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SUMMARY

Complexes of caffeic and ferulic acids with Cu(II),
Ni(II), Co(1I) and Fe(III) were prepared in the solid state:
K;[Cu3;(cafH);C1,;] .2CH;0H, X;[Coi(cafH) C1 .1,
K, [Ni;(cafH),C1l,].2CH;0H, Fej(cafH),Cl,:.2HO, K;i[Cui(fer) Llil,
K;{Co(fer),]l, K;[Ni;(fer),Cl,}.2CHOH, Fe;j(fer) Cl,.
Spectroscopic, magnetic and thermogravimetric results indi-
cate Dbis(pu-chloro) tetrahedral binuclear structures with a
catechol-type of coordination.

Key words: caffeic, ferulic acid complexes, catechol-type
coordination.

INTRODUCTION

3~(3,4-dihydroxyphenyl) -propenoic acid (caffeic acid,
abbr.cafH;)1 and 3- i4—hydroxy—3—methoxyphenyl) -propenoic
acid (ferulic acid, abbr. ferH;)2 are early recognized as
constituents of different plants and seeds!.

Both acids can be found in the soil lignins as degrada-
tive products of vegetation, contributing by consequence to
the availability of several biotrace metal cations from the
soil to the plantsz.

Ferulic acid is a precursor of aryl tetralin lignans

related to anticancer active compounds as the podophyloto-
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xin and its methylated derivatives'. Also “the antivirial

activity of caffeic acid was lately investigated“.

CH=CHCO,H CH=CHCO,H
0 O

‘ OH OCH,
OH OH

(1) )

Phenolic hydroxyl-containing ligands, which are known
to be present ih the root exudates, may participate in the
transport processes of metal ions frem the surrounding soil
to the plant roots?. Of special interest are trans - 3-(3,4-
dihydroxyphenyl)propenoic acid (caffeic ‘acid), which is
believed to participate in the transport and in the
reduction of iron(III) to iron(II) in the so0il environment,
and chlorogenic acid[l,3,4,S—tetrahydroxycyclohekanecarbo—
xylic acid 3-(3,4-dihydroxycinnamate)}, which is a precursor
of caffeic acid. Complexes of 3,4-dihydroxyphenyl deri-
vatives e.g. copper(IlI) complexes of chlorogenic acid and
related compounds4c have been investigated by pH-metric and
spectroscopic methods: Preparation of coordination complexes
of 3,4-dihydroxyphenylpropionic acid . with copper(Il),
nickel(II), cobalt(Il) and diron(IIl) was achieved®*. Cupric
complexes with 3,4—dihydroxybenzoic acid® have been studied
where the bidentéteAcatechol part of the ligand studied pre-
dominates as the bindihg.site for metal ion although the
cgrboxyl group may also participate in the metal ion bind-

ing leading to creation of the dinuclear species. More con-
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centrated solutions yield a trimeric complex molecule (CujA;)
with one metal ion bound to four phenolate oxygens and two
others bound to the respective carboxylates. Phenolic
ligands are also important as the constituents of more
complicated humic and fulvic acids, which are the main
ligands taking part in the transpért and accumulation of the
nutrient ions't.

Considering the chemical and Dbioclogical importance of
catechol-like coordination complexesﬂ the preparation in
the solid state, the characterization and the study of the
physicochemical properties of several complexes of the above
ligands with Cu(II), Ni(II), Co(II) and Fe(IIlIl) was underta-
ken.

Earlier work on the caffeic acid coordination is covered
by the potentiometric titrations of the caffgate-metal-

proton system %’

and some spectroscopic (absorption, ESR)
measurements on the complexes formed in solution®.

It is not evident however, that the complexes formed are
mononuclear involving only a catéchol—type‘of coordination®,
or oligonuclear involving both catecholic and carboxyiic
cocrdination especially with Cu(II), playing the role of
link between adjoining ligands’'?, v

Infering from analogous behaviour of several dihydroxy
benzoic acids, the last type of coordination was proposed as

more probable! !,

EXPERIMENTAL

The caffeic (dec.223-225°'C) "and ferulic (m.p.174°C) acids
were obtained from Merck Co. and were used without further
purification; maés spectra: m/e of the mblecular.ion for
caffeic acid 180 (calc.180.1635} for ferulic acid 194 (calc.
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194.215). The metal salts MC1l,(M=Cu, Ni,Co) and MCl;.6HQ
(M=Fe) used as starting materials for the preparation, were
pro analysi grade from Fluka.

Upon refluxing MCl; or MCl1l;.6H;0 with caffeic or ferulic
acid in methanolic solution containing equimplecular amount
of KOH with a final ratio metal ion:acid:KOH 1:2:2, solid
coloured coﬁplexes (1-8, TABLE 1) were obtained. Details for
the preparation are given in a previous paper concerning
hydrocaffeic acid’.The coloured precipitates were also
washed with 80% MeOH. Elemental analysis, physicochemical
and spectroscopic measurements were carried out by published
methods!*!. The magnetic susceptibilities in the solid sfate
were performed at 24°C. The cafH:Na.H 0 and ferHNa.H 0 salts

were prepared and characterized as previously“.
RESULTS AND DISCUSSION

Preparative and analytical data, colours and molar con-
ductivity values are reported in TABLE I. The prepared com-
plexes are either microcrystalline (2,3,4,8) or powder-like
(1,5,6,7), relatively stable in atmospheric conditions (oxy-
gen, humidity) except for the complexes 1, 5 which gave evi-,
dence of structural changes upon time (see TABLE II). All
complexes have a limited solubility in DMSO, DMF and MeOH.
The molar conductivities of the complexes 1,2,3,5,6,7 in
both DMSO and MeOH are low for their formulation as 2:1 ele-
ctrolytes. This probably arises from the existing large

volume anions in the complexes”.

The complexes 4 and 8 show
a conductivity whic@_increases with time and this can be
attributed to the strong donor capacity of the solvent used,
'which'leede to displacement of anionic ligands and changes

the‘eomplexes to electrolytes”.
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Thermogravimetric studies of the prepared complexes in

the range 35-600°C show that the methanol. present in 1,3,7
is completely lost between 60-70°C and is lattice-held.
In 4, water is lost between 100-110°C and is also lattice-
held. Complexes 1, 2, 3 decompose between 200-500°C with the
same decomposition pattern possibly indicéﬁing Aanalogoué
structures. Similarity in their strﬁctures is also indicated
from the same thermal decomposition pattern of the complexes
5, 6, 7, which is effected in a relatively narrow tempera-
ture range between 240-320°C. Complexes 4, 8 are decomposed
in higher temperatures. Complexes 1, 5 have a sudden and
low temperature (200-220°C) decomposition, indicating
bridged structures. All complexes were decomposed in a ther-
mogravimetric experiment in the presencerqf atmospheric oxy-
gen and gave as products metal oxides and KC1l until a final
temperature of 650-700°C. -

The low magnetic moments of the complexes 1 and 5 are
due to their binuclear structures and are typical for anti-
ferromagnetic character. Their diffuse reflectance spectra
clearly indicate distorted tetrahedral stereochemiétryl“lh
ThezEé—JTz transition expected for a 4' system like Cu(II)
in a tetrahedral environment is split to more transitiong,
due to Jahn-Teller effect, known also to take place in such
sy-stems!?, More particularly the distortion of the
tetrahedron as a flattening around the two-fold axis will
result in Djy symmetry, which retains the d”,du degeneracy,
splitting of both the ground and excited 1levels, so that
either three or four transitions are expected!’ namely from
the ground- !B; to 'E, 'B; and A, states !’ as is in our case
(TABLE 1II). The <complexes 2 and 6 acquire diffuse

18,21

reflectance spectra and magnetic moments!®! close to

tetrahedral structures, especially complex 6.



TABLE II: Electronic spectra and solid state magnetic moments of the complexés

Diffuse reflectance?

Compound CT d-d ugff
BM
1 22700 20800 18700 17700 15500 14200 1.30¢
2 21050 18900 sh 16400 sh 14800 4.75
3 21500 17500 15800 sh 14800 3.88
4 26700 23300 21500 17900 sh 16700 15000 4.97
5 25600 16100 15000 1.41
6 ) 16400 sh 15200 4.78
7 21500 19800 14285 4.26
8 21300 15600 14700 3.50
din cml. ? at 298 K. %pon keeping the solids For 4-6 weeks at room temperature

in a vacuum desiccator these values are increasing continuously to 2.10 BM.

SAIDV JI'TNYEA ANV DIFA4VD 40 SIXTTdINOD

S61
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A usual value for the magnetic moment of a tetrahedral
weak field Ni(II) complex is 4.1 BM". The values of magnetic
moments for the complexes 3 and 7 squest'tetrahedral stru-
ctures. The bands at 14800 and 14285 cm™! in the diffuse
reflectance spectfa of 3 and 7 respectively, satisfactorily
account for the ¥, (P)«—'T,(F) transition. In 3 there is a

splitting due to low symmetry fields %%,

The observed u,s
values for the complexes 4 and 8 at room temperature are too

small for higﬁ spin S=5/2 complexes (u.w: =5.9 BM) or too

.large for low spin S=1/2 complexes ({,; = 2.0 BM) assuming
an octahedral a‘ system. An intermediate spin state (S$=3/2)
should have py; = 4.0 BM. Both tetrahedral or octahedral

complexes with A and;E terms require higher values than
those observed!. The measured values can be explained
either by antiferromagnetic coupling of the iron(III) in

1

dimeric complexes®, or by a spin'equilibrium between high

and low spin states?.

An alternative situation can also be
proposed assuming a square'pyramidal structure around iron
(III) with ‘Az electronic ground state, since a five coor-
dinated structure is manifested by the stoichiometry of 4,
or a spin-paired tetrahedral with ‘A, ground term both with
large orbital contribution!®.The last situation seems more
probable for 4.

The bands in the &iffuse reflectance spectra of the com-
plexes 4 and 8 are weak, as it is expected since the ele-
qtfonic transitions of the iron(III) systems are spin for-
bidden. There is a considerable masking of the weak bands
from the strong charge-transfer bands at 21300-26700 em™. It
is known that in spin equilibrium iron(III) systems the high
spin form is characterized by a band at 18000-20000 cm™ and
the low spin by another one at 14000-16000 cm! ¥, Only in
4 the 17900 cm’! shoulder demonstrates a high spin system,
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but in both 4 and 8 the two low spin bands are present at
14700-15800 cm™'. The presence of two low spin bands can be
explained assuming low symmetry pseudo—tetrahedral structure
in the complexes. No spectroscopicvevidence'haé been noticed
indicating presence of Fe(II) in complexeé 4 and 8 owing to
an oxidation-reduction mechanism sometimes found in analo-
gous catecholic systems'l.

In TABLE III some diagnostic ir bands of the prepared
complexes are reported. The broad band at 3500 cm™' exhibited
by the complexes 1, 3, 7 is due to lattice methanol, The
lattice water in cafH;Na.H;0,ferHNa.H;0 and in 4 is shown by
the broad strong bands at 3600 and 3570 cm’! respectively!?,

In the spectra 1-8 the following relation is observed :

A::ou!lu = ALh.HN

where L=cafH; or ferH and A is the separation between v~
and vg- This indicates  that the carboxylate group of

either of caffeic or ferulic acid is not coordinated to the

35,36

metal ions in all prepared complexes . Complexes 1, 2, 3,

4, 5, 7, 8 show a medium intensity ir band at 215-257 cm’!
assignable to the metal-halogen stretching mode associated
with bridged structures'’.

The complexes 1-4 show medium intensity band at 470-485
cmt &ue to v-e vibration whereas the complexes 5-8 show a
similar medium intensity band in higher frequencies at 580-
590 cm’! possibly assignable to the v-gc stretch’. All com-

! assignable to

plexes exhibit a strong band at 605-667 cm’
the v”.”“'stretch”.

Iﬁ FIG 1 and FIG 2 the titration curves for deprotona-
tion and coordination reaction in solution of MeOH:H,0 9:1

for cafH; and ferH; respectively are reported. For the
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coordination reactions the titration was effected in the
presence of metal cation in the ratio metal to ligand 1:2.
It can be seen from the potentiometric titration curves that
ithe precipitation of the complexes occurs at relatively low
pH's before the ionization of all carboxylic and phenolic
protons of the acid ligands takes place. This behaviour'of
cafH; and ferH; resembles the complexing ability of 3,4-dihy-
droxybenzoic acid which coordinates to metal ions with a

catecholic type of binding®®.

1 1 1
0 0.336 0.672 1.008
__ [rkoH]
Cligand
FIG.l.: Potentiometric titration curves of the caffeic acid

and the metal ions in a MeOH:H;0 solution (9:1).

Complex precipitation
cafH,;

cafH;+ CuCl; 2:1
cafH;+ CoCl, 2:1
cafH;+ NiCl; 2:1
cafH;+ FeCl; 2:1

BN W N RN
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FIG.2: Potentiometric titration curves of the ferulic acid -
and the metal ions in a MeOH:H;0 solution (9:1).

l Complex precipitation
L ferH,

5 ferH, + CuCl; 2:1

13 ferH; + CoCl; 2:1

7 ferH; + NiCl,; 2:1

8 ferH;, + FeCl; 2:1
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Concluding remarks

From the overall study it is therefore concluded that
caffeic and ferulic acids form 1:1 complexes with Cu(Il),
Co(II), Ni(II) and Fe(Ill) regardless of the.ratio of the
ligand to metal cation of the preparation mixture except for
the case of the Co(II) complex with ferulic acid which is
formed in the ratio 1:2. An analogous situation was met with
the complex of hydrocaffeic acid with Co(II)i In the prepa-
red 1:1 complexes chlorine bridged structures are formed

with a catechol type of coordination 3.

\\/
-

E H(CH3) H(CH3)

(V]

A pseudotetrahedral or tetrahedral microsymmetry
around the metal ion seems to be in prevalence. Owing to the
difficulty in obtaining convenient monocrystals of the
prepared complexes, their X-rays structural investigation is

at present lacking.
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NMEPIAHYH

SYMIAOKEZ ENQZEIZ TON OZEQN KAQEIKOY KAI QEPOYAIKOY ME
Cu(II), Ni(II), Co(II) KAI Fe (III).

Hapaoxsudoﬂnkqv KaL damnopov@idnkav 6Inv OIEPEd kaid&otaon
Ta oUpmioka Twv OTéwv kageikoU kat weEpouAikod .pe Cu(ll),
Ni(II), Co(II) kat Fe(III) : K,[Cu;(cafH):Cl;]. 2CH;OH,
K;[Co;(cafH),Cl,;], Ky[Nij(cafH) C1l,]. 2CHOH, Fej(cafH) £1,.2HD,
Ki[Cu;(fer);Cl;]1, Ki(Co(fer):l, Kij[Nij(fer)CL1]. 2CH;0H,
Fej;(fer);Cl;. AveTdpinta amé 1o A6yo petaddiLkol LévIOg: umo-
KATAOTA&TN 010 Ui yHad TapQAoKeuns Ta ocUumiokda mou oxnuatifovial
etvar 1:1 esxté6c and tnv negplintwon tou ocupmadékou tou Co(lI)
ME TO WEPOUALKS OTU mou elvalr 1:2. Avdioyn ouuneplLpopd& ava-
gé€peTaL otnv meplmiwon Tou gupnmAdkov tTou uSpokapesikol oFfog
HE TO Co(II)S. Ané Ta @QAOUQTOOKOMLK&, HAYVNTLKE xaL deppo-
otaduL K& anotshéouata‘ouunspatvstuL 46tL ota 1:1 odumioka ol
Souég elvar tTetpaedpLkéEg SLnuanLKég He yépupeg xAdwplou kat
HE kutsxoﬁtkod TUnou CUUMAEEN.
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