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Mononuclear Au(III) complexes of the peptides H-His-Met-OH (D) and H-Gly-Gly-Met-OH (T) and their
N-protected forms Ac-His-Met-OH (Ac-D) and Ac-Gly-Gly-Met-OH (Ac-T) were structurally characterized
by means of IR, MS and NMR. In the complexes with dipeptides [AuLCl2]Cl (L¼D or Ac-D), Au(III)
is coordinated through S and imidazole N atoms from methionine and histidine fragments of the ligands
forming macrochelate rings at mol ratio Au : L¼ 1 : 1. Additionally, Au(III) is coordinated by two terminal
chloride ions in a square-planar arrangement. In complexes with the tripeptides [AuL0Cl] (L0 ¼T or Ac-T),
however, the metal ion is coordinated in a tridentate fashion, through S and two N atoms, also at mol
ratio M :L¼ 1 : 1. The fourth position of Au(III) is occupied by a Cl� ligand.
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INTRODUCTION

Interest in Pt(II) and Au(III) complexes of peptides arises from proposals that these
may be involved in reactions of potential antitumor agents [1,2]. A full understanding
of the in vivo manner and mechanism of coordination of these metal ions with DNA
requires the systematic investigation of their coordination with competing peptides
and proteins [3,4]. Of particular interest in this respect are the thioethers and imida-
zole donor atoms of methionine and histidine side chains. The important role of
Au(III)!Au(I) processes in organisms and the wide therapeutic use of Au(III) and
Au(I) drugs to treat for example arthritis [5–7] encouraged the present investigation
of the coordination of Au(III) by methionine- and histidine-containing peptides.
Reactions of cis- and trans-[PtCl2(NH3)2] and [Pt(L)Cln] (L¼ dien, en; n¼ 1,2) with
the soft donor atoms of methionine- and histidine- containing di- and tripeptides
were previously studied [8–13] with the goal of structurally characterizing the resulting
Pt(II) complexes. Au(III) complexes with similar peptides have also been the subject of
a series of papers [5,14,15].
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The present work deals with Au(III) complexes of histidine- and methionine-
containing peptides H-His-Met-OH and H-Gly-Gly-Met-OH and their Ac-protected
forms (Scheme 1). A primary goal was the isolation and structural characterization
of resulting Au(III) complexes in solution and the solid state.

EXPERIMENTAL

Materials and Methods

The peptides H-Gly-Gly-Met, H-His-Met-OH were purchased from Bachem, and
HAuCl4 � 3H2O from Acros Organics. The protected Ac-His-Met-OH and Ac-Gly-
Gly-Met-OH forms were synthesized in accordance with procedures described in the
literature [16].

Infrared spectra in the 4000–400 cm�1 range were obtained on a Perkin Elmer 1760
FTIR spectrophotometer; 50 scans were performed for each spectrum, with a resolution
of 4 cm�1 (KBr pellets). FAB mass spectra were measured on a Fisons VG Autospect
instrument employing 3-nitrobenzyl alcohol as the matrix. NMR measurements were
made at 298K with a Bruker DRX-400 spectrometer using 5-mm tubes and D2O as
solvent, referenced to sodium 3-(trimethylsilyi)tetradeuteriopionate.

Synthesis

All complexes were obtained according to the following general procedure. A solution
of HAuCl4 � 3H2O (196.4mg) in H2O (5 cm3) was added to a 5 cm3 aqueous solution of
the peptides, D (143.2mg), Ac-D (164.2mg), T (131.7mg) and Ac-T (152.7mg),
respectively, the mol ratio being Au : L (or L0)¼ 1 : 1. Dilute aqueous NaOH was
used to raise the pH from 1.0 to 3.5 in the reaction mixtures. On leaving the solutions
to stand, white precipitates formed after ca. 10 days were filtered off, washed with H2O
and dried in air at 298K. [AuDCl2]Cl found (%): C, 22.39; H, 3.09; N, 9.47; calcd.: C,
22.41; H, 3.08; N, 9.50; yield: 14%. [AuAc-DCl2]Cl found: C, 24.84; H, 2.70; N, 8.89;
calcd.: C, 24.84; H, 2.73; N, 8.91; yield: 10%. [AuTCl] found: C, 21.91; H, 3.07; N, 8.52;
calcd.: C, 21.90; H, 3.06; N, 8.51; yield: 12%. [AuAc-TCl], found: C, 25.34; H, 3.65; N,
8.07; calcd.: C, 25.32; H, 3.67; N, 8.05; yield: 22%.

RESULTS AND DISCUSSION

Infrared Spectra

The IR spectrum of D shows two bands at 3355 and 3310 cm�1 assigned to �asNH2 and
�sNH2 stretching vibrations, while amide I and II bands are observed at 1655 and
1599 cm�1, respectively [17]. The band at 1000 cm�1 may be assigned to the i.p. �CS
vibrational mode [17]. In the 650–500 cm�1 region, the band at 650 cm�1 is assigned
to the amide V (!NH2) [17–19]. The IR spectrum of the Ac-protected D is characterized
by one �NH stretching vibration at 3310 cm�1 and amide I, II and �CS bands are
observed at 1722, 1633 and 1000 cm�1, respectively. In the 600–550 cm�1 range, the
band at 622 cm�1 may be assigned to amide V. In contrast to the spectra of the free
dipeptides, the spectra of both Au(III) complexes are characterized by a high frequency
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shift of the amide II bands by 20–30 cm�1, and the practical disappearance of the low
intensity bands at 1000 and about 550 cm�1. These results indicate that in the complexes
Au(III) is coordinated through the amide and S atoms of the ligands.

Similar to the dipeptide IR spectrum, the tripeptide T is characterized by two �asNH2

and �sNH2 stretching vibrations at 3330 and 3225 cm�1, amide I at 1722 cm�1 and
amide II at 1610 cm�1. The �CS and amide V bands are observed at 1111 and
699 cm�1, respectively. The protected form of T is characterized by one �NH band at
3266 cm�1 with a shoulder at 3310 cm�1. The amide I, II, �CS and amide V vibrations
are at 1688, 1655, 1022 and 722 cm�1, respectively. Coordination of Au(III) through
the amide nitrogens and S can be inferred from the high frequency shift of the amide
II and �CS bands and the disappearance of amide V modes in the 700–600 cm�1

range [17–19].

Mass Spectra

The most intense signals in the mass spectra of the complexes are the peaks at m/z
482.1, 561.2, 460.2 and 525.0, corresponding to the singly charged [AuD]þ, [Au(Ac-
D)Cl]þ, [AuT]þ and [Au(Ac-T)Cl]þ ions. The data indicate a mol ratio M :L¼ 1 : 1
in all complexes. In the complexes with dipeptides, each metal ion is coordinated by
two terminal chloride ions. In contrast, in complexes with tripeptides the presence of
the one terminal Cl� ligand can be assumed. Similar coordination geometries have
been observed for Pt(III), Pd(II) and Au(III) with analogous di- and tripeptides [20–21].

NMR Data

Proton NMR data for the Au(III) complexes and the free ligands are given in Tables I
and II. As reported for similar free methionine-containing peptides [22,23], �-CH3

singlet peaks are observed in the 2.05 to 2.15 ppm range. In all the complexes the

TABLE I Proton NMR chemical shifts � (ppm) for D, Ac-D and corresponding Au(III) complexes

D Ac-D [AuD]3þ [AuAc-DCl2]
þ

CH2his 8.10(s) 8.17(s) 8.55(s) 8.78(s)
CH5his 7.09(s) 7.10(s) 7.20(d) 7.56(s)
CH-�his 4.43(dd) 4.40(dd) 4.37(dd) 4.43(m)
CH2-�his 3.42(dd) 3.42(dd) 3.47(dd) 3.33(dd)
CH-�met 4.60(dd) 4.56(dd) 4.62(dd) 4.63(m)
CH2-�met 2.10(m) 2.12(m) 2.10(m) 2.10(m)
CH2-�met 2.57(m) 2.62(m) 2.58(m) 2.63(m)
CH3-�met 2.07(s) 2.05(s) 2.42(m) 2.68(m)þ 2.09(s)

TABLE II Proton NMR chemical shifts � (ppm) for T, Ac-T and Au(III) complexes of the tripeptides

T Ac-T [AuT ]þ [AuAc-T ]þ

CH-�met 4.64(dd) 4.60(dd) 4.44(m) 4.54(m)
CH2-�met 2.05(m) 2.07(m) 2.05(m) 2.04(m)
CH-�met 2.65(m) 2.56(m) 2.65(m) 2.72(m)
CH-�met 2.15(s) 2.09(s) 2.34(m) 2.68(m)
CH2-�gly1 3.90(d) 3.91(d) 3.89(d) 3.92(m)
CH2-�gly2 4.09þ 3.99(2d) 4.1þ 3.97(2d) 3.96(m) 3.95(m)
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corresponding �-CH3 signals are shifted to 2.34 to 3.68 ppm and two singlet peaks are
observed (Fig. 1), indicating the presence of SR and SS isomers. These results
indicate coordination of the S atom from the methionine fragments in all Au(III)
compounds.

The pH-dependent CH2 signals from the histidine residues in both of the dipeptides
studied are observed at about 8.15 ppm, indicating a non-protonated N3 atom in the
imidazole ring. The corresponding signals in the complexes are shifted to 8.55 and
8.84 ppm, suggesting coordination of Au(III) through N3 and the formation of a
macrochelate ring in both complexes. These results are in good agreement with
others reported in the literature [24–27].

The multiplet �-CH methionine signals of typical tripeptides 1H NMR spectra occur
at around 4.60 ppm [28]. However, in both the complexes with T and Ac-T these signals
are shifted to higher field. This is an indication of coordination of the methionine
N atom in both the complexes. On the other hand, the �CH2-gly1 singlet at 3.99 ppm
in the spectra of free tripeptides is observed as multiplets in the complexes, indicating
coordination by the second N atoms from the gly2 residues.

The results indicate the structures in Scheme 1. The dipeptides act as bidentate
ligands joined with the Au(III) ions through the S-methionine and imidazole N3-histi-
dine atoms forming macrochelates. In contrast, in the tripeptide complexes, the ligands
coordinate in a tridentate fashion through S- and N-methionine and N-gly2 atoms.
In the first type of complex two chloride ions coordinate as terminal ligands. In the
second case only one Cl� ion is involved.

(ppm)

2.02.22.42.62.83.03.23.43.63.84.04.24.4

FIGURE 1 Proton NMR spectra of D (1) and [AuDCl2] complex (2) in D2O solutions.
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