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The discovery of fervocene, bdisesyclopentadienyl iron,
in 1951 stimulated further pessarch into a wvelatively new
Pield of Organic Chemistry, organometallics. Fervocens is
the firet of a sories of transition metaleorganic ring come
pounds in which the metallic atom is bound covslently to two
eyclopentadiens rings (Mg III)s The rings are superimposed
over one enother with the single atom inbetweenj thus, they
are often referred to as "sandwich compounds,”

Plg I Mg 11 Pig III

Of = CH o8 » O
ﬁnm% anm§ e

Ferprocens

similer to aromatic compounds, and very resdily undergoes
elootrephilie substitution (8), The eyelopentadienide anion
(Pig 1I) 18 & oyclic system of eix pi electrons and might
therefore be expected to exibit arometicity, The concept of
resonance has been shown to be valid for this system (beocause
of this the ring is vepresented s rathor then with
conjugete doudble bonds), The noted similarity of ferrocens
to donzens and 1ts derivatives offers an excelleont oppors



tunity to give direction to the extended study of ferrocane
derivatives, The perticular compound of intersat in thie
paper is 1,1' tetremethylens ferrocens (Fig IV).

Wig Iv v rig v
=L Pt ()38 348 10
» e ke (a)30 3430 1e® 18

110 vetramethylene lerrocens

Thore ave several schools of thought on the intrae
noleoular bonding of fevvosene (7, 8). If one thinks of the
irvon in the + 2 oxidation state in the molecule, then each
syclopentediens ring must be in the « 1 exidaticn state,
The iron, therefore, has 6 valence electrons remaining and
 each ping bas 6, If the iwem were to accept 6 pi electrens
from each ving 1t would sesume the "ware gas configuration®
of krypton {rig ¥). The sdded stebility of this type of
sonfiguration would help explain ferrocens's wunusual themmal
stability, The second hypothesis is sinilar to the firat,
This theory proposss 8 bonding molecular orbitals and 1 non-
bonding moleculay orbital formed from the 18 valence olece
trons in the aystem, This is ossentially a delooalised
sovalent bond and, in a broad sense, the iron bas Gaken on
the lrypton configuration, The third theory, snd the ome
preferved by the suthor, imagines & single covalent bond



between iron and eash ring fommed by overlap of one depl
and one pepi electron., This leaves S deloealizmed electrons
in eaoh ping to ecirculate as if in the molecular orbital of
the ring only, 'This hypothesis would pavtly account for
the noted aromaticity snd strong negative center for electroe
phille attaci, ,

Porrocens is themmally stable up to about LOU*C, It
ie resistant to alkell snd seid with the exeeption of strong
oxidisers, It ie easily oxidized to the ferricinium cation
(1ren in the + 3 oxidetion state creates the lon Bigfiy).Fe*)
and ie therefore & good reducing agent and antieoxidant (8).

Although the procedure outlined heveln uses fervrocens
as an initial respent, one of the more yecent preparetions
of ferrocens should be moted, ILittle, Kosstlewr, and Eisenthal
{as veported by Peters (8)) note & 90 ¥ yisld in the weaction
of eyclopentadiens, ferrous chloride, snd sodium ethozide in
ethanols

Gk i Oasigon * 2
eyu‘_wm‘ycm tmum*&ﬁ,l,m*m
The compound under investigetion im this paper, 1,1Y
It has, in feet, been prepared only omos by Luttringhaus end
Eulltek (6) who reported en experimental yield of 0,053 %,
Thelr procedure consisted of the steam distillation of gy «
eyclopentediens and a, didbromo alkenss (Br « (OHp), = Brle



They 414 not report any propertlies of the mmmu

The proposed progsedure for this ressarch is an followst
1) & Priedel«Crafts acylation of ferrocens with suveinie
anhydride (VI) to yleld ferrocencyl proplonic meld (VII).
The solvent is to be methylene chloride with elumimum chloride,
ALCly, added as a catalyst, e aluminue chloride cetalyeis
produces an electrophile (VIII) which attacks the eyclopentas
diene »ing, & Lewis base,

2) The meid derivative 1s to b trested with thisayl chleride,
8001y, end alumimm chleride or with polyphosphordc seid to
yield 1,1', a,a' diketo tetramethylene fervocens (IX),

3) The intermediste (IX) will then be reduced by the
Clemmensen Reduction (amalgemated sinc snd hydroehleric

sold) to yield the fimal product 1,1' tetremethylens ferroe
cone (X},

Procedure 1) hae been done sucesssfully by Rinshart (11)
who obtained & yleld of 87 £ of the keto seld, IHis proe
sodure ineluded the medustion of the kete group adjscent
to the ring end then trestment with either trifluoroscetic
auydeide or polyphosphoric secld, The attempt to effect
ving closure (10, 12) resulted in homoenmuler substitution
{oyelisation on the same ring), snd he obtained the product
1,2 aekoto tetramethylene ferrocene (Pig XI, pe 7)o

The impertant difference between the procedure proposed
in this paper and the procedure of Rinehart is the vedustion
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of the carbonyl adjecent to the ring in the ferrocencyl
propionie acid (VIl). Alkyl groups sre olectron welessing
and tend to meke an organie ring more susceptible to eloce
trophilic attack, a-Carbomyl groups, on the other hand, are
cloctron withdrawing and reconance etabilized tending te dee
aetivate the ring to electrophilic substitution, Rinebart's
reduction, therefore, would tend to mctivate the ring end
the prodebility of homoannuler substitution ls incressed,
Aeyl groups on one ring of the moleculs do tend to faver
. heteronnmuler substitution by electrophiles (9, 13).
Ringhart also attempbed ring closure with threg- and
fivescerbon atom cheins (10), Fe sucoseded in preparing
the heteroannulayr produet 1,1' trimethylene ferrccene, but
got bhemosnnuler eyelisation with the five-atom chein, This
indiontes that bond distenves and mgles ave such that "idesd"
conditions are met with a throoeatom ny eczentislly e sixe

mmﬁmmm-ummmmmm W,

in the keto acld the carbons of the group =00-CHye must be

cosplense with the ving (this is not trus with the group

4NgeCig=). The vemsining two etoms in the keto acid chain

'mtmmmmmmm This may be siightly

mmmummummmmm.
Anothor peseible method of preparstion of the final

product is via the Aoyloin Condensetion, The methyl ester

of a heoterosnnular di-substituted acid derivative of forro=
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cone (XIX) is treated with sodlium metal %o yleld a eyeclie
produst {XIIX)e This reaction has been carried out with
ne2 3 4 (9. Ho attemptod yeduotion of the product wes
reported, For this method to yiald 1,1' tetramethylens
ferrocene, the methyl eater of lerrocens 1,1' diacetic acid
must be used (XIV), This resction (n = 1) has not beon re-
ported in chemicel liteveture, HReduction could agein be
acoonplished by the Clemmensen reaction,

The following procedure is that whioh Rinehart (11)
used to prepars the secld derivatiwe P-ferrocencylpropionie
aoid (VII). The prepavation consiate of adding T4 g of
forrocene and 2,0 g. of succiniec anbydride in 150 ml, of
mothylene chlorids to 5.0 ge of slumimm chloride in 150 mi,
of mothylecs chloride, The reaction wes stirred for two
hours at oom temperature, then decanted over 180, The crude
aeld was extracted from mothylens chloride with sodium eare
bonate, filteved through Celite, and reprecipitated with
dilute hydrochloric acid, The orange acid was recrystallized

from methsnolebonsens, HResults of slemental analysis for
carbon, hydrogen, and iron, and infraered data supported the

proposed structure (VII).



Data for the following procedures iy summarized in Tabtle I.
Infra-red data is reported in Table II,

Bince no methylene chloride was availahle at the time,
tetrachloroethans (TCE) was used as the solvens, Only 300 ml,
of TCE were avallable 50 3.7 g of ferrocens, 1.0 g. of
suceinic anhydride, and 2,9 g of aluminum chloride were used,
The mixture was stirred for two hours at room tompersture then
poursd over ice, The product of extraction with sodium ble
carbonate, then sodium carboneate, was filtered through Celite
and aoldified with hydroshlorie selid to pil 2, The seld
golution was then extracted with ether,
Evaporetion of the ether yielded nothing. The TOE was
distilled under reduced pressure in s Flokmen 85till. The
orangeebroun residue wes shown to be unrescted ferrocens
by infra-ved analysis,

It was decided that methylene chlorids should be used
instead of TCE for the next resction, However, only 150 md,
wore avallsble so the proportions of reagents were sgain re=~
duced proportionately to 1.85 g, of fervccens, 0.5 g of
succinie anhydride, and 1l.045 g of slumimum chlorlde, The
nixture was worked up as before, filtered, acidified, mnd



oxtragted with ether, Ammm»mmm
ether, An infrae-red snelysis (Spectrum I) was perfomed,

4 Tt § F
PR i b S

(loser examination of the smounts of reagents needed
revealed that only 2.2 moles of cetalyst were available for
thydride, Nommally 2.4 moles are required,
This thind procedure used T4 ge Of ferrocens, 2.0 ge of
sucoinic anhydride, and 6.4 ge (revised) of aluminum chloride
in a totel volume of 600 ml. of methylens chloride, The
solution was poured over ice, and the aquecus and organie
Imnmmm. The orange orgenic layer was extracted
several times with sodium cerbonste solution. This ved
aguecus solution was filtered through Celite and aecidiried
to pi 2 with hydrochlorie acid, About 1.8 gs of orange pree
eipitate (31 #) was collected, Attempted recrystallisation
from methenol-bengens was not successful, The solid cbtained
from the evaporation of the methanol-bengens sclution melted
8t 170173%C with noted blackening,

4 portion of the originsl orenge flskes that precipi-
tated from the seidified solution wes soluble im sther, The
ethor insoluble residue was s dull brown solid, and the ether
solution ylelded redeoranse crystals on evaporation (elution
thyough a colun of silice gol had no effect). Thesse crystals
molted at 169-172°C with blackening, Infra-red malyses




wore done on both the ether soluble (m«mmmm
other insoluble {Spectrum Il)e

Procedure 3 was vepeatod oxactly. About 2 g (34 %)
of erange flakes wers cbtained melting at 169-172°C with
bvleskening. An infree-red ansliysis was performed {Spectzum IIX).
sucosasiul. Reorystallimation from 1,4 dioxans and wator
ylelded bhroun crystals melilng at 162163°C with no davite
ening {(bowever, this method wae not suceessful with larger
quantities), 7The ether scluble end ether insoluble products
wore seperated, The other insoluble product was the same
dull brown solid obtained before, and yed erystals were
sgaln obialned Spas evepsrablon of the athew solubleon,

A neutrelization equivalent determination on the origle
nal opange product was attamptods A measured amount of this
srude acld was dissolved in 2 known amount of sodiws hydroxide
and titreated with hydroshlorie seld, Measurement with o
MWMﬂummummMam,
but no sharp end-point was found,

¥hen attempted recrystellisations from solvent palrs
eppavently failed, an unsuccessful search wes made for &
solvent that could eauss recrystellisetion upon ecoling
aftor solution was effected at a higher temperature, The
muwmummmuumm



in attempt wes made to effect ring closure using the
nold was vefluxed with thionyl ehloride for several houvs.
The thienyl ehloride was then removed by eveporation under
WWM&MMMMnanmt
for the vesction, Alumimm chlovide was added and the mize
mcmmmnwn. The nitrohensens solution was
washed several times with water snd with sodium earhonate
solution, then dried with snhydvous sodius sulfate. The
nitrobensens wes filteved and an infra-ped snalysis wes
porformed on the dark, clear solution,



DIBCUSSION

A mumber of infra-ped spoctra were obtained on differe
ent semples, Taking into sccount the poor perfomence of
the instrument at the time, corrscting for solvent absorpe
tion where needed, and reporting relative strengths of peaks
within & spectrum, the data obtalned i1s reported in Tedble II,
Rinehart (11) reports that a carboxylecarbonyl should abeord
at about 17121705 om™> (5,855,9% u)j that & carbonyl ade
jecent to the ferrocens mucleus should absorb at 1667-1663 em™
(640 u)} end that all monosubstituted ferrocene derivatives
should sbsorb at both 1110 and 1005 en™> (9,0 and 9,95 u),
This "0«10 rule™ states that all ferrvocens derivatives with
one unsubstituted ring show shsovrptions at both 9 snd 10
microns. The abssnce of both of these absorptions would be
strong evidence of hetercannuler disubstitutiony however, the
presence of ons (either 9 or 10} ia not conclusive proof of
disubetitution or of monosubsiltution), Bwing (3) reports
carboxylie seid absorptions &t 3,03«3.45, S.75«0.0, 6,90e7.4,
and 7.7=043 u,

Perrocens (Spectrum O) has a broed ebsorption at 5,7«
6,1 u whevess each of the derivative samples shows two sharp
peaks at sbout 5,85 and 6,0 u, the latter being the stronger,
The ferrocens absorption should cause added absorption in
that ares, but the presence of the two peaks is strong evie
donne of an a~keto carboxylic acid grouping. The other



evidenes in support of this is inconsistent, All of the
spectra excopt VI show absorptions sbound 8,0 uj all of the
spectra except 1II and V show absorption in the vange 6,9«
Toli uj snd three of the six spectra show sbsorptions at
33 we The presence of these do support the hypothesis that
the derivatives ave all carboxylic acids with & keto group
adjacent to the ferrocens mucleus,

The oconclusions that may be drewn Crom the pressnce or
sbsence of absorptions et 9 and 10 microns (9«10 rule) have
been stated, Since the presence of a single sbsorption band
proves nothing, the problem of analysis for degree of sube
stitution remains present, Both bends show up strongly in
only two spectrs, 0 end I, The absorption at 9 u appears in
some degree in each of the others, but that at 10 u makes
slmost no eppesrance ab alls This being the only measure
of the degres of substitution, no safe conclusions can be
dewn, Nowever, considering the leck of purity of the
seaples, the slight sbecrptions at both 9 and 10 u ia et
least one derivative do indisate monosubstlitution,

Vitre viclet snd visible spectra were obbtalned for pure
forrocons and for thres stages in the product anslysis. The
sauples wore dissolved in ethanol and several dllutions were
made on esch ssmple to sid im loeating all absorptions,
The data from the spectra ave swmaeriged in Table III, We
data was found in the literature on the scid derivative so



A%

no dirvect comparisons could be made, However, Rinehart (8)
reports ultra-violet wave-length maxime at 226 and 270 milli-
microns for his product 1,2 a kotoftotmthylom ferrocene
(XI). In another paper (13) he reports ferrocenyl ketone
absorptions in the ultra-violet near 230 end 270 mp. Sinee
these maxima do not eppear in the ferrocene sample and do
appear in the other three, we can safely conclude that

thoy are & result of a carbonyl group, probably adjacent to
the ferrocene nucleus,

Comparison of meltingepoint data gives a better basis
for conclusions concerning degree of substitution. Rinehart
{11) reports a melting point of 166.5-167.5°C for the keto
acid p-ferrocenoyl propilonic acid, after recrystalllization
from methanol-benzene., All of the products from the experi
mental procedures outlined in this report melt in the range
169«173°0 with the exception of that recrystellized from
dloxane and water which melted at 162-163°C., The nearness
of these melting points to that reported in the literature
strongly suggests a monosubstituted product; Mvor, there
wae an indication of decomposition in these products by
blackening at the melting point without return to tho orange
color on cooling.

There are a number of problems that have not yet been
solved and several points that have been left without dis-
scussion., The reason in that only bare hypotheses can be
made with the data available, and no conelusions can be
drewn without further organized study. Comparison of the



many speetra both infra~red and ultra-viclet show definite
sinilaritios among ssmples of essb:tislly two distinet
physical fomms = dull broun powder and redeorange srybtals.
Thess both hevs acidic proporties ses svidenced by their
extraction with bass end reprecipitation with acld, but
differ in theiw solubility in other, They have compsvable
melting points. 7The shief diffe-ence betwesn the other
soluble and ether insoluble product is wery possibly due

to differvences in the oxidation state of the iren. In
ferrocene and its derivatives the iron is in the +2 oxidation
state, bud 1t can be exidized %o »3 giving the entire molecule
a charge of +l, 7The ether soluble product is probably the
neutral molecule whersas the swi'terion would be insoluble

in ether, Poth product: would be insoluble in ether, Hoth
products would have scidie properties; both would heve

nearly identieal infra-red and ultra-violst speatva; they
would have comparable melting pointsy but they would have
diffevent physieal ApPPesrances.

The exidetion of ivon to +3 could partly explain the
gradual curve obtained in titration, This resction is
partioularly unusual for earboxylle scids which show sharp
end points, The feet that some scid precipitated abt higher
piite 18 agein unususl. However, if the ivon is in the +3
oxidation state, it has an effective cherge of +1. In
besie solution the carboxylic seid exists as the ~000™ enion,
it is possible that the soid snion hes chelated with the +1
iron eomplex and caused precipitation esriier the expected.



17w

The small yislds ( 31 and 345) of seid derivative come
pured to Minehart's {04F) is else a puszle. The only
explanation is that more eflelent stireing, longer period
of meeotion, or higher temperature must be used,

™he two problems that remain unsolved and offer no
outlet for speculstion are the s parent decomposition
{blackening) of the samples st the melting polnt and the
recrystalization from 1, 4 dlozane and water, 7The solvent
palr dloxsne-wnter effectively recrystallized & small sample
of the derivative, but later stiempts could not even offect
polution with diczene, Verheps again alyr oxidation of the
iren in the molecules ereates the difference.



CONCLUSIONS

Taking into sccount the spectra obbtained, the melting
point date, and other experimentel observations it ean bo
safely eoncluded that the product of the initisl procedures
WOy ml propionic seid (Fig. Vil)s The product was
tnpure, probably mized with unreasted succinic acid and any
nwsher of side-products involving lervocens, succinic aclid,
and mothylens chloride, Separation of these products was
not aceomplished beesuse suitsble solvents for recrystale
lisetion could not be found, '

The final procedure and attempt st ring clesure wes
mrmwmummwmnwwm-m
rod spectrophotometers



“liG=

Using the noted aromaticity of fervocens, the aw .:
th&umﬁhnmmm to indlude e Priedole
cvafts seylation with suscinie wmnmmm
nlmma The method of Rinehart (11) has besn the besis for
preparation of the aeketo aeld derivative r.mnmﬂ PrG-
plonie acld, This pmaw&m done several times, Mo
erystallization from several solvembs and solvent palps was
unsuceassful, Infra-red and ultresviclet analyses wore pere
formed on the orude scid,

‘ The eonclusion wss that the yuu waa the acid derivative
sought afber but that there wes & distinet posainility of the
iron existing in move than one oxidation state., Separation
of the ether soluble and other insvluble products was
ef foctive, .

The finsl precedure was that of attempting ring closure,
Results wers inconclusive Sue to extromely poor functioning
of the infra-red epsctrophotomeler.
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Ultrasviolet Data

UV, | Vis,
sarple 200 meniorons 300 400
Orig, soid 204 228 270 340
ether soluble 203 225 268 335-340 not taken

Solvents for Recrystallization
Solvent cead ty aa
Leotone Ve 81, 8. 8l. 5,
Wator : i.
Chlorobensene i ve 8l,
nebutanol i. 8le 8s
1, i dioxane ve 8le 8, 8le 8,
Methanol Ve Ele Be 8le B
Tensene ve 8l B, 8le B¢

Bthanol Ve 8le 8. 8le B¢

&



TRUM OF FERROCENE

A-RED SPEC

(2,0 - 14,0 MICRONS)
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