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Complexes of DL-ethionine, CH~CHZSCHZCHZCH( NH2)COOH (ethH), and S-methyl-L-cysteine, CH3SCHzCH ( KHz)- 
COOH (SmcH), have been prepared with manganese(II), cobalt(II), nickel(II), copper(II), zinc(II), palladium(II), plati- 
num(II),  cadmium(II), and mercury(I1). The infrared spectra of the amino acids and of the metal complexes were measured 
in the range 4000-200 cm-l. The diffuse reflectance spectra of the cobqlt, nickel, and copper complexes were measured in 
the range 25,000-7000 cm+. Spectral and magnetic data indicate that the complexes are of four types, as follows. (a) 
ML2 (L = eth, Smc; M = Mn, Co, Ni, CU, Zn, Cd) complexes are polymeric in the solid state with carboxyl bridges. 
The metal atom is six-coordinate and the amino acid is bound to one metal atom via the nitrogen and one oxygen and to  
another metal atom via the second oxygen. M(LH)Xz (M = Pd, P t ;  X = C1, Br) complexes in which the amino 
acid is bound to the four-coordinate metal atom via the nitrogen and sulfur atoms only. (c) [Hg(ethH)~]  (C104)z* HzO 
in which ethionine is possibly bound via the nitrogen only. [ A ~ C U ( S ~ C ) ~ ] N O ~  in which the amino acid residue is co- 
ordinated to the copper via nitrogen and oxygen and to silver via the sulfur atom. 

(b) 

(d)  

Introduction 
The use of chelating agents in biology and medicine 

has been said to have only just begunel It has been 
observed recently that metal chelation apparently plays 
a definite role in the cause and treatment of cancer but 
just how is still a matter for conjecture.2 There are 
indications that some metal chelates of ligands which 
have anticancer activity are more carcinostatic than 
the free ligands3 

We have commenced a study of the metal complexes 
formed by a number of chelating agents which are 
known to have a biological function or are likely to 
possess antiviral or carcinostatic activity. In  order to 
gain information concerning these metal complexes and 
their possible mode of action, i t  is of importance, first, 
to isolate and characterize the complexes and, second, 
to investigate their structures and the type of bonding 
present, 

DL-Methionine, CH3SCH2CH2CH(NH2) COOH (mth- 
H), is required in mammalian metabolism and, 
since it cannot be synthesized in the body, it is an es- 
sential amino acid which must be present in the diet. 
An important function of methionine in the body is its 
role in the synthesis of cysteine, and dietary methionine 
is by far the major source of methyl groups in the ani- 
mal e ~ o n o m y . ~  

Ethionine, CH~CHZSCH~CHZCH(NHZ)COOH (ethH), 
is a methionine antagonist6v6 and inhibits the metab- 
olism of the latter. Ethionine can be metabolized in 
the rat7 and inhibits the incorporation of methionine sul- 
fur and glycine into the proteins of rats;s i t  also inhibits 

(1) A. Albert, Auslvalian J .  Sci., 30, 1 (1967). 
(2) J. Schuhert, Scz. A m . ,  214 (5),  40 (1966). 
(3) S. Kirschner, Y. K. Wei, D. Francis, and J. G. Bergman, J .  Med.  

(4) A. White, P. Handler, and E. L. Smith, “Principles of Biochemis- 

( 5 )  H. M. Dyer, J .  Bid.  Chem., 134, 519 (1938). 
(6) R. 0. Roblin, J. 0. Lampen, J. P. English, Q. P. Cole, and J. R. 

(7) A. Meister, “Biochemistry of the Amino Acids,” Vol. 1, Academic 

Chem., 9, 369 (1966). 

try,” 3rd ed, McGraw-Hill Book Co., Inc., S e w  York, S. Y., 1964, p 504. 

Vaughan, J. A m .  C h e m .  Soc., 67, 290 (1945). 

Press Inc.. N e w  Yoi-k, N. Y., 1965, p 242. 

the conversion of methionine to cysteine by producing 
a decrease in the transmethylation from methionine to 
choline in rats. Ethionine also inhibits the growth of 
microorganisms6 and has been found to inhibit leukemia 
in mice.9 

S-Methy 1-L-c y s teine,  CHaS CH2 CH(N H2) CO O H  
(SmcH), which differs from methionine by having one 
less methylene group, is a naturally occurring amino acid 
which has been isolated from beans (Phaseolus vulgaris) 
and may be present in many other plants.1° 

These three sulfur-containing amino acids are che- 
lating agents which must compete with other ligands 
for metal ions in the body. The antibacterial activity 
of metal chelates of methionine can be explained as a fa t  
solubilization of metal ions which then become effective 
a t  bacterial cell walls or within the cell itself.I1 Lenz 
and Martell12 reported that the stability constants 
(log Pz)  of the metal chelates of DL-ethionine are ap- 
proximately 2 log units higher than those of the anal- 
ogous m-methionine chelates. These authors suggest 
that the greater stability of the ethionine chelates 
allows ethionine to compete successfully with methio- 
nine a t  an enzyme surface when metal coordination is 
involved in the enzyme reaction. The order of stabili- 
ties of the metal chelates M(eth)z and M ( S ~ C ) ~  (M = 
Mn, Co, Ni, Cu, Zn, Cd, Hg, Pb) led Lenz and Martell 
to the conclusion that there is little or no involvement 
of the thioether sulfur atom in chelation in these com- 
plexes. Similarly Li and ManningI3 concluded that the 
sulfur is not involved in coordination in the methionine 
complexes of zinc, cadmium, and mercury, whereas i t  is 
involved in coordination in the corresponding com- 
plexes of cysteine, HSCH2CH(NH2)COOH. Shindo 

(8) M. V. Simpson, E. Farber, and H. Tarver, J .  Bid.  Chem., 183, 81 
(1950). 

(9) G. M. Higgins, Cencev Res. ,  16, 292 (1966). 
(10) J. F. Thompson, C. J. Morris, and K .  M. Zacharius, h’oluve, 178, 593 

(1956). 
(11) W. 0. i?oye, Federnlio?z Pvoc., 20, Suppl. So. 10, 147 (1961). 
(12) G. R. Lenz and A. E. Martell, Biochemistiy, 3, 745 (1961). 
(13) S. C. Li and R.  A. Maqning, J .  A m .  Chem. Soc.. 77, 5225 (1955). 
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and Brown14 reported that in the complex Zn(Smc)? 
S-methyl-L-cysteine is coordinated via the nitrogen 
and one oxygen atom to give a four-coordinate species. 

Recently McXuliffe, Quagliano, and Vallarino I 5  
isolated a number of complexes of DL-methionine with 
bivalent and trivalent metal ions. From infrared 
spectral data the authors concluded that in the com- 
plexes M(mth)a (11 = hl ,  Cr, Fe, Rh, Bi) the ligand is 
coordinated through the nitrogen and carboxyl oxygen 
atoms and that the complexes M(mth)2 (Xi = Mn, Co, 
Ni, Cu, Zn, Cd, Hg, Pb) are octahedral and polymeric 
with carboxylato bridges so that the ligand coordinates 
to one metal ion viu the nitrogen atom and one oxygen 
atom of the carboxyl group and to a neighboring metal 
ion via the other oxygen atom of the carboxyl group. 
Subsequently ?r/lcAuliffe16 has reported that the infrared 
spectra of Pd(mthH) Cln and P t  (mthH) Cl? indicate that 
in these complexes methionine is coordinated through 
the nitrogen and sulfur atoms and the compounds have 
a polymeric structure due to intermolecular hydrogen 
bonding between the free carboxylic acid residues. 

In this paper we report some metal complexes of 
methionine and S-methyl-L-cysteine. Evidence con- 
cerning their structures \vas obtained from their infrared 
spectra, which were measured in the range 4000-200 
cm-l. 

Experimental Section 
Analyses.-Analyses for carbon, hydrogen, and nitrogen were 

carried out by Dr. E. Challen of the Microanalytical Laboratory, 
School of Chemistry, University of S e w  South Wales. 

Palladium and platinum were determined by direct ignition 
of the metal complexes. Other metals were determined by 
standard gravimetric procedures after the complex had been 
decomposed by fuming with a mixture of sulfuric, nitric, and 
perchloric acids. 

Infrared Spectra.-The infrared spectra were obtained from 
Xujol and halocarbon mulls on a Perkin-Elmer 337 spectro- 
photometer in the range 4000-400 cin-1 and on a Perkin-Elmer 
621 spectrophotometer in the range 600-200 cm-'. 

Visible-Ultraviolet Spectra .-The diffuse reflectance spectra 
were measured on a Zeiss PMQII spectrophotometer. 

Preparation of the Metal Complexes .-The metal complexes 
were prepared by one of the methods listed below (see also 
Table I) .  

Preparation 1.-The amino acid, DL-ethionine or S-methyl-L- 
cysteine (0.005 mol), and sodium hydroxide (0.005 mol) were 
warmed together in water (25 ml). The pH of the solution was 
adjusted to -8 with dilute hydrochloric acid. The metal 
nitrate hydrate (0.0025 molj in mater (10 nil) was added to the 
solution which was then stirred for 2 hr. The metal complex was 
then filtered off, washed with water, then with alcohol, and dried 
in M C U O  over phosphoric oxide. 

Preparation 11.-The metal nitrate hexahydrate (0.0025 mol) 
in water (10 nil) was added to a solution Containing the amino 
acid (0.005 mol) and sodium carbonate (0.0025 mol) in water (10 
ml). The solution was warmed a t  50" for 3 min and cooled, 
whereupon the metal complex deposited. In  one instance the 
addition of a small aniount of alcohol was necessary to bring 
about deposition of the complex. The complex was filtered off, 
washed with water, then with alcohol, and dried in vacuo over 
phosphoric oxide. 

Preparation 111.-Copper acetate monohydrate (0.0025 mol) 

The yields varied from 0.25 to 0.5 g. 

(14) H. Shindo and T .  L. Brown, J .  Am. Chcm. Soc.,  87, 1YO.I (1965) .  
(15) C. A. McAuliffe, J. V. Quagliano, and L. 11. Vallsrino, Iliorc. Clieri%., 

(16) C .  A. lIcAulilic, J .  ('hem. SOL.,  A ,  0~11 (10137). 
5 ,1006 (Isoe). 

in water (10 ml) was addcd to a solution contaiiiing the amiiio 
acid (0.005 mol) and sodium acetate (0.1 g ) in water (10 nil). 
The blue precipitate of the copper complex was filtered off, 
washed with water, then with alcohol, and dried in z'acuo over 
phosphoric oxide. 

Preparation 1V.-The amino acid (0.001 mol) in warm water 
(25 ml) was treated x i th  a solution of KgMX4 (M = Pd 
or P t ;  X = C1 or Br) (0.001 mol) in water (5  ml). The solution 
was warnied on the steam bath for 20 min. On being cooled to 
O 0 ,  the solution deposited the crystalline metal complex which was 
then filtered off, washed with a little water, then with alcohol 
followed by ether, and dried at 65". 

Preparation V.-The amino acid (0.005 mol) was added to 
a suspension of lithium hydroxide (0.005 mol) in alcohol (15 ml); 
this mixture was heated a t  60" with stirring for 20 min and then 
filtered. To the filtrate was added a solution of mercuric per- 
chlorate (0.0025 mol) in alcohol (10 ml), containing perchloric 
acid (0.5 ml). The precipitate of the mercury complex was 
filtered off and washed with alcohol and dried in nacuo over phos- 
phoric oxide. 

Preparation VI.-Bis(S-methyl-1,-cpsteinato)copper(II) (0.3 
g )  was warmed with a solution of silver nitrate (0.3 g) in water 
( 2 5  ml) on the water bath for 15 rniri. The solution was cooled 
and alcohol (5 ml) was added. The deep blue complex was 
filtered off, washed with water, then with alcohol, and dried 
in vacuo over phosphoric oxide. 

Preparation of Deuterated Compounds. DL-Ethionine .- 
Ethionine (0.2 g)  was dissolved in hot deuterium oxide (5 rnl) and 
the solution was kept a t  70' for 15 min in a stoppered flask. On 
cooling, the solution deposited crystals of the amino acid which 
was filtered off and redissolved in deuterium oxide as described 
above. The doubly recrystallized ethionine mas collected and 
dried at 100' for 15 min. 

S-Methyl-L-cysteine.-S-Methyl-L-cysteine (0.2 g )  was dis- 
solved in hot deuterium oxide ( 5  ml). The solution was kept 
at 70" for 15 min in a stoppered flask, then cooled to 20", when the 
amino acid was precipitated by the addition of acetone (3 ml). 
The process was repeated and the deuterated amino acid was 
collected and dried at 100" for 15 min. 

Nickel Complexes.-The deuterated nickel coiriplexcs were 
prepared in deuterium oxide from the deuterated amino acids by 
the method described in preparation 11. 

Results and Discussion 
The metal complexes which have been prepared, 

together with their method of preparation, analytical 
data, and room-temperature magnetic moments, are 
listed in Table I. 

Because of the weak ligand fields of these two amino 
acids, the complexes of manganese(I1) ~ cobalt(II), and 
nickel(I1) are high spin. The color of the cobalt com- 
plexes and the moments of the nickel complexes sug- 
gest an octahedral stereochemistry. Further evideiicc 
for this configuration was obtained from the infrared 
and visible-ultraviolet reflectance spectra. 

The infrared spectra of m-ethionine and S-methyl-~- 
cysteine were measured. The spectra of the deuter- 
ated compounds were also obtained in order to identify 
the bands due to the amino group." LVhereas the 
spectra of saturated aliphatic acids in the solid state 
display a carbonyl stretching frequency in the range 

(17) Tables listing the principal infrared bands and their assignments 
have been deposited as Document No. 9997 with the AD1 Auxiliary Pnblica- 
tions Project, Photoduplication Service, Library of Congress, Washington, 
D. C. 20640. A copy may be secured by citing the document number 
and remitting $ 1 . 2 5  for photoprints, or 81.25 for 35-mm microfilm. Ad- 
vance payment is required. Make checks or money orders payitblc tu: 
Chief, Photoduplication Service, Library of Congicss. 
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TABLE I 
METAL CHELATES OF DL-ETHIONINE AND S-METHYL-L-CYSTEINE 

Method Magnetic 7------ Analyses, 
of moment, -Carbon- -Hydrogen- --Nitrogen-- 

Compound Color prepn p,  BM Calcd Found Calcd Found Calcd Found 

Mn(eth)s Colorless I 5 .89  38.0 38 .5  6 . 4  6 . 4  
Co(eth)z Pink I1 4.90 37.6 37 .8  6 . 3  6 . 3  
Co(Smc)z Pink I1 4.75 29.4 29.2 4.9 4 . 8  
Ni(eth)z Blue I1 3 .21  37.6 37.7 6 . 3  6 . 2  7 . 3  7 . 5  
Ni(Smc)z Blue I1 3.24 29.4 29.5 4.9 4 . 9  
Pd(ethH)Clz Orange I v a 21.2 21.3 3 .9  3 . 9  
Pd(ethH)Brz Orange IV a 16.8 17.1 3 . 1  3 . 0  
Pd(SmcH)CL .H20 Orange IV a 14.6 14 .8  3 . 4  3 . 4  

Pt(ethH)Brz Yellow 11‘ U 13.9 14.2 2 .5  2 . 8  
Pt(ethH)Clz Yellow IV a 16.8  17.0 3 . 1  3 . 3  

Pt(SmcH)Clz. HzO Yellow I V  a 11.5 12 .1  2 .6  2 .7  
Cu(eth)z Blue I11 1 .83  37.2 37.4 6 . 2  6 .2  
Cu( Smc)z Blue I11 1.95 29.0 29.0 4.9 4 . 9  8 .4  8 . 3  
Zn(eth);? Colorless I a 37.0 36.7 6 . 2  6 . 3  7 .2  6 .9  
Zn(Smc)n Colorless I a 28.8 28.1 4 . 8  4 . 6  8 .4  8 . 6  
Cd(eth)z Colorless I a 33.0 33.0 5 . 5  5 . 5  
Cd(Smc)z Colorless I a 25.2 24.0 4 .2  4 . 1  

[AgCu(Smc)zl NO3 Blue VI 1.85 19.4 19.2 3 .2  3 . 4  
[Hg(ethH)2] (C104)z .HzO Colorless V a 19 .3  19 .3  3 . 8  4 . 1  3.8 3 . 9  

a Not measured; compound presumed to be diamagnetic. b Ag analysis. 

1725-1700 cm-1,18 the zwitterions of amino acids such 
as glycine, alanine, cysteine, and DL-methionine display 
v,,(COO-) a t  ca. 1600 cm-l and vsym(COO-) a t  ca. 
1410 cm-l. 14,15,19 The frequencies of the antisym- 
metric and symmetric carboxyl stretching modes for 
DL-ethionine and S-methyl-L-cysteine also occur in 
these regions, indicating that these two amino acids also 
exist as zwitterions in the solid state. The spectra of 
DL-ethionine and deuterated ethionine in the region 
3500-1500 cm-’ are given in Figure 1. 

--Metal--- 
Calcd Found 

14 .5  14 .8  
15.4 15 .4  
18 .0  17.6 
15 .3  15.6 
18.0 18.2 
31.2 31.0 
24.8 24.9 
32.3 33.3 
45.5 45.4 
37.7 37.4 
46.5 46.0 
16.4 16 .0  
19 .1  18 .9  

25 .8  25.4 
29 .5  27.8 

2 1 . 2 b  20.7b 

measured in order to establish which band in the region 
of 1600 cm-l is the antisymmetric carboxyl stretching 
mode; the NH2 deformation occurs as a shoulder on the 
lower frequency side of the very strong v,,(COO) band 
in the spectra of the metal complexes of the undeuter- 
ated ligands. The bands of interest in the spectra of 
the deuterated nickel complexes are listed in Table 11. 

TABLE I1 
PRINCIPAL INFRARED BANDS ( c M - ~ )  OF NICKEL CHELATES OF 

DEUTERATED DL-ETHIONINE AND S-METHYL-L-CYSTEINE 
Ug.9  Ysym 6 

Compound ------v(ND)z---- (COO) (COO) (NDn) 
Ni(eth)r 2498 m, 2415 m 1590 s 1410 s ii8n m 

(deuterated) 

(deuterated) 
Ni(Smc)z 2492 m, 2440 sh, 2415 m 1593 s (~~~~ sh ‘lS5 

The spectra of the nickel complexes of ethionine and 
deuterated ethionine in the range 3500-2000 cm-l are 
shown in Figure 2. These spectra, in contrast to the 
spectra of ethionine and deuterated ethionine (Figure 
l), display the NH2 and ND2 stretching modes as well- 
resolved bands. The sharpness of these bands indi- 
cates the absence of hydrogen bonding between the 
amino and carboxyl groups in the complexes such as 
occurs in the free ligands. The spectra of the nickel com- 
plex of S-methyl-L-cysteine and of the manganese, cobalt, 

I I 

3600 3000 2500 2000 1500 

I I 1 
and cadmium complexes also display sharp v(NH2) 
bands. However, these bands are not quite as sharp in r.- -1 

Clll . 
the spectra of the copper and zinc complexes but are by 
no means as broad as those of the free ligands. The fre- 
quencies of the NH2 stretching modes (3360-3090 cm-l) 
indicate that the amino group is coordinatedz0 in all of 
the metal complexes. Primary amines usually display 
two bands in the region 3500-3300 cm-l; the frequency 
of these bands is lowered by usually less than 100 cm-’ 
in the solid state.21 The range of v(NH2) frequencies 

Figure 1.-Infrared spectra of DL-ethionine (- ) and deuter- 
ated DL-ethionine (- - - -). 

The infrared spectra of all the metal complexes, 
listed in Table I, were measured.” The spectra of the 
nickel complexes of the deuterated ligands were also 
(18) L, J. Bellamy, “The Infrared Spectra of Complex Molecules,” 

(19) (a) Ivl. Tsuboi, T. Onishi, I. Nakagawa, T. Shimanouchi, and S. (20) G. F. Svatos, C. Curran, and J. V. Quagliano, J .  Aiiz. Cheiiz. Soc., 79, 
2nd ed, Methuen and Co. Ltd., London, 1958, pp 162, 167. 

bIizushima, Spectrochirn. A d a ,  la, 253 (1958); (b) K. Fukushima, T. Onishi, 
T. Shimanouchi, and S. Mizushima, ibid., 14, 236 (1959). 

3313 (1957). 
(21) See ref 18, pp 249, 252. 
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3500 3000 2500 2000 
Cm-'. 

Figure 2.-Infrared spectra of the nickel complex of ethionine: 
, Xi(cth)>; - - - - , KVi(cth)z (dcuterated). 

for the copper complexes is about 100 cm-I lower than 
for the complexes of manganese, cobalt, nickel, zinc, 
and cadmium, indicating that the metal-nitrogen bond 
is strongest for copper(I1) ; a similar result was reported 
for the copper(I1) complex of methionine.15 

Bivalent palladium and platinum yielded complexes 
of the type MLHXz (?IT = Pd, Pt;  LH = ethH, SmcH; 
X = C1, Br). The S-methylcysteine complexes were 
isolated as monohydrates, and the presence of water 
was confirmed by the occurrence of a strong OH 
stretching vibration a t  CCL. 3500 cm-I in the infrared 
spectra of these two complexes. The 6(NHz) mode 
occurs a t  ca. 1570 cm-', while the v,,(COO) mode occurs 
in the range 1737-1703 cm-I, i .e. ,  about 120 cm-' 
higher than in the spectra of the other metal complexes 
and of the free ligands. This high frequency denotes 
that the carboxylic group is neither coordinated to the 
metal nor hydrogen bonded, since saturated monobasic 
aliphatic acids which do not carry electron-attracting 
substituents display a strong band in the range 1725- 
1705 cm-l.ls The palladium and platinum complexes 
display a band in the range 335-3'78 cm-'; this band is 
assigned as the metal-sulfur stretching vibration v ( M -  
S). This band is not present in the spectra of the other 
metal complexes. Metal-sulfur stretching vibrations 
have been reported to occur a t  353-308 cm-I for di- 
ethyldithiophosphato complexes, 2 2  399-376 em-I for 
monothio-P-diketone complexes, 2 3  as a doublet at 
373-335 and 359-333 cm-' for some tris(l,2-dithiolato)- 
rhenium complexes,24 and as a doublet a t  320-317 and 
310-305 cm-I for c ~ s - { P ~ X ~ [ ( C H ~ ) ~ S ] ~ }  (X = C1, Br).25 
However, in thiourea complexes of transition metals 
v(M-S) occurs in the range 298-205 cm-1.26 

The two bands at 331--321 and 306-288 cm-I in the 
(22) S. H. H. Chaston, S. E. Livingstone, T. N. Lockyer, V. A. Pickles, 

(23) S. H. H. Chaston and S. E. Livingstone, i b i d . ,  20, 1065 (1967). 
(24) G. RZ. Schrauzer and V. P. Mayweg, J .  A m .  Cheiii. Soc., 88, 3235 

(25) J. R. Allkins and P. J. Hendra, J .  C h e w  SOL., A ,  1325 (11367). 
( 2 6 )  D. >I. Adams and J. €3. Cornell, ibzd . ,  A ,  584 (1967). 

and J. S. Shannon, Azisl ial inn J .  Cheiiz., 18, 673 (1965). 

(1066). 

spectra of the chloro complexes are assigned as metal-- 
chlorine stretching vibrations, since the bromo com- 
plexes do not absorb in this region but display a 
band a t  240-230 cm-'; however, this band was poorly 
resolved in the spectra which we were able to obtain. 
For palladium(I1) and platinum(I1) the v(LGC1) mode 
has been reported to occur in the range 370-315 cm-l, 
and the v(kl-Br) mode, a t  285-230 cm-1.26,27,28 

The infrared spectra clearly indicate that in the com- 
plexes of palladium and platinum the amino acid is 
acting as a bidentate chelating agent, being coordinated 
to the metal oiu the nitrogen and sulfur atoms, while the 
carboxyl group is not bound a t  all. From a study of the 
infrared spectra of the methionine complexes M(mthH)- 
Clz (M = Pd, Pt), McAuliffe16 recently concluded that 
the amino acid is coordinated through the nitrogen and 
sulfur atoms and that the complexes have a polymeric 
structure due to intermolecular hydrogen bonding 
between the carboxyl groups. As the spectra were not 
measured below 620 cm-l, no v(M-S) was observed. 
McAuliffe's suggestion of intermolecular hydrogen 
bonding, based on the occurrence of the OH out-of- 
plane deformation as a narrow weak band at ca. 940 
crn-l, seems unlikely in view of the high frequency 
(1720 cm-l) of the v,,(COO). A recent X-ray study 
showed that the Pd(mthH) C12 molecules pack together 
as dimers with hydrogen bonding between the carboxyl 
groups. 2 g  

In contrast to the palladium and platinum complexes, 
the mercury complex [Hg(ethH)2](C104)2.H20 does not 
display an M-S stretching vibration; consequently, the 
amino acid is not coordinated through the sulfur atom 
in this complex. The vas(COO) mode occurs at I580 
mi-', indicating that the carboxyl group is not free as 
in the palladium and platinum complexes. It seems 
likely that intermolecular hydrogen bonding occurs 
between the carboxyl groups of adjacent complex ions 
in the crystal. However, thc complex behaves as an 
electrolyte in water (Alooo~ 387 mhos a t  25') .  The 
presence of a strong, broad, unresolved band a t  I090 
cm-I and a sharp band a t  623 cm-I indicates that  the 
perchlorate groups are ionic30 in the solid state also. 
It is suggested that in this complex the mercury atom is 
two-coordinate and the amino acid is bound through the 
nitrogen atom only. With nitrogen donors mercury(I1) 
usually displays a coordination number of 231 and, 
being typically b class,32f33 does not form strong bonds 
with oxygen.23 

In order to obtain additional evidence that the thio- 
ether group of S-methylcysteine will coordinate to a b 
class metal such as silver(I), we prepared the complex 
[ A ~ C U ( S ~ C ) ~ ] S O ~  by treatment of a solution of Cu- 
(Smc)2 with silver nitrate. The infrared spectrum of 
[AgC~(Smc)~]S03 is similar to that of C U ( S ~ C ) ~ ,  

(27) R. J. H. Clark and C. S. Williams, Ii torg.  Chem., 4 ,  350 (1965). 
(28) D. hl. Adams, and P. J. Chandler, Chem. Co?nmu?z., 69 (1966). 
(29) N. C. Stephenson, J ,  F. RIcConnell, and R. Warren, I ~ Z O Y R .  .Vzicl. 

(30) B. J. Hathaway and A. E. Underhill, J .  Chef%. Soc., 3091 (1961). 
(31)  D. Grdenie, Quail .  Re%. (London), 19, 303 (1966,. 
( 8 2 )  S. Ahrland, J .  Chatt, and N. R.  llavies, ibid., 12, 265 (19X3). 
(33 )  S. E. Livingstone, ibid., 19, 386 (1965). 

Cheiiz. Letters, 3 ,  553 (1967). 
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except that it shows a v(Ag-S) band a t  380 cm-', indi- 
cating that the amino acid residue is coordinated to 
copper through the nitrogen and one oxygen atom and 
to silver through the sulfur atom. The spectrum shows 
that the nitrate group is ionic.34 In water the complex 
beahves as a uni-univalent electrolyte (AloOo, 102 mhos 
a t  25").  A structure such as I seems more likely than 

c/ 
B 0 

I 

the polymeric structure 11. 

I1 

The magnetic moments of the cobalt and nickel com- 
plexes denote a high-spin state and thus preclude a 
square-planar structure. The pink color of the cobalt 
complexes points to an octahedral rather than a tetra- 
hedral configuration. The diffuse reflectance spectra 
of the cobalt, nickel, and copper complexes were mea- 
sured; the band maxima are listed in Table 111. The 
spectra of the cobalt complexes are similar to the spectra 
of the aquated ion CO(H,O)~~+ and other six-coordi- 
nated c ~ m p l e x e s ~ ~ - ~ ~  and differ from the spectra of tetra- 
hedral cobalt(I1) complexes.38 The spectra of the nickel 
complexes are similar to the spectra of Ni(H20)6z+ and 
other six-coordinate nickel complexes. 39-41 The split- 
ting of the band at  ca. 1000 mp into two components a t  
ca. 900 and 1200 mp indicates some tetragonal dis- 
tortion from regular octahedral ( o h )  symmetry.42943 
The spectra of the copper complexes are consistent with 
a tetragonally distorted octahedral configuration. 3 7 v  44 

I t  is apparent that the cobalt, nickel, and copper 
complexes are six-coordinate. Since their infrared 
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TABLE 111 
ELECTRONC BANDS OF THE COBALT, NICKEL, 

AND COPPER COMPLEXES 
Bands------- 

Complex Amax, m ~ ;  Y ,  cm-1 in parentheses 

Co(eth)z 455 sh (22,000), 490 (20,400), 1060 (9450), 

Co(Srnc)l 
Iii(eth)2 
Ni(Smc)z 
Cu(eth)z 
Cu(Smc)Z 

1195 (8350) 
455 sh (22,000), 505 (19,700), 1075 br (8500) 
655 (15,000), 875 (11,450), 1190 (8400) 
615 (16,250), 975 (10,250), 1190 sh (8400) 
605 (16,500), ca. 700 sh (14,300) 
620 (16,100), ca. 725sh (13,800) 

spectra are similar, it is reasonable to assume that the 
manganese, zinc, and cadmium complexes are six- 
coordinate also. As the spectra of all of these com- 
plexes display no v(M-S) band and since the sulfur 
atoms in Cu(Smc)2 are available for coordination to a b 
class acceptor such as silver ion, the sulfur atom of the 
amino acid is not coordinated. Since the NH2 stretch- 
ing modes are well resolved, there appears to be no 
hydrogen bonding between the amino and carboxyl 
groups in the complexes. It seems then that these 
complexes are polymeric with the carboxyl group acting 
as a bridge between two metal atoms which are thereby 
six-coordinate. This polymeric carboxyl-bridged struc- 
ture was proposed by McAuliffe, Quagliano, and Val- 
larinoL5 for the methionine complexes M(mth), which 
they prepared. 

Conclusion 
With bivalent metals, DL-ethionine and S-methyl-L- 

cysteine have been found to form complexes of the 
following types. 

ML2 (M = Mn, Co, Ni, Cu, Zn, Cd; LH = 
ethH or SmcH).-These are polymeric in the solid 
state so that the metal ion is six-coordinate. The 
amino acid residue is coordinated to one metal atom 
via the nitrogen and one oxygen atom, while the other 
oxygen atom is coordinated to another metal atom. 

(b) M(LH)X2 (M = Pd, Pt; X = C1, Br).-In 
these complexes the amino acid is coordinated via the 
nitrogen and sulfur atoms only and the carboxylic 
group does not form a bridge. The metal atoms have a 
square-planar coordination. 

( c )  [Hg(ethH)2](C104)2~H,0.-It is suggested that 
in this complex ethionine is bound via the nitrogen atom 
only. Intermolecular hydrogen bonding probably oc- 
curs between the carboxyl groups of adjacent complex 
ions in the crystal. 

(d) [AgC~(Smc)~]N0~.-1n this mixed-metal com- 
plex the amino acid residue is coordinated to the copper 
atom via the nitrogen and an oxygen atom and to the 
silver ion via the sulfur atom. I t  is likely that in the 
solid state the second carboxyl atom is coordinated to 
another copper atom as in the compounds of type a. 

(a) 
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