) the structure of waich was determined by
A-ray crystallogrepny. It was concluded that several mechanisms
were operating concurrently to give the observed products [231].
Phenyl-1-naphthylacetylene combined with dicarbonyl-

(q—cyclopentadienyl)cobalt to give two isomeric forms oi the

Co Co
MeySi, | Silies o / \
O .l-xeBS]_—'C\\)CQ/ C—-CEC——'S:.LIIFEB
Me ,Si SiMe, s
13,1 13.2

corresponding substituted (“-cyclobutadiene)(W—cyclopentadienyl)—
cobalt complex. The crystal and molecular structure of one of
these isomers (13.3) was confirmed by an X-ray crystéllographic
analysis [232].

Reaction of the dienediyne (13.L) with dicarbonyl(q—cyclo-
pentadienyl)cobalt gave the fn-benzocyclobutadiene complex (13.5;
R = SiMeB). Desilylation of the complex {13.5; R = SiMej) with

tetramethylammonium fluoride gave the parent complex (13.5;
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R
~ ©
Sike = j R
Co =T Soinm
Pa 1 Q 7 ? Go
57 1O
O O \ = —>3ile
O - ’
13.3 13.4 3.5
R = 4H) as an air stablie solid. 1h NMR spectroscony provided

evidence for diatronic cheracter of the complexed as opposed ©O

b

the Tree benzocyclobutadiene ligand [233].

0
coc1 Ph 0 h 008
X 4 o
. O J Ph
Pn Ph . [ =
¥h Co —_— o Co O
{co) ~N¢c—o0
3 0 Ph
3.6 13.7 i3.8

The 2-cycloonropene-1-carbonyl chloride (13.6) combined with

the cobalt tetracarbonyl anion to give the (n-cyclobutenonyl)-

cobzalt complex (13.7) which was in a tempersat
binuclear (“—0"010bu adiene)-

ture dependent

tauntomeric equilibriuvm with the

cobalt compiex (13.8). Several related reactions were reported

[23n].
The crystal aznd molecular structure of the cobalt complex

analysis. The perpendiculsar

-7

(13.9) was determined by X-ray
s apges (q -C 'LSlhe )=Co and (q—C&Phu)—Co were 1.688 and

t
1.6G99 A espectﬂvelv [235]
The flash vacuum pyrolysis of several substituted (q -cyclo-

buuaalene)h\—cyclooentad1eryl)cobalt complexes was SEudled It
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was concluded that: (i) thGT\u—cyclobutadiene complexes decomposed
cleanly to regenerate their component acetylenes, (ii) the
decompositions required intermediate bis(alkyne)cobalt complexes,
(iii) rotation =nd reclosure of the complexed alkynes to cyclo-
butadiene rings comveted with decomplexation; and (iv) migration
of cobalt along the triple bonds of diyne ligands did not occur
[236].

The reaction of dicarbonyl(n-cyclonsentadienyl)cobalt and
mesitylphenylacetylene gave the “—cyclobutadiene complex (13.10)
and tne q—cyclopentadiehone complex (13.11). The structures of
the complexes (13.10 and 13.11) were determined by X-ray analysis
and the 1H and 130 MR spectra were recorded and interpreted.
Both the complexes (i13.10 and 13.11) exhibited a high degree of

intramolecular steric crowding [237].

SiMe 3 Q

Co Co Co n
Ph hn Ph l lies Mes 1
O O o
Ph Ph Mes Ph Ph
Mes
Mes = Mesityl
13.9 73.10 13.11
0 oMe |+ Fh
/
- R ] l 2 Ph Ph
Co Co Cg)
C
(GO)ZL B (00)2L | ( 3
13.12 13.13 13.14

References p. 429



The (n-cyclobutenoyl)cobalt complexes (13.12; R = Zt, Phj
L = CO, PPh3 PEtB, Plie Ph PhePh )} were converted to the cationic
(q-cycTOOuuaulene)conalt comnlexes (13.13; R = Et, Ph- L = CO,
PPnB, Pzt 39 Phie Pn PHePh, ) on treatment with he30 Pr6 . The
complex cations (13.13) were isolzted as the tetrafluorovorate,
hexafiuoroprhosphate or hexafluorcantimonate salts. lhen the
cation (13.13; R = Ph; L = CO) wes warmed with benzene then 211
three carbonyl groups were displaced to give the corresponding
(nroenzene)(qrc rclooutadiene)cobalt cation [238].

Octacarbonyldicobalt was attacked by triphnenylcyclopropenium
fluoroborate to form the (“-cyclopropenyl)cobalt complex (13.1L),
the complex was characterized by X-ray crystallography [239].

1h. (3—0525)200 and [(n Cf":) Co]

The chemistry of cooaltocene, cobaltociniwn salts and other
cobalt sandwich compounds was reviewed by Sheats. This is
exnaustive review of all the literature on cobaltocene and related

compounds up to 1976 [2&0].
Electrochemical oxidation of the methyl ester (1Lk.1) gave

the corresponding cobaltocinium cation, the reaction was only
vartially reversible The crystal and molecular structure of
the complex (1L.1) determined by X-ray crystallography and

ogether with that from.1H and 13C NMR spectroscopy

002He CcO Le
Go
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Cobalt(II) chloride combined with tri-n-butyl(ethyltetra-
methylcyclopentadienyl)vin, Sn(etmcp)Buns, to form, after Lreztment
with chlorine, the complexes [Co(etmcp)Cl(,M—Cl)]’2 and
COB(etmcp)ZClé. These two complexes were used to prepare a range
of (1\-etmcp)Co complexes including the (q-cyclohexadienyl)cobalt
derivative 14.3 the (f\—butadiene)cobalt compound 4.l and the
carbonyl bridged binuclear complex 14,5 [242].

Cobalt chloride was treated with 5,6-bis(diisopropylamino)-
calicene in THI" and then with potassium perchlorate to form the
cobaltocene complex {1L.56) in 25% yield [ZL[B].

B 1 i i
N7/

-

Co

< X
6 Go——GC=0
1.3 1l 1it.5
N(CHI-IeZ)2
‘ :N(CHMeZ)Z
Co aclou'
‘ 4 :N (CH.I'ie\2 )2
N(CI—H‘ieZ)Z

1.6
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Treatment of the cooaltacyclonentadle es (1h.7; &' = Ph,
ke, CO ¥e) with the isocyarnides r21G (R = CMeB, p-tolyl,

2,6—xylyl) gave the corresponding iminocyclopentadiene-cobalt
the cobalt complexes (14.8) with
the cobalto-

complexes (14.8). Reaection of
methyl iodide or hydrogen tetrafluoroborate gave

cinium salts (i4.9; 25 = He, X = I and RS = H, X = BF,) respect-

ively [2&4].
The Formetion of (q—a17yl)(q cyclopentadienyl)cobalt

derivatives has been lnvestigated. 1In one csse, the cobalto-

cinium ion was obtained from alcarbonyl(“-cyc«one 1tadienyl) -

cobzlt and 2-methyliallyl chloride [ELJJ
B I+
Co X
R1
2%y 7!
Ph
1.7 1.8 1.9
Treatment of 02303111 With cyclopentadiene in the presence
of cobalt(II) chloride gave (n-C.E-)Co(n-C ) in good yield.
/ 2 11
A similer route was used to prepare (ﬂ S,S)Jl(q 0259411),
_n 1 s - s _
(W VS”S)Co(q 38“ ), (W Cﬂnf) o{n-¢ C.,BgH, JNi(n-C nS) and
{n-C ~nH)Co(q— B¢t 10) [ ]
The direct reaction between dicarbonyl(m—cyclopentadienyl)—
cobzlt and pentaborane(9) gave the cobaltaborane complex (1L.10]).
The Bzhgz ring was formally isoelectronic with CSHS_ and thus the

complex (1ilL.71C) was isoelectronic with ferrocene [2L7]

Cyeclic voltammetry and d.c. polarography have been used to

investigate the electrochemical behaviour of

decker szndwich complexes (1i.11 and 14.12).
reversible one-electron

the cobalt triple-

The complexes

were found to undergo a series of
Xidetions a2nd reductions in non acgueous solvents of the form:
.1

(1 1)2+: (1le11 )+ = (.11} == (1bh.11)" ::(14.11)2

=
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H
\\B/B\B//H
SN

y I AN Go Go
H g0 EH |
HB——BH
/ i )
HB dB\\/(Bh
~Co Co
14.70 14611 14.12

The results were discussed in T2rms of metval-metal interactions
and delocelization of electron densiiy [248].

The electrochemical reduction of the rhodociniwn ion (ilk.13)
has been investigated by polarograrhy, cyclic voltammetry and
controlled potential conlometry. Tne cation (1iL.13) was reduced
in two successive, one-electron processes. Neutral rhodocene

was highly reactive and dimerized to Torm the mixed (q—cyclopenta—

+

Rnh Rh

Rh

.13 1.1l
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alenyl)(q cyclopentaaﬁene)rnodlum complex (1i.14) [2&9].

The rezction of the electrochemically generated cobaltocene
snion with phenol was studied by polarography, cyclic voltammetry,
differentisl pulse polarography and bulk electrolysis. It was
established, via deuterium-labelling experiments, that protonation
of the cobaltocene anion took nplace directly at the ligand and
that a metsl hydride intermediate was not involved [250].

The magnetic susceptibllities of chromocene and cobalifocene
have bgen studied over the temverature range 0.9-300 °K and the
results hsve been interpreted using complete ligand field theory
in sl-gnlJ distorted C v symmetry [2;1]

5’Co-uclna" guadrupole resonance spectra were obtained for
e ssries (n-cyclopentadienyl)- [q—(B) 1 c—dwcavbollyl]cooalt
derivatives. It was concluded that tne electronic configurations
of’ these molecules were similsr to those of a metal {992]

The efifect of substituents on the acidities of hydroxy-

ct

cobaltocinium and -rhiodocinium salts was invesclgated. ne
acidity constants, &,, vere determinsd svectrophotometrically
and & acidities increzsed with increasing electronegativity
of the substituent but decreased wnen rnodium(IiI) replaced
cobelt (I11) or wnhen five methyl croups were on the second

nrcyclOpentadienyl ring, An attemot was made to relate the

@ O BChZPh
Co Co Co
Lx O Ot
GPhiMe 2
2
1L.45 .16 1h.17

acidities to Harmmett'!s substituent constants [253].

The alkylation of 1,1!'-dimethylcobaltocene with 2-bromo-2-
phenylpropane was stereospecific and afiforded an exo-adduct
(1.15) with 2,3-dimethyl-2, 3-diphenylbutane as a minor product
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which suggested a radical mechanism for the addition. The
reaction with 2-cyanoazoprovane took place in the same way.
Cobaltocene underwent ring expansion with benzyldibromoborane
or dichloro(2,li,65-trimethylphenyl )borane to give severzl cobzali
complexes containing borinato and boracyclohexa-2Z2,Li~-diene ligands,
typical products were the 1-benzylborinszto cation (14.16) and
the bis(1-benzylborinato) complex {10.17) [25&].

Treatment of cobaltocene with tetrapnenylcycloventadienones,

S

Lie lie

10.18

duroquinone and other dienes gave (q—cyclopentadienyl)(q—diene)—
cobalt complexes in which the diene was activated. The preparation
and reactivity of the corresponding rhodium end iridium complexes
was described [255].

Cobaltocene was attacked by dimethylphosphine to give the
diphosphine adduct (14..18) which in turn underwent protonation
with trifluorocacetic acid in ammonium hexafluorophosphate. ~The
proton occupied a2 bridging position between the two cobalt atoms
(256 ].

The reduction of dichloro(1,5-cyclooctadiene)platinum with
cobaltocene in the presence of excess 1,5-cyclooctadiene gavé
bis(1,5-cyclooctadiene)platinum [257].

Cobaltocene in benzene has been used as a catalyst for the
cycloaddition of acetylene to aminonitriles, RZN.CN where
R = alkyl, aryl, R, = (CHZ)A’ (CHZ)S at 70 to 180°C under pres-

2
sure to form the corresponding 2-aminopyridines [258].

15. Cobalt-carbon Cluster GCompounds
The S-alkyl xanthates of o~cholestanol, cholestanol,
cholesterol, adamantenethanol and menthol underwent desulphur-

ization with dicobalt octacarbonyl to give the corresponding

References p. 429
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alkoxyalxylidynetricobaltnonacarbonyl cluster complexes. 1In a
typical reaction thne zanthate of cholesterol gave the cluster
complex (15.71). The clusiter complexes formed were optically

N

07 OH
T ;
l *\\\j:;;CO(CO)B ‘““:::;00(00)3
(CC)BCO 00(00)3 (OC)_Q)CO——Co(co)3
15.1 15.2

active and were catalysts for the hydroformylation of linear and
cyclic olefins but no asymmetric induction was detected [259].
The heat, zir and molsture sensitive cobalt cluster acid
(15.2) was obtained by treztment of Li[003(00)10] with dry
hydrogen chloride in hexane at -20°G. The aecid (15.2) decomposed
quantitatively at L0°C to form Z—iCo(CO)Llr and Coh(CO)12, a reaction
which involved migration of hydrogen from a ca;bonyl ‘oxygen to
cobald [260].
‘fhe hydroxy-cluster compound, CoB(CO)gc—OH, (15.2) was
shown to decompose at room temperature, via the hydrido cluster
(15.3). Acetylene underwent reductive addition with the hydrido

derivative (15,3) to give the cobalt complex (15.4L) [261].

HMe

C
\‘\N\“‘CO(CO)B

(co)3c°-————--00(co)3

15.3 15.h
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The crystal and molecular structure of benzoylmethylidyne-
tricobaltnonacarbonyl (15.5) has been determined by single

crystal X-ray crystallography. The molecule was found to have

a
a regular snd normal structure which did not help explzin the
chemical properties of these cluster complexes [262].
The X-band and Q-band ESR spectra of the tricobalt zlkylidyne
clustenr, PhCCoB(CO)9 radical anion have been anzlyzed in order

a
to examine the source of line broadening and line shave distortion

in isotropic 2SR spectra of organometallic radicals with two or
more equivalent nuclei. Second-order hyperfine splittings were
found to lead to asymmetric line snapes in both isotropic and

v

frozen solutition specira [263].
The redox benaviour of several tricobalt alityliayne cluster

complexes, KCCOS(CO)Q-nLn’ wnere X = &, ke, Ph, F, L = PR3’

P(OR)B, RIC and n = 1 - 3 has been studied by polarography and

and cyclic voltammetry. IFor complexes with n = 1, reversibple

COPh

C
\““‘*~30(co)3

(OC)BCo—-——-————Co(CO)3

i5.5
one-electron reduction was observed, whnile complexes with n = 2
showed irreversible oxidation. 7The complexes with n = 3 snowed

both reversible reduction and oxidation. In general, reduction
was more difficult and oxidation easier as n increased. The
frozen-solution ESR spectra of the complexes indicated that the

a_, antibonding orbital of the COBC cluster was only perturbed

sfightly by replacement of CO with a phosphorus ligand. The
results were discussed in terms of the electronic s
the complexes[Zéu].

The tricobalt alkylidyne cluster complexes (15.6; I = Goj;
R = Me, Et, Ph) were attacked by NaZ[Fe(CO)u] in THF %o form

mixed metal alkylidyne clusters, RCCOZFe(CO)gﬁ, (15.6; H = Fe;

tructure of

References p. 429
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= ks, ©t, Ph). 3 v ni vider indicated tha hese

R = Fe, at, Ph) peciroscopic evidence indi d that &b
complexes were similar in struciure to the parent tricobelt
clusters. The location of the hydride ligand was not confirmed

[265].

Q-1
3

.7). The compounds he(Z—EO)ZSi"COB(CO)9

were prepared and incorporated into methyl-

the methinyl tricobalt enneacarbonyls,

t
R = e, F), with tertiary phosphites, P(OR)3

roducts. The crystal and molecular structure of the tri-
substituted complex [CQB(CHe)(CO)éiP(OMe)ji3] was determined
by X-ray anslysis. The carbonyl groups were all terminal and

the three trimethylphosprhite ligands occupied equatorial positions
on the Co, triangle [267].

Treatment of the w-hydroxyalkylidynetricobalt nonacarbonyl
complexes (15.8; 81 = H, Me, Phj; R2 = QOH) with concentrated
sulphuric acid, trifluoroacétic acid, or agqueous hexaflluoro-
phosphoric acid-propionic anhydride gave the corresponding
carbenium ions {(15.9). The hexafluocrophosphate salts of the
carbenium ions (15.9) were very stable and on treatment with

alcohols, benzenethiol and aniline they gave the ethers (15.6;
1

R' = H, Me, Ph; R> = OMe, OEt), the thioethers (15.8; R' = MNe,
_Ph; RS = SPh) and the secondary amines (15.8; R = H, Me, Ph;
R2 = PhilH) respectively. + was concluded from these reactions



425

together with spectroscopic data that most of the positive

charge generated at the carbon atom, =zt which C-0 bond cleavage
s a

had occurred, was delocalized onto the cobalt atoms [208 .

1 2 1 .+ 2
H\L/R R\G/R
| !
c C
\00(00)3 \00(00)3
(CO)BCo—————-Co(CO)S (CO)BCO—————CO(CO)B
15.8 15.9

16. iﬂfcgﬁglgﬁi

fhe electronic and magnetic circular dichrolsm spectra of
cobsltocene and nickelocene, isolated in argon and nigrogen
matrices, were recorded and interpreted [269].

Reaction of excess nickelocene with the alkyllithiums,

RCH.Li ( R = Me.,S1, HeBC), gave the corresponding methylidyne

2 3
trinickel cluster compounds (1&.1). The cluster complexes (16.1;
R = IeBSi, HeBG, Pnh) were zlso prepared by treatment of the

6-2llyl complexes [(r\-CSHS)Ni(CHZR)(PPhB)] (R = He,Si, Me C, Ph)
with butyllithium in the presence of excess nickelocene [270].

Me

YA | /

PnpP Ni—13X
/ Q\CHzﬁ I’CH R
— /7 \

Ph Me

16.1 16.2 16.3
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Treatment of the phosphine sulphides [16.2; R = C(OH)Ph,,
c0rh, CHO, GO Eu] with nickelocene and allyl iodide gave the
corresponding complexes (16.3). The phosphines were released
from the nickel complexes (16.3) by treatment with trimethyl-
phosphite. The optically sctive nickelocenes (16.li; R = CHPhle,
neomenthyl) were prepared by treatment of the corresponding
lithiocyclopentadienyl derivative with tetrapyridinenicicel (II)
chloride [271].

Reaction of o -bromophenylacetic acid with triphenylphosphine
and nickelocene gave cyclopentadienylphenylacetic acid. The
same reaction was used to prepare 2-cycloventadienylprogionic
acid and cycloventadienylphenylmalonic acid [272]

Reaction of 1-vhenyl-lLi-t-butylphosphorin-3-ene sulphide
with nickelocene zand allyl iodide gave the nickel complex (16.5)
[273]).

Reaction of excess methylenetriphenylphospnorane with
th sodium tetraphenylboron

i

nickxelocene followed by treatment w
gave the cationic complex (16.56; X = BPhL). The analogous PF,‘
salt (16.6; X = PF, ) was prepared by reaction of the ylide wlth
nickelocene in uhe presence of ammonium hexafluorophosphate [274]

The bora-nickelocene complex (10.7) combined with carbonyl-
(n- -cyclopentadienyl )nickel dimer at 150° to give the triple-
decizer sandwich complex (16.8) in 96% yield [275]

Bis carponyl(n-cyclopentadienyl)nickel has been trezted
vith the diboryl ligand (16.9) to form the (q—1,3—diborolenyl)—

nickel complex (1é.10). The crystal and molecular structure

@ Pn b
wi | Ni
! -

(CHZ—PPhB)Z

/ - -
R t-Bu

16,0 16.5 i6.6

a

wl
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o’ this complex hes been determined by X-ray crystallogreashy
[276]-

A niclktel film may be deposited by hydrogenation of nickelocene
and its isopropyl- and isobutyl-derivatives in solution in benzene,
toluene and ditolylmethane over a clay catalyst at 80—3OOOC [277].

The dimerization of 6,6-dimethylfulvene was promoted by :
nickel aboms and (W-cyclopentadiene)— and (W—cyclopentadienyl)—

nickel complexes were invoked as intermediates in the reaction

(278 ].
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Bis(q-tetranhenvlcyc1obutadiene)nickel (16.11) has been
synthesized by the treatment of (ﬂruetraphenylcyclooutadlene)—
nickel dibromide with 1,2, 3,h-tetravhenyl-l,i-dilithiumbutadiene
(PhLiC=CPhCPh=CPhLi) in toluene at 20° [279].

The isomerization of guadricyclane to norbornadiene was
Triciently catalyzed by (n-triphenyleyclopropenyl)nickel com-
plexes derived from the cnloride (16.12) by loss of carbon

U]

monoxide. Reactions of the chloride (16.12) with nitrogén and

phosphorus donor ligands were examined [280]

7. (n-CgEg)oU

& convenient synthesis of 1,1'-di-n-butyluranocene (i17.1)
nas been reported. Cyclooctatetraene was converted to the
dianion of butylcyclooctatetraene with n-butyllithium and this
diznion combined with uranium(IV) chloride to form the product
(17.1) [281].

Streitwieser and coworkers hazve described a convenient .

on of bis(q-cyclooctatetraene)uranium(IV) from uranium(IV}

chloride and the dipotassium salt of the cyclooctatetraene dianion.
eld obvained was 82% [282].

The crystal and molecular structure of the uranocene deriv-
ative (17.2) was determined by X-ray anslysis. ‘The molecule
was & sandwich compound with the Cé rings in an eclipsed con-

figuration arnd the uranium agtom was nearly equidistant from all

n-~Bu

7

17.1 : 17.2

the atoms of the C, ring. The cyclobuteno ring was planar and
at an angle of 6.8  to the plane of the Cg-ring 6283].
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An electrochemical investigation of uranocene indicated
that oxidation gave a dication which attacked az second molecule
of uranocene to form a dimer dication. This species subseguently
lost a molecule of the ligand and an electron to form a product

with the stoichiometry (q—0838)303+ [284].
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