Jha et al., ] Adv Sci Res, 2022; 13 (8): 27-35 27

ScienSage /

Journal of Advanced Scientific Research

Available online through https: / /sciensage. info

ISSN

0976-9595

Research Article

SYNTHESIS AND SPECTROSCOPIC STUDIES ON OXOVANADIUM COMPLEX WITH
LIGANDS HAVING N, N-DONOR SITES

Y. Shyamkesho Singh, Rani Jha*
Department of Chemistry, Arunachal University of Studies, Namsai, Arunachal Pradesh, India

*Corresponding author: ranijha25 @gmail.com
Received: 27-06-2022; Accepted: 15-08-2022; Published: 30-09-2022

© Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License

https: / /doi.org/10.55218 /JASR.202213805

ABSTRACT

The present investigation is concerned with a method by the reaction of vanadylsulphate with nitrogen containing ligands

N, N donor sites like dicyandiamide, methyldicyandiamide and phenyldicyandiamide in methanol and refluxed. The

tentative structure of these complexes has been proposed on the basis of elemental analysis, magnetic moment and

spectral (IR, EPR) data. The IR and EPR spectra of all the complexes were recorded at room temperature and at liquid

nitrogen temperature. The room temperature EPR spectrum shows anisotropy because the band is observed separately.

Keywords: Vanadium (IV) complexes compound, Elemental analysis, IR, EPR spectral data and magnetic moment data.

1. INTRODUCTION

Among the transition metals, the chemistry of vanadium
has received considerable attention due to the significant
role in a variety of chemical and biological systems [1, 2].
The coordination chemistry and the reactivity of
vanadium have continued to play a significant role not
only because of the physiological relevance of this
transition metal but also for its activity in various
industrial processes.

Vanadium compounds can be in a variety of oxidation
states (-1 to 5), vanadium (IV) is of considerable interest
since it is the most stable compound with the metal in a
d' configuration. This paramagnetic species can be
studied using EPR spectroscopy. The V* ion usually
forms oxo- compound VO**. M.M. Jones [3] reported
the preparation and properties of a number of complexes
between the vanadyl ion and diketones having five
coordinated vanadium (IV). U. casellato and P.A. Vigato
[4] discussed the involvement of metal chelation in many
important biological processes where the coordination
can occur between a variety of metal ions and a wide
range of ligands. Particular attention have been given in
the synthesis of oxo vanadium complexes of the ligand R
sal N (CH,).OH (R=H, 5-Cl, 5-Br, 5-NO,, 5-MeO, 3-
NO, 3MeO; n= 2, 3). The room temperature magnetic
moments of the complexes with the ligands R Sal N
(CH,) , OH are lower (00 89-141 BM) than the
complexes with R Sal N (CH,, , OH. It was inferred on

the basis of the magnetic data that the alcoholic oxygen
are bridging rather than the phenolic oxygen. The
prediction of the structure was made on the basis of the
magnetic data. The magnetic moment of these complexes
decreased considerably on the temperature was lowered
in accordance with an antiferromagnetic exchange
interaction in binuclear structure. S.K Senguptaet. al. [5]
synthesized three oxovanadium (IV) complexes with 14-
membered macro cyclic ligands  derived  from
dithiooxomides and reported the square pyramidal
geometry for the oxovanadium (IV) complexes based on
the spectral data. Extensive spectroscopic research works
have been published [6-8]. As a part of the investigations
we have synthesizes there oxo vanadium (IV) complexes
of substituted dicyandiamide with a limited view to find
out magnetic exchange interaction in the complexes
prepared. Research interest in oxidovanadium chemistry
derives from its ability in several biological and industrial
processes like antimicrobial, spermicidal, antioxidant,
antitumor, DNA binding [9] and recently as insulin
mimetic [10]. The vital role of vanadium in different
chemical and biological system has motivated the
development of vanadium chemistry. The coordination
chemistry of nitrogen and oxygen donor ligand is an
active area of research. Biologically, vanadium is known
for its exceptional ability to interact with biomolecule in
both cationic and anionic forms and its numerous
oxidation states. Several therapeutic effects have been
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described for vanadium including hormonal, cardio
[11-13]
complexes have potential application in catalysis [14]

vascular and  anti-carcinogenic vanadium
biological modeling [15] and design of molecular magnets
[16]. It is also well known that vanadium complexes have
the potential to take part in nitrogen fixation [17] and
halo peroxidation [18] as insulin mimetic [19] antitumer
[20] and an amoebic agent [21]. Bis (acetyl-acetonato)
oxo vanadium (IV) [VO (acac) ,] is also used as a new
class of cancer specific MRI contrast agents that are
nontoxic and highly sensitive to cancer metabolism.

In the
considerable efforts have been focused on vanadium

development ~ of new  anticancer drugs
metal complexes particularly biocompatible copper (II)
that can bind and cleave DNA under

physiological condition [22]. Vanadium metal complexes

complexes

containing  ligand  systems having versatile hydrogen
bonding potential have been used to bind DNA bases and
other anions and to construct network of coordinated
complexes connected through intermolecular interaction
[23] DNA binding metal complexes can also be used in
the development of anti- inflammatory, antifungal,
antibacterial or anticancer reagent [24]. Compounds
containing DNA bases are of considerable interest owing
to their hydrogen bond mediated interactions and their
wide range of biological activities [25] several workers
have reported the potent antitumor, antiviral and
antifungal activities of some marine natural products
guanidine groups and their artificial analogs [26]. Only
few studies have been reported for the interaction of
vanadium complexes with DNA and generally, they have
been restricted to case when vanadium is in its highest
oxidation state [27-29]. On the other hand dicyandiamide
is being employed in a wide variety of applications and
utilized as an intermediate for a number of resins and
organic nitrogen compound biguanides and guanides.
Recently,  binuclear copper (II) complexes of
dicyandiamide [30,31] and phenyl dicyandiamide [32,33]
prepared in different alcohols have been reported and
some of the complexes are reported to exhibit fungicidal
and bactericidal activities [34,35]. Thus, considering the
importance of vanadium complexes and dicyandiamide as
well as its DNA interaction we report here a new
oxovanadium (IV) complexes [VO(acac),DCDA] H,O
using  acetylacetonate (acac) and  dicyandiamide
(DCDA) as ligands. The synthesized complexes have
been characterized by chemical analysis, IR, UV, ESR,
TGA- TDA luminescence, cyclic voltammetry and
powdered XRD analysis. The interaction of these

complexes with CT- DNA (calf thymus DNA) was
investigated using UV- vis absorption titration, cyclic-

voltammeter and thermal denaturation.

2. MATERIAL AND METHODS

All the chemicals were of reagent grade. Methylamine
hydrochloride, Sodium dicyanide, Butanol, Aniline,
Hydrochloric acid, Sodium nitrite and Dicyandiamide
were directly purchased from market farm. All the
solvents were of analytical grade.

The prepared complexes were characterized for the
clemental analysis (carbon, hydrogen and nitrogen) at the
CDRI, Lucknow, magnetic susceptibility at IACS,
Kolkata, EPR at BARC Mumbai (Trombay), IR spectra at
RSIC, Guwahati.

2.1. General procedure for the synthesis of
Ligands

2.1.1. Methyl dicyandiamide

Methylamine hydrochloride (6.8g), sodium dicyanimide
(8.9g) and butanol 50ml were refluxed for 3 hours. The
cooled suspension was filtered and filtrate was
evaporated. The compound was dried for 48 hours over
NaOH and paraffin wax in a vaccum.

The yield was 92% and Melting point wad 209°C.
Elemental analysis for Anal (%) N59, C33.5, H7.0, IR
data of the substituted dicyandiamide (cm™) 334.0s,
1610sbr, 900w. (br = broad;m =medium; s = strong; w
= weak; vs = very strong; wbr = weak broad; sbr =

strong broad).

2.1.2. Phenyldicyandimide

Aniline (23g) was diazotized at 0-5°C 2.5N hydrochloric
acid (250cc) with sodium nitrite (17.5g) in 100cc of
water and added to dicyandiamide (23g) in water (700cc)
at 20°C. Excess of 10N NaOH was added to maintain a
strong alkaline reaction and refluxed for half anhour. The
golden-yellow solution was acidified with acetic acid.
The precipitate was filtered off.

The yield and melting point were 90% and 195-196°C
respectively. The elemental analysis for Anal (%) N34.9,
C59.0,H4.9, and IR data of the substituted
dicyandiamide (cm™) 3230m, 1565m ,1301m, 719wbr,
3125w, 1493m, 1205m, 690 w, 2167 vs, 1449 m, 908
m, 1656 m, 1396 w, 746 m.

2.2. General procedure for the synthesis of
vanadyl (IV) complexes

2.2.1. Synthesis of [VO(AMUH)SO,|

Vanadylsulphate monohydrate (7.0g) and dicyandiamide
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(7.4g) were dissolved in methanol (50ml). The mixture
was refluxed on a water bath for 16 hours. Light blue
colour changed to yellowish brown solution and kept in a
refrigerator. The crystal (complexes) separated out and
recrystallized from acetone and dried in air.

The yield was 70%, colour- light yellow, m. p. 170°C,
magnetic moment u; (1.8551BM) Elemental analysis for
Anal (%) C12.14 H2.70, N18.90,V17, 18,IR data (cm™)
V(C=N, 1734s), 1696s, 160m and v (SO,”), 1081s,

948vw(V = (nu) wave number)

2.2.2. Synthesis of [VO(MAMUH)SO,]
Vanadylsulphate monohydrate (0.722g) and methyl
dicyandiamide (0.856g) were dissolved in methanol
(50ml). The mixture was refluxed on a water bath for
16.40 hours. The light blue colour changed to brown
solution and kept in the refrigerator. The crystal
(complexes) separated out and recrystallized from
acetone and dried in air.

The yield was 60%, colour-light brown, m.p. 162°C,
magnetic moment p g (1.4BM), elemental analysis for
Anal (%) C16.50, H3.42, N19.18, V17.49, IR data (cm’
'Y V(C=N, 1754s) 1689s, 1624s and v* (SO,”), 1100w
955s.

2.2.3. Synthesis of [VO(phAMUH)SO,].3H,0
Vaandylsulphate monohydrate (1.5123g) and phenyl
dicyandiamide (2.6737g) were dissolved in methanol
(about 50ml). The mixture was refluxed on a water bath
for 25.50 hours. The colour of light blue changed to

yellowish brown solution and kept in the refrigerator.
The crystal (complex) separated out and recrystallized
from acetone and dried in air.

The yield was 55% and the melting point was 184°C,
magnetic moment p g (1.0BM), and elemental analysis
for Anal (%) C25.04,H3.00, N13.26, V12.50 IR data
(em™) V(C=N, 1724s) 1672s, 1584s and Vv (SO,?),
118m 964s.

3. RESULTS AND DISCUSSION

The ligands (L) react with Oxovanadium (IV) sulphate in
methanol and products of type [VO (L)] SO,] have been
isolated.

Where L = Dicyandiamide (Dcda), Mehyldicyandiamide
(Mdcda), and Phenyldicyandiamide (Pdcda).

Methanol
VOSO,.nH,0 + N [VO (L) SO,]

The elemental analyses of the complexes oxovanadium
(IV) are given in the Table (1). The procedure and used
for the preparation and isolation of these compounds
gave materials of good purity as supported by their
analysis. The complexes are brown in colour insoluble in
organic solvents. So, our study was confirmed only on
the solid state.

3.1. Estimation of Nitrogen, Carbon and

Hydrogen

Elemental analysis of nitrogen, carbon and hydrogen
were carried out at Central Drug Research Institute
(CDRI) Lucknow and found as Elemental analytical data

of oxovanadium (IV) complex.

Table 1: Elemental analysis of the complexes compound

Found (calculated) (%)

Compounds and colour

H N \4

1.VO(AMUH)SO, Light Yellowish brown 12.14(12.12)  2.702.69)  18.90(18.85)  17.18(17.17)
2.VO(MAMUH)SO, Light Brown 16.50(16.38)  3.42(3.41)  19.18(19.11)  17.49(17.40)
3.VO(PhAMUH)SO,3H,0 Yellowish brown  25.04(26.40)  3.00(2.93)  13.26(13.69)  12.50(12.46)

The characteristic IR spectral bands of oxovanadium
(IV)  complexes are discussed as, for pure
phenyldicyandiamide show as strong v(C = N) band at
2167 cm ', [where V (nu) =wave number] and a band at
1656 cm ' for the azomethine (C = N) group, when
complexes with vanadium (IV) in the presence of
alcohol (ROH) the free nitrile was completely absent
and hence the possibility of the guanyl urea structure
was ruled out. The decrease in V(C=N) on

complexation indicates coordination of  the

phenylamidine (C=N) group lowering the v (C=N)
band to ca 1640 cm™', which is supported by lowering of
the v (C=N) to ca 1667cm in all the complex is
presumably due to a change in the C=N band order, on
coordination through the nitrogen atom, facilitated by
transferred of electron density from the C-O-C boned

order is raised. The complexes show a va (C-O-
C)(va=average wave number) stretch at ca 1180 cm’!

and Vs (C-O-C)( stronger wave number) at ca 960 cm .
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The V(V=N) band appears at 430-420 cm . The spectra
of all complexes show new bands around 970 cm” due
toV(V=0) vibration. The presence of an ionic sulphate
group in the complexes has been confirmed by the
appearance of three bands at 140 (V;), 960 (V,) and 600
Cm'l(V4).The absence of V, band and none splitting of
band indicate that the Td symmetry still holds.

3.2. Magnetic Moment

At room temperature, magnetic moments of the
oxovanadium (IV) complexes lie in the range 0.855 BM
to 1.4 BM. This suggests direct interaction between the
metal ions which is responsible for the sub-normal
magnetic moment value. It was inferred on the basis of
magnetic data, that alcoholic oxygen might bridge the
metal ions. This might be due to antiferromagnetic
nature.

3.3. Magnetic Susceptibility Data
1. VO (AMUH) SO,.
Weight of sample (s)
Temperature = 29°C

1.68600
1.61230

ueff (BM) =2.84 V/((xM)) corr.XT
= 0.855139265 BM.
Where Ig = Intensity of magnetization,
H (G) = Strength of inducing magnetic field,
X, = Magnetic susceptibility,
(X,) av = Average of magnetic susceptibility

Table 3: IR Data of Oxovanadium (IV) Complexes

2. VO (MAMUH) SO, .

Weight of sample (s)
1.63740
1.61225

peff (BM) = 2.84 \-"r( (M)} corr. XT
=1.365789847
=1.4 BM.

3. VO (PhAMUH) SO,H,O0.
Weight of sample (s)
Temperature = 29°C

1.70062
1.67225

ueff (BM) = 2.84\-"r[: (%M)) corr. XT
=0.926936427
=1.0 BM.

Table 2: IR Spectral Data of Oxovanadium (IV)
Complex

IR spectral Band (cm™)

Compound and colour

\ v (SO,?)
VO(AMUH)SO, 1734 1080 s
Light yellowish b 1696 s 948
lg ye OW1S rown 1603 s \AY
VO(MAMUH)SO, 1754 s 1118 m
Light brown 1689 964 s
& 1624 s
VOPhAMUH)SO, H,0  172%s 1100 w
. 1672's
Yellowish brown 1584 s 955 s

Compounds and IR Spectral data

IR bands (cm™)

3380 s 3197s 1734 s 1696s
Lil 'h:/()e(lﬁ)?v}j}?lzfc?vén 1603 m 1455w 1357 m 1081s
gy 948 vw 615 m
3308 s 1754 s 1689 s 1624s
= VO.(MAMUH)SO4 1475 m 1916 m 1100 w 955s
Light brown
826 m
3290 s 1724 s 1672s 1584s
3. VOERAMLE)S0,. 3,0 1487 5 1325 m 1118m 964s
830 m 750 m 613m
(m= medium; s= strong; w= weak; vs= very strong; vw= very weak)
Table 4: Magnetic susceptibility of [VO (AMUH) SO, ]
Sample Intensity of Mag.
P Y & Ig H(G) 1, (X)av

Empty cap  Sample +cup Corrected

VL(.)(h/:MLIIlH)S.(}); 20.0022 20.0026 0.0004  0.005427 8.010x103 0.677455x10-6
'8 Brij‘r’lms 20.0022 20.0027 0.0005 0.006784 8.835x103 0.767884x10-6  0.72206533
20.0023 20.0028 0.0005  0.006784 9.413x103 0.720733 x10-6
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Table 5: Magnetic susceptibility of [VO (MAMUH) SO, ]
Sample Intensity of Mag.(I)
I H(G
Empty  Sample Corrected g (G) X (X)av
VO(MAMUH)SO, — %P Teup
Lioht B +_.0017 .0022 .0005 0198807 8.010x10° 2.481986x 10°
B BIOWR 0018 -.0023 0005  .0198807 8.835x10°  2.2502x10°  2.2814x10°
-.0019 -.0024 .0005 0198807 9.413x10° 2.112048 x 10°
Table 6: Magnetic susceptibility of [VO (PhAMUH) SO,] H,O
Sample Intensity of Mag.
I H(G
Empty cup  Sample t+cup  Corrected & ©) Xe (Xg)av
VO(PhAMUH)SO, -0.0045 -0.0046 0.0001 0.003524 8.010x10° 0.677575x10°
Yellowish brown -0.0048 -0.0050 0.0002 0.007049  8.835x10° 0.797928x10° 0.66230
-0.0053 -0.0055 0.0002 0.007049  9.413x10°  0.748932x10°
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Fig. 1: EPR Spectra of [VO(AMUH)SO, ]
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3.4. EPR Spectra

Since the complexes are insoluble, so we are taking only
solid state EPR spectra. The X-band EPR spectra of
oxovanadium (IV) complexes were recorded at room
temperature and at liquid nitrogen temperature. The
room temperature spectra exhibit eight lines due to
hyperfine splitting of V, those nuclear spin number i=
7/2. The anisotropy is clearly visible in the spectra at
liquid nitrogen temperature and bands are observed
separately. Tentative structures of the complexes have
been proposed of these compounds as.

i

NPT o

ol W s %

H3 )
1. VO (AMUH)SQ,

7 /Cs
L P Em_ 9 o o
PrP g Sl
So? N N & AN

2.vo (MAMUH)SO, 3.V0 (PhAMUHISO,3H,0

4. CONCLUSION

The synthesis and characterization of oxovanadium
complexes  with  dicyandiamide and  substituted
dicyandiamide was performed. Oxovanadium (IV)
complexes were prepared by reacting vanadylsulphate
monohydrate and different ligands in methanol. The IR
spectra band for pure phenyldicyandiamide shows
strong  wave number and that of without
phenyldicyandiamide decrease wave number which is
due to a change in the C=N bond order on
coordination through the nitrogen atom, facilitated by
transfer of electron density from C-O-C bond order to
raised. The magnetic moment of the compound lies
between 0.85 BM to 1.4BM which suggested the
directed interaction between ions. The present work
will be helpful to undergo further research.

Conflict of interest
None declared

5. REFERENCES

1. Van de velde F, Arends IW, Sheldon RA. J Inorg
Biochem, 2000; 80:81-89.

2. Wever R, Kustin K. Adv Inorg Chem, 1990; 35:81-
115.

Journal of Advanced Scientific Research, 2022; 13 (8): Sept.-2022



o

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Jha et al., ] Adv Sci Res, 2022; 13 (8): 27-35 35

MM Jones. | American chemical society, 1954;
76(23):5995-5997.

Caselloto U,Vigato PA, Vidali M. Coordchem Rev,
1977;23(1):31-117.

Sengupta SK, Pandey OP, Pandey G. Ind ] chem,
1998; 37(7):644-647.

Wasson JR, Trapp C. | Phys Chem,
7(11):3763-3772.

SyamalA. Ind | chem, 1985; 24A:946-949.
Ajitkumar et al. Trans Met Chem, 2001; 26:532-537.
DC Crans, J] Smee, Guidamauskas E, Yang L.
Chemical Reviews, 2004; 104(2):849-902.

Korbecki ], Baranowska Bosiacka I, Gutowska I,
Chlubek D. Acta 2012;
59(2):195-200.

Sakurai H, Fujisawa Y, Fujimoto S, Yasui H,
Takino Y. J Trace Elem Exp Med. 1999; 12:393- 401.
Maurya MR, Khurana S, Schulzke C, Rehder D.
Eur ] Inorg Che, 2001; 3:779-788.

Thompson KH, Me Neill JH, Orvig C. Chem Rev,
1999; 99:2561-2571.

Butler A, Clague M], Meister GE. Chem Rev, 1994;
94:625-638

Maurya MR, Agarwal S, Badar C, Rehder D. Eu
Inorg Chem, 2005; 1:147- 157.

Ceccato AS, Neves A, de Brito MA, Drechese SM,
Mangrich AS, Werner R, Haase W, Bortuluzzi
AJ. J ChemSoc Dalton Trans, 2000; 10:1573-1577.
Chen |, Christiansen |, Tittsworth RC, Hales B]J,
George SJ, Coucouvanis D, Cramer SP. | Am
Chem Soc, 1993;115:5509-5515.

Martiner JS, Carrol GL, Tschirret-Guth RA,
Altenhott G, Little RD, Butler A. | Am ChemSoc,
2001; 123:3289-3294.

Katoh A, Yamaguchi M, Saito R, Adachi Y,
Sakurai H. Chem Lett, 2004; 33:1274-1275.

Narla RK, Dong Y, D cruz O], Navara C,
Uckun FM. Clin Canc Res, 2000; 6:1546-1556.

1969,

biochemical ~ polonica,

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Naurya MR, Kumar A, Abid M, Azam A. Inorg
Chem Acta, 2006, 359:2439-2447.
Mustati D, Peng B, Foxley S, Makinen MW,
Karczmar G, Zamora M, Ejnik ], Martin H. | Bio
Inorg Chem, 2009;14:1187.
M Mrksich PB. | Am ChemSoc, 1993; 115:9892.
Jamiesson ER, Lippard S]. Chem Rev, 1999;
99:2467.
Y An SD, Liu SY, Deng, LN Ji, ZW Mao. ] Inorg
Bio Chem, 2006; 100:1586.
Schmidt FP, Berger M. Chem Rev, 1997; 97:1609.
Sakurai H, Nakai M, Miki T, Tsuchiya K, Takada
J, Matsushita R. Bio chem. Biophys Res Commun,
1992; 189:1090- 1095.
Kwong DW], Chan OY, Wong RNS, Murser SM,
Vaca L, Chan SI. Inorg Chem, 1997; 36:1276-1277.
Hiort C, Goodisman ], Dabrowiak JC. Biochemistry,
1996; 35:12354-12362.
Pramodini SD, Mimoda SD, Shantibala ND,
Hemakumar RKS, Manoj M, Kadam RM. Inorg
Chem Comm, 2008; 11:1441-1444.
Jaideva LS, Shantibala ND, Pramodini SD,
Bembee WD, Hemakumar RKS, Rajeshwari B,
Kadam RM. Inorg. Chem Comm, 2010; 13:365-368.
Ajitkumar LS, Ibopishak OS, Manihar AKS,
RKS, Kadam RM, Bhide MK,
Sastry MD. Actapart A, 2004;

Hemakumar
Dhobale AR,
60:1593-1600.
Pramodini SD, Hemakumar RKS, Kadam RMS.
Inorg Chem, 2006; 45:2193-2198.

Pramodini SD, Bindiya RKD, Damayanti M,
Rajen NS, Hemakumar RKS, Kadam RM. J coord
Chem, 2011; 64:1586- 1601.

Ibopishak ~ OS, Damayanti M, Rajen NS,
Hemakumar RKS, Manoj M, Kadam RM.
Polyhedron, 2005; 24:909-916.

Journal of Advanced Scientific Research, 2022; 13 (8): Sept.-2022



