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CKRUMIUM(I11) COMPLEXES WITH EL-METHIONINE AND L-CYSTEINE*

_Chromium(I1l) complexes with DL~methionine and L-cy-
steine have beon investigated by pH-metric and spectro-
photometric methods. In both investigated systems, three
complexes of the composition H: L » 1 : 1; 1:2; 1:
» 3, have been found, stability constants for the re-
sultant complexes have been determined by the method of
Bjerrum. Crystalline complexes with the investigated
ligands of the type: [CrtMet)}]. 2tf20 and Na[Cr(Cys),J.
2H>0 were also obtained. The made combination oi (Cr(lll)
With the investigated amlnoacid and structures of the
complexes reported have been proposed on the basis of
their spectra. A method for precipitation pure complexes
from solutions has been devised using the ion-exchange
procese on the resin Sephadex A-25.

Introduction

The role of metal ions in the biochemical process with the
contribution of aminoacida has not been fully understood as yet.
The reactions between aminoacids containing suphur and transi-
tion metals ions are of Interest in consideration of still un-
utilized opportunities of the use of these compounds in therapy
m .

Information about Ni(ll), Zn(ll), Hg(ll), Cd(ll1), Pb(Il),
Fe(ll), Mn(ll) and Co(ll) complexes with some aminoacids con-
taining sulphur is available in the literature [2-7]. But there
are insufficient data on the Cr(lll) complexes with methionine
and cysteine. Scarce information [8-1.1] concerns solid complexes
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or studies on systems in the presence of quite a different Ii-
gand as e. g. violet R

In the present study, systematic Investigations of the sy-
stems: Cr(lll) - DL-methionine - HO am? Cr(IlIl) - L-cysteine -
HO are undertaken. They are aimed at thorough understanding of
equilibrium reactions in solutions separation of solid complex«*
and determination of their structures.

Experimental

Reagents and apparatus

The following reagents were used: DL-methionine (Reanal),
L-cysteine hydrochloride monohydrate (Merck); sodium perchlorate
monohydrate (Koch-Light), 70% perchloric acid (Hopkin and Wil*
liams), sodium hydroxide (FOCh), chromium chloride hexahydrate
(BDH), sodium chloride (POCh) ?nd DEAE-Sephandex A25 (Pharmacia

Fine). All the reagents were of analytical grade. The amino-
acids were purified by crystallization from agueous - ethanollc
solutions. Chromium perchlorate was prepared accoxding to R a-
sko ad Salymosi [12]. The concentration of
Cr(IX1) was measured by a redoxyraetric method [13].

For pH measurements, a digital N517 pH-meter (Mera-Elwro)

equipped with a glass o QP-7171-1/A electrode and a calomel OP-
-830 (Radelkis) electrode, was used.
Absorption electronic spectra were recorded with a  UV-VIS

spectrophotometer (Carl Zeiss Jena). IR spectra were recorded on
a ¢joecord 71 IR spectrophotometer over range 4600-700 cm“1 or
a UR-10 spectrophotometer over the range 700-400 cm , using a
KEr pe-llet.
Procedure

Tho reactions in Cr(lll) - L - HO systems (where L is
e tr.ionlne or cysteine) at room temperature procees very slowly.
Tha f.-quliirium is reached within a period of 1 month, and,

*or e, an investigating procedure, as described by N ag a-
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t a and co-workers [14], was used. So, '40 samples of 2?0 cm’
in volume were prepared. They contained various amount of the
investigated aminoacid (from 1*10 J to 6-10'»2 mole/1), chromium
(rer) salt (from 1. 10~4 to 2,5 « 10”5 mole/l) and NaOH. The
ionic strength of all the solutions was constant and equal to
0.1 (NaClO”n). The solutions were stored in an incubator at a
temperature of 25 - 0.1°C for 1 month. Then, the pH values of
the solutions were measured and used to calculate the stability
constants. In spectrophotometric measurements, the solution
containing Cr{lll) and aminoacid were heated on a water bath
for 2 h, and then their absorption spectra were recorded at
room temperature. A solid complex of Cr(IlIl) and L-cysteine
was prepared in the following manner [8]. Aqueous solution of
50 cm" in volume containing 1 milimole of CrCI® and 3 milimo-
les of L-cysteine hydrochloride was heated in a water bath. When
the colour of the solution had been changcd from green to red-
dish-violet, a solid NaOH was added. At pH about 7, dark blu-
ish-red crystalls of the Cr(ll1l) complex with L-cysteine  were
precipitated. The complex was filtered off, washed with ethanol
and dried at 100°C. The crystalline complex of Cr(lll) with DL-
-methionine was prepared according to Mizuochi and co-
-workers [15].

Results and discussion

Stability constants of Cr(llIL) complexes with DL-methionine
and L-cysteine,

The changes in the visible reflectance spectra of the in-
vestigated systems (Fig. 1) point to the formation of CrLr com-
plexes. It was found, by the method of Job, that the complex of

the composition Mj Lm1: 3 (Fig. 2) is a dominating one in
both systems at a wavelength X m 540 nm. The values of stabili-

ty constants calculated 'by the method of “corresponding solu-
tions" [16] are given in Tab. 1. The Table contain? also the
values of dissociation constants of DL-methionine and L-cyste-
ine [17].

The Kn constants, found from the Bjerrura formation curves
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Fig. 2, Assignment uf the complex composition by the method of

continuous changes of Job. 1 -(Cr IIl) with L-cy3teim’a\;{ 2 -

Cr(XIl) with DL-methionine, Concentration suit *0.Q6 M, d » 1

cm;  Xm 540 run. A » Am- ; Am « absorbance of the mixture,
A « absorbance of the Cr(C10%")j

Fig, 3. Tne formation curves of Bjerrum for the systems;
CrClIl) + DL-methionine; o - Cr(lll) + L-cysteine
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Table 2

Stability constants K, of Cr(lll) complexes
with some ligands in an aqueous solution

Ligand log K1 log K2 log Kj References
Ethylenediamine
(en) 16.5 14 [18]
Glycine (gli) 8.62 7.65 - [18]
a-alanlne (ala) 8.53 7.44 - [18]
Oxalate (ox) 5.3%* 5.17 - [18]
DL-methionine (met.) 7.45 6.54 5.99  this study
L-cysteine (cys) 8.05 7.45 6.32  this study

forms complexes easier with ligands co-ordinating through nitro-
gen and oxygen atoms.

Preparation and properties of crystalline complexes
of Cr(in) with DLmethionijieand L-cysteine

A solid crystalline complex compound of Cr(IXl) with L-cy-
steine and a solid compound of Cr(Ill) with DL-methionine  wexe
prepared according to the above mentiored procedure. The rnolacu-
lar formulae of the two complex compounds were assigned on the
basis of elemental analysis.

For Na[Cr(L - cys)2]2H20:
calculated (») C 20.40; H5.13; 0 27.17; K 7.93; 3 18.15; Cr 1<.72
found«») C 20.51; H5.33; 0 27.31; H7.87; S 18.02; Cr 14,65

For [Cr(DL - meth)"}2H20s
calculated (Si) C 33.63; H6.96; 0 23.89; M7.83; S 17.96; Cr 9.71
found (*) C 33.50; H7.C2; 0 24.00; N7.89; S 17.80; Cr 9.58

To know structures of both solid complexes, their lit spectra
(Tab. 3) and UV-VIS spectra of their solutions (Tab. 4) ar
made.

The shift of the band corresponding to stretching vibra m;xs
A(Nin) from 2300 cm™*1 to the. range 3220 - 3120 cm“1 in ;
plex* [Cr(Meth)j], 2170 suggests the formation of a strong 'r-<



Table

Characteristic absorption bands in the lit spectra of the investigated amlnoacids
and their complexes with Cr(IIl)

OL-Met Band Cr(.Met)52H20 Band L-Cys HCIH20  Band  NaCr(Cys)22H20 Band
3000 in NHL V 3220 m nh2 V 3050 m nh2 V 3120 m «a, V
2700 is W \g 3120 m nh~ g 2565 m SHV 1640 a C»0 V
1950 s co2 A& 1640 s coi \a 1740 s 0V 1610 s C: \a
1400 s (605 v 1420 s 60 % 1230 v3 C-0 V 1560 m N2 6
1320 m SCH5 V 1320 m SCHj V 1210 Vs' c-0V 1260 C-0 V
780 m CS A 780 m G \a 690 m GCSv 670 CS v
685 CS  \4 685 m S ’

450 m aoN v -

V - stretching vibration, My - symmetric stretching vibration, WMi - asymmetric stretch-
ing vibration, 5 - bending vibration, s —strong, m —medium, w —weak, Vv —very weak.
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Table 4

Spectral data of the Cr(Ill) complexes with DL-methionine
and L-cysteine

Band 1 Band 2 Band 5 Bat
Complex
P max log E max log £ max log E log 5
X [mOl cm” ] X X A
CriDL- Met)32H2Ca 416 1,71 =711 1,79
JaCr(L -Cys)22H20b 408 1,73 467 1,67 541 1,71 505 !, &

a Spectrum Ln 30rf HCIO".
A Spectrum in HO pH « 7.0.

bond. Similarly, the shift of symetric and asymmetric stro':'hi:;-
vibrations of carboxylic group from 1390 cm"1 and 1400 ca to
1620 cm1 and 1420 cm'l, respectively, points to the for::.', t:iLon
of a Cr-0 bond. According to Mc Auli fie [20], themdiff-
erence  A'CCOO*) between V(C00 ”3yn i anc* V(CO0 Sy.?J i- 1

measure of the Cr-0 bond strength (AV20Q confirms that ti.;
bond is a strong one).

Since there is no change in the position of symmetric and
asymmetric stretching vibrations of the C-S bond, it would
est that sulphur in the tioether group is not combined with chro-

mium. The band3 in spectrum of the complex ;Ja[Cr(Cys)2]. ' wmJ
were also clearly changed as compared with the cysteine -
trum. In the complex spectrum, there is no band corre;po.v:;, , ;.0

stretching vibration V(S - H), and the band of stretching
bration V(C - S) is in the complex at 670 cr*~’, wxuc;j.
that the sulphhydrile group can take part in the-

with metal. The characteristic band for the strotcr.in- - i"™>i
V(C - 0) 1740 cm'1 in the undissog{jated carboi:}¢i
shifted in the complex to 1640 cm =, which show that _v.-

xylic group takes*part in the combination v.‘tu
possibility of such a link is supported by t: =
stretching vibration of amine group to



also ty the formation of the bending vibracion S(NH2) at 1560
cm"1l, which is a characteristic feature for the contribution of
nitrogen of ornine group in the bond of metal ion [21).

Tie electronic spectrum of the complex Na [Cr(cys)2]. 2H20
show 4 characteristic absorption bands 467, 408, 541, 606 nm
(Tab. 4). Bands 467 and 541 no result from the division oi
bonds 408 and 606. Such a division of bands characteristic for
Cr(Ill) and Co(lll) complexes with aminoacids [22] which can
form two geometric isomer3 mer (cis, trana) and fac(cis, .cis)
due to the position of bonds N-metal and O-metal. It has been
found [22] that some sort of division in the bands of electro-
nic spectrum takes place im the isomer mer(cis, trans) which is
a complex of violet colour and is referred to as form oc. The
isomer fac(cis, cis) is red in colour and presents form (J. The
Cr(Ill) complex obtained with cysteine is violet in colour, be-
ing an o form. The electronic spectrum of this complex shows a
division of the bands. The solution of the complex Na[Cr(Cys>2]
2" 0, in an acidic medium, changes its colour from violet to red
and has only two bands 394 and 529 nm in its absorption spectrum.
The spectrum of the complex solution following neutralisation
shows also two bands 398 and 571 nm. This solution is violet in
colour. The spectral analysis shows that the complex Na[Cr(Cys),,]
2H20 in neutral and alkaline solutions assumies the form oc, but
in acidic solution - the form ft. The transition process from oc
to < form is not a reversible one.

The reaction mixture, from which complex Na[Cr(Cys)g].
2H20 was prepared, was separated in a chromatographic column
filled with an ion-exchange resin (Sephadex A-25). By elution
with 1-10» NaCl solutions, three fractions were separated: one
of red colour which was not identyfied, and two of blue colour.
The first blue fraction was identied as [Cr(H20)"]while the
second one had a spectrum analogous to that of Na[Cr(Cys>2]21"0
in the oc form.
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KOVPLEKSY Cr(111) Z DL-METIONINA | L-CYSTEINA

Kompleksy Cr(l1l1) z DL-metioning i L-cysteing badano w roz-
tworach wodnych metodami pH-metryczng i apektrofotometryczng. W
obu badiinych uktadach stwierdzono tworzenie sie po_3 kompleksow
o sktadzie Cr(Ill) s L+ 1: 17 1s2; orgz 1: 3. Metoda
B,jerruma okre$lono wartosci liczbowe sta’rych trw atosci wszyst-
kich tworzacych sie komplekséw w roztworach. Wstanie krystalit
cznym otrzymano kompleksy o sktadzie: [Cr(Met)}] 2HjO oraz

{ Cr(Cys)2] 2H20. Woparciu o wykonane widma IR zaproponowano
budowy strukturalng otrzymanych potaczen. Wykazano duzg przy-
datnos¢ metody wymiany jonowej na zywicy Saphadex A-25 do  wy-
dzielania w stanie czystym komplekséw chromu (11l1) =z . tioamino-

kwasami.

3aHHa MacjioBcica, JloHraa XpycuHHtoKH

KOMITIEKCH Cr(Ill) C DL~.METHOHUHOM H L-UUCTE"HOM

KOMrUiekcM Cr(ll1l) ¢ DL-MeTHOHHHOM H L-UHCT6HHOM HCCaeAOBaHO
d BONHax pOCTBOpax nOTeHUHOMBTpHqeCKMM H CneKTpOipOTOMeTpHMOCKHM
te'toz.oit. b HCCJienoBaHMx cncTeuax HacrynaeT 0 Gpa3OuaHHe komiijzex—
oB Cr(lll) - JwraHu, 1 s 1} 1 : 2j 1 :

MeTonom Bepywa onpe"e ietHO koHCTaHTU yc”OKHHBOc”k Bcex KOMiute-
<COB B pOCTBOpe. B KpHCT: IHHeCKOM (Ilkie MU O IH KOMIJJieKCMt
[Cr(MetE)S] 2H2 Na[Cr ys)2] 2H20. Ha 0CH)Be ojieMeHTapHoro /a-
Ja-iH3a a cnex?po& IR m onpeA Jiw.t hx $opMyjty. Merono«  aoHHoro
»CneKa Ha CMOjte Sepadex A-25 mu'pas”eliiwH xoMnjieitcu Cr(I111) c
T HOaMHHOKHCIIOTalVH.



