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COORDINATION IRON-CISTEINE AND METHYLCISTEINE COMPLEXES 

it 
R. Panossian , G. Terzian , M. H 

Guiliano 

* Laboratoire de Chimie de Coordination de 1'Universite de 

Provence, Marseille. 

++ Centre de Spectroscopie Moleculaire de l'Universit6 d'Aix- 

Marseille 3. Centre S t .  J e r b e ,  Marseille. 

ABSTRACT 

Complexes of iron (11) with cysteine-HC1 and methyl- 

cysteine-HC1 are of in te res t  as models for  i ron (11) coordha- 

t ion in  proteine - Infrared and Raman spectra of these canple- 

xes and the i r  f ree  ligands are reported. These resul ts  show tha t  

cgsteine is bounded to  iron through sulfur ,  nitrogen and oxygen 

h Fe(Cyst)(H20),tg ( A )  and through sulfur and nitrogen in 

NapFe(Cyst)2 N20 (R), Fe(metCyst)2 (H20), ,* (C). 

INTRODUCTION 

The ca ta ly t ic  action of comple?xed iron cations i n  the 

oxidation of cgsteine in aqueous solution has long been demons- 
4 

trated. Though numerous observations have been reported,no com- 
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716 PANOSSIAN, TERZIAN, AND GUILIANO 

plete  explanation of the reaction mechanism is not ye t  available. 

Ferrous complexes of cysteine a re  postulated as essential inter-  

mediates '-'' though very l i t t l e  is  known about the i r  stnacture 

in solution. On the other hand, studies on the sol id  s t a t e  Fc- 

cysteine compounds give s t ructural  data but no crystallographic 

structure is available " '12'13. 

The present paper reports new infrared and Raman spec- 

troscopic data on w e l l  defined phases prepared by a procedure 

described i n  the l i t t e r a tu re  *, with cer ta in  modifications. 

EXPERIMENTAL 

- REAGENTS AND APPARATUS : 

Gcysteine hydrochroridc (FLUKA Puris grade) and methylcys- 

teine hydrochloride (FLUKA Puris grade) h w e  been used without 
fur ther  purificatian.  

(NH ) Fe(S04)2. B120 (PROLABO RP) was tested f o r  the absence 

of iron (111) impurity by the  addition of thiocywate. 

A l l  stages of preparation were carried under an atmosphere of 

nitrogen purified through OXYSORB. L. Catalyst. (02<0,02 ppm). 

Infrared spectra were recorded between 4000 and 2M) an- on 
PEIUIN-ELMER 225 using nujol and fluorolub mulls vith CsI 

windows. Raman spectra w e r e  recorded on a CODERG PBO spectm- 
meter with Argm ion laser source (5145 i). 
Solid s t a t e  samples were cooled a t  -120% h a sealed capilla- 

ry and aqueous solution were recorded i n  glass cells a t  room 

temperature. 

4 2  

1 

- PBEPABATIOll OF IROA (11) COMPLEXES : 

The preparative reactions and purification experiments have 

a l l  been done under purified nitrogen or argon and monitored 
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IRON-CYSTEINE COMPLEXES 717 

by a poten t imet r ic  device till complete reaction w i t h  a m i -  

moconbined electrode. Crystall ine compounds had t o  be stored 

under wgm.  

I )  17on (11) - Cgsteine 

Dropvise and very slov addition of a degased 6,5 M sodium hy- 

droxide solution in to  a 1:2 mole r a t i o  aqueous solution c m -  
taining iron salt  and cysteine HC1 yields a l i gh t  yellov preci- 

p i t a t e  (A) vhen the pH s tab i l izes  a t  5,5. Ftrrther addition of 

a lka l i  caused the dissolution of 1 :1 solide cnnplexe and the 

formation of 1:2 derivative isolated as the i r  sodium s a l t s  a t  

pH 8,5 (B). These compounds are then fur ther  precipitated by 

keeping the mixture a t  5OoC a fev hours in controlled atmos- 

phere. Ihe so l id  phases are then isolated,  thoroughly washed 

v i th  vater and alcool and dried over P 0 under vacuum. 
2 5  

2) I- (11) - Meethplcysteine 

This canpaund vas prepared by essent ia l ly  the same procedure 

which involved careful addition of hydroxide to  aqueous anae- 

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

methylester gave d i rec t ly  1:2 derivative. Attempts t o  prepare 

1 : 1 and 1 : 3 complexes were unsuccessful. 

3) Analysis 

Microanalysis of these sol id  canpounds was done by  "Centre de 

microanalyse, CNRS ( Lycm-France) " . 
The analytical  f igures are  given in  table 1. 

RESULTS AND DISCUSSION 

The position and attributions of the main vibration bands 

of different  ligands and the i r  ferrous complexes arc given in 
Table 2. 
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IRON-CYSTEINE COMPLEXES 

TABLE 2 

719 

CYSTEXNE,RCl 

3310 

+3020 ih 

2950-2700 br 

2700-2200 
2511 V l  

1740. a 
1642 v 
1620 S 

1510 1 

1515 

1427 

1395 S 

1220 a 

1205 a 

+ 3000 rh 

2900-2700 br 

no0-2200 
2517 
2010 
1140 
1610 
1598 
1518 

1512 
1444 
1418 

1380 

1330 
1245 

vm 
8 

1 

V 

V 

a 

a 
1 

S 

1 

a 

A (FeL) 

3350 
3322 
3210 i 

3235 
3150 

2930 8 

1640 i h  

1592 mh 
1563 1 

151a r)l 

1435 Sh 
1424 n 

1400 m 
1387 I 

3310 V 

3225 V 

2900 V 

-1640 ah 

1590 s . 1550 ah 

1420 m 
1390 m 

3300 m 
3220 8 

3130 v 

2950 V 

2900 W 

2850 ah 

1730 1 

1512 8 

1432 1 

~ J B O  s 

1250 I 

ATTRIBUTIUN 

v E20 ] O m 2  

v Nu)+ 
v BR 

v 0.0 

] v . ~ -  

VGO (ester) 

] vco+6oA(cooA) 

The al terat ions observed between the ligand spectra and their com- 

plexes a t  the level  of the character is t ic  abserptions of themino, 
th io l  and carboxylic grmps, allowed us t o  s p e c i e  the coordink 

t ion modes. 
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1) AMINO GROUP COCRDINATION 

The infrared spectra af cysteine-HCl md methylcysteine-HCl 
present a band a t  30'20-3000 m-' as w e l l  BS broad absorptitm 
between 2950 and 2700 cm"and a serie of bands inckded bet- 

veen 2700 and 2200 a~-', characteristic of valence Vjrbsation 

u ( N H ~ + ) ~ ~ " ~ " ~ .  The different bands v(W,*) disappear i n  the 

IR spectra of these three complexes. @i the o t h e r  hand, seve- 
r a l  thin bands appear between 3350 and 3700 m-', cRaractcris- 
t ic of the coordinated vibration mode v(lM ), accorcting to  SO- 

me authors 
2 17,18,19 

The bands due to  deformation mements das(lw~)(1620-1570ar?) 

and ds(Ilti3+)(1515 an-') are not seen in the spectra  of the 
complexes. 
A band observed a t  abaut 1570 an-' in the case of the compound 
(C). and about 7590 an" in the camplexes (A) and (B) of the 
cysteine must be attributed to  the coordinated movement d((wa2>. 

2) THIOL FUHCTIOIU COOBDIHATTON 

The valence vibration v(SH) is characterized by a band situated 
between 2600 aid 2500 an 
Kay and Mitchell1' have attributed a band a t  2500 an-' for tlte 

chlorhydrate aP cpstehe t o  this vibratiaa. According to 

Garfiakel', It leads t o  a very intense band la E a u m  speetro- 

metry a t  2577 at-'. 

We find again tkis  intcnse band in the Baraan spectrmn 04 the 

ligands. In infrared, the presence of several thfn h d s  in 
this regiaa makes the a t t r i h t i o a  more difficult. lhest hhgr 
red and Ramam bands do not appear fn the spectra of the sol id 
camplexes, thus indicating a caord5satiaa mode thraagh the 

thiol function. 

-1 14 
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IRON-CYSTEINE COMPLEKES 721 

3)  CARBOXYLIC FullCTI OLJ COORDINATIOEI 

1 In the infrared spectrum of methylcysteine a t  1740 un- 

[v(C=O)] and a t  1245 cm" ;v(C-O)l  , w e  observe characte- 
14 ristic absorptions of the ester group 

These absorptians are found unaltered in  the canplexe (C) 

spectrum. The acid carboxylic function of chlmhydrate of cys- 

te ine is characterized by the  very intgise v((?pO) absorpt im 

a t  1740 an'' and by the  absorption about 1220-1205 an-' due to  
the v (CO) and 6 (OH) coupled vibrations. 

The v(C=O) vibration disappears in compound (A) spectrum, 
which implies a coordinatim mode in the canplexe by the  car- 
boxylic group. The was(COO-) and vs(COO') bands are respecti-  

vely s i tuated a t  1563 and 1400-1387 cm l 3 , I 4 .  These a t t r i -  

butions are in agreement with previous work 

. 

13 . 

Cysteine has a chelatian mode susceptible of appearing in a pro- 

te in ic  sequence. This property has already been shown in nume- 
rous studies. Within the whole of a study, t h i s  work specifies : 

- ~1 one hand, that the type of chelation do not  always lead t o  

a tridardate ccgpcnmd (camplexe A): 

- on the other hand, that the react ivi ty  of functimal graaps of 

tbe cysteine molecule tarards the ferrous icm in not  always 
respected. 

Considering the dissociation constants, in the first approach, 
t h i s  study shws that the  gnups correspanding to  the  weakest 

pka are not a l w a y s  the  ones which are implicated i n  the bond 

vith irazi. These phenomena are explained by the  influence of 
sape factors  ia the  formation of different  bcmds in these caw- 
pamds iand m o r e  par t icular ly  by the  pH of the medium. 
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722 PANOSSIAN, TERZIAN, AND GUILIANO 

Thus a t  pH5, when the cystcine molecule is under z w i t t e r i m  me- 
thod, the negatively charged carboxylic gruap consti tutes a 

privileged complexing s i t e  f o r  iron. This assumption is cmfir- 
med by the study of the so l id  cmplexe (A). A t  pH 8-9, the 
amino and th io l  groups are the only ones implicated i n  the 

coordination with iron (compounds B and C) owing t o  the power- 

ful  electron giving character of nitrogen and the weak electro- 
negativity and the great polar izabi l i ty  of sulphur atoms. 

REFERENCES 

1. A.P. Mathevs and S. Walker, J. Biol. Chem., 6, 299, (1909). 

2. B. Tanalca, I.H. Kolthoff and W. Stricks,  J. Am. &an. SOC., 

3. L. Michaelis, J. Biol. Chem., 84, 777 (1929). 

4. H.B. Mathur, M.P. Gupta and C.V. Kavedia, Ind. J. Qem., 4, 

5. H. Schubert, J. h e r .  Chem. Soc. ,  54, 4077 (1932). 

6. A.D. Gilnraur and MC Aulcy, J. Chem. S W .  ( A ) ,  1006, (1970). 

7. J.E. Taylor, J.F. Yan and J. Wang, J. Amer. Chan. SOC., 

77, 1966 (1955). 

337 (1966). 

88, 1663 (1966). 

8. F.M. Page, Trans. Farad. Soc., 51, 919 (1955). 

9. A. T o d t a ,  H, Birai  and 3. Wishima,  Inorg. Chem. , 7, 760, 

(1968). 

(1972). 

10. C.A. Mc Auliffe and S.G. Murray, Inorg. Chim. Acta Rw., 103 

11. W. Hu and S.J. Lippard, J. Amer. Chem. Soc., 96, 2366 (1974). 

12. L.F. Larkworthy, J.M. Murphy and D.J. Phi l l ips ,  Inorg. Chem., 

13. K.S. b r a y  and P.J. Ncwman, Aust. J. Chem., 28, 773 (1975). 

14. L.J. Bellamy, "Infrared spectra of cmplcx molecules". 

7, 1436, (1968). 

L a d m  (1975). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
1
9
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



IRON-CYSTEINE COMPLEXES 723 

15. A. Tomita, S. Hirai, S. Makishima, Inorg. Nucl. Chem. Let t e r s ,  

4, 715, (1968). 
16. A. Kay and P.C.H. Mi tche l l ,  J. Chem. SOC. 

17. G.C. Percy., Spectrochim. Acta , 32A, 1287 (1976). 

18. J.F. Jackovi t2 , J .A.  Durkin and J.L. Walter, Spectrochim.Acta. 

(A)., 2421, (1970). 

23A, 67 (1967). 

19. I. Nikagana, R.J.  Hooper, J.L. Walter and T.J. L a n e ,  Spectro- 

chim. Acta, 21A (1965). 

20. L.D. Garfinkel and J.T. Edsa l l . ,  J. Am. Chem. S O C . ,  3823, 

(1958). 

Received 7-19-79 
Accepted 8-07-79 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
1
9
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


