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COMPLEXATION REACTIONS OF Rh'™,
Ru'", Pd", AND Pt"" WITH 1H-1,2,4-
TRIAZOLE-3-THIOL

Saad M. Al-Shehri

Department of Chemistry, College of Science,
King Saud University, P. O. Box 2455,
Riyadh-11451, Saudi Arabia
E-mail: alshehri@ksu.ed.sa

ABSTRACT

New complexes of Rh™, Ru", Pd" and Pt" with 1H-1,2,4-
triazole-3-thiol have been prepared and characterized by spec-
troscopy [IR, UV-Vis, '"H NMR and '*C NMR] and micro-
analysis. The results are consistent with the general formula
M(HTAZ),Cl-(H,0),[M = Rh'" and Ru""], M(HTAZ),(H,0),
and [M = Pd" and Pt"].
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INTRODUCTION

Recently, there has been considerable interest in chemistry of the
metal complexes of triazole compounds because of its biological application
such as antifungal, antibacterial,l'"*! antitumor,”® anti-inflammatory, anti-
mycobacterials® and anticonvulsant.!”! Therefore understanding the inter-
action of the triazole ligands with metal ion commonly present in living
systems yield important information for understanding their biological
activity.

In the present work we have synthesized new complexes of Rh'!,
Ru'™, Pd" and Pt" with 1H-1,2,4-triazole-3-thiol as ligand. The prepared
complexes were characterized using a combination of various physico-
chemical techniques.

EXPERIMENTAL

All chemicals used in the present investigation are of analytical grade
and were used without further purification. Elemental analysis was per-
formed by the Micro-analytical Unit at King Abdul-Aziz City for Science
and Technology, Riyadh, Saudi Arabia. UV-Vis spectra were recorded on a
Shimadzu UV-1650 PC spectrophotometer. Infrared spectra were measured
as KBr pellets on a Perkin-Elmer 883 spectrophotometer. NMR spectra
were determined on a Joel-400 spectrometer in DMSO-dg as solvent. The
complexes are insoluble in most of the known solvent; they are soluble in
DMF and DMSO only and for this reason the approximate method has
been used to determine the molecular weight to the complexes that is Rast’s
method using camphor as solvent.!”

General Method for Preparation of the Complexes

A quantity of 2.5mmol of the corresponding MCl; (M = Rh', and
Ru"") was dissolved in 30 mL ethanol and added dropwise to 10mL of an
ethanolic solution of the ligand (7.5mmol). The reaction mixture was
refluxed for 2h and a solid product was precipitated. A quantity of 3 mmol
of the corresponding MCl, (M =Pd" and Pt'") was dissolved in hot water
for PdCl, or dilute HCI for PtCl,, and added dropwise to 10mL of an
ethanolic solution of the ligand (6 mmol). The reaction mixture was refluxed
for 4h and a solid product was precipitated. For precipitation of platinum
complex the pH of the reaction mixture was adjusted to ~6 using an acetate
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buffer solution. The solid products were collected by filtration, washed
several times with ethanol and allowed for precipitation in air.

RESULTS AND DISCUSSION

The metal complexation reactions occur according to the following
equations

MCl; + 2H,TAZ + H,0 — M(HTAZ),Cl - (H,0)
M = Rh"" and Ru™"]

MCl, + 2H,TAZ + 2H,0 — M(HTAZ),(H,0),
M = Pd" and Pt!1]

The microanalytical data are shown in Table 1 and are consistent with the
formulas [M(HTAZ),Cl-(H,0)] (M = Rh"™ and Ru'"), [M(HTAZ),(H,0),]
and [M =Pd" and Pt"].

1H-1,2,4-triazole-3-thiol (H,TAZ) has the following tautomeric forms.

N S SH
N‘(
L — 13
/s e N
T T
H H
Thione form Thiol form

Tautomeric Forms of H,TAZ

The principle IR bands of H,TAZ and its metal complexes are listed in
Table 2.

The H,TAZ spectrum shows two bands at 3090 and 1653cm™'
assigned to v(NH) and v(C=N), respectively. The two strong bands at 1057
and 942cm ™! are assigned to v(C-N) and v(N-N), respectively. Also, the
v(C=S) vibrations are observed at 1236 and 705cm™' with contribution
from vibrations, in particular, v(CN). The spectrum does not display v(SH)
at ca. 2750cm ™! indicating that in the solid state, H,TAZ remains in the
thione form.

The IR spectra of Rh(HTAZ),Cl-(H,O) and Ru(HTAZ),Cl-(H,O)
complexes shows that the H,TAZ behaves as bidentate coordinating ligand
via the azomethine nitrogen and thiol sulphur atom with the replacement of
a hydrogen atom from the latter group. This mode of complexation is



AL-SHEHRI

IA N POINSBOIA[,

— @8r'61) (8D &I 1D (€€€)
- 00T TP 8P 11 umorg 05¢< 1L 9¢° ¢y CSIdO°NPHD YO ZV1IHMd
- (tsvo) (se)  (60+1) (9€€)
- EIve 161 19°%1 pd 08793 8L LTHE SSPA“ONPH"D YO'H)Y(ZVL1H)Pd
(66'6) (8¥'80) (OL'T)  (bS€D) 2(9%€)
1€°01  L88T  LI'T  TE'EI  LAro-yIeq 0s¢< €9 6L¥SE  SSMYONID’HYD  (O°H)'1DYUZVLIH)NY
r66) (5880 (69°1) (L¥ED) +05€)
6001 ST'6C 90T 10°€T agurIQ 05¢< YL 7995 SSIO°NIDHYD (O*H)'1DYUZVIH)UY
1D N H ®) IojoD (Do) dIN % PIIA  143oM B[NULIO ] punodwo)
B[nULIO reoundwyg

% (‘PaTeD) punog

352

soxo[dwo)) pa1esnsoAu] ay) Jo BIe( [BOISAUJ PUR [BONA[RUY °T 2IqV ]

1102 Alenuer O£ 80 :€0

v pspeo jumog



353

COMPLEXATION REACTIONS OF Rh'™, Ru'", Pd", and Pt"

- 0cP - 849 0291 — 4813 YO H)Y(ZVLIHd

- Yop— - LE9 0291 - 901¢ YO*H)YZV1H)Pd
(1743 —STh 0TS LT9 $T91 - LTIE (O*H) 1D Zv1iHnY
18¢C 134 01§ LY9 0291 - e (O*H) 1D (ZVv1iHud
- - - S0L—9¢T1 060¢ ZV1H

(I0-DA (10 1)A (N-TADA (SO (N=D-S)A (S=0)A (HNDA punoduwo))

(;_wo) A1
soxordwo)) pajesnsoau] oy} Jo vie o1doosondadg I 7 gv

1102 Alenuer 0g 80:€£0 @IV Papeo |uwog



03: 08 30 January 2011

Downl oaded At:

354 AL-SHEHRI

supported by the following observations: the disappearance of v(C=S) with
the simultaneous appearance of new bands in range 1620—1625 and
627—647 cm ™" assignable to V(N-N=C) and v(C-S),[”) respectively. Also, the
appearance of three new bands in the range 281—320, 425—439 and
502—510cm " assignable to v(M-Cl), v(M-S) and v(M-N),®! respectively.

On the other hand, the H,TAZ my acts as monodentate coordinating
ligand via the thiol sulphur atom with displacement of a hydrogen atom.
This behavior is found in PA(HTAZ),(H,0), and Pt(HTAZ),(H,0O), com-
plexes. This confirmed by IR spectra, which shows the disappearance of
v(C=S) with the simultaneous appearance of new bands at 1620 and
647cm™' assignable to v(S-C=N) and v(C-S), respectively. Also, the
appearance of new band in the range 430—464 assigned to v(M-S).

The presence of water within the coordination sphere in the hydrated
complexes is supported by the observation of bands in the region 3425—3435
and 1630—1660cm ™" in the spectra of the complexes due to OH stretching
and HOH deformation. The water of crystallization was determined from
the mass loss observed upon heating the complexes in oven at 150°C for
three hours.

The 'H NMR spectrum for the pure ligand H,TAZ shows three sig-
nals at & 13.40, 8.256 and 8.20 ppm relative to TMS, assigned to the NH,
NH and CH protons, respectively.'>’C NMR spectrum shows two signals at
4 166.04 and 141.072 pmm, which are assigned to the (C=S) and (C=N),
respectively. The '"H NMR spectrum of the Pd" complexes show three
signals at & 8.30, 8.26 and 3.57 ppm relative to TMS, which are assigned to
the NH, CH proton and coordinated water, respectively. The Rh", Ru'™
and Pt"" complexes have paramagnetic properties.

The electronic absorption spectra of the complexes were measured
at ambient temperature in 1.22x 107°M to 9.52x 10~*M DMSO solu-
tions. The solutions of the complexes exhibit some intraligand transitions
in the UV region attributed to n—n* and n—n* transitions. The absorp-
tion maxima of the m—m* transition of the investigated complexes are
compared to the absorption of the free ligand H,TAZ which lies at
36,000cm ™! (¢=2384).") The absorption bands are red-shifted compared
to the free ligand. The spectra of the complexes also show some d-d
transitions in the visible region consisting of transitions between different
spin-orbital levels. These d—d transitions actually occur and provide
evidence for the covalent character of metal-ligand bonds of the inves-
tigated complexes.!'”

The electronic spectrum of Rh(HTAZ),Cl.(H,O) shows three bands
at 23,201, 27,247 and 42,374cm™! which are referred to lTlg —>1A1g,
szg—>1A1g and ligand-metal charge transfer,!'") which suggest octahedral
structure.
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The electronic spectrum of Ru(HTAZ),Cl.(H,O) exhibits two bands at
14,287 and 16,660cm ™" assignable to *Ti,— Ty, and *T,,—>T,, transi-
tions!'? in octahedral structure. The ligand-metal charge transfer found at
41,322cm ™.

The electronic spectrum of PA(HTAZ),(H,0), shows two bands at
32,154 and 37,523 assigned to lAlg—>1B1g and lAlg—>'A2u transitions in
square-planar structure.

The electronic spectrum of Pt(HTAZ),(H»O), shows five bands at
19,685, 26,109, 32,415, 37,802 dnd 40,816 attributed to Alg—> Alg, Al

lAzg,lAlg—> Blg, Alg—> A, and Alg—> E, transitions,"'? which suggest
square -planar geometry for this complex.

Based on the foregoing discussion it may be concluded that 1H-1,2,4-
triazole-3-thiol is capable of forming complexes with Rh™, Ru'™, Pd" and
Pt'". The following general structures of the investigated complexes are
plausible.

1
CN\I\TA/SD /s% N~y
S/T\N /N/ );s/ DN

H,
M=Rh" or Ru" M=Pd" or Pt"

Proposed Structures of the Investigated Complexes
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