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1. Reviews
Seyferth has reviewed progress in the cnemistry of carbon-
functional aikylidynetricobalt nonacarbonyl cluster compounds [1].
The parers presenited at the symposium "Metal Atoms in Chemical
Synthesis! which to lace at Darmstadt, & n n May 1974

of the psz n
derivatives [3, 4, 5].

Koerner von Gustorf has presented a review of "Synthetic
Agplicatioié of Photocnemical Ligand Substitution in Organoiron
Comrounds" at the Dublin Conference on Coordination Chemistry [6].
The use of tricarbonyli(p-cyclopentadienyl)manganese as an antiknock
agent in petrol was reviewed. Economic data was given and two

mzaior case studies were summarigsed [7]. Bennett has previded a
review entitled "Aromatic Cozpounds of the Transition Elements™
as of Rodd's Chemistry of Carbon Compounds. The review

d compounds in which a tenzene ring was either 7v— or

wed the chemisiry of -~ cyclopenta-—
1

evie
dienyl complexes from 1565 until early 1973, some earlier



195

references were included where these were relevant tc later work.
The review was not comprehensive but concentrated attention upon
reactions in which the 7—cyclopentadienyl ligand was involved
specifically [9]. Stevenson has discussed the literature of
metal compounds containing six-electron and seven-electron
organic ligands from 1971 until early 1973 [lO]. Watts has
reviewed the literature for 1974 covering the em;stry of
n-cyclopentadienyl, n-arene and related compl s [11

2. General Results

Armstrong, Fortune and Perkins have us
to study the ground- and excited-state o
formed by the first transition series e
V2+, Cr, crt, Mn, Fe, Fe®, Co, Co+, Ni). Th
configuration interaction method has been used ©
vnotoelectron and absorption spectra, satisfact
experimental determinations was obtained. Tn
of the metallocenes were described and variati
the series wsre explained [12].

The 1,1'~di( q—n-buty1cyc100cn tadienyl)metal complexes (2.2
M = vanadium, chromium, cobalt, nickel) were vrepared. The
1 C NMR spectrz of these paramagnetic metall
in order to study C-C hyperconjugation. Th
of unpaired electron spin density to C~-f (2.2
jugation was detected [13].

X X
; B
M M M
2.1 2.2 2.3
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Lauber and Hoffmann have constructed  the molecular orbitals
1
[¥3

for the ben

bis07—cyclbpentadienyl)metal group (2.3) and have
used this approach to analyze several problems concerned with
the electroni
Anong the areas discussed were: the relationship between the

¢ .structure of themoleculesn'?—CpZMLn where n = 1-3.

gaometry of these molecules and the d-electron configuration;
bonding- with 7t-accevtor and donor ligands; geonetrical distortions
of the bis{p-cyclcpentadienyl)metal group; insertion reactions

of olefins coordinated toc the group; inseriion reactions ol -
carbonyls; oxidative coupling and allyl and tetrahydroborate
complexes. The metallocenes containing titanium, hafnium,

zirconium, vanadium, niobium and molybdenum received most enphasis
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s (P-cycloventa-
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The mass spectra of zero-valent transition metal complexes
were obtained in order to investigate The rel
Tthe avefage dissociation energies of the co
relative intensities of the metal ions,
snip was found in carbvonyl PR -benzene an
complexes where tnere was a reliatively si
scheme [21].

3
B
G B
b
~

3. p=C5H)V(CO),

C
anrd when n = 5 the roly )

ormed. V{R S ectroecopj indi
there was a rel ionship between 51 “V chemical snifts and the
lated structure [22]. 5ly NMR spect
were recorded for a series of vanadium complexes (-

35 CN ).

ters the ligands L wer

bz Q

(L = substituted vhosrhine, SLP n3, AsPh
e

[N
|.J
n
B
I
Q
ct
o)
g o]

’ P(NMeZ)”,
15)7 (C0) 5 (Pry
on oxwaatﬂon or

3
rf'

that they underwen
electrode [24].
Tricarbonyl(hp-hexaphen lbenzene)vanadium the first uncharged
six-member arene carbonyl complex of vanadium, was zr n
yield by the reaction of vanadium carbonyl with diphenylacetylen

in tne absence of light and air [25].

L, (n—CcH JCr(CO0)~ (i) Formation

The como1e¥es (V—Dn5101 )CP(CO)B, (q Pr"‘MeC_a)Cr(CO)a,
(D-Ph.51 Ie201)Cr(CO)3 and (Q PnSlMeE)Cr(CO) were prepared from
hezacarbonylchromium and the correscvonding arylsilane. The

(o))
ol

reaction of the complexes with hydrogen chloride under hni
pressure was studied. Pressures up to 4000 atmospheres 1
the rate of cleavage of the phenyl-silicon bond in the complexes

wcreased

3

and in the uncoordinated arylsilane ligands. Coordination with
the Cr(CO)3 moiety facilitated the bond cleavage and the order
of reactivity in the free and coordinated ligands was PhSiM§3>
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,A_P i‘-!e.. 1> :bS:LI-feC 1y > PHSiCLz: [26, a?]

?eactlon of l,_—dlme»byl—_,s—dlphenyT-1—517acyclopentad_ene
 With chromlumrhexacaroonyl‘gave the tricarbonylchromium complex
(4.1).  Similarly, l-hydrido-l-methyl-2,3,4,5-tetraphenyl-1l-
51lacyclon°ntadlene undersent reaction w1thtr11ron dodecacarbonyl'
to form the complex (4.2) [28]. Addition of 2-pentyne to the
aromatic ligand in the complex PhC{(0OMe): C“(CO)5 gave the chromiunm
complex (4.3) [29].

/ \ Ph SiHMe
Si. i
M
1182
Ph Pn
Cr Fe
GO
(€05 (o)
3
£.1 L2
Methyl indan-l-carboxylate (4.4) which was enriched in the

(-)—-erantiomer was treated with hexacarbonylchromium to give the
coaplexes (4.5 and 4.6). The complexes (4.5) and (4.6) underwent
epimerization in the reaction to give the chromium complexes (4.6)

and (%.5) respectively [30]. The benchrotrene complex (4.7)
was obtained by heating trans-azzobenzene with chromium hexa-
carboayl in diglyme. Under photolytic conditions the same two
reactants gave a binuclear 6 -complex of azobenzene [31]. The

preparation and acetolysis of some (tricarbonyl-y-phenylchromium)-
benzyl-p-toluenesulphonates (4,8) and the noncomplexed analoguses
were reporied. The ability of the ol=(tricarbon yluq—nbenylcnromlum)
srcur to stabilize electropnilic centres was compared with that

of X-Fferrocenyl. It was concluded that the trlcaroonyl—q-phenyl—
chromium group was a poorer electron donor than the ferrocenyl
group but it was comparable to it as a conjugative substituent
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OH
Et

Me

MeO Cr(CO)5

4.3

N——Ph
J
N CH,0S03 Me

Cr Cr
(00)3 3

L.7 4.8
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ii) Spectroscopic and Physico-chemical Studies

The molecular structure of (1'=t-butyl-2',2'-dimethylpropyl)-
~{tricarbonylchromi ium)benzene (4.9) was determined from three
dimensional X—ray data.' Any strain in the molecule was relieved
by a_de#iation cf the C.'r-l—t—Bua groux and the tricarbonylchroiium
group from their usual vosition. The X-carbon atom was forced
out of the p-arene ring planedy O.%lﬂ. The dihedral angle betwsen
the plane of the benzene ring and the plane through the oxysen
atoms was 8°. The tricarbonylchromium group was twisted away
“rom the elecironicalily favoured conformation (i.e. sclipsed with
respect to the alkyl group) by 44.40 [33]. The crystal and

Cr(co)3

"
OCCMe
Me

(&8
3

4.9 ‘ £.10

molecular structure of tricarbornyl 07—mcuny1oenzoa»n)chrom1um was
determined by X-ray analysis and compared with the structure of
dicarbonyl@7—meunyloenzoate)talocaroonylchromium [34]. The
crystal and molecular structure of (q-ggg-z-acetoxybenzonorborn—
enyl)-exo-tricarbonylchromium (4.10) has been determined by X-ray
crystallography [35].- ESCA was used to study the effect of
substitution on the aromatic ring in areneiricarbonylchromium
complexes, (N-ArX)C r(CO)5 (X = Me, Et, Pr, F, Cl1, Me0O). The
chemiczl shifts of the core ionization energies {C 1ls, O 1ls, Cr 3s)
n re

were measured and discussed in lation tc the bonding in These
complexes [36].
Qetracyanoethylene charge tran-.fer complexes of 07—benze ne)-
ricarbonylchromium compounds were studied by an electron spectro-
scopic method, A linear relationshin was obtained between the
harge-transfer frequencies and 6}[ substituent constants which -

indic ated that the tetracyanoetinylene interacted with the!7—benzene



ligand [37]. Rate constants were determined spectrophotometrically
for the reduction of the p-indanonechromium complsxes (4.11;
Rl =R = H; R"=Me, RZ = H; R- = Et, RS = 8; RY = pr
R® = 8; R'-H, RS = Me; RY = 3T, R = mt 1

by sodium borohydride and scdium borohydri
re

i

values varied significantly as the deg
around the ketone gr

displacement of the tr

reaction [38]. Th

infrared carbonyl stretching vibrations for thne alkyl-substituted
07—oenzen=)tr1cfrbo wylchromium complexes were reccrded. Only

small perturbations of QBV symmeiry were oObserved A satisractory
correlation was obtained between the CO force corstants and
electronic substituent paramesters for the monosubstitutesd
complexes. For the di- and tri-alkylsubstituted benzene complexes
the substituent effects were zpproximately additive [39]. The

lH NMR and infrared spectra of the tricarbonylchromium complexes
(4.12, 4.13 ané L4.14) were discussed. The C-0 tching

- - . -1 . . T s s :
frequencies at 1958-86 cm - indicated that the ©

a
electironic substituent effects to the carbonyl grour inv
n

olved a
mesomeric msechanism comprising both the substituent &nd the arene
. 1., ~ s Y- . -
ligand [40]. The “HE NMR spectrum of the tricarbonylchromium

complex (4.9) was studied cver the temperature range 0—115°C.
The spectra indicated that there were two rOLamers present
(4.15 and L.16) which exchanged slowly at 0° At nigher
temperatures the exchange rate increased and the AGF value for

the interconversion was 16.9 kczal mol’l‘vbwcb was smaller than the

References p. 297
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CH=NPh N=CEPh H=N

Cr : Cr- Cr Cr
(CO CG CO :

)3 ( )3 ( )3 (00)3
5.12 5,13 AT

and. This decrease was
he alkyl znd the
mers of the complex [41].

4.1 4.16

A series of alkyl-substituted ()-benzene)tricarbonylchromium
complexes was prepared and the “H NMR specira were recorded.

it was concluded that the alkyl group tended to orientate the
Cr(CO)3 into conformation (4.17). The adverse steric interaction
of a bulky aryl with a superimposed carbonyl ligand favoured
conformation (%.18). The bulkiness of the alkyl group helped

to determine the conformational eguilibrium constant [42].

lH NMR spectroscopy has been used to investigate hindered
rotation in dimesitylmethnane chromium complexes such as the
ketone (4.19; X = 0) and the hydrocarbon complex (4.19; X = 32).
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n

The complexes adopted nelical conformations and
barrier for rotation of the ketone was 5 im

si
Q
o

H
IJ:
Q
)
"
(&)

than that for the hydrocarbon complex.

yere also studie

P

complexes of biphenyls
07 —cumyl)c
corresno
liquid sulphur dioxide

o
i3 leﬂ
i
[

o
3
Il

ct
]
{2

chromium cation (4.20) wzs obi ed
ing cumyl alconol complex with fluorosulp

3
o8

’3

9

o
c
at -80%. ' and *PC NMR spectrosc
hat the cation was stabilized by back donation ©
ns he chromium atom to the arsae ligand
ctrcscopic measurements thed  subst

bon

charom1um group was estimated as

Cr Cr

(co) (CO)

4.19 .20
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The 15P NMR chemlca1 shifts of the benzene r1n~ carbon atoms
in a. se;1=s of 07-d1phenyl)cbrom_um trvcarbonyl and’ relatcd
complexes have been determined. Lﬂ”ge upf field shifts in the.
.carbon resonances of the complexed ring were observed while the

resonances in the uncomplexed ring snowed onTy very small snlfts.
The results indicated- the importance of & —-effects in the. trans~ -

mission nf substituent effects. Typical comnTexes investigated
were the biphenyls (4.21; Rl = H, F, Cl, Me; R‘ H, F, Me)
arnd the diphenylalkanes {(4.22; 4 = H,, CHE,CH;, CH=CH, CO) [45].
1

R r® 4

Cr Cr

(CO) (co)

3 3
4,21 4.22

he 13C NMR spsctra of benzecnorbornadiene and the two chromium

conplexes (4.23 ané L.24) were recorded. The specira suggested
that there was little molecular distortion on the formation of the
complex (L.23) from benzonorbornadiene but on conversion of
complex (L.23) to the complex (4.24) appreciable strain was
introduced into the alkyl portion of the ligand. It was con-
cluded that in complex (4.24) the chromium atom was not symmctri-
cally placed with respect %o uae benzene ring and that it was
strongly bound to the carbon- ca_oon double bond [46] ~ Olah and
Yu have used 130 KMR spectroscopy to show that (qfanlsole)~
tricarbonylchromium was protonated exclusively on the chromium
atom in sulphur dioxide containing fluorosulphonic acid at -80°

[47].

b~

ijii) General Chemistry
he phenylboronic acid [4.25, R = B(OH)Z} prepared from

phenylboronic acid and triamminetricarbonylchromium was converted

i



205

(CO_)3 (co),

L.23 L.24
to the anhydride (4.25, R = BO) on heating in vacuo. It formed
the ester [4.25, R = B(OPrn)Z] With propanol in boiling benzene
and the mercurichloride (4.25, R = EgCl) with mercury (II) chloride
fu8]. The interaction of the (Q-arene)carbonylchromium complexes
R
(Cr M M
Cco) (co) Cco)
> 3 ( 3
4.25 4.26 4,27

XArCr(CO)ZL where L = CO, EPhB; X = H, BﬁMe), OMe, CO,Me and

COMe with visible light was investigated by measurement of the
electronic absorption spectra. Photo-decomposition occurred and
this followed first order kinetics. (q—Benzene)tricarbonyl—
chromium decomposed to give benzene and hexacarbonylchromium and
the introduction of a substituent into the benzene ring had no
effect upon the rate of decomposition. Substitution of a carbonyl

References p. 297
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fgr¢up by a triphenylphosphine ligand increased the rate of
decomposition [£9]. The - formation of adducts bet#een bethr0-
4trénés;and,LeWis acids inrsolutidn has been investigated by
infrared spectroscopy. ,The arens complexes (4.26, 4.27; M = Cr,
—Jd, W) gave adducts with titanium tetrachloride and tin (IV)
chloride containing'arﬁransition metai—Lewis acid bond. When one
carbonyl group in the arenes (4.26, L.27) was replaced by a
triphenylphosphine group then stronger adducts were formed [50].

' The reaction of carbanions with (q—arene)tricarbonylchromium

compounds was studied by 1
carbonylchromium was treated with lithiocyancmethane and it was
concluded that exo attack of tne carbanion occurred to give the

H NMR spectroscopy. (q—Benzene)tri—

intermedizte (4.28). The rezactivity of the intermediate (Scheme
4.1) was gererally consistent with the n-cyclohexadienyl structure
[51]. The mechanism of electrolytic reduction of benzyl chlorides,

HacN
’ CH
=4
+ CH_CN
—=> >
weak acid
Cr c
(CO) r
3 CO
oAl ¢ )3
L.28
{ > +  ECHCN
Cr
(00)3

Scheme 4.1
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free and complexed with tricarbonylchromium was investigated,

The fission of the carbvon to chlorine bonds in the complexed
chlorides occurred zt less negative potentials than those of the
uncomplexed compounds [52]. The polarographic reduction of
(p-benzophenone)tricarbonylichromium (4.29) and related compounds

in dimethylformamide has been investigated. The polarograms

showed two well defined waves, the first corresponding to formation
of the radical anion and the second to the dianion [53]. Therm—~
olysis of the sodium salt of tricarbony107—acetophenone)chromium
p~-tosylhydrazone was studied in pyridine in the presence and absence
of 1l,1-diphenyletnylene and cyclokexene. The products isolated

were rationalized in terms of a diazo intermediate and tricarbonyl-
(7)-methylphenylcarbene)chromium [54]. The (-)-tricarbonyl- B
(p-indanone)chromium compound (4.30) of kncwn configuration and
optical purity was condensed with 2-formyl-4-methylbenzoic acid,
esterified and reduced with hydrocen over a catalyst to 3orm the
ate (L4L.31) was saponified and

.

ﬂ'

g

ester (4.31). This interme
cyclized to give a mixture of the (-)-trans- (4.32), and (-)-gis-

-spirobiindanone from which the free chiral spiroindanone 11ganas

were liberated and reduced to yield the (-)(S)- (4.33) znd (+)(R)-
~-spirobiindanes respectively [55].
The (q—indane)chromium complex (4.34; R = H) was formed from
nylil

the free optically active ligand and chromium hexscarbonyl. T
ment with base and the appropriate halide led to stereospecific
introduction of substituents to form the alkylated ester complexes
L.34; R = Me, CPZDn CHZCL 002, CH,C=CH, CH,C ﬁue) The tri-

carbonylchromium group was removed by Dhoto—inducea oxidation to
leave the corresponding copticalilly active indan-l-carboxyli

ester [56]. The effect of pH on deuterium exchange reactions of
the chromium complexes (L4.25, 4.35 and L.36; Me, OMe, CO,
COMe) was investigated. The rate of exchange between the
m

o
!
I

Me,

complex (4.25; R H) and 0:300 D was alr e
of benzene whereas the rate with the complex (4.36;
increased tnree-fold. Substituent effects with the complex
L.25; R = H) were negligible. The rate of deut
for the complexes (4.36) was higher than for the corr
complexes (4.25 and 4.35) [57]. The Tt—-complexes of pt
(4.37; M = Cr, Mo, W; R = Pa, R® = Ph, Me, CH,Ph, CMe o33
, OMe) were obtained as air-stable solids by heating
phosphorin with the appropriate metal carbonyl or with

References p. 297
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Cr
(co
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2 Cr
(co) (CO)ZPPh.5

Lok £.35 4.36
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M(CO)B(MeCN)B. X-ray sbtructure analysis showed that the phosphorin.
ring remained planar on complex formation but.it was not possible
to decide to what extent the ylide form (4.37) or the arene form
(4.38) participated ir the ground state bonding of the complex [58].

=

R
2
&—> R PX, o2
L1
M Cr
(GO)3 (GO)3
37 k.38 .39

Unsaturated vegetable o0ils, such as soyabean oil, were
hydrogenated at 180—2500 and under pressure (30 atmos) in the
presence of a benchrotrene catalyst (4£.39) [59]. Tricarbonyl-
tris(l,2-diphenylacrylonitrile)molybdenum was prepared by the
addition of tricarbonyl(v—ﬂesitylene)molybdenum to l,Z—diphenyl—
acrylonitrile, It was suggesfed that the ligand was bound to the
metal by the alkene double bond [60]. Polystyrene beads were
treated with hexacarbonylmolybdenum to give (q—polystyrene)tri-
carbonylmolybdenum. The polymer anchored tricarbonylmolybdenum
behaved as a Friedel-Crafts catzlyst for acylation and alkylation

and it also catalysed the bulk polymerization of benzyl chloride.

The anchored catalyst shcwed decreased activity when compared with
the corresponding homogeneous system. Exchange and leaching
1

bdenum group remained attached to the rolystyrene when it was
used as a catalyst. When the polymer anchored catalyst was
reused six times, in the alkylation of anisole with t-butyl
ty [61].
The early stages in the polymerization of phenylacetylene
by tricarbonyl(r]-toluene)molybdenum have been studied usin
diphenylacetylene as a model monomer, Among the products isolated
were hexaphenyl-Dewar-benzene, carbonyl(q—diphenylacetylene)-

’_I-

chloride it showed no loss in activ

References p. 297
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50?etvt‘>ph y1cycloouuadlene)molybdenum and a trinuclear complex
containing twc molecules of diphenylacetylene. It was concluded
that ‘the 07-&01uene)—molybdenum bond remained intact during the

bas been used to generate in situ ?-arene)tricarbonylmolybdenum
catalysts which were used for acylation, alkylation, dehydrohalo-

gqlzmgnlzatlga.es,ahenulane%v}eae>56tJ - #Molyovdenum fAexacarbonyl

genation, polymerization and sulphonation of benzenoid aromatics
such as toluene and anisole'[63,64].(7-Arene)tricarbonylmolybdenum
compounds, whern used as Friedel Crafts catalysts in the alkylation,
acyliation and sulphonation of aromatic substrates, showed improved
electivity in product-formation leading to p~isomers as the

n

principal products [65].

(iv) Analogues
Dica rconJTD7 -{2,5-dimethylbenzyl)ailyl ether]chromium was
c pairs of enantiomers.

vared as a mixture of two diastereoisomeri
st r (4L.40 and L.41)

tructure of the principal enantiomeric
was established by X—ray analysis [66]. - -Complexes of methyl-

&

'U

Cco

pyridines have been obtaired by direct combirnation of hexacarbonyl-
choromium witk the ligand, Thus the tricarbonylchromium complexes
(L.2; R H, Me) were formed m 2,6-dimethylpyridine and
2,3,5,6-tetramethyipyridine. The spectroscopic properties of

these and otaer tricarbonyl(v—pyrlclne)chromlum complexes were
discussed [67]. The thiophene complexes (L4.43; ng R® = H, Me

3
OMe, COZMe, Br) were formed by treatment of tricarbonyltripyridine-~

H,



R Me Me Me
H-—q//
[K\( L\
(\‘;/)N Me g (\_/) B Me
R Me Cr L £t
Cr (co)
(C0) 3
Cr
(co),
L.L2 L.b43 Loblh
chromium with the free substituted thiophene [68]. Treatment of
triacetonitriletricarbonylchromium with an alkyl substituted
analosue

l1,2-diaza~3,6-dibora-4~cyclohexene gaVe the benchrotrene

(4.) [69]. A series of (ry—triene)Cr(CO)5 complexes of

derivatives of cycloocta—l 3,5-trisne were prepared.

(L.45) rearranged at TOO to give {n-bicyclofs. 2.1]nona—2 L 7—v

—triene}Cr(CO). (L.46) in zlmost gquantitative yield. Ti
of (MeCN), CY‘(CO)3 or (dl lym ) “o( )3 with cycloocta-1l,
save the corresponding tricarbonylmetal compounds [70].

100°
s
Sh
Cr
(co)
co 3
( )3
L5 - L L6

References p. 297
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07- esitylena)molybdenum trica;bonyl'formed al: 2 adduct ,
with mercarlc chloride in acetone and the’ structure of this complex
was aeuer_lned by X-ray crySuallogranhv as bhe dimer (4.47).

The two molybdenum atoms are bridged by an Hg 012 four-membered’ ring.
Mercury-chloriné distances varied between 2.317 and 3.038 & [71].

< o} aMe

Cl———HgCl
[

Mo Eg—C1 Cr
0
(CO)Z (c )ch

Q

le—Hg Mo(Co), L .48

c

i
i

(]
Q
v}

Lo47

The valence force field of the thiocarbonyl benchrotrene compound
(41 .48) has been calculated and has confirmed results obtained
fror the vibrational spectra of this compound and benchrotrene,
e e thiocarbonyl group was a better
and Tr~acceptor than the carbonyl group [72].

tric nyl(q-talonﬂene)chromlum was similar
to thkat ot (q enzeneg)tricarbonylchromium in that there was
successive elimination of three carbon 1yl groups -and of the ligand
molecule. The cation CrS+ was formed in the fragmentatﬁon;and
tris suggested that part of the ion f(qaCA",S)Cr(CO) J where
n = 0, 1 was subject to G-type coordination (4.49) cor both

77—~ and g—coordination (4.50) [73].
ium complexes with

omi
ed to complete decarbonyl-
atiorn but at 200 TCrCl(CO)ZmO] was formed as the main product.
ctior of tThis nitrosyl complex with cyclopentadienylsodium

= chromium complex (&£.51). Analogous reactions with
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P A ::::S—€>Cr + i +
(co)y, B
\ é(/s
Cr
(CO)!l Cr
L (CO)ZNO
L.49 4.50 L.51

indenyl- and fluorenyl-lithium led to the complexes (4.52) and
(4.53) [74]. The (p-arene)c

by chloride, bromide and iodide ions wi

1 (&.54) was attacked
i h displacement of the
arene lizand and formation of a chromium-halogen bond [75].

M pulp Cr
(C0),NO (co)_No (C0) N0
;.52 4.53 k.5

The tricarbonylchromium complexes (4.55; Ar = PhH, PhMe, 1,4~
Me206H,, 1,3,5~-Me C6H ) were converted into the corresponding
carbene corplexes (4.56) by treatment with phenyllithium
followed by alkylation. Treatment of the carbene complexes
(4.56) with boron trichloride gave the cationic carbyne
compiexes (L4.57). Aminolysis with ammonia or dimethylamine led
to the aminocarbene complexes (4.58; R = H, Me) [?76].
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Ca
n- %cr(co)E . ———  -ArCx(c0),[C(PR)OMe]

4.55 L.56
;)~ArCr(c0),[C(Pa)NR,] «———— [)-ArCr(CO),(cPn)]1*BC1, ~

£.58 .57

The chromium substituted ylid (L.60) has been obtained by
treatment of the carbyne chromium complex (4.59) with trimethyl-

phoéphine [77].

1. ,

Be1 cr BC1L

(ccy \\Cph * (ac) 2\

L.59 L.60

CPn—DNe3

Toe kinetics of nydrogen-deuterium exchange of trifluoro-
ceticracid—dl with tricarbony 1—&7—cnlonhcne) @7—2—oromotb10—
henc}—gnd -07—2—calorotnlopnene)—cnromlum have been determined
t 25° [78]. A tricarbonyl (p-mesitylene)molybdenum-phenol
mixture was an active, selective, homogeneous catalyét for the

) ’U o

3

metathesis of aceitylenes in boiling toluene [79].

2 =Cglg)oCr

Addition of 1,4-diphenylbutane to chromium vapour gave the
nelchr

-2
bridged di(h-benzene omium derivatives (5.1, 5.2 and 5.3).
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These derivatives were converted tc their iodides and then

separated by preparative thin layer chromatography [80].

Q-(c--Z)L.L
cr (CH,), Cr
5.1 5.2

Low temperature condensaticn of chromium vapour with eth
lyr

1
vhenylacetate and pheny mple
(5. and 5.5) respectively. Th

v

water to give the hydroxo deri

pctassium icdide to give the corresponding iodides LZCrI vnere
L = n-PhCH,CO,Et, )~PhCH,CH,CO,EL [81]. The chromium complaxes
Ph(Cﬁa L (CK2)4Ph |H2
Et
cozu
Cr
COZEt
2:3 Sk
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(5.6; R = Me, Et) were prepared by the cocondensation of
chromium with the appro?riate ligand. TheSe_cdmpleXes were
+o~ R +o -
idi to the iodi -} =)oCr' T i (D-BtC E r I
oxidized to the iodides (p ‘erC6HD)2 and 07 “tc6h5)ch I
respectively [82].
A Thermodynramic study was carried out on the equilibrium.

the direct-synthesis reaction of bis(v—benzene)cbromium.

I+

n
he reaction of gaseous chromium with the solid ligand was shown

!

to be the most probable mechanism for this procsss, The
thermodynamic and kinetic stabilities of bis@7—benzene)chromium
were also discussed [83]. Chromium atoms were condensed with
2,6~dimethylpyridine at 77° K to give the bis (p-pyridine)chromium
compound (5.7). The structure of the complex was determined by
X-ray methods, the two pyridine rings were parzllel and the

complex was analogous to bis@7—benzene)chromium [84}.

H )
Cr Cr

.5 5.6 ' 5.7

N

The molecular structure of bis(?—a,6—dimethylpyridine)chrcmium
was determined by X-ray analysis. Two crystal mbdifications
Were examined and these were found to be the rotameric conformers
(5.8 and 5.9). In both forms the molecule was a true sandwich
complex with the chromiumn atom symmetrically Tr-bonded to two
2,6-dimethylpyridine ligands [85]. Tahe TH NMR spectra of a
series 6fAbis(q—arene)chromium complexes were recorded at 100

MEz and interpreted. Simple first order spectra were obtained
for most of the compounds. A reduction in J(HH)-values,

reiative-to the frse ligand, was found for the complexed arenes
and H-E coupling was limited to adjacent hydrogen atoms [86].
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2

5-8 509

5 . N 13~ . ~

Graves and Lagowski nave recorded the 2C NMR spectira, of
thirty eignt bis(?—arene)chromium compounds with the a2ikyl, F,
Cl, CFs, N(alkyl)2 and ester groups as substituents. Waer

N

e
single substituent group was present, analysis of the C-4 che
shift indicated that there was no transmissiocn of the s

c S

%
5]

0y o Oy,
&

€t across the arene r

i

H

effe

of 7t-electron density from
pprecizbly reduced the
iven

o

of an zpparatus for t
-ethylbenzene)chromium in a strong
posited in both globular and whi
decomposition [88]. The rate of pyro
benzene)vanadium was increased by the additi
benzene)chromium [89]. The heat capacit
susceptibility of bis(7—benzene)chromium iodide w

so that the long-range antiferromagnetic ordering of the com
r r

could be studied [90]. The thermodynamic properties of bis(q—
—-benzene)chromium iodide have been determined. The heats of

4
combustion and formation were 7049.6 and 42.0 kdmol
respectively [91]. _

McGlinchey and Tan hnave cbserved that fluoride ions

e

i er
displaced from bis(q—benzene)chromium complexes by nucleophiles,
et

de

|

Thus bis(q—fluorobenzene)chromium was attacked by scdium methox
to form bis(?—methoxybenzene)chromium while (q-benzene)(q—hexa—
fluorobenzene)chromium underwent replacement of one, two or four
fluoride ions by alkyl or aryl groups when treated with organo-
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-iithium reagents at -78°. In addition, t-butyllithium was
effective in metallating (7—b°nzene)07—bex fluorobenzene)~

. chromium and the _1th_o intermediate combined with a second
molecule of the fluoro complex to form the biphenyl complex
(5.10) [921. The bisbenzenechromium complex (5.11) was
attacked by chrcmium, molybdenum and tungsten hexacarbonyls to
give the binuclsar complexes (5.12; M = Cr, Mo, W) [93].

Cr - Cr Ccr Cr /;?(CO)4
OO0 OO
" 5.10 5.11 5,12

Treztment of bis 7 -benzaldehyde)chromium with acetophenone or
2thyl acetate irn the presence of base gave uﬂ@fS—SHbSt’tuted
styrene complexes (7—PuCH—CHPOPn)2 Cr and (7--MCH CHCOZH»)EPr
respectively [94].

Bis(q- ethylcinnamate)chromium was hydrogenated, in the
~dresence of tris(triphenylphosphine)rhodium (I) chloride and
palladium (II) chloride as catalysts, to give the N-arene complex
{5.5). Hydrogenation over platinum (IV) oxide, Pd/AlZO or
nickel led to breazkdown of the chromium complex [95].
The intercalation compounds [07—C6H6)2M]1/6Zr82 where M = Cr, Mo,
[O7—arene)2Mo]Xerzmhere arene = toluene, mesitylere and x
=<1/6, [(17-055’5)(17-0757)01']1 era’ [(:7-u h,)(r)-c )C?‘]l/q_
rs,, [(q-0535)20r]l/42r52 and [(r] 0838)(7-05 31/4
were prepared by heating er2 with a solution uI the anpropriate
sandwich compound in a sealed ampoule [96]. Dry, microspher-
oidal silica was treated with tetraisopropyl Titanate and
calcined. The treated silica was thesn impregnated with a
hexane solution of di@?—benzene)chromium and exposed to dry
air to give a catalyst with good activity for thes preparation
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of polythene [97]. The possibility of separating bis(p-arene)-
chromium complexes by crystallization from a melt was investigated
and shown to be practicable [98]. The melting points, densities
and viscosities ¢f some diO?—ethylbenzene)-chrom;um and -molybdenum
complexes were meazsured., The magnitudes of the physical
rarameters decreased as the number of ethyl groups increased [99].
So0lid suprorts which had been treated with di(?—etzylbenzene)-
caromium szt 250—3500 were used in the gas chromatogragphic
separastion of thermalily unstable organcmetallic compounds [100].

[(l’_L—C7§7)Cr(CO)3]+ and (n-C,Hg)Cr(CO) 5

The cocondensation of chromium atoms and siyrens at —1960Q
and subseguent warm-up tc room temperature in an atmosphere of
carbon monoxide gave tricarbonyl(q—s Yrene)cnromium and tricarbonyl-

E]
L
]
<t
{3
=

07—polystyrene)chromiu

e (D-styrene)tris(trifivoro-
rhoszh ﬁne)cnromlum and ( -rolystyrene)tris(triflucrorvhosphine)}-
chromium [101]. Treatment of chromium (III) chloride with
iso-propylmazgnesium tromide in a mixture of 1,3-cyclooctadiene
and 1,3,5-cyclooctatriene gave the chromium complexes (£.1 and
6.2). Similarly, treatment of chromium (III) chloride znd the
Grignard resgent with cyclooctatetrazene gave the chromium

Cr Cr Cr

6.1 6.2

References p. 297
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complex (6.3) [102] Salzer has described the formatlon of some
molybdeuum trﬂcarbonyT complexes of blcyc.lc derwvatlvos of
cycloocctadiene. The complexes (6.4; R = H, Me, c1, CO Et)

were stable towards valence isomerism while the complex (6 5)

rearranged at 125° to the 07—bicyclo[4.2.Z]decatriene) complex
(6.6) [103].

125°
—_—
Mo . Mo Mo
(CO) (co)j (CO)3
6.4 6.5 6.6

The halide and pseudohalide 07 cycloneptatrienyl)tungsten
complexes (6£.7; X = C1, Br, OCN, NB) were formed by treatment
of ths tricarbonyl07-cycloheptatrienyl)tungsten fluoroborate
with the appropriate halide ion {104]. The crystal structure
of the molybdenum complex (6.8) nas been determined by X~-ray
analysis [105]. INDO calculations on the cation [07 C7h7)c”(00)3]

W Mo
c0).X (CO)
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showed that, despite an increase in ring carbon positive charge,
the decrease in reactivity of the ligand C,?H?+ towards nuclecphilies
upon coordination could be explained in terms of increased bond
index values. The site cof nucleophilic attack in the cations
[(C7H6X)Cr(00)3]+ wnere X = OMe, COZMe did not correlate with
any specific electronic parameter and it was thought that severzl
factors were involved [106]. The complexes (- C,_B)Mﬂy—c )
where M = Ti, Zr, Cr, Mo were investigated by —BC NMR snectroscopy.
In the complex M = Cr the carbon atoms of the P-cyclopentadienyl
ring were more sunielded than those of the seven-membered ring
hile for M = Ti the reverse was true. From the chemical shi
it was clear that for M = Cr the carbon zstoms of the five-mem
ring were more negatively charzed than those of thet?—cyclohe
trienyl ring. The replacement of chromium by molybd
complexes caused a down-field snift 1s
-merbered ring and an upfield s

membered ring [107].

The addition ¢f trirhenylrvhosphine to the chromium ccomplex
(6.9) zgave the phosphonium salt (6.1C). The chromium ccomplex
(6.9) also benaved as an elesctrophilic reagent with aromatic
compounds and B-diketones to give the ND-cyclooctatriene
complexes (6.11; R = indole, acetylacetone, dimedone) [108].
Reaction of tricarbonyl(p-cycloheptatrienyl)molybdenum (I) hexa-
fluorophosphate with bis(divnenylohosphino)methane (dpm) znd

Ph_P
+ 5N +
R
PF, PF,
6 6
Cr

Cr (CO) Cr
(CO) (co)
6.9 6.10 6.11
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'b*s(d1phe vlyhosnhlno)ethane (dpe) gave prcducts of three types;
the monosubstituted complex [(7—0 E7)MO(CO) (dpm)]PrG, the
‘che1aued complexes [(n-C H?)HO(CO)(QDm)]PHr and [(O—C7H?)Mo
(CO)(dne)]P‘b, and the dinuclear complex [{(7— ?E7)MQ(CO)2}2
~fL—Dh PCn “HZPDPZ](PF6 2° “"The spectroscopic propertie

:anlucn_nc the )‘P NMR spectra of these complexes, were reportea
[109]. The neutral urony11um complexes (6.12; L = SO,Ph,

50 06“4.e) were obtained by treatment of dicarbonyl(p -cyclohepta-
trienyl)molybdenum iodide withn AgSOZR. The sulphinate group was
bound to molybdenum through sulphur. The thioaryl comrplexes
(6.12; L = SPEh, SC6H4Me, SC6F5, SC6h4NO ) were prepared in

the same way irom dicarbonyl (7-cyc1ohepbatrienyl)—molybdenum
iodide and arylmercaptans [110].

Mo
(CO)ZL

6.12

reatment of the (P-cyclomeptatrienyl)molybdenum cation (6.13)
with benzene or alkylbenzenes gave the mixed sandwich compounds

(6.14; R = H, Me) whilsi treatment with trimetnylhkalogenosilane
gave the halides (6.15; X = C1, Br, I). Several transformations

of these compounds were reported together with the X~-ray crystal

and molecular structures of two examples [111]. The protonation

oI organometallic compounds by HBF4-propionic anhydride has been
investigated. Protonation of tricarbonyl07—cycloheptatriene)—
molybdenum occurred to give [07—C?H9)M0(C0)7]B?L_ Protonation of
np-cyclopentadienyl-cobalt-phosphonate cluster compounds proceeded

via protonation of the P=0 moiety [112]. The reaction of Tricarbonyl-
(Q-cyclobeptatriene)—molybdenum with maleic acid or fumaric acid

esters (L) at 60-8G° gave binuclear carbonyl-bridged complexes
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+ 4
Mo
Mo Mo
(co)3 (co)zx
R
6.13 6.14 6.15

in ¥hich the ester molscules wers TT-coordinated across the
o] nic double bond.

2(7-CoHg)Ho(C0) 5 + 4L ——> [M0(CO)5L,], + 2C,Hg

cf
=

Reaction wit

[113]. 2

It nas been ccniirmed that the first productis formed by
treatment of the 07—tr0pylium)metal cations (6.16; M = Cr, Mo, W)
with tributylphosphine were the adducts (6,17; M = Cr, Mo, W).
These products decomposed with cleavagse of ths cycloheptatrience-
-metal bond [114]. Tne cycloneptatriene group in tricarbonyl-
O7—cyclobeptatriene)molybdenum was displaced by phenylurea and

e
other azrylureas in benzene at —50 to give the correspondin
arylureapentacarbonylmolybdenum complexes [11

115].

+
PBu_
3
M M
(00)3 (00)3
6.16 - 6.17
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(Q-Cs_c)ﬁn(CQ) (i) Forma ion -
The 7—cyc1opentadlenyl derivatives {7.1l; M =Mr, Re) were
prepared by the” cycloada_tlon of DcC—CCHZM(CO)5 to MeOZCC=Cb02Me.
The reaction proceeded via the(Y—bonded 1nte*m=d1ate (7.2) [116J

CO Me Ph

Insertion reactions of diazocyclopentadienes with manganesepenta-~
carbonyl hzlides afforded chloro-, bromo-, iodo-, pentachlioro-,
nd bromotetrachl oro—cymantrene [117]. The salt [(r-1<—:ac1~z)3x~r_a(co)3]+
PF, was treated h dimetnylsulphonium- and trivhenylphosphonium-
entadienylide in diglyme at room temperature to form ths
corresponding cymantrene salis (7.3 and 7.4) as crystalline

n
=
®
N
g
4v]
=y
W

PF PF

Mn 6 Mn 6
(coy . (co),
~ 2
7.3 7ol

(ii) Spectroscopic and Physico-chemical Properties

Toe He(I) photoelectiron specira of 07—0555)Mn(CC)ZCS,
Cr(CO)BCS and W(CO)SCS were recorded. The ionizations that
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were assoclated with the nighest occupied ¢ and7rlevels of the
thiocarbonyl ligand were separated from the other ionizations and
they displayed different band envelopes. The remaining ioniz-—
ation bands were comparable to the bands found in the ionization
spectra of the corresponding carbonyl complexes., It was concluded
that the thiocarbonyl ligand was a better ryr-electron acceptor than
the carbonyl ligand. Also, that the occupied thiocarbonyl <
and 7t levels interacted more strongly with the metal and the
electron density increased at the carben atom of the thiocarbonyl
group [119]. Iichtenberger and Fenske have obtained the He(I)
photoelectron spectra of cymantrene and related complexes and
interpreted these in terms of electronic structures based on

ab initio calculations for the cyclcopentadienide ion and the
complexes. The low energy ionization bands (binding energies

7 - 13eV) were sensitive to botn ligand and metal substitution.
Degenerate ionizations, associated with the metal d crbitals in
M(CO)6 compounds, are substantially similar in these lower symmetry
(r7—C5H5)M(CO)3 complexes. A consistgnt description of the
electronic structure and bonding in d (q—cyclopentadienyl) metal
complexes was derived and this suggested that important errors
could arise when ionization potentials were interpreted exclusively
on the basis of Koopmans' theorem [120]. The ESR spectra of the
anions of the complexes (7.5; Rl = H, o-, B-, p-Me; R = H,

X~-Me, ﬁ-Me) and the corresponding tricarbonylchromium complexes
Wwere recorded. £11 the specira showed splitting from the
manganese nucleus and most exhibited proton splittings. Computger
simulation was used to determine the hyperfine splitting

constants [121].

Co

'.J

Mn
(CO)3

7.5

References p. 297
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The lDC NMR spacira of some X-cymanitrenylcarbenium ions and
“he parent alcohols were recorded and compared with the spectra
of ferrocenylmethyl cations. "The values of the spin-spin’ '
coupling consiants in the X-cymantrenyl- and -ferrocenyl-
~carbenium ions did rot exclude the vossibility of direct
Metal—€>c+ interaction. The possible mechanism by which
metallocenyl radicals stabilized an adjacent carbenium centre
was discussed [122]. Parker has recorded ths IR and Raman
spectrg cf methylcymantrene and has made new assignments for
several modes on the basis of C_ symmetry [123]. The blue-red
cymantrene cation (7.6) was generated by electrochemical

oxidation of cymantrene at a platinum electrode in trifluoro-
acetic acid-tetrabutylammonium tetrafluoroborate and it was
of appreciable stability in this medium [124]. Reduction of the

O

Mn Mn Mn
(co) (co). co
3 )J ( )3

fad

ckiral cymantrenyl ketones (7.7; R = Me, Ph, 52 Et) with
rdride was markedly stereoselsctive Taile
r someric ketones (7.8) showed
n the same ketones were i
ctions were highly

eac
sterecselective alttough selectiviily varied with the ketone
arnd with the reagent. The asymnetric synthesis of optically
active cymantrenylcarbinols was described [1253].

Le Plouzennec and Dabard have determined the absolute
ns orf several 1,2- and 1,3-disubstituted cymantrene
a

B8O s by chemical correlaticon witk (-)2-methylcymantrenoic
acid of known zbsolute configuration. Thus the configurations
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~methylcyméntrenyl propionic acids (7.9 and 7.10)

W

of the 2- and
togetiner with some related cyclohexenone (7.11) and cyclohexenol
(7.12) compourds were obtained. The wide range of resulis.

obtained enabled the authors to discuss the relative usefulness

of the available physico-chemical methods, including circular
dichroism and Horeau's method, for the investigation of the
stereochemisiry of cymantrene compounds [126].
o)
H_CH H
© a‘l' 2 C"ZT"Z
M g . .
C“eZCOZ" CMeBCOah
Mn Mn Mn
(CO) (ca), co
7.9 - ( )5
7.10 7.1

(iii) General Chemistry

The complexes [LnO?—fluorene)(CO)s]PF6 and [Fe(q—CBL )-
(q—Lluorene)]PF6 were deprotonated with t-butoxide to give the
neutral compounds (7.14 and 7.13) respectively where metal
coordination to one of the six membered rings was maintained.
X~ray analysis of the complex (7.13) showed that the iron atom
was slightly disvlaced from C(10). The manganess compound
(7.14) rearranged thermally to the isomeric species (7.15) [127].
The cymancrenyl alcohols [7.16 R = H, Me, Et, Ph; ML_ =

Mn(CO)s, M.n_(CO)aPPh3 and Fe(n-C
e

5H5)] and the corresponding
carbenium ions (7.17) were inv stlgated by lJC NMR and infrared
sSpectroscory. The spectra indicated that the posftive charge

of the carbenium ion (7.17) was. delocalised into both
metallocene moieties [128].
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. ) Mn
Fe : (gn - (C0)
O)z
-
@
7013 7.1k 7.15
I - - . ~ 1 .
The ~E NMR zrd ultraviolet spectra of the cymanirenyl alcohols
- 1 . . s s - . .
{7.18; R~ = E, Me, Phj; R2 = Et, Pr) in sulphuric or trifluoro-
acetic zcid confirmed the presence of the X-cymantrenylcarbenium
OvT
+
R R
Mr M ¥in M
(Co} L ) I
3 N (0013 =n
7.16 7.17
. = 5 1 - . 2 _— . -
fons (7.19; R = HE, Me, Pa; R® = Et, Ph). Evidence was
oresented to demonsirate that these carbesnium ions were
stabilized in the same way as ferrocenylcarbenium ions [129].

Cymansrene, methylcymantrene and ferrocene were treated

T romide, phenylboron diiodide and

metnylboron diicdide in carbon disulphide or cyclchexane to give
metallocenylhaloboranes. Treatment of the

lborondiiodide with arsepic (III) fluoride or chloride

n halogen exchange and treatment with tetramethyltin,
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1
R 1
OH +
R2 R
Mn Mn
(CO)3 (00)3
7.18 7.19

diethylether, (Mes)2 and a di

a e m
. 1
derivatives (7.20; R = Me, OEt, SMe, NRE) respectively [

= 30].
Me Me
BRZ SO3 R SOZCl
(1 '1) Mn Mn
CoYy C COo
3 (co) (Co)
7.20 7.21 7.22

Methylcymantrene was sulphbonated by reaction with sul
~acetic anhydride and with Me,SisS0,Cl. Treatment of the
sulphonic acid salts (7.21; R = p-toluidine, p-chloroaniline)
with phosphorus (V) chloride gave the acid chlorides (7.22) which
were converted to the cymantrsne aznalcgues of tolbutamide (7.23
and 7.24). Both the isomers (7.23 and 7.24) were pharmacologically
active [131].

The photochemical substitution of the carbonyl ligands of
cymantrene, by various phosphines and phosphites, was investigated.>
The reactions are summarised in Schemes 7.1 and 7.2 where Rl
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o]
i )
SOZNHCN HBu SO ZNHC‘}NHBU. '
Mp: Mn

co
( )3 (co)

723 7.2L

and R2 were combinations of the following grouvs E, Me, COMe,
CO M2, CO(CEé)ZCOZMe; R = CO,Ms or CO(CHE)ZCOahe and L = PPhB,
P(OHs)3 or P(OEE)B. The optical activity of these compounds
was investigatsd [132]. The tresatment of acetylecymantrene with
1
BngCECCR‘RZ(Othr) followed by hydrclysis gave the diols
i 1 ] .
[7.25; BY = 5% = Me, Br; R® = Me, RS = Et; RIR® = (CH,), s
(032)5} [133].
1 1
R- R~
Rl
2
R
L, OV | .
_—
-~
Mn . Mn Mn
(co) - -
3 oc \\\\co L \\\\L
L CcO

Scheme 7.1



p(ost); WV @-rz @’_R
Lo

'«Ieo) A\P(OEt)_, 1 P/‘\

3 P(0OEL)
co Co
R

Mn
(MeO)sP/A\P(OMe)E @ R

CoO
Scheme 7.2

P(OMe),
2

derivative (7.26) with p-toiyliso-
viex (7.27) [134]. Reactivity

M=
O CC=CCRIRS
|1
O0H OH
Mn
co)
¢ 3
7.25

ratios have been determined for the copolymerization of vinyl-
cymantrene and other vinyl monomers with vinylferrocene [135].
The reduction of tetracaroonyT(P cyclopentadienyl)vanadium and
cymantrene with sod1um in hexam=tby1phosnhoram_de gave mainly
3-
- 2z and respectivel 1 o
[()-Cs5 5)v(co);] [(Mn(c0), ] spec y [136]
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7.26 Mn

(CO)z

7.27

e
additive continues tc be an zciive area of _“VvStWEleO
However, sb‘”ply conflicting results have been reported on the
or dditive and its combustion

f the
n

o]

s T

a
the conflict must await more
defi~itlve studies.

Moran reviewed the use of tricarbonyl07-metbylcyclopentadienyl)-
Sarese as an antiknock agent. Tne possible effects on public
1lth of the large scale use of this compournd were discussed
[137]. The recommended use of methylcymantrene as a gasoline
antiknock additive has been challenged by Calabrese and Sorensen

nds of the nealtbh hazard posed by manganese and itis
operties [138]. A toxicologic evaluatiocn was
ricard ny1@7—wntcy7cy clopentadienyl)manganese which
fuel additive. Oral administration to rats produced
o c

funtes from an

a fuel zdditive did no

zbrormalities [139].
Exhaust gasaes from the combustion of gasoline containing
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from
methylcymanirene as an antiknock were found to contain 98.7%
of tThe manganese in inorganic form, princ

ipally as dn3 L
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This intermediate oxide was decomposed in air and sunligint.
Tt was concluded that the low toxicity of manganese together
with the low concentrztion of the additive required would -ensure

Tnat no hazard to numan nealth arose from its use in gascline
n

[140]. Methylcymantrens has been tested as an antiknock additive

"for gasoline. Good octane response was obiained at =z level of
125g manganese per gallon of gasgline. There were no

adverse effects on the engine and exhaust catalyst performance

was satisfactory. The manganese was exXhausted as Mn:0, ch

had no marmful potential. General use of This antikrnock

result in zirborne concentrations of manganese of the o
carbo ¢

O.OS/Lg/m3 in urban areas [141]. When tricarbonyl(p-methyl-
cyclopentadienyl)manganese was ussd as the antiknock agent in
vetrol the useful 1life of the exhaust-gas cztalyst in the

exhaust system of the engine was improved by also adding
glyceryl triacetate to the fuel [1u2] A mixture of methylc n
and triethyl citrate has teen prcposed as an alternzative to
lead compounds for addition to gasoliine as zn antiknock agent
tetrabutyltin may alsc be used to improve th
gasoline {14},

The useful life of catalytic converters in the exkhaust

and to improve the octane number {1431, Cymantrene mixed with
n =)

systems 0f motor vehicles vwas extended by th

o]

e
vitrilotriacetic acid esters to gasoline containin
cymantrene as the antiknock [TAJ] Plugging
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146]. . The concentraticn of sulphbur trioxide in T
from the combustion of coal was reduced by 66% when me
ymaﬂtre e (20g) was added to sach ton of coal, Smok
was also reduced [147]. The potential rol
in gasoline as a catalyst for the oxidation of atmosph
sulphur dioxide to sulphate has been investigated. Nc mszasurazble

effect on the oxidation of sulphur dioxide was observed [148].

(v) Analogues

The vapour bphase, solution and solid-state IR and laser Raman
spectra for the thiocarbonyl complex (7.28; n = 2) have been
5y and Cs
of the 07—cyclonentadlenyl)manoanese and the dicarbonylthiocarbonyl-

measured and assigned in terms of the C local symmstries

manganese groups respectively. Sclid~state spectra for the

References p. 297
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dithiocarbonylcomplex (7.28; nr = 1) were recorded and inter-

preted in the same way [149]. The electror withdrawing power

of some 1t-bonding ligaéas pas been compared by 130 NMR spsctros-
(o]

p.
ot

copy and foun - )
CSe > €S > COC

Measurements were made on the (q—cyclopentadienyl)manganese
conpounds (7.29; L = CG, CS, CSe; R = H, Me) and oan the
corrgsponding rhenium ccmpounds r190] The crystal structure

o O

Mn Mn (CO)_ Mn Mn(CO)
{Co) (cs), n (CO)ZL 2
PhbH DHPh
7.28 7.29 7.30

H_(CO) MnFe (CO)6] was determined by X-ray anzlysis.

5
The coampcund ¢ nta_ned a three-membered metallocycle formed
from two iron atoms and one mangzrnese atom. Tzch ircn atom
rac tnrse termingl carbonyl groups and the two carbonyl groups
cf tee q-C5H5Mn(CO)2 fragment forzed unsymmetrical bridges witza
t o c e tallocycle was capped
phorus atom [151].
nyl (Q -Cy clonenuadiepyl)—

bown to contain z meso-1,2 henyl-

antre ; L= P(i-C1E5) s

> ) ? Pazs ] 3? 3

R™ and R™ = E, Me, EL, Ph] was prepared and on dissolubtion of the
I F

COOE-CE 012 thae correspond ng carbenium ions were

by a tertizry phosphbine increased the sta01l_by
trenyl-carveniuz ions alsc, that the positive charge
lised extensively throusghout the molecule [153].
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Alkylation of the metal sulphi

where R' = RZ = Me; R' = Me,

and (7—0656)Cr(00)2SMea occurre

formation of coordinated sulprhonium cations. Spectroscopic
h

omplexes (7-Cgis)Mn(CO), SRR?
= Ph;  (p-MeCSH IMn(CO),SMe
d at the sulphur atom with the
n

evidence indicated that even though the sulphonium ligand

i

behaved as an electron donor it was also strongly electron with-
drawing. In comparison, the sulphonium ligand was similar to

PCl5 and PhPCl btut it was not as elesctrorn withdrawing zs PF..
The sulphonium liga“d wa 1 nds
to give the correspon

revlaced easily by neutral

01)

s
pording monosubstituted neutral complex
(equation) [154].

.. + - .
[MeC5E, Mn(CO) ,8Me;]" + L ——> MeC H Mn(CO) L + SMeg

The reduction of the manganese complexes (7.32, L = PPh201,
PPhETCI, PPnClZ) viith socdium in liguid ammonia gave the
corresponding sodio-phosphine complexes (7.32., L = PPnzNa,
PPhETNa, PPhNaa). Some reactions of these complexes and the
amine complex (7.32; L = NMe_.H) were described [155].

oH
Rl
R2
Mn Mn Mn
(CO) (CO)ZL (CO) b( iMePhX-Np)
7.31 7.32 7.33
Hlectrophilic and nucleophilic cleavage of the mangansse-silicon

bond in the optically active methylcymantirene analogue (7.33)
has been investigated [156].

The 07—benzepe)man5anese tricarbonyl cation (7.34) underwent
nucleophilic ring addition with tri-n-butylphosphine to give the
phosphonium caticn (7.35) which was rapidly converted by light
in the absence of air to the 0? -benzene )Jmanganese dicarbonyl
complex (7.36) [1571. Reaction of the tetrahydrofuran complexes

Tr

{(7.37; R = H, Me) with 1,1,l-trifluorodiazoethane gave the
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2 p
Bu 3 +
+
Mn Mn Mn o
(co)3 (co)3 (CO)ZPBu 3
7.34 7.35 7.36

complexes (7.38; R = H, Me). The

diamagnetic dipitr n
ti to proceed by nitrogen transfer from the

ro
reaction was thougt

diazoalkane tc the metal with terminal attack of the diazo function

R R
H (CO)Z
Mn | Mn—3N=N—0Mn
(co) jrar (co),
- R
7.37 7.38

oa the organometzllic fragment 07-RC5H4)Mn(CO)2 as the primary
step [158]. The first transition metal-carbene complexes
(7.39; R = Me, Ph) in which a dizlkyl or an alkylarylcarkene

was stabilized as a ligand tc a metal atom were prepared by
Pn)

reaction of the cationic carbyne complexes (7.40, R = Me,
-2 2

with methyllithium [159].

The reactioﬁ of the manganese complex (7.41) with nonacarbonyl-
diiron gave the stable binuclear complex (7.42). The structure
of this molecule (7.42) was confirmed by X-ray analysis.

trimethylenemethane type structure was supported by the distance

The
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+
O |
Mn Mn \ 5014—
(co&cme (co&CR
% .39 740

of the iron atom from the central carbon atom Fe-C 2.00 3

which was shorter than the distances to the peripheral carbon
atoms. ZElectror delocalisation over the whole five-centred
central part of the molecule was supported by the shortensad
metal-metai distance as ccmpared to that found in other complexes
Mng Mn o
NS
(co)\ COIXR Ph
> (COIIN -
04 CHPh SC==—==
2
-,
7 \
oc B
hnl
741 re ’
(co) 7.42
3
with Fe-Mn bonds [160]. The structure of the diphenylketene
complex (7.43) was determined by X-ray analysis. It was

found that the heterocumulene framework of the ligand was not
linear and that {he oxygen atom did not participate in the
bonding to the manganese [161]. The effect of one, two and
four methoxy groups bound to ethylene cn the coordinating power
of this ligand in the cymantrene analogue (7..44) has been

- . . 1. o s
studied by variable-temperature “H NMR spectroscopy. Restricted
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Mng—----GO Mn " Mn(CO)
: (coW"Hg 2
CPh Z
2

—_
S

it

i3 frls

O

@

rctation of then-ethylene group about the metal-olefin bord
was observed in solution at room temperature. Charge density

at the manganese atom was increased wken the ligand was methnyl-
71 r

vinyl ether or 1,l-dimethoxyethylene, while a decrease in charge
de:sity was observed in the presence of tetramethoxyethylene [162].
The structurs of the manganese complex (7.45) was determinsd by
X-ray analysis. The metal atoms were arranged trans relative
to the bridging ring and the carbon to carbon double bonds in
the bridging ring were lengtitened to 1l.41 % by the metal interaction.
2311 thres rings were vplanar and the Mn- CC H distance was 2.21 R

2 6 [163].

es ring

while thes Mn- CC .. distazneces was 2.14

Rezacticn of rica.oonyT(q—cycTODeptadl enyl)manganese with
cis-cyclooctene (L) gave (n- C )Mn(CO) oL which on further
reacticon with tri phenylnnosn*lne and ca ~'bon disulphide gave
dicarbony '(? cyclopentadienyl)t? iocaroonylman:anese (1) [164].
Irradiation of the cymantrene complex (7.37; R = H) and phenylacety-
lene zave {hree manganese conmplexes. The molecular structure

[¢]
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of the product (7.41) was established by X-ray crystallography
and it contained the unusual phenylvinylidene ligand. The
remaining two products were binuclear and one at least included
the same phenylvinylidene group [165]. Irradiation of cymantrene
followed by treatment with methyl propiolate gave the manganese
complex (7.46). Treatment of the complex (7.46) with tert-
~butyllithium followed by acid gave the diazlkylallenylidene

complex (7.47) [166].

Mn Mn
CCOMe Co:

(coa\/ 2’ > C\C

746 7.47

4

The tetrahydrofuran ligand in the dicarbonyl@?-cyclopenta—
1l)manganese complex (7.37; R = H) was displaced by phenyl-
o form the binuclear arsenic compound (7.48)the structure
of which was confirmed by X-ray crystallography. The epimerisation
of the compound was investigated [167]. Treatment of the tetra-
hydrgofuran compiex (7.32 R = THF) with EtZN)ZSO gave the
I SO(NEta)a] which was converted

manganese compound [7. 32- L
to the sulphur dioxide complex (7.32; L = 502) with ethanolic
hydrochloric acid. Reaction of the complex (7.32; L = THF)
with thionyl fluoride gave the corresponding thionyl 1

complex (7.32; L = SOFZ) whereas treatment with (Et 2.\I) S, gave
the sulphide (7.49) [168]1. The (?—cyclopentadlen 1)ma nganese—
dicarbonylnitrosyl cation (7.50) combined with p-substituted
triarylphosphines to give the asymmetric monosubstitution
products (7.51; R = F, Ci, CF3’ Me, OMe, Ph, NMeZ) which were
then converted tc the neutral diastereoisomeric esters (7.52)
with sodium menthoxide. These esters (/.52) were separated by
fractional crystallization and resolved into the enantiomeric
ations (7.51) by cleavage with EC1l. The cations (7.51), which

(¢}
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(0C)_Mn 4n(CO)_ Mn
< (CO)s 4 2

HisPh —————PhiAsH

7.3 749

=

Mn

(G0l o

Q
O
P
(@)
iy
|
e
L
W

7-50 7.51

T) photoslectron spectra of 07—C5H5)Mn(CO)ZH2 and
re =measured and ths Fenske msthod of
1 was used to interpret the results.

)
()
[¢]
Y
|—J
Q
ol
O]
ct
9

sembled those of cymantrene and the major differences
' nizations associated with the metal 4 levels.
hat NZ was a poorer fsr-acceprtor and poorer
d 707 . Reaction of dicarbonyl—q—cyclopentadienyl—
(phenylvinylidene)manganese with a phosphorus ligand L = PPh,,

o] ave the complexes [7.53; L = PPhs, P(oph)3] [371].

Reactior of the 07—cyclopentadienyl)manganese complex (7.5k;



. Mn
co.D\\
DN/I \co.2 ¢
7

- 7.52 753
. 2
R
R = H, Me) with a ligand L = P(Q—C6H40Me)3, P(n—Bu)s, P(OEt)B,
CNC6H11, CO gave the corresponding manganese complexes (7.55).
The exchange of PPh3 by a ligand L was shown to occur with

reteytion of configuration at the manganese atom [172].

L —
Mn ‘///,Mn\\\\
ON///" \\\\COPh - ON i COPh
PPh. 1
>
7.54L 7.55

Herberich and co-workers raported that the triple-decker
complex (7.56) was formed as the main product in the reaction
of l-phenyl-i4,5~dihydroborepin with MnZ(CO)lo in boiling
mesitylenég. The structure of the complex (7.56) was coniirmed
by X-ray analysis [173]. Siebert and Kinberger reported a
similar triple decker complex (7.57) which was prepared by the
reaction of 1,2,5-thiadiborolene with manganese carbonyl fi74].
The 07-cyclohexadienyl)manganese tricarbonyl complex (7.58)
underwent hydrogen migration on heating, the b-gndo hydrogen
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rs (7.55 and 7.50).

t som
nyl ligand was replaced
m

Me
q
i E
Mn Mn
(co) (CO)3
3
7.58 7.59 7.60
Irradiation of n-cyclop rentadieayliricarbonylrhenium with
tetranydrofuran gave the complex (7.61; L = THF), The
n-cyc lopentadienylrhenium complexes [7.61i; L = PPnB, P(OEL)
P(OPQ)B, hC=CPh, ASPb3’ pyridine, uroiropine] were prepared by
treatment of The tetrahydrofuran complex (7.61; L = THF) with
the appropriate ligand. An infrared study of the complexes in

o

CF COEE showed tHAT the basicity of the Re atom increased with

increasing electron dcror properties of the ligands [176]. Low
emperature reaction of the cationic carbyne complex (7.62) with
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O |
BClh_ B
Re Re - €
(co)
(CO),L (CO§§S%bPh \E\\bMePh
7.61 7.62 7.63

methyllithium gave the aryl, alkyl carbene complex (7.63) [177].
Tresatment of the rhsasium carbonyl (7.64; X = I) with acetyl
chloride gave the complex (7.65). Reaction of the corresponding
bromo derivative (7.64; X = Br) with nitrosyl chloride gave the

rhenium derivative {(7.66) [178].

Re MeX Re Re
(CO) X (CO),I.COMe Br.CO.NO
7 .64 7.65 7.66

8. (Ac,yclic-—r]—dienyl)Fe(CO)2 and LQ—trimethylenemethame)Fe(CO)3
Complexes -
(i) Formation
King and Harmon have examined the reactions of dimethylene-

—-cyclobutanes and —-cyclobutenes with iron carbonyls. 1,2-Dimethyl-
enecyclobutane combined with triiron dodecacarvbonyl in voiling
benzene to give both the simple (7—1,3—diene)iron compound (8.1)
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7 b
Fe
(co) =
7 (€0).
8.1 8.2 8.3
Rl
(021

O
/

/
A\
/

Fe
COo
( )3

[ L~ QRS
O

13y

[v]

=y

(4]

-~

8.5 - 8.5 8.6

and the iron complex (8.2) cocntaining a symmetrical bis@7-allyl)
1igand. 1 lenecyclobutane was inert under the same
loheptatrisne (8.3) was treated with the

c
the iron tricarbonyl complex (8.4)

containing a novel bicyclic cyclobutadiene ligand which had been
formed by hydrogen migration [179]. Ferrocenyl-d- or f-unsaturated
alcobols have been treated with polynuclear iron carbonyls in the
presence of covprer (II) sulphate to give (7 d.ene)lron tricarbonyl
complexes. Thus tkhe alcohols (8.5; R = H, CH CN)
converted tc the complexes (8.6; Rt = H, Me; R2 = H, CN).

lic non-conjugated dienes were converted to iron

of conjugated dienes by direct treatment with

iron carbonyls. The cyclohexadiene complex (8§.8) was obtained
from vinyl-k-cyclohexene (8.7) and diiron nonacarbonyl in this

Way [180]. An ®quimolar mixture of 1,3-butadiene and 1,3-buta-
diene-1,1,4,4-4, g, and pentacarbonyliron was irradiated. The

results indicated that deuterium substitution did not exert any

significant influence on the rate cf formation of O7—butadiene)-
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Fe
(co)
3

tricarbonyliron [181].
Rezsction of nonacarbonyldiiron with caliciferol in toluene

gave a 2 : 1 mixture of the o and B—tricarbonyliron complexes

(8.9; R = H). Oxidation of the mix ture affected only ‘the
X-complex to give the ketone (8.9; R = 0). The tricarbonyle-

3
s
H
H
[}
v

8.9 8.10
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czpiex of ergosterol was formed zand oxidised to give the

|+
ry
o]
I3
Q

3-ketcne which was then reduced by lithium hydridotri-t-butoxy-
aluminate to afford the new epiergosterol (8.10) in good yield
fi82]. Penta-1,4-dien~3-01 combined with iron pentacarbonyl

to give a mixture of two diastereoisomers of di(pentadienyliron
urica_uonyl) (8.11) [183]. The hex-l-sne-3-yne ligands (8.1

R = ET, Bu“ ) combined with diiron nonacarbonyl to give the

Bt, Bu®) in which a carbonyl sroup
c

binuclear camplexes (8.13; R
BH_ CMeC~ fragment behaved as ar

was bound toc the ligand. The H,Ch gmen b 1
H =CaC=C-
(C—:‘o)3 CH,=C~C=C-R 8.12
Fa
l Me

(@3]
’

et
J-i

= ev.
ndensed witn dutadiene and styrene at —19600 and
o o re

c s c Properties
Tre crystal and molecular structure of the (Q ~dien e)i ron

e

r

Jn
5
£
[
H
N
B
of
R
Q
O
[

tai

o-2-triflucrometnyla etyTene
ch was characterized by

NDO molecular orbital calculations

e)tricarbonyliron, nickel tetra-~

vl ‘and chromium hexacarbonyl. The Koormans-theorem values

of ignizaticon potentials were found to be in good agreement with
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the cbserved photoelectron svectroscoric data sx

ce
orbital relaxation upon ionizztion was substantial

Debye-Waller factors of mcnolayer films of (7— utadiens
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iron on exfoliated graphnits
h

[=]
spectroscopny. The results indic
2

=i

a change of fluid
The polarogravhic reduction of tricartonyl
pl € e}

exes proceeded

ou ad1eqe)1ror tricar-
nyl and G?—methyl 1
uded together with
methyltricobalt n
bonyl derivatives. The iron-carbonyl group moment in bi
-butadiene)iron czrbonyl (8.16) was deter
to carbonyl) [191]. The enthalpies of thermal decomposition for,
(q~ouuad1ene)tr1carbony11ron and somé related complexes were
determined with a Calvet high temperature calorimeter [192].
Microcalorimetry has been used to investigate the thermal
decomposition of O7—diene)iron complexes., 07—Butadiene)tricar—

[

bonyliron decomposed at temperatures above 500 K to give a diffuse

metallic mirror of iron, butadiene as the dimer, and polymers.,
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8.16
The diene-iron bond enthalpy was 43298 8.0 kcal moT—l.
Bis(p-butadiene) arbonyliron decomposed above the melting point
ca. 400 K to give a black powder of metziliic iron and the dimer

.29 - N
and trimer of butadiene, D‘Z 8~—44 xcal mol l. Tetracarbonyl
(m~-ethylene)iron decomposed cleanly to give a bright metallic
. o s . 29 . -1 : . s s

mirror of iron with AEZ’S = 23.1 kcal mol for the oiefin-iron

reagents have been used to reexamine the NMR
reoiscmeric tricarbony107—trans—3,5—hexadienyl—

ste
~2=-0l1)iron complexes and related nexadierol complexes, The
]

|+

onrevious
194].

on the To

o

=
[~ Bn
hb B

e

ive configurations were confirmed
e)t
e

ot

nucleus

5

e F NMR chemical shifis in meta azd para
n i

nzene has bee nvastigated. The ferrocenyl

0
o
2
0
cl
[
cit
[
ct
(¢}
jo N
()]
'—l
o4
0
O
o
[t

tentizal changed by 0.09V when it was transferred fronm
n 2 of the butadienyl system which indicated
separation in the dienic system,

1]

s an essential ch
d of the butzdiene with the

B

[=]

S

tkat coordinatior
nd to the metal

1zt found in other metal carbonylTt-complexes. Also,
it was con ded that all the cardon atoms in coordinated buta-
diene werse spZ hybridized [igs]. 19F NMR data for the fluorine
complexes (8.17 ané 8.i8; R = m-F, p-F) indicated that the
m-electron density was not everly distributed throughout the
ty was evenly

a
o u

Fe(CO)3 group caused charge transfer from the ligan
|
u

n
-
B
I_J
B
ct
3 (o]

butadienyl ligand wheresas the G-electron densit
distributed [196]. The intramolecular exchange of carbonyl
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Fe
(CO)3

8.17 8.18 8.15

groups in 7 ene)iron tricarbonyl compounds (8.1 hetero-
atoms in either the 1- or L-positions or in both gcsitions has
been investigated by variable temperature 15C NMR spectroscony.
High activation energies (10-14 kcal mol _) were observed for the

diene compounds with polar bonds (8.19; X = 0, N-R, ¥ = CH-R)
s

and simple diene compounds (8.1%; X = ¥ = CE-R), By contrast,
the diszadienecompounds (8.19; X = ¥ = N-R) showed low activation
energies (K9 kcal mol-l). These ob reement

servations were in ag
with the local CBV symmetry of the iron tricarbonyl grour
these compounds [197].
The spscies generated by protonation of (f-butadiene)tricsrbonyl-

ircn and tric nonyT(q -cyclonexadiene)iron instrongly acidic media
1+
(Co)_H \
Fe
(CO)_H
>
8.20 8.21
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‘were studied bJ 130 NMR -and infrared spectroscopy. The-data
supported structures (8.20 and 8 21) in which iron wasCT—bonded
to a terminal cardon atom and Ti-bonded to the remaining allyl
moiesty [198]. Variable tempesrature 130 NMR spsctroscopy was
used to study the fluxional behaviour of a series of tricarbo onyl—
Q7ediene)—iron and -ruthenium complexes., A large increase in

fluxionality was note d when a conjugated 1,3-diene was replaced
by 2ither a nonconjusabed 3,4- or 1,5~diene, This increassd
activation barrier for carbenyl scrambling in tricarbonyl@?-l,B—

n ng
~éizne)iror complexes was attributed to the mixing of six
ne 1

coordinate character into the formally five coordinate molecules.
Possible mechnanisms for the intramoclecular rearrangements were
discussed [199]. 3¢ mm spectra were recorded for a series of
t“lua_oonyT\q -dienyl)iron cations (8.22; Rl = Me, RZ = R3 = H;j
=R% = Me, R® = 8; R' = B° R7 - Mo 8.23; R =R =
2 = 1 2 1

and
Me, RS = E; R =R" = R®? = Me). The do_p values for the dienyl
ch v

e
carbors fell within the range 165+6 Hz which was consistent with

8.22 8.23 X
L
2 s oas o . . e e -
sp~ hybridization. It was concluded that atomic charzge was an
. e e T . e e s sos
important factor in determining the C chemicgl snifts in tri-
carbonyl(f-dienyl)iron cations [200].

(iii) General Chemistry
low heating under reduced pressure of the trimethyl- and

[+
.
|,

cf'

g

hyl-amine adducts of tricarbonyl(hexa-l,3-dienium)iron
hosphate gave the n-triene complex (8.24) [201].
p atriens complexes (8.25; R = H, Pan) and

2 - =
[ [ [
(8.26) witk triphenyl-phosphine and -phosphite resulted in



251

displacement of the carbonyl ligand trans to the iron-iron bond
and the kinetics of these reactions were investigated. The

8-24 8025

crystal and moleculsr structure of one of the products (8.27)
was determined ®

¥y X~ray analysis. ch iron atom was in an

(CO);ppPng
e

>
~— -
- -~

- ~
~

Fa

<

8.26 8.27
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osctahedral environment with an iron-iron bond of 0.263 nm. The
bridging'butatriene had a planar carbon skeleton but it was
twisted end for exnd by 900 which suggested an R-allyl bond to

sach ircn atom [202]. Irradiation of the diene (8.28) in the
presence cof pentacarbonyliron gave the tricarbonyliron complex
8.29). Treatment of this complex with a catalytic amount of
silver (I) perchlorate gave a mixture containing the tricarbonyl-
iron complexes (8.30 anéd 8.31) together with some hexamethylbenzene,
The energy of activation for rotation of the tricarbonyliron group
in the complex (8.29) was determined by 3¢ mm spectroscopy and
was found to be 12.8 kcal mol‘l. This energy of activation was
about 3 kcal moi!.-l pigher than that for (q—butadiene)tricarboﬁyl-
iron and this was attributed to increased steric nindrance to
rotation [203].

§§=§j;éi%§ii§§&\\\ ?e‘////
(&0)3

8.28 8.29
) Fe Fe
(CO)3 (00)3

8.30 8.31
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Whitesides and Neilan have investigated the thermolysis of
several acyclic and cyclic (7—diene)iron tricarbonyl complexes,

i —_— + l
Bh : Ph Bh Pn Ph’///
Fe Fe Fe
(co)
c
¢ 0)3 (co)3
8.32 8.33 8.3

n

Thus the (7—1,5-diphe

nylpentadiene)iron complex (8.32) on heat
in benzene underwent metal

W 0y

3)

Tir
al epimerization to form the complsx (8.
and isomerization to the trans-isomer (8.34). Kinetic and
deuterium labelling evidence was used to indicate z mechanism
inveolving a coordinately unsaturated dihapto ircn tricarbonyl
intermediate t204]. & general metnod for the preparation of
cyclic hydrocarbons via intramolecular coupling of bis 07 ~pen
dienyliron tricarbonyl cations ras beendescribed (Scaeme 8.1)s
Five-, six—~ and ten-membered cycloalkane derivatives were

prepared [205]. lrlcaroony”l(q-myrcv._ g)iron (8.35) was pro-

1 F } F
Fe Fe F
co ’ e
(co) (col5 | (co)
8.35 ’ 8.36 8.37
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/_\ CcOoClL [e] FE(CO)

Z)n

+ 5y, - —> 'F‘e(CO)

Fe
(CO) 3
cocl
1. NaOMe
2a ‘IaB;.,T
5. HBF,
A4
___/_l\ +
Fe(CO)
(ci ) 3 Zn
Fe(CO)5

Scheme 8.1

tonated with tetrafluoroboric acid in dichlorometﬁane and the
intermedizte carvenium ion cyclized to give the (7—vinylcyclo—
texene)iron comple ( .36). With an excess of tetrafluoroboric
zcid this procduct formed the (q—allyW) complex (8.37) which was,
in turn, reduced with sodium borchydride to the ethylidenecyclo-
bexane (8.38) [206]. Olah ané co-workers used ~2C NMR spec-—
troscopy to study the protonation of (q-butadiene)tricarbonyliron
ty fluorosulrhonic acid in sulphur dioxide. In the presence of
cne eqguivalent of acid the N-allyl complex (8.39) was formed
which ionjzed in the presence of excess FSOBH to give the mono-
rrotonated complex (8.40) [ 207].

Aéylétion of the (hp-diene)iron tricarbonyl complexes (8.41;

R = Hy Me, p-BrC.E, , p~MeCQOC.H, and 8.42; Rl = Me RZ = H;
6 ’1. 6 13 H) 3
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AN +
\\\ FSOBH
////’Fe
T Co
FSO5 ( )5
8.38 8.39 8.40
Rl = Me0, B° = H; R* = Me, R = Me) with acetyl chloride and
2luminium chloride gave diencne complexes in good yields (Schemes
8.2 and 8.3). Substitution only occurred at the unsubstituted
. 2N . _/——\
_
COMe
Fe e
CO
(co)5 (co) 3
8.41
Scheme 8.2
RL R: RL
>_\¥Ra VR =2 7 1 "\ 22
_— +
COMe MeCO
Fe Fe Fe
(00)3 (00)3 (C0)5
8.2
Scheme 8.3
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termigal garbonratbms of. the V—diene‘ligand_and if the reaction
mixtures were quenched in cold aqueous ammonia only the cis-
disncne comnlexesrwere isolated. The cis~-complexes were
iscmerized to the trans-dienone complexes in methanolic sodium
‘methoxide. Formylation of 07—diene)iron triczrbonyl complexes
was effécted with dichloromethylmethylether-aluminium chloride
to give trans-n-dienal complexes [208]. Arhart has examined the
bebaviocur of tricarbonyl@7—diene)iron complexes in trifluorcacetic
acid., - Complete conversion to a tricarbonyl(7—a11yl)iron complex
s intermedizte decayed to a tetracarbonyl(q—allyl)—

jircon complex with t%'v 20 min at 550. When tetrafiluoroboeric

bon monoxide were also present high yields of the
onyl 07—ally1)iron t

T o} etrafluoroborate salts were isolated.
ese salts were formed with r

tion of the stereochemistry of

(]
ct
0]
(&1
ct

n of tricarbony107—cyclohexadiene)—
e

o
uoroacetic acid was reversible and stereospecific

etics of reaction of the 7-cyclonexad1eny11u_ complex

pyrrole, indcle, methylindoles, furan, di- and

N
"

oot O cf
5
)
13
®
cr
[1)]
H o

igated, It was con-
addition of the complex (8.43) to
llowed by rapidé protor loss [210].
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acarbonyl save the complexes (8.%4 and 8.45).

The strqctﬁres of these complexes were established by X-ray analysis
le mechanism for their formation was presented [211].
The tetracarboryliiron complex (&.h5) rearranged regiospecifically

at 350 via a .l,3-hydrogen shift to give the {ricarbonyliron

complex (8.46). The complex (8.44) also rearranged regiospeci-

fically under similar conditions to give a mixture of the

isomeric complexes (8.47 and 8.48) [212]. Tricarbonyl(?-myrcene)—
c

etyl chloride-aluminium
t 0% to give three tricarbonyliron
compounds (8.50, 8.51 and 8.52). Sim;larly, treatment of the
complex {(8.4%)
cyclohexene complexes (8.53 and 8. 5&) after treatment of the
resction mixture with ethanolic silver nitrate [213].

The mechanism of partial substitution of the (7— ieterodiene) -
ircn complex (8.35 t R = H, Me, Ph) with triphenylantimony to

P

E, Me, Ph) has been

form th (7—01“31n)1roq complex (8.56; R
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+
o -
B,
Fe
C
( O)3
8.43
O (0] 0
0 0
Fe ol
Fe re
(co), (co)
(CO)3 3 3
8.u6 8.47 8.48
investigated. The reaction was first order in the complex (8.55)
and in triphenylantimony. Equilibrium constants for the

¢ thnat the products

=]
o 0

reaction were determined and it was confir
{(8.56) were more stable than initial diene complexes (8.55)
[214]. The solvolysis of exo- (8 gl = H, RS = Me) and

573

endo-dienol ester iron complexes (8.57; 12 Me, RZ = H)
t
1

o

normally proceeds stereospecifically to give dienol iron complexes
e s s - il

with the same configuration (8.58; R = H, RS = Me; R~ = Me,

Ra = H) throusgh intermediate trans-diene cations, However the

endo-dienol ester (8.59) was solvolyzed slowly to give both

. . 1
the exo- and endo-dienols (8.60; RY = H, R = Me; RY = Me,
R = H) respectively. Evidence was presented for non-

stereospecific ionization of the ester (8.59) as the most probable
mechanism for stereochemical leakage [215].

Treatment of the diene-irontricarbonyl complex (8.61l) with
a ligand L, L = PMe,Pn, P(OMe)3 gave the irondicarbonyl

References p. 297
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Fe(CO)4 N

N\ S

OMe

8.53

Fe(CO)3

F

Fe(CO)B
~

(0]
€L g.sy

(00)3



ODNB [0) 51
Me —/—\_34\31 e A gt
R2 _— B2
ag. acetone

Fe Fe

(CO)3 (CO).
>

8.57 8.58

Me
ODNB
Me 7 1 N S Me
Me
H
Fe ac. acetone Fe
(co) (co),
3 3
8.59 8.60
DBN = 3,5-dinitrobenzoyl
carbonyl. Tre irontricarbonyl complexes were used as high

b

i
butadiene propellant binders [21

"

rning rate additives or plasti

f

\ \o \ \O
\\\\ L \\\\
_—
Fe Fe
(o), (CO)oL
2
8.61 8.62
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Diene iron complexes suck as tricarbonyl(n- hexadlene)lron.
trica vbony1(7—2,,-dlmetnyloataale“e);ron and urlcarbonyl(B—methyT—
pentadiens)iron were analyzed by decomposition over heated iron
(III) chloride and gas chromatography of the volatile produéts
{z18]. This procedure was also the subject of a patent [219].
The (U-dieﬁe)iron complexes (8.6L; R; = H, Me, Ph; R™ =
Me, Ph) were prepared by thermolysis of the corresponding
(n~-enone)iron tricarbonyl phosphites (8.63). The (q-diene)
complexes (8.64) underwent enone exchange in boiling benzene
fz220]. Kerber and Von Gustorfi have reexamined the mechanism of

rRY
vt | Yo
. Fe
25
(CO),P(OR I3
(co) P(OR )
3
8.63 8.6k
phetoinsertion of fiuorcalkenes into trlcarbonyT(q iene)iron
cnplexes. The reaction was shown to be regiospecific with

regpect to both diene and fluorocalkene. After preliminary
photodissociation of a carbonyl group from iron, the haloalkene
formed a n-comp x (8.65) which underwent nN~G rearrangement to
form the q-allxl complex (8.66). Carbon monoxide reattachment
save the product (8.67) [221].

CNDO calculations on the rature of the metal-ligand bonding
in tricarbonyl(7-trimethylepemetbane)iron suggested that the
principgl bonrding interactions were between the iron atom and
the three methyiene grours. The central carbon atom was
bonded guite wezkly to iron although the interatomic distance
%as short €222]. The crystal and molecular structure of thne
trimethylenemethane compound (8.68) has been determined by
X-ray crystallogtaphy. The iron atom was bound to the tri-
methylenemethane group of the ligand [223]. The complete

spectra of tricarborn yﬂ(q-trlmetnvle nemethane)iron



VAR %

-
- S

—_—
(0C) Fe
2L ¢ Fe
\ (co),
E
Cl
F
8.65 8.66 3.67

and its perdeutero derivative were presented and vibrational
assignments were made for most of the active modes. A fTorce

@]
field was deduced which reproduced the observed freguencies

Fe
(CO)5
Fe
(co)
2 8.68 8.69
and provided descriptions of the normal modes. From the

results it was concluded that (a) all the C-~-H stretches were
above 3000 cm—l which indicated that the methylene carbons

were unsaturated; (b) the C-C average stretching frequency,
force constant and bond distance all indicated that these

bonds were unsaturated; and (c¢) the iron-ligand stretching

and tilting force constants were relatively large ancd indicated
a strong metal-ligand bond. It was thought that a model of
the molecule with bonds between iron and the three C-C

orbitals was better than one with a bond along the iron-~central
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artor line [224].
The belium (I), helium (II) and X-ray photoelectron spectra

of tricarbonyl(p-trimethylen srmethane)iron (8.69) have been
obtainead. These resulis have been used in conjunction with
all-electron ab initio S8CF MO calcﬁlations’to discuss the
electronic structure of the complex. Negative charge was
localized on the terminal methylene groups of the ligand and
arcse by donation of 7t-electron density from iron to the half

fillsd ligand S5e molecular orbitals. Koopmans theorem was
c £ n predicting the positions of the low-energy
rom the metal obitals [225]. L3¢ mm spectra
for several tricarbonyl 07 trimethylenemethane)-
iron complexes and three sepsrate metal carbtonyl resonances were
t rocm temperature. As the temperature was raised

1ty

the three resonances coalesced to give a single peak. The
resulis indicated a relatively high barrier to rotation [225].

9. (Nn-C, H, )}¥Fe(CO)~
Natura 150_57%e and 30-13¢ satellit .
¥atural abundarce C—/1'Fe and C-"“C satellite spectra
rras o as A 15, = - .
obtained from ~“C Fourier transform NMR spectroscopy were
reported for tricarbony1(q—cyclobutadiene)iron, ferrccens and
i,l1'-Gimethylferrocecne. Anzlysis of the spectra gave the
13 ~ 3 1 o s
30-5/ "BC stants and the one- z2nd two-
; 13, 13..32 ;o 1. 13
-bond ~“C-"7C("“C) isotope shifts [227]. An “H and —C
NMR spsectroscepic study of tricarbonyl(q—cyclobutadiene)iron
in fluorosulphuric acid was carried out at low temperatures.
Oz prctonation the complex underwent -6 isomerisation to give
the complex (G.l1l). The observation -of geminal th—?e—lHy
o T 13, o - PR . ok e s -
(G Hz) arnd JC-:e—ﬂ% (81.2 Ez) coupling substantisted the
Co y Ph n
( )3 COZ‘.e

{::;_/ Fa l Ph
Fe—H (co0)5 Fe
(CO)3 (CO)3

9.1 g.2 9.3
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structure of the compl
iron complex (9.2) wit

£t

D

d
cycTObuuadwene complex (9.
ne was debrominated by stirring
ne to give the benzocyclobuta-

eXxa
diene complex (9. 4) as the prbduct. When the same tw reactants
r a m
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octatetraens was

(CO)3

ki

07—drhydroxy trylcyclobutadiene)-~

iron complexes (9 ) and thes corresponding
carbenium ions (9.8; R = H, Me, Ph) have besen recorded.
Analysis of ths spectra indicated considerable donation of
electron density T m to th

R
Q
[}
[s]

()]

13
- |.J.
o

B
Q

(
13
ct
s
(U]

through the n-cyclobutadiene g
stabilized carbenium ion [232]. Meinwa
oxidized (v-cyclobutadi ne)iron i o
in the presence of half an eg

[}
The intermediate bicyclohexadiene formed by addition of the
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CHROH CHR

Fe : Fe l CoPh
(cod (col_

> 2 COPh
9.7 9.8 9.9

acetylene to cyclobutadiene was attacked by a second molecule

butadisns t0 form the tetracycledeca-3,8-diene compound.

i0. (Cyclic-np~diene)Fe(C0)., Complexes

() Forz;tion ”

A susrpensionr of 1,4-dibydropentalene in ether was warmed
mixture of (f)-pentalene)-
xes. A bis—q—allyl

S
r the (q—dihydropentalene)
1

with diiron nonacartony

complex and for one of the (p-pentalene) complexes (10.2) wita
the q—tetraene structure (10.3) as a possible alternative to
(10.2). The second (-pentalene) complex was assigned the
(7—cyclopentadienyl) structure (10.4) [234]. King and Harmon

nz2yve obtained the tricarbonyl@]-cyclopentadienone)iron compound

(10.5; R = EtzN) by heating or irradiating bis(diethyiamino)-
acetylene witk iron pentacarbonyl [235]. Ultraviolet irradiation

of pentacarboryliron and dimethyldiacstylene (DMDA) gave (DMDA)
Fea(CO)e (10.6) as the only product. The thermal reaction of
DDA with pentacarbonyliron gave three isomeric forms of the
“tricarbonylferroleiron tricarbonyl (10.7; RY = RO = Me,
B2 = B% = c==CMe; R* = R¥ = Me, R% = R0 = C==CMe and R' =
R =cMe, B2 = R® = Me) [236].

Hexafluorobut-2-yne added to cyclopentadiene to give the

ligand (10.8) whick underwent reaction with diiron nqnacarbonyl
to give the metal complex (10.9) [237]. Reaction of methoxy-
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\

C

3 (OC)aFe Fe(co)2
0 0
10.1 10.2 10.53
0
Q) R R
l R R
(0C) Fe——Fre(C0O) Fe
2 b (co)
3
10.4 10.5

cyclo-octatetraens with triiron dodecacarbonyl gave the tri-

carbonylircn complexes (10,10 and 10.11}). Acid-catalysed

2
¥ ¥ )}
l e (CO 3 I rel(cCO 3
N T
a R>
~ Bl
Fe Fe
(Co)
3 (COJ3
10.6 10.7
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10.8 10.9

gave tricarbonyl (17 —-cyclo-octa-

—2,L,6-trienone)iron (10.12; R = H) use of deuteriated acid
= D) stereospecifically mono-

hydrolysis of ths complex (10.10)
il

ave the complex (10.12;
I the ants TOSLITion Noen cycloocciatrienone

tricarbonyliron the bicyclic
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(OC)ZFe

complex (10.13) was obitazined whilst treatmen
chromium gave 07—benzene)tricarbonylchromium

O?-cycloheptatriene)chromium.

267

t with hexacarbonyl-

and tricarobonyl-

Treatment ¢f The tropone complex
(10.14) with diazomethance did not lead to ring expansicn but
regiospecific 1,3-dipolar cyciocaddition occurred to give tue
complex (10.15) [238].
/ //
17 1 "\
J—— Te
(co),
Fe
(co)
3
10.16 10.18
/ |
0 -
— re
iy
Felco); 10.17 10.19
o]
Treztment of bicyclooctatet nyl with iron carbecnyls gave

known compiexes of cycTOOCtauetra ne as the principsl products
(10.16 and 10.17) while complexes of the intact ligand were
formed only as minor products (10.18 and 10,19). Several

related ruthenium complexes were charact

Hig SRR

’—lv

i) Spectroscopic and Physico-Chemical Provnert

erized [239].

le

The ferracyclopentadiene complex (10.20) was formed by

heating thiophene with triiron dodecacarbonyl
molecular structure were det
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and its crystal and

ermined by X-ray methods [240].
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3
10.20 " 10.21 10.22

The crystal and molecular structure of the diazepiniumiron
trifluorcacetate (10.21) has been determined by X-ray crystallo-
gSraphy. The results confirmed that protonation of tricarbonyl .
D74-l(lH), 2-diazepine]iron occurred on the imine nitrogen [241].
The crystal and molecular structure of (5-exo-triphenylphosphino-
cyciohexa-1l,3-diene)tricarbonyliron tetrafluoroborate (10.22)
was determinei'by X-ray analysis. The diene was symmetrically
bound to the tricarbonyliron group with the phosphorus attached
to one of the two adjacent saturated carbon atoms [2n2].

The ESCA spectra of the 07—diene)iron tricarbonyl compounds
(310.23; Rk = H, Me and 10.2%4) have been recorded, assigned and

interpreted. The ionizatior potentizls of the atoms in each
complex were determined [243]. Aumann has elucidated the
02 0 7
R s g
R 1
\1/ \ |
" Fe Fe
(CO), (co) Fe
3 > (C0)5

10,23 10.24 10.25
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.stereo-chemical course of the valence isomerization of the bicy-
clooctadiene complex (10.25). Two processes were observed,
‘migration of the cyclopropane ring with retention of configura-
tion at C (1) and C (?7) and 1,5-hydride shifts on the endo-face

of the ligand [244]. The out of plane bending of the saturated
carbon atom in Q7—cyclobutenyl), (q—cyclohexadienyl) and
07-cyclooctatrienyl) transition metal complexes has been discussed

on a molecular orbital basis. Tt was predicted that 07—cyclo—
butenyl) and (q-cyclooctatrienyl) groups should be less Dbent
than 07-cyclohexadienyl) whil q-cyclonentadieun) carzenium
ion ligands should be bent towards the metal atom [245].

The kinetics of addition of pentane-2,4-dione (Hpd) to the
tricarbonyliron complexes (10.26; M = Fe; R = H, OMe) to
form the 07-cyclohexadiene)iron complexes (10.27; M = Fe;
R = H, OMe) were studied and the effects of variation in solvent,

added acid, added base and deuteration were investigated, The

¥
;

o
+
5
g
o
2y
o+
!

(WY
a=
N

10.26 16.27

reactions were not sensitive to solvent charnges and the e
of acid, base and of deuteration were explained by a m S
that involved rapid we-egullibrium dissociation of Hpd to give
pd”~ which then added directly to the dienyl ring [246]. The
kinetics of addition of indoles to the dienyl cations (10.26;
M = Fe, Ru; R = H) were studied. The results indicated that
direct electropunilic attack of the dienyl cation at C’ of

ndole occurred and this was followed by rapid proton loss [247].
. A pulsed NMR study of the 07-cyclooctatetraene)lron compounds
(10.28 and 10.29) over a wide temperature range has confirmed
that they show fluxional behaviour in the solid state.
Measurements of the spin-lattice relaxation time were made and

-]
activation energies were calculated as 9.4 and 2 kcal mol —
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lications

and

of tricardony
M = Fe, Ru).

to take place
and concentrat
tricarbonyl (

ed

e compounds (LO 26 and 10.29) respectively.

The

of these resulis were discussed in terms of

=3 f248].

bondi Cotvton andi Hunter have used

fluxional behaviour
107—cyclooctatetraene)—iron and -ruthenium (10.30;
Rearrangements
by a

tiorn

m [249]. The solvent
2 NMR spectra of the
ex (10.31) indicated tha

behaviour involved 1nterm016cular proton transfer,

Lo

process ¥as catalysed strongly by acids and
ough a fluxional imminium ion which has been
as the trifluoroacetate (10, 32) [250].

Ph
Ph
Fe(CO)
1 2
AW
oh PPh
. Ph
Fe
(co)
10.32 10.33

iron compound has been shown



The dicarbonylferrdle iron tricarbonyl complex (10.33) and
related compounds were nxam:u.ned by '30 NMR spectroscopy in the
temperature range -125 to +9j C for fluxional behaviour.

The dicarbonylferrols group was found to be static while ths
irgntricarbonyl group was fluxional. The ferrole ring carbon
and carbonyl carbon resonances were assigned and the structure
of the complex (10.33) confirmed by single crystal X-ray

measurements [251]. The reaction of the complex cation (10,34
with a series of nucleophiles, N = NB_’ OBt~ PEtS,PDHB to give

Fe Fe
(co). Fe
(co) > (co),
>
10.34 10.35 10.36

ring addition products (10.35), was followed by infrared and
1 - . . s .
~H NMR spectroscopy. From the results it was suggssted that
attack by the nucleophile occurred at the metal atom and this
preceded ring addition [252]. lH NMR studies on unequal
mixtures of the complexes (10.36 and 10,37)in trifluoroacetic

Fe Fe

(CO)3 (00)3
10.37 10.38
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acid showed that protonation occurred at the uncoordinated double
s, This indicated deactivaticn of the coordinated double

o
D:

an
ond by the tricarbonylircn group. The complexes (10.38;
"= 2, 3 and L4) were bydrolysed by water to the corresponding
2lcohols whereas the complex (10.28; n = 1) was stable to
hydrolysis which suggested that homoaromaticity contributed to

o

[»

the stability of the molecule [253].

Generzl Chemistry

e addition of NCX where X = BF4 r PF ¥e to the iron

complex Fe( CO)ZL(Cn Hpn) where an = cyclic polvolefln gave
3

m
either ‘the nitrosyl caticn Fe(CO)L(NO )(C H, )" where L = CO;
b L = PPhB, C.H, = ueuranhen rlcyclo-

he cation Fe(co)az(“n o+ l) in which protonation
.

i3
o]
]
o
O
e ]
13
o 0
p
[4)]
13
[0}

IHB

yene ligand had occurred, It was shown that in the

e of oxidizing agents such as silver (I) or the nitrosyl
cation that the paramagnetic cations Fe(CO)ZL(CnHm)+ were
generated and these abstracted a proton from the solvent to give

rotonated product Fe(CO),L(C.E_ , ;)7 [254]. 1In the
decomplexation of the tricarbonyl:i ron complex (10. 3C) by tri-
methylamine oxide the intermedizie (10.40) was isolated.
Treatment of this complex (10.40) with an excess oftrimethyl-
amine oxide gave the ligancd 2,5-dimethylthiophen-8S-dioxide and
inorganic produccts [257]. Twelve derivatives of tricarbonyl-

07-tetr’ phrernylcyclopentadiene)iron (10.41) have been pr=pared

(]

Ph
Ph
s — —
[ SOZ I SOZ | SikMe
oy S
Ph
Ph
Fe T - Fe
(co): Meahﬂ——-Fe (CO).
(co,

10.3¢ 10.40 10.41
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and substitution at silicon has been examined. The exo-

—-substituents (10.41; R = Me, OH, OMe) were displaced readily

by groups such as F, Cl, OH,OMe and Me,CHO [256].
Leuracarbonyl(?—meuhyl acrylate)lroa combinzad with 1soprene

on photolysis to give a trlca_bonyl(q—dlene)lron compleX in

which the ligand incorporated an adduct betwsen isoprene and

the acrylate. Similar reactions were carried out with

related iron complexes and olefins. The mechanism for"the

thermal and vhotolytic conversion of trlcarbonVI07 cyclopentadiene)-

iron to dlCabeHYl@?—CgClOpenUanenyl) iron dimer has Dbeen

nvestigated, The thermal route involved sterecspecific

adical abstiraction of hydrogen by an iron (I) species while

the photolytic pathway involved intramolecular hydrogen transfer

{257]. @ Addition of tri-n-butylphosphite to [07-C6H7)Fe(00)3]BF4

gave the stable adduct (10.42). Similar adducts were isolated

=0
Iy

rce

3

from the reaction of the same phosphite with [(O—CGEGOMe)Fe
(00)3]_81?1,r and [(I7—C7H?)Cr(CO)3]BFL‘L [258]. The kinetics of
phosphonium sdduct formation by attack of tri-n-butylphosphine
on the cations [O?-C?H7)M(CO)3]+where M = Cr, Mo, W, obeyed
the rate law, Rate = k [complex][DBuj] The rates of the
reaction were almost independent of the nature of the metzal
wiich indicated that the Tropylium rings in the diffsrent
complexes had similar electrophilicities and zlso that the
prhosphine added directly to the rins. It was establisned in
this reaction that the ratio of the 8act1V7t“eS was
[(-CgH,)Fe(C0)51™:  [(-CoH,)0r(C0)51"s [(9-Chhe)Mn(C0)517,

160 : 60 : 1 [259].

Reaction of (Q—Z—pyrone)tricarbonyliron complexes with
hydroxide ion and acylation of the inter sdﬂauel7-a11y1 anion
gave a reactive anhydride intermediate which was used to prepare
butadienes substituted with amide, azide, ester, acid, amine
and alkyl groups [260]. The reaction of tricarbonyl(f-cyclo-
hexadienyl)iron salts (10.43) with a series of cadmium reagents
(RyCd, R = Ph, PhCE,, Me,CH, CH, = CHCH,, MeCH=CHCH,, MeCH=CH)
gave the products (10.44) of alkylation at the terminal carbo:z
atom of the dienyl system. The reaction proceeded stereo-
specifically on the face opposite to the tricarbonyliron group.
Similar reactions were carried out with the acyclic tricarbonyl-
pentadienyliron salts (10.45) but the yields of the butadiene
complexes (10.46 and 10.47) were variable and regioselectivity
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10.43

Was DecTr t261].

Methylation of <

<
(10.48; R = Me, OMe; X = BF, , PF,") with lithium dimethyl-
cuprats proceeded stereospecifically Zo give the corresponding

10.4



cyclohexadiene complexes (10.49). Experiments using deuterium
labelled compounds establishned that alkylation occurred at the
face of the-y-cyclohexadienyl ring opposite to that occupied
by the tricarbonyliron group [262].

The relative thermal reactivities of the 5-exo- and
5-endc-methoxycyclohexa-1,3-diene complexes of iron tricarbonyl
(10.50 and 10.,51) were investigated. Thermal isomerizstion of
the complex (10.50) gave a mixture of the 1~ and 2- methoxy-isomers
(10.52 and 10,.53) together with some tr icarbonyl(n~cyclohexa~1,
3-diene)iron, Atstempted thermzal isomerization of the complex
(10.51) under the same reaction conditions zgave mainly uncharged
starting materizl together with a small amount of tricarbonyl-
(7—cyclohexa—l,3—diene)iron. These results were
in terms of a reaction mechanism where only migration
endo-hydrogen occurred [263]. (n-Benzylideneacstone
irorn underwent ligand exchange with 2,L4L,6-cyclooctatr

CMe
“H ™ OMe
OMe
Fe Fe Fe
(co) co
3 (CO)5 ( )5
10.50 10.51 10.52
0
OO uf
OMe
Fe
Fe
(co)
(CO)3 3
10.53 10.54 10.55
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(10;54) ir benzene at 55° to give the iron. tricarbonyl ¢omplex
(10.55) of the less ssable bicyclic tautomer bicyclo[4.2.0]Jocta-.
=2, A-d_e"-?-onp and the complex was degraded with cerium (IV)

at -30 to give the.free bicyclic ligand [264].
The tricarbonyliron grour was efficiently removed from

'tr*carbon'l@7—cyclohexadiene)iroa complexes with copper (II)
chlioride in etharol at room temperature. - In two cases the
‘ligand underwent modl;lcatﬂct, thus the chiorinated ligand
{10.57) was obtained from the complex (10.56), and the ether
linkage in the complex (10.58) was broken to give cyclohexenone

O
7
o) MeO
Fe Fe
(co) .
(00)5 _ 3
1C.56 10.57 10.58
[z65]. The cycloheptadienyl cation (10.59) was redueed with
sodium borohydride in water to give the cycloheptadiene complex
(10.60) together with a small proportion of the isomeric
cycioneptndiene complex (10.61). The first order isomerization
of the complex (10.60) to (10.61) was investigated. kinetically

and a cycloheptadienyl intermediate was proposed. Evidence
was obtained for ths exo-addition of hydride followed by migration
¥ an endo~hydrogen in the reduction of the cation (10.59).
ru.ta°r reactions of the cycloheptadiene (10.60) were described
Abstraction’of a hydride ion from the silacyclohexadiens
(=

cmplex (10.62) gave the 1,l-dimethyl-l-silacyclohexadienyl-

tricarbonyliron cation [267]. Excess tricarbonyl 07-cyclohepta-

trienel}iron was added to the tricarbonyliron complex (10.63;

R = BE) to givs a polymeric prcduct (10.64; n >30). A similar
in

product was obtained from the reaction of uricarbonyl-q-cyclo-



Fe—CO Fe—CO Fe—CO

O

</ \> @ 7\
10.59 10.60 10.61

heptatrieneiron witn the cationic tricarbonyliron complex
(10.63; R = C7H7) [268]. O7—Tropone)tricarbonyliron (10.65)

i v

Fe Fe
(co)3 (co)3
10.62 ' 10.653

underwent a 1,5-cycloaddition with tetracyanoethylene to

give the tricarbonyliron complex (10.66). H NMR studies
showed that the cycloaddition involved initial electrophilic
addition to a non-coordinated double bond [269]. The reaction
of tricarbonyl(p-cycloheptatrisnyl)ferrate (-1) [C7H7Fe(CO)3]—
with MeEMCI, where M = Si, Ge, gave the 7—substitute$ n-cyclo-
heptatriene derivatives (10.67; M = Si, Ge). The “H and
3¢ mm spectra of these molecules (10.67; M = Si, Ge) showed
that they exhibited fluxional behaviour when hzated above room
temperature, The origin of this temperature dependence of

the NMR spectra was discussed and it was thought to be due
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R
l n
. Fe
Fe Fe Fe
\ (Co)
(034 (co), (G0)3 3
10.64 10.65

to oscilliatory moticn of the tricarvonyliron mciety having the

eZfect of a 1,3-shift [270].

cH
CN
///-——cw
N
NS O m{
< 83
<§i:‘. |
\\\:i::jyéi
| Fe Fe M——Fe
(co)- _ (CO)3 (co), (co)3
-
10.66 1C.67 10.68

! trienyl complexes (10.68; M = Mn, Re, n =
5 : s Lo s 1 .
M=Rh, n =2). The zass spectra and “H and 3¢ NMR specira

~e

[

of these compounds were discussed and it was concluded that all
of the complexes adopted a cis arrangement of the carbonyl
maieties with respect to the seven-membered ring [271].
Nuclecphilic addition to protonated tricarbonyl(p-tropone)iron

69) by methanol, primary amines and azide ion gave the
expected Q—cycloheptadienone products (10,70; R = OMe, NHPh,
iRt N o L . . - . . .
NEBu~, NB). However treatment with cyanide and borohydride
gave the 7—cycloheptenyl complexes (10.71; R.= CN, H) as the
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major products togsther with s

mall amounts of tne)7—cyclohebtadienone
complexes (10,70; R = H, cNW) [272]. Addition of a proton, using

0 0
R o
e
Fe Fe (co)g
(co) (CO)3
3
10.69 10.70 10.71

fluoroboric acid, and then a hydride ion, using sodium borohydride,
to tricarbonyl@7—cycloheptatriene)iron followed by carbonylation
gave the bicyclooctenone (10.72) in 59% yield., Treatment of
r1carbony‘07-cycTOOCta— trasne)iron in Tl

i same way gave cthe
ticyclononadienons (10.73) in 62% vyield [273].

(%]

10.72 10.73

Treatment of the )-cyclooctatetraene complex (10.74; M = Fe)
with dry hydrogsn chloride gave the q—ally1 complex (10.75).
The corresvonding ruthenium complex (10.74; M = Ru) underw:
a similar reaction [274]. Bis()-1,5-cyclooctadiene)iron,
Fe(l,5—COD)2 was treated with trimethylphosphite to give
(l,j—GOD)Fe[P(OMe)B]B. It was concluded that the isomerization
£ the 1,5- to the 1,3-species occurred on warming ths complex

oo
o

the presence of phosphite {275]. The 07-cyc1oocbauet aene)-
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. ; R
M- : iy Fe
(co)_c1
(co), 3 (co),
10.74 10.75 10.76

iron complexes (10.76; R = SlMeB, CcVeB, PhBC) iscmerized on
heating in octane %o give the corrssponding complexes (10.77;

R = SiMes, -GeMey, CPh,) of the bicyclo[4.2.0]octa~2,4,7~triens
ligand, The disubs ultutEd cyclooctatetrasne complex (10.78)
also gave a bicyclooctatriene complex (10.79) whose structure
‘was determined by X-ray crystallography. The ligand had a
long bridgehead bond (1.58 Q) and the triphenylmethyl group
wWas trans to the trimethylsilyl group and the folded hexadiene
ring presented a convax face to the iron aton. Several related
ruthenium complexes were described [2v6]. Treatment of
triruthenium dodecacarbonyl with 1,5-cyclooctadiene (L) gave
the complex LRu(CO)3 in good wyield [277].

R o CPh

/ I C a3 /

l .
S\ l\

l SiMe

Fe . 3
(c0) SHies Fe

> Fe (00)3
cOo
( )3

10.77 - 10.78 , 10.79
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Tricarbonyl07—cyclooctatetraene)iron has been treated with
a tungsten hexachloride, ethanol, ethylaluminium dichloride
mixture under olz2fin metathesis conditions to form the binuclear
complex (10.80) with five fused rings in the 1ligand. The
molecular structure was confirmed by X-ray crystal aralysis [278].

Fe ™ \\—1—————— Fe
(GO)3 (CO)3

10.80

Treatment of the iron comprlax (10.81) with carbon monoxide

gave the mononuclear carbonyliron complex (10.82) which underwent
oxidative dscomposition with ircon {III) chloride to give the -
triene (10.83) [279].

Fe(CO)
Fe(CO)3 o o
// <f¢x\\ / //) 4
ﬂ (oc)§Fe<</ ,
' A e ~ F
10.81 o 10.82 10.83

11. (H—CBEB)FeQQ-ngé)

Reaction of 1-fluoro-, i-chloro- and l-bromo-naphthalene
with ferrocene ard an aluminium chloride-aluminium mixture
gave the q—cyc1opentadienyl—g-l—halonaphthaleneiron cations
(11.13; X = F, Cl, Br) in which the n—-cyclopentadienyliron group
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Fe

1.1 11.2

we.s complexed onrly to the unsubstitut
tke same reaction was carried out wit

ccmple¥es were isolasted in which eithsr the subst

unsubstituted ring was €

group.  Jith l-bromonaphthalene the ion (11.1; X = Br) was

isolated together with the dehalcogenated 07-c"cl pentadienyl)
(p-naphthalene)iron cation and the hydrogenated derivative

o4
ap
s
[

se results a hydrosenation mechanism

]

(11.2). To account for th
involving radical ions as key intermediates was postulated [280].
Cyclic voltammeiry showed that (Q qe)(?—c yclopentadisnyl)iron
salis were reduced reversibly to the parent complex. In water
ers

or zgueous ethanol a second ir ible reduction occurred to

]

ev
give metallic iron and the free ligands [281].

Tne exchange of ligzands betwzen cylferrocanes and arenes
was investigated. The ease of substltutlon of 7-cyclopentadienyl

_l

moieties from z series of ferrocenes by banzene and alkylbenzehnes
decreased in the order FcCOCH §> C1OH8reR > FCH§>-ClOHSFe(COMe)2
(R = alkyl). The reaction 01 ferrccens and substituted ferrocenes
wita a series of alkylbenzenes, as solvents, in the presence of
Juminium chloride gave the salts (11.3; R- = E, Me, Et, Pr,
Me_CH, CH,Dh, COMe; R = Me, Et, Pr, Me,CH) [282]. Astruc

bave investigated the exchange of cyclopentadienyl
for arene in substituted ferrocsnes. The products obtained were
pendent on the nature of the arene, the reaction temperature

: rr scene subStluuenus. Thus acetyl-
ferrocene was heate 8 with benzene and aluminium chloride
to give the 7-benzene complexes (1i.4; R = COMe, H, CPhZMe;
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1|+ R_|+ 2
o9 |
& _

Fe PF6 Fe

O
11,3 11.4 i1.5

n=0). With toluene as the reagent ths 7—benzcnc couplexes
[13i.4; R = COMe, H, C(‘B—tol:ﬂ)2 fe; n = 1] were obtained
together with the bls(q—oenzen e) complex (11.5). Increasing
substitution witik alkyl groups in the arsns reagent lead to an
incrzased precportion of 01307—oenzene) products (11.5) at the
expanse of the mixed complexes (11.4). Similar studies were
carri=d out with formylferrocene, benzoylfierrocene, 1,1'-diacevyl-
ferrocene, 1l,1'-dibenzoylferrocene, diferrocenylketons and
1,1t'-pis(X-hydrcxysthyl)ferrocene [283].

Specific reduction of the carbonyl grocup in cationic
(q—acylcyclopentadlenyl)(V—arene)wron ompl s was achieved
electrochemically whilst the organomeiallic part of the molecule
remained unchanged. Nhen the ketones (11.5; R = H, RS = Me;
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RY = H, R® = Ph; R- = RZ = Me; R' = Me, R° = Ph) were reduced
the monccationic alcohols (11.7) or the dicationic dinuclear

pinacolé (11.8) were obtained dependihg on. the pH'and the

- potential used [284].. The additioh of hydride ion to the
07—méthylbenzoate)iron cation (11.9) took place exclusively in

the benzene ring to give a mixture of the ortho-, meta-, and

para- _préducts with the ortho-ester (11.10) strongly favoured

over the other two isomers [285]; The reaction of bis(v-mesitylene)-

CO Me CO_Me Ti(NEt )

3
rrj
]
)
c

11.9 11.10 12.1
iron (II) hexafluorophosphate with a series of nucleophiles
was studied. Relatively weak carbanion nucleopkiles formed

1 : 1 adducis which when oxidized with ceric ion gave a mixture

of mesitylene and the 2-substituted mesitylene [286].

12. 0=CoH;) Ru

The structure of the ruthenocene-titanium complex (12.1)
was investigated by ~E- and lBC-NMR and infrared spectroscopy
[287]. The electronic and magnetic circular dichroism {(mcd)
spectra of ruthenocene and ferrocene were measured in solution,
Perspex films at 4.2 K and rare-gas matrices at 20 K. Extensive
calculatiogns of the mcd parameters for the d - d transitions were-
carried out and it was concluded that the xperimental results
could be explained by inclusion of significant ligand character
into the 4 orbitals [288]. The Raman spectra of ruthenocene
and osmocene have been obtained for solid and liguid samples
and ccmpared with the corresponding spectra of other metallocénes.
The assignments of some cyclopentadienyl vibratipns have been
revised [289]. The irradiation of solutions of ruthenocene in
halccarbon solvents lead to the formation of the ruthenocinium
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and chloride ions [290].

Ruthenocene in chlerocarbon solvents (RC1l) absorbsd
radiation strongly in the 285-300 nm region. This absorption
was absent in alcohol and hydrocarbon solvents and it was
attributed to the formation of a charge transfer complex
(CyoH;oRu.-RC1) [291]. 1,1'-Diacetylruthenocens was treated
with benzaldehyde ih ethanolic potassium hydroxide to form the
[5]ruthenocenophane diketone (12.2). Reduction of the diketone
(12.2) with sodium borohydride and treatment with hydrochloric
acid gave the cyclic ether (12.3) which was in turn redqced with
borohydride and aluminium chloride to the [5]ruthenocenophane

(12.4) [292]. The elution behaviour of ruthenocene, ferrocene
0
Ru — Ph Ru O oh Ru Ph
iz2.2 12.3 1z2.4

and a series of substituted ferrocenes on a gel permeation
chromatographic support, creoss-linked poly(acryloyl morpholine)
(Enzacryl(:)Gel) was investigated. For most of the solutes an
approximately linear relationship was obtalned between log
molecular weight and the Wheaton Baumann absclute distribution
coefficient (Kd), whkich indicated that the separations were
effected via a molecular sieving mechanism [293].

Acetylruthenocene—lOBRu was administered to rats and mice
and scintigraphic studies showed that it accumulated mainly
in the adrenal glands, liver and to a less extent in the kidneys.
There was relatively little accumulation in the muscles and
blood, Ferrocene—nge was tested similarlybut its persistence
in the body was low. It was concluded that acetylruthenocene-
—lOBRu might be a useful diagnostic tool for adrenal disorders
[294]. The reaction of areneruthenium (II) complexes
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[RuCl,(arene)], and RuCl,(arene)(pyridine) with alkali metal
-salts of cyclooctate aene {cot) gave the a;.—sensitﬁvc' ’
‘compounds’ Ru(arene)(coc),(ar ens = PhH, 1,3,5- C6H Meq, 06M 6).
An X-ray diffraction study of the hexamethy lbenzene derivative
showed -that the arene ring was planar and that the cyclooctate-
traéne was 1-4-p-bonded. The barrier to intramolecular exchangp

=

of thes vbound and unoound halves of the eight-memdered ring was
very low (<6 kcal mol” 1y [295]. '

13. 0~C, K )Co(n-CcE)
The reactwon of the cobalit complexes (13.1; R‘l and RZ =
Ph, CO,Me e) with the ethynyl complexes (13.2; L = CO, PPhB)

gave the corresponding - cyclobutadiene complexes (13.3).
The nickel complexes (13.L; Rt = 8% = Ph, BD = CO,Me; R, R =
Pa, R® = COMe; R, R® = CO,Me, B = Pu; RY, R® = CO.Me,
R2 = Phn h) were prepared by a similar route [2%6]. The sandwich
Co . Fe Co
pu_ 2 \//CRZ CO.L\C 22 Ph
2 \
rYC Nera
13.1 13.2 ;
R™ Fe
CO.L
<::> 13.3
Co
Ra RB-

vl
=

2

[



structure of (7—cyc10butadiene)07-cyc10nentadieny1)cobalt has
been confirmed by a single crystal X-ray diffraction study at
—35 C. The cobalt atom is bound symmetrically to each ring

with typical carbon-cobalt internuclear distances [297].

1. EQ:C5§ J>Co_and f(n—C55512 ]
=xtended Hueckel molecular orbital calculations and frontier

287

orbitals for the eta1(7 cyclops tadﬁeny1) and metal tricarbonyl

groups have been used tc analyze and discuss the electronic
structures of the triple-decker sandwich compiexes (14,1, 14.2
and 14.3). Two series of stable structures were predicted,
containing thirty and thirtyfour valences electrons respectively.
The similarities between These triple-decker complexes and the

Ni Co

Ni Co Co

@

14,1 in.2 e

|_l
g

= Boron

well known triply-bridged binuclear metal carbonyls such as
diiron nonacarbonyl were considered. The structures of several
triple-decker complexes which should be stable on theoretical
grounds, but which have not yet been gsynthesised, were described
{298]. The molecular structure of cobaltocene has been

studied by gas phase electron diffraction, the sandwich structurs

with eclipsed P-cyclopentadienyl rings was in‘*cated although
the alternative staggered structure was not ruled out. The
high value obtained for the C - C vibrational amplitude confirme
the presence of a dynamic Jahn-Teller effect [299]. The
magnetic susceptibilities of cobaltocene and chromocene ware
measured by the Gouy method. For cobaltocene an effective
magnetic moment of 1,70-1.90 BM was obtained between 83 and
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293 K. It was concluaed that tnere Was an annrecwab1e
ortaornombﬂc spllttlng of HGSZKSA) ground sta*e [300].
, ‘Combustion ard formation enthalpies. together with mean bond
dissociation energies were datermined for cobaltocene,
1ckelocene and severa1 other blSO?—cyclonenuadlenyl) transition
metal complexes [301]. Several thermodynamic functions such
as Cp and the energies for solid state transitions have been
determined for cobaltocene, nickelccene arnd other metallocenes
302]. The 1y ana 3¢ mr spectra of twenty paramagnetic
nono- and di~alkylated bis(p-cyclopentadienyl)complexes of
varadium, chromium, cobalt and nickel have been recorded,
The chemical shifts were assigned complétely and arranged
systematically allowing the convenient identification of these

paramagnetic complexes in solution [303]. Dl(?-lso-pronyl-
cyclopentadienyl)cobalt was prepared and its = and ‘H NMR
spectra were recorded and intervreted [304]. Metallocenes,

07 -C ds) ¥ whers M = Co, Cr, were treated with metal disulphides
and diselenides, Mlx where Ml = Ta, Zr HE, Nb Ti, Sn;
X = 8, Se to give tbc corplexes MXZ[M (?—C H5)2] where
n = 0.2-0.38 [305].

Acetylene and cyanides, RCN where R = 01_3 aliyl,
GEé:CE, Ph, PnCEé, combined in benzene or toluene in the
presence of cobaltocene to give substituted pyridinmes (14.4).
In 2 similar reaction cocyclonrimerlzntion of acety1enes,
RlcECH-where Rl = Cl_LL alkyl, with cyanides, R™ CN where R2_= Me,-
Pr) gave mixtures of the pyria_ne isomers {(34.5 and 14.6) [306].

rR1:
1
R

1.4 1.5 ' 1.6
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1,1'-Disubstituted cobalticinium cations (14.7; R = H, Me, Et,
Ph) have been prepared by treatment of the appropriate cyclo-
pentadienide anions with cobalt (II) under oxidizing conditions.
Mono=-, 1,2-, and 1,3-disubstituted compounds were obtained by
oxidation of the mcno- or di-substituted cyclopentadienide
anions with cobalt (II) and cyclopentadiene in the presence of

Me ' @COZH
a
Me @-ooa--

14.8
NH @ CON @ cocl
2 03
1,50 NaN
>

4 b 3
;
@7%1\% @ cocl

MeOH

&
N
ol
5
I

CHR

&

4.7

o

.13 i4.12 14.10

<_____.

Go* Cco¥
CQ‘SRMe2 @' CQaMe
i1 1L.11
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pyrfolidiné. The 1,1'-dimethylcobalticinium ion (14.8) was
oxidized to.the- ‘carboxylic acid (14.9) with potassium permang-.
anate, converted to the acid chloride (14.10) with thionyl
chloride and then to either the methyl ester (14.11) with
methanol or to the amine (14.13) through the azide (1iL.12).

)

he isopropyl groups in the cation (14.1l4; R = H) were oxidized

cl

o the tertiary alcohol (14,.3L4; R = 0OH) with permanganate and
J 3 LS (=3

0

sterified with acetyl chloride ©t6 give the acetate (14.1k;
R = OCO‘“e), some related reactions were described [307].

The- nola_oﬁranh.c reduction of six monosubstituted and eight
disubstituted cobalticinium cations has been investigated, Tvo
successive cathodic waves were observed at the dropping mercury
electrode, the first corresponded to formation of cobaltocene
and the second to the cobal e

Ie - ' + [ ~ 3 E=- - -
\7’0555)203 — (r]—ps%)ZCo _— (r}—CSHS)ZCO

The UV, IR and lH NMR spectra of the cations were recerded and
discussed [308]. The stability of the (-cobalticinium—

—carbenium ion (14,.,15) was determined spectrophotome
in 80-96% sulphuric acid ;
ferrocenyl and nhen i anzlogue
constants for RPhZC we
102

R = phenyl 5 x 107;
—30 ¥MR spectroscepy indicated that i

g
¥

2
o

o
g
<
|
Q
bt
i
Q
i
I

1L.15 iL.16
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positive charge was more delocalized on to the phenyl groups
than on-to'theicobalticiniumgrour [305]. The acylcobalticinium-
-alkyl aryl ketone copolymer (14,16; X = Cl, OH) molecular
weight 2500-5000 was prepared for use as a heat-resistant
material [310]. Zirconocene poly(cobalticinium dicarboxylate)
was prepared by the reaction of 1,1'-dicarboxycobalticinium
hexafluorophosphate with zirconocene dichloride. The polymer
was not very scluble in organic solvenis and there was no
tendency to form filaments [311].

The bonding and electronic structure of the triple-decker
sandwich metallocarboranes (14.2 and 14.3) has been investigated
by llB and lH Fourier transform NMR spectroscopy and comparisons

5

made with the triple-decker cobalticinium sandwich (14.17).
and trimethylsilyl groups weres introduced into

Alkyl, halogeno
the central (C B
determine substltuep effects on the spectra, Medium and large

I'

5)4 ring or end (0555)- rings in order to

[*N

changes in chemiczal shift were observed at 211l boron posi s
and at zll hydrogens in each ring for both the 1,7,2,3- (14.2) znd
1,7,2,4~ (14.3) isomers when groups were present on r n

ring carbon atom. Substitution on tTthe end ring

was concluded that the 1,7,2,4-isomer (14.3) contained =z
metallocene-like carboranyl ring with strong eleciron delocal-
ization while the 1,7.2,3-isomer (1L.2)

cobalt-clefin and cobalt-boron bond

g Co
Co
R .
Co

14.18 14.17

7
ey}
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' Degradation of the cobalt complexes (14.18; R = Ph, Me) with
an alkali metal cyanide gave the corresponding metal borinate -
which was used to prepare 07—v5H55Ph) Os, 07-05H BPh)Pit-
1.5- =
Me5, (x7 -C H/BR) Ru»a_.d 1.5 Ce_.*lZRnC5H5BR (R. = Ph, Me) [313].

15, Cobalt-carbon Cluster Comnounds
The mephylldyne nonacarbo nyltr1cobal+ acetate (15,1). has

been prepared in high yield by treatment of Ll[COB(CO)lc]-w1tb
acetylbromide [314]. Treatment of dicobaltoctacarbonyl with

Cl

0COMe \Ti— @
| 2

C\Co(c:O)3 _ \(:o(c:o)3
yd | o
/

Q—0O

co ——FCo 0c).Co Z—=Co

(Ob), o (CO) ( JzGo (c0)
3

15.1 15.2

b1507 -cyclopentadienyl)titanium dichloride gave the titanocenyl
ccbalt cluster complex (15.2). The structure was determined

by X-ray crystallography, the interatomic distances and bond
angles about titanium were close to those ¢bserved in the

starting material [315]. Treatment of trihalomethyl compounds
where R = Cl, Br, Ph, COOCMeB, CHZO with cobalt carbonyl

in benzene-agueous sodium hydroxide mixtures using benzyltriethyl-

d

Q

¥4
N

ammopnium chloride as a phase transfer catalyst afforded the
cobalt .cluster compounds (15.3) [316]. The crystal and molecular
structure of the cobalt cluster complex (15.4) has been determined
by X-ray crystallograzhy [317].

£ series of cobalt cluster complexes of the type XCCOB(CO)9
where X = H, halogen, alkyl, aryl, Q(OH)HR, OMe, C(O)SCMe3
were examined by cyclic voltammetry at a hanging mercury drop
or platinum bead electrode. The characteristic reduction rattern
Wwas a reversible, one electron reduction in the range of -0.7 to
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R OBBr_NEt
| S
c

: o
N\‘\\‘\~CO(CO) ~\\\\‘*~co(co)3

e

(0C)__Co——Co (OC)BCO Co
2 (co)3 (co)3

15.3 15.4

~-0.9 V measured against a saturated calomel electrode followed
by an irreversible, multi-electron reduction at about -~1.5 to
-1.8 V. Clusters with more electronegative substituents were
reversibly reduced arocund -0.7 V whilst those with electron-
—-donating substituents were reduced at approximately -0.9 V.
ESR spectra of the reduced clusters consisted of at least

16 lines, and the hyperfine structure and coupling constant
changed little with the substituent [318]. The 12¢ NMR apical
carbon resonances for the cobalt complexes Co (CO)QCY where

Y = H, Me, Ph, CFy, COyMe, F, Cl, Br, I were observed in the
Jowfield region (310-230 ppnm). The signals were guite difficult
to detect due to spin-spin coupling with the three cobali atoms
which underwent quadrupole induced relaxation. Variable
temperature spectra showed thermal decoupling of carbon from
cobalt and scrambling of' the carbonyls [319].

Seyferth and co-workers found that molecular hydrogen would
reduce aroylmethylidynetricobalt nonacarbonyls (15.3; R = COPh,
2-MeCgH, CO )
the.corresponding qrhydroxybenzylldynebrlcobaTt nonacarbonyls

5 n-BrCGH CO) in the absence of a catalyst to producs

in good yields. Hydrogenation of the ferrocene derivative
(15.3; R = COC "5PeC/”4) gave the alcohol [15.3; R =
CH(OH)C5H5TeC5h4] and the cluster compcund (15.3; R =

nAFeC5H ) which was shown tc be prodnced by thermal decarbonyl-
ation of the ketone [320] Bromomethylidynetricobalt nona-
carbonyl underwent a rapid reaction with ammonia and primary and
secondary aliphatic amines to give the corresponding amides

References p. 297



1.2 7

=H or alkyl).
. 12y » . 1,2
(00)900305r+ RRNE—> ,(OC)QCOECV(O)N"R R

‘The slow room temperature reaction of methanol with (OC)QCOBCBr
was accelerated when it was carried out in the presence of
triethylamine under an atmosphere of carboen monoxide., riethyl-
anine also acceleratved the reactions between (0C),Co,CBr and

other alcohols, phenol, anilines and indole [321].

15 —C_E_}_Ni
16. (h-C_ 5852 NT
An X-rzy powder diffrzction si

E=Y tudy was carried out on
nickelocene in the temperature range 5 to 2950 K. The temperature
n

dependence of the cell parameters znd the principal thermal
expansion coefficients were explained in terms of an order -
disorder transition irn the range 2&0-1700 K. It was thought

that nickelocene was eclipsed ‘D5h) in the ordered phase [322].

I.lr
ol

The heat capacity curve for nickeslocene has been determined in
the temperature rang 130—3000 ¥ and previous proposals on the
nature of solid state transitions in this compound were substantiated
[323]1.. Contac

hydrogen atoms nave been determined for seven alkyl and alkylene

t shifts for the cyclopentadienyl and substituent

substituted nickelocenes, The cyclopentadienyl hydrogen atoms
showed constant contact shifts (250 + 19 ppm) while the f3-hydrogen

'atome on carbons attached d the metallocene nucleus

(o}

rectly t
en

o &

i
skowed shifts which wsre dependent on the dibedral angle between
i

he cycloventadienyl o, orbital and the C- HB bond. The structure
# one of the compounds (16.1) was determined by X-ray crystallo-

grapay [324].

Corderman and Beauchamp have used ion cyclotron resonance :

0 cf

spectroscopy to examine the gas-phase ion chemistry of nickelo-
cene, Total rate constants for the further reactions of
primary fragment ions such as (uﬁ_s)Ni+ gnd (03 J)N'n+ have been
cttained by tranned—lon techniqgues. The nickelocene anion

t

¢l

med by electrcn attachment, it was long-liived
ds hydrogen chloride, nitric oxide, and
ne was found to be a strong base in the gas

ty of 218.9 kcal mol” 1 which was

armoniz. Nickel

<)

=

I

B
)
|8

ot

o
rkase with & proto
determined from eg proton transfier reactions with
trimethyiamine [325]. The d-
carborane analogue [Nl(BchHll)Z]Z— were aralysed. The spin-

d spectra of nickelocene and the
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(

Ni 0
!
Cco
16.1 16.2
-orbit coupling constants and nephelauxetic parameters were
estimated for the two complsxes [326]. A rate expression was

derived for the thermal decompesition of diisoprogpylnickelccene

which was thought to decompose via a radical mechanism [32?]

16.3 16.4

iro[2.4]hepta-L,
16.3). Treatment

gave the nickel-

Reaction of tetracarbonylnickel with spi
6-diene gave the nickel complexes (16,2 and
of the complex (16.2) with triphenylphosphin
ocenophane (16.4) [328]. Treatment of nickelocene with

octachlorocycloheptatriene in dry ether at room temperature

4]

formed a cyclopentadienylcycloheptatiriene which underwent
an intramolecular Diels Alder reaction © ive a heptachloro-
tetracyclododecatriene (16.5) [329].  Nicl

by vphosphine sulphides in the presence of a yl iodide to give

07-cyclopentadienyl)nickel trialkylphosphine complexes [16.6;

O
m

locene was degraded

'P-
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Ni Ph Ni Pn
N N
R
_ : 5\ /.
16.5 16.6 16.7

R = H, C(alkyl),OH, COPh, CO,Et and 16.7; R = C(alkyl),0H].
The ester, ketone and alcohol functions did not.interfere with
the reaction. The complexes (16.6 and 16.7) were decomposed
by sodium cyanide to give the free phosphines [330].

Tne cyclic phosphinate (16.8) was treated with nickelocene
end allyl iadide to give the n-cyclopentadienyl complex (16.9).
£ l-oxa-2-phosphacycloheptadiene underwent the same reaction
to give the 7-cyclopentadienyl complex (16.10) [331].
Kickelocene was attacked by bis(trifluoromethyl)acetylene at
€0° to give the mono- (16.11) and di-acetylene (16.12) adducts
zs the principal products, The mechanisms of these and
related reactions were discussed [352].

16.8 16.9 ‘ - 16.10
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CF3

Ni | Ni

CFzg

16.11 16.12

17. Uranocene

The crystal and molecular structure of bisﬂ7—(l,3,5,7—tetra—
phenylcyclooctatetraene) Juranium was determined by X-ray analysis.
The molecule crystallized with completely disordered molecular
packing. The molecule itself was a sandwich compound with the

CS rings in a nearly eclipsed configuration and with the phenyl
r

i
rings tilted at an average of 420 from the plane of the C8 ring

in a staggered configuration [333]. The low temperature

magnetic susceptibilities of methyl and phenyl substituted
uranocenes have been determined and were in accord with the
calculations of Hayes and Edelstein [334] and their MO description
of metal-ligand bonding [335]. The helium I photoelectron spectra
of uranocene, 07-08H8)2U, and thorocene, (U—C8H8)2Th have been
measured and the ionization energies destermined, Striking
resemblences were observed between these specira and those of

Other transition metal sandwich compounds, The lowest bands

were assigned to electirons ionized from molecular orbitals
Jocalized on the metal and demonstrated the electron rich

character of the metal and the very low ionization energies

associated with such orbitals [336].
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