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ABSTRACT

Stable complexesof bivalent metal ionswith 4—salicyldimino—3,5—-dioxo—6—
methyl-2,3,4,5—tetrahydro—1,2,4—triazine (Hsalmtz) of composition
[M(salmtz),] (M = Co", Mn", Cu", Ni", Pd", Zn", Cd", Hg" and Pt"),
[Cu(salmtz)X] (X =CI- or Br) and [M(salmtz)X] (M = Zn", Cd" or Hg" and
X =CI-, I or NCS) have been prepared analyzed and their structure have
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been suggested from the studies of IR, UV, magnetic susceptibility and
electrical conductance measurement. The Hsalmtz and its Cu", Zn", Cd"
and Hg'" complexes were screened for antibacterial viz. E. Coli, B.
thuringiensis, S. aureus and antifungal activitieson F. oxysproum, A. nigar,
A. flavusand R. phaseoli. The complexeswere found to be highly effective

against antibacterial and antifungal species.
© 2012 Trade Sciencelnc. - INDIA

INTRODUCTION

Triazinederivativesarehighly activeanti—inflamma-
tory, anticoagulant, antivira, antimicrobia,, antibacterid
and antifunga substancesand anumber of derivatives
have been used as effective drug™4. The complexesof
4-amino-3,5-dioxo-6-methyl-2,3,4,5-tetrahydro-
1,2,4-triazine (Hmtz) have been reported in previous
communications®. Inview of potent pharmacol ogi-
ca propertiesand stable complex forming ability of 4-
sdicyldimino (Hsamtz) derivativesof triazine[Hmtz]
the complexesof Hsamtz with ninebivaent biologica
potent metalsviz Co", Mn'", Cu", Ni"", Pd", Zn"", Cd",

Hg'" and Pt" have been prepared and characterized and
antibacterid and antifungd propertiesof ligand and some
of their compounds have a so been studied and reported

in present paper.
EXPERIMENTAL

Analytical grade reagents and solvents of BDH,
E.Merck, Nice, and Sd. fine chemicalswere used for
preparation of ligand and metal complexes. Pdladium
(I1) and Platinum (11) chloride were obtained from
Johnson Matthey, London. 4-Amino-3,5-dioxo-6-
methyl-2,3,4,5-tetrahydro-1,2,4-triazine (A) waspre-
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pared by known procedure®. Theligand (Hsdmtz) was
prepared by condensing A with equimolar proportion
of sdicylddhydein agueousethanol at reflux tempera-
turein presence of 2-3 ml of acetic acid. The product
wasrecrystd lized with hot ethanol and analyzed. M.P.
recorded 248 — 250°C.

Preparation of complexes[M(salmtz).] (M =Ca",
Mn'', Ni"', Cu", Zn", Cd"and Hg"): About 0.01 mol
of meta acetate was dissolved in hot agueous ethanol
(30-40 ml) and refluxed with 0.02 mol of ligand in
hot ethanol (30 ml) for half an hour and pH wasraised
by adding agueous sodium acetate solution. Theneu-
tral bis chelate separated slowly. The product was
digested on steam bath, cooled and collected on fil-
ter. The Pd" and Pt" complexes were prepared by
reacting aqueousacidic solution of metal chloridewith
ligandin ethanal (1: 2 molar ratio) and adjusting their
pH to 5-6 by adding sodium acetate solution. The
yield 90-98%.

Preparation of complexes[M(samtz)X] (X =ClI-

—= Fyll Poper

or Br- for Cu" and X = Cl- or I- for Zn'", Cd" and
Hg'"): Theethanolic solution of meta haides (0.01 mol
in20ml) and hot ethanolic solution of ligand (0.01 mol
in 25-30 ml) were mixed together and refluxed on a
steam bath with constant stirring. Thehal o complexes
separated slowly. The productswere cooled filtered
and washedwithicecold ethanol (Yield 80-87%). The
purity of sampleswastested by TLC.

The complexes were dried in desiccator over
CaCl,.. Themetal contentsand hal ogensof complexes
were analyzed by standard procedure™>*l. Theresult
of C, H and N were obtained on Elementar Vario EL
[1l Carlo Erba 1108 analyzer. UV—Vis spectra were
recorded at Shimadzu UV—Vis 160 spectrophotom-
eter and FTIR wererecorded in KBr discintherange
of 4000-400 cm® on Shimadzu spectrophotometer at
[IT Patna. Magneti c susceptibility was determined by
Gouy method. Molar conductivitiesof freshly prepared
solutionin DMF were measured on a Systronics Con-
ductivity TDS Meter 308. Theresults of elemental

TABLE1
Molecular formula Calor Elemental analysis % fou(;d (]f:alculated) et BM
of compound % of C % of N 0 O % of M 301-303 K
Halogen
Cii1H10N40; Cream 53.19(53.65) 22.44(22.76) Dia
[CU(C11H10N405)Cl] Ash color 38.01(38.37) 15.82(16.27) 10.0910.20)  18.14(18.45) 1.87
[CU(C11H10N403)Br] Brownyellow  33.65(33.97) 14.05(14.41) 20.08(20.59) 16.03(16.34) 1.83
[Pd(C1H10N405)Cl] Yelowgreen  33.54(33.94) 14.13(14.47) 27.01(27.50) Dia
[Zn(C1H10N405)Cl] White 37.89(38.16) 15.84(16.19) 10.01(10.26) 18.65(18.90) Dia
[Zn(C11H1oN4O)1] White 29.91(30.18) 12.44(12.80) 28.89(29.03) 14.58(14.94) Dia
[Zn(C1H1oN4O5)NCS]  Cream 38.69(39.09) 18.56(19.00) 17.31(17.74) Dia
[Cd(CuH10N405)Cl] White 33.35(33.59) 13.86(14.25) 8.95(9.03)  28.36(28.60) Dia
[CA(CuH10N405)1] Cream 27.01(27.25) 11.19(11.56) 25.86(26.21) 22.94(23.20) Dia
[CA(CuH1oN4O3)NCS]  Cream 34.29(34.66)  16.59(16.85) 26.76(27.07) Dia
[Hg(CiiHioN4O3)Cl]  White 27.21(27.43) 11.24(11.64) 7.03(7.37)  41.35(41.69) Dia
[Hg(C11H1oN40)1] White 2259(23.05) 9.43(9.78)  21.98(22.17) 35.08(35.32) Dia
[Hg(C11H:0N4O5)NCS]  Cream 2852(28.59) 13.65(13.90) ——  39.47(39.83) Dia
CuL, Brick red 47.19(47.69) 19.94(20.23)  ——  11.24(11.47) 1.91
NiL, Yelow 47.85(48.11) 20.09(2041) ——  10.32(10.69) 3.02
Col, Reddish brown  47.65(48.09) 20.01(20.40) ———  10.41(10.73) 4.94
ZnL, White 47.25(47.53) 19.89(20.16) ———  11.23(11.77) Dia
MnL, Dirty white 48.02(48.44) 20.12(20.55) 9.85(10.08) 5.92
cdL, White 43.35(43.82) 18.19(1859) —  18.15(18.65) Dia
PdL, Creamyellow  44.02(44.26) 18.45(18.77) ——  17.46(18.84) Dia
HoL, White 37.98(38.22) 15.95(16.21) ——  17.29(18.84) Dia
PtL, Creamyellow  38.13(38.47) 16.01(16.34) —  28.09(28.47) Dia
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analysis of the ligand and complexesare shownin
TABLE 1.

RESULTSAND DISCUSSION

Theligand 4-sdlicyldimino-3,5-dioxo-6-methyl—
2,3,4,5-tetrahydro-1,2,4-triazine (Hsalmtz) FigureA

CHg

H.C M
= H‘“H— o

FigureA

FigureB

can coordinate asmonobasi ¢ tridentate coordinating
molecule acting as(ONO) donor moleculeasshownin
FigureB.

Thedementd andyssof bisligated complexescor-
respond toformula[M(sdmtz),] (M = Co', Mn", Cu",
Ni'", Pd", zn", Cd", Hg" and Pt"). These complexes
areformed inweakly basic mediumin presence of so-
dium acetatein methanolic solution. Themetal halide
(chloride or bromide) gave halo complexes
[M(salmtz)X] (M = Cu" and X = Clor Br)
[M(samtz)X] (M =Cd", Hg"or Pd"and X =CI-, I-
andNCS). Theneutrd bischelates[M(salmtz),] have
poor solubility in methanol, acetone and benzene but
dissolve appreciably in DMF and DM SO, but these
areamost insolubleinwater. The hot aqueous sus-
pension of halo complexes[M (salmtz)X] (X =ClI-,
Br-, I" or NCS") slowly dissociate into MX, and
[M(sdmtz).] yielding conducting solutions. The DMF
solution of neutra bischelates[M(samtz),] show neg-
ligibleelectrical conductance values (A= 6-9 ohm
!mol-'cm?) supporting nonionic nature!® of
[M(salmtz),]. Thefreshly prepared DMF sol ution of
halo complexes [Cu(salmtz)X] (X = Cl-, Br-) and
[M(samtz)X] (M =zn", Cd",Hg", Pd"or Pt"and X =

Cl-, Iand NCS") show negligibleeectrical conduc-
tancevalue(h = 6-10 ohm'mol-'cm?) suggesting ha-
lides(Cl-, Br-, 1~ or NCS) to becoordinatedin halo
complexes. The DMF solution of halo complexeson
long standing display appreciable electrical conduc-
tancevalue(r = 60-100 ohm"'mol~'cn?) suggesting
solvolysisof complexesliberating anion from coordi-
nation sphere. The magnetic susceptibility (301°-
303°K) of Pd", zn'", Cd", Hg" or Pt" complexes
[M(salmtz),] and [M(salmtz)X] (M =Pd", Zn", Cd"
or Hg"and X =Cl-, I-, or NCS") were found to be
diamagnetic asexpected for these complexes. The Cu',
Ca", Ni""and Mn'" complexesare paramagnetic. The
effectivemagnetic moment of [Co(salmtz), | is4.94 BM
and that of [Ni(salmtz),] is3.02 BM suggested octa-
hedral environment of ligandsaround Co' and Ni".
Thep,, =5.92BM for [Mn(samtz).] anditsdull white
color aresimilar to octahedral Mn'' complexes®. The
magnetic moment value of Cu'" complexes
[Cu(saimtz),] and [Cu(salmtz)X] (X = Cl- or Br-)
occur between 1.83-1.91 BM usually observed for
magnetically dilute Cu" complexeshaving distorted
octahedrad geometry!®. Thed ectronic absorption spec-
tral studiesof ligand and itscomplexesin ethanol dis-
play some prominent absorption band characteristic
for ligand moleculefunctional group and geometry of
metal complexes. Theligand display threestrong elec-
tronic absorption band located at 218, 245 and 287
nm and medium band at 323 nm. The electronic ab-
sorption band of Hsalmtz isassigned asc—o* ,n—>n*
(ring C=N and ddiminegroup) =—=* (C=0) and n—n*
transition of triazine and salicyldimino substituent. In
trangition metal complexessalcyldimino group (C=N)
nitrogen, one of the oxo (C=0) oxygen and
deprotonated phenolic oxygen are expected to bein-
volved in bonding and thusthesetransition have been
observed at lower energy or get eclipsed in charge
transfer L—>M or M—L strong absorptions. Theeec-
tronic absorption spectrum of Co'' complex
[Co(salmtz),] display strong absorption below 380 nm
inDMF and ethanal. Thecomplex show medium shoul-
dersat 440 and 530 nm. These bands are assigned to
T, —*T,,(P)and“T —“A, transitionsin distorted
octahedrd field around Co" atom({°..

In case of Zn'", Cd" and Hg'" complexes no d—d
trangitions are expected but el ectronic transitionsdue

Tnorganic CHEMISTRY
A Tndian W



ICAIJ, 7(4) 2012

Rakesh Roshan et al.

177

to metal — ligand interaction observed as n—m* tran-
sition and mergewithligand absorption. ThezZn'', Cd"
and Hg" complexesin dilute DMF solution display
el ectronic absorption bands at 215-222, 245-260,
282-292 and 330-342 cm™! due to c—»>c* ,n—>7*,
n—r* trangtionsfor coordinated ligand molecule. The
Mn' complex [Mn(salmtz),] do not display distinct
spectral transition similar to octahedral Mn'' com-
plexes® due to spin forbidden nature of absorption
bands. The Pd" and Pt" complexes[M(samtz),] dis-
play strong absorption below 390400 nm and a
shoulder near 400410 nm attributed to A lg—>1AZg
transition in planer field. The Cu' bischelate display
broad asymmetric band at 540 nm attributed to 2E
— *T, transition for distorted structure. The chloro
and bromo complexes [ Cu(salmtz)X] display broad
band between 650-710 nm assigned as ?B 1™ 2B
+2B, — %A, transitions***2. Thegreenishyell ow
Ni'! blschel ate[Nl (samtz),] display two mediumto
weak band located at 410 nm as shoulder and me-
dium band near 620 nm. These bands are broad and
assigned asf‘Azg — 3ng(F) and 3A29 — 3Tlg(P) tran-
gtionsin octahedral field.

ThelR spectrum of Hsalmtz display abroad band
at 3180-3340 cm ! attributed from hydrogen bonded
v(OH) of phenolic group and thisbroad vibrationis
absent in amost all complexes [M(samtz),] and
[M (salmtz)X] supporting the deprotonation of phe-
nolic OH and bonding through deprotonated phenolic
oxygen!**1¢ The sharp infrared band at 2941 and
2883 cm! can be attributed to (C—H) stretch of —
CH_group. Thetriazolering (N-H) stretch of ligand

—= Fyll Poper

displaysamedium band at 3130+ 15 cm'whichis
retainedinamost al complexesbut observed asbroad
band dueto hydrogen bonding!*>-¢. The IR stretch-
ing band of oxo group (C=0) were observed at 1720
cm ! asstrong and medium band at 1660 cm'. The
former v(CO) of ligand isshifted tolower frequency
by 40-60 cm! and observed as strong and broad
band near 1663+ 10 cm™' in both neutral bischealate
[M(salmtz),] (Co", Cu" and Ni") and [M (salmtz)X]
(M =Cu", Cd" or Hg" and X = CI-, Br-or NCS)).
The blue shift of v(C=0) stretch in complexes sup-
portstheinvol vement of ring carboxo (CO) oxygen
in coordinationisaboveall metal complexed™ ., In
case of complexes[M(salmtz),] (M = Pd", Pt", Zn"
and Cd"), v(CO) isnot affected appreci ably showing
that CO oxygen arenot involved in bonding and ligand
isbidentate. The v(C=N) of triazineringisabsorbed
at 1595 cm! asmedium band and is not affected ap-
preciably in complexes suggesting that itisnot involved
in bonding in metal complexes. The phenolic v(CO)
of salicyldimino group can be assigned to amedium
band at 1170 cm™' in ligand and its shift on
deprotonation in complexesaround 1305+ 15 cm™!
indicated that bond order of phenolic v(C-0) group
isenhanced on coordination with deprotonated phe-
nolic oxygen. The strong and sharp band at 2115 and
715 wave number in[Hg(salmtz)(SCN)] isattributed
v(C=N) and v(C=S) of S coordinated thiocyanato
group but in case of [Zn(salmtz)(NCS)] and
[Pd(samtz)(NCS)] thebroad and strong band at 2085
and 2090 cm! and medium band at 816 and 795 cm-
lisassigned to N coordinated thiocyanato group re-

TABLE 2: DiagnogticIR vibration in (cm?) of Hsalmtz and itscomplexes

Compound v(OH) phenalic v(CO) v(CN) v(CO) v(NN) v(MO) v(MN)
Hsalmtz giggf(’;"& %Egg)br_) 1505(st)  1170(m)  1215(m)  568(m)  422(w)
[Co(salmtz),] 3145 1665(s.br.) 1592(st)  1305(m)  1210(m)  515(m)  430(w)
[Cu(salmtz),] 3138 1670(s.br.) 1590(st)  1302(m)  1212(m)  520(m)  435(w)
[Ni(samtz),] 3140 1655(s.br.) 1595(st)  1306(m)  1215(m)  515(m)  418(w)
[Zn(sdmtz),] 3130 1715(s) 1590(st.) 1320(m)  1214(m)  522(m)  408(w)
[Cd(samtz),] 3120 1710(s) 1592(st.) 1325(m)  1208(m)  512(m)  413(w)
[Pd(salmtz),] 3125 @Z}g(S) 1595(st.) 1320(m)  1207(m)  518(m)  418(w)
[Cd(salmtz)Cl] 3125 1670(s.br.) 1592(m) 1325(m)  1210(m)  522(m)  413(w)
[Cu(salmtz)Cl] 3130 1668(s.br.) 1592(m) 1320(m)  1212(m)  516(m)  421(w)
[Cu(salmtz)Br] 3135 1672(s.br.) 1596(st)  1312(m)  1215(m)  520(m)  408(w)
[Cd(salmtz)I] 3142 1672(s.br.) 1595(st)  1325(m)  1205(m)  518(m)  421(w)
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spectively39,

Theligand and its complexes display anumber of
medium and strong IR bands dueto phenyl ring skeleta
vibrationsv(C=C), v(N=N), v(C-N), 5(NH), v(C-C),
and 6(CH) of phenyl and methyl group and arelocated
at 1545, 1505, 1465, 1384, 1321, 1213, 1170, 1015,
912,812, 745, 650 and 568 cm'. Thesevibrationsare
not affected predominantly in complexes. Thenew IR
bandsobservedintherange500-525 cm™ areassigned
to (M—O) and IR bands in the range 408435 cm ™' are
assigned (M—N) vibrations™> ¥ TABLE 2.

ANTIBACTERIALANDANTIFUNGAL
ACTIVITY

Theantifungal activity of theligand and itscom-
plexeshavebeen evauated by radiad growth method?”
Czapek agar medium prepared by dissolving 20g starch,
20g agar agar and 20g glucosein oneliter distilled wa:
ter. Theresulting medium was added requisiteamount
of test compound to get 50, 100 and 200 ppm of solu-
tion. Themedium wasthen poured into Petri platesand
the spores of fungi were placed on medium with the

help of inoculum needle. These Petri plateswerewrgped
in polythene bags containing two to threedrops of etha:
nol and then placed inanincubator at 30+ 0.5°C. The
linear growth of funguswas eva uated by measuring the
fungal colony diameter after fiveday. The percentage
inhibitionwescalculatedfromthereation—— where
C and T arethe diameter of the fungus colony and
control test plates respectively. The fungi used in
present investigationincluded F. oxysporum, A. niger,
A. flavusand R. phaseoli. The control solution was
mycostalin. Theresult of activity isshownin TABLE
3. Theresults show that antifungal activitiesof com-
plexesarelarger thanfreeligand. Theactivity increases
with increasing concentration of the substancesfrom
50<100<200 ppm. The greater fungal activity may
be dueto large electron cloud del ocalization which
increaseslipophilic nature of the central metal atom
caus ng permestion throughthelipid layer of cell mem-
brane. The activity against bacteria E. coli, B.
thuringiensisand S. aureuswere eval uated by inhibi-
tion zonetechnique??. Thenutrient agar mediumwas
prepared taking 5g peptone; beef extract 5g, NaCl

TABLE 3: Antimicrobial activity of Hsalmtz and its complexes. Antifungusinhibition after 120 hrsand antibacterial

inhibition after 24 hrs

Fungi or bacteria ~ Conc" HL NiL, CulL, ZnL, CdL, HgL, Cu(LH)ClI ColL, Cd(HL)I Ref
50 38 43 44 42 43 42 45 40 39 70
F.oxysporum 100 47 52 56 52 55 54 53 51 50 86
200 65 72 75 70 71 73 71 68 67 98
50 35 38 41 40 38 40 411 42 39 72
A.nigar 100 43 46 50 50 47 46 47 48 46 83
200 61 66 68 68 67 68 69 68 66 97
50 63 40 41 42 43 41 42 39 41 71
A flavus 100 42 46 47 48 54 50 52 43 48 91
200 61 65 67 68 70 65 68 62 63 100
50 43 45 46 42 44 43 42 41 43 70
R.phasedli 100 52 55 55 53 56 54 52 53 53 85
200 63 71 70 67 65 63 69 68 69 100
Antibacterial inhibition
. 250 1 12 10 13 12 10 11 12 12 1
E.Cdli
500 15 16 14 16 17 15 14 15 16 2
L 250 11 13 11 11 11 11 11 12 13 2
B.thuringiensis
500 14 17 15 14 16 14 15 16 16 3
S.aureus 250 13 15 12 12 12 12 12 12 11 3
500 15 16 15 16 16 15 16 16 14 5
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59, and agar agar 20ginoneliter distilled water. The
solution was pipeted into Petri platedried and added
seeded agar with bacteria. The compound was dis-
solved in DMF having 250 and 500 ppm strength.
Thediscs of Whatman no. 1 filter paper soaked with
these solutionsto 5 mm diameter discswere dried
and placed on the medium previoudy seeded with or-
ganismin Petri plate at suitabledistance. The Petri
plates were stored in an incubator at 30 + 1°C for
twenty four hours. Thezone of inhibition wasformed
around each disc. The zone of inhibition was mea-
sured accurately in millimeter. Theresultsare shown
inTABLE 3. Itisfound that metal complexes show
higher activity than freeligand.

I

o] N
_ N Ow
I,.—;::Z:- | | |

CH3

FigureD FigureE

CONCLUSION

Theligand coordinates astridentate anionic mol-
ecule as (ONO) donor but asbivalent (NO) donor in

—= Fyll Poper

neutral bischelate[M(samtz),] (M =Pd", Pt", Zn'",
Cd"and Hg").

Fromtheresultsof physica and analyticd analys's
the probabl e structure of complexesareshownin Fig-
ureC,D and E

The probablestructureof bischelate[M(samtz),]
(M=Ca",Ni", Cu"andMn". FigureC). [M(sdmtz),]
(M =Cd", Zzn",Hg" or Pd". Figure D), [M(samtz)X]
(M =Cu", Cd" FigureE).
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