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During the late fifth and fourth centuries
AD, an intense production of particular

ceramic objects, known as “Apulian red-
figured pottery”, is attested in Apulia. The
main feature of this pottery typology is re-
lated to the particular decorations: red-
coloured figures, that stand out from a
“black gloss” background, on which white
and/or yellow-coloured decorative motifs
are painted sometimes.
If the production technology seems to in-
herit the consolidated acknowledges of the Attic ceramists
about red-coloured figures wares, the Apulian pottery pre-
sents peculiar stylistic and decorative features. The main in-
tent of this research is the chemical and physical characteri-
zation of a large number of founds of “Apulian red-figured
pottery”, coming from different archaeological sites, by
means the analytical determination of elements constituting
the ceramic bulk, with subsequent statistic valuation of the
results, and the surface analysis. The results, compared with
those deriving from a stylistic textual and contextual classifi-
cation, will allow to get a better definition of the following
concepts: “local works”, “imported works”, “works in imitation
of” and then to explain the chronology, the rate and the
mechanism of the hellenization process of no Greek centres
in southern Italy. The ceramic material has been dissolved
by microwave acid mineralization. The analytical composition
has been determined by Aas and Icp-Oes. The statistical
multivariate treatment of the compositional data allows to evi-
dence groups of similar objects according to the provenience

and to the production
technology (Figure).
Moreover, the mor-
pho-mineralogical ex-
amination of the bulk
samples by optical mi-
croscopy with polar-
ized light and scanning
electron microscopy
(Sem) has evidenced
different granulometry

of the objects forming different clusters. Sem analyses have
also been carried out on cross-section in order to examine
coverings and decorations. Sem images have shown how the
black covering clearly differs from the ceramic body: with an
average thickness of 10-20 µm, it is more compact, homoge-
neous and well-vitrified. Besides there is an evident structural
and compositional continuity between the red-coloured sur-
face and the bulk. As far as the white decorations are con-
cerned, Sem images have displayed crystalline hexagon-
structures not assignable to neo-formation crystals. There-
fore, the white pigment could have been applied after the fir-
ing phase. The X-ray microanalysis has suggested the pres-
ence of Kaolinite in the white pigment.
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Degradation of Phenyl-Ureic Herbicides
on Immobilized Titanium Dioxide
A study by Hplc-Esi-Ms

T he application of herbicides in modern agricultural prac-
tices is a cause of concern due to their relatively high sol-

ubility in water and their low degradation rates, which may re-
sult in contamination of surface and ground waters and be-

come a risk for human health. The interest for technologies
able to remove herbicides from water is then very high.
Among them, the so-called Advanced Oxidation Processes
(AOP) [1] are based on the generation (often assisted by UV
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Cationic metal complexes containing unsaturated mole-
cules are interesting chemical species showing en-

hanced electrophilicity as compared to neutral analogues.
They are therefore intermediates of several catalytic or use-
ful stoichiometric processes.

Among other preparative strategies, cationic η2-olefin com-
plexes of platinum(II), [PtCl(η2-olefin)(N-N)]+, 2, can be
formed as a spontaneous evolution (via loss of an axial chlo-
ride) of the bipyramidal five coordinate species (L. Mare-
sca, G. Natile, Comments Inorg. Chem., 1993, 14, 349), [Pt-
Cl2(η2-ethene)(N-N)] (1) (N-N=bidentate nitrogen donor).
This reaction, however, had a limited synthetic relevance, al-
lowing the preparation of cationic η2-ethene complexes only
when the N-N ligand was an aliphatic diamine bearing small
substituents on the donor nitrogen atoms. Although kinetic
studies had shown that, in polar solvents, species of type 2

were the reactive intermediates in the process of loss of eth-
ylene from 1 (leading to square planar [PtCl2(N-N)], 3) in
most cases the isolation of the cationic complex was not ac-
complished (further reaction with released chloride and for-
mation of highly insoluble 3 were instead observed). Now we

have found a general preparative
procedure that allows the trapping of
cationic complexes of type 2.
When the classical reaction between
Zeise’s salt and the nitrogen ligand
is carried on in basic methanol, the
final isolated reaction product is a
complex in which the MeO- anion

has added to the η2-ethene of 2. Acid hydrolysis of 4 can re-
verse the last reaction step, allowing the isolation of 2. 
The success of the reaction is based on a careful control of
temperature and base concentration: (i) the use of low tem-
perature (ice-salt bath) is compulsory for the mixing of the
reagents (Zeise’s anion would otherwise decompose); (ii)
the optimal base/complex ratio for the reaction is a function
of the chelate nitrogen ligand and related to the stability of
the corresponding complex of type 1. Compound 4 has
been obtained (yields ranging from 50 to >90%) with N-
N=aromatic diamines (dipyridyl, unsubstituted and substitut-
ed 1,10-phenanthrolines), diimines (N,N’-bis(p-tolyl)ace-
nafthenequinonediimine), sterically hindered alyphatic di-
amines (N,N’-diterbutylethylendiamine, N,N,N’,N’-tetram-
ethyl-1,2-diaminocyclohexane).
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radiation) of reactive species like the OH· radicals, which in-
teract with organic pollutants, leading them to complete min-
eralization. Special AOP are photocatalitic processes [2], in
which generation of OH· is mediated by inorganic semicon-
ductors exposed to UV-visible radiation, like TiO2 when ex-
posed to radiation with λ≤354 nm.
In conventional TiO2/photocatalysed processes aqueous
suspensions of the catalyst are used; recently different tech-
niques [3] have been developed to immobilize TiO2 on solid
substrates in order to reduce two main drawbacks of suspen-
sions. Indeed the turbidity due to high suspended TiO2
amounts can decrease the UV radiation penetration depth
(shadowing effect) and then the rate of photocatalitic reac-
tion. Moreover the catalyst needs complex filtration proce-
dures after pollutants degradation.
A new method of TiO2 immobilization, based on the use of a
UV-transparent polymer (Pvdf) as entrapping membrane,
has been recently developed in our laboratory and the cat-
alytic substrates characterized by X-Ray Photoelectron

Spectroscopy. In the present communication the Pvdf-TiO2
catalysed degradation of phenyl-ureic herbicides (isoproturon
and chlortoluron) in aqueous solutions will be presented.
Electrospray-Ionization Mass Spectrometry (Esi-Mc) has
been coupled to Hplc to analyse both unreacted herbicides
and their degradation by-products. The latter have been
identified by Sequential Mass Spectrometry (MSn), i.e. ex-
ploiting consecutive fragmentation stages within the ion trap
of the mass spectrometer, which provide characteristic frag-
mentation patterns for each by-product.
Hydroxylation reactions seem to occur on the aromatic ring
of the herbicides, sometimes leading to substitution of linked
groups with OH· Moreover, isomerization reactions are in-
volved when UV radiation is used for photocatalysis.

References

[1] C.P. Huang et al., Waste management, 1993, 13, 361.
[2] M.R. Hoffmann et al., Chem. Rev., 1995, 95, 69.
[3] P.B. Sharon, M. Poway, J. Mol. Catal, A: Chem., 2000,
160, 453.

by M. Benedetti, F. Fanizzi, L. Maresca, G. Natile

A Way to Trap Elusive Cationic
Olefin Complexes of Platinum(II)

M. Benedetti, L. Maresca, G. Natile, Dipartimento Farmaco-Chimico -
Università di Bari; F. Fanizzi, Dipartimento di Scienze e Tecnologie Bio-
logiche ed Ambientali - Università di Lecce.

A. Amorisco, I. Losito, F. Palmisano, Dip. di Chimica - Univ. di Bari.



European Community regulation No. 2081/92 gives impor-
tant guidelines that discipline the “Protected designation of

origin” (Pdo) of food products. In order to protect typical prod-
ucts it is necessary to find “authenticity markers” that could be
employed to characterise them or that correlate the final prod-
uct with the starting material. There is the need for techniques
capable of analysing many classes of compounds in a relative-
ly short time. In this context, the Nmr spectroscopy could be
an interesting technique because it requires a very short time
of analysis and furnishes information about different classes of
compounds in a single spectrum [1]. An important source of in-
formation on the geographical origin of food products is the
measure of isotopic ratios obtained by means of mass spec-
trometry (Irms). Indeed, the isotopic compositions are gov-
erned by the geo-climatic conditions under which plants grow
[2]. The application of these two techniques will be described
in order to show their potential in characterising authenticity
and geographical origin of milk.
The 1H-Nmr spectrum of the triglyceridic fraction of milk is
shown in Figure. It is possible to distinguish principal and sec-
ondary compounds. Principal compounds are the fatty acids of
triacylglycerols. The minor intensity signals could be due to
CH=CH signals next to trans,trans peroxide groups. The
amount of saturated and monounsaturated fatty acids together
with linoleic, linolenic and butyric acid were obtained through
the calculation of the areas of the Nmr signals due to triacyl-
glycerols. These compositions were determined for thirty-six
milk samples (14 from buffaloes and 22 from cows) in order to
determine whether fatty acids composition can identify the milk
species. All these parameters show significant differences be-
tween buffalo and cow milk samples and have been evaluated
by Principal Component Analysis (Pca). A separation between
milk samples according to their species was found. The natural
abundance isotopic ratios of carbon and nitrogen (15N/14N and
13C/12C) were determined for cow milk samples coming from

two different geographical production areas of the Apulia re-
gion in order to differentiate them according to their origin. The
discrimination potential increased combining isotopic parame-
ters and trace elements, determined using Inductively Coupled
Plasma Emission Spectroscopy (Ba, Mn, Zn, Al, Fe and Cu).
The collected data were processed using multivariate statisti-
cal methods. Samples were divided in two groups according to
their origin. The most discriminating variables were isotopic ra-
tios and Ba concentration. The investigation carried out has
shown that Nmr and Irms could be useful in verifying different
aspects of milk authenticity. The obtained results constitute a
good starting point for the extension of this study to processed
products, like mozzarella. In this case it could represent a
more interesting application since the species and geographi-
cal origin differentiation could help the protection of Pdo prod-
ucts against adulterations (e.g. mislabelling of the origin, addi-
tion of cow’s milk in ewe’s or buffalo’s milk cheeses, etc.).
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Application of Spectroscopic Methods
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Synthesis of 7a-[2-(2,6-dimethylphenoxy)ethyl]
hexahydro-1H-pyrrolizine, Bioisostere of Pilsicainide

500 MHz 1H-Nmr spectrum of the triacylglycerols of milk fat.
The inset shows the signals due to secondary components

T he myotonias are congenital myopathies which share sim-
ilar molecular defects at the sodium channel level with

some forms of arrhythmias. Thus, IB antiarrhythmic drugs,

such as tocainide and mexiletine, have long been used for the
treatment of these congenital pathologies of the skeletal mus-
cle. However, IB antiarrhythmic agents are far from being the



Sensor technology is receiving a great interest in the last
years because of the possibility to perform rapid and low

cost screenings of various analytes in different applications

(food analysis, workplace monitoring, environmental controls)
[1]. Continuing our interest in the phthalocyanines synthesis
we have focused our attention on the possibility to use the ph-

thalocyanines (Pcs) molecules in
the form of spin coated film for the
detection of volatile organic com-
pounds (amines, ketones, car-
boxylic acids) [2]. So that, we re-
port here the synthesis of new ph-
thalocyanines 1-4 (Figure) which
have been used as active layers in
thin film-based chemical sensors
and the investigation of the varia-
tion in the UV-visible absorbance
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ideal treatment, their use being tainted with several side ef-
fects. To look for new, more selective, and less toxic antimy-
otonic agents, we started a program choosing a rigid analogue
of tocainide-pilsicainide (8) - as our lead compound. Differing
from IB antiarrhythmic drugs, pilsicainide acts preferentially on
the open sodium channels (IC antiarrhythmic drug) [1-3] and
this peculiarity might suggest its use in the myotonic syn-
dromes due to abnormal sodi-
um channel openings. We de-
cided to prepare the xyly-
loxyethyl perhydropyrrolizine (9)
which can be considered as a
bioisostere of 8. In fact, several
observations, in our and other
laboratories, confirm that in the
antiarrhythmic drug domain, the
replacement of the carboxam-
ide with an oxymethylene group
generally causes an improve-
ment in the pharmacological
profile. The key intermediate
for the preparation of both 8
and 9 is 2,3,5,6-tetrahydro-1H-
pyrrolizine (6) but the only synthetic way available in the litera-
ture to this bicyclic tertiary amine starts from γ-butyrlactone [4],
a regulated substance. Thus, starting from 1-(2-hydroxyethyl)-
2-pyrrolidinone (2a), two alternative routes to its immediate
precursor 4-(2-pyrrolidinon-1-yl)butanoic acid (1) - were ex-
plored. In the first approach, 2a was converted into the corre-
sponding iodo derivative 3a which was easily transformed in
ethyl 4-(2-pyrrolidinon-1-yl)propionate (5a) passing through
the corresponding nitrile 4a. 5a was reduced to give the alco-
hol 2b available to undergo a second three-step homologation.

Even though this route can be shortened obtaining the nitriles
4a,b directly from the alcohols 2a,b under Mitsunobu condi-
tions, our second approach is far more direct in that it intro-
duces 2 carbon units at once giving 1 by means of a classical
malonic synthesis run on 3a. The intramolecular dehydratation
and decarboxylation of 1 gave 6 and, in turn, the ethyl ester 7
from which our target compounds 8 and 9 were obtained.

In summary, a partially renewed synthesis of pilsicainide
(8) has been developed: exploiting a novel efficient synthe-
sis of the acid 1, the same route afforded the pilsicainide
bioisostere 9. Both 8 and 9 are currently under investigation
as new antimyotonic agents, possibly endowed with a more
favorable pharmacological profile.
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Synthesis of Phthalocyanines
and Their Application in Volatile Organic Compounds Detection

Table - Absorbance variation related to Pc (2)-(4)

Analyte vapours Pc (2) Pc (3) Pc (4)
∆A/A % (QII) ∆A/A % (QI) ∆A/A %  (QII) ∆A/A % (QI) ∆A/A % (QII) ∆A/A (QI)

Diethylamine 45.2 68.2 7.1 5.8 10.2 53.2
Dibutylamine 40.6 23.9 53.6 8.1 9.7 30.6
Tertbutylamine 50.5 62.1 5.4 4.1 13.6 23.9
2-butanone 16.6 30.1 3.5 2.3 4.3 17.9
Acetic acid 4.2 3.7 6.5 5.3 4.0 8.8



A lthough many different PAHs have been identified as
components of the airborne particulate, there are limited

published toxicological data on them. The Us Epa has identi-
fied 16 priority PAHs, based on concerns that they do or
might cause cancer in animals and humans. PAHs in the am-
bient air predominate in the particulate-bound phase and es-
pecially in particles smaller than 10 µm diameter (PM10).
The environmental Italian law provides, as the quality target,
that the concentration of BaP has to be kept below 1 ng m-3.
For other PAHs it is not provided any indication. In Italian Min-
istry Decree, 25 August 2000, the steps for the determination

of particle bounds PAHs with 4-6 rings, classified by Iarc as
probably carcinogenic, are described. Sampling is performed
using a high volume sampler with a flow of 70 m3 h-1, on
glass fibre filters for a sampling time of 24 hours. Particle
bound PAHs are ultrasonically extracted with cyclohexane. A
new methodology which reduces the sample manipulation
and the cost of the analysis have been developed in our labo-
ratory [1]. This method has been validated using a certified
standard material and has been tested on real samples col-
lected in the urban area of Bari.
Now we are carrying out some experiments in order to try to
use a thermal desorption technique for PAH analysis. In this
way it should be possible to eliminate the extraction with sol-
vents and therefore the use of organic solvents, decreasing
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in the presence of five volatile organic compounds (buty-
lamine, diethylamine, dibutylamine, 2-butanone, acetic acid).
The vapours effect on the absorption properties of the active
layer was measured in a dynamic pressure system where dry
air was used as the carrier and reference gas.
The sensing elements are placed into a stainless steel cham-
ber connected to the gas line collecting the headspace from
a vial containing the liquid sample at room temperature. In
the Table is reported the value ∆A/A related to two absorp-
tion band (QI and QII) of the phthalocyanines 2-4 in the pres-
ence of five volatile compounds. The response, calculated as
∆A/A=(Agas-Aair)/Aair, where Agas is the absorbance value cor-

responding to the absorption
peak in the presence of ana-
lyte vapours and Aair is the
absorbance at the same
wavelength in presence of
dry air. The metal-free ph-
thalocyanine 1 ,tested in or-
der to determine the role of
the central metal in the
interactions with the ana-
lytes, has shown no sensing
activity whereas the behav-
iour of Zn (II)-phthalocya-
nines 2-4 led us to suppose
that the transient interaction
between the analyte vapours
and the metal is fundamen-

tal. The comparison of the responses shows a different sens-
ing behaviour for each analyte and repeated cycles of ana-
lyte exposure do not result in any loss of response. The dif-
ferent responses obtained in the presence of different ana-
lytes put in evidence a certain selectivity of the macromole-
cules films on the basis of its structure. In conclusion, spin
coated thin films of metallo-phthalocyanines 2-4 can be con-
sidered suitable molecules for the construction of reversible
optical sensor devices in the UV-Vis spectral range.
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O rganic molecular and polymeric compounds possessing
long conjugated π-systems have been extensively inves-

tigated, in the last years, as novel materials for photonics and
electronics [1]. Indeed, the combination of the
electrical and optical properties of semicon-
ductors with the mechanical features and the
processing advantages typical of organic
polymers makes them attractive candidates
as active materials for the fabrication of a
number of devices, such as chemical sen-
sors, optically pumped plastic lasers, light
emitting diodes and photovoltaic cells. Fur-
thermore, optical nonlinearities of conjugated
polymers offer potential applications in elec-
tro-optical and all-optical devices. Our work have demonstrat-
ed that organometallic methodologies provide convenient op-
portunities for the stereoselective synthesis of conjugated
oligomers and polymers[2] and represent a powerful tool for
the control of the properties through proper structural modifi-
cations [3]. We have recently focused our interest on the syn-
thesis of poly(arylenevinylene)s containing cis double bonds,
in order to evaluate the effects of the stereochemistry of dou-
ble bonds on the properties of the materials. Using the Suzu-
ki-Miyaura cross-coupling reaction we synthesized three solu-

ble poly(terphenylenevinylene)s having all trans 1, all cis 2 or
mixed (8:2 trans:cis) configuration of the double bonds. We
found that the introduction of cis double bonds blue-shifts the

absorption due to reduction of the effective conjugation
length. Third-order nonlinear optical properties were also
demonstrated to be strongly dependent on the cis/trans ratio.
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the time of analysis and the probability of analyte losses. At
our knowledge only a paper [2] exploring this possibility has
been published. The our thermal desorption device, connect-
ed with a GC-MS, involves a two-stage thermal desorption.
The samples are heated in a flow of inert gas to extract target
compounds into the vapour stream via a process of dynamic
gas extraction. The desorbed analytes are transferred to a
system of refocusing for concentrating them; in a second step
they are released in the analytical system using as small a
volume of vapour as possible. The refocusing system is a
small electrically-cooled sorbent trap, which is heated rapidly
to desorb 99% of analytes in the first few seconds.
The aim is to desorb PAHs directly from the filter introducing
a piece of a glass fiber filter, used for sampling PM10, in the
desorbing tube. During the first tests we have carried out
PHA analysis on simulated samples to find the best desorp-
tion conditions. There are four parameters that can be ma-
nipulated to optimise a thermal desorption method.

They are the same four parameters used in conventional
gas-chromatography, i.e. temperature, time, gas flow, sor-
bent (stationary phase in conventional GC). The tests which
have been performed show that in PAHs, with MW lower
than 276, thermal desorption directly from the filter is possi-
ble. This new methodology allows reproducible results but
many efforts have to be spent in order to lower limit of quan-
tification. In fact for carrying out analysis on real samples a
lower quantification limit is needed. Alternatively a different
sampling strategy should be tested.
Moreover many efforts have to be spent in order to try to des-
orb quantitatively also the PAHs with MW higher than BaP
modifying the adsorbent of the trap.
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M yotonic syndromes are skeletal muscle diseases caused
by either genetic or acquired forms of channelopathies [1].

Various channel disfunctions lead to both spasmodic and invol-
untary muscle contractions which appear after a voluntary con-
traction. These syndromes could be relieved by antiarrhythmic

drugs such as mexiletine and tocainide (I), that are known
skeletal muscle sodium channel blockers. The major structural
component of voltage gated Na+ channels is a 260 KDa α sub-
unit, in turn formed by four homologous domains (D1-D4), each
containing six transmembrane α-helices (S1-S6). The S5 and

M exiletine (Mex) is a class IB antiarrhythmic agent and it is
administered as a racemate. However, Mex enantiomers

are endowed with different pharmacodynamic and pharmaco-
kinetic properties. In particular, the (-)-(R) form should be the
eutomer [1], but the question whether Mex enantioselective
disposition may partially compensate the clinical action of its
more active enantiomer remains unanswered. Several studies
have demonstrated that Mex is extensively metabolized in hu-
mans [2], unchanged Mex in urine corresponding to only 10%
of the administered dose [3]. Aliphatic and aromatic hydroxyla-
tion are the two major metabolic routes, leading to the forma-
tion of the so called hydroxymethylmexiletine (HMM) and p-hy-
droxymexiletine (PHM) respectively. The metabolic hydroxyla-
tion of Mex has been reported to be enantioselective. In vitro

studies, performed with human liver microsomes, demonstrat-
ed that aliphatic hydroxylation is predominant for (-)-(R)-Mex,
whereas aromatic hydroxylation is favoured for the (+)-(S)
enantiomer [4]. Data also suggest that the metabolic conver-

sion of the hydroxylated metabolites into the corresponding
glucuronides is enantioselective [5] determining the preferen-
tial elimination of (-)-(R)-Mex. In order to give an ultimate an-
swer to the above question, the activity of the major Mex
metabolites, in their optically active form, should be checked.
According to a personal communication of Donneberg and
Haselbarth, the metabolites of Mex are lacking in antiarrhyth-
mic activity [6], while Kamey has recently claimed the lack of
antinociceptive activity in both HMM enantiomers [7]. Thus, a
clear evidence of the inactivity of PHM enantiomers is not
available. In this communication we present several synthetic
routes to PHM and HMM in their racemic and enantiomeric
forms. The activity of PHM enantiomers was tested on skele-
tal muscle Na+ channels. Both PHM enantiomers are less ac-
tive than the parent compound, presenting the same pattern
of stereoselectivity [(R)>(S)]. According to the preliminary re-
sults of this study, the clinical use of (-)-(R)-Mex, in lieu of the
currently adopted racemic form, should be advisable.
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Stereospecific Synthesis of p-Hydroxymexiletine
and Hydroxymethylmexiletine:
the two Main Metabolites of Mexiletine
Sodium Channel Blocker Activity Evaluation in the

by A. Catalano, F. Corbo, C. Franchini, M. Muraglia, A. Scilimati, R. Todaro, V. Tortorella

N-(2,6-Xylyl)Piperazine and Piperidine
Carboxamides as New Antimyotonic Agents



2 -Arylalcanoic acids constitute a pharmacologically rele-
vant class of compounds, mainly investigated as antiin-

flammatory agents [1]. Our interest in α-arylalcanoic acids,
however, originates from the early observations of the potent
chloride channel blocking properties of 9-anthracenecar-
boxylic acid (9-ACA) which make 9-ACA both
a potent myotonia inducer and a useful phar-
macological tool in the field of myopathic dis-
ease studies [2]. Later on, it has been shown
that some chloride channel blockers act as
peroxisome proliferator activator receptor
(PPAR) agonists and might be clinically rele-
vant in the treatment of dyslipidemic diseases
[3]. Thus a program has been started with the
aim of preparing α-(9-anthryl)alcanoic acids I
[X=C(sp2)H, Y=C] as pharmacological rele-
vant myotonic inducers and, possibly, hy-
polipidemic agents.
Stating that a series of PPAR agonists bear
an electron rich benzene ring, some α-xan-
then-9-yl analogues I [X=O, Y=C(sp3)H] were
also designed. Furthermore, both α-(9-xan-
thenyl)- and α-(9-anthryl)alcanoic acids may
be easily lactamized to obtain potential poly
(ADP-ribose) polymerase (PARP) and, re-

spectively, aldose reductase (AR) inhibitors (II [4] and III [5],
respectively). Finally, α-(9-anthryl)alcanoic acids may be re-
ferred to as useful synthetic intermediates for the preparation
of α-alkyl-9-anthracenemethaneamines IV which are useful
chiral solvating agents (CSAs) [6], and β-alkyl-9-anthrace-
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S6 segments of each domain are arranged in a C4 symmetry
array, delimiting the pore of the channel. The interaction of pro-
tonable antiarrhythmic drugs with the binding site is assumed to
involve the protonated species. Recently, Catteral and cowork-
ers [2] have presented a comprehensive model of the sodium
channel which shows that the cavity of the binding site is mostly
formed by lipophilic aminoacidic residues and that is not com-
pletely occupied by the so far used 1B antiarrhythmic agents.
This observation prompted us to synthesize new more complex
I analogues. In our previous studies [3], we reported that the in-
troduction of the basic nitrogen of tocainide in a pyrrolidine cycle
and its benzylation leads to a remarkable increase in the sodi-

um channel blocking activity. These findings were used to
design new six-membered heterocycle analogues II bear-
ing the basic nitrogen and the stereogenic centre into a
piperidine or piperazine ring, such as 2,6-xylydides of
pipecolic acid (X=NH, NBn; Y=CH2), nipecotic acid (X=
CH2; Y=NH, NBn) and 2-piperazinecarboxylic acid (X=
Y=NH; NBn). II were efficiently synthesized as racemic mix-
tures from not expensive and easily available starting mate-
rials. The activity of II on skeletal muscle sodium channels

is currently under evaluation. The preparations as well as phar-
macological results will be presented and discussed in details.
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Preparation Of Chiral 2-(9-Anthryl)Alcanoic Acids,
9-Xanthenyl Isosteres, and Derivatives
Pharmacologically Relevant Compounds
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I on beam co-sputtering technique can be successfully ap-
plied to the deposition of fluoropolymers (CFx) modified with

metal nanoparticles. By suitably choosing ion beam parame-
ters, such as energy and current, it is possible to synthesise
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T he search for new plat-
inum based drugs that

would display therapeutic
properties better than those

of cisplatin is still actively pursued [1]. Complexes of the type
cis-[PtClx(NH3)3-x(L)] (x=1 or 2), in which L represents one an-
tiviral agent having purine structure (Acyclovir and Penciclovir)
have been already explored for their antitumor and antiviral ac-
tivity. Among these, the compound cis-[PtCl(NH3)2(Acyclovir)]+

proved to be very effective both as antitumor and antiviral agent
[2]. On the basis of the above results, the preparation of analo-
gous complexes with Ribavirin was undertaken. Ribavirin was
discovered as antiviral drug in early Seventies and is currently
used in therapy [3]. Some metal complexes with this ligand
have already been reported in literature [4]. In this communica-
tion we report the synthesis and characterisation of the following

complexes: cis-[PtCl(NH3)2 (Ribavirin)](NO3), cis-[PtCl2(NH3)
(Ribavirin)], cis-[Pt(NH3)2 (Ribavirin)2](NO3)2, [Pt(ethylenedi-
amine)(Ribavirin)2](NO3)2, and [Pt(pmdien)(Ribavirin)](NO3)2.
These compounds differ for the number of antiviral ligands per
platinum atom and for the sterically demand of the ancillary lig-
ands. These differences influence the overall charge and conse-
quently the solubility properties of the complexes. All these fea-
tures could play a different role in determining the activity or the
inactivity of the compounds as antitumor/antiviral agents.
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neethaneamines V which are analogues of antiarrhythmic [7]
and antihyperthensive [8] agents (the structures of known ref-
erence compounds were drawn using heavy lines). Here we
present a facile synthesis of several 2-(9-anthryl)alcanoic
acids and relative synthetic intermediates: to the best of our
knowledge, most of the final products and relative intermedi-
ates have never been reported before.
The preparation of some xanthenyl isosteres will also be de-
scribed. 9-Xantheneacetic acid has been converted into the
corresponding lactam. The extension of the process to the α-
alkyl homologues will provide chiral compounds hopefully use-
ful as pharmacological tools to explore the catalytic site struc-
tural features of PARP. Some of the 2-(9-anthryl)alcanoic and

2-(9-xanthenyl) alcanoic acids herein presented were pro-
ved to modulate the skeletal muscle chloride channel currents.

References

[1] J.G. Lombardino, Nonsteroidal antiinflammatory drugs,
Wiley, New York, 1985.
[2] R. Rüdel, F. Lehmann-Horn, Physiol. Rev., 1985, 65, 310.
[3] E.C. Chinje, G.G. Gibson, Adv. Exp. Med. Biol., 1991,
283 (Biol. React. Intermed. IV), 267; S.M. Rangwala et al.,
Chirality, 1997, 9, 37.
[4] P.F. Jackson et al., US 97-922520/1997 (Chem. Abstr.,
1999, 130, 209 323).
[5] L.G. Humber, Prog. Med. Chem., 1987, 24, 299.
[6] M. Kühn, J. Buddrus, Tetrahedron: Asymmetry, 1993, 4, 207
[7] G. Pala et al., J. Med. Chem., 1970, 13, 668.
[8] A. Donetti et al., Farmaco, 1973, 28, 784.

M.M. Cavalluzzi, C. Bruno, A. Carocci, N. Tangari, V. Tortorella, Diparti-
mento Farmacochimico - Università di Bari; A. DeLuca, D. Conte
Camerino, Dipartimento Farmacobiologico - Università di Bari.

Platinum(II) Complexes with
the Antiviral Agent Ribavirin

L. Cerasino, G. Natile, Dipartimento Farmaco-Chimico - Università di
Bari; J. Kobe, Institute of Chemistry, Ljubliana (Slovenia).

by L. Cerasino, J. Kobe, G. Natile

Fluoropolymers Modified by Metal Nanoparticles
Vapour-sensing Properties, Analytical Characterization
and Sensing Mechanism
by N. Cioffi, L. Torsi, D. Altamura, I. Farella, A. Valentini,
T. Bleve-Zacheo, L. Sabbatini, P.G. Zambonin



T he development of new
polyconjugated polymers

represents an active research
field in synthetic organic
chemistry, in view of their ap-
plications as active materials
in a number of electronic and
photonic devices [1]. Conju-
gated polymers are available
in a number of molecular
structures: poly(aryleneviny-
lene)s, polyphenylenes, poly-
thiophenes and poly(aryle-
neethynylene)s are some of
the most interesting classes
of such new organic materi-
als. A further level of structur-
al modification is represented
by the introduction on the
conjugated main chain of side
groups, with the aim of
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metal-CFx composites with a controlled thickness and struc-
ture, this last parameter being expressed as the polymer cross
linking extent and the metal volume fraction ϕ. In this study,
the vapour-sensing properties and the spectroscopic/morpho-
logical characterization of fluoropolymers modified with gold or
palladium nanoparticles are presented and the results are
used for the interpretation of the sensing process. Upon expo-
sure to organic vapours, the composites undergo swelling
phenomena that modify their fundamental properties and that
can be employed to perform vapour-sensing measurements
by means of ellipsometric, mass- or conductivity-variation
measurements [1-6]. The sensitivity of the composites in-
creases as the metal loading (ϕ) and the analyte polarity in-
crease. Moreover, the sensing properties also depend on the
metal embedded in the fluoropolymer.
Afm (Atomic force microscopy), Tem (Transmission electron
microscopy) and Cross-Sectional Tem microscopies have
been used to study the composite morphology. Xps (X-ray
photoelectron spectroscopy) has been employed to study the

structure of the organic matrix and the polymer/cluster inter-
face. At increasing ϕ values, the average length of the linear
polymeric segments shortens and the amount of unsaturated
fluorinated carbons, as well as the polymer cross-linking ex-
tent, increases. Fluoride and oxide species are also detected
on the metal cluster surface. The concentration of these polar
and reactive species increases as ϕ increases.
The influence of the different driving forces on the vapour-
sensing mechanism is discussed on the basis of thermody-
namic models and of the materials analytical characterization.
Finally, ad hoc FT-IR experiments on swollen metal-CFx com-
posites interacting with acetone, chosen as target odour,
demonstrate the occurrence of the analyte complexation with
electron poor metal oxidized species.
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Synthesis of Poly(Aryleneethynylene)s
Bearing Glucose Units as Side Chains
Their Application in Chiral Discrimination



M ost of Pt anticancer compounds have
NH-bearing carrier ligand, generally

considered responsible for conformational
changes produced on Dna. On the other
hand, it has been recently reported that the
kind and distribution of conformers in unlinked
or phosphate linked guanine derivatives cis-
PtA2G2 (A2=Me2ppz, N,N’-dimethylpiperazine,
lacking NH groups) appear to depend on
steric hindrance of the carrier diamine ligand
rather than hydrogen bonding [1]. Further-
more, the empirical rule which required carri-
er amine ligands with at least one hydrogen
to obtain active anticancer platinum drugs in not longer ob-
served in nowadays Cisplatinum analogues [2]. To assess
carrier ligand effects, we have investigated dynamic motions
of nucleobases in platinum complex with a chelate acetylacet-
onate (acac) as carrier ligand. In this system: i) the steric hin-
drance of the carrier ligand towards the cis nucleobase is due
to a coordinated sp2 oxygen of the six member chelate ring; ii)
on the contrary with respect to NH’s bearing amine ligands,
the platinum bond oxygen should eventually act as nucleo-
phylic counterpart in hydrogen bonding.
Reaction of [PtCl(acac)(Me2SO)] [3] with excess guanosine
(Guo), followed by Nmr spectroscopy, shows formation of
[Pt(acac)(Me2SO)(Guo)]+ which consists of two rotamers, due
to slow rotation of Guo around the Pt-N(7) bond, in the Nmr
time scale. By lowering the temperature, two sets of proton
signals (H8, H1’,γ-CH of acac) are clearly seen offering the
most convincing evidence for the existence of the rotamers
pair. In the variable temperature Nmr experiment it is also

worth noting the deshielding for the H8 signals due to the dif-
ferent anisotropy of the platinum felt when the guanosine, at
low temperature, approaches an orientation perpendicular to
the coordination plane. Slow dynamic motion of metal bonded
nucleobase in [Pt(acac)(Me2SO)(Guo)]+ can be due to steric
and/or electronic effects of O-chelated acac ligand but also to
the steric bulk of the cis Me2SO ligand. Interestingly in the
analogous [Pt(en)(Me2SO)(Guo)]2+ (en=ethylenediamine)
there is no 1H Nmr evidence of two rotamers down to 274 K
[4] indicating that acac may show special features as carrier
ligand in these systems.
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achieving solubility and processability of the resulting materi-
als, and also of tuning optical and electronic properties of the
compounds. A very interesting structural modification, not fre-
quently described in the literature, is represented by the intro-
duction of biomolecules as side groups, aimed to confer prop-
erties such as biocompatibility and supramolecular organiza-
tion. In the frame of our studies dealing with the development
of organometallic methodologies for the preparation of poly-
conjugated polymers, we have recently synthesized a series of
poly(aryleneethynylene)s bearing glucose units as side chains

by a Pd-catalyzed cross-coupling reaction between trimethylsi-
lylethynyl derivatives and aromatic halides in the presence of
silver oxide [2]. We have assembled a gravimetric vapour sen-
sor with polymer 1 as the active layer, based on a quartz crys-
tal microbalance resonator, which is able to perform chiral dis-
crimination due to the presence of the glucose side chains.
The performance of the device has been tested for enantiose-
lective sensing of the natural and non-natural menthol.
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T he chemistry of macrocyclic molecules such as por-
phyrins and phthalocyanines has been intensely devel-

oped in the recent years in view of their possible applica-
tions as active layers for gas sensors [1], heterogeneous
catalysts [2, 3], promoters for photoinduced electron transfer

processes [4]. The peripheral sub-
stitution in such molecules seems
important to control their molecu-
lar organization especially for the
realization of hybrid organic, met-
allo organic and inorganic molec-
ular devices. Continuing our re-
search in this area, we have syn-
thesized new meso-substituted
porphyrins containing long alkyl
chains having at their head reac-
tive groups with molecular para-
meters suitable for thin films for-
mation. The porphyrins and metal
porphyrins were synthesized ac-
cording to methods reported in
the literature [5].
Thus, a mixture of two different aldehydes and pyrrole were
reacted in chloroform at room temperature for 1 hour in the
presence of 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
(DDQ) to produce different substituted porphyrin derivatives
1-7 (Scheme, step 1). In particular, porphyrins 1-4, prepared
according to step 1, were successively reacted in different
conditions in order to introduce metals or other functional
linking groups; and, in a second step, were synthesized the
porphyrins 8-13 (Scheme, step 2).  In the Table we have re-
ported the metal and metal-free mono substituted porphyrin
derivat ives synthesized as shown in the Scheme.
All the compounds where purified by chromatography and
successively characterized by Uv-Vis, Ft-Ir, Nmr, Lc-Ms

spectroscopy. The new meso-substituted porphyrins con-
taining a long aliphatic chain have been synthesized with
the aim to obtain two main objectives:
1) prepare new porphyrins having in their structure one or
more linking groups capable to bond these molecules onto

the surface of various inorganic substrates (glass, gold etc.);
2) to introduce a spacer between such molecules and others
(such as for example fullerene, phthalocyanine) in a possi-
ble acceptor-donor electronic transfer process.
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Photodynamic therapy (Pdt) is an attractive modality to treat
cancer and hyperproliferative diseases based on the use of

a photosensitizer in presence of oxygen and light [1]. The effec-
tiveness of Pdt treatment depends on physico-chemical and
photophysical properties of the sensitizer and on biochemical
composition and characteristics of the target tissue [2]. In gener-
al an ideal photosensitizer have to meet the following require-
ments: high chemical purity, a high molar extinction coefficient at
the absorption maximum in the red spectral region, a low ten-
dency to aggregate in aqueous media, a good photostability, a
long triplet lifetime and a high yield of 1O2. None of the photo-
sensitizers studied in vitro/in vivo fulfils satisfactory these re-
quirements and hence the Pdt is limited to treat tumor located
just under the skin or on the lining of internal organs. These limi-
tations have driven the research for other photosensitizers that

may increase the effectiveness of Pdt against tumour located
below skin or inside an organ. Among the various classes of
compounds explored as potential photosentizers in PDT, por-
phyrins and their analogs [3, 4] are considered the most promis-
ing since their spectra is usually characterised by intense ab-
sorption bands in the 600-850 nm wavelength region, where the
maximal light depth penetration into mammalian tissues is ob-
tained [5]. Recently we have undertaken a systematic study on
the use of natural porphyrins as photosensitizers for Pdt com-
bined with cyclodextrins (CDs) as delivery systems. Cyclodex-
trins are cyclic oligosaccharides consisting of glucopyranoside
units linked together by α-1,4 bonds to form macrocyclics. They
are used for pharmacological applications to increase the solu-
bility of poorly water soluble drugs and to increase their bio-
availability and stability [6]. We have studied the behaviour in
aqueous solutions of the chlorophyll a (Chl a), the main photo-
synthetic amphiphilic pigment of green plants, and cyclodextrins
(α-cyclodextrin, hydroxypropyl-β-cyclodextrin, heptakis (2,6-di-
O-methyl)-β-cyclodextrin and hydroxypropyl-γ-cyclodextrin). The
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We have recently synthesised a new Pd(II) supported poly-
mer (Figure), by reaction between Pd(AAEMA)2 [AAEMA-=
deprotonated form of 2-acetoacetoxy(ethylmetacrylate)], ethyl
methacrylate (comonomer) and ethylene glycol dimethacry-
late (cross-linker) [1]. This presentation describes the catalytic
activity and recyclability of the Pd(AAEMA)2 supported com-
plex (Pd-pol) towards carbon-carbon bond forming reactions,
such as the Heck reaction between aryl iodides or bromides
and several alkenes [2] (Scheme) and the influence of sol-

vent, base, tempera-
ture and additives, on
the performance and
the recyclability of the
catalyst. Under suit-
able conditions (which
are DMF solvent, 2
equivalent base, ab-
sence of phosphane additives, molar ratio ArI/ Pd=1000 and
ArBr/Pd=500, T=90 °C for aryl iodides and T=160 °C for aryl
bromides) the catalyst is air stable, active, selective and recy-
clable several times with negligible metal leaching.
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Scheme - Heck reaction between aryl iodides
or bromides and several alkenes

Figure - Pd(II) supported polymer
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A nticancer compounds such as cis-[Pt(NH3)2Cl2] (cisplatin)
and its derivatives are known to produce a critical lesion on

Dna, forming two Pt-N7 bonds [1] with adiacent purine bases on
the same strand. These lesions are referred to as “intrastrand
cross-links”. The platinum can also cross-link guanine bases of
opposite strands to form “interstrand cross-links”, however the lat-
ter constitutes only a minor lesion. In the first type of lesion adja-
cent purines generally assume a head-to-head (HH) conformation
in which the H8 atoms of the purines are on the same side of the
coordination plane [2]. In contrast, in the interstrand cross-link, the
two purine residues have the two H8 on opposite sides of the co-
ordination plane; the latter orientation is termed head-to-tail (HT).
The simplest models for the bifunctional adducts described above
are complexes of the type cis-PtA2G2 in which A2 stands for two
unidentate or one bidentate amine ligand and G for a guanine de-
rivative (G=9-Etg, 3’-Gmp and 5’-Gmp) [3]. These models can
form different rotamers having either an HH or an HT conforma-
tion. In the present work, the rate constants for guanine rotation

about Pt-N7 bond for the title compounds were evaluated from
line-shape analysis of the H8 resonances. Three diastereomers,
two in HT (∆HT and ΛHT) and one in HH conformation exist in
equilibrium in solution. The two H8 protons are equivalent in ∆HT
and ΛHT conformers and non equivalent in the HH form, there-
fore four rate constants were evaluated. Activation parameters
(∆H≠ and ∆S≠) were calculated from rate constant dependence
upon temperature. In this investigation also the equilibrium con-
stants between HT and HH rotamers were evaluated together
with the corresponding thermodynamic parameters ∆H and ∆S.
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study was carried out by using different spectroscopic (UV-Vis,
fluorescence, circular dichroism, time resolved absorption and
luminescence) and calorimetric (Itc) techniques. The obtained
results indicate that the nature and concentration of cyclodex-
trins play a relevant role in modulating aggregation properties of
Chl a in aqueous solutions. In particular HP-β-CD and Dimeb re-
sulted suitable carriers of Chl a as monomer in water. Moreover
the 1O2 production in pigment-CD solutions makes these sys-
tems suitable for possible application in Pdt.
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Their Ground-State Stability and Rotational Activation Parameters

Michael Addition of Chloroalkyloxazolines
to Electron-Poor Alkenes
Synthesis of Heterosubstituted Cyclopropanes
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by M.T. Rocchetti, V. Fino,
V. Capriati, S. Florio, R. Luisi

R ecent contributions from our [1] and other research labs
[2] have disclosed that certain metalated haloalkyl hete-

rocycles, which proved to be good Darzens reagents, are

good nucleophiles towards several electrophilic species such
as carbonyl compounds [3], imines [4] and nitrones [5] to give
substituted oxiranes, aziridines and alkenyl heterocycles, re-



I onic liquids (IL) or molten salts have been demonstrated to
be innovative solvents which offer an attractive alternative to

conventional organic solvents. Their intriguing properties have
been primarily explored for applications in electrochemistry
technologies and in liquid-liquid extraction processes. Further-
more, their physical properties, in particular air and moisture
stability, wide liquid range, low melting point and negligible
vapour pressure prompted to use ionic liquids as reaction me-
dia as an alternative to volatile organic compounds (Voc). Fol-
lowing our interest (P. Mastrorilli et al., J. Mol. Catal. A, 2002,
184, 73) on the topic, [bmim]BF4 (1-n-butyl-3-methylimidazoli-
um tetrafluoroborate) has been used as solvent for transition
metal catalysed Michael addition. Ni(acac)2⋅2H2O, Yb(TfO)3
and FeCl3⋅6H2O have been tested as catalysts focusing on the
addition of acetylacetone to methylvinylketone as a model re-
action. Comparing the obtained results with literature data,
Ni(acac)2·2H2O in IL appears to be outstanding in terms of ac-
tivity and selectivity in 3-acetyl-2,6-heptanedione. Being the

Ni(II) based system more active than both Fe(III) and Yb(III),
its recyclability has been studied by removing the product by
distillation under reduced pressure after each cycle and by
adding fresh reagents. The results are reported in the figure
and reveal that the catalytic system is recyclable at least 7
times without loss of activity.
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spectively. In the absence of an external electrophile these
metalated compounds tend to undergo a sort of “trimerization”
giving cyclopropane derivatives. Such a remarkable propensi-
ty turned out to be very much dependent upon the nature of
the heterocyclic system; in some cases, a “dimerization” reac-
tion to give diheterosubstituted alkenes was observed. In this

communication the preparation of substituted
cyclopropanes via a Michael-type addition of
lithiated 2-(1-chloroalkyl)oxazolines to sym-
metrical and unsymmetrical electron-poor
alkenes will be discussed. The synthesis of
chiral non racemic tris(oxazolinyl)cyclo-
propanes together with mechanistic aspects
will be highlighted as well.
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Figure 2
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L ong chain ubiquinones play a central role in energy tras-
duction. In bacterial photosynthesis the conversion from

electromagnetic to chemical energy takes place into the reac-
tion centre (RC), an integral membrane protein. The primary
event is a charge separation process which takes place be-
tween an electron donor (Bacteriochlorophyll Dimer D) and an
acceptor (a quinone Q). In this work we present a kinetic
study based on the numerical solution of the differential equa-
tion set proposed by Shinkarev and Wraight [1]. In isolated
RCs, following a flash light excitation, a charge recombination
takes place. When the QB pocket is empty, a monoexponen-

RICHMAC Magazine - Aprile 200316 - La Chimica e l’Industria - 85

Science and Technology

A n UV derivative method, for the simultaneous determina-
tion of hydrochlorothiazide (HCT) and Losartan (LST) in

the commercial forms, was developed. The fourth derivative
spectrum, from the alcoholic solution, was used. HCT can be
determined by a specific signal at 330-340 nm (Pc), while
LST uses the signal Ps, common to both products.
By examining the relationships on Ps as function of the drug
concentrations in wide range (HCT 4-500 10-3, LST 16-2000
10-3 mg mL-1 and their 1:4 ± 0.5 mixtures), two zones could
be observed. A first, at low concentrations, in which the ab-
sorbance of the mixtures increases and a second, for high
concentrations, in which the absorbance decreases.
The second behaviour is due to intramolecular reactions of
the drugs. For both intervals linear regressions were obtained
by correlating the above mentioned signals with the drug con-
centrations. Several procedures for the drug quantitation were
proposed. In order to reduce or, at least, to keep reproducible
the degradation reactions, all the solutions were prepared
adding exactly weighted drug amounts to the stirred final vol-
ume of the solvent, without any dilution. This produces a high-
er statistical variability with a greater imprecision, but it makes
the method more rigorous.

by A. Giannandrea, C. Vetuschi

Anti-Beer Evaluation Of Hydrochlorothiazide And
Losartan By Uv Derivative Spectrophotometry

by L. Giotta, M. Trotta, F. Milano, A. Agostiano

Quinone Exchange in Photosynthetic
Reaction Centers

A. Giannandrea, C. Vetuschi, Dipartimento Farmaco-Chimico - Univer-
sità di Bari. The article has been accepted for the publication on Anal.
Lett., 2003, 36(5) (in press).

Figure 1

Figure 2

L. Giotta, Università di Lecce; M. Trotta, F. Milano, A. Agostiano, IPCF-
Bari; A. Agostiano also at Università di Bari.

Three-dimensional representation of the slow rate
constant kS as function of the binding constant and the ratio
kout/kAD. The graph was obtained for a quinone/RC = 0.73



tial charge recombination occurs with a rate constant kAD of
about 8 s-1. In RCs having the QB pocket occupied, the elec-
tron rapidly equilibrates between the two quinones with a con-
stant LAB=kAB/kBA. When the QB pocket is fully occupied the
charge recombination is again monoexponential with a rate
constant (kAD+kBDLAB)/(1+LAB) [2]. For RCs with partially oc-
cupied QB-site the D+ dark relaxation can be described by the
sum of two exponential decays, the fast kF and slow kS ones,
where the latter depends on the ratio between the quinone
exchange rate and kAD. We focused the attention on the influ-
ence played by the ratio quinone/RC on the slow decay, by
preparing liposomes containing a fixed amount of QB-deplet-
ed RC and a variable quinone amount. The experimental sig-
nals were fitted with the sum of two exponential decays keep-
ing kF=kAD=8.3 s-1. Increasing the quinone concentration in-
creases the slow decay amplitude and kS decreases. By solv-
ing numerically the complete set of kinetic differential equa-
tions, the signal decay due to charge recombination kinetic
has been simulated. For kout/kAD<<1 the experimental behav-
iour observed in the case of slow quinone exchange can be
obtained for any values of KB. The fitting constant kS remains

almost equal to (kAD + kBDLAB)/(1+LAB) for all the binding con-
stant values. For larger values of kout/kAD, only a pair of kout
and KB (25 s-1 and 10-6 M-1 respectively) can be used to repro-
duce the experimental quinone concentration dependence of
ks and of the normalized amplitude. The main finding of our
work is that the release constant of quinone from RC found in
artificial vesicles is comparable to the charge recombination
rate kAD. This implies that after each charge separation, the
electron has a finite chance to reach the secondary electron
acceptor even in those RCs lacking the secondary quinone
improving the efficiency of energy conversion.
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M any procedures have been reported for aziridinic
heterocycle synthesis, many from alkenes [1], or

by addition of α-halosulfonyl carbanions [2] to imines.
Recently, we have reported the “one pot” coupling re-
action of α-oxazolinylalkyllithiums with carbonyl com-
pounds and imines leading to oxiranes and aziridines,
respectively [3]. The aziridinic heterocycle is of great
synthetic interest because of his ability to undergo
ring-opening reactions and to act as intermediate for
the preparation of a variety of organic compounds [4].
In this communication we describe the diastereo- and
enantioselective synthesis of chiral (oxazolinyl)alkyl
aziridines having different chiral centres. The coupling
reaction of α-oxazolinylalkyllithiums with imines hav-
ing an asymmetric centre on R1 (R1=Ph-C*HCH2-OCH3) af-
forded, in good yield and hight enantiomeric enrichments (ee ≈
99%), aziridines containing different chiral centres. A different
asymmetric induction, with diastereoselectivity, was noticed
using α-oxazolinylalkyllithiums in the coupling with chiral
imines having the stereocentre in the ketonic moiety. An insep-
arable mixture (6:4) of E configuration structures was obtained.
Using, instead, a chiral α-oxazolinylalkyllithium in the coupling
with non chiral imine (R1=R2=Ph; R3=H) two aziridines of E
and Z configuration (ratio 1:1) were isolated, by chromatogra-

phy, in enantiomerically pure form. Similar results were ob-
tained with different α-chloroheteroarylalkyllithiums in the cou-
pling with chiral imines. All reactions produced chiral aziridines
(ee≈99%) of E configuration except the α-chlorothiazolylethyl-
lithium which afforded, on the contrary, the Z ariridine.
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