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SUMMARY

e

-

The worlk is based on the fact that cyelohexodiene and cyvelohenteo-
diene méy te bonded te the transitlon metals like cyclopentadiene, by lesing
ene hydrogen atom to glve the respective ! Wodieayl! complexes. It is
mainly concerned with studies of six and seven membered rings forming dienyl
complexes with ivon.Tricavbonyle fitcyclohexadienyl iron IX Gﬁﬂ?F@(CD}B
and tricarbonyl- Wecycloheptadienyliron 673 Fe(CO)B o {cations), isc-
electronic with itricarbonyl cyclohexadienylmonganese(0), were treated with

different nuclegphilic agents, while efforts have algo been made to prenare

B2

(=)

!sandwich® type dienyl complexes of ivon by nacleophilic hydride len attac
on cabvienic arvene compleoxzes,

CTR A

Tric“rbaﬁwi@*uacyahuﬁﬂwuanj.u’llrop($1) vetrafiveroborate vescts

This kpown neubral compound gave tetracerbouyl di-TWooveloheptsadies

when treated with sodium. The relaved bridged compound, L.e. betrocorcony.-

N oy AR . 4 s P -y oy Taye [ R B
TUecycloheptedionyl= Ticeyelopentadlienyleqi-iren was obtalned by resction of

N

the same iodids with sodiun cyclopentadienids. Cyanide lon alan replaced

el

the iodine and yielded annadﬁza?honv‘n% =gycloneptadienyliron,
3 - v a e N
The reactions were applied bo tricarbonyl- T=cyclohexadienylirven

(11) tevrafluovoborate, They gave iode=dicavbonyl-Weyclohexadienyliron,

which was further treated with sodium amalgem glving btetracarbonyledl-{le
cyclehexadienyledi=iveon, with sodium cyclopentadienide yielding tetracarbonyl

Tteeyelohexadienyl= TTecyclopentadienyl-di=iren and with potassium gyanide

giving cyanodicarbonyle fl=cyclohexadlenyliron,

&



o

In an attempt to find out the electyophilicity of the ligend,
tricavbonyle WW-cyclohexadienyliron(II) tetrafluorcoborate was reacted with
phemylwlithiumg under different cenditvions., It gave only tetracerbonyle di-
Tr-cyclohexadienyl=dislvon and an unstable oil. Thig oil yielded tricarbouyle
Tr-cyclohexadienyliron(Il) tetrafluoroborate on reaction with tritylfluorc-
borate, Further reactions of the cations with sodium methoxide and with the
sodimm salt of diethyl malonate afforded tricarbonyl-methoxy-cyclohexa=l,3-
diene iron and tricarbonyl-di(ethoxylcarbonyl)methyl-cyclohexa=1,3~diene ivon

l

respectively. The same catlion when treated with potassium cyanide in acetome
gave tricarbonyle-cyanocyclohexa-1,3-diene-iron. ALl the ahove-mentionsd
micleophiles arve abstracted by trivyl Lluoroborate except the dilethoxycarbonyl
methyl group.

The same veaction scheme was followed with tricarbonyle NW-cyclo-
heptadlenyllron(II) vatrafluoroborate in the prepavations of tricarbonyl-
etﬁgxycyclehéptamlsBWGiene iron, tricafbomgﬂ.(@thaxycafbomyl)methylmcycla
hepbadiene~iron and cyanocyclohepta~l,3-diene-ivon. The structure of all
these compounds have been fully discussed.

Lodedicarbonyl=Tr=cycloheptadienyliron when refluxed in mesityiene
in the presence of alumiviom chloride gave tﬁeis=cvc?ohemted1onylwmﬁaLtyleﬂe
irvon cation isolated as a reineckate and hexaflucrophosphate.

The dGi-mesitylenoirvon cation was reducaed by lithimwm aluminivon
hydwide and sodium borchydrlde. It gave bis(trimethylm1?uayclehexadienyl}

iron., This mothod of production wag wried on dibensene-iron cabiocn which



3

ig unsteble in water. An orange crystalline compound was cbtained but could
not be fully characberised dus to the small yield. Both Lithium aluminium
hydeide and sodium boronydride reduced mésityleﬁemﬁThcyclopentadienyliroﬁ
triiodide yielding (trimethyl-Tl ~cyclohexadienyl)-W-cyclopentadienyliron.
BenzenemTTmcyclopéntadienyliron lodide did wot react with sodium meﬁhaxide?
the sodium salb of diethyl malonats or potassium tertiary buit-—oxide,
However it does veaclt with godium borohydride and methyl lithium yielding
cyclohexadisnyl=Y{=cyclopentadisnyliron and methyle-—cyclohexadienyl=y -
eyclopentadienylivon respectively.

Certain electrophilic subsﬁitgtion reactiong have also been
gtbempted withf =cyclohexadienyl={{=cyclopentadienyl iron.

DicarbonylsTTmcyclepentadiemylcyclohexen%?gﬁéfluorcph@sphate has
been troaved with different nuclecphllic agents. - Cyclobexyl-dicarbonyle
TW=cyclopentadienylivon ig ﬁwaduced when the ecation is reduced with sgodiuvm
borohydride. The compound is agaln comverved inte the original cabion
when reacted with trityl fluoroborate and into ledodicarbonyl-il-~cyclo=
pentadienyliron and cyanodicarbonyl-{{=cyclopentadienyl-iron when the cation
ig treated with potasglum lodids and potassivm cyanide respectively. The

effect of other nuclecophilic agembs on this cation has also been studied.
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One of Lhe most significant devolopments in transibion metval
chemigtry during the past decads has baen the gtudy of their organic
complexes., The firgh organometalliec derivavive of 8 vransition metal
originated in 182?13 when Zeise, & Danish chemigb reported the preparetion
of a compound having She formula Pi GlEGEHh° This compound is now known
t0 be a dimer with chlorine bridgesy he also igolated a‘chlofopl&timite

with bhe iom [CQH Pe &13‘ heving strugtural formula [

H H
N S
c g
"“.f’"/ \\
I:; /PF" —Cl
q\ip,
AN
1 il (1)

Unsaturated hydrocarbens wers known te be able to fowm such
Wecoiplexes with the holidss of plebinom metals and with those of copper,
silvar and mercury but in such compounds the bounding of the ovganis
rasidue was thought to ba either of & donay nature ss in (PUGLQ bgdb)ch
of ad shonded nature as in PL(GHEa” oy 3&S5Hw, I s;i? the exbensive
regesrch in ovganometallic chenligbyy duving the period fyvom 1830 to 19¢ 0y

the preparadion and gbady of crganic derivabtives of transition mebtsls

. S -

remained rather nebulous. It wag generally held that transition metels

were unable to form steble organic compounds The eavly work along thess
X . . . -
linegs is well summerised in the review by Cotion .

In such a state of affairs, the accldental discovery of the first

"dienyl" complex of lron known az fervocenz, was a major and mogt exeluing



dovelopment in organometallic chemistry. This unique compound was
obbained Tirst in 1951 by Xealy and Pauson” and then independently in

1952 by Miller, Tebboth and Tremainho Followlng the revolutionary
disclosure that the iron metal is equivalently bonded to the fiwe carbon
atoms of each of the cyclopentadienyl ligands; there has been a surge both
of synthetic and theoretical activity In the field. Detalled gstudies on
these derivatives in turn have contributed greatly to a betbier under-
gtanding of chemical bonding and it hag been cleavly recognised that
formation of W=bonds to carbon is a characterigtic property of all the
transgition metals.

During the past 15 years many other organiec residuss conmtaining
a v electron system have been shown to form metal derivetives, for example
ethylene, the allyl group, various cyclobutadienes, arenss, cyclohapta-
trienes, cyclooctatetraenss and many others., When one considers the
large number of potential Trlligands and the fact that all the tramsition
metals have now been found to form organometallic v complexes; thls area
certainly soems o ney branch of chemistyy.

In a very broad sense, all the organic derivatives of transition
mebals can be classified according to type of carbonemetal bonding as
followgie
(a) Tomic complexes, in which the organic residue is aniomic and is
abttracted to the metal catlion by electrvostabtic forece, e.g. Gpg%n
(b)s~~bonded complexes, where the ovganic ligand can be considered to

donate one electron to the metal., It includes all the alkyl, acyl and



LX)

cerbaln awrl complexes of trangiilon metals, e.g. ?ﬁiﬁﬂg)lo
{e) W-bonded complexes; Uhege complexss seen Lo involve electron shavring
betuween the T-orbitels of the unsaturated sysbem and the unfilled & orbilal
£ the trangitlon wnetals The ovganie ligands donatesn 2 to T
o the metal as in the olefiwic, enyl, dlene and dienyl complexes.
| However it should be emphasized that a particnler transitvlon

‘metal complex may contaln ligands‘bonﬂéé o the metal atom lo different
fasghions, e.g. bis(W-cyecloventedicnyl)-titaniwmdiallyl exhibit bobth T -

ande~ =bonded ligands.

\

Opon chaln Mediens-metal comple

The study of diens meval cowplexes was imitiabed by Rhellen,
Gruhl, Hegsling and Pfrangle in 1930” when they reporied the preparation
of tricarbonyl butadieneiron. This compound is a pale yellow, dlamegnetic,
low melitlng solld of considevable thermal stability., For thisg compound

they proposed the struchburs as Iliw



6o (£x)
Interegsting weaulis of the reaction of cyclopentadiene with iron
N - N 3 Y a 6 A e 1 9 & 3
pentacarbonyl prompted Hallam and Pauson™ W reinvestipgste the compound in
order to obtain evidence con the gbructure. They found that the conpound
ig uvoreactive towards cabalytlce hydrogenstion and cannct be indvesd to
vandsyvgo Diels Aldsy reaaction. Thereforse thore ig no evidenes of a free

8o iLnert that 1t can evon

m‘
0
&
.
Do
=
24
o
jax}
&
8
@
e
@

double bond in the compound., Tk

be recovered from concentrated mlphuric acid, Such & gtability could nob

e

a

be sxpected from 2 complex containlng two cavbon abomad<ponded to iron.
Moreover ths structure would have only 3L electrons aboubt the iron gbom.
Honce the compound would mosht probably be paramsgnetic, whereas, ag stabed
above Lt ig diamagnotic,

Therefore above structure llwas rejected, By apalogy with the

theory of carbonemetal bounding in ferrocens bhey suggested another

gbructure {(IXL),




This structure implies that four carben atoms of diene sysbtems rebain
thelir sz ghate of hybridization uvpon complete fermation of the compound.
The bonding of the metal te the diene invelves overlapping of suitable
metal orbitals with the W=orbitals of butadiene as a whole,

7

In 1959 Greem and eoworkers suggested another interesting
structure and for the cmpournd, These werkers found that the n.m.r. spectrum
of tricarbonyl butadiensiron shows three symmetrical complex bands, each

of an intensiby corrvesponding o two provons. The band at 5.28 p.p.it.

[

»

is assigued to the two equivalent protons on tho central carbon atoms.

Tha bands at high field (L.68 p.p.n. and 0.22 ppoil.) were assigned to the
four protons on the terminal carbeon atoms, The symmetry of all the bend
patberns showed that the terminal (,"'H_= groups are eguivalent but that the
two protons of each group are non=equivalent. This would be in accord
with eltbher Structure LIl or LV

TN

| .
Bwe o LHe

N4
//“é

.i N
oo

06 Co

(L7)
The formila could not be approved dus Lo the fact that infra-red stretching
frequencies were of the C = H bonds and more like those associabted with
' Sp@.rathar than with Sps'hybridized carbon=-hydrogen bend favouring the

formala IIT



From thelr stodies Hallam apd Pavsen suggesbaed that ths

fellowing two reguivemsnts mu

st be med by the diene in order that it

may succesefully form the diens metal uricarbonyl complei.

(i) The diene must bs able o adopt clseld conformation. In support of

this requirewment, they isolated tricarbonyl cyclohexadiensliron, almost

identical in spectral and othey properities with butadiens complex,

Furthernore an x-ray dﬁudvg of tricarbonyl butadiemeiron confivmed Hallam

and Pauson's conclosion,

clearly showlng
iron atom, It

the carbon -

(11) The second

(V)

thist Ligand is coplaner and clsoid bub not coplaner with
algo confirms the delocalization of the Weelectro
carbon bond lengths are egual (L.US A).

snggosbion put forwerd wag that the diens must be

conjugabed, laspite of the fact that the compounds like tylcarbonyl

bigyeloheptadignelron and analogous tetracavbonyl bicyeclohepladisns

molybdenun were prevared and related work by Wilkinson eb algsh@weﬁ that

B

a suiiable sterlogscmetery of the double bomds aliows for the formadion of

wr-conjugated dlone-metal complex, atill the vast majority of diclefimice

irown brlcarbonyls formed by conjugated dienes.
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Recenbly Stone and Co-workexs™" have reinvestigated the vesults reporvved

Yo
by Reihien et al” and confirmed that conjugatlon in & diens is really

it 2 s

impovtant for the existance of Lron twlcarbowyl complexes.

R U S Vo M m TR fe g i
Regarding the atabllity of

L . LT RSP, S U S S Trgmoowt g tnomve s a1 E R el e peen b bamye Pegvs sospmgn ooy
inonmy De suggezied that double boods may be pulled togsther for overilas

3 S . fa T PR T S ST m o % Py b M NETT OIS ST O S - = 53 DR S S £ N
bevioen the Woeurbitalsg, so vhat in o vessidoen v may be regavded as a
&

Ty ceerd g Mgt en b oenet 18 T g4t w
gind of conjugabed dlolefline.,

i
%
&
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A geries of derivatives of bebadlens having penerar. formuls (VIIX

hawe also been wreated with Lron penbesarhonyl to plve the corvesponding

Fll0)s complexss
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An interesting typo of compound™ 7™ has been obba
veactiong between Llophernylel,3<butediens and L,u-~diphenyiel, 3-b
with ivon carbonyl.,  1,4-Diphenyibutadiene rsacts with iron ca
vellow ovengs crystals of Gy, ((Js:;if;’ P (GQEU Bub i,li-dipheny?

g u beasens derivabive in reactlions with chromiuvm hexacarbonyl

subatitutsd aromatic chromium tricarbonyl of composiiion (L:

e

oy GE ﬁh(b(‘{i&}@ {Gv(w} j o Are formad, as is cleer from the fol

Fa

7\ ] . (x1) (CoYy

diggiramns

@ Do(f&}h \\m

Oy Fo

(co),
(XT1)

{GO).

f

ined by the
whadiens
#honyl glvi
L functinne
and the

(}{ :} §JJa<C{}::

Lowing

{@3 Cr{C0) é /77\ _/ / \;’\\

3
-

A retto)s =N NN
@ 0w (c0), -

-
-

-

(X11T) ,@)?@(co)g -

, ~ Cx(CO)g
N

; : (Toi)
e A by Fa
0% F (XV) &

(co), {co)., (ce), (6o,

=

£
W

(6D,



)

@ and p-Divinylbenzene also react in a simlliay way with

dodecacarbonyl to form the respectlve complex as follows:i-

A

,;;5;‘
' —— F@(GO)E

’fLQﬁ e, (€0), X
l\// ’ ~

3.

/7

1?@%(50)3

(xviy) (xxx

N

b ?
~

7

H

i

;

I!

=
&
&
%
W

/ ‘j\\:\ 7’“@3 {C0) 9.2 /’\k

P

SN
|

{
o

- ’ A‘ SRYER
{zviiz) Fo (EX)
- . ?&a;{_ .
Welsy o6 al™ bave recently reportad the gynthesia of tetracarbonyl

e ]

< PR TTO o I S
yron and octacarbonyl butb

Bl

botadicnal

~

1

H
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T
e
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o A 07 X
1o Voo
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) £~
" e
L
',; " T {: YT
(2 0y (IxI) :%% b,

In guch compounds the diens serves as a monofunctlonal ligand as in ths
P " 0 < &y "%@‘ :iq 3 - -

catlon k‘(fg’i‘lgf%m,iﬁo}z%ﬁé “ o Other butadiene complexes with other

metals o.g. (Gfg), Ho(00),, L@&aéC@(aa}é} pe Oy HglCalig(cn), an

rrowy ey ) 5 . ; S ‘i-:) 12
i U 00} have also basyn prapaved end ghudied(?
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Many other acyclic dlenss like 1,8-hexadisne and peuntadiens
complexes have bsen studi@dl§ L,5=-Hexadiene gives rige to a mixture of
tricarbonyls 1,3 and 2,l-hexadiensiron.

The reaction of L, li-pentadiens (XXIIT) with Fe(GO}f; produces

tricarbonyl trans-l,3-pentadieneivon (XXIV),

s \
GO G0
o o,
{XZIV) 2 {ZZvL)
The same produet is obltalined wihen elther trang=i,3=penta-

diene (FXV) or cisel.d-pentadiens {XNVL) is treated with irvon penbscsrbonyl.
It has been gensrally cbeorved that acyelicdienss having clg-al kvv

aubgtitnents yleld trans acyclicdiensiron complexes.

H@W \ G, }i\\,pﬁ

Cﬁi 5
(mﬂl) (GO)B
(XXVIZL) ca,
b 4
i, // \ LGP/ | A\

H. jé“ ) ) Fo
. {XEIX) (¥Ex) (e0)q
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dgyehie Catlonlc Dienyl Complexes

One important guestien which srises with the diene complexes
concexns the reactivity of the diene ligand while bonded to Fe(CO)3

relative to that of the free dlems ibsslf, Generally the dienes are
much less reactive when complexed as is clear frem Hallam and Pausem“sé

study of tricarbonyl butadiensiron.
However in one respect at 1

: least, the complexed diene is more

reactive thapy the free dienes itzeif and this reacticon involves the

abstraction of a hydride lon from the carben sbom adjacent te the diene

. 6l . .
gyatem, For sxample, Fischer — has fourd that the reactiomn of tricarboayl

cyclohexadiensliren with {rinhenylmethyltetralluereborate produced

tricavbenyl cyclohexadienylirontetrafinoroborate.

s . A9 o as . . e .
Petih eb al”” have studied acyclic dienyl cationic complexes

- )

3 /
CH,
Fe '

Fo
(60dy (co)y
(XTXT) 3 (g

The tripheaylmethyl cation fails to abstract a hydride len from

tricarbonyl trans-l,3-pentadienelron (XXXL). Thexrefore the guestion arvse

whether cls=l 3~pembadiene (XiXX1) would behave similavly. However at
thig stage this compound was not avallable ag the reactlon of cisel,d-

pentadiene with ilcon pentacarbouyl leads to the formation of the transg

comolex.,



[

However the elg lsomer has subseguently been ebitained by an

indivect voube and it iz feund that the hydride abstracbion reaction

does proceed.

Y

/fTHRQ\W CH,0H Fe(CO)g /§7_§§¥& 00

Pa
‘ I 7]
{XEXITL) (co)y , g (EERD)
Py | maBH),
(XEXIV) E
7N T\,
Uiy
Fe Fa
m:»:a {GG}B

(00T ) (XXXL)
fallure of the trans complex to underge reaction with
writylfluercborate, they treated tfisafhomylm@ramSwﬁyﬁ& pentadiene-l-ol
iron with perchleric acid. It gave an almost guantitative yield of the
perchlorate salt of a iricarbonyi pentadienyliren catiom. It has been
shown that the eation possesses a cisoeid ﬁ?LGUHT@ ratvher than transeid
one. Other salts of cation (XXXV), e.g. the tetrafluoroborate and hexa-
fluorophosphate are also formed. The salts are all yellow, crystalline
diamagnetic solids, soluble only in polar solvent, They all possess
strong carbonyl absorplion in the infra-red at 2120 and 2072 cm“lo The

[

salts readily decompose in water bo produece the trans alcohel complex.

N ‘ v‘“? L] A >
Treatment of the s] lth uéiumAb radvide gives a mixture of the
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dimethyipentadienylivon caltions have al
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The same type of peometrical isomerism as in tricerbonyl trans-2,l=

pentadiens=Ll-oliron, occurs uwpen formation eof the cations and they ave
alse seen in their reactlon with water. Treatment of tricarbonylel-
methylpentadienylireon cation with zinc or sodium bydrexide affords the

bis (tricarbonyl) derivative of traus-irans=5,6=diemthylel,3,7,%

decatetraencizon 0 (XLIL), g;g%mﬂg&%wffg A\

- ‘\:‘\g\ ZRT& - g @@»@j“b
Nalt /7
CHM Ch/ 1N

g! ""{"’j KQ Q \7}

“\}T“Cf;? @b& tadiene ﬂ@iﬁt’f’;l G@Sﬂp‘g 23S (}&Ei }

The syunthesgis of ¢

e

-c"

orgavic chemigte. Eiforts wo pvap re cyclobubadlene metel compLexes

sharted in 1956 when Cegel et aiﬂ predicted that stabilization o

rmka eyt

organic entity wag only possible by Tiecomplex bonding to & metal,  Cw

k_:_'i

and Lh?@d@” in 1959 succseded in preparing the firsh Wecomplex of

relobubadiene itself was an old problem fov

1)
c-“'
-3
1
Foneln
e
Wi

cyclobutadisns, i.e. telramebhyl cyclobuwtadiene nickel chloride according

to the following scheme of reagiions

Me  Ma Me  Me Me Me

S i ! P 5 |

C G GﬁgﬁlzcﬁFgm?lga e S R 1 S

i -4 il %‘Glg }ﬁﬁ i Ni(ﬁﬂ}b §~-~~“::§N Cho - LCO
G G G O =01, — O G

I b I

Me Mo Me Mo Me Ye

XLITT Iv

Iy

OME  unexpected

17}

Tt lg a ved visclet dismagnetle complex. This shows

.

properties. &.g. it forms an addition compsund with chlovofovm and ite
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molecaler welght iz ten times that expected for a wonomeric species™™™,

23,20

The xeray stugy shows bthat in selid state the molecule is dimeric

‘,_.l

with the fellowing structure

& Jgi/ g %/
.sr"é) \
%Q C Ny

g
W:) b
Y 34 b
(H0.7) : § e,
- 4
//l(‘ ’\ //
L. AV
HC \

This behavicuyr with chlevufoym showe the tendancy &L % co-ordinate nickel

to make wee of 1t wacant P erbital for bondiag W various Ligands
- g - I8 4 3 f);" b e}
Tetwaphenyl cyclobutadiens nickel di bremide®~” has also besn prepaved.

it is very simllay to the tetrsmethyl deriwvabtlive, Tricarbonrl tetrae

-]

. . & :
phenyl cyelebutadieneivon was cbtained by Reppe and coworkers  when

vhey treated dipheuyl sceitylene with iren carbonyl in an inert solvent.

o

This bright yellow solid, m.p. 23& » was further prepared in high yileld
s w27 - 28 . -

by Weiss ef al™' . Xeray atudy of the compound clearly shows the

presence of the cyclobutadiens moiety and the phenyl group ave twigted

cut of thae plane of bthe ring and bent awsy from the Fe{GD)B EYroup .

Saveral vetyaphenyl cyclobutadliene cobalt complexes of cemposition

CetlpColy, (Celaldy, | Coy, lngE:C‘Q};L@(Gb{ctﬁc’)r;&hl Ls%ﬁgjgm)m(%(c Hb}éfaé}]

and EPD Hal ’032(6 QS) ﬂil have bean prepaved and sbtudicd®
i



Iaspite of the facel that =zo many metal couplexzes of tetraphenyl
and btetramsthyl cyeclobutadiens had been isolated and studised, no complex
of cyclobutadiene itself was known wntil very recently, when Pebtit and

coworkers  reported the preparatlon of such a complex, namely tricarbonyl

cyclobutadiensiron by the following rounte:

.F@g(@@}y

€l

i s

F'.
(¥LvI) (coy, (FLVII)

|95 )

They claim thab the reaction can be ubllizged fox the preperation of
complexes of otheyr cyclobutadlens derivatives. They alse repowt the
preparation of trigarbonyl benzocyclobutadiensiven in an analogous manmer

from trans dibromobenzecyclobutens and excess Fe?(GO}Qo The structures

- By
Fe L(C 0)@ . I
By
. . Fe
{XLYIIL) {XLIX) (GQ)B
of both these compounds have besen esbablished by spectral and analybtical

data.
1 o e
Pettit and coworl e?ﬁs more yrecently demonstrated that twi-

the eenge that it

3

ma“mﬁnv& crciobatadieneiron is an aromatlic system 1

new

[

& sevies of

e
puds
2,

e

anderpgoes slectrophilic substitullon reactlons ta

e
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cyelobntadiens complexes. These reactiouns which are siwllia

Inowmn substitutdon ceactionsof ferroceny ave swmarized as follows:

; Gﬂ% CHOMGH,
l[ N - I CHaMgBw
! )
(e@) (5 COCL (co), s
P06,
o B
!g g (000D
N = f
Fal Gl A Fo
0 3 \‘“\W (G0) HOHO
&””'@;Y&gw' 3
Hel{0a0 o
~ CHM(Gily ) 5 1g{04C) 3
b ) | NaCh
B e
| - HglL
E'f"@ I &
{co)s { |
Fa
(G9)g

The nam.r. gpecetra are la full accord with the assigned structures,

The aromatic character is veadily

conventional mechanien operative for the clectvophbilic substitut)

otheyr sromatic syshema such ag benzens and ferrocens.

tionalized in torms o
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Adaition of an slectrophilic epecies RV te complex (XLVIL)
can be envisaged as generabting the Teallyletrlicarbonyliven catienic
cemplox (L) stable salts of tricarbonyl - Weallyliven (LII) have already

L
heen isglateﬁ:32953a

N ~Crelopentadiens Matal Complexes

The metal complexes of eyvelopenbadisns ave of partlculay intevest
due &o bhe fact that cyclepentediens behaves quite differently from other
conjugated dienes., It easily lesgssg a provom to form the well known
3}43 .«-g.ﬁé
cyclopentadienyl Paﬂp?@xesg €., the metallogene and related compounds

Reastion of c¢yclopentadiens with iron pentacarbonyl doss nob

afford compound (LIXL) but imstead yields

Co €O
B NS =
! / f“f/

Fo or L0
€€mj
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The fellowing reactlons™ further prove the sponbtsnecus

decomposition of (LIIY inte the dimer (LIV)

o §;“
O
{(LIV7)
0
@
! R
5 4
Fe
b | Nt -
o0 (L¥1)
{LFIL)

However there ave many stable Tl-cyclopentadiens metel complozes

veportad in the literatured”,
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Table I

N A TR AT

Oyolopentadieng=Motal Complenss

Compound Properiies ' Beference
Weall &}Sik gs.,H :"Brigh“t vellow crystals, m.p. 130-132° | L2

4

; | ‘
WG 5H gc,a G H Wine red crrsbals, m.p. 98,99° l Iy

: |
T=CeHgCo(Celglly)  Bed olly moporw =5° | Lk

i o i
T imcgﬂgﬁa(ﬁgﬂgﬁﬂcﬁ_g) Orange red ceysials, mop. 50-5L ! Wy

| |

O :

Wmﬂgl-igtja{cgﬂsc (313) iDrange red crystals, m.p. 79=00 bh

I i
"u‘{‘ms?_;ﬂg(.‘;a(a%s-xg,mo GéHE.;} Red erystalsg, m.p. 126-127° he

1

T

Ty - - -y o
T =-a(35»§z§(§o{0§§1§06}1§} lyellow red crystales, w.p. 120=129.5

__._.._..m_....,.,._wm.
K
LR

5
] |
a !
’i"?' = ; %Y vy 18 3 v an fe 1% 1!
| =0 H _Rh CH iOrangse yellow crystals, m.p. 181=128 2.3 |
55 56 | !
i i
The reaction bstwesn cyclopentadiens and nickel carbonyl yields

a red volabtile, alr stable, low meltlng solid, Tor whlch the structurs

(LIIIT) was propozed

H H H H
“

i

LI

e

{(vxax

~

) B

by Fischer et al o  The compound has besen reformulated racently by varloung

(4
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groups of worker§29 independentliy a2 TV-cyclopenmtadienyl i -cycleopentenyl
nlckel Sgﬁsmi 6537 in which the cyclopeniernyl radlical is behaving as a
three eleciron donor like the allyl radical., Thisg strugbure hag hesen
provad on the bagls of 1ts nam.r. It shows a sharp peak cleaviy
agsignable to the five equivalent protons of thse W-oyclopentadienyl ring,
vogether with peaks agsignable to the three olefivlc and four sliphatic
protons of the cyclopentanyl rimgggo

Mixed cyclopenbadiens-cyclopentadienyl metal complenes have besn
reporved (Table L), They bave been prepared by two methods (a} Rhll or

-

ITCLB when treated with KGgﬁg and excess cyclopentadiens yields the

corresponding cyclopentadiens—cyclopentadionyl metal complaxagﬁkm
(b) Reduction of the anhydrous cobaliicinimwm and rhodicinmium salis with
godivm borohydride or lithium aluminium hydride

F(G:ﬁ&)QTpf.H — uSH M(Cﬁﬁé) (M = Co, Rh)

In additvicn to the parent complexss, & series of substitubed

bl

eoballt complexss have also been prepaved frow cobaliocsns™™ oxr from

c:’
cobalticinium salts™ which ays swamarised below
CHy T .
(??wGSHB)QG@ ey (W@Gsﬂg)zﬂg I ’WwGSH§Ga(BaC$BmCSHS)
GGll LiAlHg
{ = uqﬂg) 20{3 — Crﬁgﬂo(lmﬂ- Cl}G%'ﬂs) N ‘ﬁj_Gs‘!SG@(gm(}HCqugﬂ

. - . :
{(GSHS>2CQI Cl@h __k_ G(:}HSLE.W& GgﬂsG{}(Cgﬂgcé}is) - Li.(‘}leh

&

Chamdcal studies reveal the prsgence of resctive hydrogen atom in the



Lo
.OZ;.;}

Ggﬁgﬁ Ggﬂ@ compound. For example, the coballt and rhodiuwm compouvnds
react with dilute acid giving the corvesponding Wegyclopentadienyl metal
cabions and hydrogen and they react with carbon tetrachloride giving the

game cationg and chlorofovs
.‘F-
T=CHM Celg + B —» (T-CoHg) M« i,

‘W»G§H§M Ggﬂé 4 Gﬁlh-mnu@ ﬂTT=05H5)§§.*k GHG;E
L.r. and nemo.r. spectra of such cowplexes have bsen extensively
Al gonssedl,s U5,

The presence of an additional exocyclic double boud abtached to
the cyclopentadiene ring ag found in fulvenss or cyclopsnbadlencnes allows
tha formation of sbable metal complexss iy which the cyclepentadisns moliety
retalnag i1ty conjungated dien@ character.,

The reactlon of fulvenes with mebal carbouyls ab high tempevaturs
(1509} yields subsbituted cyclopeutadienyl metal cavbouyl dorivativegt oL,
But by the uss of milder thermal comdition (0%) im the reaction betwsen
SCadisubstituted fulvensg and dilrousmmeascarbonyl; Weiass and Hmb@lha hawe

isslated KL <disubsblibuted derivatives of tricarbenyl fulvenssgiron.

e

) Pe(c0)y O - (co)yFo < [ Fo(co),,
2
| | a
e Fo(C0 ¥
/¢ \ @G"Fﬁ o(0)), VRN
R oA 0 R 2

(L.EV) {LXVE) (LXVIT)



2h

They have also z*e;pmwe&b9 the prepavablon of an octacarbomvl fulvens-
They have also I’@pﬁ?uﬁ(ﬁlﬁ the preparatlion of an octacarbomyl fulvens
diivon {(LXVII) and hexacarbonyl fulveneirven foy which the structure
(LXVI) have been proposed,

The tricarbonyl fulveneciron complexes may ©o protonated e

give substituted tricarbonyl cyclopentadienylivon cations, e.g.

/y\— ¢’ . Het @%H e
1 Ngf o Bl ]\/

/F@\ /F@ ~ BA L
oc EGO co co \ca ¢o
(LXVIIY) (LXTX)

Regarding mstal complexes of cyclopsntediencne, it mey be pointed out that
cyclopentadisnone itsell is. too unsbabls to bs isolated and yet it forms
gtable metal complexes and thils is another exawple of stabiliszetion of an
uanstable clefinic speciss like cyclobubtadisne by metal complex formation,
The parent cowpound, tricarbonyl cyclopentadienoneiron is a yellow

crystalline coxépaund (mop. 113-116°C). Complexes of cyclopenbedienmones of

different btransibtion wetals have besn d@&scribedgo and E“@Vi@tq?@ﬁ29o



Cyelopsnbadienyl cablonic compleses

Saltsof tricarbonyl cyclopentadienyliron cations have alzo been

prepared by different msthods as oublined belowits 52,53 5o

e

! Cco
§@ é@ 50
{c0)a01 (c0),
p @
HPF ¢ T
O 6 oo T T
PF@
Fa o Fo
(00,2 (e0),
I
ﬁi;}7 Alﬁﬁg N Qi;) ¥ i
Fa 6o Fo A&Bri
{60} Bp {604

62 2l . )
Fiacher and Fichbel” 3L have alse obtalned salis of the cyclopenbadienyl

cationic complexes using ebthyvlens in place of corbon monoxide

T-GpM(00)3% -t Caffy, ~+ AL0L; —ofCSHEH(E0)5 (OgHy, )| any,

M o= Mo, W
MGpFs(C0)4CL - CoHfy, 4-ALCL ﬁ@sgagﬁ’@(cog)@gﬂgg ALY,

The cabiong have been lsolated in the ferm of thely galts with different

anions, @.g. PFZ9 [Qr(NHBQE(NGS}g] T . Several oleflng, ®.g. propylens,

gyclonsxens, butadiens, cyclohsxadiens uvndergo: gimilar raactions,



W-COyclohexadiene Metal Complexas 96

Table 11

)

Cyclohexadiene Metal Comploxss

.....

Compaund | Propertigs | | Beference

CglgFe(C0)q i Yellow 1iquid, w.p. 8.9° i 6

86&§M33F3(0023 : Yellow oll i 10

CéﬁaF@(GQ}B | Pale yellow crysbals, moapo 4S° : 5e

{Cgiig)oto(C0), : Yellow crystals, 4 90° E 56

Go,{C0)y,(Ceig)o E Golden plates, 4@ 100° t 57,58 i
GSHSV(GO)gcéﬁS { Dark ved crystals, mep. 98-100° : 59 :

l

The study of cyclohexadlens mebal complexss started iwm 1958,
when the prepavablion of tricarbonyl cyclehexadiensiron was repovted by
Hallem and Pangon. The lmportence of double homd conjugation is
demomstrated by the reactions of Lh-cyclohexediere (R = H, GHB} wiih
F@B(Gﬂ)lg which yields complexss eontaining the cyclohexa-l 3-diens

ligand.

2 F@(GQ}B

{LXL) {(LX%7)
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The reactions of octafluorocyclohexa=l h-diens with trilrondodscscarbonyl
algo gives & 1,3 disme derivative. The gbrvucturs of such compounds have
been discussed in the light of infra-yed and n.dm.r. gata®®, Tt is
interesting to note that the reaction of lmmethaxy%cyclehax&diema with
FQB(CO}lﬁ affords an eguilibrivm mixture of tricavbonyl, l-nethoxy
cyclohexa-1,3-diensiron (76% yield) and tricarbonyl-l,mathoxy cyclohexa-
Lh-dionsivon (2h%)., The mizxture was characberized by itg ﬂomo?oéloﬁp@@%ymm‘

0CH3 Ofﬂg

—
e

Fa(C0), Fo(C0),

-

T

e

(LXRYL) (LXXIIL)

Fischer eb al®? have reocently preparved several cyeclobaxadiens metal

complexes by treablng cyclopentadienyl complexes with cyclohexa=1,3-dieons
vnder ultraviolet ivradlstlon; s.go. GéﬁBﬁCSHS(GO)ES G;H;Mmcéﬁs(GO)s
Csﬁgﬂgﬁéﬁa and Géﬁ6{j6§ﬁﬁﬁn(80}éﬂﬁhava ﬁaen preparsd by this route. The

lagt compound hag the fellowing stzuciure

@ ©
ﬁ\’?l N ' R\ E“’(ﬁﬂ
e &)

; CC} Q‘}&:, C@

),

(LX)



This ig the first reporied compound of & metal - complex in which the
cyclohexadiens molecule is incorporated as a bridge betwesu two mebal
atoms.

In 1960 Wilkinson g&hgéég guite uneixpsciedly rveported that
cyclohexadiene behaveslike cyclepentadiens, losing hydride ion, forming
dienyl complex as the treatment of cyclohexs-l,3-diens with mangensse
cavbonyl yields tricarbonyl cyclohexadlenylmanganess. It iz an extremely

soable, yollow, volatile, dismsgnetlic complex

M
/7 ‘ AN (LXXT)
00 co Co

The discovery of this compound paved & new way in the fleld of regsarch,
Tricarbonyl cyclohexadienylimanganese 1s even more readily obtalnad by
reduction of [GSHSﬁn{GO)ﬁ]*— with EaBHh in agueons selunbion or with Liﬁlﬂh
in ebher. Subgtitnted cyeclohsxadienylmangansse tricarbonyle era formed
Lrom the corvesgponding [ﬁrﬁn{@O)é}¢-&&®i®nS (47 = toluens mesitylens,
hexamethylbenzens or naphthalens) by means of sodium b@r@hydrideéao

Another route to prepars cyclohaxaéieﬁyl metal complexes lies
in hydride absbtraction resction. Fischew gb &léh prepaved tricarbonyl

AT

cyclohexadienyliron tetrafluoreborate from tricarbonyl cyclohexa=l,3-



N
D

dieneiren by breating 1t with writyl Lluoroborste

£o
/ : P -
o —co 3t B B, +Phy Gl
oo ‘
Fe
ot” | Neo
G{} o

=
The cavlon la isoelectronic with tricarbonyl uyclobexsdienylmangansse.
It is o yellow, dismegnebic, glr sbtable compound roadlily soluble in

polar solventa.
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(1) Hydride lon abstraction frem -diens lvon complex leading to

a W-dgienyl complex

,§ ~ e LK
f“;:,?C/ (g,- rﬁ)% _ H (....) .
§ rd
i M
€Oy - - (CO),

-~

—— Y
PA -%-HQ“)
\ .
J7 B
I

M
€ D (C Q);{

Both methods have been applied by the aubthor to prepare diewnyl

complexes of 1lron.

The large numbers cof cyclopentadienyliron complexes which have

the

been prepared, promptedfinvestigation of the ability of the isoelegtronic

eyclehexadienyl and cycloheptadienyl ligands to form amnalogous ivon

complexas. The reactions of the complesxes of thege twoe iscelecirople

gavlons, with sulvable anlons, were examined.
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Tricarbonyl cvcloheptadienyliren tebralluoroborate &

5, N, 2,

LIXVIX LXXVITY LYXIX

The tropylium cabion (LY¥XVII) is isoslecironic with the cyclo-
penbadieny) anien (LXXIX) and with +he neutral benzene mucleus (LXXVILII).
Thersfore im principle it should be able to form "gandwich® type
complaxes wlth transition metals,

Whan cycleoheptatriens wag vefluxed with hexacarbonyl chromium o
molybdenum, tricarbonyl cyelohsptatriens chromium and molybderum
reaspachively wers isolat@d?lo

Davbsn and Henuen synthesized first Tfemstal complex of the
tropylimm ion (LXXXI) by trealing tricarbonmyl cycloheptabyiens

malybé@num (LXXX) with tribyl flu@robarat@75°

_ - 16
/ Ph,CV BF,”
BF),
fMo ) Mo
7
| oc |\
OC c CO c CcO
O — Q A

LXXX LXX¥L



W

The reaction of cytloheptatriege wlth iron penvacarbonyl gave Lo
producty,; the velative amounts of which depend on rescticn condition
Heatling equimolar amounts of cycloheptatvricns and iron penbacarbonyl
at 135@ for one day ylelded a 19:1 zatic of (C
G?HEQF@(GO)EQLXXKEI} rasgpechively; whereag afber five days the same

producta were formed in a ratio of Z:l rospectively.

Ey

-

Tricarbonyl cycloheptadienylivon tetraflucrcborate was obtalinsd

[
5]
7
%)
b
i
1S
1ds
]
0
¢
Tk
2
o)
"l d

by treatment of the cycloheptabtriens complex with £l
by hydride lon absbtraction from tricarbouyl cycloheptadieno-=ircn

(LXXXTIT) by teiphenyl methyl ceblon.
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Ta confirm the structure of (LXXXIV}), further reachtions were
carried out®®, Reductlon with sodium borohydride, Lithiuwm slwmsium
bydride and sinc dush vespectively was invesbtigated. Zine dughb -
promoted dimerisabion of the cation (LXXXIV) %o give the neubral

complex (LXXXV) from which the corresponding hydrocarbon (LXXXVI) was.

7 NH({CHgCHgNHs) N
LREKIT  —— %/ V
Fe

=

e
(CO) (o), 5w v gt

LYY
Libversted on treatment with disbhylenstrisnine.
The fluecrchorvate salt (LXEXIV) is a stable bright yellow
crystalline eompound which darkens gradually abowe 180°, It displeye

1 in the

motal carbonyl abgorption at 2119(VS} 2062(VS) and 1980 em™
infra~-red and the n.m.pr. spoctre conbaing resonances a%'T}Bol(HE}ﬁ
Lbog (Hggﬁh)ﬁ, E;QH (HlSHS)‘g ?05 (H&gHB} Sind 802 (H?bl‘i?) (r@l&ti‘f@

. 70
intensities of 1, 2, 2, 2, 2 reapectively)’

Tricarbonyl cyclohexadienyliron tstrafl&orobaréﬁeéh

The tricarbonyl cyeclohszadiemylivon vebtrafluoroborate was obbalnsd

in 80% yield by Fischer!s method
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_OC Co CO | (zxxxvir)

The sbtructure of the cation {LXXXVIL) hasg been esbablished by
Wilkingon et &lé?a Tha nam.r. spactowe of the éﬁ‘ﬂ@@t&ﬂ@ gives tha
wimple llns pattera of a ayclohexadienyl system., The eyclohexadienyl
ligend glves rigs bto thres triplets of rslative intensity 1:232, the
triplet of unmit relabive intensity cccuring ab lowest field, These
bands sve assignsd to the Hg{T;2.66) Hl) (T h.08) aud HyHg(T,5,.66)
PTOLONS .

One of the two methylene protons gives two sharp bamds av T , 785
and 8011 and the other gives two "itviplets® ab T, 7.02 and 6.86. The
difference in structurs of the bands suggeste thabt H  and He ave
coupled in different ways to Hy end Hg. This difference has been
explalved by assuming that the 7] CgHly ring is not completely plamsy
but that methylens carbon Cg is bent out of the pleme of the other

carbon.

Todedicarbonyl T -dienyl izom

Many monommcisar Ni-oyclopentadienyl carbonyl mebal halides, 6.g.

" ‘ go
0 H Mo{CQ) CL C H Fel{C0) X hawe been repovied”™,
5y (00}, 01 Cf Fe(C0), P
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Chlorodicarbonyl cyclopentadienyl —ivon was prepared by alw
oxidation of tetracarbonyl disyclcp@ﬁtaﬁiamyldiiﬁam'in hydrochlovric
acid - msthanol sgolution. The corvegponding lodide (LKXXVIIX}9 a
black crystalline compound was obteined by heabtlng the chlorlde with
potasgsiun iodide ﬁmdaw refiux in ethanol sgolubion.

Dauben and Bart@lli?e heve rscently preparsd lododicarbonyl
eyeloheptadionyliron (LIXXIX) by treating the tricavbonyl cveloheptas

dienylivon cation (LXXXIV) with potassimm lodide in scetoma. No

A
-/ H

&a Fe
e ﬂ\x\“ﬁ Hff [N :
{(LIEXVIIL) {XC)

axperimental detall was glven.

The author prepared the six mewbersd ring analogve (XC) in an
analogous manmer by trestment of twricavbonyl cyclohsxadienyliron
tetraflnoreborata with potasglun iodide. The aam.r. gpectrum of the
complex could not be obtained due to ite uvnstabllily in solubion,
Howaver its structure has bsen confimmed by analysis infra-ved and

nass Epecbyescopy .

Thé imfra-red spectrum exhliblbs two sharp bands in the C=H stretching



i =) : < varad o
region at 2941 and 28LS em™ . Thege bands can be abtbributed to the

ion-phase and out-of-phase vibrations of the two hydregean atoms of the

7 in the cycich@xadienyl ligand of the complex., These

Q
methylene group”
bands may be compared with the inlra wed spectrum of vricarbonyl c¢yclo-
hexadienyl-manganess in whieh thess bands occuyr at 2970 et and

2830 @m“lgéé)b

Tts infra~red spectrum further contalns peaks ab
20L3. and 1992 c:m"“L in the metal carbonyl region.as do its other diepyle
iron homologues. Lack of absorption in the 1550 - L1600 o™ ragion
indicates the absence of a cyclohexadiene group and bands at‘&hhg and
10 can be assigend to the C=C stretching modes of the ring.

Further evidence about the structure of the compound (X0} is

dorived from its mass specvrum which showed the followlng cracking

patiern

e

L CO

V. Lewgs peak
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The physical properties of Lododlsnyliron complexss of five, six
and seven membered rings have been summarised in table L.  (See Appendix)

Cvanedicarbonyl T-dienyliron complexes

Cyanodi sarbonyl cycl@pentadienylirem?g (XC1) was obtained by
treatment of chloride carbonyl cyclopentadienyliron with sodium cyanide.

In an analogous manner the six and seven membered ring dienyl complexes

|
y Fo
PN
ocC o CN QC

(xcr)

(XCIT, ZCLIL) were obtalned.

Troatmant of iododicarbonyl cycloheptadienyliron (LXXXIX) with
potassivm cyanide in acetone affordsd an orangs crystalline compound
(XCII) in 68% vield, The compound does mobt gilve a well definsd muclear
magnetic resonance spectrum but its analysis and infra red spectrum
confirm its structure as (XCII). The infra-red spectrum containg a
sharp absorption at 2137 em=* charscteristic of a cyanide gvoup and the
abgorptions at 20he and 1980 em™ in the metal carbonyl regien avs
identical to those found with the compound (LXXXIX).

The reaction of ledodicarbonyl cyclohexadienyliron with potassium
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cyarmide in acebone ylelded cyancdicarbonyl cyclohexadienylivon (XCIIX)
as a pale yellow crystalline compound., The compound (KGEII) could sot
be‘figorouﬁly purified due tv decomposiiien during crystallization.,

Its gtructure, howsever, is established on the basls of its infra-vred
gpectrum which is very similar %o those of its five and ssven menbered
ring homologues (XCI, XCGIT) whose sbrunctures have been uneguivacably
egbablished.

The infra-red gpectrum containg two shaxp peaks in the C=H
gbrebehing ragian‘a% 2%kl and 2817 cmwl whieh can be agsigned %o
gyrmmetrical and entisymmetrical gtretching modes of the wmethylens group
in the cyclohexadienyl ligend (cf. 2926 amd‘BBSB em™t T 10 em given
by Bellamy for CHp group)an The strong bands in the metal cerbonyl

i

rogion appesrs abt 2941 and 1992 em™ and have identical freguency values

%o those of iododicavbouyl cyclohexadienyliron and triecarbonyl cycloes
hexadienyk mangamES@éaﬂé?o A significant sharp peak of medium intensity
ccours at 2128 et which can be assigned to =CmzN stretching frequency.
Compounds having a cyane group attached to the ring have also been
prepared. The differencs in the fregquenciss of ths stretching modes

of the cyano group in such complexes wlll be discussed later.

Tetracarbonyldicyclic dienyl diiron

The fivst reporisd exampls of a dimeyxie dienyliron compound wes
i
{QgﬁgF@(CO)éﬁ?nga”ﬁ obtained directly by lnteraction of iron penta-
‘cavbonyl and dicyclopentadienms. Aerial oxidation of the dimer in HCL

82
ox HBe afforded c%ﬂng(co)gx (CL or 35)793 »



Asauming that the cyolohexadienyl and cyclebeptadienyl lipands can
donate 5 electroms to the ironm atem inm the same way as cyclopentadienyl
group, the prepéraﬁi@m of the anzlogous, six ang seven membered ring
dienyl dimers amalogous %o g?sﬂgFe(GO);ig was attempted by reduction of

- &
lododicarbonyl dienyliven with sodium,

The compound (LXXXIX) on treatment with 1% sodium amalgum in

tetrahydrofuran afforded brignt red shining crystals of tebracarbonyl

dicyclohepbtadienyldiiron.

(xCEV)

The proposed structure (XCLV) of the compound was confivmed by
analysls and spectyral data. The infra-red spectrum is very gimilarp
to that of other dimeric dienyl iron complezes (see table 3 in Appendix).

The mass spectrum shows vhe following cracking patiern.
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Similaxly traa‘hmsn’s of iododicarbonyl cyclohexadienylivon (XC)
with 1% sodium amalgum gave solning plokdaeh red crysgtals of tetra-

carbonyl dicyelohexadienyldiiron (XCV)
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{xcv)

The compound has slmilay physical properties to compound {(XCIV).
Becaunse of the mavrked ingbabllity of thla coemplex, it was not obiained
pure o

The structure of tetracarbomyl dicyclohexadienyldiiron (XCV) was
agtablished from the followlng infra-ved svidence,

Absorption in the metal carbonyl and bridged carbonyl regions atb
1976 and LTLS et respectivaly la unequivocal preof for the formation
of dimeric strocture. Obher peaks characteristic o¢f the cyelehexa-

. 3 63,67 |
dienyl residue at 0L, 1314, 1297 and 1037 em™* wore algd present.
Hsactlons of sodlium cyclopentedisnide with iododicarbonyldienyliron.

Hallam and P&usonsg

treated bromodiearbonyl cyclopsntadienyliron
with sodium cyclopentadienide and cbtalned an orange red crystalline

compound (XCVI) which was originally reported as dicarbonyl dicyclo-

pemﬁa@ienylifon8398h98§o
¢ .
S e
oc | - (CO)
co B <
O B O )Lk

{xevr) (XCvIT)



Ferrccone and dimer (XCVII) wore alsu obtained as by products of the
reaction.

In an analogous menner sodium gyclopentadienide was allowed to
react with lododicarbonyl cycloheptadlenylivon, A yellow crystalline
product whieh spontansously decomposed even under mit?ogém was igolated.
The brown residue was subjected to high wacuvum sublimstion sincs 1b was
felt that some gtable product might be obtalned bunt no
material could b@ obtalnaed. The second product from the reaction,
geparated chromatographically wag an orangs red gum fosmed in a very

Loy ylald which was not identified. The unstable complezes may perhaps

bs the o~ ~cyclopentadienyl complex  (XCVIII)-

The maln product was ldentifisd as Letracarbonyl cycloheptadienyl cycle-

penvadienyldiiron (XCIX).

OC—Fre—CO

- (RCVILI)



The compound was unsbable in solution like the other byidged diemyl iron
complexes. The proposed sbtructure (XCLX) of the compound wag supported
by analysis and infra red spectruile. The n.m.r. gpectrum could naﬁ bs
determinad due to its instability and Llow solubility., The infra-ved
spaectrun has been comporaed with those of other anzlogeous complexes in
table 3 (See Appendix). Tt conbeins mebal covbonyl and byridged carbomyl
absorpbtions at 1992 asnd 1751 6mfln The ebgorptions im the wvegion from
3000 to 1060 e aye very similar vo those found with othey analogous
complerag,,

The pressnce of the cyclopombadienyl group in the compornd (XGI%)
was confirmed by stromg sheorpbioms ab 122, 1360, 1110, 800-806 e
which are characterlistic of the T.oyclopentadienyl ilgand.

Treatment of lododicerbonyl cyclohexedienylizom (XC) with sodium
cyclopentadlenide gave an anslogous produch, which again could oot be

characterised due to Lits low sbability. Tbis complex (8) was

C ofe)
////\\\\\ /
Fe Fe %;)
/ \C//



charactarised only on the basisg of the absorption ian its infra-red
spactyrum in bhe carbonyl reglon ab L980 and 1770 ™t denobing metal

carbonyl end bridging carbouyl greups.
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Raactions of tricarbonvi cycloheptadienylivon and tricarbouyl cveleos

hexadienyivon catlonswith amlonsg.

Monro and Pauson!2s73:74 ireated tricarbonyl T-tropylivm-chromium
eation
Aﬁith a varisty of anlong to ssbablish whether the positive charge was

localized mainly on the ring or alternatively on the metal atom, Thay

- A -
. = CHR,
T & j
S
| S TR 7
/é:“v“ /iﬁf\
4 %\\w ole O
oc o CO CO
s (CL - LCO

gasumed that such modes of reaction would be respectively I ovr 11
T Yoo~
I 5}.@1(@0} 3] TET e FLM(C0)5

-

IT i-:z,m{cz@):g]* b X7 g BM(COJX ¢ CO

It was shown thab many aunions such as H 4 %EHBBQEQS agﬁza(CHB)Bs
QEEHB(GOECQHS)E spucifically attack the saven membered ring suggesting
that the pesitive charga vesides largsly on the ligamﬂ?go

However the rescbion of tricarbonyl tropgylium-chromium perchlorvate
(C1) with cyclopsenbtedienids anjom , au ion with strong &fﬁini'ty.for
tranaition.mataﬁg doss nobt produce a cycloheptabriens complex of the
type (GI1) nor does the awlon sbtack the mebal. This reachblon was

found to lead to contraction of the geven mambered riang with resuliant



fermabion of tricarbonyl bensepe-chromiwe.
i gnite different vesult was obbainsd when the compound (CI) wes

o A

brogted with oyanide lom. In addition o a swsell amcunt ef the

A

sxpeoted derivative (CII, R ==(N}, the main preduct obvained from the

reachbion was shown to have the structure (CGITIL).

{GXIE}

Thig interseting baheviocur with different antons vrompthed the asuthor
LA &

Yo axaming the rsactions of the tricarbowyl cycloheptadienylivon {(LIXXIV)
smd tricarbonyl cyelohexadisnyliven (LXXXVII) cstions with various anions-

. ¢
T SCHR
H,S - = W
m._‘::t% Ly H
ty ' M, T
P Fe
{"‘\ "'f/ g \\'_._,Q
- co ©




i85
ﬁiil;&mgmnﬂg shtalned tricarbonyl gyalehepba-l, 3.dl von (CIV, R = H)
kel yﬁdueti@é af cabion (LXXXIV) with sodimm hovohydrids cr Lithium
annlum hydeide.  The compound {(CIV, B = H) eshibibs étremg abscrpbliong
ab 20h6, L977 et in mota) L carbonyl region. Tis miclear magnetic
rosouance® gt T yhoT6 has besn assigned to the twe centval diens provons
1.8 Hp, Hyo The resonances bt {,6.9 ave assigned to the My Hy, protons,

while the L protons at positions 5 and 7 give vige to the vesonance,
at Ty8,08, The twoe protons of the Gy grouwp ab & posgition give rise to
a regonance at (8,5, ALL thoe bands are complex due %o gpin-agpin

splitting.

sban (LIIT) reacted with sodium ethoxide and ZAVE Qrange
crygbals of twlcarbonyl-7-othoxy-oyclohepta=1,3=diensiren (CIV,
R = OCsHe), The structura was esbablished frem ite anslysis and
gpactral dabe.  IThe infra red gpecbrum shows strong abscrpblons in
metal carbonyl reglon at 2020, 1988 an™F {table L) (zes Appexndix) .

Tts nuclear magnetic specbrum displays bands ab T h.7 (HQ$H3)9
5.7, 8.9 (CHp, (Hy of ethoxy groupl, 6.2 (Hy, By, Hy) and 7.6-9.0 (Hy,Hg)
{for full detsils, sse Appendix).

Ivg giructurs ig furbhor confismed by ite mass spectrum which shows

the follewing craciing pabitern
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Tha above pabttern clearly esgbablishes that the ethoxy group is abtachsd

o & carbon abtom adjacent to a diavs carbon atom.

The

@

bovate resnhted in reconversion to complex (LXTTV).

reaction of the compound {CIV, B w=O0CsHg) with trityl fluoros

Whan treated with sodivm wethoxide, tricarvbonyl cyclohexadienyliran

tetrafivoroborate glves a gbable yellow »il, tricarbonyl S-methoxy

eyclohexa-1,3-dienaivon (CV, R = OMe) in 589 yield.
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Its structure (CV, R = 0Me} has been established on the basis of
avelysis and spectral properties.

Ttg infra red speclrum shows characteristic metal carbenyl
abgerptions ab 2020-1988 cu— {aap table h) and charachkeristic ether
abgorptions ab 1078, LOSO @mwie

The nom.r. gpoctram exhibits ons multdplet at T koSS (2) which
mey be asslgned to the allphatic diens protons Hooliy, amvbher mulbiplet
oeours ab T,6.5=7.5 (é) and can be attributed to the protons By oMy o
The vhree protons of the methoxny grewp glve rise to a gharp dinglek of
intenslby 3 ab T,6.85, Two cowplex bands ab T 8=8.3 and T 6,25 of

rolative iutenelly 2:1 reospectively were assigned te resonanes of the

HghyG and Hye protons respectlvely {see Appendix).

The methoxyl group can he sbgtvacted by the triphenyl methyl cation

to produce the cabtlen (LXIXVII) and triphenyviwethyl ether,
To sxemine the action of the cyanide anion, the eabtion (LIXXIV)

was tregbed with potassium cyanlde in sthanol Ethanol. itsslf sntered



into the reactlon producing tricarbenyl Testhoxy cyveleheptadiensiron
along with a residue of prussian blues

When acetone was used as solvent the reaction gave tricavbonyl
T=cyano=cyclohspta=1 3=dicneivon as a viscous 0il, The infra red
spectrum of this complex contalng a gharp peak of medium intensity
at 2237 cm“i characteristic of a ~C=N group attached to the cyclie
ligandg'amd mabal carbomyl stretching frequencies at 2083 and 2020-
1980 em™*,  The complaex could not be further purifisd due to iﬁs Low
ghability. Only a small asmount could be distilled into a cold Pingura
and the Infra-ved spactrum of this oll was identlcal to that of the
vroduct diveetly obbainad.

Tricarbonyl cysl&h@xa&i@ngliron tetralluoroborate (LXXEVIL) gavs
tri@ar@@nylmgmcyamagyclﬁh@x&§nsjwdi@n@ (o, R.rcéﬁ) by breatment with

. N . R \ =3,
obagsium cyanide in acetoms. Ibs sbrucbure (CV, R = G¥) was

g

specbrally and smalybically esbablished,

Its Infra-rod spechbrum @xhibité -G =N pesk abbached to the Ligsnd
at 2237 gm”l and metal carbonyl sbsorpbions at 204Y, 1980 em=i{see
table U)o

The muclear magnetlc resonsnce spectrum contelns peaks at T, h.hf (2)
whlch may be attributed to the two cenbral diene protons HgpHa. 4
complex multiplet ab 7,68 = 7ol (3) may be asslgned to the HyH) Hea
protons while another multiplet of intensity 2 arises from the probons

Ha, He (sos Appendix).



The cyanide aniom is absgtracted by the triphenyl methyl cstieon

giving the tricarbonyl cyclohexadienyilron cation (LXYXVIL)

e
- Fe
O é/é c; &o
{ovz) (CvIL) (XCIILY {XC1T)

It ie sipndificant thabt in the above mentioned cysnide complexes, the
cyanlids group abttached to ivon gives a.Cz=N sbrevching mode ab 2126 om="
in the complexses, shile the cyanide group atbached to the carbosyellc
Ligand as in the compound (CVI) and (GVII), this mode was shifted towards

a higher freguency (i.e. ab 2237 cacl),  To confiim the atructural

agsiguments tricarbonyl mesitylens-mangansse perchiorate (CVIII) was

;@Ql@h + KRGV

{OWITL)



wreated with potagsivm cranide ylelding the complex (GIX}Béo Tha
jnfra-ved spechrun of the cumplax (CIX) shows a -CxN stretching
mode &t 2128 cw™> (see bteble L in Appendiz).

The tricarbonyl cyclohspbadienylivon cation (LEXXXIV) was treated
with the sodium salv @f diethyl malovate affording brlearbonyl-y-{ di-
(ethoxy carb@myij m@thylmcycloh@ptaa193mdianei?@n {CI7, R=;3H(GQOGEH§}2)
a8 a yellow oil in 62% yislde Ite sbructurs (CIV, R = CH(COOCzHE)g)
was ogtablishad from snalytical and spectwal dats.

Tés Infra-vred spectrumn shows metal carbonyl absorpbions ab
2053, 2000, 1996 cm”¢9 while the ne.r. spectywn conbains complox bands
ab Ty ho2=50 (HpHa) 5o8=0:3 (2CH; protons of ethyl group, He)
SoB=T05 (Hy 9§{3§_3H?)9 7 o8-8 .6 (* sofg) B.7-5.2 (20 protons of ethyl grovp).
ALL the bands are conplex and uwnresolved due to spinespin splibiing.

Tricawbﬁnylm?ﬁﬁi(@thaxy'@aﬁbﬁnyliﬁm@thylw@yclah@xaﬁi@ma {ev,

R = CH{UD0CHg)o) was prepaved anslogously from cablon (LAXIVIL) im 827%
yields The sbtructurs was ostablished by amlysis and infra-ved and
Noit oo SPEEHYR.

The infra-red spectra of (0I7, R @x(maagﬁ;)q) end (cvs

= CH(G&OLQHg)@ was noavly idenbica The charactorisbic peaks of
the metal carbonyl, ester carbonyl and esber -0=0 eppaaved ab
(2083, 2000, 1996), {172k-1667) and (L176-1053)em~ivespectively. Im
the namer. gpschrwn the compornd shows resonances abt ThoT (Hgaﬁg)
5.9 (2 CHp protons of ebhyl group+Hga) 6.9 (Hp,Hp), 8.0 (Hp,Hc) end

8.8 (2 Gy protons of ethyl gr roups Y see Appendix)., The reactions of



St
tricarbonyl ayelohemadiswyiiven catlon {(LELEIVIT) with phonyl 1ithiva
ab 0°¢ and =70%C in diffevent moleculay guantities wers tried., Thegs
roactions resulbted in the formeblon of tetradicyelohexadisnyldiiron

and unstable yellowlgh green oil,
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Raduction of diavens cations.

I% has been pointed out in the introduction that lithivm aluminium
hydride or sodlum borchydrids reduction of the cobalticenium and
rhodicenium caticnshh proceed hy addition of hydride ion in cycle-

pentadienyl ligand to foxrm cyclopantadiens complexes, €.g.

©

3 3
e MaRH :‘ﬂ’

%o i - %0
& 0}

Williameon initiated a sgysbtematic study of the diarens lyon complexss

<r

and applied this methed of hydrlde lon addition to prepave corrasponding
cyclohaxedienylivon complesss. Thig study has bsen extendsd by the
author.

Willkingen ab alé? raduced benzene cyclopentadienyliron cation (CX)

{(as tribromide salt) with lithium aluminiem hydride and reported the
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formation of (CXI) suggesting that the hydride ilon added o cyclo=
pontadicnyl ring. Efforts wers made to prove this stzucture cn the
bagle of infra red and mam.v. aspactra (abt L0 Me/e), But the some
authors have reformulabed the structure of vhe cowpound as (CXII) om
the basis of further me.m.r. studies® s (as 6.4 Mo/ @) .

In an effort to add other mcleophiles, the cabion (CX) wss
traabed with methoxyl anion bub no resction occurred.

The catlon ((X) was further treated with freshly sublimed
pobassiwn U~butoxide in tetrahydrofuran, bubt only starting mabterial was
rocovered. Other nucleophiles lika mCﬁ{Gﬁﬁﬁgﬁg)g gave gimilar resulite.

Howewer rescbion of methyl Lithium with the cabtion {CX) yieldsed
nethyl-cyclobexadisnyl cyclopentadienyl-ivon, an orangs oil. Phenyl-
cycloheoxadienyl cyclopsnbadienyliron has alveady bsen preparad by
Wilkinson eb aléé by a similar mevhed. Moreover the cation (CX) resectad
with godium bovohydride to give the expectad compeound (GXIT),

To evaluate pogsible aromabielty of cyclohexadienyl cyclopentadienyli-
iron (CXIL), Friedel Crafi's acetylebion was athempbed bub the reachion
regulted in the fomatlon of benzens cyelopentadienyliron cation (cx)
and ferroeens.

The cyclopentadienyl mesitylens irom cabion (GXIEI)89 was preparsd
ag shown below and was isolated ag the tetraphenyl borate and triicdids

salbg.



L3 (Lli‘g
Fo B 51

§/Nkﬁ@mh gﬂi
{? i

/

(Crat) (cxwo

The reduction of the salt (CKIIY, BA)) with Lithiwm sluniniwm
bhydride or sodium bovohydride ylalded 1,3,5-trimethyl-cyclohexadienyl
cyelopentedienyliron ag red oll.

The gtructurs (CXIV) was supporbed by analysis and infra-red and
folto¥e spactra. The infra-red spsctrum of (CXLV) exhibits shavp
bands in the C=H stretching reglon at 3077, 2941, 2857 and 2740 et
Tt 3g difficnlt o vresolve the bands due to OHB and CHy grouwp.
However the band ab 294l o’ may be abiributed to methylens group
vibrabions while the bande st 2057 ang 2740 ew'can be assigned to
in-phaze and out-of-phass vibrations of two bydrogen atoms of methylens
gfcap of cyclohexadlisnyl ligamﬁgao

The presence of an excesdingly stronyg band at 2772 et hag been
shown vhe main characteristic of psaks of cyclohexadlenyl ligand by
Willdinzson et ala?g comparing the infra red spectra of CgzRuCgHg and

{ ™G B ) DU
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The nuclear magneble rosonance spechbrum osgtablished that the
compound consists of only one lsomer. It exhiblbts a sharp glaglet
at T »6.1 of intensity 5 which has been assigned to the § protons of
eyclopentadienyl group. Two sharp Binglets ab T, 7.51 and 8.6L of
velative intensity 3:6 have bsen assigned to the protons of the
mebhyl group ab positlon i and two mebhyl grovp ab positions 1, &
respectively. Remaining L protons show resonsnces bebwesn T8=9
The pressnce of an isomer having a >CHMe group ig ruled out due to
the lagk of splibtiting of the methyl resonznces.

Two methods have been generally epplisd for the prepavation of
diavens metal complexss. The Llrst lavolves reaction of a CGrignaed
reagent with a metel chloylde ag in the preparation of dlbenzens-
ahr@miumggﬂglo Howavar a mors effective mobthed of widey applicablility
has been shown to be the direct interaction of avn sromatic hydrocsrbon
with trangitlon mebtal halides ln prassace of aluminiuwm chloride as
catalyst. Hydrolysls of the resaction mixbure affords the cations
Bolfo (Séﬁé)gﬂ&%’%‘ o

Fisch@r ot alf2 reported the preparstion of the cations (CXV) and
(CXVLI). ‘The catlonm (CXV) was isolated in the form of the telbraphenyl-
borabe zalt but dibenzens ilrom cabtlon (CXVI) was not lsolated since the

rasulbing salt descompossd on addition of waber.



a) mcg¥mmﬁTc§ﬂma

b) Fall,+ 8161, + Gl

The author undertook the investligabion of thess cations in an
affort to prepaxra chl@h@x&di@nyliron complexes, a sbudy which had
been initlabted by Williamson.

A mixbure of freshly preparsd ferrous chloride and anhydrous
aluminium chlozride in pure dry mesitylene was vefiuxed for six hours.
The colouwr of the solubtion turnsd reddish broun and on hydrolysis the
cation {CKV) was isolated as the tetraphemyl borate,

This salt was treated with 1ithiun aluminivm hydride in ethylens
glycol dimethyl ebher affording yellow cyysbals of bis (1,3,5 trimethyl

cyclobhexadisnyl) iron



€

Li&lﬁh

N&’,Bﬁh

{CxvIT)

The structurs of the compound was confixmed on the basls of correct
analysls and characberigtic infra ved gpecirum.

The complex (CXVII) shows mebthyl group and mebhylens group C=H
stratehing froguencies in the reglons 2950-2825 en™t,  Morsover Phere
is no lnfra red abeorptions lun the O = C reglong bub characteristic
sbsorpbion for a cyelohexadienyl group are present ab Lhh7-140B, 1290,
1075 and 1026 ™t TEs nemore gpectrum could not be obbalned dus %o
non avallability of the compound.

Regarding the unsteble dibsuzene-ivon eation, Williamson employed
Lithium aluminium hydride or socdium borohydride for reduction withoub
hydrolysis and obtalnsd an orvange crystalling compound.

Reduction of dimesitylene-ivon catlon was carried oub by a

sinllayr mebhiod, 1.6, reducing ths cablon wilth lithiwm aluminium hydrids

without addition of waber to ifsolabe bthe cation. The compound {CXVIT)
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was obbained and identified by its meliing poinbt, mixed wmelting point
end infra-red sgpscitrum.

Dibenzene-iron cabtion which is unsbable in water; was prepared in
a similar way. The réddigh brown complex (CXVI) was formed and om
addition of a suspension of sodium borohydride in 1,2 dimethoxy sthans
8 vigoroug reacbion took place and there was obtalned an orangs compound
whosa infra ved spectrum was identleal with that reported by Williamson,
However the compound was cobtained in too small yisld for complsts
characterization,

The infra red spectrum oxhibita peaks in the CH stretehing reglen
at 3030, 291 and 2857 em™* which may be asaignsd to methylens group

1

of cyclohexsedienyl ligand and strong sbsoxpbtion abt 696, 673 an™ showlng

the pressnce of a beuzens mucleug.

69

Fischer b al ~ have prepaved cyclohexa 1l,3=diens, benzens-ivon bub

{ CXVIZII)
ibs lnfra-ved is quite differsnt {rom that of the product cbltained by

the author and Williamson (see table ¥ in Appendiz).



The veaction of Tecyclehexene dlcarbenyl cycleopentedienyiiron catlons

with anlons -

/ Fe\
O C (‘j O i
T (emm)

L = (0, ethylens, propene, cyclohexsne butadiene

Varicus cyclopentedienylivon carbonyl complexes &.g. (CAIA)
have bzen menbloned in the introducticon where the incorvoration of
carbonyl cr different olefins malntaln the inert gas configuvation
of the iron atom.

1t has besn shown that a sultable "~ cyclopentadienyl metal
catien can be reduced by Lithium aluminium hydride or godium boro-
nhydride to give cycleopentadiene elefin type complexes e.g. C§H@GO
Ggﬁén Wilkinson et aE&Bprepared cation (CGIIX gl = 00}9 reduced it with
sodium borohydride in an unsuccessful eifort to prepare tricarbonyl

cyclopentadieneiron (GXX)




which is an intermediabe in the reactlon of K@pamta&i@me with ixon

ventacarbonyl o producs dimexr {Cﬂlf Fe(GO)l 2 Howaver the tvi-
phenyl phosphine decivative, i.e. (?gﬂgEé(GO)ZPPhégﬂl gave the diens
- -

complex (CKEL)

p Fe
e
OC (‘jo FPhs

The interesting intercoaversiocn of ¢~ and T-bonded allkyl and allkenyl
subatitubed cyclopentadienyl cations has been examined by Graen and

?}éag_’yﬁ&"ggw 5,57 Cyelohexens dicarbonyl cyo.

r\
Lﬂ)ﬂ
3
"9
2
e
c‘("

adioayliron hexafluore-

phosphate (CEIL) was selected for such reactions

oc CO\@

o)

Magy and Gr@mag b protonated the complex (CHITY during thelr sbudies

cne-, T alkyl complexes of irvown and eblained cation {LXV with a

Tr=bonded propens Ligand,



AN

4+ HY

OC CO “CHyCH=CH,

{CXXIIL)

od

Y,

@

|

Fe

l
Co

- C

pA

v4

(CXXIV)

CH%CHS

In 1962 the game avbhors reported a hydride lon abstraction from
g

& :
tha ¢~ =-bonded alkyl iromn comp};exesa"@‘ and ghtained complen (CEXIV).

This veaction was found rveversible when (CIXIT) was treated with

(CXXIY)

+

e
c0) Na
(€0,

sodivm borohydrlde in tetrahydvofuran complox {GXXY) resulited. ‘The



X,

cation salt prepaved from the ov-=n.propyl and isopropyl complexes wore
identicel with the T propens catlon { CXXIV)

Gyvelohexens dicarbonyl cyclopentadienylivon cabtien {@mzﬂ:) reporied
by Flscher et algl“ wag prapared from bromodiearbonyl cyclopentadlenyliren,
aluminivm bremide and cyclohexwens., The yleld in this case was increased
from 38 to 50% by velng freshly distilied aluminiwn bremide. The cablon
was igelated as hexaflvorophosphate selt. The salt could not be prepared

:

on a lerge scele since the reaction mixtuve could nod be stirred properly

o

dus to 1te high viscomity. The product exhiblisabsorptionsin the (=Y

. e . - wi f, s .
stretehlug reglon abt 3106, 29k1 and 20657 cm ™~ and metal carbongl bands

ab 20862, 2006 cn , the C=(C gtretch in the cyclobexene ligand ocvsurs ab

The salt on traatment wibth sodiuwm borehydride im tetrahydrofuran

{(cxxvi)
gave cyclohaxyl dicarbonygl ay@ Lopentadlenyliron 4 as an amber oil 4

A

G0

;»;,
o

g ks

()

T NQ,HH%} .

e ! e Fe
OC coO CO ¢co

yield, Though ths correct slemental anelyslg could nbot bs obisined

. 2 . [ { 7 & [P 2L R, m
seanse of the unsteble nature, the strocture (O} ig conflzmed by

o
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the infra red and n.m.8, sp@@tf&b

The i.r. spectium shows C-H stretehing modes ab 2915, 2840 em~t
and metal carbonyl absorptlons at 2000(VS) and 1940 en®t,  The smcleas
maegnotic resonance gpectrumegbeblished ita structuve as EXXVI), Iy
exhibite a singlst at T, S.h (intemsity &) for the cyclopentadienyl
protons and bread unresolwed band betwsen T 8.0-9.0 (relative ivteneity 9)
dus to the cyclohexyl protons.

The above veacbion was found reversible. When compound (CEXWL) wae
trented with Tyityl fluerobovebe, the cabtlon (CXXEXD) wag isolated as an
orangs crystalline material. It exhibits metal carbowuyl abzerption in
the infra ved ab 2062 and 2028 on . (Tabie No.6 Y{sas appendix).

Roaction of potagsivm lodide with cation (CIXIN leads o
replacgement of the eyclohexens group by lodlds ylelding lodudicavhonyl
sycloponadienyliron in 66% ylald. The cospound wasg idemuified from
its infra vod spectrom,

Oyanide anion was found %o abback the catlon (NI} in en analogous
manner and when the reactlon was cavried out in methanol, cyancdicarbonylficp
iron was foxmed,

Howavsr when (OXXII) was treated wibth potagsiuwm cyanids in a leas
polar solvent, acstone, two products were formed, The {irst was a

-

brownish yellow oll which was too umstable to be characterised. Ita

infra ved spectra exhibits matal carboayl absorption ab 207% and 2012 et

-

and «~CaN sbsorption ab 2128 ew™;  This infra-ved apectvum is

slgnificantly diffovent from thad of cyanmodicarbonyl cyclopentadienyliven
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which wag ia&l&ﬁ@é‘as a second product with 1.

A different reactlon ccourred when tho cation (C) was treated
with phenyl-iithivm. When a sgolution of phenyllithium was added do
a suspension of squimolar amount of the catlon (CNUL) at 09C, the
misture turnsd raddish brown. The ﬁhez/petrol gxbtract of the resction
 product on chromatography gave a rad band which ylelded g red
grystalline compound., This compound could not be characterised due
to ity mmall yield, bub it showed infra-red maxima ab 2933,. 2857 cm~?
in-G - H strebching reglon amd metal carbonyl sbsorpiloms at 2080 and
2000 cm=1i

When the catlon {CXXIT) was treated with a two-fold excess of phenyl
Aithivm at =70°C, the salt QLl?luy digmolved and the colour of the
solublon turned yellowlsh brown. The reactlion produchs were goparabed
chromatographically and the main yellow band eluted by vebtrol/ether gave
an anber oil which could be distilled ab 2000/ 008 m.m.

The infra-ved spectrum shows the presence of frse metal carbonyl
groups in the compound by two stvong bands ab 2020 and 1980-1950 cm=i,
Moreover a sharp band of strong intensidty at 1655 cm~lsuggested the
presgnce of a kebtonic carbonyl group probably atbachsd to a metel. The
n.m.¥, spectrum of the compound shows a multiplst abt T,2:1=3 . of velative
intensity 9 besldes a sharp glonglet at T)5.27 (5) for the § protons of

cyolopentadienyl Ligand,
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o o

Fe e Mk
/N P / I\ o@
4 4
{ GXEVII) { GX_K?III) ( GEXIX)

The strucburs of this compeund rerains unestablished although
gtructures of the typess (CXXVII, CXXVIIL, CXXIX) are inm accord with

the gpecbral dste and analysis.
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riled oud widey an atnosnhere of

w0 gshandard

Spence’ s "Orade #HY alumina was used for chromatography and

chivabed by aix exposure to the atmosphere for 6 hours.
Nevbralized alumina was preparved by storing "Grad

he for mere bthan two days, Tiltex
then water and finally drying ab L60 C for st least i houvrs.

ALl chromabtography columns were protected from light.

ALY meliting poluts ave uncorrected ant vere determined in sesal

avacuated canillary toubss.
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Ferrons Chloride was prepaved by reduction of avhydrous feviic

2
W 100
chioride in chlorobenzene |

o



“i@
10
Preparatien of trityl perchlorate

was baken
Triphesnyl carbinol (20 g. 0.077 mole)(in a minimum guantity of aceidic

anhydride. The solution was cooled in acetone/dryice and excess perchloric
acid (71%) added dropwise. The temperature of the solution rose sharply
and on cooling the davk coloured sclution ylelded an orange red precipitate

of trityl perchlorate (22.6 g. 90%) (Liv. 85%).

Trityl tetrafluovoborate is obtained if fluovcboriec acid (LO¥) is used

101
ingtead of perchioric acid

. . T0
Tricarbonyl- W-cyclohepbatrieneivon

Freshly distilled cycloheptatriene (70 ml) and iron pentacarbonyl
IQ' 3 2 LI 3
(30 ce. 3.8 g) were refluxed for 1% hours ab 135 ¢, Unchanged starting

naterials were removed by vacuum digtillation in the celd. Tricarbonyl

. . s o) . .
cyclohepbatriensiron was distilled ab -80-85C/2 mme.yield, L9.18 g. L5%,

Preparation of twricarbonyi W -cyeloheptadionyliron fluorcberate

A smolubion of hydvofluoroboric acid (h0%, 2 g) in propionic ashydride
{8 wl) wag added to a solubion of tricarboxyl cycloheptatriensiron {3.3 g.
0,043 mol) in proplomic anhydride (It ml). After shaking the solution in
iee cooled waber a yellow precipibate setvled. It changed colour from
light yellow to brown om svanding. After filtering, the precipitate was

washed with petrol (b.p. L0-60°) affording bright yellew crystals (L.02 g.

87.4%) of tricarbonyl Wecyecloheptadienyliron tetrafluoroborate.  Colour

darkens without meliing above 150° (Lit. colour darkense® 160°C ),



&

Tricarbonyl Wesyclohexadieneiron

Freghly distilled cyclohexa-1,3,diene (12 g) (prepared by treatment
of 1,2-dibromocyclohexane with guinoline, puvrified by treatment with
H?uoh(dll) dried and disbilled over sodium) and iron pentacavbonyl {20 g)
were heated under carbon dioxide i anm auboclave for 2L howrs ot 130°-1359C,
& reddish yellow oil Wﬁﬁh@hb any solid material was obtalned. Unchanged
iron pemtacérbemy& was removed by vacuum digtillation lu coldsPricarbonyl
cyclohexadiensiron was obtained as yellow oll with camphoracecus smell,

bep. 9612 mm, yield 6,5 g.

Tricarbonyl 1,3 cycloetohexadiene is also obtalned by L,L cyclo-

hexadisne (prepaved by raduction of pure benzens by Birch reduction ).

N : . ol
Tricarbonyl cyclohexadienyliron tetrafluorcborate *

A solution of tricarbonyl cyelohexadiens iﬁu% 2o 0,025 mole) in
methylem@_chlcﬁidg {20 ml) was treated with a solubion of wityl fluore~
vorate (8.0 g. 0,058 mola) in methylens chloride (25 mi). The yellow
selution changsd to li gh green and after a few minutes s yellow
precipitate ssbiled. After filtering, ths pr@cipi%ate wag washed with

sthylene chloride affording yellow crystals (6 g. 8&%) of tricarbonyl

A B TR E LS SRR D] ALTT

cyclohezadienyliron vevrafiuoroboraie m.p. L¥iY{decomp) (Li% decomp at 1%0%).

Iododieaﬁbcmyl.W?mcgelohaptadiemyliron?g

Tricarbonyl Wegycloheptadienyliron tetrafluorcborate (6.4 go 0.02 mole)
was dissolved in acetome (250 ml) and pobassivm iedide {(3.L7 g. 0.0021 mole)

wan added to the golntion. The yellow solutien which furned yeddish brown



with the evolubtion of carbon monoxide was stlrred for three hours et 30°C.
Afver evaporation to dryness the residve was exbracted with benzene and the
golution filtered through a short column of alumina. Hensene was

gvaporabed under vacuum and iododicarbonyl MW-eycloheptadienyliron was

crystallized from chloroform/patrol (b.p. 60°=80°) in maroon crygtals

(3.1 g. B1%) mop. 90-929 {Lit  86-897).

Todedicarbonyl T =cyclohoxadisnyliron
oy

Fraghly prepared and thovoughly deied tricarbonyl W <syclohexadienyliron

o

parchlorate (1.8L g. 0.0088L mole) was dlssolved in acevons (100 wmi

<

Potessium lodide (0,90 g. 0.008h mole) was added and the mixture abirved for
] = LAY " n v
three hours ab 307C. The solvent was removed under VaCRUN, The residus

was axbracted with chloroform {850 ml x h) and filtersd throwgh & shoert

goimnn of alumina. The veddish brown solublon on avaporation to emall bullk
and on addition of pebtrol {(bap- 6Gw@3 ) yielded reddish brown crystals of

e N . o : e
iododicarbonyl Wecyclobexedienyliren (0.86 g. 7% yield) mop, 95=96 .

o

Analyels found G, 30.Ly H, 2.885 I, k0.5
Ggil,¥e0,T vequives G, 30,15 H, 2.5 35 1, 39.8%
ci-acaxaanvimﬁfm&xﬁvclahap enyldiirvon

To a solubion of freshly prepared ledodicarbonyl-Wecyeloheptedienyliron

{0.83 go 0.0025 mole) in tetrahydrofuran (25 ml), sodiuvm amslgam (38, 6 g.
00026 g. abom) wae added, The mixbture was stirred over ons hour., The
reddisgh brown solution turned ved with turbidity. After vemoving solvent

under vacwnum bhe red residue was exdracted with methylans chleride (200 wml x 2



i
4
Y
;

The solution was kepd under nitrogen during extraction and filbtrabion.
Concentration of solution and addition of petrolfpdl-809)yielded vad

shining crystals of tetracarbonyl dimﬁ?mc'giohcmtaaleg;l iiron (0

e
Q

L28) m.p. 198°C.

Analygis found G, 62,7, H L.h; 0, 15.8

b

CyglygFosty, requires G, 2.7, H, he25; O 15.6%

"

Tetrasarbonyl M ~cycloheptadionyl fFecyclopentadienyldiiron

A solution of sodium cyclopevtadieride {(0.0% mole} prepared by addin

e

-

fraghly distilled cyclopentadiens {2 mT§ to sodivm (3

] MY e gdepana
23 g. U UL goatom)

P
o

f e vdvofuran (60 1), Fre s e sl et b e
in tetrahydvefuran (50 mi). sehly prepared lodocarbonyl Wecyoiohepta~

2 e s

dlenyilron {3,342 o 0.,0L wole) was added and the wixturo was ghivrsd for

-~

L howpr ab roow temperature. The solvbion burmed Ivom plukish wed 40

addich brown.  The seolvent was eveporated under vacuuw and the residns wag
extyaebad with pet °33{bd&£%%33}&w5 than with benzens. The exbract was

concantrated and chromatographed on alumina (5 hours deactivatsd).
& me 1 ar alubted wid P ( G0 dfj@ Thino vielded o veliow
.1 # vallow band ﬁeﬁ! = (3 uthed with fact] trol{b afd e = oA NLE FiGiaes & TeLL0W

sryaballine solid (32 mg.) which decomposed b0 a brown mass widhin a fow

‘o

hours even om pressyrving it undew nitwvogen. It could not be gublimed
wnder Bigh waeunum,

{b) An orangs red band wag separated by petrol(b.p.f0-88)/benzens (1:1).
On svaporation 1v afforded cily material im insufficient guantity for

ddantificabtion,

{e) A main purple band from which betracarbonyl  Wecyclobeptadienyl -

iy

cyclopenbadienyldilron was obtsined (bl mga)o

he reddish brown crysballisge



Th
compound wag further crystallised from methylens chlorids/petrol
{bops hOwéO ) mop . 168=170°.
Analysis found G, 50.35 5043 H, 3.7, 306"

Gy gy, Fe,0), requires G 50.35 Hy 3.7%

Tetracarbonyl-di-cyclohexadienyldilron

Freshly prepared iodocarbonyl W-cyclohexadienyliron (0.1 g. 0,0026 mole)
was dlssolved in tetrahydrofuran. Sodiwn amalgum (L%, O.8L go 0.00037 goatom)
wag added and the mixture stirred for 30 minﬁ%esa The brown golution turned
rod and became turbid after 15 mimites. If the solution is stirred more
than 30 mimtes the veaction mixture is decompossd. The solvent was
gulckly removed in vacno. The red resldwe was extracted with methylene
chioride {100 ml = 2). The solution was kept under niitrogen duving
axtraction and filtration. A vad zolobtlen on conventratlion wndsr vacuum

and on addibtion of pebtrol (b.p. 4080 } yvialded pinkish rad crystals of

&3
<

-

etracarbonyl-di-cyclobexadienyldiivon (22 mg, 3h%8). It davkens at L60-

o

162% without melting.

Patrvacarbonyl Necyclohexsdisnyl- Wecyelopesntadienridilyron

A solubion of sodium cyslopentadienide (0,008 mole) was preparsd by
adding freshly distilled cyclopentadiene (0.5 ml) to sodimm (0.12 g,
0,005 goatom) in tetrahydrofuran. Freshly prepared lododicarbonyl=iT-
cyelohexadienyliron (L.58 g. 0,005 mole) wes added and the mixturs mtirred
for ona houre The solution turped reddish brown from pinkish red. Fhe

golvent was removed under vacvnm and the rosidue was exbtractsd with pevrol



a3
pS x4

(060:800) and then with bensene., The concentrated exbrach was
chromatographed on aluning {neutrsl, & hour deactivated).

% LI |

A yaliew seml solid substance (0.002 g.) wag eluted with petrol
{bopo G0=B07) and preosevved vnder nlivogen; bub it decomposed afier a
faw bours.

Then a reddish brown band on elubion with pestrol (b.p. 60=-807)/

banzene (L:l) afforded & crystalline solid. The product sbarts docomposing

while removing the splvent under vacoum.

Cransdicavbonyl T-cyelohsphadienylivon

Joy T PR R S P PPy ¢ s ERS oo 3 moncde o - e,
freghly proparsd lododicarvbonyl Trecyelohepbadisnriivon

(1,86 g, 0008 mole) in acetone {30 ml) was mizsd with a solubion of
potassium cyanide (0328 go 0,005 mole) in methanol {20 =) and stirved
for shpge houws at room tammarature.  The brown colouvr changsd to yvellow.
Tha golvent wag removed under vacums, and the residus wmas exbracted wibh
chiorvoform and filtersd thyough a swmall ecolumn of aluminas. FBusporation
%o small bulk and addition of pebro i(&p&@m@@ Glyieldad pale ovange crystale

of gyapodicarboryls T=cycleheptadienyliren (0.68 go B} mep, T Jé“}( decomp ) .

Analysis found G, 5.5, #, by 0, .G, W, 6.3

Gzﬁﬁgmmﬁz reguires 7, 52,0, H_ 3.9, O, 1348 N N 6013

Frashly prepared iododicarbonyl e cyslohexadisnylivren (0,835 go
0.002 mols) wag dissolved in deied wethsuol. Potassium cyemide [0.13 z.

ol & ety o Lo R v ar e -
wilrred at room temperature.
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A whitish yellow precipitats zettled down and the solvent weg evaporvabed
noder vacunm and the producth was exiracted with chlowoform.

b yelliow crystallins product, cyamodicarbonyl Wecyclohexsdisnylivon

{0,082 go 22%), mopo 90-91° was obtained. The compound decomposed during

oryshallization.



Tricarbonyl-7~othoxy cycloheptacl 3-dieneiron

To a solubion of sedium @Th@x;ﬂ@ (from zodiumm (0.07 g. 0.0033 mole)
in ebhanel (5 ml.)) = b@ﬂyLm’Tmcy@ﬂ@hepuqdlen”ﬂ;r@n tebratluoroborabe
(.06 go 0,003 mol) was added. The mixture was sbivred for ons hour.

The solvent waa removed in vacuo and the residus was exbracted with patrol
(bopo 60-80%9), The exiract was evepsrased bo dryness giving s viscous
oil, It afforded orange orysbals of tricarbounyl-7-athoxy-cyclechepba=
i,3-diensiron on sublimation ab %D:/ODODE Mo MoBo 6065 (0,66 go G18)
Tt san also be crystallized fvom petrol (bep. 60-80%),

Analysis found G, S1.8; H, 5,283 0, 23.2

Oyofiyy,Fely, reanives G, 5L.8; H, 5.z 0, 23.08

Roaction of tripheny) methyl fluorecborate with bricarhonyl-T-ethoxy-

cyclohepba=L,3-dignalron.

A esoluvtion of fraeshly prepeved triéylfl&@rabaraﬂa (0.33 go 0.C0L go)
in dry methylene chlovida (5 mh.) wap added to a golublon of twicarbonyle
7-obhoxy-cycloheptasl,J-dienciron (0.3z. 0.,00L mola) iﬁ methylena chlovide
(2 mlo). After a fow mimmtes, a ysllow crysballine precipitate setbled.
It was filtered off and identificd as %rl@arh@nyloﬁTmQy@l@hepﬁ&diémylir@m
tabrafinoroborate (0,17 g. i) on the basls of infrared cemparison with

an guthentic sample.
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Attempted veagtion of tricarbonyl- T=cyclohepdieanyliron tetralluorsboraie

with pobassium cyanide in ethanol.

Tricarbonyl cfcloh@ptadienyliron vetrafiuoroborate (2 go. 0.00625 mol)
soelution in earefully dried ethanpl (LO0 ml) was treated with notassium
cyanide (Oly go 0.00871 mole) and stirred overmight. The colour of the
golution changed from yellow t@‘pale:yellow and a blue precipitate
séparatad out. After removing the solvent, the residue was extracted

BoBo
with petrol (60-80°), A viscous oil on sublimation at 76%/0.00% mm

afforded orange crystals (0.90 g.) identified as tricarbonyl=7-ethoxy-

cyclohepbas-l,d<diene mo.p. 62° by its melting polut, and by infraved

spectral comparison with an anthentic sample.

Tricarbonyl-7-cyanc-cycloheptadiensiron.

Tricarbonyl- Th-cyclohepntadienyiivon tetrafliuoroborate (2.0 g,
OUGO?§01 mole) was dissolwved in acetone (250 mi). Potagsium cyanide
(O35 g. 0.007T mols) was added and the mixture was sbirred 12 hys. The
colour of the golubien changed from yellow to dirty pale vellow. Afiter
rémeving the solvent under vacuum, the residue was extracted with petrol
?ﬁ@iéoc)o The extract was concentraved to small bulk and chronatographed
on neubdral aluming (3 hrs. deactivated).

. BeDe . .

A yellow band elubted by petrol (uéméoO} afforded an orange oil

(0,02 g.) which eould not be identifled due to its instability.

The second band on elution with benzene yielded tricarbonyl-T-cyano-

eyclohepta~l,3-dieneiron {(0.7h g L8%) a8 a viscous oil. The preduct
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gould not be purified as the oil decomposed before distillation. Only

a gnrall amount could be sublimed as a semi solid mass

Reaection of tritylfluoroborate with tricarbonyl-7=cyanc-l=cyclohepta~l,3-

dieneiron

A solution of tritylfluorcborate (0,066 g. 0.0002 mole) in methylene
chloride (2 ml) was treated with tricarbonyl<7-cyano="1l=cyclohepta~L,3~
éieneiron (005 go 0,0002 nole) in methylenme chloride (5 ml). A yellow
precipitete wag filtered off and washed with methylene chloride. . It was
identified as tricarbdnylmWTocyclaheptadiegylircn tebrafluoroborate by

comparison of its infrared spectrum with that of ‘an authentic sampie.

Triearbonylf-di(ethoxycarbonyl )methyl cyclohepbadieneiron

Diethyl malomate (1.6 g. 0.0L mel) was added to a2 solubion of
sodium ethoxide prepared from sodlum (0.23 g. 0,01 mol) in ethanol (5 ml)
and the mixture was stirvred for 30 mimutes. Tricarbonyl=T ecyclohepta-
dienyliron tetrafluoroborate (3.2 go 0.01 mol) was added, The mixture
was stirred for 1% minntes. The solvent was removed in vacuo. The yelleow
) DB a o ‘
residue was extracted with petrol (éﬁaﬁO } and benzene. The extract was
concentrated to small bulk and was chromatographed on neutral alumina (3 hrs.
49160

X
deactivated). A yellow band, eluted with petrol. (60-80%)/benzene,

afforded s yellow oil (3.07 g. 62%) {distilled at 70% 0,008 mm) ef



tricerbonyle7-di(ethoxycarbonyl)methyl cycloheptadieneivon,
Anglysis found C, 52.55 H, 5.23 0, 28,5

28.6 2

H, 0.Fe requives C, 52.2; Hy h.93 0, 4

Crathyio% s

Attempted reactlon of btriphenyl methyl fluorcborate with tricarbonyl-T-

di(ethoxyearbonyl )methyl cyelohspta=l,3-dieneiron.

A solution of freshly prepared vritylfluovoborate (0.33 gm. 0.0L mol)
in methylene chloride (5 ml) was added to a solution of tvlecarbonylef-
di{ethoxycarbonyl)methyl cyclohepta=L,3=diene (O.h g. Q.Ol mol) in methylene
chloxide. Wo precipitate was obtained. The solvent was removed undeyr
vacuum and the residee was extracted with pebrol %gﬁrﬁoas}o Unreacted
tricarbonyl-7-di(ethoxycarbonyl )methyl cyclohepta=l,3-dienclron was
recoversd and identified by infrared gpecbral comparison with an authentic
sample .

Attempted reagtion of phenyliithium wivh tricarbonyl cyelohexadienyliron

Ly e

wobralluoroborate

{a) Lithivm metal (0,07 g. 0.0% mole) cub inte small peices inm dry ether
{25 wl) was added to a solubich of bromobenzene (1.57 g. 0.0L mole) in
dry ether (20 ml) at esuch & rate that a steady vefluxing iz mailmbained.
After two houwrs, when the reactlon is completed the solution was filvered

through glass woel
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Tricarbonyl cyclohexadienyliron tetrafluoroborate (1 g. 0.003 mole)
wag added to the solutlon of phenyllithium in two fold excess at o%c,

The asalt wenbt quickly imto solution., The colour of the solution changed

:»J
'—3
by
st
&
[
(.TJ

yeliowigh ved from orange. It was sbtirrved for 5 to complete the
reaction. The solution was washed with water. The red evher layer was
dried (anhydrous Cally). The solution started to decompose. The solution
wea filtered and the solvent was removed upder vacuwm. The residue was
extracted with petrol (b.p. %0-60%) and then methylene chlovide, The
yeliow extract gtarved to decompose while removing the solvent under
vacuem. 1% was chromato graphéé on nentral aluoming.

A green band was elubed with petrol (bop. LO=G0%). Ths product was
found very unsiable.

& yellow oil (0,023 g.) was elutsd by pebrol (b.p. LO=E0°)/benzene.

It did anot show phenyl group pealts in infrared gpecbrum.

fraction conbaining yellow oil (0.00L g.) was eluted with

E}:
g
ot
o
o)
ot
I,.A Y

Both benzene and ebther fracbion, decomposed partially into greenish
white mass, when treated with triphenylmethyl fluoroborate in methylene
chloride, gave a yelleow prscipitats ldentifled as twricarbonyl cyclohszas
diewyl~ivon tetrafluorcborate by infrared spsectral comparison with an
authentlc sampla. The methylene chlerids red extract gave shining ved
crystals (0.0 g.) of tebracarbonyl dicyclobexadienyldiiron identified by

infrared specbral comparlson with an authentic sample,



o

{v) Phenyliithiom {P?@pa?@d by Lithium (0.0L go 0,008 mole} with
bromobenzens (0,78g. 0.00% mele in ether (S0 ml}l was added to a
suspengion of tricarvbonyl cyclohexadienyliron tetrafluorvoberate (0.5 g

0.0016 mole in etheyr abt room Lemperabure. The salt digsolwed in the

solubion after 15 minutes. Dry ice was added to destroy the phenyl

Lithiwm. Tha solutlon was washed with water and extracted with petrol
(bop. 140=60°) and then with methylene chloride. The methylens chlovide
exvract on ramoving the sclvent afforded shining red crysbals identified
ag tetracarbonyl dicyclohexadienyldilron by lufvared spectral. compsrisoun
with an anthentic sample,

The red pestrol extract was chromatograpbed on neubral alumina.
{2) A greenish yellow product {0.0% g.) oluted by petvol was decompossd
in grssnish whits nass.
(b) A yellow oil {0.1h g.) was eluted by benzens, L% did not show
phenyl peaks in the infrared snd afforded tricarbonyl cyclehexadismylizon
vetrafiuoroborate on treatment with triphenyl wmebhwl fluorcborate in

methylens chlorids,

Tricarbonyl-TT=b=nethoxy cyclohexa-l,3=-dieneliron,

o
L e

Tricarbonyl-TT-cyclohexadienyliren tebraflucroborate (L g. 0.031 mole)
wag added to a solution of sodivm methoxide prepaved from sodiwm (0.17 g.
0,007h g.atom) in absolute methanol (5 wl) and the mixture was shirred
svernight, The galt wens guickly into solution. Ths salveﬁﬁ wan
repoved in vacko and a yellow olly residue was extracted with pestrol

Dep.
({h0=60°) . Evaporstion of solvent under vacuuwm gave an oil with
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camphoracious cdour. The oil wes digbilled at LO@QfG 00% mm yielding
$ricarbonyi-S=nethoxyecyclohoxa«l J=dienciren (0.3 g, S3%)

Apalysis found G, hB.L§ My, WoL§  Qp, 25.8
1 1h8.2 o0

Cyoiyofe0 raquires Gy, kB.0p  Hy, 1.03; 0p 25.6%

T.R.Y mar 1988 - 2020 ca”t, . 1075 « 2090 cu™>

)

Reaction of triphonylmethylflvorobevete with tricarbonyled- mothoxny-

eyeclohaxa-1.3-Glensiron

& solution of freshly prepaved triphenyl methyl {luoroborate
(0,33 g. 0,001 mole) imldmy mabhylons chlovide (5 ml) was added to &
clution of tricarbonyl=Semethony—=~cyclohaxe=1,3-diensiron (0,25 g.
0.00L mole) in methylens chloride (2 ml), A yellow crystalline product

sabtled in a fow mimbtss. It was washed with methyleons chloride., It

wes ldentified as tricarbonylecyclohexadienyliron tetrafivevcborate

(0.28 go 92%) by infraved spectyral compsrlsen with an awthentic sample,

Avtempted reactlon of petasglum cyanide with tricarbonyle-Tr-cyclohexas

dienyl-iron tetrafluereﬁorat@ in methanol

Pricarbony l= TWecyslohexadienyliren tetrafluoroborate (1L.02 g
0.,0033 mole) in methanol (200 wl) was treaved with potassiuvm cyanide
(025 go 0,003 ﬁel@)n The misxture was stirred for & hys at room
%émﬁ@yatuwao The golution turned pale yellow wilth s blue burbidity.

The gsolvent was removed under vacuum. The oily residue was extracied
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Weo
. O 4 T 2 - - .
with petrol (LD-607), The yellow oil, obiained after removing the solwent

wag identified as btricarbonyl-S=methoxy-cyclohexa-i,3«diene by its
camphoraceous smell and by infrared spectral comparison with an avthentic

ganple.¥ield 0,27 g. L1%,

TricarbggylmTFwgmcyanoeyclohexamLQBmdieneiron;

Tricarbonyl- Wecyclohexadienyliron tetrafluoroborate (1,02 g. 0,003k
mole) was dissolved in acetome (200 ml), Dry potassium cyanids (0.3 g
0,006 mela) was added with acetons (100 mk). The mixturs wés abiryed
for 18 hrs. The yellow colour faded with production of a green precipiteie.
which was filtersd off{., The solvent was removed under vacuum and ths
residue was exbracted wlth petrol ?ﬁgzéﬂa)g The yellow extract gavs a
viscous yellow eil. This oil was sublimed at 50%/0.00% mm yielding pals
vellow crystals of tricarbonyleS5-cyans- Becyclobaxa-l,J-diensivon (0.LE e
58,9%) mep. 957,

Analyels found €, LO.74 H 3.4 0, 19.7% N, 5.7

Oy HoyfiFe voquires G, L9.0F, H 2.9 0, 19.65 N, 5.7%

:ZDRQQ ma . 2@3.!,59 198@2 223? Gm""lo

Reaction of twiphenyl methyl fluoroborate with tricarbonyleb=-cyanc-cyclo

hexa=1,3=dienslron.

A golutlon of freshly prepared triphenyl methyl flucroborate (0.2 g
0,00086 mole) in dry mebhylens chloride (& ml) was added to 2 solutien of
ﬁximarbanylw§mcyanoxﬁ‘mwﬂ=»qyclahexammgs&diene&fon {0.1 g. 0.00041 mole)

in methylens chlovide (8 mi). A yellow crystalline product settled down
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in & few minubeg. 1t was wasghed with methylene chloyide and identified
ag Lricavbonyle Wecyclohexadienyliron tetrafluoroboraie by infrared

gspechbral compavison with an authentice sample.

Tricax bonyLmbmdi(stnaxycarLonyl)mbth?@ eyclohexas=1,Y=dieneiron
Diethyl malonats {0.53 g. 0.0033 mole) was added to sodium evhoxide

prepared from sodium (0.07 g. 0.003 meole) im sbsolube @th&nél {10 m1)
and stirred for 15 minut@so Tricarbonyl- W=cyclohexadienyliron tetya-~
fluoreborate (L.02 g, 0,0033 mel) was added. The salt waes digsolvad
gulckly and afier a2 few minutes a whitieh yellow precipitate setiled. The
mixbure was shivred for 30 miwvtez. The solvent was removed uvunder vaonum

b
and the oily residue was extracted with petypl {(1,0-60") and then benpene.
Evaporation of solvent ylelded a yellow oil which wazm chromatographed on
neubral alumina (deactlvated for 3 brs). A yollow band was elubted by
patrol iégmﬂﬂ Vbensens (L:l). It afforded tricorbonyleSedi(ethony-
earbonyl) methyl-f-cyclohexa-l,3~diensiron {.96g. 82%) as & yellow oil
disbilled at £0°/0.001 mm.
Analysais found G, 507 Hy hLed, 0 29.8

Cyellyg0pFe vequives G, 50.8;5  H, by 0 29.6k

T.R. o) max, 2066, 1961 em™:, 17241667, 1176-10% em-L,

Vitempted reaction of triphenyl methyl fluoroborate wi ~Learbonyle5-
Attenpted vion of btriphenyl methyl fluovoborate with tyricarbonyless

dilathoxycarbouyl )methyl—St-cycloheya=l J-diensiron.

Teitylfluoroborate (0.1lge 0.003 mols) in methylens chioride (8 mi)



was treated with o solubtlon of tricarbemyl-S-dilethoxyearbonyl heethyl
eyaloeldedieneivon (Dolg. 0.003h mole) im methylens chloride {5 mi).
No precipitate wag obiained. Afver 10 minubtes the solvent was

_ - BB
svaporated and bthe residue was exitracted with petrel | 80° Jo The

gstavting material was recovered,
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{ir; Ualng sodiuvwe borohpdeids
[3%) 3 . L . R come LB T S . 3 \"‘ § W
Po dimesibtyrene lvon tetraphenyiborats (8 g. G000 wolin, ip

ethylens glycol dimethyl ether was added sudium borohydride (5 o0 4n

'1—:‘1 W

anali portions. The wixbure wag stivred foy two hys. Fatrol (480

7

(L00 ml)} was addsd, The ovgamic layer weg washed with water {2% x £}
and deled {anhydrous GaCl?) It was concentrated and chromatographed on

. a 7 ﬁ} ~ 3 - -
slundna. The petrol (bolQ-lyislded bis(l,3,5~ trimebhyls «cyclehexse

an avbhentic samgla.

Reactlon of the dimesitylems-ivon cation with sodium borobydeide.

3 By J—— £ s g . ®
& mivbure of freshly prepared fovecus chlevide (2 go 00188 wmole),
P T WP « A o Ty s b emenen eagmernns odasnd e e %
sohwirons sluminlon ehdoride 3 g D625 g.) sud pure deisd mesidtylen.
FEres B N cnim o wr e BN nw e ed  fleen e Dues bl k P SR - casbe & B o o
80 wi ) was yofluxed for & hre. The sclour of bhe scolution Lorved

roddish brown. IT was cooled in lcs and sodivw borohydride {5 gl
suspovngion in ebhylens glycol dimethyl ether (50 md) wag sdded in amall

f!r";:? & (J . .
rorvlong.  The rad colour changsd to orange. Patrol(hO=£0 50 mi}
1 <2 -~ &

P e Y | o alradd vpd T erodowe § 10 5 b =7 3 Yalll
apd ovganlc Layer was washad with waber (100 ml) and delsd (Qall.

&
# Y
amydrous). On ovaporsblon of ths solvent yellow cyystale of hiﬂ%ésﬁgﬁx
teinethyi-oyolohexadienyl)ivon {(0.0h g.) meo. 126° ware obtained,
identifisg by mop. and infravsd spectval comparison with an anthendie

gamiple.
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Attempted reacticn of trityllluoroborate wivh biatl. s, 5

syolohexadienyl Yiven

solubtion of tribtvifluoraborate (Ui go 000121 mole) in msthyiens
& & el
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chloride { 5 ml) wes added to a solublon of bis(1,3,5 -Lme

v

cyelohexadienyl)iron (0.2 go 0,00068 mols) in methylens chloride {5 mlL)

"v..vf

After a few minutes an ovange precipitvabs of dimegidylene-iron di-tebra~
flnorvoborate was (0,23, 73%) sepavated, identified by its infraved

EPSCLITMR o

’

Atteamobed regoblon of the dibevsene dlron cablon wibth sodimu

A mixture oY freshly prapsyved ferrous chlovide (2 g. 00158 moll,

Ea

LI o = 5 N
sluminium shiovids (anhydvous) (3 g. 0.0225 mole) and pure thiophens 2ree

{3 &

., . ! T E P, T S . w . - S Be .
hopeens (80 ml) vas refluxsd for siy hours. The colous of the solabi

tensd raddiah bhroun, After cooling the sclution, sodiwa borohydpids

¥ o LY Y © - oo . n Y R - . E PN S ! ' N £ .

{5 g.) vas added ip snall portlons in sthylens glyeel dimethyl ethey (80 mi)d.
g é X eF pe ] e/ o 3 .

A wigorous reaction btook place. The mlxbure was

Doy
. . cb¥w o . | . . . .
Patrol (M0-607) {100 ml) was added and the orgavic layer was washed iwn

i
watar and deled (CaClpy anhydrous). After evaporation of the sokvent under
vactum, an orengs crystalline product (0,000 g.) was obbaineds The itofes-~

red spectrum wag superinposible on that of the product preparad by
p A p o

Williamson . The producht could not bs felly chavasberissd dus to lts
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Propavabion of svelepentadieayi bemgene ivon twileodide
A mizmture of fervocens (2 g.,0.0L06 mule) aphydreus alumioiwm

&

chieride {2.84 g., 0.021% mole) and aluminivm pﬁwﬁer‘éﬂoES Eoy, 001086 g.atom)
and thiophene free benzene (80 ml.) was vefluxed for B hrs., Thae colour of
the mixture changsd from oranga Lo y@ll@ﬁish brown, HWaber was added
carefully after cooling the reaction mixture and stirred vigercusly., The
waber layer waes sspavabed and washed with petrol (bip. 60-80) and a solution
of pebassivm iodide and lodine (5:1) in waber was added. The orange
pracipliate of bepsene eyclopentadienyl trilodide (3.5 g.) mepo 228°¢,

LeeR

O .
®Y wes dried end recrysballized(acotone {m.p. 2309).

,,;3

o

P g e ™ AT -
ij.-d}.\."iﬂ o IR 0:{.’? © ;f@ “2..‘:.
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Prepavation of benzens eyclopentedienylivon lodide.
‘ Ll
A golution of cyclepentadienyl bomzens lven(lodids (& g.) in ethanol

Sy

(100 mi.) was troaved with sedium thiosulpbfite in excess. The mixturse was
botled for 1Y mimubes and filtered undsr nitrogen. The solvent was remsved
pnder vacuam in oiivogen. The yellow cvystals (3 g.) of cyclepentadionyl
benzene iron iedide were wecrysballlzed by chloveform {Rop. gzﬁﬁg

(L4% 230-230.5%),
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Pragavalion of cyclopantadienyl cycloheyxedienyiiven

(a) Using Lithiue aleminium hydrids,

To benseve cyclopentadienyliven trilcdide (5 g.) in ethylens glycol
dimethyl ebther {50 ml.) lithiwa sluminium hydride (2 g.) tr;?as. added in
smeil portion and the mixture was sbirred for one houwr. The colour of
the solutlon turaed red with vigorous reaction., Methawmsl (10 ml.) wés
cavefully added and then water (100 ml.). After addition of petrel
(bopo G0=B05(E0 ml.), the organisc l&;‘r@z’ vas washed with wabter (80 = 2)
dried (avhydrous &aul.g} and chromatographed on meutwal sluming. The caly
orangs red band @h;t@éi with petwol (b.p. 60=80 '> Tiorded eyelehexadienyl

cyclopentadienyl (.7 g.) 28 red erystal (m.p. 1359C).

{v) Uging sodink borehydrids,

Bensens R =¢yclopentadienyliven triiodide (L g.) in ebthylene glycol
dimsthyl ethey (50 ml.) was treated with zodium borohydrids (5 Zo) in emall
porticns, The rescbtlon mixturs was gbtlirred for omg hour, wsber was added
sarefully. After sddition of pstyol (b.p. Zf}a@@@) (50 ml.}, the ovgavic
Leyer was washed with wateyr, dried {anhydvous Ga@.’ﬁdg) and concentrated te
small bulk, It was chromatographed on neuwtral alumina, An ovangs red
band on elution with petrol (b.p. é()m&} ) yielded cyclohexadlenyl cyclo-
pontadienylizon (.13 go,) lgentifled vy compardgon of infraved spectiva

with an authentlc sample



Propavablon of mebthylecyclohoxadlenyl cyclopontadionyliron

A solution of methyl lithiuwm (prepared by lithium (0,07 g.
0.0 mola) and Proshly distilled methyl iodide (L.h2 g. 0.0 mole)
in ether (50 ml,) was added to a suspension of cyclopsnbvadienyl
benzene iren iedide (1.6 g. 0,005 mol) (25 ml.) ab -h0°C. The
mixburs was gtivred one hour. It turned reddish yellow. The solvent
was removed undexr vacuu. The residue was exbtracted with petrol
(bopo 30/U0 ) and ether. The extract was concentrated and chromstoe
grophed in neutral alumina (deactivated for three hours).

An orangs band eluted by petrol (b.p. 30<h0°) gsve orange oil

{0.030 go) of methexyl cyclohexadienyl pentadienylivon. Ib was not .
chayscterised due to ite amall yield.
T.Re5) max. 3030(sh) 29h3(sh) 292L(Sh) 2857(sh) 1471(w)
Whs(m)  108{y) 1389(m) 1351(m) 1305(m) 1266(w) 1136(w)
1099(8) 2010{sh) 995(b.Sh} 855(b) B806(b.Sh).
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Atbempited reachblon of sodlum moethezide wibthfcyelopentadienylivon lodlds

& solubion ofiéyolopenbadienyliron lodide (1 g., 0.003 mole) in
absopinte wothanol (R00 ml,) was added to a solution of sodivwwm methoexide
propared {rom &séium (0,08 go, 0.003 mole)s The mixbure was sbiveed
overnight but ne change of colour was observed. The solvent was
vemoved in vacue and the residue was axtracted with petrol (b.p. 10=60")

bansens and methanol,

..

The yallow extract from mothancl gave only unveacted cyelopsutadienyl

“

banzens ivon iodide (0.86 g. 80%) identified by intraved spechral

Py

sopparisen with an authentle sawple.

Avtompled reaction of pobaseium tertlary buborxlde with bemnsens

cyclopenbadienyiirvon lodlde,

Frosh sablined p@t&éaium tertiary boboxide {L.12 g., 0,01 mole) inm
tetrahydrofuran (50 ml.) weae trogbed with benzens cyclopemtadienylizon
lodide, (2 go) and the mixbure wag stlrred overnight and filtereds The
golvont was vemoved under vacuum, The resldug was oxbracted with petrel
{(bopo 10=602), bangens and methavol separately. Ouly mebthanol exbrach
gavs unrsacted banzens cyclopentadienyliron leodide (1.7 go) identified

by infrared spectral comparison with an anthewtic samplae.
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Attempted acetylation of cyclopentadienyl cyclohexadienvliron

o

4 selution of freshly distilled acetyle chioride (0.5 g.,0.0065 mole)
in methylens chloride {10 nl.) was sdded in aluminivm chleride aphydrous
{05 go) and dhe mixbture was sbirred for 30 mimibes. The soluiticon was
quickly filtered through & suction pump and was added to e solublon of
eyclohexadionyl cyelopentadienyliron (L g.) in emall portien ab 0°C,

The solour of the solubtien changed from red to yellowlsh brown., After
15 mimsbes the solvent was removed uvunder vacuum and extractsd with petrol
DD

(30-40%) and ether and then water. The ether exbract was concentrated
and chromatogrepied in neutral alumiva. The only orangs band yleldsd
ferroeens (0.2l g.) identified by ilufrared spectral compevison with sn

avthentic samnple.

#3

t

[

wabay gxtrach on treaitment wilth a solublon of godium tetrgphenyl-
borate in axcess alforded ysllow coystals of cyclopontadienyl bensens-dren
vebraphenyl borate (0.h3 g.) identified by infraved spestral comparigon

with an suthentic sample.



Prepavation of cyclohesxens dlcarbonyd 11 -cyclopentadienyilron hexa-
X :

Fivcorophosphate

A golution of bromodicarbonyl<il —cyclopentedienyiiven {(2.96 g

0.0L mole) in cyclohexene (200 ml) was treaved with svhydrovs alundpium
bromide (6.4 go. 0.02l mole) and sbirrsd vigovously for bthree hours. The
red solublon was separated into two lavers. The upper layer containin
cyvelohexens was sepavated from a ved vigoous mags. LY was hydrolissd by
ice water. The ovangs waber solubion wae flltered through Kieselguhwr.
It was treated wibh excess ammonium hexalluorophosphate solutlon, The

yellow pracipitabts of cyclohexsne dicavbepyl T -cyvclopentadienylizon

sxafliuorophoaphats was

3 rengd A g
tned by acsbone/ ebhay

2. 4 v A pd e een d 4 foy el Fry C)
to glve golden yellow cryebale (2 gn. 0B} wep. 150

(Lit. M yield 38%).

Cyelohexans dicarbonyl cyclopentadienyliron

& suspension of oyelol ﬁx@no dicarbonyl cyclepentadienyliron hexa-
fluovophoaphate (L g. 0.0085) 1& tetrahydrofuran (2% nl) was treated with
sodium horohydrids (2 g.). The colour changsd from yellow to brown.

The wirburs wes gbirred for 30 minnbes. The solvent wag removed and the
reasidue was exbracted with petrol (b.p. EOahO ) and chromabographed on
rpeutral aluming.

A brown band was eluted with pstrel (30-403/ ether {1:L} ylelded g

Y

brown oll of o cyelohexansdicarbounyl cyclopentadienyliven {032 g. S0%)

“ o n(:) =} b a_ - E -
purified by dlstillation at 7570.00L., It was Sound too unghable to givws
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et anslyelsg.

ToR. ) max, 2915,

98
ey G e é ?8350 (Tla}oé;l,) ﬂ ;‘:} {.?}r&l‘} K g‘{;;’é(‘ é_‘;‘a\;’} .\ i
e (8h), 13L0 (m.8h), 12hO (w)}, 128%
1010 {

: Yhird (55,
38 (8h), 1130 (&
1010 {Sh), 990 (Sh), 980 (3h), B60 (w), 830 (Sh),

fluorcborate.

Attempbad reachbion of ¢~ cyclohexans dicarbonyl U ecyelopeoiadier
bty iy

rLr0n Wik
solutien of tritylfluoroborate (0.3 g. 0.00L mole) in betrahydro-
furan (2 ml) was trosted with s solubtlon of cyeclobexane dlesrboryl oyeloe
pentadisnyl iren (0.1 g. 0.000L mols)} in tebvahydvofuran (5 ml}. After
alting Bhe solubion for @ few mimmies a few drops of waher were added i
destray trivvlilvoroborabte. The yellow cryshels of
gyaiopentadienwyliron vebrafivoroborats (0,15 go L1E) wore geporated ow
sddidtion of ether in excess. It was eryshallised by asetome/ether lmop.
2009),
T.R. D max 3125, 2837, 2188, 2062, 1405, 112k-1000,
962, 833 enl
Reaction of pob

gium iodide with cyclehexans dicarbonyl ¢ =eyclopsutadienyl
iron hegafluorephosphate.

(@0}4 o

Gyclohexane dicarbonyl cyclepentadisnyliron hexaefluvovephosphate

0,001 mol} solutiom in acetone (100 ml) was treabed with potassium
iodide (0.2 o 0,0012 mole)
The colour o

The mlxture was gbirved for
the solublion chan

three hrg,
anged Lfrom yellow to byown. The sﬁivemt waa
Bope.
venoved wvley vacumm.  The brown residue wag axbrached with pebrog (?Omht j
ebber and hensens The extract was csoncenbrabed and chromato

graphed an
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moutral alumina. The black browm cvysbals (0.15

P A
OX LD

icarbonyl cyclopentadienylivon . . wers oblalned by slubing the hroxr

band with ether/benzens (L3 1), Adentified by its mope, ml1wed Bop. and
infraved spectrum which was found svperimposible with that of an subhenbtic
sample,

Avtempted reaction of potassivm cyanide with cyclobsxene diearbosyl cveloe

pembadlenylirvon haxafluorophoschate
LIn Methanel)
{a) %o & golutlon of eyclohexene dlicarbonyl cyclopsmbadienylirvon hexa-

fiuorephosphate (O g. 0.00099 mole) in methanol (B0 ml} was a solubion

of potagsive cyanide (0.1 o 0,000246 mole) The mixture wag stirred for
one hw, The erange red solotlon turped yellow, The solvent tag revowsd
upder vacnmn.  The residve was exbracted with patrol (30-L0%) beow:mme and
chioroform. The yollow exbtract wag concentraved and chromabtograsihzd on

lumina. The yellow band was elubed with ebthex/bsnzems {1:xll. 1%

afforded yellow crvebals {0.085 go h2.35%) mop. LLSC idenbtified asg oyavo-
dicarbonyl cyclopsntadienylivon on the basls of m.p. mixed m.po and infrared

a

spoactram comparison with an authentlce sample.

{b) In acetone

L3

To a solubtion of cyclohawgne dicarbomyl cyclopentadienyliron hexa-
Flucrvophosphate (Ot go 000099 mole) in acetone (2% ml) was added petassivm
cyanide (0.1 g, 00015 mole). The mixture wmas removed in vacuo and the

N ,. i)
vosidue wap extrected with peirol (30-40%), ether and bensens. The exbrach



132

vas concentrated and chromatographad,

A yellowish brown oil was {0.0Lh g.) eluted by ether/bermens. The
o0il decomposed during distillabion and could not bhe fully chayschteriged,

ToRo<) max. 2154 (m), 2083 (S), 204L (8)

The second fraction eluted by bensens/chlovoform gave yellow crystale
of cyanodicarbonyl cyclopentadienyliron idenvified on the basiaz of ibs
infraved spsciral comparison with an suthentic sample,

TRo Y mex. 2185, 2060, 2020

Attempied veactions of phenyl lithlum with evclobexene digsrbonyl gyelo-

venbadienylivon hexafluorophogphate

(a) Phegyl Lithium (0.00) mole)prepared by lithivm {0,007 g. 0.00L meis)

and bromobenzens (0,157 g. 0.001 moele) in ether {50 nl) was addsd 4o o
sugpension of cyclohexgns dicarbonyl cyclopsntadienyliron hezafluors-
phosphate (0.4 go 0.00092 mole} in ether (85 m)) ab 0°C, The mimture
turnaed raddish browm. It was stlrysed foy enme hy. The solvent uas
removed undsy vacuum. The residue was exbracted with petrol {Bﬂmhﬁg}g
ather and bengena, The extvact was concentrated. ond chromatographed on
nentral alunlns.

A yallow oily residue was sluted in braces.

& main red band on elubion with pebtrol (30-h0°)/ ether gave a wed
crystalline compound {002 go) mopo 122°, It could nob be fally

charvacharised,

T.R. < max. 2933, 2857, 2083, 2000, M08, 2000, 869, 837 ca~t
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(b) Phenyl lithiuwn was prepared in twofold excess by baking Lithium

(0.0 g. 0.0058 mole) bromobenzene (0.0 go 0.005L) and in ebher (100 ml.)
and was added to the suspension of above mentioned salt (L g. 0.0028) in
ether (25 ml.) at =70°C. The salt was quickly dissolved and the colour
of the solution turmed yellowish brown. The reactlon mixbure was stivred
15 minotes. The solvent was removed and the residue was exbtracted with
petrol {b.p. 30-h0°), ether and bensens.

The sxbtract after conceatration was chromatographed on neutral
aluming,

A yellow olly residua in traces was eluted by petrel (bopo 30=40%) .
It wes not characterised due to its mmall yield. L.R. shows o
absoxption in mebal carbonyl reglon.

A wmain ysllow band eluted by petrol (b.p. 30.50% )/ ether (131)
yielded brownlsh yellow oll (O.48 g.) purified by distillation at

100%/0.005 mm.

Analysis found C, 66,73 H, by 0, 13.2
§6°6§ hogg‘i » _
GﬁoﬁthGQ3 vequives G, 66,85 H, Loy 0, 13.2

ToRo 22020, 1980, 1655, 730, 700 cn~
The third band afforded brown crystals (0.0L2 g.) of hebracarbonyl
dieyelopentadienyl diiron identified by infreved spectral comparison

with an avthentic sgample,



¢ am e . e
s 4 < Y3 4§

: < O 3

I = S RN R A G )
Tl XT Y Te e O W ATHAN U EN AT A TR U LS O o et L D oo e
LEEES AL =L AL Rt SRR REE sUES SR Lt e R e PRTS TR 3 -]



E

o

L

T

2
[

tﬁ.ﬁ
~

fmt

W.Co Zeise, Pogg, Amnalen, 1827, 9, 632.

F.fA, Cotton, Chemn.Review, L9565, 85,

T.Jo Kealy and P.L. Pauson, Nature, 1951, 160, 1039.

Sehe Miller, J.A. Tsbboth and J.F. Tremain, J.Chemn.Soc., 1952, &32.

HoA. Rheilen, A. Grahl, G. Hessling, and O, Pfrenglse,

Annalen, 1930, 482, L6l.

o St T !

B.F, Hallam and P.L. Pauson, J.Chem.Soc., 1958, oh2

£ FTOrT TR SIS,

M.LoH. CGreen, L. Pratt and G. Wilkingon, J.Chem.Soc., 1959, 3753.
Mills and Robinson, Proc.Chem.Soc., 1560, h2l

Ko Burton, ML, Green, E.W, Abel, and G. Wilkinson,

Coemistry and Industry, L9506, 1592

R.B. Kipg, Toho Mamaal, F.(.4. Stone, J.dnorg.Nuc,Chem,, 1961, 16, 233

[P B

M, Cals and M. Feldkimel, Tetrahedron letieras, 196L, 13, LLO.

Tdem. ibid., 13, hiy

Tohe Mapuel, S.5L. Stafford, and F.G.A. Stone, J.Amer.Chem.Soc.,

83, 3897, 196L,

HoDo Murdoch and B, Welss, Helv.Chim.Acta., 1962, L5, 1156,

K. Fichtel, E.0. Fischer, Chem.Ber., L9862, 95, 2062.

e

HoPo Kogler, P. Xuzel and B.0. Fischer, Chom.Ber., 1960, 93, 3006,

CRTTET, S R s=

P, Huzel, H.P. Frits and E.0. Flscher, GesmsBar., 4.MNatuveforsch

1961k, 16.b, 138,
Bo Pettit and G.F. Emerson, Advances in Organometellic Chemistry,

1, 196k,



9.

J. Mahler and R. Pettibt, J.Amer,.Chem.Soc., 1963, 85, 3985, 3959,

3959-39=03 .

20. Longuet, Higgins & Ozgel, J.Chem.Soc., 1956, 1969.

2L
22,

23

R. Criegee and G. Schroder, Amm., L9659, 623,

R. Criegoe and G. Schroder, Angey.Chem., 1959, 71, 70,

JDs Dunibz, H.C. Mem, 0,5. Mills, P. Pauling, H.M, Shearer,

Angew.Chem., 1960, 72, 755,

doD, Dunivs, H.C. Mes, 0.5. Mills, H.M. Shearer, Helv.Chim.Acta.,

1962, 4%, 6u7.

HH. Froedman, J.Am.Chem.Soc., 83, 219, 1961,

L, Reppe, H. Vabber, Aon., 1953, 133, 562,

Wo Hubel, W.E. Welss, Avgew.Chem., 1961, 73, 290.

R.P. Dodge, V. Schemaker, Nature, 186, 750,
M.&, Bemnet, Chem.Rev., 1962,

G.F. Emerson, L. Weit, R. Pebbtit, J.An.Chen.fSoc., 1965, 83, I3k,

ibide, 1965, 87, Wo.ll, P.32sh.

ibid., 1962, 8L, LE9IL,

E.F, Emarson, R. Pebbtlt, Chem.iud., 196, 836,

Polo Pauson, Organchetallic Chemiovzy (Zeise) Chopter 7, poilT.
P, Pausgon in Nomebonuold-Avomablc Gompounds, Chepbter 3, p.l0f.

K. Plegske, Angew.Chem., 1962, Th, 30%, 3L7.

Polss Pauson, Proc.ChemoSoc., 1960, 297,

HoW. Stermberg and I.Wender, Chem,Sog.(London) Sp.publ.

1959, 13, 35,



0

B.F. Hallem and P, Pauson, J.ChemcSec., L9586, Lok

AT TS AL T AN AT

G.Fo Graus, Pol. Pavson, Uppublished works.

A. Davison, M.L.H, Green and d. Wilkinsom, J.Chem.Soc., L96L, 3i72.

T TR ATE W N A S I TA T

B.0. Fischer, and U. Zabn, Chem.Ber., 1959, 92, 162hL.

E.0. Fischer, U. Zabn and F. Bauwngartner, 4.Naturgforach, 1959,

l}_!,b 3 ..i,33 o

ML Ha Greeny Lo Pratt and G. Wilkinson, J.Chen.Soc., 1959, 3753,

Golo Herberich and E.0. Fischer, Chem.Ber., 1961, S, 1517,

H, Wernsr, B.0. Figcher, Chem.Ber., 1959, 92, 1123,

A AR

EWo Abel, A. Singh and G. Wilkinson, J.Chem.Soc., 1960, 1321,

&

Wo Hubel and B, Welse, Angew.Cheme, 196L, T3, 298.

o resma T XXt st

E., Weiss and W, Hubsl, Chem.Ber., 1962, 95, 1186,

R T AT T R

o

Jeigs and W. Hubel, J.inorg.Nuc.Chem., 1959, il, L2,

Ao Davison, MoL.H. Green, d.Chamedoc., L9062, 3172,

Arampv e, S mes

E.0, Fischer and Flehtel, Chen.ber., 1962, 9%, 2063,

L

RBo King, Imovg.Chem., 1962, 1, 964,

E.0. Fischer and Fichtel, Chem.Bew., L96L, %, L200,

T Y

Holio Hoohn, L, Feabl, K.F. Watbersen, G, Wilkloson, J.Chem.Soc.,

(S PR

1961, 2738.

E.0. Fisches, W, Froblich, Z.Naturforach, 1960, L56, 286,

¢Go Winkhaus and G. Willdnson, Jo.ChemeSoc., 1961, 602,

R W S R R TR ]

(o Winkhaug and G. Wilkioson, Chemistry and Industry, 1083, A0,

k.0, Fischer, H.P. Hogler and P.Kuzal, Chem.Bav., 1980, 93, 3006,

N A YT



78.
9

B. Burton, L. Prabt, G. Wilkinson, J, 1961, 5%h.

Aodo Birch, P.E. (voss, J. Lewlis, D.A. Winte, Chemistry and Industyry,

196k, 838.

G. Winkbaus and G. Wilkinson, Proc.Chem.Spe., (London) 1968, 31l

G, Winkhaus, L. Pratt, G. Wilkinson, J.Chem.Soc., L9CL, 3807,
R.D. Fischer, 8.0, Fischer, Angewv.Chem., 19€D, 72, 919,
J oMo Willlamson Repert, 1961, Maw.

U, dJones and G, Wilkinson, Ghemim‘}ry and Industby, 1961, 3.!4,080

o Do Jonss, L. Pratt and G, Willdnson, J.Chem.Soc., 1962, hL58

ﬂ:t“‘m::x:m..

G, Winkheus and H. Singsr, Z. Natureforach, 1963, 18b, Li8.

E.0, Pigcher, J. Muller, &, Naturforsch, 1962, 17h, 776,

Hod e Davben,Je., and Bertelli, D.J., J.dn.Chen.foc., 1961, 83, h97.

E.Wa Aboly, Mofh. Bemmett, R. Burton end G. Wilkingon, J.Chem.Soc,,

A I A S TR

9§@5 2455‘9 [¢]

JdoDe Munro and P.l. Fauson, J.Chems5oc., 1961, 3h7s.

WA TR AR R R RS AT

JoD. Munre and PoL. Pauson, J.Chem.Soc., 1961, 3L79,

cgw_...r.:—av.:-:nmmm:

J Do Munre and P.L. Pauson, J.Chemo.Soc., 1961, 3484,

e

Dauben, Homnen, J.Am.Chem.Soc., 1950, 80, 5570,

Abel, Beunet, G. Wilkinson, Proc.Chem.Soc., L9588, 152,

Org. Synbhesis Coll, Vol. II, p.Ll7Ll.
pi"@ﬁ‘l%l@j, J.Chemo.Soc., 85, 1422, 190k,

T oS, Pipar, F.A., Cobtton and G, Wilkinson, J.lonorg.Moc.Chen,,

1955, L, 165,



o0
<
©
Bt
[
N -
o
=7

Piper, (. Wilkiason, J..Inorg.Nuc.Chen., 1956, 2, 38,

-

8L. B,F, Hallam, Millg and P.L. Pauson, J.Juorg.Nuc.Chem., 1955, 1, 313,

et s

82, BoF, Hallam and P.L. Pauson, Chemisbry and Industry, (London) 1955, &%3,

83. B.F, Hallam and P.L. Pauson, J.Chem.Soc., 1956, 3030,

SR LTSS LR &

Bly, T.5. Piper and G. Wilkinson, Cheomistry and Indusbey, 1955, 1296,

85, T.S, Pipar and G. Wilkinson, Naturwis, 1956, L3, 15,
86, T.H, Coffield and R.D. Clossen (to Tthyl Corporation U.S. 30h2693
(cfo 260-429)) July 3, 1962,

87. B.0. Fischer, H. Werner, Angew.Chem., 1963, 75, Bl.

88, M.L.H. CGrasn, L. Pratt and G, Wilkinson, J.Chem.Soc., 1960, 989.
) e b &

89 AN, Wosmeyanon, Nh.Volkonen & ¥ Holesoves, Doklady, fkadNavt.,5.5.8.R.

1963, 149, 615,

90, B,0. Piacher, W. Hafner, 2.Natorforseh, 195%, 10b, &55,

91, £.0, Pischer, W. Hafwer, Z.Anorg.Chom., 1958, 286, iLhé.

92, E.0. Flgeheyr and R. Bobtcher, CheamoBer., 1958, 89, 2397,

A e A A Y

93, Ho Zels, S. Poubsul, M.Nebturwisgon Schaften 1957, bh, L20,

X Tracs

£

9o MoL.H, Geoen, Nagl, Proc.Chem.Soc., 196%, 378,

ol

",

N
o

MoL.l. CGreen, Naei, Proc.Chem.Soc., 1962, The
3 S i i 4

@A

Bo Mool Green, Negl, J.An.Chem.Soc., 1962, 8L, 1310,

O
L3N

97 . MoLolls Green, NWagl, J.Chem.Soc., 1963, p.i89,

G IR AT A e AR LAY

98, ToSs Piper and G, Wilkinson, J, Inorg.Nuc.Chem., 19%6, 3, 10L.

99: Tha infra ved spacira of complex molsculss by L.J. Bellamy, p.i5.

100, Koviac and Brace, J.Am.Chem.Soc., 198h, 5h91.

0L, Hyp. J. Dauben, 4, {ewis, R. Homnen and Kemnebh, J.0eg.Chem.,

ket & Rolsdiotiiioed

1560, thha, 8,






NoMoRe Spoctra

\‘
OGO
- Relative
'u 3 3 A o3 v
| ¢,Value Multiplicluoy Tntensity Agsigrment
BT Mnlbiplet 2 Hyy Hy
6.7 Quarteb () of ethoxy
b group
8.9 Triplet CHS J=T7 ¢fs
6027 o Multipled 3 Hy, Hyy Hy
?o(’g?oo Multipl@ti }.!. H;S’ Hé




NoM.R, S'@@@%g’&

Fe(C @)3
Comploxity Relatlive Asgigrment
Intengloy

ho? = 5:0 Mulbipled ¥ Hy, 3
5.6 = 6.3 Multiplet : 2@;‘12 of ethyls H?
6.8 = ToB Braad band Hy, Hh9 Hy
748 = 8.6 Broad band 2Hg, Mg
Bo7 = 9.2 Maltiplet 20y of ethyl

e
Relabive intensitlies wore reasonably conglstent with the above sbructure

and aseigmments but due te the very complex natuve of the signals, smpecific

valussg could nov bo deduced .



N HM.Ro %p@@%ﬁ‘a

‘C Value Multipliciby Relative Intensity Apsipgiment
b .55 Multiplet 2 Hg;, H3
6,25 Multipleb L H,

605;7 o5 Complex Muliiplet 2 Hyo Hy
6,85 Singlet 3 OCH,y

8=8 .3 Complex 2 Hb, He




NoMoRo Spoctis

N CHCOOCHD,
&\:{; Fell Q)»

dealL@ 1 Multiplicity Relative Intensity Agslgnment
o7 i Triplet 2 Hy My
5.9 Doubla guarbeb by L 2 2, of
: e - Ughlp groug
6.9 - Complex 2 Hy o8,
8=8 .0 Gomplex 2 b He
8.8 Dovble Multiplet 6 2 CHy of othyl
growp J=Te/ 5




V.M. R, Specizrs

T Value Multiplicity Relative Inbensity Agsigmment
lokiS - Multiplen 2 Hps Hy
6,87 .1 ? Complex Multiplet 3 | Ha, Hy, Hh

2 Hb, He

7.3-8.1

| Complex Multiplet




B.M. R, Spectra

f
I, ~Me
}
> H
6 \H
)
e,

Value Hultiplicity Relabive Inbensiiy Aspslgrment
8.61 Singleb 6 1,5 iy groups
TobL Singleb 3 Jemathyl grovp
6,1 Singlet 5 5 Cyelopenbas

dienyl protong
8=9 Unresolvad ]

Rensining b
protong




N.MoRo Specira

A1
@ &
¢ CcO
T-Valve | Molbiplieity Relative Intensity Assigmment
5,40 Singlet 5 § Pratona of
cyclopentasw
4 dieunyl group
T !
8.0=9.0 Complex 13 Cyelebesyl

EEOUD

vz ———




WoMoRo

Spasétra

e i’,}'l

T Valvs

Muliipliclty Ralative Intensity Leslgonent
5,87 Singlet 5 Cyclopantadienyi
protons
2o1=3 ol Complex Mulbiplel 9 Diphenyl protons




Teble L,

Iododicarbonyld

Fedienyliron complexes

Infre Red

o=

[t gurrIei

e — — — e e
Compound HoPo Gl Stretek mm G0 m@%@@mﬁ Charaecto? Stretehr Band Solubllity Reference
m.
! A_ { !
] @ g s 3 _ Eoluble im “
|Bloek exystals  3085(w) | 205L(vs) mw&wewmvgquQRQWgw©m@mﬁiw | acetone m g0
m m | acoofvs) 10E7iww) 2050(w) 200%7(=) | omlerofora
| 117-128%C | | 860(nSk) 843(VS,broad) m benzens M
| ;
J
Lo | | m m
— e i a w m .
| Red Browm | oL dise. | T T salEble T +-—
| eryegel 2001 (y 2062 (vs 1500 {m wwwm"mw . aceton m
55-050 | 289y | 2992(vs) 1299(m) 1275(% . shlos rofora Presont
| [ ) 1031(=) 2038(n) | bemsenms |
a m 972(m wuwﬂwnmv b work
W | &
w m m B L Ml L
w | m . triple m i
i Haroon . ECL dise 2081 V8 @@w,ww&@o 1529, 140L(Y W%@@&wm Soluble im
L m erystal | 20k~ | 1992 ¥8 ©0) ,135%(m) 1189(m) acetona,
90-91° 2849 | 13333 {w b, ) 5070(w.b.) | ehlorcform! =g
W m { (wo.brond) N i ..ﬂwJ 1010(z) 970 %%W | benzene m
: £ s
O\\=P/ m i @ \\Mvmufm@m%o B)) m
C £ : 6 fan) ! =
X [ a




o
:
" Q &
(E') (9 O ' &
AN \\ =1
- - Crr T 3
() wmems (Fhmere (Yemmom =1 = 0 o
o O /7
>/ o
O = prid
e LR =t S o T TR Cé{s.-r::l 4@: LTl — 1 QT.JS:;.:’J (-s-hdg
émﬁ [ § 20 6@ ﬂ N e e
Y e N R O T
N S o § o ta
3 6D G &~ a B GO 5
@ 0 3 6 o w 6 @€ =
5 cze | B " he o 2
) e = = o e N
o o g::d
T3 ey e Ay [Ty o Ry L s 2o Linno mﬂ: =T ORI GDOTTS— (SITDEA QIS t-_L -l;a;-

180 M sLs | g B | el
MND O O & A AN o EH |
&8 %\ g ?w\ ﬂ G 6 (&) ® 3
pe @ = = o = 9 [
JE %% frs":? ?}hg\ B ¥ 54 a“;: f«l‘j @ﬁ m l
Rz P S %;v ﬂ S o S St By

W ¥ |
gg] ) Tt ) o ~ ) “Al
i R R T e T
'\!
k\% 2‘3 LR @ 0 I
- ﬂ N L) 5
w H fj’l \C_‘l 13
(7 GTT wEve mAN omem csooh eue seme g BSIN TR GHTD <STe AT GO (R ~Gio wio  eos ems e L "
. = 83 N 3
o & Ay (I C I & €30y
QO ﬂ N w O e |8 |p
T o o e e @& 3 0
< e o N e« g [ 5]
2 w W - W 8 | 0 old
— S S =t S & o
e bmne e cemmes e aslime St s s e e e b am T Tl r—ml‘m

D i i Gl e Cﬂ@ (=3 I}_’_, = t: :
c*«?s»a ©] 15210 iﬂ QWO R & g 3’5: C"g sg
\C‘{] NN } B & 8 5t l ;}I

: N N T 3B %1
£ :ﬂ\,j;‘,h % e S e ﬁ ® z‘ﬂ St S ; . ?-4!
L 2 B b < e & >
PR I PRI e LR = b & 9 r'{fi
s e B B e s AR A & & &

B Bt A = 2 02 &l
W=t T aie Ewl @ w &
ne % & t\»}\dﬁbﬂ “%M;i" hid = 3
T S o ’

B8 e e | wiE gl g
‘"*’““”g;ﬁ‘;% WE W & \n =

< o) i ) > . s
W Qla O =rkate O @ a 6!
e ) o ol g =2 E? R
oy o ;d F; Jm r_gg E;,\‘,E’;‘ — wl
FRy <§ S ) )
5= Pl 4
= HG;’ Eﬂw:’ 2

0 g wr @ @]

e =3

{!,« W

i1 80 L

\}\\J =3 == - Ty = & ] = L)
L el =T & € e [ By ifal £@3 g (%J 9@ g)
mﬁ@a({@@’ﬁ BE28 B & 8 & e
reoLSEY na,g'iﬁ o ¢ b o E,
Heg < og oy wE R e 1 :
'FEA S Ed Hedd o 5o i

=0 R @ 0k @06 o b g

Bo 5 0 .= @ 5 b &

D %] 3 ~ =
® B Bod L8

Mo g g

2 6 2 0 £
?5 o e @ | el )
o 5 ?1, 9 9 g

"S'i‘ B3 5B
R & | g
I ] @




Tetracarbonyl T-Disnyldiiron Complexnes

Table 3
HoPo . — . . Infra-red o Reforences
C-H 3 € - 0 Stretehing froguencies (em )
cCo O i
~ | o 17 j 198 ! 2000(sk.¥) 1965(vs) 1950(vs) 1770(VS) M 79
LAFe =i
o) m @ 1782(vs) |
Co €O = N_“ w
| 1900 T@w@ 10925 (VS . :
15 . e 1975{v3) 1765(vs8) | Present
{des.) ;2030 ©EB . el
B . York
; M mmmmm&& W
co ¢ w
o | I
O _w»o ® ma.w. 'Y : @
¢ co 198°¢ Qm@mﬁi 1972{vs) 1938(Vs) 1736(¥s) Proseat
286 |
_m mwm@.w mwmww _ vork
|
| |
168- | 3125(y) 1602 (¥S L Efwsh 1981098 « Bos
~ __Sof° 70%! 2553 19) 1993(7S) 1986(73) 2751(8) | Brovamt
/7= unﬂm/\\mm Z ammw.w (zm) c
oCc C \
° | f |
co CO w@@@@%o mwwmwgwi 1980{v8) 1770(ve) | Prosent
. L i
oc &o a m
i I z




Tebla §

# o <o

W ﬁmz.. Fom CO

g\ ;qu /ﬁ@
] =T m obbiy) 300h{z) 2928(s) 2o0b(s) 28Lbhi{z) 2050(Vvs) 1976{vs) 1169(s) 145&{w) 2&32{=)

1529(w) 1403(m) 2337(s) 2318(w) 1267(=) 1237(v) 3179(8)
2 | sca6(8) 2975(s) 2918(s) 2875(s) 28&o(s) zené(vs) 1977(vs) 1bs58(s) 1%b7(s) 14b2(8)
i 1505(8) 1372{=) 13%8(8) 1338(S) 1262(w) 22235(v) 119&(v) 1163(=) 1090(=) r060(8)
N .958(m) 933(w) 868(s) 8b3(m) 799iw) 6ki{w)
3 =GCH 5 2000 298¢ 2921 238z 2818 2020(¥s) 1988(ve) i1k%0 1k30 1500 1330 1270 T
1236 1180 1150 1126 1080 1075 1610 21000 OLO 909 860
2 <GS 8y 29u1(s) 2857(8) 2062(vs) 1962(Vs) ww& (s) 1389(w) 1570(=} 1323({8) 2299(w) 1266(w)
3220(w) 2263(m) 2121(3) 2000(=) 1087(m) 2073(=) 2064(8) 20%a2(=m) 1000(s) %26(=)
969{w) 970{w) 855(=) 833(w) 200 (=}
i -cul{coens), | 2967 260k 2857 28k9 20353(vs) zoco(vs) 1506({v8) 17s5% 172L(VsS) iL&® 1408
) 1389 1368 21299 11&7(pSk) 21089 103% 858
2 -cu{cooBe), | 2951 256% 20335 2080 1996 175% 172k 1kk9 1BOS 1389 1389 1368 1299 1143
1691 30635 1631 838
il ~h 902: 29ki 2237 2053(vs) 198¢(vs) 1451 1623 1389 1323 1297 L19C 1148 1112
1@l 1600 $26 88%F 835 833
2 - ¥ 2ok 2857 2237 2083(ve) 28k7 2:98{vs) 1h6p 1bbL 1539 2370 1323 1299 -
l1280 1238 1226 13198 1196 1i&g 1G87 3ck0c 10R9 990 965 9ck 89o 8LY
8286 994 FS5L




:

-




Tebre 5

Complen EZmfrao-red Specirs

3850{ww) 2525(w) 2530(w) 2055(w) 2020(w) 2981(=} 1960(=) 1882 (wvw) 1837(ww) 1798(ww)

e 1972w} 1726(w) 1688(w) 1653(=) 262&(=) 1883(n}) 14L5(w) 2520(v) 239&(w) 1316(w)
Mwmw o W 2200(s) 1275(w) 1238(w) 2re¥is) 1053(s) 1c02(s) 946(r) 939(=) 966(wv) 8b3(s)

3922(w) 2077(=.Sk) 2952(vs) 2837(sk) 2740(vs) 1758{=) 2695(w) 1600(s) 1525{w)
1889-1520(vs) 1370(vs) 1299(S) 22bk{w) 2263(wv) ie9e(Vvs) r2036(Vs) w@wwamsw 1000(Vs)
962(s) 917(vw) 873 B83k.7(w) 833{s.sn) eoo(vs) 682(m) -

2951 - 2857(vs) 135i5(=) 2457(S) 1bes{m) 1370-1365(8.Sh) 1290(m) 1220(w) 2075(S)
1026(vse 999(m) 532(n) 833(m.Sk)

2865, 2817, i8kz, 1993, 15648, ik23, 1233, 31227, 1167, 1062; 1023, 1000,
CEYy . o7%, 890, &7%, 855, 847, 788




L . - - s . :
- EERENE e, N . . I “. . . 2T P - Lo . BRI o o
s S U L e e . i
- R SN e e e e e e et e e s e e v e e e e e - - -



Pable 6

ZOMPOUND i N ERARE D SPECTRA
3390 3306 29kl 2857 2062 2016 5.3  ikki k@ 1387 1350
2265 1217 1153 1136 11i2 0k2 1010 966 922 877 833 76Y
2915(vs) 284o(s) (sn) =2000-1990(vs) 1950-1920(s) 1840(s) 1412(m.8h)
1360(sn)  1200(m.8m) 1250(=)  1030(=) 1020(m) 930-980(=) 8éo(z) 830(Sh.m)
gzo(vs) 795(¥.8)
3200(=.8u) 3030(8) 2960(w) 2s20( (o) 2200(vs)(1980-2950) 12655(5) 1595(=)

@ 2560(v.8) 1480(m.8n) 3470(V.5) 1550(=) 18k0(m) 2835(m) 1350(v} 2315(m) 1270(S)
7 . | 180lw) 1i60(v) 1060(3) 2050(=) 700(¥.5) 9h6 (vm) 915(m) 2b0-830(s.5n) S00ly)
Oﬂ\ﬁé,@r 780(w) 760lw) 730{v.s) 700(V.8)
cO )




