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Synthesis and characterization of palladium(l1) and platinum(ll) mixed
ligand complexes of the type [M(bpozs),(dppf)]Cl,, bpozs=2-
(benzylthio)-5-phenyl-1,3,4-oxadiazole

Rezan A. Saleh*, Hikmat A. Mohammad

Department of Chemistry, College of Education, Salahaddin University-Erbil, Kurdistan Region, Iraq

ABSTRACT:

Treatment of [PdCI,(dppf)].CH,CI, or [PtCl,(dppf)] with two moles of 2-(benzylthio)-5-phenyl-1,3,4-oxadiazole (bpozs) in
(ethanol: chloroform) solvents for (2 h) afford [M(bpozs),(dppf)]Cl, in good yield. The synthesized ligand and complexes were
identified using FT-IR, *H-NMR, *C-NMR, *P-NMR, CHNS analysis, Uv-Visible spectra and conductivity measurements. The
physiochemical data indicated that the prepared complexes have square planar geometries and the metal ions coordinate with the
ligands through two phosphorous atoms of (dppf) and nitrogen atom of (bpozs).

KEY WORDS: palladium(ll), platinum(ll), diphosphine, oxadiazole.

DOI: http://dx.doi.org/10.21271/ZJPAS.33.1.9
ZJPAS (2021) , 33(1);77-90 .

INTRODUCTION:

In recent years, the interest of preparing
coordination compounds with desired properties -
functional compounds have been increased. One
of the promising ligands for creating
multifunctional complexes are compounds
containing a 1,3,4-oxadiazole fragment (Pirimova
et al., 2020). Oxadiazoles are interesting class of
five-membered heterocyclic compounds
containing two atoms of nitrogen and one atom of
oxygen (Paulo et al., 2018). They exist in four
different regioisomeric forms, namely 1,2,3-,
1,2,4-,1,2,5-, and 1,3,4-oxadiazoles. In the past 40
years, oxadiazole-based ligands stimulated the
curiosity of many researchers, creating a vast
literature that spans from synthesis to different
applications. In fact, oxadiazoles exhibit a broad
range of uses: in medicinal chemistry they were
employed as drug candidates for several diseases,
in organic synthesis as useful intermediates,
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and in material science as building blocks for new
polymers (Giovanni and Alessio, 2019) (Zainab
and Hameedi, 2020).Transition metal complexes
of 1,3,4-oxadiazole derivatives are well known for
their biological importance as well as their
anticarcinogenic, antibacterial and antifungal
properties (Adil, 2017).

A series of 1,1'-bis(diphenylphosphino)ferrocene
possessing platinum(l) complexes depicting a
novel series of tentative anticancer drug
candidates. Compounds of this sort have already
been displayed to illustrate both antineoplastic and
antimicrobial activity (Puxty et al., 2005). Metal
complexes of bidentate phosphines have
conceived considerable attention due to their
possible use as antitumor agents (Al-Jibori et al.,
2013). Herein, we report the synthesis and
identification of new mixed ligand Pd(Il) and
Pt(I1) complexes including both 2-(benzylthio)-5-
phenyl-1,3,4-oxadiazole  (bpozs) and 1,1-
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bis(diphenylphosphino)ferrocene (dppf) as
ligands.
2. Materials and Methods

The (PdCl,, PtCl,, dppf, 2-Mercapto-5-phenyl-
1,3,4-oxadiazole, materials were commercially
available from Yahoo Chem. China. The
[PACl,(dppf)].CH.CI, and [PtCl(dppf)]
complexes were prepared according to the
literature (Rezan et. al., 2017). IR spectra were
recorded on IR-Affinity-1, Shimadzu CORP-
A21375003225 spectrophotometer in the range of
400-4000 cm™* using KBr discs. (*H, **C and *'P)-
NMR spectra were recorded on a Bruker 400
MHZ Ultra-shied. Electronic spectra were
recorded on a UV-Vis. spectrometer, AE-UV1609
(UK) CO., LTD. The conductivity was measured
on a conductivity meter type Senz pSiemen
conductivity tester. Elemental analysis was
carried out on Euro EA 3000 Elemental Analyzer.

2.2. Synthesis of (bpozs) ligand

A solution of (4 mmole, 0.712 g) of 2-Mercapto-
5-phenyl-1,3,4-oxadiazole (phozsH) in (10 ml)
ethanol, was added to ethanol solution (10 ml) of
NaOH (4 mmole, 0.16 g). The resultant mixture
was refluxed for (15 min.) and (4 mmole, 0.474
ml) of benzyl bromide was added and refluxed for
(4 h.). A white solid of (bpozs) was obtained after
cooling of the solution in an ice bath. The formed
precipitate  was filtered off, dried and
recrystallized from ethanol.
Yield = 0.85g, 60.93 %; mp: 95-96 °C; Color:
White. CisH1oN20S. IR (v madem™): w(C-H)
aromatic 3051, 2993; v(C-H) aliphatic 2914,
2848; v(C=N) 1608; v (N-N) 1465; v (C-0-C)
1080; v (C-S) 704. 'H-NMR (296K, ppm, d°-
DMSO): d, 8.05 ppm, 2J(HH)=8 Hz. (2H, phenyl
protons); m, 7.67-7.61 ppm (3H, phenyl protons);
d, 7.56 ppm, 2J(HH)= 8 Hz. (2H, phenyl protons);
m, 7.44-7.35 ppm (3H, phenyl protons); s, 4.63
ppm (2H, CH; group), **C-NMR (DMSO, §, 400
MHz): 158 and 156 Cs¢ (oxadiazole); 128.1 Cg;
123.8 C,; 121.03 Cjyi0; 120.8 Cq; 120.44 Cg;
119.75 Cy3; 118.32 C4; 39.88 C7(CHy).
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2-(benzylthio)-5-phenyl-1,3,4-oxadiazole (bpozs)
2.3. Synthesis of complexes
2.3.1. Preparation of [Pd(bpozs).(dppf)]Cl, (1)

A warm solution of (bpozs) ligand (0.235

mmole, 0.066 g) in ethanol (10 ml) was added to a
solution of [PdCI,(dppf)].CH,Cl, (0.117 mmole,
0.095 g) in CHCI; (20 ml). The mixture was
refluxed for (2 h.) then filtered off. A brown
precipitate was afforded after evaporation of the
filtrate to dryness at room temperature.
Yield = 0.10 g, 66.2 %, mp: 91-92 °C; Color:
brown. Anal. Calc. for CesHsoFeCl, N4sPdO,P,Ss:
C, 60.6; H, 4.10; N, 4.41; S, 5.05. Found: C,
59.98; H, 4.35; N, 3.62; S, 5.91 %. IR (v ma/cm™):
v(C-H) aromatic 3051; v(C-H) aliphatic 2924,
v(C=N) 1608; v(N-N) 1465; v(P-Ph) 1435; v(C-O-
C) 1091; w(C-S) 692; v(Pd-N) 528. 'H-NMR
(295K, ppm, CDCly): s, 7.93 ppm, m, 7.36 ppm
(30H, phenyl protons); s, 4.47 ppm (2H, CHy); s,
4.4, 434 (8H, Cp), *C-NMR (CDCls, &, 400
MHz): 165 and 163 Cgs(oxadiazole); 136.05 Ciy;
135.6 Ci3; 132.10 Cg; 131.8 Cy; 129.49 Cy 1014 ;
129.27 Co; 128.57 C3; 127.13 Cy1; 124.02 Cy; 75,
73, 71 C15.47(Cp); 37.33 C+(CH,), *P-{*H}-NMR;
oP=30.68 ppm.

2.3.2. Preparation of [Pt(bpozs),(dppf)]Cl, (2)

A warm solution of (bpozs) ligand (0.235
mmole, 0.066 g) in ethanol (10 ml) was added to a
solution of [PtCl,(dppf)] (0.117 mmole, 0.095 g)
in CHCI3 (20 ml). The mixture was refluxed for (2
h.) then filtered off. A yellow solid of the
complex was appeared after evaporation of the
filtrate to dryness at room temperature.



Yield = 0.12 g, 74.5 %, Decomposes at: 253°C;
Color: Yellow. Anal. Calc. for CgsHsoFeCls
N4PtO,P,S,: C, 56.64; H, 3.83; N, 4.13; S, 4.72.
Found: C, 56.51; H, 4.55; N, 4.26; S, 4.00 %. IR
(v madcm™): v(C-H) aromatic 3078; v(C-H)
aromatic 3078; v(C-H) aliphatic 2966; v(C=N)
1653; V(N-N) 1465; v(P-Ph) 1435; v(C-O-C)
1097; v(C-S) 690; v(Pt-N) 518. *H NMR (295K,
ppm, CDCls): s, 7.86, m, 7.37 ppm (30H, phenyl
protons); s, 4.36, 4.18 ppm (8H, Cp); s, 4.53 ppm
(2H, CH,), *C NMR (CDCls, 8, 400 MHz): 164
and 162 Cgs(oxadiazole); 136 Cip; 135.31 Ci3;
132 Cg; 131.58 Cy; 129.41 Cia014; 129.19 Co;
128.28 Cj; 127.04 Cyy; 124.6 Cy4; 75, 74, 72 Cys.
17(Cp); 38 C#(CH,), *P-{"H}-NMR; 8P= 9.79
ppm; J(Pt-P) = 3168 Hz.

10, 8 7 16
N < 15 71 a
11 s _5</ N ph—P 2

3. Results and discussion
3.1. FT-IR, *H-NMR and ®*C-NMR Spectrum
of (bpozs) ligand

In the IR spectrum of bpozs, the (SH) stretching
band of phozsH compound at (2567 cm™) Fig. (1)
was vanished and a new weak band at (2914 and
2848) cm™ was appeared that corresponded to
aliphatic (CH,) group, this evidence for
coordination of oxadiazole sulfur atom with
benzyl group (Joshi et al., 2015). The spectra
exhibited bands at (1608, 1465, 1080 and 704)
cm, were respectively attributed to v(C=N, N-N,
C-O-C and C-S) of oxadiazole group Fig. (2)

Saleh.R And. Mohammad..H. /ZJPAS: 2021, 33 (1): 77-90

79

(Kumar et al., 2014)(Al-Azzawi and Hamd,
2013)( Rangappa Santosh et al., 2019).

The *H-NMR spectrum displayed a singlet band
at (4.63) ppm, corresponded to the (CH,) proton
and disappearance of the thiol proton at (3) ppm
was indicated for the formation of bpozs ligand.
The phenyl protons of bpozs ligand appeared as
two doublets at (8.05) ppm; (3J(HH)= 8 Hz.) and
8(7.56) ppm; CJHH)= 8 Hz), with two
unresolved mutliplets within §(7.67-7.61 and
7.44-7.35) ppm. Fig. (5) (Joshi et al., 2015)(
Kumar et al., 2014)(Bhava et al., 2013).

The *C-NMRspectrum showed peaks at §(158

and 156) ppm, were attributed to Cg and Cs of
oxadiazole ring, respectively (Almajan et al.,
2008). The aromatic carbon atoms (C;.4 and Cg.11)
of bpozs ligand were observed at
0(121.03,123.8,120.44,118.32 and
128.1,120.8,121.03,119.75) ppm  respectively,
furthermore, a new signal was detected at 5(39.88)
ppm, attributed to carbon atom of (CH;) group
Fig. (6) (Tank and Acharya, 2013) (Aras and
Hassan, 2018).

3.2. FT-IR, 'H-NMR, B®C-NMR and *'P-{*H}-
NMR spectra of the synthesized complexes

The infrared spectra of Pd(ll) and Pt(ll)
complexes Fig. (3, 4), displayed a weak intensity
bands at (2924 and 2966) cm™, were respectively
allocated to v(CH,) of benzyl group. Moreover,
the v(P-Ph) of dppf and v(C=N), v(N-N) and v(C-
S) stretching bands of bpozs ligand in (1 and 2)
complexes occurred at (1435), (1608, 1653),
(1465) and (692, 690) cm™, correspondingly
(Jensen and Nielsen, 1963)( Zainab and Hameedi,
2020). Furthermore, a new weak intensity band
was appeared at (528 and 518) cm™, were
respectively  attributed to the  N-bound
coordination of bpozs ligand to Pd and Pt metal
(Al-Jibori et al., 2002)( Al-Jibori et al., 2015).
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The 'H-NMR, “C-NMR and *P-{'H}-NMR
spectra for both (1 and 2) complexes were
measured in CDClj; solvent.

'"H NMR spectra were as expected, both (1 and
2) complexes displaying singlet and multiplets at
8(7.93,7.36 and 7.86,7.37) ppm were respectively
assigned to the phenyl protons and the two signals
at 0(4.4, 4.34 and 4.36,4.18) ppm, were due to
protons of cyclopentadienyl ligand,
correspondingly (Al-Jibori et al., 2012)(Riyadh,
2016). The aliphatic (CH,) proton of bpozs in 1
and 2 complexes occurred as a singlet band at
0(4.47 and 4.53) ppm, respectively . In the
spectrum of complex 2 there is no *J(Pt-H), which
means that Pt is coordinated to bpozs through
more basic N- atom not the S-atom (Lobana et al.,
2000)(lvana and Marija, 2017)(Al-Jibori et al.,
2002).

The *C-NMR spectra of complex 1 and 2 Fig.
(7, 8), exhibit signals at 3(165,163 and 164,162)
ppm, were assigned to the two oxadiazole carbon
atoms, respectively. The phenyl carbon atoms of
bpozs and dppf ligands appeared at 3(136.05 Ciy;
135.6 C13; 132.10 Cg; 131.8 C,; 129.49 C1,10,14;
129.27 Cy; 128.57 Cj; 127.13 Cyq; 124.02 Cy) in
complex 1 and at §(136 Cip; 135.31 Cy3; 132 Cg;
131.58 Cy; 129.41 Cy1014; 129.19 Cg; 128.28 Cg;
127.04 Cy1; 124.6 C4) in complex 2 (Almajan et
al., 2008). The carbon atoms of (Cp) groups (Cjs.
17y of phosphine ligand in 1 and 2 complexes
occurred at &(75, 73, 71 and 75, 74, 72) ppm and
existence of a peak at 8(37.33 and 38) ppm,
corresponded to the (CH,) carbon atom (C;) of
bpozs ligand, respectively (Al-Jibori et al., 2012)(
Nur et al., 2018)(Ivana and Marija, 2017).

The 3*P-{"H}-NMR spectrum of complex (1 and
2) Fig. (9, 10), show a singlet band with platinum
satellites, indicates that the electronic environment
of both phosphorous atoms of dppf ligand are the
same; both phosphorous are equivalent and trans
to the same atom.

The spectrum of [Pt(bpozs).(dppf)]Cl, complex
showed a singlet at 6(9.79) ppm with associated
platinum satellites, J(Pt-P) = 3168 Hz. and the
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[Pd(bpozs).(dppf)]Cl, complex exhibited a singlet
band at 8(30.68) ppm, theses suggests that dppf
behaves as a bidentate chelating ligand that linked
to metal ions through both phosphorous atoms and
both P-atoms trans to N-atom of bpozs ligand (Al-
Jibori et al., 2012) (Al-Jibori et al., 2007).

3.3. Elemental analysis for the prepared
complexes

The elemental analysis (CHNS) data for the
synthesized complexes are coherent with the
recommended stoichiometries Table (1).

Electronic Spectra of the Prepared Complexes
3.4.

The electronic spectrum of (bpozs) ligand Fig.
(11) was measured in methanol and their
synthesized mixed ligand complexes in DMSO
solvent Fig. (12, 13). The spectrum of bpozs
ligand illustrated two absorption bands in the Uv.
region at (41666 and 37037) cm™, these
transitions were respectively belonged to n- m*
and n-m* transitions. The electronic spectrum of
Pd(Il) and Pt(Il) complexes exhibited charge
transfer band at (38461) cm™ with two d-d bands
in the uv. and visible regions at (32258, 21276)
and (30303, 23255) cm™, were associated to *Ayg
— 'E; and 'Ay, — By, transitions
correspondingly Table (2), these electronic
transitions indicated that the complexes are
formed as a square planer geometry (Sutton,
1968).

3.5. Molar conductivity for the prepared
complexes

The molar conductivity of bpozs ligand was
surveyed for (10 M) solution in methanol and the
prepared complexes in DMSO solvent at (25 °C).
The conductivity measurements for both
complexes are high, it was deduced that the
prepared complexes are electrolyte that formed in
the ratio of (1:2) as illustrated in Table 3.



Conclusion

We have illustrated herein that palladium(ll) and
platinum(Il) complexes of  the type
[M(bpozs),dppf]Cl, are synthesized from the
addition of two moles of (bpozs) ligand to the
prepared  [MCly(dppf)] complexes,  where
M=Pd(Il) and Pt(ll). Characterization was
relatively straight-forward on the basis of
spectroscopic and analytical data. According to
the measurements data, we deduced that the
prepared complexes have a square planer structure
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in which bpozs ligand bonded in a monodentate
fashion through nitrogen atom, while the dppf
ligand bind to metals centre through both P-atoms.
Moreover, based on the molar conductivity data, it
has been proposed that the synthesized complexes
are ionic in the ratio of (1:2).
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Figure 1: IR spectrum of phozsH ligand
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Table 1: Colors, molecular weight, melting points and elemental analysis for the synthesized complexes
M. Wt M.P. (Calculated) Found %
No. Complexes Color o
P g/mol _ (°C) cC__H N 5
bpozs White 268.06 95-96
1 [Pd(bpozs),(dppf)]Cl. Brown  1267.2 91-92 (60.6) (4.10) (441) (5.05)
59.98 4.35 3.62 5.91
2 [Pt(bpozs),(dppf)]Cl, Yellow  1355.88 d.p.253 (56.64) (3.83) (4.13) (4.72)
56.51 4.55 4.26 4.00
Table 2: Electronic spectral bands of the ligand and its metal complexes
Absorption band Assignment
Complexes Transition
cm’ nm
bDOZS 41666 240 T — ¥
P 37037 270 n — m*
38461 260 C.T.
1 32258 310 Ay, — 'E,
21276 470 Ay, — 'Byg
38461 260 C.T.
2 30303 330 Ay, — 'E,
23255 430 Ay — By
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Table 3: Molar conductivity (cm® ohm™. mol™) of (10" M) solution in DMSO for the synthesized complexes

No. Complexes Molar conductivity (cm? ohm™. mol™)
bpozs 26
1 [Pd(bpozs),(dppfH]Cl, 72
2 [Pt(bpozs),(dppfICl 68
i
1.5
1 .
270
0.544
0.5 - 240
0.2
O T T T T
200 250 300 350 400

Figure 11: Uv.-Vis. spectrum of bpozs ligand
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Figure 12: Electronic spectrum of [Pd(bpozs),(dppf)]Cl, complex: (a) UV. (b) Vis. Region
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Figure 13: Electronic spectrum of [Pt(bpozs),(dppf)]Cl, complex: (a) UV. (b) Vis. Region

References

Adil, A. 2017. Synthesis and Spectroscopic Studies of Novel
Transition Metal Complexes with 5-Phenyl-2-[2-
Hydroxy pyridylacethydrazide]-1,3,4-Oxadiazole, Der.
Pharma. Chemica., 9(4), 48-52.

Al-Azzawi, A. and Hamd, A. 2013. Synthesis,
characterization ~and  antimicrobial  activity
evaluation of new cyclic imides 1, 3, 4-thiadiazole
and 1, 3, 4-oxadiazole, Int. J. Res. Pharm. Chem. 3
(4), 890-897.

Al-Jibori, S., Afra, S., Modher, Y. and Talal, A. (2007).
Mixed ligand palladium(ll) and platinum(il)
complexes of tertiary diphosphines and benz-1,3-
imidazoline-2-thione, benz-1,3-oxazoline-2-thione
or benz-1,3-thiazoline-2-thione., Transition Metal
Chemistry, 32, 281-286.

Al-Jibori, S., Al-Nassiry, A., Hogarth, G. and Salassa, L.
2013. Platinum and palladium bis
(diphenylphosphino) ferrocene (dppf) complexes
with heterocyclic N-acetamide ligands: Synthesis
and molecular structures of [MCl(sac)(k*-dppf)J(M
= Pt, Pd, sac = saccharinate), [PtCl(ata)(x*-dppf)]
and [Pt(ata),(*-dppf)](ataH = N-(2-thiazolyl)
acetamide), Inorganica Chimica. Acta., 398, 46-53.

Al-Jibori, S., Al-Nassiri, I., Al-Hayaly, L. and Jassim, A.
2002. Mixed ligand transition metal complexes of
tertiary phosphines and 5-phenyl-I, 3, 4-oxadiazole-
2-thione, Transition metal chemistry, 27 (2), 191-
195.

Al-Jibori, S., Birgul, S., Safaa, A., Ahmet, K., Harry S,
Christoph W. and Graeme H. 2015. Palladium(Il)
benzisothiazolinate (bit) complexes with amino-,

acetylamino-, heterocyclic and phosphine co-ligands.
Crystal structure of [Pd(bit),(x*-dppe)]-2EtOH,
Inorganica Chimica Acta., 436, 7-15.

Al-Jibori, S., Khaleel, T., Ahmed, S., Al-Hayaly, L.,
Merzweiler, K., Wagner, C. and Hogarth, G. 2012.
Heteroleptic palladium (1I) and platinum (1I)
complexes of 1, 1-bis (diphenylphosphino)
ferrocene (dppf) and heterocyclic thionates: Crystal
structures of [Pt(Phozt),(x*-dppf)](PhoztH= 5-
phenyl-1, 3, 4-oxadiazole-2-thione) and [Pd
(bzoxt),(*-dppf)](bzoxtH= benz-1, 3-oxazoline-2-
thione), Polyhedron, 41 (1), 20-24.

Almajan, G., Barbuceanu, S., Saramet, 1., Dinu, M., Doicin,
C. and Draghici, C. 2008. Synthesis and biological
evaluation of various new substituted 1, 3, 4-
oxadizole-2-thiols, Revista Chim., 59 (4), 395-399.

Aras, N., Hassan, A. 2018, Synthesis and spectroscopic
study of 1,2-thiazine system incorporating
various ester groups, ZANCO Journal of Pure
and Applied Sciences, 30 (1); 44-55.

Bhava, P., Tharmaraj, P., Muthuraj, V. and Umadevi, M.
2013,  Synthesis, spectral  characterization,
biological screening and DNA studies Of 2-(5-
mercapto-[1, 3, 4]-oxadiazol-2-yl)phenol transition
metal (I1) complexes, International Journal of
Engineering and Science, 2 (12), 16-25.

ZANCO Journal of Pure and Applied Sciences 2021



Saleh.R And. Mohammad..H. /ZJPAS: 2021, 33 (1): 77-90

90

Giovanni, S. and Alessio, T. 2019. Metal Complexes of
Oxadiazole Ligands: An Overview, Int J Mol Sci.,
20(14), 1-17.

Ivana, V. and Marija, D. (2017) Reactions of platinum(ll)
complexes with sulfur and nitrogen containing
biomolecules: selective intermolecular migration of
the thioether-bound platinum(ll) complex to the N7
nitrogen atom of guanosine-5'-monophosphate, Ser.
J.ClinRes., 1, 1-6

Jensen, K. and Nielsen, H. 1963. Infrared spectra of some
organic compounds of group (VB) elements, Acta
Chem. Scand., 17, 1875-1885.

Joshi, S., More, U., Kulkarni, M., Nelaguddad, K. and
Kulkarni, V. 2015. Combined pharmacophore and
molecular docking-based in silico study of some
pyrrolyl 1, 3, 4-oxadiazole benzothioate
derivatives, Rgush Journal Pharm. Science, 5 (2),
69-80.

Kumar, L., Naik, P., Naveen, M., Chandrasekhar, T., Reddy,
A., Penchalaiah, N. and Swamy, G. 2014. Synthesis
and biological evaluation of some new 2, 5-
disubstituted 1, 3, 4-oxadiazoles from 3-
(arylsulfonyl) propanehdrazides, Indian Journal of
Chemistry, 53, 208-211.

Lobana, T., Verma, R., Hundal, G. and Castineiras, A. 2000.
Metal-heterocyclic  thione interactions.: 12,
Heterocyclic 2-thiolates of platinum (1I) and
palladium (II): the crystal structures of first
examples of cis-[M(n'-S-pyridine-2-thiolato), (L-
L)I{M = Pt, Pd, L-L = 1,2-bis (diphenylphosphino)
ethane; M= Pt, L-L= 1, 2-bis (diphenylphosphino)
ethene} complexes, Polyhedron, 19 (8), 899-906.

Nur, R., Fariza, J., Mohd, R., Syahrina, N., Nur, A,
Amirrudin, M., Nor, F. and Rozie, S.2018. New
Silver Complexes with Mixed Thiazolidine and
Phosphine Ligands as Highly Potent Antimalarial
and Anticancer Agents, Hindawi Journal of
Chemistry,1-11.

Paulo, P., Vitor, S. and Marco, E. 2018. 1,2,4- and 1,3,4-
Oxadiazoles as Scaffolds in the Development of
Antiparasitic Agents, J. Braz. Chem. Soc., 29 (3),
435-456.

Pirimova, M., Kadirova, S., Ziyayev, A. and Parpiyev, N.
2020. Synthesis and Research of New Mixed Metal
Complexes Co(II), Ni(II), Cu(Il) and Mn(II)Based on
Ammonium Vanadate and 5-Phenyl-1,3,4-Oxadiazole-
2-(3H)-thione, Journal of Critical Reviews, 7 (11),
464-471.

Puxty, G., Bjelosevic, H., Persson, T. And Elmroth, S. 2005.
A comparative kinetic study of modified
Pt(dppf)Cl, complexes and their interactions

ZANCO Journal of Pure and Applied Sciences 2021

with L-cys and L-met., Dalton Transactions, (18),
3032-3038.

Rangappa, S., Ashwini, P., Mukunthan, K., Panchangam,
M., Gundibasappa, K. and Punchappady, D. 2019.
Design, synthesis, and pharmacology of some
oxadiazole and hydroxypyrazoline hybrids bearing
thiazoyl  scaffold:  antiproliferative  activity,
molecular docking and DNA binding studies,
Heliyon 5 Elsevier Ltd., 1-30.

Rezan, A., Hikmat, A., Thomas, I. and Eric, C. 2017.
Synthesis and Characterization of Mono and Mixed
Ligand,

Ni(1l), Pd(Il) and Pt(I1) Complexes of S-5-Phenyl -1, 3, 4-
Oxadiazole-2-yl Benzothioate with some Tertiary
Diphosphines Ligands, AIP Conference
Proceedings, 2-22.

Riyadh, M. 2016. Newmetal complexes of oxadiazole-2-
thione-based ligands; Synthesis and structural
characterization, ChemXpress, 9(2), 178-182.

Sutton, D. 1968. Electronic spectra of transition metal
complexes: an introductory text. McGraw-Hill.

Tank, M. and Acharya, G. 2013. Synthesis and antimicrobial
study of some transition metal complexes of novel
bidentate heterocyclic ligand: 3-(((8-
hydroxyquinolin-5-yl) amino) methyl)-5-phenyl-1,
3, 4-oxadiaz ole-2 (3H)-thione (HAMPOTe),
Universal Journal of Pharmacy, 2 (6), 78-82.

Zainab, M. and Hameedi N. 2020. Synthesis,
Characterization, Antimicrobial and Anticorrosion
of Studies New 2-(5-(2-(5-hydrazinyl-1,3,4-
thiadiazole-2-yl)  hydrazinyl)-1,3,4-oxadiazole-2-
yl) Phenol With Some Transition Metal lons, Sys.
Rev. Pharm., 11 (3), 840 849.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Salassa%20G%5BAuthor%5D&cauthor=true&cauthor_uid=31315181
https://www.ncbi.nlm.nih.gov/pubmed/?term=Terenzi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=31315181
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6678488/

