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COORDINATION IRON-CYSTEINE AND METHYLCYSTEINE COMPLEXES
* [ ] k4
R. Panossian , G. Terzian , M. Guiliano

* Laboratoire de Chimie de Coordination de 1l'Université de
Provence, Marseille,
** Centre de Spectroscopie Moléculaire de l'Université d'Aix~
Marseille 3. Centre St. Jér8me, Marseille,

ABSTRACT

Complexes of iron (II) with cysteine-HCl and methyl-
cysteine-HCl are of interest as models for iron (II) coordina-
tion in proteine - Infrared and Raman spectra of these comple-
xes and their free ligands are reported. These results show that
cysteine is bounded to iron through sulfur, nitrogen and oxygen
in Fe(Cyst)(H20)1'5 (A) and through sulfur and nitrogen in
NazFe(Cyst)z B0 (m»), Fe(metCyst)2 (H2°)1,5 (c).

INTRODUCTION

The catalytic action of complexed iron cations in the
oxidation of cysteine in aqueous solution has long been demons-

4
trated. Though numerous observations have been reported,no com-
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plete explanation of the reaction mechanism is not yet available.
Ferrous complexes of cysteine are postulated as essential inter-
mediates 210 though very little is known about their structure
in solution. On the other hand, studies on the solid state Fe-

cysteine compounds give structural data but no crystallographic

structure is available 11'12'13,

The present paper reports new infrared and Raman spec-
troscopic data on well defined phases prepared by a procedure

described in the litterature 5, with certain modifications.

EXPERIMENTAL
- REAGENTS AND APPARATUS :

L-cysteine hydrochroride (FLUKXA Puris grade) and methylcys-
teine hydrochloride (FLUKA Puris grade) have been used without
further purification.

(NH4)2Fe(SO4)2. 61,0 (PROLABO RP) was tested for the absence
of iren (III) impurity by the addition of thiocyanate.

All stages of preparation were carried under an atmosphere of
nitrogen purified through OXYSORB. L. Catalyst. (0,<0,02 ppm).
Infrared spectra were recorded between 4000 and 200 (:u\-1 on
PERKIN-ELMER 225 using nujol and fluorolub mulls with CSI
windows. Raman spectra were recorded on a CODERG PHO spectro-
meter with Argon ion laser source (5145 Z)

S0lid state samples were cooled at ~-120°C in a sealed capilla-
ry and aqueous solution were recorded in glass cells at room
temperature,

- PREPARATION OF IRON (II) COMPLEXES :

The preparative reactions and purification experiments have
all been done under purified nitrogen or argon and monitored
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by a potentiometric device till complete reaction with a mi-

crocombined electrode. Crystalline compounds had to be stored

under Frdon.

1) Izon (II) - Cysteine

Dropwise and very slow addition of a degased 6,5 M sodium hy-

droxide solution into a 1:2 mole ratio aqueous solution con-

717

taining iren salt and cysteine HCl yields a light yellow preci-

pitate (A) when the pH stabilizes at 5,5. Further additiom of
alkali caused the dissolution of 1:1 solide complexe and the
formation of 1:2 derivative isolated as their sodium salts at
pH 8,5 (B). These compounds are then further precipitated by
keeping the mixture at 50°C a few hours in controlled atmos-
phere, The solid phases are then isolated, thoroughly washed

vith water and alcool and dried over 1’205 under vacuum,

2} Iron (II) - Methylcysteine

This compound was prepared by essentially the same procedure
which involved careful addition of hydroxide to aqueous anae-

robic mixture of iron salt and methyl-cysteine, L.cysteine

methylester gave directly 1:2 derivative, Attempts to prepare

1:1 and 1:3 complexes were unsuccessful.

3) Analysis

Microanalysis of these solid compounds was dome by '"Centre de

microanalyse, CNRS (Lyon-France) ".
The analytical figures are givem in table 1.

RESULTS AND DISCUSSION

The position and attributions of the main vibration bands

of different ligands and their ferrous complexes are given in
Table 2.
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TABLE 2
CYSTEINE,HC) | METHYL-CYSTEINE,RC1 | A (Fel) B (F:Lz) c (m.'z) ATTRIBUTION
3370 o vED
3350 h
3322
v ¥E
3278 s 3310 v 3300 = 2
3235 3228 w 3220 =
3150 3130 v J
~3020 sh A 3000 sh v)m;
2950 w 7
2930 = 2900 v 2900 v v ma, v mz
2850 sh J
v,
295042700 br | 2900-2700 br ] 3, vem,
VOH, ees
3
2700-2200 2700-2200 v lm;'
2577 vs 2577 vs v 8K
2000 =
1740 s 1740 s 1730 s v O=0
1642° v 1610 1640 sh | %1640 sh
.
1620 = 1598 v ] 8, W,
1570 1578 s
1592 sh 1590 s 1572 = S,
1563 8 |~ 1550 sh Vg COO™
1518 sh
1515 » 1512 s s NH,Y
0 sh -
1440 8 1430 & 1432 s _I s CHy, c,
1471 s 1418 = 1424 1420 m as
1400 m 1390 = v coo-
1387 = ¢
1388 w» 1380 m &g cH
1395 s vCo + soi{coox)
1330 s
1245 s 1250 s ve-0 (ester)
1220 ]
vCa + §08(CO0R)
1205 s
¥s = vory strongi & = strongi M = mediumj w - veak] sh = shoulderj br = broad.

The alterations observed between the ligand spectra and their com-

plexes at the level of the characteristic absorptions of the amino,

thiol and carboxylic groups, allowed us to specify the coordina.

tion modes,
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AMINO GROUP COORDINATION

The infrared spectra of cysteine-RCl amd methylcysteine-HCl

present a band at 3020-3000 m_T' as well as broad absorption

between 2950 and 2700 cm” 'and a serie of bands included bet-
ween 2700 and 2200 cm-1, characteristic of valence vibration
v(m3+)14'15’16. The different bands v(NH;) disappear in the
IR spectra of these three complexes., On the cother hand, seve-
ral thin bands appear between 3350 and 3100 cmq, characteris-
tic of the coordinated vibration mode V{NH ), according to so-~
me authors17 118, 19
The bands due to deformation movements §_ (NH *}(1620-1570c% 1)
and ¢ (HH *)(1515 em™ ') are not seen in the spectra of the
complexes.

A band observed at about 1570 ¢:m'1 in the case of the compound
(c) and about 1590 ! in the complexes (A} and (B) of the

cysteine must be attributed to the coordinated movement 5(1&32).

THIOL FUNCTION COORDINATION

The valence vibration v(SH) is characterized by a band situated

between 2600 amd 2500 em ' 14,

Yay and Mitchell'® have attributed a band at 2500 em™' for the
chlorhydrate of cysteine to this vibration. According to
Garfinkelzo, it leads to a very intemse band in Raman spectro-
metry at 2577 ot

Ve find again this intemse band in the Ramam spectrum of the
ligands. In infrared, the presence of several thin bamnds in
this regiom makes the attribution more difficult. These infra-
red and Raman bands do not appear in the spectra of the solid
complexes, thus indicating a coordinatiom mede through the
thiol functiom.
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3) CARBOXYLIC FUNCTION COORDINATION

In the infrared spectrum of methylcysteine at 1740 cm-1
[v(c=0)] and at 1245 an~! (v (c-0)1 , we observe characte-
ristic absorptions of the ester grcupM.

These absorptioms are found unaltered in the complexe (c)
spectrum. The acid carboxylic functiom of chlorhydrate of cys-
teine is characterized by the very intemse v(CnD) absorption
at 1740 cm”' and by the absorptiom about 1220-1205 cm™' due to
the v {CO) and 5(0H) coupled vibrations.

The v(C=0) vibration disappears in compound (A) spectrum,
vhich implies a coordination mode in the complexe by the car-
boxylic group. The vas(coo') and VS(COO-) bands are respecti-
vely situated at 1563 and 1400-1387 cm™' 13014

butions are in agreement with previous work13.

. These attri-

CONCLUSION

Cysteine has a chelation mode susceptible of appearing in a pro-
teinic sequence. This property has already been shown in nume-
rous studies, Within the whole of a study, this work specifies :
- on one hand, that the type of chelation do not always lead to
a tridemdate compound (complexe A);
~ on the other hand, that the reactivity of functional groups of
the cysteine molecule towards the ferrous iom in not always
respected.
Considering the dissociation constants, in the first approach,
this study shows that the groups corresponding to the weakest
pka are not always the omes which are implicated in the bond
with iron. These phenomena are explained by the influence of
some factors in the formation of different bonds in these com-
pounds and more particularly by the pH of the medium.

721
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Thus at pH5, when the cysteine molecule is under zwitterion me-
thod, the negatively charged carboxylic group constitutes a
privileged complexing site for iron. This assumption is comfir-
med by the study of the solid complexe (A). At pH 8-9, the
amino and thiol groups are the only ones implicated in the
coordination with irom (compounds B and C) owing to the power-
ful electron giving character of nitrogen and the weak electro-
negativity and the great polarizability of sulphur atoms.
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