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the Cl(B)-Ir-Cl(B)’ and Cl(B)-Rh-Cl(B)’ angles being acute, 
with values of 79.55 (12) and 81.71 ( 3 ) O ,  respectively. 

A final point of possible relevance is the observation that 
the M-M distances in the [($-C5Me5)MCl] (p-Cl)’ species 
vary significantly, with values of 3.769 (1) A for Ir-Ir and 
3.719 (1) %L for Rh-Rh; in contrast to this, there is no sig- 
nificant difference between the Ir-Ir and Rh-Rh distances 
within the [($-C5Me,)MCl]2(p-H)(p-C1) species. This 
observation might be applicable as further evidence for direct 
metal-metal bonding in the p-chloro-p-hydrido species. 
However, further data are clearly required. We are currently 
attempting to synthesize p-bromo-p-hydrido and di-p-bromo 
analogues in the expectation of clarifying these problems. 
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The crystal and molecular structure of the title complex, Na[Cr(~-cys)~].2H~O, C6HI4CrN2NaO6S2, has been determined 
from x-ray three-dimensional data. The complex crystallizes in the space group P3,21 of the trigonal system with a cell 
of dimensions a = 10.644 (2) and c = 9.809 (3) A. There are three formula units per cell. Full-matrix least-squares refinement 
using 1221 independent reflections has reached R = 0.022. The structure contains [Cr(~-cys)~]- anions, sodium cations, 
and two water molecules of solvation. The Cr and Na atoms as well as the oxygen atoms of the water molecules lie in 
special positions on diad axes. The complex anion has its central Cr atom in a slightly distorted octahedral coordination 
with two Cr-S, two Cr-0, and two Cr-N bonds respectively at distances 2.416 (l), 1.981 (l), and 2.062 (2) A. Cis angles 
at the Cr atom range from 82.83 (6) to 94.33 (5 ) ’ .  The two carboxylate oxygens and the two amino nitrogen atoms are 
mutually cis, while the two sulfur atoms are trans. The sodium cation has a more severely distorted octahedral geometry 
with its six coordination sites occupied by two pairs of water molecules and two Cr-bonded carboxylate oxygen atoms of 
one complex. The Na-0 distances lie between 2.363 (2) and 2.473 (2) A, and the cis bond angles range from 80.01 (8) 
to 102.01 (7)O. The structure contains hydrogen bonds of the type N-H.-0, W-H.-S, and W-H.-0, where W is a water 
oxygen atom. 

Introduction 
The interactions of sulfur-containing amino acids and their 

derivatives with transition metal ions have been a subject of 
great interest in recent years because of the potential use of 
these ligands in metal chelation therapy.’“ Among cysteine 
derivatives, penicillamine (P$’-dimethylcysteine) and N- 
acetylpenicillamine are clinically used for the treatment of 
metal poi~oning.’~~ Nevertheless, in this field, the knowledge 
of the nature and the extent of the metal bonding to cysteine 
and its derivatives is of primary importance and this is best 
obtained from x-ray structural studies. Up to now, only a 
limited number of such crystallographic determinations is 
available. These include several mercury complexes of pen 
(penicillamine)6-8 and cys (cysteine)? lead” and cadmium 
complexes of D-pen,” CU1&h116(D- en)12C1,‘2 Pd(SMC)CI2 

 pen),'^,'^ ~ C ~ ~ ~ : ~ - h i s )  (D-pen) (D-his)  pen)] , I 5  CrlI1(L- 
his)(D-pen),’ l6 c o  (D-pen)(L-pen),” and several complexes 

(SMC is S-methylcy~teine),’~ Co” P (SMC)’+,14 Co”’(L-his)- 

of with L-cys or its methyl or ethyl esters. Cysteine 
and its derivatives present three potential coordination sites 
for metal binding, these being S, N, and 0. The structural 
studies have shown that in all cases the sulfur atom is co- 
ordinated to the metal and that one or two of the other sites 
are sometimes also involved. This contrasts with metal 
complexes of methionine, for which sulfur coordination to the 
metal ions has not been found in the complexes with Cd,22 
Zn,23 and CU,’~ although it does occur in complexes with Hg,6 
Pd,25 and Pt.26 Structural studies of metal complexes of cys 
and its derivatives also show that the metal-ligand bond 
distances vary widely. In some cases, one bond is much weaker 
than the others, but in other examples all bonds are apparently 
of approximately equal strength. To this last class belong the 
tridentate complexes formed between pen and Co(II1) and 
Cr(II1). 

Crystal structure analyses of Na[Cr(~-cys),]-2H,O have 
recently been carried out independently at  Chapel Hill and 
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Table I. Fractional Coordinates with Esd’s in Parentheses 

Atom X Y z 

Cr 0.410 14 (4) 0 - 1 1 s  

S 0.517 37 (6) 0.193 16 (5) -0.000 54 (4) 
N 0.473 5 (2) -0.104 4 (2) -0.029 3 (2) 
O(1) 0.233 8 (1) -0.099 2 (2) -0.051 8 (1) 
O(2) 0.172 0 (2) -0.155 7 (2) 0.166 4 (2) 
C(1) 0.260 5 (2) -0.117 8 (2) 0.072 7 (2) 
C(2) 0.414 7 (3) -0.083 3 (2) 0.100 4 (2) 
C(3) 0.506 l ( 3 )  0.075 5 (3) 0.140 4 (2) 
Na 0.095 3 (1) 0 - 1 1 6  

W(1) -0.203 3 (3) 0 ‘I 3 

W(2) 0.089 8 (3) 0 ‘ 1 3  

H(1) 0.459 (4) 0.093 (4) 0.214 (3) 
H(2) 0.587 (4) 0.090 (4) 0.160 (3) 
H(3) 0.403 (3) -0.147 (3) 0.168 (2) 
H(4) 0.437 (3) -0.182 (3) -0.043 (3) 
H(5) 0.564 (4) -0.069 (4) -0.024 (3) 
H(6) -0.217 (4) 0.074 (4) 0.343 (4) 
H(7) 0.095 (6) -0.053 (5) 0.284 (3) 

Sydney. The existence of the parallel investigations was 
discovered only when the work had been com~leted.’~ There 
were no significant differences between the two sets of results. 
We here report the preparation and structure of the complex. 
The numerical values are taken from the Chapel Hill structure 
analysis in view of their slightly higher precision. 

Experimental Section 
Crystals of the complex were prepared in the following manner. 

Chromium nitrate monohydrate (2.5 X mol) in 15 mL of water 
was mixed with 7.5 X 10” mol of L-cysteine in 15 mL of water. The 
resulting solution was boiled for a few minutes and solid NaOH was 
added until the solution’s color changed from red-violet to blue; at 
this stage the pH was approximately 7. The hot solution was then 
filtered and allowed to stand. After one night, large well-formed 
crystals appeared; in one of our preparations one single crystal which 
formed was found to weigh as much as 26 mg. The crystals look almost 
black, but when they are ground, the powder is blue. The potassium 
analogue was also obtained as single crystals, by using KOH in place 
of the NaOH. 

Preliminary Weissenberg and precession photographs showed that 
the crystals of the complex were trigonal, the space group being either 
P31, P3112, or P3121 (or their enantiomorphs) with 0001, I = 3n + 
1, as their only systematic absences. Inspection of the films showed 
that the equivalencies between observed intensities were consistent 
only with the space groups P3121 and P3221. The cell constants were 
obtained by least-squares methods. The potassium analogue of the 
title complex is strictly isomorphous. 

Crystal data: C6H1406N2S2NaCr, mol wt 349.3, trigonal, space 
group P3121 (No. 152), 2 = 3, r(Mo Ka) = 12.97 cm-’. de Meester 
and Hodgson: a = 10.644 (2), c = 9.809 (3) A; V =  962.4 A’; d m d  
= 1.79 (3), da,d = 1.808 g ~ m - ~ .  Freeman and Moore: a = 10.653 

g cm-’. 
Data C o l l e c t i o ~ p e l  Hill. A crystal of approximate dimensions 

0.31 X 0.44 X 0.59 mm was mounted on a Picker four-circle automatic 
diffractometer with its c axis roughly parallel to the machine 6 axis. 

(l), c = 9.797 (2) A; V =  962.8 A3; d m d  = 1.78 (3), daId = 1.802 
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Data were collected out to 28(Mo) = 65O in a manner described 
e1se~here.I~ The data were processed by the procedure of Ibers and 
c o - w ~ r k e r s . ~ ~ ~ ~ ~  The intensities were corrected for Lorentz and 
polarization effects and for absorption, the transmission coefficients 
ranging from 0.67 to 0.76.m Of the data gathered, 1221 independent 
intensities had I > 2.6u(1). 

Data Collection-Sydney. The data were recorded on a com- 
puter-controlled Supper equiinclination diffractometer?’ using a crystal 
mounted with its axis of rotation parallel to the crystallographic b 
axis. A total of 3992 reflections were measured on the layers hOkh71 
(28 < 60°, monochromated Mo Ka radiation). Lorentz, double- 
polarization, and absorption corrections were applied. The dia- 
mond-shaped crystal specimen had well-developed faces of the forms 
(101), (01 I}, and (1 11) with equal perpendicular interfacial distances 
of 0.26 mm. The transmission coefficients were in the range 0.77-0.83. 
Equivalent reflections on different layers were used to bring the 
intensities to a common ~cale . ’~ After averaging, there were 1066 
independent reflections, of which 895 had I > 2.9u(I). The standard 
deviations of the structure factors were calculated with allowance for 
random and systematic errors.33 

Solution and Refinement of the Structure. In the Chapel Hill 
structure analysis, the locations of the chromium and sulfur atoms 
were derived from a three-dimensional Patterson function, and these 
positions were refined by least-squares methods. Ail least-squares 
calculations were on F, the function minimized being xw(Fo  - FJ2. 
The weights w were taken as ~ F , ~ / u ~ ( F , ) ~ .  Form factors for non- 
hydrogen atoms were taken from ref 34 while those for H were from 
Stewart, Davidson, and S i m p ~ o n . ~ ~  The effects of the anomalous 
dispersion of Cr and S were included in Fc,’6 the values of Af’ and 
Aj” being taken from ref 34. 

A difference Fourier map calculated on the basis of the positions 
of the Cr and S atoms alone showed the positions of the remaining 
nonhydrogen atoms in space group P3221. Isotropic refinement 
reduced R1 to 0.090 and R2 to 0.137, with RI  defined as CllFol - 
IFcll/CIFol and R2 as [Cw(lFol - lFc1)2 /~w(Fo)2]”2 .  At this stage 
it was apparent that we had chosen the wrong enantiomer, since our 
model contained the D isomer of the ligand. Refinement in the 
enantiomorphous space group P3121 yielded R1 = 0.083 and R2 = 
0.132. All hydrogen atoms were found in a difference Fourier map 
after anisotropic refinement of the nonhydrogen atoms. Inspection 
of the observed and calculated structure amplitudes near the end of 
the refinement indicated that there were significant errors in the data 
due to secondary extinction. A correction of the type described by 
Za~hariasen’~ was, therefore, applied. The refined value of the 
extinction coefficient was 3.9 (1) X lo-’. No parameter shift in the 
final least-squares cycle was greater than 0 . 2 ~ .  A final difference 
Fourier revealed no significant electron density, with no peak higher 
than 0.37 e R-’. The value of R2 showed no significant dependence 
on sin 8 or on IFJ. The final agreement factors R1 and R2 are 0.022 
and 0.030, respectively. The positional and thermal parameters for 
all atoms are presented in Tables I and 11. A compilation of observed 
and calculated structure factors is available.39 

The Sydney structure analysis proceeded along essentially identical 
lines, except that no correction for extinction was made, and refinement 
weights w were taken as f2(Fo)  [where the standard deviations u(F,) 
were derived as mentioned previously]. The final residuals R I  and 
R2 were 0.036 and 0.036, respectively. 

There are no differences greater than 2 esd’s between equivalent 
positional parameters of nonhydrogen atoms derived from the two 

Table 11. Thermal Parameters with Esd’s in Parentheses 
Atom f i l la  P n  033 P I 2  P I 3  P 2 3  Atom B, A’ 

Cr 0.004 33 (3) 0.004 77 (4) 0.003 37 (3) [0.002 39Ib -0.000 02 (1) 
S 0.007 28 (6) 0.005 04 (5) 0.004 86 (4) 0.002 51 (4) -0.000 52 (4) 
N 0.007 4 (2) 0.007 4 (2) 0.005 6 (1) 0.005 2 (2) -0.000 3 (1) 
O(1) 0.005 4 (1) 0.006 7 (2) 0.005 0 (1) 0.002 9 (1) 0.000 4 (1) 
O(2) 0.012 8 (2) 0.012 3 (2) 0.007 4 (2) 0.007 5 (2) 0.005 3 (2) 
C(1) 0.008 0 (2) 0.005 4 (2) 0.005 1 (1) 0.003 6 (2) 0.001 4 (1) 
C(2) 0.008 8 (2) 0.006 7 (2) 0.004 1 (1) 0.004 6 (2) -0.000 6 (1) 
C(3) 0.010 4 (3) 0.007 3 (2) 0.005 0 (2) 0.003 5 (2) -0.002 1 (2) 
Na 0.007 3 (1) 0.008 8 (2) 0.006 4 (1) [0.004 41 -0.000 l(1) 
W(1) 0.008 5 (2) 0.008 4 (3) 0.011 2 (3) [0.004 21 0.001 0 (1) 
W(2) 0.008 4 (2) 0.011 1 (3) 0.008 7 (3) [O.OOS 61 -0.000 l(1) 

a The form of the anisotropic thermal ellipsoid is exp[-(p,,h2 + p Z 2 k 2  + p3,Z2 + 2pI2hk + 2p1 
that for atoms in special positions on diad axes pz2 = 2p,, and p Z s  = 2p,,. 

[-0.000 041 H(1) 4.4 (7) 
-0.000 63 (3) H(2) 4.6 (8) 
-0.000 2 (1) H(3) 2.8 (6) 

0.001 0 (1) H(4) 2.1 (5) 
0.003 8 (2) H(5) 3.0 (6) 
0.001 2 (1) H(6) 4.2 (8) 
0.000 4 (1) H(7) 7.2 (14) 

-0.000 8 (2) 
[-0.000 21 

[0.002 01 
[-0.000 21 

,hZ + 2p,,kZ)]. Brackets indicate 
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Table 111. Bond Distances (A) and Bond Angles (deg) 

Cr-S 2.416 (1) C(2)-N 1.484 (3) 
Cr-N 2.062 (2) C(2)-C(1) 1.518 (3) 
Cr-O(1) 1.981 (1) C(1)-0(1) 1.291 (2) 
S-C(3) 1.829 (2) C(1)-0(2) 1.231 (2) 
C(3)-C(2) 1.521 (3) 

S-Cr-SI 174.6 (1) Cr-S-C(3) 94.92 (7) 
S-Cr-O( 1) 89.33 (5) Cr-N-C(2) 101.7 (1) 
S-Cr-N 82.83 (6) Cr-O(l)-C(l) 113.4 (1) 
S-Cr-N' 93.95 (6) C(3)-C(2)-N 107.8 (2) 

N-Cr-O( 1) 79.59 (6) N-C(2)-C(1) 107.2 (1) 
O(l)-C~-O(l)' 94.15 (8) C(2)-C(1)-0(2) 120.2 (2) 
N-Cr-N' 106.8 (1) C(2)-C(l)-O(l) 115.3 (2) 
O(1)-Cr-N' 173.13 (9) O(l)-C(1)-0(2) 124.5 (2) 

S-Cr-O(l)I 94.33 (5) C(3)-C(2)-C(l) 109.1 (2) 

N e .  .W(l)" 2.488 (2) Na. * aO(1) 2.472 (2) 
Na. * sW(2)" 2.363 (2) 

W(2)"-Na-W(2)"' 101.68 (6) O(l)-Na-O(l)I 71.87 (7) 
W(2)11-Na-O(1) 162.96 (5) O(l)-Na-W(l)" 89.95 (7) 
W(2)"-Na-O(1)' 93.81 (3) O(l)-Na-W(l)"' 87.53 (4) 
W(2)''-Na-W(1)" 80.00 (8) W(l)"-Na-W(l)"' 176.89 (9) 
W(2)11-Na-W(1)"' 101.99 (6) 

Hydrogen Bonding 
A-B* * .C A* * *C B * * . C  A-B-C 

N-H(5)* * *0(2 ) IV  2.888 (3) 2.40 (3) 118 (3) 
W(l)-H(6)* . .Sv 3.389 (2) 2.55 (3) 156 (3) 
W(2)-H(7)* 8 . 0 (2)  2.764 ( 3 )  2.02 (4) 163 ( 5 )  

a Roman superscripts refer to atoms in the following positions: 
( I ) x - y , - y , - ' / 3  -z;(II)y,x,-z;(III)-x,y-x,  1 / 3  - z ;  (IV) 
1 + y - x ,  - x , z  - ' / 3 ;  (V)-y,x - y ,  ' / 3  t 2. 

Table IV. Dihedral Apgles of Interest (deg) 

O(l)-C(l)-C(2)"-C(3) 90.0a Cr-N-C(2)"-C(l) 45.7 
O(l)-C(l)-C(2)"-N -26.4 Cr-O(l)-C(l)-C(2)" -9.4 
S-C(3)-C(2)"-N 52.5 Cr-S-C(3)-C(2)" -10.2 

a Values are taken as positive when far atom rotates anticlock- 

Cr-N-C(2)"-C( 3) -71.7 

wise relative to near atom to be eclipsed. 

analyses. A half-normal probability plot3* shows that there are no 
systematic differences between the two sets of positional and thermal 
parameters but that the standard deviations of the parameter dif- 
ferences have been underestimated by about 40%. Tables I and I1 
show the positional and thermal parameters for all atoms from the 
Chapel Hill calculations. The Sydney parameters and lists of observed 
and calculated structure factors from both analyses are available.39 
The principal bond lengths and angles are listed in Tables I11 and 
IV. 

Discussion 
The structure contains the complex anion [Cr(~-cys)J, Na' 

cations, and water molecules of solvation. The geometry of 
the complex anion is shown in Figure 1. The central Cr(II1) 
atom lies on a twofold axis and its coordination is approxi- 
mately octahedral, the two cysteine ligands being tridentate 
via trans S atoms and cis 0 and N atoms. The Cr-0 bond 
of length 1.98 1 (1) A is relatively strong and can be compared 
to  distances found in a variety of complexes, typically in 
tris(g1ycinato)chromium(11)40 where they avera e 1.965 (2) 
A and in tris( 1,3-pro anedionato)chromium(IIIf' where the 
average is 1.954 (4) 1. The Cr-N bond of 2.062 (2) A is also 
strong. In [Cr(NHz(CH2)3NH2)3]42 the Cr-N bonds average 
2.096 (3) A, and in [Cr(gly)3]40 the mean value is 2.068 (5) 
A. The Cr-S distance found in the title complex is 2.416 (1) 
A. Values previously re orted for this distance in similar 

thioxanthato)chromium(III),43 2.389 (5) in [Cr(mercap- 
t~e thylamine)~(en)  J ,44 2.332 (2) b; in [ Cr(~-h is )  (D-pen)], 1 5 , 1 6  
and 2.337 (2) A in [Cr(mercapt~acetato)(en)~].~~ The longer 

complexes are 2.400 (1) R (average of 12 bonds) in tris(ethy1 

Figure 1. View of the [Cr(~-cys)~]' anion in Na[Cr(~-cys)~l.ZH~O. 
Thermal ellipsoids are drawn at the 40% probability level, with 
hydrogen atoms shown as spheres of arbitrary size. 

A \\ 

Figure 2. Perspective view of sodium ion in relation to the [Cr(~-cys)~]- 
anion in Na[Cr(~-cys)~] .2H~O. Three diad axes run respectively 
through the Na and Cr atoms, the water molecules W(1) and W(2) 
close to the reader, and the water molecules W(l) and W(2) remote 
from the reader. 
Cr-S bonds are found in complexes where they are trans to 
other S donor atoms. The cis angles at the Cr atom are 
normal, ranging from 82.83 (6) to 94.33 ( 5 ) O ,  and are very 
similar to those found in related complexes. l4-I7 

The bond distances obtained for the L-cysteine ligand in this 
study are precise, with estimated standard deviations of 
0.002-0.003 A. The values are compared to those found for 
the orthorhombic form of  cysteine^^ and in some related 
metal complexes in Table V. Equivalent bonds have similar 
lengths in all of the structures. The only exceptions are the 
C-O bonds, where the difference between bound and unbound 
carboxy oxygen atoms in the metal complexes is not found in 
the free ligand. 

The sodium cation is in an approximately octahedral en- 
vironment, being surrounded by two pairs of water molecules 
and the two Cr-bonded carboxy oxygen atoms of one complex 
(Figure 2). The cis angles range from 80.00 (8) to 101.68 
(6)O, and the Na-0 distances, from 2.363 (2) to 2.488 (2) A. 
This geometry is not very distorted and compares well with 
recent accurate determinations, e.g., in sodium urate47 where 
the Na-0 distances range from 2.351 (9) to 2.535 (9) 8, and 
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Table V. Comparison of the Cysteine or Penicillamine Bond Lengths in Several Structures 
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Cr (CY s) 2- 
Bond (this work) C y P  Co(L-his)(D-pen)15-16 C r ( b h i s ) ( ~ p e n ) ' ~ * ' ~  Co(D-pen)(L-pen)17 

SY-CP 1.829 (2) 1.811 (3) 1.838 (5) 1.845 (6) 1.848 (5) 
CP-C" 1.521 (3) 1.537 (3) 1.552 (9) 1.536 (8) 1.544 (5) 
C"-N 1.484 (3) 1.493 (3) 1.482 (6) 1.511 (7) 1.482 (4) 
ca-c 1.518 (3) 1.522 (3) 1.526 (3) 1.513 (7) 1.535 (5) 
c-0 1.231 (2) 1.238 (3) 1.222 (5) 1.248 (6) 1.225 (4) 
c-0 1.291 (2)" 1.256 (3) 1.285 (5)" 1.265 (6)" 1.283 (4)" 

Oxygen atom which is bonded to the metal. 

Figure 3. Stereoscopic drawing of the structure viewed in a direction perpendicular to the 3, axis. 

* *  
Figure 4. Stereoscopic drawing showing the packing of the complexes in the crystals of N a [ C r ( ~ - c y s ) ~ ] . 2 H ~ O .  T h e  view is approximately 
along the crystallographic c axis. 

the cis angles range from 75.8 (3) to 101.1 (3)O and also in 
the sodium salt of 5'-dAMP48 with analogous values of 2.370 
(6)-2.453 (6) A and 87.2 (2)-93.1 (2)O. Thus the geometry 
around the sodium cation in the title complex represents, to 
a good approximation, the normal geometry of this ion. There 
are many known examples where the geometry around sodium 
is much more irregular. 

The Na and Cr atoms lie on a diad axis, and the pairs of 
water molecules W( 1) and W(2) lie on two other diads. The 
(H20)4Na(~-cys)2Cr motif is repeated by the threefold screw 
axis to form an infinite spiral (Figure 3). Adjacent Na ions 
in the spiral share a pair of W(l)  and W(2) water molecules. 
There are also strong hydrogen-bonded interactions within the 
spiral, but interactions between neighboring spirals are weak 
(see below). The packing of the spirals results in the unusual 
trigonal symmetry of the crystals (Figure 4). The Na ions 
and water molecules are relatively close to the threefold axes 
while the complex anions are approximately midway between 
them. 

There are several hydrogen bonds in this structure. The 
amino group of one complex anion forms such a bond with 
the terminal oxygen atom O(2) of a complex anion in a 
neighborin spiral. This interaction is weak, with N-.O = 
2.888 (3) 1, H*-O = 2.40 (3) A, and N-Ha-0 = 118 (3)O. 
The other two types of hydrogen bonds are formed between 
atoms in the same spiral. There is a W(2)-0(2) interaction 
with a separation of 2.764 (3) A and an associated angle of 
163 ( 5 ) O .  There is also a hydrogen bond of the type W-H.4 

with a distance of 3.389 (2) A and an angle at hydrogen of 
156 (3)'. These values can be compared to those reported 
in 6-thioguanine picrate monohydrate4' of 3.345 and 175'. 
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Structural Characterization of Bis(L-methionato)zinc(II), Zn(L-rnet)* 
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The  crystal and molecular structure of bis(L-methionato)zinc(II), Zn(L-met)z, has been determined from three-dimensional 
x-ray counter data. The  complex crystallizes in the monoclinic space group P21 with two formula units in a cell with dimensions 
a = 15.731 ( 5 )  A, b = 5.1 19 (2) A, c = 9.437 (4) 8,, and 0 = 107.96 (2)’ .  Least-s uares refinement of the structure led 
to a value of the conventional R factor (on F) of 0.055 for 1083 data with F2 > 2 4 7  ). The complex consists of Zn(met)2 
units linked by long-range Zn-0 contacts of 2.240 (7) and 2.729 (7) 8, into sheets lying approximately in the crystallographic 
b-c plane. There is slightly distorted octahedral geometry around each zinc center, the base plane being occupied by the  
amino nitrogen atom and one carboxyl oxygen atom from each independent methionine moiety. The  remaining carboxyl 
oxygen atoms participate in long-range Zn-0  interactions. T h e  geometry of the  methionine ligands is similar to  tha t  of 
uncomplexed L-methionine. Polymeric interactions in Zn(L-met)z are similar to those found in CU(DL-met), and Cd(L-met)z. 

9 

Introduction 
Metal poisoning has become an unpleasant side effect of 

our technologically advanced society. Caused mainly by 
industrial pollution and the use of metals in household and 
agricultural products,’ metal poisoning has been treated ef- 
fectively with chelating  agent^.^ Most commonly used in this 
capacity are ethylenediaminetetraacetic acid (EDTA),4,5 
2,3-dimercaptopropanol (BAL, for British Anti-Le~isite),~~’ 
and derivatives of cysteine such as &3’-dimethylcysteine 
(penicillamine).8-’0 The nature and extent of the binding of 
cysteine and its derivatives with transition metals have been 
the topics of considerable not only because of 
its importance in chelation therapy but also in catalysis.” 
Cysteine and penicillamine, which have been shown to occupy 
one, two, or three coordination sites depending on the metal, 
can form two five-membered and one six-membered chelate 
rings if they exhibit tridentate coordination. Tridentate 
methionine potentially forms one five-, one six-, and one 
seven-membered ring. However, no such metal complex of 
methionine has been isolated to date, and, in general, solid-state 
complexes of methionine are not as well characterized as those 
of cysteine and penicillamine. With Pt(II)’* and Pd(II)23 
methionine acts as a bidentate chelate bonding through sulfur 
and nitrogen with the carboxyl group protonated. With the 

amino group but not the carboxyl group protonated, methi- 
onine coordinates to two different Hg(I1) centers, one through 
sulfur and the other through both carboxyl oxygen atomsz6 
When neither the amino nor the carboxyl group is protonated 
and the metal is Cd(II)’7 or CU(II),’’ methionine again in- 
teracts with two metal centers. It coordinates through the 
amino nitrogen and one carboxyl oxygen to one center and 
through the other carboxyl oxygen to the second metal center. 
As was the case for cysteine and penicillamine, the mode of 
methionine binding also varies depending on the metal atom. 

Zinc is a much less toxic metal than other group 2B metalsz8 
and has been shown to compete successfully with cadmium 
for protein binding sites.z9 Thus, zinc complexes are most 
useful in comparison with their cadmium analogues. In order 
both to further examine the effect of increased chelate ring 
size on the extent of methionine binding to metals and to 
compare it with the cadmium analogue, we undertook the x-ray 
structural analysis of Zn(L-met)z. 
Experimental Section 

T h e  complex was prepared by adding a n  aqueous solution of 
L-methionine to  a suspension of freshly prepared Zn(OH)z  in water 
so that the molar ratio of ligand to metal was 2:l. The reaction mixture 
was filtered and the filtrate allowed to evaporate until colorless plates 
precipitated. Anal. Calcd for ZnSZO4NzCloHzo: Zn, 18.07; N, 7.74; 


