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‘H NMR and CD spectra have shown the crea- 
tion of chirality centers on thioether sulfur atoms 
when bound to metal ions in Pd(II) complexes with 
S-benzyl-L-cysteine and glycyl-S-benzyl-L-cys 
teine. Two diastereomers are formed with R or 
S configuration on the sulfur. The ‘H NMR and 
CD spectra as well as the molecular model 
considerations were used to suggest the absolution 
configuration of the respective diastereomers in 
the series of Pd(II) complexes with S-methyl, S-ethyl 
and S-benzyl-L-cysteine derivatives. The S-substituent 
was also found to have a critical influence on the 
absolute configuration of sulfir atom in the studied 
complexes. 

Introduction 

The creation of a chirality center on thioether 
sulfur when bound to a metal ion results in several 
characteristic spectroscopic and structural features 
[l-6]. 

The studies on the S-alkyl cysteine complexes 
of Pd(II) and Pt(I1) revealed among others that two 
diastereomers are usually formed and their relative 
concentrations may depend on the ligand used in 
the study. 

The S-aralkyl cysteine derivatives are less common 
among the studied systems though some of them are 
known to possess antitumor activity [7, 81. 

rABLE 1. ‘H NMR Parameters for SBC, GlySBC and their Pd(II) Complexes. Chemical Shifts are related to TSP Standard. 

Compound pH VAb VBb “C “CH, JABCH, “CH,Gly JABCH,Gly 

SBC 0.93 3.006 3.107 4.156 3.860 
6.2 2.972 3.032 3.852 3.857 

10.9 2.745 2.806 3.424 3.815 
Pd SBC 0.3(l)a 3.199 3.039 3.506 4.504,4.242(AB) 13.43 

(2) 2.907 3.106 3.980 4.310 
Gly-SBC 0.66 2.932 3.054 4.623 3.850 3.850 

3.24 2.858 2.983 4.394 3.805 3.793 
4.9 2.859 2.985 4.391 3.815 3.809 
8.4 2.884 2.981 4.393 3.821 3.592 

11.3 2.89 2.970 4.385 3.812 3.296 
Pd GIy-SBC 4.3(l) 3.032 3.097 4.055 4.295,4.137(AB) 14.7 3.707, 17.1 

3.627(AB) 
(2) 3.027 3.170 4.237 4.274 (A2) 3.843, 17.1 

3.718(AB) 

a(l) major species, (2) minor species. bTwo side lines are not seen and VA and VB cannot be calculated explicitly. 
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TABLE II. Rotamer Populations and Coupling Constants for SBC Residue in SBC and Gly-SBC and their Pd(II) Complexes. 

Compound PH JAB J AC JBC 9 PII SII 

SBC 0.93 
6.2 

10.9 
Pd SBC 0.3(l)* 

(2) 
Gly-SBC 0.66 

3.24 
4.9 
8.4 

11.3 
Pd Gly-SBC 4.3(l) 

(2) 

a(1) major species, (2) minor species. 

15.1 8.5 3.6 0.12 0.55 0.33 
14.9 9.5 2.5 0.02 0.64 0.34 
13.7 8.5 3.5 0.10 0.55 0.35 
14.1 10.3 5.3 0.26 0.71 0.03 
12.7 11.6 4.6 0.17 0.83 0 
14.1 8.5 4.5 0.19 0.55 0.26 
13.7 8.6 3.9 0.14 0.56 0.30 
13.9 8.5 3.9 0.14 0.55 0.31 
13.1 8.5 3.9 0.14 0.55 0.31 
13.0 7.9 3.9 0.14 0.50 0.36 
11.8 7.0 2.6 0.03 0.42 0.55 
14.5 7.6 1.4 0 049 0.61 

TABLE III. CD Spectra of SBC and Gly-SBC and their Pd(I1) 
Complexes. 

Compound PH h (d Ae 

SBC 

PdSBC 

Gly-SBC 
Pd Gly-SBC 

4.2 

0.8 

2.2 

5.8 
5.9 

217 +3.7 
213 +3.5 
400 -0.8 
354 +0.57 
297 -0.26 
265(sh,b) +0.9 
238 4.7 
210 -10.7 
400 -0.66 
354 +0.56 
274(&b) +0.8 
238 +3.7 
212 -10.3 
221 +13.3 
338 -2.1 
277 -0.99 
248 +1.88 
220 +0.1 (?) 

The bulky aromatic ring of S-substituted cysteine 
may play a critical role in the distribution of 
diastereomer population by introducing considerable 
steric effects in the coordinated ligand molecule. As 
a continuation of our studies on the interaction of 
metal ions with thioether amino acid residue, we 
present in this work the NMR and CD results on 
Pd(II) complexes with S-benzyl-Lcysteine and glycyl- 
S-benzyl-L-cysteine. 

Experimental 

Glycyl-S-benzyl-L-cysteine was synthesized by 
coupling of both aminoacids via Nhydroxy-succin- 

II III 

Fig. 1. Rotamer notation for thioether aminoacid residue. 

imide [9]. S-benzyl-Lcysteine was obtained from 
Fluka. 

‘H NMR spectra were recorded on 80 (WP 80) 
and 200 MHz (WP 200) Bruker spectrometers with a 
peptide concentration of 10m2 Mat 300 + 2 K. 

Analysis and simulation of the proton ABC 
spectra were carried out on an Apple II computer. 
CD spectra were measured on a Mark III Jobin- 
Yvon dichrograph in the 800-200 nm range with 
metal ion concentration S X 10e3 M. Absorption 
spectra were recorded on a Cary 219 spectrometer 
with metal ion concentration 10” or 5 X lo4 M. 

Results and Discussion 

‘H NMR parameters for S-benzyl-L-cyst&e (SBC) 
and glycyl-S-benzyl-L-cysteine (Gly-SBC) are present- 
ed in Table I. The comparison of these results with 
those of S-methyl-Lcysteine (SMC) and glycyl-S- 
methyl-Lcysteine (Gly-SMC) [l, 21 shows only a 
minor effect of aromatic ring on the rotamer distribu- 
tion in the SBC residue (Table II, Fig. 1). 

Also CD spectra of the studied metal-free ligands 
resemble those of SMC with possible involvement 
of the intrasulfur transitions observed in the 190- 
250 nm region [2, lo] (Table III). 
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TABLE IV. U.V. Spectra of SBC and Gly-SBC and their 
Pd(I1) Complexes. 

Compound PH h (nm) E 

SBC 1.7 266 580 
260 880 
253 1100 
211 6400 

Pd SBC 1.7 385 770 
280 4800 
255 8300 

Gly-SBC 4.1 267 950 
261 900 

Pd Gly-SBC 4 A 330 1944 

In the absorption spectra, the main bands at 
around 250-260 nm derive from intra-aromatic 
ring transitions (Table IV) overlapping most likely 
with the intrasulfur transition observed in SMC 
derivatives at about 250 nm [2, lo]. 

‘H NMR spectra of Pd SBC solutions consist 
of two sets of the resonances derived from two 
diastereomers formed during the complexation of 
SBC by metal ion [l, 21. The chemical shift 
variations upon the Pd(IIj ion coordination are close 
to those found in the Pd SMC system (Table I). 
The latter result strongly suggests {NS} coordina- 
tion mode in the S-benzyl-L-cysteine complex, as 
in Pd SMC. It also allows us to assume that two 
respective diastereomers of both complexes have 
similar chemical shift pattern e.g. the lowfield C,H 
resonances correspond to the same diastereomer in 
both complexes. 

The presence of the S-benzyl substituent in the 
Pd SBC complex leads, however, to considerable 
variation in the relative diastereomer population 
when compared to Pd SMC. The diastereomer in 
Pd SMC with C,H and S-CHs protons shifted down- 
field is a major species in solution (2:l molar ratio). 
In Pd SBC this absolute configuration becomes less 
favored and the relative molar ratio changes to 
1:2. The benzyl group destabilizes also the rotamer 
III population in the complex molecule (Table II) due 
to stronger steric effects of this group as compared 
to SCHs in Pd SMC. 

The methylene protons of S benzyl group (which 
exhibit a singlet resonance in metal free SBC) give 
two AB quartets in the Pd SBC complex. The 
unequivalence of these protons derives most likely 
from the formation of a chirality center on the sulfur 
atom and the presence of aromatic ring in a S aralkyl 
group. 

Proton NMR spectra of Pd Gly-SBC show also the 
formation of two diastereomers in the studied solu- 
tions. The chemical shift variation indicates the same 

TABLE V. Diastereomer Assignment. 

Complex 

Pd SMC 
Pd SECb 
Pd Gly-SMC 
Pd SBC 
Pd Gly-SBC 

11 /ha Dominant Diastereomer 

2.0 Cz WSW 
2.0 Cz(R)S(S) 
1.2 Cz 0-O.W) 
0.5 CzUOS(R) 
0.3 Cz (RNR) 

?i and 12 correspond to relative signal intensity of diastereo- 
mers with CoH (or SCHs) resonance at lower and higher 
magnetic field, respectively. bSethyl-Lcysteine complex, 
11 /Ia is taken from ref. 6. 

H 
Fig. 2. S absolute configuration on sulfur atom in fi 
conformation of chelate ring. 

binding mode as in Pd Gly-SMC, i.e. {N N S} (Table 
I, ref. 2). 

The methylene protons of glycine residue exhibit 
two sets of AB quartets. The origin of the Gly-CH2 
unequivalence seems to be attributed to the forma- 
tion of the two diastereomers. The different 
conformations of chelate rings of Gly or SBC residue 
may also contribute to the methylene proton 
unequivalence, as suggested earlier for the Pd Gly- 
SMC complex [2]. 

The glycine residue in Pd Gly-SBC system seems 
to be an important factor when deciding on the 
chelate ring conformation of SBC residue. The 
rotamer III in Pd Gly-SBC becomes the dominant 
conformer (Table II) while in Pd SBC its population 
was close to zero. Even if one takes into account the 
possible deviation of x angle around the C,--C, 
bond when SBC residue is involved in chelate ring 
formation (see e.g., Table II, the unusually small 
Jno values in the minor diastereomer of Pd Gly-SBC 
complex), the large Prrr value suggests the increase 
of 6 conformer population of SBC chelate ring in 
Pd Gly-SBC complex. The same influence of glycine 
residue was observed in Pd Gly-SMC complex and 
more detailed discussion of this problem is given in 
ref. 2. The increase of 6 conformer of SBC chelate 
ring in Pd Gly-SBC causes further decrease of the 
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population of the diastereomer characterized by 
lowfield resonances. The relative intensity decreases 
from 1:2 in Pd SBC to 1:3 in Pd Gly-SBC (Table V). 

The variation of the diastereomer populations 
when a more bulky group is used as a substituent 
on sulfur on the chelate ring conformation change 
from X(Pd SMC, Pd SEC, Pd SBC) to 6(Pd Gly-SMC, 
Pd Gly-SBC) allows us to propose the assignment of 
absolute configuration on sulfur atom in particular 
diastereomers. It seems to be clear that the increase 
of 6 conformer population in Pd(II) dipeptide com- 
plexes in comparison to Pd(I1) aminoacid complexes 
would destabilize considerably S configuration on the 
sulfur center, as a result of the steric effects between 
an axial (in 6 conformer) carboxyl group and a 
respective substituent on sulfur (Fig. 2). Thus, the 
comparison of population changes in Pd SMC, Pd 
Gly-SMC and Pd SBC, Pd Gly-SBC pairs of complexes 
(Table V) may suggest that the diastereomer with 
lowfield C,H resonance has an absolute configuration 
S and the other one absolute configuration R. This 
assignment seems to be ascertained also by the 
consideration of the steric effects in Pd SMC and 
Pd SBC or Pd Gly-SMC and Pd GlySBC pair of com- 
plexes. The chelate ring conformation of thioether 
residue in Pd Gly-SMC and Pd Gly-SBC seems to be 
similar in both complexes (see pi values in Table II 
and ref. 2). Thus the more bulky benzyl group should 
destabilize the S configuration on sulfur much more 
considerably than would the methyl group of SMC 
residue. This result can be easily seen in Table V. 
Similar arguments can derive from the comparison 
of Pd SMC and Pd SBC complexes, in which the 
steric effects of benzyl group are also of critical 
importance for the diastereomer population distri- 
bution (Table V). 

CD spectra of Pd SBC solution exhibit two 
extrema in the d-d region at 400 (A) and 345 (E) 
nm (Table III) which seem to be characteristic 
bands for {NS} coordination mode [2,11]. 

The formation of Pd SBC complex results in three 
new CD bands in the UV region, at 297,265 and 238 
nm (Table III). The 297 and 238 nm bands may be 
assigned as TS + Pd(II) and US -+ Pd(II) charge trans- 
fer transitions [2, 1 l-141 respectively. The 265 nm 
band observed as a broad shoulder may consist of 
more than one transition. The intrasulfur transition 
observed in this region of the CD spectra may be 
accompanied by intra-aromatic ring transition. The 
latter transitions (seen in absorption spectra around 
260 nm, Table IV), may be activated by the chirality 
center on sulfur in Pd-SBC complex. At higher pH 
than 2 the CD bands at ~270 nm become very broad 
and the extraction of all CD transitions from this 
spectrum was not possible. CD spectra of Pd Gly- 
SBC exhibit only one d-d transition band at 338 
nm (A + E) close in energy to that of Pd Gly-SMC. 
Two other bands at 248 and 277 nm are 0s -+ Pd and 

nS -+ Pd charge transfer bands. It is likely, however, 
that both of these bands contain also other 
transitions i.e. intrasulfur and intra-aromatic ring 
transitions. The absorption spectra of Pd SBC and 
Pd Gly-SBC complexes are less clear than CD spectra. 
Their similarities to those of Pd SMC and Pd Gly- 
SMC (Table IV, ref. 2), (excluding intra-aromatic 
ring transitions), support, however, conclusions 
about the same coordination mode and similar 
structures in both pairs of complexes. 

The main differences in CD spectra between SMC 
and SBC complexes (Table III, ref. 2) are seen in 
Ae values and the signs of Cotton effects, Le. the 
Ae values of the transitions for Pd Gly-SBC are one 
order of magnitude higher than those of Pd Gly- 
SMC. The main reason for this particular difference 
may arise from the fact that in Pd Gly-SMC, the 
diastereomer ratio was close to 1 while in Pd Gly- 
SBC the S(R) diastereomer (Table V) is about three 
times more populated than the S(S) one. 

The strong increase of Ahe values clearly indicates 
the predominance of the vicinal effect of sulfur chiral 
center on the transitions of the complex while the 
contribution derived from carbon Cz center plays 
only a minor role in inducing of the CD bands. The 
AE values found in the Pd SMC and Pd SBC com- 
plexes are close to each other, due to similar though 
reversed molar ratios of two diastereomers. The 
signs of Cotton effects of some of CD transition in 
both complexes are, however, opposite, e.g. for the 
complexes studied at pH > 2, the A(d-d) transition 
has positive Cotton effect in Pd SMC while in Pd 
SBC it is negative (ref. 2, Table III). In the same 
conditions the US + Pd transitions have also opposite 
Cotton effects though their IAel values are close to 
each other. 

Thus the CD spectra seem to support our previous 
conclusion derived from NMR spectra (see above) 
about the possible variation of the favored absolute 
configuration on sulfur atom (Table V) in Pd(I1) com- 
plexes with thioether aminoacids. 
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