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Abstract

The results obtained from the Knoevenagel condensation between the aldehydes R-CHO {with R =4-MeO-C¢Hy, 4-NO,—
CgHy, 4-Cl-CgHy, CsHs, 2,4,6-Me;—CsH, or (n°-CsHs)Fe(n)’-CsHy)} and [NC-CH,C(O)-NH—CH(CO,Et)-S], under different
experimental conditions are reported. These studies have allowed the isolation and characterisation of three optically pure
polyamides of general formula [R—-CH=C(CN)-C(O)-NH-CH(CO;,Et)-CH,-S-], with R =4-MeO-C¢cH,4 (3a), 4-NO,—CsH,4 (3b)
or (n°-CsHs)Fe(n’-CsHy) (3f). The reactions of 3f with Na,[PdCl,] or Pd(AcO), are also studied. The treatment of Pd(AcO), with
3f in a 2:1 molar ratio in refluxing toluene leads to the formation of [(n’-CsHs)Fe{(n’-CsH4)-CH=C(CN)-C(O)-NH-
C(CO,Et)=CH;}] (5f). Electrochemical studies based on cyclic voltammetry of compounds 3f and 5f are also reported.

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

The search for new chiral ligands, which can be effi-
ciently applied in asymmetric catalysis, is a field of great
interest in modern chemistry [1]. C,-symmetric ligands
are among the leading classes of compounds used in
catalytic asymmetric carbon-carbon bond-formation
reactions and usually contain nitrogen, oxygen or
phosphorous coordination functionalities [2]. In partic-
ular, bisoxazolines have found broad use due to their
versatility and easy preparation [3]. Less attention has
been addressed to the development of sulphur-contain-
ing ligands [4]. Moreover, ferrocene derivatives have
found numerous applications in asymmetric catalysis,
biological and new materials sciences [5] and to the best
of our knowledge, there have been a few reported
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examples dealing with the synthesis of chiral sulphur-
containing ferrocenyl ligands [6].

The search of new materials of relevance to the field
of molecular sensors has led in recent years to consid-
erable interest in the synthesis of redox-active molecules
that contain a redox centre in close proximity to a cation
or anion binding site. Bearing in mind that the binding
process in these systems may lead to a shift of the oxi-
dation potential of the redox-active groups, they may be
considered as potentially new electrochemical cation- or
anion-sensing receptors [7].

We have recently become interested in the develop-
ment of simple procedures to build polyamides from L-
cysteine that have good coordination properties in front
of some transition metals. We have found that L-cys-
teine reacts with malononitrile in the presence of am-
monium chloride to give in a straightforward manner
the 22-membered macrocycle 1 [8], shown in Fig. 1.

Herein, we propose a simple method allowing the
synthesis of enantiopure [NC-CH,-C(O)-NH-CH-
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Fig. 1. Schematic view of the 22-membered macrocycle 1.

(COzE?)-S],— (2) based on a minor modification of the
previous reported condensation between L-cysteine and
malononitrile. Starting from L-cysteine ethyl ester hy-
drochloride we have obtained in a one-pot two-steps
protocol ligand 2, which is formally one-half of mac-
rocycle 1

In this paper, we report the Knoevenagel condensa-
tion of 2 with the aromatic aldehydes R—-CHO {with
R=4-MCO—C6H4, 4-N02—C6H4, 4-C1—C6H4, C6H5, or
2,4,6-Mes—CgH,} or ferrocenecarbaldehyde [(n’-
CsHs)Fe{(n’-CsH;)~-CHO}] and the reactivity of the
bisferrocenyl  derivative  [(n°-CsHs)Fe{(n’-CsHy)-
CH=C(CN)-C(O)-NH-CH(COOEt)-CH,-S}-}]» (3f)
with several palladium(II) compounds.

2. Results and discussion
2.1. Synthesis of ligands

In a previous work, we have reported the synthesis of
the 22-membered macrocycle 1 by condensation of
L-cysteine and malononitrile in water solution (85 °C,
24 h) to give the free carboxylic acid, which was later
esterified. Moreover, this compound can also be pre-
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pared by initial condensation of malonic acid dichloride
with L-cysteine ethyl ester in organic solvent, followed
by oxidation of the isolable dithiol [9]. On the other
hand, the condensation of L-cysteine ethyl ester hydro-
chloride with malononitrile (room temperature or 85 °C,
24 h) gave an intermediate thiol as the only isolable
product in 46% yield as a white crystalline solid. This
result agreed with a literature report on the condensa-
tion of L-cysteine derivatives with aliphatic nitriles to
give the corresponding amides instead of the expected
thiazolines that were obtained only with aromatic nitr-
iles [10]. Oxidation of the thiol with sodium perborate
[11] in aqueous solution yielded the protected L-cysteine
ethyl ester derivative, [NC-CH,-C(O)-NH-CH-
(CO,Et)-S]>— (2) (Scheme 1).

Herein we report the results of the study on the
Knoevenagel condensation of 2 with aldehydes. In order
to establish the scope of the reaction, the condensation
of 2 with p-methoxybenzaldehyde under classical con-
ditions (EtOH, piperidine, reflux) was studied [12].
Surprisingly, the reaction proceeded very slowly and the
desired double condensation product [(4-MeO-C¢Hy)-
CH=C(CN)-C(O)-NH-CH(CO,Et)-CH,-S}-}1» (3a)
was detected together with the monocondensed one in
rather low yields. Initially, the viability of extending the
classical methodology for the Knoevenagel reaction
(Dean-Stark, toluene, catalytic piperidine, catalytic
acetic acid) was explored. The use of R—-CHO {with
R=4-N02—C6H4, 4-C1—C6H4, C6H5, 2,4,6-Me3—C6H2
or (n’-CsHs)Fe{(n’-CsHy)-} in front of 2 did
not produce any of the expected products [R—-CH=
C(CN)-C(O)-NH-CH(CO,Et)-CH,-S}-}» (3) {with
R=4-N02—C6H4, 3b; 4-C1—C6H4, 30; C6H5, 3d; 2,4,6-
Me;—CgH, 3e or (n°-CsHs)Fe{(n’-CsHy)-}, 3f}. In the
view of this, we were prompted to use inorganic cata-
lysts (Al,O3 [13] or MgO [14]), which are known to
promote the condensation. The best results were ob-
tained using basic Al,O3 in CHCI;. After a long incu-
bation period (4 days) of p-methoxybenzaldehyde and 2,
we were able to isolate, after work up, 3a (18%), a minor

EtOzc COzEt

CN

R = 4-MeO-CgH; (3a), 4-NO,-CgH, (3b), 4-
Cl'C6H4 (30), CGH5 (3d)’ 2,4,6-Me3-CeH2
(3e) or [(n°>-CsHs)Fe(n®-CsHy)- (31).

Scheme 1. (i) H,O, room temperature, (i) NaBOs, (iii) Al,O3;, CHCl;, R-CHO.
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amount of the monocondensation derivative and unre-
acted 2 (80%). The same experimental procedure was
used for the aromatic aldehydes with similar disap-
pointing results (Scheme 1), and only the reaction of p-
nitrobenzaldehyde with 2 allowed us to isolate 3b in very
low yield (16%). Fortunately, when we changed to fer-
rocenecarbaldehyde, 3f was isolated in a 62% yield.

2.2. NMR study of ligand 3f

Proton and C{'H} NMR spectroscopic data for 3f
under study (in CDCl3) are presented in Section 3. The
most relevant features observed in the 'H NMR spectra
are the presence of: a singlet at 6 = 8.23 ppm which is
assigned to the proton bound to the alkene (H?) and a
doublet at 6 = 7.02 ppm due to the -NH proton (herein
after referred to as H®) which is coupled with the proton
of the stereogenic centre (H®). The resonance due to the
H¢ proton appeared as a complex multiplet at 6 = 4.98
ppm. The signals due to the protons of the —CO,Et
moities were also observed in the spectra, and a complex
multiplet in the range J = 3.20-3.30 ppm (partially
masked by the signal due to the water of the DMSO-dg)
was attributed to the protons (HY and Hd’) of the
—SCH;— moiety.

The most outstanding difference in its 'H NMR
spectrum in acetone-dg is the presence of two separated
doublets of doublets in the range 3.4-3.5 ppm due to the
~CH,-protons (HY and HY in Scheme 2). In the ['H-
'H]-NOESY spectra of 3f in acetone-dg at 20 °C (Fig. 2),
the signal due to the NH proton showed NOE’s with
three protons, one of them being H?. This is only pos-
sible if the two substituents on the >C=C< group (the —
CN and the ferrocenyl group) are in a cis-arrangement.
This finding established the absolute configuration of
the substituents at the double bond as E. The remaining
two cross peaks involved one of the protons of the
—SCH,— moiety (Hd/) and the HC.

2.3. Metal coordination studies

It is well known that ferrocene derivatives containing
substituents having (a) heteroatoms with good electron-
donating abilities (i.e. N, O, S, P, etc.), (b) unsaturated
groups, or both (a) and (b) have attracted great interest
in late years since they may allow the coordination of
one or more metal ions to produce heteropolymetallic
organometallic compounds [15], which are particularly
interesting due to their applications in several fields [16],
including homogeneous catalysis [17]. Since the sub-
stituent on the ferrocenyl unit in 3f has simultaneously
an unsaturated group and several heteroatoms with
donor properties, as a first approach to elucidate the
potential co-ordinating abilities of this susbtrate we were
prompted to study its reactivity versus Na,[PdCly].
Due to the formal similarity of the moieties holding the
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Scheme 2. (i) Na,[PdCly] in acetone at room temperature in a Pd:3f
molar ratio = 2. (ii) Pd(AcO), (in a Pd:3f molar ratio = 2) in refluxing
toluene (see text), followed by SiO, column chromatography using
CH,Cl, as eluant.

“~NH-CH(COOEt)-CH,-S-" fragments in 1 and 3f,
we decided to use the same procedure as described
previously for the preparation of the palladium(II) de-
rivative of 1 [7]. Treatment of an acetone solution of 3f
with Nay[PdCly] in a 1:2 molar ratio at room tempera-
ture lead to a brown-red solution which produced after
slow evaporation of the solvent a micro-crystalline
product. Its elemental analyses were consistent with
those expected for: [Pd,(3f)Cly] - 2H,O (4f) (Scheme 2).
In the infrared spectrum of 4f the position of the bands
due to the stretchings of the —-CN, the -COO and >CO
groups were very similar to those of 3f, thus suggesting
that the palladium(IT) was not directly bound to any of
the heteroatoms of these groups. Besides that, the
presence of a broad band in the range 3400-3200 cm ™!
adscribed to the water did not allow us to detect the
absorption due to the stretching of the -NH group.
Compound 4f is practically insoluble in the most com-
mon solvents, this precluded its characterisation by
NMR spectroscopy.

More interesting are the results obtained in the re-
action of 3f with Pd(AcO), [Pd:3f molar ratio=2] in
refluxing toluene for different reaction periods (from 3 h
to 3 days). In all the studied cases, the formation of a
metallic mirror on the walls of the reaction flask was
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Fig. 2. ['H-'"H]-NOESY spectrum of 3f in acetone-d.

detected and the use of a SiO, column chromatography
allowed us to isolate unreacted 3f and an additional
deep purple compound (hereinafter referred to as 5f).
The relative proportion 5f:3f increased with longer re-
action periods ! thus suggesting that the formation of 5f
was time dependent. However, no significant improve-
ment was detected when the refluxing period was in-
creased from 2 to 3 days.

The infrared spectrum of 5f showed the typical band
due to the stretching of the -NH group thus indicating
that deprotonation of the amine groups had not taken
place. The position of the band due to the -CN group
was also observed at 2002 cm~! and the two absorptions
of the -COO and —CO groups shifted to the lower en-
ergy region when compared with those of 3f.

The most relevant features observed in the 'H NMR
spectrum of 5f are: (a) the existence of two singlets at
8.26 ppm due to the H* proton, (b) the presence of a
broad singlet at ca. 8.62 ppm (due to H® proton) which

! For ilustrative purposes the amounts (in mg) of 5f and 3f isolated
after different refluxing periods (¢) are as follows: = 3 h: 46 mg (3f)
and traces (ca. 6 mg) of 5f; = 12 h: 30 mg of 3f and 18 mg of 5f; t = 24
h 12 mg of 3f and 30 mg of 5f; ¢+ = 48 h: 8 mg of 3f and 41 mg of 5f and
t = 72 h, traces of 3f (<5 mg) and 43 mg of 5f.

did not show any cross peak in the two-dimensional
HSQC NMR spectrum. Thus confirming that the de-
protonation of the NH group did not take place in the
course of the reaction; (c) the signals due to the H¢, H¢
and HY protons were not detected in the 'H NMR
spectrum and (d) two additional narrow doublets (of
relative intensities 1:1) appeared in the range 6.0-6.7
ppm. The later two findings suggested that the palla-
dium(II) acetate modified significantly the environment
of the “~CH(CO,Et)-CH,-S-" moieties of 3f.

The BC{'H} NMR spectra of 5f showed also some
interesting features such as the absence of the signal due
to the carbon nuclei of the —-CH,—S— moiety and the
presence of an additional resonance at 6 = 109 ppm,
which correlated in the HSQC spectra with the signals at
0 =6.02 and 6.67 ppm observed in the 'H NMR spec-
trum. These findings could be indicative of the presence
of a terminal “=CH,” group.

Elemental analyses and mass spectrum of 5f (see
Section 3) agreed with those expected for: [(n’-
CsHs)Fe{(n’-CsH,)~C(H)=C(CN)-C(0O)-NH-C(CO,-
Et)=CH,}].

Since it is well known that the proton bound to the
stereogenic centres of 3f (H®) is acidic, the formation of
5f (which involves not only the cleavage of the C-S and
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C-HF° bonds, but also the formation of a C—C double
bond) may be visualised as a consequence of a B-SR
elimination reaction. This type of process has also been
reported for palladacycles containing [Csp?,S]~ biden-
tate ligands [18], such as [Pd{C(CH,CH;,C¢F5)-(CH;),—
SR} (u-Br)], (with R =Ph or Bu) [18b].

2.4. Electrochemical studies of 3f and 5f

Electrochemical data for 3f and 5f were obtained
from cyclic voltammetry of freshly prepared solutions
(103 M) in acetonitrile (HPLC-grade) using (ButyN)-
[PFs] as supporting electrolyte. The most relevant elec-
trochemical data are presented in Table 1. The cyclic
voltammogram of 3f (Fig. 3) exhibits an anodic peak
with a directly associate reduction in the reverse scan.
The experiments were carried out at different scan rates,
v {from 10 to 100 mVs~!'}. In all cases, the Ipa/Ipe Tatio
was close to one, with a linear relationship between the
I, and v'/2, suggesting an electrochemically reversible
oxidation—reduction process [19].

However the peak-to-peak separation (AE) increased
progresively from 91 to 187 mV. It is well known that
the trend of AE with scan rate can give information
on the extent of the structure reorganisation accompa-
nying the redox change [20].

The half-wave potential (E;,,) obtained for 3f is
higher than that of ferrocene, thus indicating that the
replacement of the hydrogen by the substituted alkene
clearly inhibits the oxidation of the iron(II) centre. From
electrochemical studies on ferrocene derivatives it is
widely accepted that the Ej/, values are clearly depen-
dent on the nature of the substituents [21]. In general
higher values are found for derivatives containing elec-
tron-withdrawing groups, while electron-donor substit-
uents facilitate the oxidation of the iron centre (as
reflected in their £/, values which are more cathodic
than that of ferrocene). Consequently, in 3f the sub-
stituent in the ferrocenyl fragment has stronger electron-
withdrawing ability than the aldehyde or ketone groups
in ferrocenecarbaldehyde (£, =240 mV) or in the
acetylferrocene (£, = 220 mV) [22].

Except for the intensities of the cathodic and anodic
peaks, the cyclic voltammogram of 5f is very similar
to that of 3f and the position of the anodic peak and
cathodic peak do not differ significantly from those

Table 1

20 uA:I: 3f

"

0.0 0.5 1.0
E (inV)

Fig. 3. Cyclic voltammogram of a 10~ M solutions of 3f and 5f in
CH;CN registered at 20 °C and at a scan speed v = 100 mVs~!.

obtained for 3f. These results are not surprisingly since
the differences in the chemical formulae of these two
compounds are far away from the iron(II) centre.

3. Experimental
3.1. General information

All chemicals were of commercial grade and used as
received and Na,[PdCls] was prepared as described
previously [23]. The basic Al,O3 used in this work was
previously treated using the procedure described before
[24]. Elemental analyses (C, H and N) were carried out
at the Servei de Recursos Cientifics i Tecnics (Universitat
Rovira i1 Virgili, Tarragona). Infrared spectra were re-
corded with a Nicolet-Impact 400-FTIR instrument
using KBr pellets. '"H NMR spectra were run using a
Varian Gemini 200 or 300 instrument. High resolution
NMR spectra and the two-dimensional {!H-'3C} het-
eronuclear correlation experiments of 3f were recorded
with a Varian VRX-500 instrument. In all cases the
chemical shifts (§) are given in ppm. The optical rota-
tions were determined with a Perkin-Elmer 241 MC
polarimeter [4 (Na)=1589.5 nm and 70 mA]. Mass
spectra were obtained with a VG-Quatro Fission In-
strument using 3-nitrobenzylalcohol (NBA) as matrix.
MALDI-TOF mass spectra for 3f and 5f were obtained
with a Voyager DE RP Applied Biosystems instrument

Summary of electrochemical data for compounds 3f and 5f: measured anodic (Ep,) and cathodic (E,.) potentials, separation of peaks AE
[AE = Ep, — Epa] and half-wave potentials E > [E) > = 1/2{(Epa) + (Epe)}] (in mV)

Compound Epa Epe AE E\p Ep(Fc) Ep(Fc) E, »(Fc)
3f 373 282 91 327 316 225 279
5f 376 275 101 325 319 218 269

Epa(Fc), Epc(Fc), AE(Fc) and Ejy(Fc) are the corresponding values refered to ferrocene which was used as internal standard [E}, for ferro-
cene = 0.0 mV]. All the values quoted were obtained at a scan speed v = 100 mV.
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and the matrix used was 2,5-dihydroxibenzoic acid
(DBA). The UV-visible spectra of 10~ M solutions of
3f or 5f in CH,Cl, were recorded at 20 °C with a Hewlet-
Packard 845 spectrophotometer.

3.2. Preparation of the compounds

3.2.1. N,N’-bis[cyanoacetyl ]-L-cysteine ethyl ester (2)

A solution of L-cysteine ethyl ester hydrochloride (8.9
g,0.048 mol), malononitrile (3.16 g, 0.048 mol) in H,O (80
ml) was stirred at room temperature for 72 h under inert
atmosphere. The resulting suspension was diluted with
H,0 (175 ml) followed by slow addition of sodium per-
borate tetrahydrate (14.6 g, 0.095 mol) and stirring was
continued for 48 h. The solution was filtered and the re-
maining product was washed with water and dried under
vacuum to afford the disulfide 2 as a white solid 7.4 g
(72%). This precipitate (1.04 g) was further purified by
column chromatography (silica gel, ethyl acetate) to af-
ford crystalline 2 (0.97 g, 93%). Characterisation data:
Anal. (‘Vo) Calc. for C16H22N4OGSZ . 1/4CH3C02Et
(found): C, 45.12(45.6); H, 5.35(5.25) and N, 12.38
(12.71%); m.p. 159-60 °C; [cx]éo =—-102 (¢=0.135,
DMSO). IR (KBr): 3301, 2983, 2926, 2230(CN), 1736
(C=Ocster), 1660, 1548, 1405, 1237, 1038 cm~!. '"H NMR
(200 MHz, DMSO-d¢): 6 =8.94 (d, 2H, J = 7.4 Hz),
4.54(q,2H,J =8 Hz,J = 13 Hz), 4.11(q, 4H,J = 7 Hz),
3.73(s, 4H), 3.14(q, 2H, J = 5.6 Hz, J = 13 Hz), 2.95(q,
2H, J = 5.6 Hz, J = 8 Hz), 1.19(t, 6H, J = 7 Hz). *C
NMR (50 MHz, DMSO-dg): 6= 170.3(COO),
163.1(>CO), 116.4(CN), 61.9 (CH,0), 52.4 (CH), 39.5
(CH>S), 25.8 (CH;), 14.6(CH3).

3.2.2. General procedure for the Knoevenagel condensa-
tion

To a CHCI; (14 ml) solution of 2 (0.43 g, 1 mmol)
and the aldehyde (2 mmol), basic alumina (1.2 g) was
added and the suspension was stirred for 48 h at room
temperature. Then, basic alumina (1.2 g) was added and
stirring was continued for 48 h. The suspension was
filtered and the solid washed with CHCl; (3 x 35 ml).
The solvent was removed under reduced pressure and
the crude product was purified by silica gel column
chromatography to give the desired esters 3.

3.2.2.1. N,N'-bis[(2F )-2-cyano-3-(4-methoxyphenyl)-2-
propenoyl J-L-cysteine ethyl ester (3a). The above
procedure was followed using 2 and p-methoxybenzal-
dehyde (0.27 g, 2 mmol). After silica gel column
chromatography (ether:ethyl acetate 9:1) it gave 120 mg
(18%) of 3a as a white solid; Characterisation data: Anal.
(%) Calc. for C3H33N4Og S, (found): C, 57.64(57.58);
H, 5.13(4.89) and N, 8.40(8.08%); m.p. 143 °C;
[u]g) = —257 (¢=0.06 g/100 ml, DMSO). IR (KBr):
3366, 2970, 2932, 2214 (CN), 1736 (C=Oege:), 1657,
1584, 1518, 1313, 1205, 1179, 1023 cm~!. '"H NMR (200

MHz, DMSO-dg): 6 = 8.2(s, 2H), 7.90(d, 4H, J = 8 Hz),
7.15(d, 2H, J = 7 Hz), 6.96(d, 4H, J = 8 Hz), 4.98(q,
2H, J = 5.8 Hz, J = 11.6 Hz), 4.27(q, 4H, J = 7.4 Hz),
3.88(s, 6H), 3.52-3.20 (m, 4H), 1.32(t, 6H, J = 7.4 Hz).
BC{'H} NMR (50 MHz, DMSO-d¢): § = 169.5(COO),
1633, 160.9, 152.8(CH,y), 1332, 1244, 117.0(CN),
114.5, 99.7(Cyyq), 62.2(CH,0), 55.5(CH;0), 52.9(CH),
40.1(CH,S), 14.1(CHs).

3.2.2.2. N,N'-bis[ (2E)-2-cyano-3-(4-nitrophenyl)-2-prop-
enoyl J-L-cysteine ethyl ester (3b). The above procedure
was followed using 2 and p-nitrobenzaldehyde (0.30 g, 2
mmol). After silica gel column chromatography
(ether:ethyl acetate 9:1) it gave 111 mg (16%) of 3b as a
yellow solid. Characterisation data: Anal. (%) Calc. for
C30HpNeOy(S, - 1/2H,0 (found): C, 51.06(51.05); H,
4.14(3.99) and N, 11.90(11.67); m.p. 130 °C; [ac]g) =
—199(c = 0.085 g/100 ml, DMSO). IR (KBr): 3345, 2983,
2933, 2220 (CN), 1731 (C=Ocs:), 1682, 1608, 1593, 1520,
1344, 1203, 1022 cm~'. '"H NMR (200MHz, DMSO-dy):
0 =8.39(s, 2H), 8.34(d, 4H, J = 8.8Hz), 8.10(d, 4H,
J =8.8Hz),7.36(d,2H,J = 7.4 Hz),5.0(q,2H,J = 6 Hz,
J =11.4Hz), 4.29 (q, 4H, J = 7Hz), 3.60-3.20(m, 4H),
1.33(t, 6H, J = 7Hz). *C{'H} NMR (50 MHz, DMSO-
ds): 0 =169.1 (COO), 159.2, 150.4(CH,yq), 149.4, 137.1,
131.2, 124.2, 115.4(CN), 107.7(C,yq), 62.5(CH,0), 53.1
(CH), 39.9(CH,S), 14.1(CH;).

3.2.2.3. N,N'-bis[ (2E)-2-cyano-3-ferrocenyl-2-propenoyl |-
L-cysteine ethyl ester (3f). The above procedure was fol-
lowed using 2 and ferrocenecarbaldehyde (0.43 g,
2 mmol). After silica gel column chromatography (ether)
it gave 0.51 g (62%) of 3f as red crystals; m.p. 140 °C;
Characterisation data: Anal. Calc. for C33H33Fe;N4OgS,:
C, 55.49(55.62); H, 4.66(4.67); N, 6.81(6.75). MS
(MALDI-TOF) m/z = 822 [M™*]. M}z}o = —648(c = 0.01
g/100 ml, CH,Cl,). IR (KBr): 3301, 2978, 2935, 2206
(CN), 1737 (C=O¢ser), 1658, 1590, 1529, 1246, 1195, 1080
cm~!'. UV-Vis: /max, (¢ mol~'dm?): 262 (7908),
322(4623), 382(1950) and 518(2278) nm. 'H NMR (500
MHz, CDCl;): § = 8.23(s, 2H, H?*), 7.02(d, 4H, H",
J = 8Hz), 4.98(m, 6H, H and the H?, H’ protons of the
ferrocenyl unit); 3.18-3.30(m, 4H, H¢ and Hd/), 4.70(m,
4H, H? and H* of the ferocenyl unit); 4.25(m, 14H, CsH;
and -OCH,—) and 1.32(t, 6H, Me, J = 7.0 Hz); 'H NMR
(500 MHz, in acetone-dg: 6 = 8.20(s, 2H, H*); 7.59(d, 4H,
HP®,J = 7.5Hz);4.93(m, 2H, H®); 3.45(dd, 2H, H¢,J = 14
and 8Hz) and 3.35(dd, 2H, HY, J = 4 and 5Hz); 4.23(q,
4H, -OCH,, J = 7.2Hz); 1.32(t, 6H, Me, J = 7.2Hz) and
two additional triplets 5.05 [m, 4H, H2and H® (ferrocenyl
unit)] and 4.77[m, 4H, H3and H* (ferrocenyl unit)].
BC{'H} NMR (50 MHz, CDCl;): é = 169.5(COO),
161.0, 156.8(CH,yq), 117.6(CN), 97.8(Cayq), 74.4(CsHy),
73.7(CsHy), 71.7(CsHy), 71.3(CsHy), 70.5(CsHs),
62.2(CH,0), 52.8(CH), 40.2(CH,S) and 14.2(CH3).
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3.2.3. Preparation of [Pd,(3f)Cl,]-2H,0 (4f)

A 100 mg (1.27 x 10~* mol) amount of 3f was dis-
solved in 20 ml of acetone, then a solution formed by 74
mg (2.54 x 10~* mol) of Na,[PdCl,] and 5 ml of acetone
was added. The resulting reaction mixture was stirred at
room temperature for 4 h. and then filtered out. The
deep-brown filtrate was allowed to evaporate overnight
at ca. 4 °C. The brown micro-crystals formed were then
collected, washed with small portions (ca. 1 ml) of
CHCl;, air-dried and then dried in vacuum for 3 days.
Yield 118 mg (80 %). Characterisation data: Anal. (%)
Calc. for C38H33C14F62N40682Pd2-2H20 (found): C,
37.62(37.50); H, 3.49(3.61); N, 4.62(4.47) and S,
5.29(5.03%). IR: 2007(-CN), 1727(>C0O0), 1653(>CO)
and 1617(>C=C<) cm™!.

3.2.4. Preparation of [(n’-CsHs)Fe{(w’-CsH,;)-C(H)=
C(CN)-C(0O)-NH-C(CO,Et)=CH,}] (5f)

Compound 3f (59 mg, 7.17 x 107> mol) was dissolved
in the minimum amount of distilled toluene (ca. 15 ml).
Then a solution containing 16 mg of Pd(AcO),
(7.1 x 107> mol) and 20 ml of toluene was added drop-
wise at room temperature under continuous stirring.
Once the addition had finished the reaction mixture was
refluxed for 2 days. After this period the deep-brownish
reaction mixture was filtered out, and the filtrate was
concentrated to dryness on a rotary evaporator. The
crude of the reaction was dissolved in the minimum
amount of CH,Cl, and passed through a short SiO,
column chromatography (2.5 cm x 3.0 cm). Elution with
CH,Cl, produced the release of a deep purple band
which gave 5f, after concentration to dryness on a rotary
evaporator. Compound 5f was collected and dried in
vacuum for 6 days. (yield: 41 mg, 75%). The subsequent
elution with a CH,Cl,/ MeOH (100/0.1) lead, after work
up, small amounts (ca. 8 mg) of unreacted 3f. Charac-
terisation data: Anal. (%) Calc. for C;9H;gsN,OsFe
(found): C, 60.34(60.52); H, 4.80(4.93); N, 7.41(7.35%).
MS(FAB*): m/z =378 [M']. IR: 3371 [w(NH)], 2202
[v(-=CN)], 1709 [COO], 1680 [v(C=0)], 1580 and 1515
[v(>C=C<)]. UV-Vis (CH,Cly): Amax(¢) 329(36900);
390(sh) and 520(6200). 'H NMR data (200 MHz,
CDCl3) § = 8.26 (s, 1H, H?), 8.62(br s, 1H, H®), 6.67
and 6.02(d, 2H, 2J = 1Hz, H® and He/), 4.35(q, 2H,
2J = 7THz, -OCH,-), 1.38(t, 3H, 2J = 7Hz, CH3), 4.73(t,
2H, H? and H*), 5.01(t, 2H, H? and H?) and 4.27[s, 5H,
(CsHs)]. ®C{'H} NMR data (in CDCl3): § = 159.5
[>C(0)], 156.9(=CH-), 117.5(-CN), 109.4 (=CH,),
98.5(-CCN), 62.4(-OCH,), 70.5(CsHs), 71.5 (C? and
C3), 73.9(C? and C*), 74.4 (C') and 14.0 (-CH3).

3.3. Electrochemical studies
Electrochemical data for 3f and 5f were obtained

by cyclic voltammetry under nitrogen at ca. 20 °C
using acetonitrile HPLC-grade as solvent, tetrabu-

thylammonium hexafluorophosphate, {(BuyN)[PF¢]},
(0.1 M) as supporting electrolyte and a M263A po-
tentiostat from EG¢G instruments. The measured
potentials were referred to an Ag-AgNO; (0.1 M in
acetonitrile) electrode separated by the solution by a
medium porosity fritted disk. A platinum wire auxil-
iary electrode was wused in conjunction with a
platinum disk working rotatory electrode TACUS-
SEL-EDI rotatory electrode (3.14 mm?). Cyclic vol-
tammograms of ferrocene were recorded before and
after each sample to ensure the repeatability of the
results, in particular to test and monitor the stability
of the Ag-AgNOj; electrode. Cyclic voltammograms
of a freshly prepared solution (107> M) of 3f and 5f
in CH3CN were run and average values of the Ep,,
Ey. and E;;, values measured were then referred to
ferrocene, which was used as internal reference. In
these experimental conditions the standard error of
the measured potentials is +5 mV. The cyclic vol-
tammograms of 3f and 5f were registered using scan
speeds varying from 10 to 100 mVs~'.
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