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ABSTRACT

Ferrocene derivatives have been used in the synthesis of polymeric materials with thermal resistance and
nonlinear optical properties, and in the field of supramolecular electrochemistry as redox switching receptors.
For these reasons, during the past few years the electrochemical studies on ferrocenyl derivatives have been
growing up. In order to characterize molecules with potential uses in the synthesis of polymeric materials and
to understand its electrochemical functioning, this paper presents electrochemical studies on these chemicals:
1) cis-diferrocenylethenes derivates (Isopropyl cis-2,3-Diferrocenylacrylate; 2) cis-2,3-Diferrocenylacrylic
Acid; 3) cis-2,3-Diferrocenylacrylohydrazide; 4) cis-2,3-Diferrocenylacrylic Acid Piperidide; 5) cis-3,4-
Diferrocenyl-2-methylbut-3-en-ol, and 6) cis-1,1-Diphehyl-2,3-Diferrocenylprop-2-en-1-ol. All of the chemicals
presented two oxidation processes (I-I), which were thought to be caused by the oxidation of the ferrocene
groups, E (1), E (), AE,, (II-1). The comproportionation constant K_ was calculated. According to this value,
it can be proposed that the molecules containing a carbonyl group (1-4) present larger electronic communication
compared to molecules with a hydroxy group (5-6). Uv-vis espectra of all compounds in butironitrile solution
were obtained. A correlation between K and A _ was also observed.

Key Words: Cis-2,3-diferrocenylacrylates, cis-2,3-diferrocenyl allyl carbinoles, cyclic voltammetry, diferrocene,
electrochemistry, ferrocene.

RESUMEN

Los derivados del Ferroceno han sido empleados en la sintesis de materiales poliméricos con resistencia térmica
y con propiedades 6pticas no lineales y en el campo de la electroquimica supramolecular como receptores de
interruptores redox. Por estas razones los estudios electroquimicos de los derivados ferrocenil se han
incrementado en los Ultimos afios. Con la finalidad de caracterizar moléculas con potenciales usos en la sintesis
de materiales poliméricos y entender su comportamiento electroquimico, este trabajo presenta estudios
electroquimicos de derivados cis-diferroceniletenos (cis-2,3-Diferrocenilacrilato de isopropilo (1), Acido cis-
2,3-Diferrocenilacrilico (2), cis-2,3-Diferrocenilacrilohidrazida (3), Piperidina del Acido cis-2,3-
Diferrocenilacrilico (4), cis-3,4-Diferrocenil-2-metilbut-3-en-ol (5), cis-1,1-Difenil-2,3-Diferrocenilprop-2-en-
1-ol (6). Todos los compuestos presentan dos procesos de oxidacion (I-11), atribuidos a la oxidacion de los dos
ferrocenos , E (I), E (1), AE,, (lI-]). Se calcula la constante de desproporcion K_ . De este valor se propone
que las moléculas que contienen el grupo carbonilo (1-4) presentan una gran comunicacion electrénica
comparada con las moléculas que contiene un grupo hidroxil (56-6). El espectro UV-vis de todos los compuestos
se obtuvo en butironitrilo. Se encontr6 también una correlacion entre Ky A__.

Palabras Clave; Cis-2,3-diferrocenilacrilato, cis-2,3-diferrocenil alilo carbinoles, voltametria ciclica, diferrocenos,
electroguimica, ferroceno.
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F errocenemol eculehasaextraordinary thermal stability,
example, when used as fuel additive suppresses soot

INTRODUCTION
itsstructureisretained up to500°C, thisfact hasmade
ferrocenesuitablefor fireretardant applications'2. For
in several processes like acetylene pyrolysis, and poly(vinyl
chloride) combustion?S.

In the realm of materials science, several polymers containing
ferrocene derivatives have been reported™2. These polymeric
materials present optical nonlinearities, magnetic, redox and
electrical properties'*?5, Severa reports focus on the thermal
stability of different ferrocene-containing polymerst=-2,

Additionally ferrocene-containing polymers have been used as
molecular building blocks, andinsupramol ecular e ectrochemistry
as redox switching receptors?2,

Ferrocene moieties in diferrocenylethenes derivates that are
separated by unsaturated carbon-carbon bonds present two
separated electrochemical-reversible oxidation processes; the
splitting can beattributed to theel ectronic communication of the
twoironredox centersinthemixedvalencestateor simplertothe
different environment; the comproportionation constant K
indicates the degree of charge delocalization in the mixed-
valence specieswithin the Robin-Day classificatiom? 2,

Klimovaet al. reported aseries of compounds (1-6) containing
diferrocenyl moietieswithdifferent substituents(Scheme 1) with
possibleusesinthesynthesisof polymeric material s*-%%. Despite
the well done characterization of these compounds no
€l ectrochemical studieswereperformed.

In order to characterize molecules with potential uses in the
synthesis of polymeric materials and to understand the
electrochemical behavior of cis-2,3-diferrocenyl derivatives,
expectingadifferent el ectroniccommunication betweenferrocene
moieties due to the different subtituents, this paper presents
electrochemical studies of compounds (1-6) and their
comproportionation constant K . A correlation betweenK

andA__, of theabsorptionbands, obtained fromUV-Visspectra,
is aso reported.

EXPERIMENTAL SECTION

Chemicals
ThefollowingreagentswerepurchasedfromAldrich: tetrachloro-
cyclopropenone, 98%; ferrocene, 98%; aluminum chloride,
99.99%; hydrazine monohydrate, 98%; piperidine, 99%;
methyllithium, 1.6 M solutionindiethyl ether; ethylmagnesium
chloride, 2.0 M solution in diethyl ether; lithium aluminum
hydride, powder, 95%; potassiumtert-butoxide, 95%; deuterium
oxide, 100.00atom%D. Tetrafluoroboricacid-diethy! ether (50-
52%) was purchased from Alfa AESAR. For electrochemical
experiments, Tetra-N-butylammonium chloride (TBACI) was
obtained from Fluka, and Tetra-N-butylammonium
tetrafluorobarte (TBABF,) was purchased from Aldrich
Chemical Co.

Compounds 1-6 were synthesized from 2,3-diferrocenyl-
cyclopropenoneandtheir corresponding nucleophilesasitwas
describedinliterature®-t. Themelting pointsof compounds 1-
6 and the RMN spectra are according to those reported in
literature™-L,

Electrochemical studies
All el ectrochemical measurementswereperformedinbutironitrile
(HPLCgrade, inorder towork withtheminimumamount of water)
solution containing 0.1 M tetra-N-butylammonium
tetrafluoroborate (TBABF,) as supporting electrolyte. A
potentiostat/gal vanostat EG& G PAR model 263 controlledby a
PC software was used. A typical three-electrode array was
employedfor all e ectrochemical measurements: platinumdisk as
working electrode, platinum wire as counter-electrode, and a
pseudo reference electrode of silver wire immersed in an
butironitrilesolutionwith 0.1 M tetra-N-butylammoniumchloride
(TBACI). All solutions were bubbled with nitrogen prior each
measurement. All voltammograms were initiated from open
circuit potential (Eocp) and the scan potential was obtained in
both positiveand negativedirections. All potentia swerereported
versus the couple Fc*/Fc according to IUPAC
convention®,
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UV-Vis spectra of compounds 1-6

A Hewlett- Packard 5484A diodearray spectrophotometer
wasusedtoacquireUV-Visspectra. Sampleconcentrations
of ca. 1x10* M in butironitrile solution containing 0.1 M
TBABF,.

RESULTS AND DISCUSSION
Electrochemical studies of compounds (1-6)

Scheme 1. Compounds studied. Isopropyl cis-2,3-Diferrocenylacrylate
cis-2,3-Diferrocenyl-
Acid Pyperidide
cis-1,1-Diphehyl-

(),

acrylohydrazide
(4),
2,3-Diferrocenylprop-2-en-1-ol

cis-2,3-Diferrocenylacrylic  Acid (2),
(3), cis-2,3-Diferrocenylacrylic
cis-3,4-Diferrocenyl-2-methylbut-3-en-ol (5),
(6).

The electrochemical behavior of compounds 1-6 was
investigated by cyclicvoltammetry. Inall experiments, a
1 mM solutionof each compoundinsupportingelectrolyte
(0.LMTBABF, inbutironitrile) wasused. Figure 1 shows
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Figure 1. Cyclic voltammogram for 1.00 mM of compound 1 in
the presence of 0.1 M TBABF, in butironitrile. The scan
potential was initiated from E  to positive direction. Scan rate
750 mV s-1. The working electrode used was platinum.

atypical voltammogram of compound 1 obtained inaplatinum
electrode. When the potential scan wasinitiated in the positive
direction, two oxidation signals(l ,and11,) wereobserved, and
whenthe potential scanwasreversed E, , two reductionsignal's
(I .andIl ) weredetected. Ontheother hand, when the potential
scan was started in the negative direction, the same behavior is
presented. Theindependenceof theoxidationsignals(l , 11 ) was
established by modifying the switching potentials (E,,), see
Figure2. Eachoxidationsignal hasrespectively acorresponding
reductionsignal (I ,11 ).
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Figure 2. Cyclic voltammograms for 1.00 mM of compound 1
in presence of 0.1 M TBABF, in butironitrile. The scan
potential was initiated from E  to different inversion potentials
(E.)-

Theanodic peak potential value Epa(l ) obtainedfor signal | \was
0.025 V/Fc-Fc*, and the corresponding cathodic peak potential
value Epc(l) for signal 1 was -0.034 V/Fc-Fc*; a reversible
el ectrochemical behavior ispresented. TheAEpwasindependent
of scan rate (0.1-1 V s-1), and the cathodic peak current was
proportional to v¥?, indicating that process | is a diffusion-
controlled process®,

The anodic and cathodic peak potential values for signalsi|
andll E_(Il)andE_(I1)are0.214and0.132V/Fc-Fc', respectively.
TheAEpwasalsoindependent of scanrate(0.1-1V s-1), andthe
cathodic peak current was proportional to V2,

A controlled potential coulometry establishedinboth processes
(I'and 1) anoxidation of oneelectron per moleculein each one.
Processes | and |1 are attributed to a two consecutives one-
electrontransfer. A similar behaviorwasreportedfor diferrocenyl
compounds!”2834,

The half-wave potential was evaluated with the half sum of the
anodicand cathodic peak potentials, E, ,= 1/2(Epa+ Epc), forthe
electrochemical processes| andI1. Thevauesobtained wereE,,
(1)=0.006V/Fc-FcrandE, (11)=0.173V/Fc-Fc'.

ThecomproportionationconstantK  fromtheAE, , (11-1) was
evaluated according to the literature for an EE mechanism333,
According to the Robin-Day classification of mixed-valence
compounds, avalueof K <10?indicatesthat thechargeof the
electrochemical generated mixed-valencespecieislocalizedin
oneredox center and no el ectronic communication betweenthe
redox centersispresented (Classl). Mixed-val encecompounds
electrochemically generated, withvaluesof K >10°, belongs
to Class |11, wherethe chargeis completely delocalized and a
strong el ectronic communi cation is presented between thetwo
redox centers. The intermediately range 10° <K <107
corresponds to dlightly charge delocalization and electronic
communication between the two redox centers (Class I1)%%,
The obtained value of 664.20 for K indicates that the mixed
valence-compound generated el ectrochemically belongstothe
class |l according to the Robin-Day classification. A value of
AE_, (11-1) =0 indicatesthat there are no effects affecting the
oxidation of both ferrocene moieties (no electronic
communication) the sameredox potential is presented in both
metal centers.

Theelectrochemical behavior for compounds2-7isvery similar
to that observed for 1, though there are changes in the values
of peak potentials. For all compounds, thehal f-wavepotential of
processes | and 11, and the comproportionation constant K
wereevauated (Tablel).

The higher values of AE, , (I1-1) in compounds containing
carbonyl group (1-4) suggests an increase electronic
communication between the two ferrocenes, due to the
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unsaturated character of carbon in carbonyl. The lower values
of AE, (I1-1)incompounds(5and 6) can beattributedtoaminor
degree of communication of ferrocenes by the presence of a
saturated carbon (Tablel).

KcoM WITH Z.MAX CORRELATION

In order to obtain acorrel ation between aredox parameter with
other property characteristicof theredox center, UV-Visspectra
was acquired (Figure 3). UV-Vis spectrum of compound 1 in
butironitrilesolutioncontaining0.1M TBABF, exhibitstwospin
alowedligandfield absorptiontransitionsat 464 nmand 360 nm
(*A lg—>a1E1g and A W blE1g respectively), and one charge
transfer band at 305 nm. The assignment was made by anal ogy
withferrocene®*%. Tablell showsthesel ected el ectronic spectra
absorptiondatafor compounds1-6. Thespectrafor all complexes
are similar to that observed for 1.

Fromtablesl andllitisobservedthatK increaseslinearly asthe
A, Of theabsorption bandsaround 400 nmincrease; particularly

Compd E,(0) E,(1) AE (11-1) K,
1 0.006 0173 0.167 664.20
2 -0016 0,158 0174 87216
3 0,006 0,146 0152 37051
4 0013 015 0137 206.68
5 -0075 0,049 0124 12462
6 -0,036 0,087 0123 11986

E,, = (Epa + Epc)/2, reported vs ferrocene in 0.1 M TBABF,-

butironitrile. Scan rate 0.75V s™.

Table I. Electrochemical potentials E (), E,,(Il) and AE,(llI-
1), and constant K for compounds 1-6.
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Figure 3. UV-Vis spectrum of compound 1 in butironitrile
solution containing 0.1 M TBABF,.

( Compd | ChargeTransf. 1Alg—>b1Elg 1A1g—>alE1g ]
A, NM A, nm A, NM
(e, Mtcm?) (g,M1cm?) | (g,M1cm?)
1 35 360 464
(15658) (3897) (1936)
2 308 362 468
(14741) (3639) (1974)
3 20 48 458
(10721) (2496) (978)
4 283 346 45
(14239) (3181) (1015)
5 276 no 458
(15309) no (727)
6 280 458
(12233) (876)
Sample concentrations of ca. 1x10* M in butironitrile solution
kcontaining 0.1 M TBABF,. no = not observed.

Table II. UV-Vis Spectroscopic Data for Compounds 1-6.

for compounds(1-4). ThiscorrelationbetweenK _and2 _ was
foundtohavetheequationK | =53.80A  —24301.40,witha
correlationcoefficientr =0.9997. Thiscanbeexplainedinterms
of astronger delocalization (higher K_ ) resulting in alower
energy of the absorption band (/A __ ). For compounds 5-6 no
correl ationwasfound dueto the sameel ectrochemical behavior
and thesame A .

CoNcLUSION

A different el ectroniccommunicationbetweenferrocenemoieties
inall compoundswasobserved. Highvaluesof AE,, (11-1) and
K .. INVinyldiferrocenecompoundscontaining carbonyl group
indicates a high electronic communication between the two
ferrocenes. Lowvaluesof AE ,(I1-1)andK _invinyldiferrocene
compoundscontaining a cohol groupindicatesalow electronic
communi cation between thetwo ferrocenes. Thisfact suggests
that carbonyl groupisagood subtituent that all ow theel ectronic
communication.

A correlation of two experimental parameters, that arerelatedto
the electron density of the metallic center wasobtained (K _
and A__). This suggests that for a high value of A__ (low
energy) thereis alow communication between the two redox
centers.

Due to the fact that al compounds presented in this work are
oxidized only in ferrocene moieties, they can be employed as
polymeric materials that can present optical nonlinearities,
magnetic, redox and electrical properties.
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