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An Au(III) complex of glycyl-S-serine: a linear polarized
IR and "H- and "*C-NMR investigation
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The structure of a mononuclear Au(III) complex of the dipeptide glycyl-S-serine (Gly-Ser) has
been predicted using solid-state linear dichroic IR (IR-LD) spectroscopy, based on an
orientation technique in a nematic liquid crystal suspension. Results are compared with data
from 'H- and "*C-NMR, MS, elemental analysis, thermogravimetry and differential scanning
calorimetry. The metal ion is coordinated as a tridentate through NH,, N (from deprotonated
amide) and O (COO™) groups to form [Au(CsHoN,O4)Cl], with the fourth position of the
square-planar coordination sphere being completed by a Cl™ ion.

Keywords: Gly-Ser dipeptide; Au(TIT); IR-LD spectroscopy; 'H- and *C-NMR

1. Introduction

Full understanding of in vivo manner and mechanism of coordination of the Pt(II),
Ru(Ill) and Au(IIl) metal ions with DNA requires a systematic investigation of their
complexes with model systems for peptides and proteins [1-3]. The potential anticancer
effects of some Pt(I) and Au(Ill) complexes of peptides also merits structural and
spectroscopic study [4-6]. Conventional IR spectroscopy could be a fast, casy and cheap
method for characterizing metal-peptide systems. However, the complicated IR spectra
obtained require a significant level of interpretation. IR-LD spectroscopy using
orientation techniques in nematic liquid crystal suspensions can circumvent some of the
problems as well as giving additional structural information irrespective of whether the
compound studied is crystalline or amorphous. This approach has been demonstrated
for a series of peptides, their protonated forms or Au(IIl) complexes [6—12].
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The present article deals with structural and IR characterization of an amorphous
Au(II) complex of the dipeptide Gly-Ser (scheme 1). Data are compared with 'H- and
I3C.NMR, MS, elemental analysis, TGV and DSC results.

2. Experimental

2.1. Materials and methods

Gly-Ser was purchased from Bachem and HAuCl,-3H,O from Acros Organics.
Conventional IR (KBr pellets) and IR-LD spectra were recorded between 4000
and 400cm ™' on a Bomem-Michelson 100 FTIR spectrophotometer equipped with a
Perkin-Elmer wire-grid polarizer. Somel50 scans were performed for each spectrum
with a resolution of 4cm™'. A 4-cyano-4-alkylbicyclohexyl mixture (ZLI-1695, Merck)
was used for orientation of the solid sample as a nematic liquid crystal suspension
[6-14]. Its IR spectrum makes it possible to record guest compound bands over the
whole 4000-400 cm ™' range. Effective orientation of the solid sample was achieved by
means of procedures described elsewhere [6—14]. The difference-reduction procedure for
polarized spectra interpretation consists of subtraction of the perpendicular spectrum
(IRs), measured at 90° to the polarized light beam electric vector and the orientation of
the sample, from the parallel one (IRp) obtained with a co-linear mutual orientation.
The recorded difference (IRp-IRs) spectrum divides the corresponding parallel (Ap)
and perpendicular (As) integrated absorbances of each band into positives, originating
from transition moments which form an average angle with the orientation direction (n)
between 0 and 54.7° (magic angle), and negatives, corresponding to transition
moments between 54.7 and 90° [15-18]. The perpendicular spectrum multiplied by
the parameter c, is subtracted from the parallel one and ¢ varied until a band or set of
bands are eliminated. The simultaneous disappearance of these bands in the obtained
(IRp-cIRs) reduced IR-LD spectrum indicates a co-linearity of the corresponding
transition moments, thus giving information regarding the mutual disposition of the
molecular fragments involved.

"H- and '"*C-NMR measurements, referenced to sodium TSS, were made at 298 K
with a Bruker DRX-400 spectrometer using 5 mm tubes and D,O as solvent. Elemental
analysis was performed according to classical methods: C and H as CO, and H,O, N
using Duma’s method and chlorine by titration with Hg(NOs), after wet digestion of
the sample. Molecular weight was determined from FAB mass spectra, measured on
a Fusion VG Autospect instrument employing 3-nitrobenzyl alcohol as matrix.
Thermogravimetric (TGV) measurements were performed using a Perkin-Elmer TGS2
apparatus. DSC runs were recorded on a Perkin-Elmer DSC-2C system under argon.

®
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Scheme 1. The dipeptide Gly-Ser.
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2.2. Synthesis

A methanol solution (10cm?) of HAuCl,-3H,O (204.4mg) was added to a 10cm?
solution of the dipeptide (195.9 mg) in same solvent. Dilute aqueous NaOH was then
added at a mol ratio of Au:L:NaOH=1:1:1. After 30 days the yellow precipitate
that had formed was filtered off, washed with methanol and dried in air at 298 K.
Yield: 71%. Anal. Calcd for [Au(CsHoN>O,4)CI] (%): C, 15.3; H, 2.3; N, 7.1; Cl, 9.0.
Found: C, 15.1; H, 2.1; N, 7.0; Cl, 8.8. The most intense signal in the mass spectrum was
mjz 358.02, corresponding to [Au(CsHoN>O,)]" (m=358.10). TGV and DSC data
in the 300 to 600 K range confirmed the absence of any molecular solvent in the Au(III)
complex.

3. Results and discussion

3.1. IR-LD data

IR-LD analysis started with interpretation of polarized spectra of Gly-Ser.
Characteristic IR bands of both ligand and complex are presented in table 1.
The non-polarized IR-spectrum of Gly-Ser (figure 1.1) has a broad maximum in the
3100-2300cm ™" region assigned to asymmetric and symmetric vnp3+ modes. Intense
peaks at 3300 and 3170 cm ™' belong to vny and voy modes. The low frequency shift of
the latter is explained by participation of the OH group in the serine side chain in strong
intermolecular interactions; crystallographic studies of the peptide reveal an inter-
molecular OH---O hydrogen bond of length 2.598 A [19]. The 1700-1400cm™"
contains series of maxima characteristic of NHf, COO™ and amide groups as assigned
in table 1. Confirmation is obtained by IR-LD analysis. Simultaneous reduction of the
3315 and 1660cm™"' peaks (figure 1.2) in the reduced IR-LD spectrum of Gly-Ser
indicated their character as vng and ve—o (Amide I) modes as well as a transoid
configuration of the amide. The data correlate well with crystallographic information;

Table 1. Solid-state IR data for Gly-Ser and the Au(III) complex.

v (em™h)
Assignment Gly-Ser Au*"-dipeptide complex
VoH 3170 3490
UNH3+ 31002300 broad
vne (Amide fragment) 3315
V2> VN2 3345, 3210, 3100
Vc=0 1718
3+ OSN3+ 1693, 1623
SNm2 1681
ve—o (Amide I) 1660 1645
ONmz+ 1590
Snp (Amide IT) 1555
v':gsoof 1515
Voo~ . 1405
8c—o (Amide 1V) 721 624
ynu (Amide V) 668

Ye—o (Amide VI) 624 574
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Figure 1. Non-polarized IR (1) and reduced IR-LD spectra of Gly-Ser after elimination of peaks at 3315 (2)
and 1555cm™! (3).

a —C(=0O)-NH torsion angle of 171.9(5)° has been refined [19]. The vE,,- peak at
1515cm™" is not observed, in accordance with single crystal X-ray data [19], indicating
that the Gly-Ser unit cell contains four molecules oriented as shown in scheme 2(a) and
supposing the mutual co-linear disposition of Amide I and v¥,,- modes between
neighbouring molecules (scheme 2a). On the other hand a reduction of both Amide V
and Amide VI peaks (table 1) in the same dichroic ratio as obtained in figure 1.2
confirmed their assignment as yny and yc—_o out-of-plane frequencies. It is interesting
to note that the discussed elimination led to the observation of maxima at 3300, 1665
and 1520cm™!, assigned to vnm. ve—o (Amide I) and V&oo- (figure 1.2). This is
explained by the presence in the unit cell of molecules of Gly-Ser that are almost
perpendicular to each other (scheme 2b). Elimination of the 1555cm ™" peak (figure 3)
caused the disappearance of that at 721 cm™'; these are assigned to Snyy (Amide IT) and
dc—o (Amide IV) as a result of their co-linearity (scheme 2a).

Comparison of the IR spectra (figures 1.1 and 2.1) of the ligand and the Au(III)
complex gives the following main differences. The 3300 cm ™! peak (vny) disappears and
vou shifts to 3490 cm ™' in the complex. The relatively high frequency of the latter points
to the absence of intermolecular OH interactions. The former is associated with
coordination of the deprotonatedpeptide to Au(Ill) via the amide N atom. New peaks
at 3345, 3210 and 3100cm ™" in the complex are typical of 18, and Fermi-resonance
splitting of 1}y, of the primary NH, group, when asymmetric HNH- - -X interactions
are present [20]. The disappearance of all bending (§xn3+) maxima of NHY group in the
1700-1400cm™" region and observation of Snp» at 168lcm™' is consistent
with coordination to Au(IIl) by NH,. The fact that the vc—_o (Amide I) peak is
significant shifted to low frequency and dny (Amide II) disappears in the IR
spectrum of the complex means that the metal ion is coordinated through the amide
N atom (scheme 3). The observation of ve_o at 1718 cm ™! with the disappearance of
V%o and 5o at 1515 and 1407cm™" in the complex indicates coordination of
the COO™ group. Deprotonation of the —C(=0O)-NH-amide group in the complex
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Scheme 2. Orientation of Gly-Ser in the crystalline state.

causes the disappearance of yny and low frequency shifting of §c_o and yc_o modes
(table 1).

Elimination of the 1681 cm™" peak in the IR spectrum of the complex (figure 2.2)
caused the disappearance of the 3210 and 3100 cm ™" peaks assigned to 8y and Vo
whose transition moments are co-linear in the frame of an NH, group (scheme 3).
Simultaneous elimination of voy, ve—o and ve—o (Amide I) peaks at 3490, 1718 and
1645cm™" in the reduced IR-LD spectrum of the complex indicates their mutual
co-linear orientation (scheme 3; figure 2.3). As in the IR-LD spectra of the ligand
alone, pairs of peaks at 3500, 1724 and 1650 cm ™! arise. Co-linearity of vc_g and ve_g
(Amide I) transition moments is not realized in an isolated but related molecules
in a poorly ordered solid may be responsible for the effect. Similar data were obtained
for other peptide systems [6—12].

3.2. NMR data

Significant differences between 'H- and '*C-NMR data for the dipeptide and the
complex are evident and are consistent with IR-LD data with respect to coordination
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Scheme 3. Proposed structure of the complex.
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of Au(IIl) by COO~, amide and NH, groups. 'H- and '*C-NMR spectra of Gly-Ser
showed chemical shifts involving the glycyl fragment at 3.67 (d) (CH>), 43.19 (CO) and
165.34 ppm (CH,-). The chemical shift in '>*C-NMR of COO™ in the serine side chain is
at 207.13 ppm. Data correlate well with those of similar glycyl and serine peptides
[21-24]. The complex is characterized by the following changes. The glycyl (CH>) signal
is shifted to high field [4.02 ppm (m)] and CO and COO™ signals shift, respectively,
to 57.61 and 179.13 ppm.

4. Conclusions

IR-LD spectroscopy based on orientation techniques, and 'H- and '*C-NMR data,
have been used to predict the coordination geometry of the amorphous complex
[Au(CsHgN>O4)CI]. The dipeptide Gly-Ser coordinates as a doubly deprotonated
tridentate via NH,, COO™ amide (N) groups. Square-planar geometry is completed
by coordination of a CI™ ion.
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