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ABSTRACT 
 

India’s ties with the East Asia date back to many centuries. Indeed, India’s civilizational influence to its east 

has significantly marked many modern East Asian nations.  During the colonial period, India’s long 

established autonomous ties with East Asia were weakened, although many Indians migrated to various other 

British Asian colonies. India has achieved incremental progress in building political, economic, and even 

limited security ties to countries in East Asia. India, however, is still not an integral part of the region’s 

international relations or a critical bilateral relationship for Southeast Asia, China, or Japan. India's 

relationship with East Asia in this way stays the most fragile connection when contrasted with the other major 

partners This research exercise examines India’s policy towards East Asia.  

 

Introduction:  

 
Contemporary global politics is witnessing lots of structural and operational changes of unprecedented 

manner, which are affecting different global power centers in general and India’s foreign policy in particular. 

The shift of global politics from Euro-Atlantic to Asia-Pacific and now Indo-Pacific led to the building of a 

new kind of permutation and combination in international relations.1 Indian engagement of East Asia in the 

post-Cold War era has, indeed, assumed significant proportions and remains a top foreign policy priority for 

the Indian leadership. India is now a full dialogue partner of the Association of South East Asian Nations 

(ASEAN) since 1995, a member of the ASEAN Regional Forum (ARF), the regional security forum since 

1996 and a founder member of the East Asian Summit launched in December 2005. India is also a summit 

partner of ASEAN on par with China, Japan and South Korea since 2002 Over the years, India has also come 

to have extensive economic and trade linkages with various countries in the region. In the security arena, India 

is regularly conducting large scale joint naval exercises off the coast of the Bay of Bengal with the navies of 
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the US, Japan, Australia and Singapore. India, also very recently began joint military counterterrorism 

exercises with China, termed historic as it is first of its kind after the 1962 Sino-Indian border war.2 

India has, indeed, emerged from the margins, at the end of the 1980s, to become one of the key pillars and 

players in East Asia at the beginning of the 21st century In fact, a leading Indian strategic analyst pointed, as 

early as 1998, that India's growing links with this region 'seems to be pushing India in the direction of an East 

Asian identity'.   

 

Historical Perspective:  

 
India's influence on East and Southeast Asia, as well as some of the Asia-Pacific region, has been extensive. 

Hinduism and Buddhism spread throughout Asia from India, initially along trading routes. While Hinduism 

found its way across much of Indonesia, Malaysia, and Thailand, Buddhism reached Japan and Vietnam 

through China and Korea, and also flourished in countries closer to India, such as Burma, Cambodia, and 

Thailand. As Indian trading patterns expanded sand religious ties spread throughout Asia so did cultural 

elements including language (particularly Sanskrit), social customs, styles of art, and architecture. Great 

Indianized kingdoms arose over the centuries throughout Asia and particularly Southeast Asia. However, 

aside from the solitary instance of invasion of the Srivijaya kingdom in Sumatra by the Indian King, Rajendra 

Chola, in the eleventh century AD to protect Indian commercial interests, India did not show any imperialist 

ambitions in Southeast Asia.3 As one non-Indian, former Prime Minister of Singapore Lee Kuan Yew, noted, 

'Historically India has had an enormous influence on South-east Asia; economically and culturally too. The 

Ramayana story is present all over South-east Asia in different versions. The civilizations in the region were 

really Indian in origin..."4 

The earliest Indianized kingdoms of Southeast Asia (founded early in the Christian era) were located in the 

Malay Peninsula, Cambodia, and Annam and on the islands of Java, Sumatra, Borneo, and Bali. Along with 

the traders that traversed the region, Brahmans (priests) from India introduced Indian rituals, scriptures, and 

literature among the elite in Southeast Asia. They introduced Indian court customs, administrative 

organization on the Indian pattern, and laws based on the Code of Manu, the Indian lawgiver. Indianization 

also included the alphabetical basis of Southeast Asian scripts, the incorporation of Sanskrit in vocabularies 

along with the adoption of the Hindu-Buddhist religious beliefs, and an Indian concept of royalty."5 

In maritime Southeast Asia, Srivijaya on Sumatra, between the seventh and thirteenth centuries, was a centre 

for Buddhist studies and of Sanskrit learning. Moreover, the renowned maritime Southeast Asian dynasty of 

Sailendra, which became the dominant maritime and land power in Malaysia by the eighth century, is 

believed to have originated in the Indian state of Orissa.  The last Hindu kingdom in the Southeast Asian 

region was Majapahit, which flourished between the thirteenth and fifteenth centuries on Java. From the 

fifteenth century onwards, with the rise of the kingdom of Malacca, Islam spread throughout the region. For 

their part, Indian traders from Gujarat, Malabar, Tamil Nadu, and Bengal helped the spread of Islam in 

Southeast. 
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India's connections with Southeast Asia more recently flowed from British colonial expansion in the region. 

Sir Stamford Raffles arrived in Singapore in 1819 to establish a trading station, ideally located by the Straits 

of Malacca, as a base from which to protect and resupply East India Company ships carrying cargoes between 

India and the region, and beyond to China. Later, given this connection, Singapore was governed from 

Calcutta., India's interaction with Malaya (today Malaysia) encouraged large-scale migration of Indian 

(particularly Tamil) labor to Malayan plantations. More than 1.5 million ethnic Tamils from South India were 

enumerated in 1931 in other British colonies. Today, with over two million persons of Indian origin, Malaysia 

is home to one of the largest Indian Diaspora com munities abroad. 

 

India and East Asia in Cold War Period: 

It is against the above backdrop that India’s evolving policies and relations must be assessed. In some aspects, 

India was eager to renew its relations with East Asia in the early 1990s; however, it had always enjoyed 

vibrant and enduring relations for several centuries before the onset of colonialism, which not only disrupted 

these links but in fact severed them, as they were unsuitable for colonial masters who wanted to have 

exclusive monopoly. As is evident from a flood of scholarly works that came at the height of India’s 

independence movement, awareness of India’s strong influence was acute; there was not a single country in 

the entire East Asian region that was not influenced by India in one way or another. This played a key role 

among enlightened Indian nationalist leaders, especially from the early 20th century, in generating interest 

about developments in the region. That could be said to be the beginning of the first phase of India looking 

east. India’s interest in East Asia was reflected in a series of events that took place from the late 1940s 

onwards. The most prominent was the convening of the famed Asian Relations Conference in New Delhi in 

March 1947, before India formally gained independence later in August the same year. It was the first ever 

attempt to bring together Asian countries on a platform to express solidarity with each other and to evolve a 

common strategy to fight colonialism and imperialism. As part of this approach, India had also organized a 

special conference on Indonesia in January 1949 in support of its fight against the Dutch colonialists. Prime 

Minister Nehru also extended strong support to other independence movements, especially in Vietnam, and 

enthusiastically welcomed the emergence of the People’s Republic of China under the communist party 

leadership. India also contributed troops for UN peacekeeping operations in Korea. Because of its neutral 

position and political standing in the newly unfolding Cold War atmosphere and its active participation in 

East Asian regional affairs, India was made the Chairman of the International Control Commission, which 

was set up under the 1954 Geneva Accord to ensure the smooth transfer of power in Vietnam. India’s pro-

active policy was most visible in the convening of the Afro-Asian Conference (also called the Bandung 

Conference) in April 1955. As a result, India’s initial foreign policy was heavily influenced by developments 

in East Asia. This could be considered another phase of the Look East policy. Unfortunately, with the Cold 

War taking deeper roots, engulfing virtually the entire region, India’s role began to diminish. Compelled by a 

series of wars from the early 1960s onwards that it had to fight with China (1962) and Pakistan (1965 and 
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1971), India had to abandon its earlier activist policy.6 While India was busy strengthening its defense forces, 

leading eventually to the signing of a Friendship Treaty with the Soviet Union in 1971, the pro and anti-

communist divide was nearly total in East Asia. But for a short while India came under scrutiny due to its 

recognition of the regime that Vietnam propped up after its military intervened to remove the dreaded Pot in 

the 1970s (the only non-communist country to do so), and India’s marginalization from regional affairs, both 

politically and economically, was nearly total. 

Role of Look East Policy:  

India's closer ties with the countries of Southeast and East Asia are the result of 'Look East' policy, first 

enunciated by the government of Prime Minister P.V. Narasimha Rao at the end of the Cold War in 1991 and 

pursued faithfully by all his successors. The first Prime minister of India Pandit Jawaharlal Nehru had 

referred, in his classic The Discovery of India, to Southeast Asia as 'Greater India', but that heady romanticism 

foundered amid mutual suspicions during the Cold War, and relations remained sparse. The end of the 

superpower standoff-and thus of the obligation of states to determine their international allegiances in relation 

to Cold War loyalties and commitments-widened India's foreign policy options, permitting New Delhi to look 

beyond the conventional wisdom of its non-aligned years. 'Look East' followed. Initially aimed at improving 

relations with the member states of the ASEAN at a time when India had embarked upon economic 

liberalization, and indirectly at enhancing strategic cooperation with the United States (looking East to look 

West', as the author Sunanda Datta-Ray termed it), the policy has succeeded beyond the vision of its initiator. 

"Look East' has not just become an end in itself, cementing enhanced economic cooperation with a long-

neglected region, but it has signaled India's return-some might say arrival in a part of the world increasingly 

anxious about China's overweening influence. That the policy continues to bear fruit two decades after it was 

launched is reflected in such recent developments as India's admission as a full dialogue partner of ASEAN, 

its acceptance as a member of the ASEAN Regional Forum and as a full participant in the East Asia Summit 

(even though by no stretch of the geographical imagination can India be said to be an East Asian power). In 

2003 Yashwant Sinha, then India's minister of external affairs, described the 'Look East' policy as having 

evolved through two phases, the first 'ASEAN-centred and focused primarily on trade and investment 

linkages and the second characterized by an expanded definition of "East", extending from Australia to East 

Asia, with ASEAN at its core'. The latter phase, Sinha explaine also marks a shift from trade to wider 

economic and security issues, including joint efforts to protect the sea-lanes and coordinate counter-terrorism 

activities.7 

Challenges for India: 

Since its inception, the Indo-Pacific region remained a part of India's Foreign policy mooring but at varying 

levels. In the beginning, India was attracted towards this region in terms of its historical legacies of Buddhism 

and cultural sharing of Ramayana and Mahabharata epics. Besides, spice trade and people of Indian origin 

settled in different countries attracted the most. As a result, India has limited influence in Japan, China 

Myanmar, Thailand, Vietnam, Indonesia, Malaysia and some far-off island territories However, these ties 
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were mainly limited to socio cultural and religious moorings During the first half of the 1950s, even political 

understanding with these states was reflected through the organization of Asian conferences in New Delhi 

(1947 and 1949) and Bandung conference in Indonesia (1955). To some extent, the efforts of some states in 

the formation of NAM also brought India closer to them. But in political terms, this period of cooperation was 

very short-lived. Since mid 1950s, India drifted its foreign policy orientation towards Europe with the 

culmination of goodwill with the erstwhile Soviet Union. Later on, the politics of Cold War led to a policy of 

neglect between India and these states of Indo-Pacific. However, Indian interests remained limited to the 

Indian Ocean due to power rivalry in this area and its serious implications for India's security concerns. 

Moreover, the Cold War arena of power politics also concentrated around the Indian Ocean, then to the area 

of Asia-Pacific or presently described as Indo-Pacific.  However, the end of Cold War, emergence of new 

permutations and combinations, growing economies of ASEAN states, emerging new regionalism with 

different thrust, initiations of the process of globalization, etc., led to a new shift in India's foreign policy in 

the form of 'look east' Simultaneously, cordiality in Indo-US ties in the post-Cold War era also initiated 

through Kick lighter proposal of 'military-to-military' cooperation in Indo-Pacific between the two countries. 

India's thrust became manifest in the form of its improvement in relations with ASEAN as 'sectoral' and later 

'full dialogue partnership. This was further strengthened by India's joining of ARF and organization of India-

ASEAN summits. India also signed FTAs with some states of this region. Later on, India became a strategic 

partner of the US's 'pivot of Asia' strategy in the form of multilateral cooperation with the allies of the former 

through quadrilateral and bilateral naval exercises and other related areas of cooperation in the Indo-Pacific 

region.8 Thus, in the post-Cold War era, India started looking at this region as an important factor in terms of 

its security concerns, non-traditional threats, trade, investments, joint ventures establishments, energy supply, 

freedom of sea lanes of communication and for its overall economic growth. 

 

Conclusion: 

In an anarchic, self-help international system, survival remains the primary motivation of state behavior in the 

international arena. Therefore, states constantly search for opportunities to ensure thei survival by preserving 

and maximising their relative power and influence The finish of the Cold War gave such a chance to states 

like India to reconfigure their international strategy needs and, in the light of the fundamental changes, utilize 

the recently made space to endeavor to augment their force and impact in the global framework.. The 

disintegration of the USSR, leading to the consequent heralding of the US-led unipolar world, coupled with 

the rise of China as a major power East Asia, forced India to rediscover' East Asia India's own great-power 

ambitions could be pursued with greater vigour as the structural limitations imposed by the bipolar 

international system had vanished India has, accordingly, pursued a more assertive foreign policy in East 

Asia. It involves a policy of 'congaging' China, robust political relations, maximal economic integration and 

interdependence, incremental security cooperation; and, finally, proactive regionalism and multilateralism. As 

India accumulates greater power and influence in East Asia and emerges as a major actor in the region, it will 
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correspondingly desire more space to achieve its strategic objectives. In pursuance of this strategy, India also 

has sought 

to engage the US, the sole superpower today, and harmonies its interests-political, security, economic and 

diplomatic-within East Asia India's consistent and forceful engagement with East Asia in the post-Cold War 

era is leading to its emergence as a key player in the region, with serious implications for the evolving 

security dynamics in East Asia. 
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INTRODUCTION

Resistance to antimicrobial agents is a serious problem
these days, it is the need of the time to develop new classes of
antibiotics and some biologically active compounds, which
ultimately would target the pathogens life cycle and lipoid
layer of the organisms. We are focusing on potential metal
complexes, their design and synthesis of having such biological
activities [1-3].

Pyrimidine and its derivative are such active components
of antibiotics, antimicrobials, anticonvulsants, antispasmatics,
antineoplastics (e.g. bleomycin) and antidiabetogenics. Number
of these derivatives have been used in veterinary drugs, crop-
disease control and seed dressing [4-7], antibacterial [8-10],
antifungal [11,12], antileishmanial [13], anti-inflammatory
[14,15], analgesic [16], antihypertensive [17], antipyretic [18],
antiviral [19,20], antidiabetic [21], antiallergic [22], anti-
convulsant [23], antioxidant [24,25], antihistaminic [26],
herbicidal [27], anticancer activities [28,29] and many of
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magnetic and thermal measurements. 1H NMR and IR results showed that the coordination occurs via N and S forming four-membered
cyclic ring. Mass spectrum showed the formation of 1:2 metals to ligand stoichiometry. The antibacterial activity of synthesized compounds
was evaluated by agar well diffusion method. All the synthesized compounds were evaluated for their DNA nicking activity and found
most of metal complexes exhibited good DNA photocleavage activities.
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pyrimidine derivatives are reported to possess potential central
nervous system (CNS) depressant properties [30] and also act
as calcium channel blockers [31].

Interesting and stimulating findings on transition metal
complexes of pyrimidine-2-thione lead us to a discovery of an
arsenal of bioclinical functions by this synthetic agent. In this
paper, an attempt were made  to synthesize various transition
metal(II) complexes of pyrimidine -2-thione, which are being
examined notably for their biological activities and of parti-
cular interest in the coordinating ability of these ligands. This
work reports on the synthesis and physico-chemical charac-
terization of Mn(II), Co(II), Ni(II), Cu(II), Zn(II), Cd(II), Pd(II)
complexes with 1H-4,4,6-trimethylpyrimidine-2-thione. All
the complexes have been characterized by elemental analysis,
magnetic moment, electronic and IR spectroscopy and conduc-
tivity. Present findings stimulate us to explore the synthesis of
new metal complexes of 1H-4,4,6-trimethyl-3,4-dihydropyri-
midine-2-(1H)-thione (Htmpt) and investigate their biological
properties.
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INTRODUCTION

Pyrimidine-based heterocyclic thiones are regarded as
privileged ligands [1] and metal complexes derived from these
sulphur containing scaffolds have been known for decades.
These complexes have been comprehensively studied due to
their sensitivity, synthetic plasticity and selectivity towards a
variety of metal atoms. Their importance in structural research
as well as synthesis owes much to their derivative affluence
and structural plurality. Pyrimidine-thione contains nitrogrn
and sulphur donor atoms, the sulphur atom, is a soft center
and the nitrogen atom is a hard center [2], this hard – soft
combination allows to coordinate with the metals. There are
various ways in which thione ligand approach metals, via
sulphur bonding/sulphur bridging/N, S-chelating and N, S-
bridging modes. The presence of –N(H)–C(=S)– moiety [3]
is mainly responsible for the biological and pharmacological
activity of pyrimidine-thiones. So the compounds having this
moiety represent an important class of compounds as pharma-
ceutical and medicinal agents with a wide variety of pharma-
cological activity like antibacterial, antifungal, antileishmanial,
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these metal complexs. Structures have been further confirmed on the basis of elemental analysis, Magnetic susceptibility measurements,
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anti-inflammatory, analgesic, antihypertensive, antipyretic,
antiviral, antidiabetic, antiallergic, anticonvulsant, antioxidant,
antihistaminic, herbicidal and anticancer activities [4-8].

In continuation of our research [9,10] to explore the potent-
ialibility of some metal complexes compounds, it was planned
to synthesize, mechanochemically pyrimidine-2-thione based
metal complexes viz. [Mn(2-mppt)2(H2O)2]·H2O (1), [Mn(4-
mppt)2(H2O)2] (2), [Co(4-mppt)2(H2O)2]·4H2O (3), [Ni(2-
mppt)2(H2O)2]·2.5H2O (4), [Ni(4-mppt)2(H2O)2]·2.5H2O (5),
[Cu(4-mppt)2(H2O)2] (6) and [Zn(2-mppt)2]·H2O (7). Further-
more, an effort has been made to find some new potential DNA
photocleavage and antibacterial agents.

EXPERIMENTAL

All the chemicals used were of analytical grade and
purchased from Hi-Media and used as such. The experimental
work was carried out with double distilled water. The bacterial
strains were isolated from the patients at M.M. Medical College,
Maharishi Markandeshwar (Deemed to be University), Mullana,
India. Plasmid DNA pUC 18 was used for accomplishing the
photocleavage studies.
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Physical measurements: The 1H NMR spectra of the
ligand and complexes were measured in DMSO-d6 using TMS
as reference standard on Bruker 400 MHz instrument. Q-ToF
Micro Waters LC-MS spectrometer was used for the recording
of the mass spectra. Elemental analyses (C, H, N) was carried
out using LECO 9320 analyzer (Saif Lab, Chandigarh). IR,
electronic and Mass spectra were measured on Shimadzu IR
affinity in 4000 to 200 cm-1 range using KBr pellet method,
Shimadzu UV 1800 instrument in DMSO as a solvent and on
Agilent mass spectrometer.

Synthesis of ligands: The starting ligands 1-[2/4-methyl-
phenyl]-4,4,6-trimethyl-3H,5H-dihydropyrimidine-2-thione
(2/4-Hmppt) were synthesized according to reported literature
method [11].

(2-Hmppt) (2-HL1): Off white, Yield: 64%; m.p. 199 °C.
Anal. calcd. (found) % for C14H18N2S: C, 67.2 (67.3); H, 7.3
(7.3); N, 11.3 (11.4); S, 13.0 (12.9).

(4-Hmppt) (4-HL1): Off white, Yield: 71%; m.p. 201 °C.
Anal. calcd. (found) % for C14H18N2S: C, 66.4 (66.6); H, 6.9
(7.0); N, 10.6 (10.7); S, 11.9 (12.1).

Synthesis of metal complexes: Mechanochemical method
was employed to synthesize all metal complexes.

[Mn(2-mppt)2(H2O)2]·H2O (1): To solid ligand (2-HL1)
(0.1 mol), solid Na salt (0.1 mol) was added, then it was grinded
in a mortar with the help of a pestle for 1 h at room temperature
and dried in sunlight for 2-3 days. Then Mn(CH3COO)2·4H2O
(0.05 mol) was added and again grinded for about 30 min and
dried in air with occasional mixing in between). The product
obtained was first washed with methanol then by petroleum
ether to eliminate traces of unreacted metal salts. The complex
obtained was coloured and stable at room temperature. Colour:
light brown, Yield: 92%; m.p. 270 ºC. Elemental anal. calcd.
(found) % for C28H40N4O3S2Mn: C, 56.1 (55.8); H, 6.67 (5.5); N,
9.3 (9.0); S, 10.68 (10.4); O, 8.0 (7.7). IR (KBr, cm-1): ω(O-H),
3391; ν(C=N) + (C=C), 1518; ν(NCS), 1407; ν(C=N) + ν(NCS)
+ ν(C=S), 1333, 1238, 1105; ν(C-S), 862; ω(Mn-N), 370;
ω(Mn-S), 233. MS m/z [M+1]+: 547.3.

[Mn(4-mppt)2(H2O)2] (2): The same procedure was used
as for complex 1 with 4-HL2 (0.1 mol). Light brown, Yield:
92% (based on Mn(CH3COO)2·4H2O. m.p. 272 °C. Elemental
anal. (found) % for C28H38N4S2O2Mn: C, 57.8 (56.8); H, 6.5
(6.1); N, 9.6 (8.4); S, 11.0 (10.6); O, 5.5 (5.1). IR (KBr, cm-1):
ν(O-H), 3440; ν(C=N) + ν(C=C), 1520; ν(NCS), 1406; ν(C=N)
+ ν(NCS) + ν(C=S), 1332, 1254, 1132; ν(C-S), 781, ν(Mn-N),
361; ν(Mn-S), 226. MS m/z [M+1]+: 547.3.

[Co(4-mppt)2(H2O)2]·4H2O (3): The same reaction
procedure was used as for complex 1 with 4-HL2 (0.1 mol)
and Co(CH3COO)2·4H2O (0.05 mol) respectively. Light violet,
Yield: 85%; m.p. 308 ºC. Elemental anal. calcd. (found) % for
C28H46N4S2O6Co: C, 51.1 (50.1); H, 7.0 (6.4); N, 8.5 (8.0); S,
9.7 (8.9); O, 14.6 (14.2). IR (KBr, cm-1): ν(O-H) 3448; ν(C=N)
+ ν(C=C),1521; ν(NCS), 1418; ν(C=N) + ν(NCS) + ν(C=S),
1333, 1238, 1105; ν(C-S), 717; ν(Co-N), 301; ν(Co-S) 210. MS
m/z [M+1]+: 550.7

[Ni(2-mppt)2(H2O)2]·2.5H2O (4): The same reaction proce-
dure was used as for complex 1 with 4-HL2 (0.1 mol) and
Ni(CH3COO)2·4H2O (0.05 mol). Greenish, Yield: 91.8%; m.p.

328 °C. Elemental anal. calcd. (found) % for C28H43N4O4.5S2Ni:
C, 53.3 (53.0); H, 6.8 (5.9); N, 8.9 (8.4); S, 10.1 (9.7); O, 11.4
(11.0). IR (KBr, cm-1): ν(O-H), 3407; ν(C=N) + ν(C=C), 1519;
ν(NCS), 1406; ν(C=N) + ν(NCS) + ν(C=S), 1333, 1238, 1131;
ν(C-S), 821; ν(Ni-N), 349; ν(Ni-S) 200. MS m/z [M+1]+:
551.3.

[Ni(4-mppt)2(H2O)2]·2.5H2O (5): The same reaction proce-
dure was used as for complex 1 with 4-HL2 (0.1 mol) and
Ni(CH3COO)2·4H2O (0.05 mol), respectively. Greenish, Yield:
91.8%. m.p. 328 ºC. Elemental anal. calcd. (found) % for
C28H43N4O4.5S2Ni: C, 53.3 (53.0); H, 6.8 (5.9); N, 8.9 (8.4); S,
10.1 (9.7); O, 11.4 (11.0). IR (KBr, cm-1): ν(O-H), 3407; ν(C=N)
+ ν(C=C), 1518; ν(NCS), 1407; ν(C=N) + ν(NCS) + ν(C=S),
1333, 1238, 1105; ν(C-S), 821; ν(Ni-N), 350; ν(Ni-S) 279.
MS m/z [M+1]+: 551.3.

[Cu(4-mppt)2(H2O)2] (6): The same reaction procedure was
used as for 1, with (4-HL2) (0.1 mol) and Mn(CH3COO)2·4H2O
was replaced by Cu(CH3COO)2·H2O (0.05 mol). Light Green,
Yield: 89% (based on Co(CH3COO)2·4H2O). m.p. 314 °C.
Elemental anal. calcd. (found) % for C28H34N4O2S2Cu: C, 57.0
(55.3); H, 6.4 (6.0); N, 9.5 (8.3); S, 10.8 (9.9); O, 5.4 (5.1). IR
(KBr, cm-1): ν(O-H), 3439; ν(C=N) + ν(C=C), 1507; ν(NCS),
1409; ν(C=N) + ν(NCS) + ν(C=S), 1333, 1308, 1103; ν(C-S),
819; ν(Cu-N), 284; ν(Cu-S) 174. MS m/z [M+1]+: 555.2.

[Zn(2-mppt)2]·H2O (7): The same reaction procedure was
used as for complex 1 with 4-HL1 (0.1 mol) and Zn(CH3COO)2·
2H2O (0.05 mol). White, Yield: 86.3% (based on Zn(CH3COO)2·
2H2O). m.p. 313 ºC. Anal. calcd. (found) % for C28H36N4OS2Zn:
C, 58.6 (57.2); H, 6.3 (6.1); N, 9.8 (8.9); S, 11.2 (10.4); O, 2.8
(2.4). IR (KBr, cm-1): ν(O-H), 3280; ν(C=N) + ν(C=C), 1518;
ν(NCS), 1408; ν(C=N) + ν(NCS) + ν(C=S), 1332, 1238, 1131;
ν(C-S), 754; ν(Zn-N), 474; ν(Zn-S) 217. MS m/z [M+1]+:
557.3.

Study on in vitro antibacterial activity: Antibacterial
activities of synthesized compounds against various pathogenic
strains of bacteria (Bacillus subtilis (5021), S. aureus (2063),
P. syringae (5102), P. aeruginosa (5029)) were evaluated using
agar well diffusion method. Plates containing 25 mL of nutrient
agar were inoculated by swabbing 100 µL inocula of each test
bacterium. Wells were bored after 15-20 min of adsoption of
incula using sterile cork borer (10 mm diameter). At 2000 µg/L
of concentration stock solutions of the standard and test com-
pounds were prepared in DMSO. Two-fold dilution of the com-
pounds (50 µL volume) from the stock solution (2, 4, 8,..1054
µg/mL) were inoculated into the corresponding wells in the
seeded agar plates. Incubation of the innoculated plates were
done at 37 °C for 24 h. Inhibition zone was evaluated for the
detection of antibacterial activity of each synthesized com-
pound with zone reader (Hi Antibiotic zone scale). DMSO
was used as a negative control, where as oxacillin or penicillin
G was used as a reference drug in the investigation.

DNA photocleavage studies: Agarose gel electrophoresis
was used to study the DNA photocleavage activity by metal
complexes. Firstly, metal complex (40 µg) was added with
supercoiled plasmid DNA (5 µL) and incubated at 37 °C for
1 h. Later, Agarose (0.8%) gel was prepared and immersed
into the electrophoresis tank containing 1X TAE buffer. DNA
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samples were loaded into the wells by mixing with loading
dye (0.25 % bromophenol blue, 0.25 % xylene cyanol, 30 %
glycerol). After the electrophoresis at 90 V for 2 h, staining of
the gel was done with ethidium bromide, (1.0 µg/mL) viewed
under UV trans-illuminator (Bio-Rad UV trans-illuminator
2000).

RESULTS AND DISCUSSION

The synthesized ligands and their metal complexes were
stable at room temperature and readily soluble in DMF/DMSO
shown in Scheme-I. The mononegative bidentate ligand is
probable to coordinate with metal centers via deprotonated
cyclic nitrogen (N-3) and thione sulfur atoms (Scheme-I) which
was confirmed using different spectroscopic techniques. We
tried to structurally characterize one of the complex by X-ray
crystallography, but unsuccessful to collect the data due to
very slight crystal dimensions. All the complexes were
characterized on the basis of 1H NMR, IR, UV-visible spectro-
scopy, mass spectrometry, magnetic moment and thermogravi-
metric studies.

FTIR spectra: FTIR spectra was recorded in the region
4000-250 cm-1 and some specific bands and their assignments
are listed in Table-1. In FTIR spectra, ν(N-H) stretching bands
appeared at 3019 cm-1 in 2-HL1 and at 3028 cm-1 in 4-HL1.
The bands at 1691cm-1 in 2-HL1 and 1692 cm-1 in 4-HL1
respectively are due to δ(N-H) deformations [12,13]. Due to
absence of any band for ν(SH) in 2600-2500 cm-1 region
confirms the thione form of ligand [9,10,14].

After chelation, disappearance of ν(NH) stretching bands
and advent of strong band in the range 1543-1510 cm-1 are
assigned to the combination of ν(C=C) + ν(C=N) skeletal
vibrations of pyrimidine-thione ring. These bands are shifted
to low or high frequency signifying N-coordination occur through
deprotonated ring nitrogen [15,16]. Besides, these in 2-HL1
bands at 1273, 1137 cm-1 and in 4-HL1 bands at 1276, 1136
cm-1 are allocated to contribution due to prevailing ν(C=S), which
shows lower intensities or sometimes absence in the spectra
of metal complexes. This specifies the association of exocyclic
sulphur atom in coordination. Appearance of bands at or near
862-781 cm-1 due to C-S, further supports the participation of
sulphur in coordination [12,13,17]. Due to extensive coupling

TABLE-1 
FTIR DATA OF LIGANDS AND THEIR METAL COMPLEXES 

Key IR bands (cm–1) 
Ligand/ 

complexes ν(OH) ν(NH) δ(NH) 
ν(C=N) + 
ν(C=C) 

ν(NCS) ν(C=N) + ν(NCS) + 
(C=S) 

ν(C–S) ν(M–N) ν(M–S) 

Ligand 
2-HL1 – 3019 1691 1536 1495 1384, 1273, 1137 – – – 
4-HL1 – 3028 1692 1508 1454 1385, 1276, 1136 – – – 

Complexes 
1 3391 – – 1518 1407 1333, 1238, 1105 862 370 233 
2 3440 – – 1520 1406 1332, 1254, 1132 781 361 226 
3 3448 – – 1521 1418 1333, 1238, 1105 717 301 210 
4 3407 – – 1519 1406 1333, 1238, 1131 821 349 200 
5 3407 – – 1518 1407 1333, 1238, 105 821 350 279 
6 3439 – – 1507 1409 1333, 1308, 1103 819 284 174 
7 3280 – – 1518 1408 1332, 1238, 1131 754 474 217 
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of δ(NH), ν(N-C=S), ν(C=N) and ν(C=S) called thioamide
bands in the spectra of complexes infers that there is interaction
between exocyclic S atom, ring N and metal ions [17,18].

Appearance of non-ligand bands in far IR spectra of comp-
lexes between 410 and 174 cm-1 are assigned to ν(M-N) and
ν(M-S) stretches respectively [18-21]. It further confirms that
N, S chelation takes place via the deprotonated nitrogen N-3
and the exocyclic sulphur atom [21,22].

1H NMR spectra: 1H NMR spectra of both ligands were
documented in DMSO. The spectra of 2-HL1 exhibits singlets
at δ 1.25, 1.33, 2.08, 4.94, 8.81 ppm which were allocated as
2(CH3), 1(CH3), 1(CH3), C=C-H and N-H, respectively (Table-
2). Multiplet of ArC-H appeared at δ 7.07-7.25 ppm. The
spectrum of 4-HL1 exhibit singlet at δ 1.25, 1.40, 2.3, 4.91,
8.80 ppm, assigned as 2(CH3), 1(CH3), 1(CH3), C=C-H
and N-H respectively and the appearance of two doublet of
doublet at δ 6.9-7.0(dd), 7.1-7.2(dd) ppm are due to ArC-H
[19-25].

TABLE-2 
1H NMR (ppm) DATA OF 2-HL1, 4-HL1  

AND ITS METAL COMPLEXES 

Protons (2-HL1) (4-HL1) 7 
4CH3 1.25,1.33,2.08 1.25,1.40,2.3 1.27-1.71 

C=C-H 4.94 4.91 4.85 
N-H 8.81 8.80 – 

Ar-C-H 7.07-7.25 6.9-7.0 (dd) 
7.1-7.2 (dd) 

7.01-7.18 

 
Absence of NMR signals at 8.81 ppm and 8.96 ppm for

Nitrogen protons in the spectra of metal complexes further
confirms the deprotonation of N-H and chelation of metal ion
through the deprotonated N(3) [21]. Likewise, chemical shifting
is observed in the values of all metal complexes as compared
to free ligands. Broad peak appeared for NMR spectra of Cu,
Ni and Mn complexes shows paramagnetic behaviour of the
metal ions [26,27]. This statement is in full agreement with
the reported results, which further approves the formation of
metal complexes.

Mass spectra: The mass fragmentation of both ligands
and selected metal complexes are reported in Table-3. The
intense molecular ion peak appeared at m/z 247.52 (M++1) in
mass spectra of both ligands corresponds to its molecular
formula (calcd. 246). Complex 1 exhibits a peak at m/z 547.35
corresponding to [Mn(2-mppt)2]+ ion, while complex 5 shows
a peak at m/z 551.32 due to [Ni(4-mppt)2]+ ion. The mass spec-
trum of complex 6 shows a peak at m/z 555.29 corresponding
to [Cu(p-mppt)2]+ ion and the spectrum of complex 7 shows a
peak at m/z 557.31 due to [Zn(2-mppt)2]+ ion. Spectroscopic
analysis provides sufficient proof to validate the formation of
the expected metal complexes with the ligand in stoichiometric

ratio of 1:2 (metal:ligand). This allows us to propose a cis-
coordination geometry [9,25,28,29] for the metal complexes
(Scheme-I).

Magnetic measurements and electronic spectra: The
magnetic data of metal complexes are given in Table-4. The
magnetic moment of metal complexes 1 and 2 shows value
5.68 and 5.66 BM, respectively which is expected for high spin
distorted octahedral complexes [24]. Complex 3 shows magnetic
moment of 3.67 BM and this value matches with values reported
for octahedral complexes [30,31]. The magnetic data of comp-
lexes 4 and 5 show magnetic moment of 3.11 and 2.98 BM,
which are close to that of an octahedral d8 system with two
unpaired electrons [32,33]. The value of 1.79 BM in complex
6 is due to one unpaired electron (S = ½) as mostly observed
for copper complexes while Zn(II) have zero unpaired electron,
shows diamagnetic behaviour [34].

TABLE-4 
ELECTRONIC ABSORPTION AND MAGNETIC MOMENT  
DATA OF 2-HL1, 4-HL1 AND ITS METAL COMPLEXES 

Ligand/ 
Complex 

Magnetic moment (BM) λmax (nm) 

2-HL1 – 292, 304 
4-HL1 – 283, 319 
1 and 2 5.68 and 5.66 (both ocahedral) 285, 667 

3 3.67 (Octahedral) 701, 624, 526, 465, 282 
4 and 5 3.11and 2.98 (both ocahedral) 723, 585, 510, 284 

6 1.79 (ocahedral) 410, 403 
7 Diamagnetic 631, 605, 287 

 
UV visible spectra: Electronic spectra of complexes 1

and 2 show the d-d transitions of t2g
3 eg

2 are frail and spin
forbidden, rarely visible in the concentrated solutions. A weak
band at 667, 669 may be assigned to 6A1g → 4T1g (G) transitions
[35]. Absorptions of 701, 624, 526, 465 nm were allotted to
4T1g → 4T2g (F), 4T1g →4T1g (P), 4T1g → 4A2g (F) transitions for
complexes 1, 2 and 3, respectively [36].

For d8 system electronic bands visible at 723, 585, 510
which are given to 3A2g → 3T2g, 3A2g → 3T1g (F), 3A2g → 3T1g

(P) and charge transfer (CT) transitions for complexes 4 and
5. The electronic spectra for complex 6 shows a broad band at
702 nm which is assigned to 2B1g → 2E2g transitions [37]. There-
fore, copper complex was proposed with an octahedral geometry
[9,10]. Complex 7 displayed the bands at 631 and 605 nm assigned
to 1A1g → 1B1g and 1A1g → 1E2g shows, respectively four coordi-
nate square planar geometry for complex [38] (Table-4).

Thermal studies: Thermogravimetric studies showed
stability and degradation behaviour of complexes 1, 3, 4, 7.
The primary thermal analysis data is listed in Table-5. Loss of
weight below 140 °C in some of the complex is due to dehy-
dration and colour changes from light to dark [9,16]. TG curves

TABLE-3 
MASS FRAGMENTATION DATA OF 2/4-Hmppt AND THEIR METAL COMPLEXES (M+ + 1) MODE 

2/4-Hmppt 1 4 6 7 

121.07, 136.10, 188.57, 
215.57, 247.51 m/z 

188.5, 247.5, 269.4, 270.1, 
491.4, 499.4, 515.4, 531.4, 

547.3, 599.2 m/z 

247.5, 269.4, 271.5, 
515.4, 551.3, m/z 

215.5, 247.5, 269.4, 270.4, 
277, 315.5, 515.4, 555.2 m/z 

215.5, 247.5, 269.4, 270.1, 
515.4, 555.3, 557.3 m/z 
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showed four stages of decomposition starting from the loss of
hydrated water, coordinated water and decomposition of mppt–

moiety, which is further due to the break-down of the weak
hetero {HN-C(ph), HN-N(1) or N(1)-CS or S-N(3)} bonds [9,21].

Thermogram of complex 1 shows five stages of weight
loss in 0-80 ºC, 80-153 ºC, 153-330 ºC, 330-500 ºC and 500-
800 ºC temperature regions. These weight losses are correspond
to the removal of one hydrated water molecule (calcd. 3.1%,
found 2.9%), two coordinated water molecules (calcd. 4.7%,
found 5.09%), C7H10N2 moiety (calcd. 20.3%, found 20.5%),
C7H7S moiety (calcd. 15.3%, found 15.1%), C13H16N2 moiety
(calcd. 35.6%, found 35.8%), respectively thereby leaving the
mixture of MnO, MnS and MnC2 [9,21].

For complex 3, thermogravimetric studies showed five
steps of decomposition in the 0-100 ºC, 100-228 ºC, 228-328
ºC, 328-500 ºC and 500-800 ºC, respectively. The weight loss
reveals the removal of four lattice water molecule (calcd.
9.69%, found 9.7%), two coordinated water molecules (calcd.
5.5%, found 5.53%), C7H11N2 moiety (calcd. 18.8%, found
18.9%), C7H7N moiety (calcd. 14.0%, found 14.15%), C13H16N2

fragments (calcd. 33.0%, found 32.9%), respectively and CoO
residue contaminated with sulfide and carbide left behind
[9,21].

Thermogram of complex 4 shows five TG inflections from
0-70 ºC, 70-150 ºC, 150-270 ºC and 270-450 ºC, 450-800 ºC.
Removal of 2.5 lattice water molecules (calcd. 2.9%, found
3.0%), two coordinated water molecules (calcd. 5.9%, found
6.0%), C6H10N2 moiety (calcd. 20.0%, found 20.1%), C7H7S
moiety (calcd. 15.09%, found 15.1%), C14H17N2 fragments (calcd.
35.3%, found 35.2%), respectively reveals the successive weight
loss and leaving contaminated mixture of NiO with carbide
and sulfide [9,21].

Thermogram of complex 7 explains four TG weight losses
which ranges from 0-100 °C, 100-273 °C, 273-372 °C and
372-700 °C. The first weight loss was endothermic, may be

due to the release of one lattice water molecule (calcd. 7.1%,
found 7.0%), then another due to C7H10N2 moiety (calcd.
20.71%, found 19.8%) while third and fourth indicates the
removal of C7H7N moiety (calcd. 15.37%, found 15.5%) and
C13H17N fragments (calcd. 31.45%, found 31.4%) leaving ZnO
+ ZnS + ZnC2 residue [9,21].

Biological evaluation

Antibacterial activity of the metal complexes: On compa-
ring the experimental data discovered that the 4-HL1 and its
metal complexes are more active than the 2-HL1 and its metal
complexes against all bacteria (Table-6). The data confirmed
that this activity increases considerably on coordination/chela-
tion. In addition to that on coordination polarity of the metal
ion reduces primarily due to partial sharing of its positive charge
with the donor groups [39,40] with in the chelate ring which in
turn, leads to proliferation in the lipophilicity of metal chelates,
to make it more permeable through the lipid layer [41] of
microorganisms thus terminating them more violently. Once
the compound come into the microbial cell, it confines the
growth of bacteria by binding at the active site of enzymes,
involved in various vital biochemical processes like proteins
synthesis and cell respiration in the cell. In all the metal comp-
lexes active sites involve the formation of hydrogen bonds
with imino group which further leads to snooping with the
cell wall synthesis due to hydrogen bond formation the cyto-
plasmic membrane damages and the cell permeability may
also be changed causing the cell death. Bioactivity order of
complexes found was 3 > 6 > 5 > 7 > 2 > 4-HL1. The higher
activity of 3, 6 and 5 complexes of 4-HL1 proposes that, on
coordination the polarity of Co(II), Cu(II) and Ni(II) ion is
abridged to a larger extent due to overlap of the ligand orbital
and partial sharing of the positive charge of the cobalt, copper
and nickel ions with donor groups. Consequently, Co(II), Cu(II)
and Ni(II) ions are easily adsorbed on the surface of the cell

TABLE-5 
THERMOGRAVIMETRIC DATA OF METAL COMPLEXES 

Compound Decomposition stages and assignment Temp. (°C) Weight loss (%): 
Found (calcd.) 

 
[Mn(2-mppt)2(H2O)2]·H2O 

[C28H40N4MnO3S2] (1) 

1) Lattice water (hydrated water) 
2) Coordinated water (inside coordination sphere) 
3) C7H10N2 elimination 
4) C7H7S 
5) C13H17N2 elimination 

0-80 
80-153 

153-330 
330-500 
500-800 

2.9 (3.1) 
5.09 (4.7) 

20.5 (20.3) 
15.1 (15.3) 
35.8 (35.6) 

[Co(4-mppt)2(H2O)2]·4H2O 
[C28H46N4CoO4S2] (3) 

1) 4 Lattice water (hydrated water) 
2) Coordinated water (inside coordination sphere) 
3) C7H11N2 elimination 
4) C7H7S 
5) C13H16N2 elimination 

0-100 
100-228 
228-328 
328-500 
500-800 

9.7 (9.69) 
5.53 (5.5) 

18.9 (18.8) 
14.15 (14.0) 
32.9 (33.0) 

[Ni(2-mppt)2(H2O)2]·2.5H2O 
[C28H42.5N4NiO4.5S2] (4) 

1) 2.5Lattice water (hydrated water) 
2) Coordinated water (inside coordination sphere) 
3) C6H10N2 elimination 
4) C7H10S 
5) C14H17N2 elimination 

0-80 
80-170 

170-270 
270-375 
375-800 

3.0 (2.9) 
6.0 (5.9) 

20.1 (20.0) 
15.1 (15.09) 
35.2 (35.3) 

[Zn(2-mppt)2]·H2O 
[C28H36N4ZnOS2] (7) 

1) Lattice water (hydrated water) 
2) C7H10N2 elimination 
3) C7H7S 
4) C13H17N2 elimination 

0-100 
100-273 
273-372 
372-700 

7.0 (7.1) 
19.8 (20.71) 
15.5 (15.37) 
31.4 (31.45) 

*Calculated in parentheses 
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TABLE-6 
in vitro ANTIBACTERIAL ACTIVITY OF  

2-HL1, 4-HL1 AND ITS COMPLEXES 

Diameter of growth of zone inhibition (mm) 
B. subtilis S. aureus P. syringae P. aeruginosa Compounds 

-5021 -2063 -5102 -5029 
2-HL1 12 12 12 10 
4-HL2 15 14 16 14 

1 10 12 10 10 
2 14 15 15 16 
3 41 33 38 35 
4 11 13 13 14 
5 21 19 19 26 
6 40 31 29 38 
7 16 13 20 21 

Penicillin G 35 31 38 37 
Oxacillin 36 36 38 37 

 
wall of microorganisms. These adsorbed ions interrupt the respi-
ratory process of the cells and obstructs the synthesis of proteins.
This, in turn, controls further growth [42] of the organisms.

DNA photocleavage study: The most threatening danger
to the humans nowadays is cancer can be overcome by the
discovery of chemical nuclease. Transition metal complexes
possess good nuclease activities and are known to bind specifi-
cally with DNA [43]. The DNA photo cleavage study result
were presented in Fig. 1. It was observed from the results that
under the same experimental conditions metal complexes of
4-HL1 are relatively more active than 2-HL1 and complexes.
Fig. 1 revealed that in complex 2 (20 µg/µL), both SC and NC
form are visible, in complex 1 (60 µg/µL) only OC form is
visible and complex 3, show almost complete degradation of
plasmid DNA suggesting the strong nuclease activity of these
complexes (20 µg/µL). However, in complex 5 (40 µg/µL) and
(20 µg/µL) respectively, there was complete change of super
coiled plasmid DNA into open circular and nicked coiled form
is also visible suggesting high DNA photo cleaving capacity
in case of complex 5. In case of complex 6, there was almost
complete degradation of plasmid DNA suggesting the strong
nuclease activity of complex 6 (20 µg/µL).

C 1 2 3 4 5 6 7 8

OC

NC
SC

Fig. 1. DNA photocleavage activity of 2-HL1, 4-HL1 and its complexes
C control (DNA+DMSO), Lane 1-4-HL1 (20 µg/µL), lane 2-
complex 2 (20 µg/µL), lane 3- complex 3 (20µg/µL), lane 4-complex
5 (20 µg/µL), lane 5-complex 6 (40 µg/µL), lane 6-complex 6 (20
µg/µL), lane 7-2-HL1 (60 µg/µL), lane 8-complex 4 (60 µg/µL)

In complex 4, both the forms that is NC and OC were visible
at 60 µg/µL. The better binding ability with plasmid DNA as
compared to ortho substituted (2nd position) metal complexes

leads to enhanced nuclease activity in case of para (4th position)
substituted metal complexes and the different degree of binding
ability of complexes with the plasmid DNA resulted difference
in the nuclease activity among the ortho and para substituted
metal complexes.

Conclusion

In search of some biologically active agents, some transi-
tion metal complexes of bidentate pyrimidine-2-thione were
synthesized under mechanochemical conditions. Metal coordi-
nate with ligand via endocyclic nitrogen and exocyclic sulphur
thus forming a four membered ring. All of these compounds
were evaluated for their DNA photocleavage ability and as
antibacterial agents. It has been perceived that in comparison
to ligand, its metal complexes 3, 5 and 6 were found to reveal
good DNA fragmentation and antibacterial potential. In future
some structural alterations in the ligand may lead to formation
of better DNA binding agents.
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