December 2009

Trade Science Ine.

Volume 4 | ssue 4

Inorganic CHEMISTRY

A Tndéian Yournal

— Pyl Paper

ICAIJ, 4(4), 2009 [144-153)]

Synthesis and characterization of novel polymeric biologically
active mixed ligand triazole-3-thiones complexes

SA.lbrahim, SA.El-Gyar, A.Abd El-Sameh*, M .A.EI-Gahami
Chemistry Department, Faculty of Science, Assiut Univer sity, Assiut, (EGYPT)

E-mail : dr lahmed@yahoo.com

Received: 8" Octaober, 2009 ; Accepted: 18" October, 2009

ABSTRACT

A series of novel polymeric mixed ligand Co(Il), Ni(ll), Cu(ll) and Cd(II)
complexe§MLL’CL]mH,O and[MBHTCI.2H,O]nH,O where M=Co(ll),
Ni(I1),Cu(ll), Cd(11); m=0-3; L=4-amino-5-benzyl-4H-1,2 4-triazole-3-thione
(ABT), 5-benzyl-4-(benzylidene-amino)-4H-1,2,4-triazole-3-thione (BBT), 5-
benzyl-4-[ (2-hydroxybenzylidene)-amino]-4H-1,2,4-triazole-3-thione (HBHT)
and 5-benzyl-4-[ (4-mehtoxy-benzylidene)-amino] -4H-1,2,4-triazole-3-thione
(BMT) asaprimary ligandsand L'=1,10-phenanthroline mono-hydrate (phen)
or a,,o’-bipyridyl (bipy) as secondary ligands have been prepared. The ana-
Iytical data indicated that the interaction between the binary chelates and
the secondary ligands proceeds through either substitution or addition re-
actions. The structures were determined by elemental analysis, molar con-
ductance, magnetic measurements, thermal behaviour, infrared and electronic
spectral data. The stoichiometry of synthesized complexesis1:1:1or 1:1:2
(metal: primary ligand: secondary ligand). Octahedral structure was proposed
for the obtained complexesin which the central metal atom is hexa-coordi-
nated. Thelow solubility of the complexesin common organic solventswith
their magnetic moment valuesindicated their polymeric nature. Thebiologi-
cal activity of the binary chelates enhanced significantly upon their interac-
tion with the secondary ligands. © 2009 Trade Sciencelnc. - INDIA
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Triazole-3-thiones and their complexeshave been
reported to bebiologicaly versatile compoundshaving
bactericidal properties. Amineand thione-substituted
triazoles have been studied as anti-inflammatory and
antimicrobial agentd*3. Assuch, they arepart of the
larger family of sulfur and nitrogen containing organic
compoundswhich display abroad range of biologica
activity, finding applicationsasantitumor, antibacterid,
antifungd and antivird agents®9. Thechemistry of tran-
sition metal complexeswith heterocyclic thionescon-

tinuesto be of interest, because of their striking struc-
turd festuresaswell astheir biological importance®8.
However, information on Co(I1), Ni(Il), Cu(ll) and
Cd(l) complexes derived from substituted 1,2,4-
triazolesisscarce®l.

In this paper we report the synthesis and charac-
terization of novel polymeric mixed ligand triazole-3-
thiones complexeswith nitrogen donorswhich consider
acontinued of our previouswork on such family of
compounds*?. Theinteraction between thetriazole-3-
thionebinary chel aes and the nitrogen donorsenhance
sgnificantly their biologicd activities.
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RESULTSAND DISCUSSION

Theandytica and physicd dataof themixedligand
complexesaregivenin TABLE 1. The obtained results
indicated that the prepared complexes are of good pu-
rity and reved theformation of mixed ligand complexes
having1:1:1or 1:1:2 (metd ion: primary ligand: sec-
ondary ligand) ratio. The obtained dataclearly indicate
that the secondary ligands phen or bipy used act as
neutral bidentateligands. The suggested structures of
the mixed ligand complexesformed indicated that both
thetwo secondary ligands havethe samebehaviour. In
genera all the mixed ligand complexeswereformed
according to addition or substitution reactions:

Addition reaction

[MLCL] nH,0+L'—>[MLL'Cl]JmH,0 (1)
whereM=Co(ll), Ni(I1),Cu(ll), Cd(I1); L=BBT or BMT; L=phen
or bipy; n=0-2; m=0-3.

Substitution reaction

[MBHTCI.2H,0JnH,0+L'>[MBHTLCIImH,0+2H,0 (2)
whereM=Co(I1), Ni(I1),Cu(ll), Cd(11); L’=phen or bipy; n=0-1;
m=0-5.

Themethodsused for preparation and i solation of
these compoundsgive materia sof good purity assup-
ported by their analyses. All themixed ligand complexes
obtained arecol oured except the Cd(I1) complexeshave
awhite colour expected for d*° compounds. Themixed
ligand complexesobtained arethermal ly stableand de-
composeover 118°C without melting. Thesolid mixed
ligand complexes obtained are stable in air and
nonhygroscopic. They areinsolublein common organic
solvents but dissolvewd |l indimethylformamideand
dimethyl sulphoxide, the observed |ow solubility of the
mixed ligand complexesindicatesthat they could be
polymeric. The complexes4 and 13 have molar con-
ductancevauesof 164.10 and 139.6 Ohm™ cm? mol
respectively, indicating 1:2 €l ectrolytic nature of these
complexessincethereasonablerangefor 1:2 electro-
Iytesin dimethylformamide solutionsis 130-170 Ohnt
cm? mol-4%8l, The other mixed ligand complexeshave
molar conductanceva uesof dimethylformamide solu-
tionswithin therange 19.48-38.53 Ohm* cm? mol*
(TABLE 1) indicating the nonel ectrolytic natureof these
complexessincethereasonablerangefor 1:1 electro-
Iytesin dimethylformamide solutionsis 65-90 Ohm'!

= Fuyl] Paper
cm? mol 181,
Infrared spectra

Relevant IR bands which provide considerable
structura evidencefor the mode of attachment of the
binary chelate to phen and bipy ligandsarereportedin
TABLE 2 and 3. The IR spectrum of the free phen
ligand inthe absorption region 1417-1580cm™, which
isconcerned with thering vibrational modes v(C-C)
and v(C-N), congstsof threeintense significant bands;
thefirst onecloseto 1580cn, the second inthe neigh-
borhood of 1500 cm*and thethirdislocated at 1417
cmt, Thefirst and the second bandsusually splitinto
doubl et and triplet bands respectivel y1*9. Thesebands
were shifted to higher frequenciesinthemixed ligand
complexes. Thefreephenligand cong stently exhibit two
intensebandsat 750 and 870cn?, theformer could be
assigned to the out of plane motion of the hydrogen
alomsontheheterocyclicringandthelaterisduetothe
hydrogen inthe center ring221, Comparison of these
bandswith thosegppeared inthe IR spectraof themixed
ligand complexesindicatesthat thesebandsare shifted
to lower frequenciesin theranges 718-731 and 829-
861cm™. Thefact that al themixed ligand complexes
exhibit intense significant absorption bandsat al wave
numbers mentioned above confirmsthe coordination
of phen moleculeto the binary chelate.

The IR spectrum of thefree bipy ligand exhibit a
seriesof sgnificant IR absorption bandsappearingin
thevibrationd regions 3041, 1576, 1552 and 753 cmr
1 thesebands are apparently the characteristic absorp-
tions of thefree bipy ligandi?2, these bands suffer a
pogitiveshift to ahigher wavenumber on complexation.
Thisshift attributed to the coordination of the bipy sec-
ondary ligand to the binary chelates*?. The v(NH,)
vibrationd bandsof thebinary chelates*? areshifted to
higher frequenciesinthe R spectraof themixed ligand
complexes. The band appear inthe IR spectraof the
mixed ligand complexeswithintherange 1618-1643cn
Latributedto v(C=N) vibration of theazomethinegroup.
Thisband shiftsto higher frequency inthemixed ligand
complexesrelativeto the binary chelates*?. Theband
appearing within therange 3070-3100cm?inthelR
spectraof the mixed ligand complexescould attributed
tothev(NH) vibration, thisband suffersashift to higher
wave number inthe mixed ligand complexes. Inmost
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TABLE 1: Analytical and physical datafor themixed ligand complexes

Complex - Analysis% Found (Calcd.) Ar
No. [Empirical formula] TZr?lconzPé) Color \E(',/el;j (Ohm™
(Formula weight) P: 0 C H N S cm? mol™)
[CUBHTphenc13.0 Yellowish 52.52 4.51 12.82 4.73
owi . . . .
1 (CasHarCICUNGOS) 220 Green 51 (5233 (423) (1308 (498 0%
M .Wt.= 642.62
[CuBM TphenCl,]H,0O

53.38 3.75 12.81 4.83

M .Wt.= 657.07
[NiBHTphenCIH,0O
: Greenish 5607 375 1393 513
3 (CasHzaCININGO,S) 250 Brown 43 (5589 (385 (1397) (533 @ o8
M.Wt.= 601.73
[COABT(phen),]Cl, 4H;0
Dark 5131 433 1431 425
4 (CaHaiCl2CoNO,S) 210 Brown 0 5157 (a46) (1458 (a17) %44
M.Wt.= 76858
[COBHTphenCl]2H,0
Dark 5398 396 1362 532
5 (CasH2sCICONGO5S) 200 Brown 48 5424y (406) (1356 (517) 4%
M.Wt.= 619.99
[CoBM TphenCl,]1.5H,0

6 (CaoHyrClCONGO,5S) 218 Grey 4 23 892 1290 456 44

(52.66) (4.11) (1271) (4.85)
M.Wt.= 661.47

[CABHTphenCI]0.5H,0
5205 336 1294 482

7 (CyH22CdCINGO; 59) >360 Yellow 51 (5202) (343) (1300) (4.96) 34.89
M.Wt.= 646.44

[CABM TphenCl,]0.5H,0
4970 357 1218 501

8  (CxH2sCdCINGO; 55) 260 White 38 (4998 (362) (1206) (4.60) 19.48
M.Wt.= 696.93

[CuBHTbipyCl]5H,0
47.60 4.96 12.64 4,99

9  (CyH3:CICUNgO,S) 280 Pale Green 49 (47.70)  (477) (1284)  (4.89) 27.86
M.Wt.= 654.63

[CuBM ThipyCl,]H,O
51.31 4.22 12.93 4.89

10  (CyH26Cl,CuNgO,S) 215 Green 53 (5123 (414) (1328) (5.07) 23.13

M.Wt.= 633.05
[NiBHTbipyCl]2.5H,0
' Greenish 5189 447 1393 528
11 (CoeHasCININGO55S) 220 Brown 5 5164y (433 (1389 (530 =23
M.Wt.= 604.74
[NiBMThipyCl3]3H,0
. Yellowish 4859 428 1231 462
12 (CaHsoClNINGOLS) 220 Green A a8y (455) (1265 (483 2%
M.Wt.= 664.23
[COABT(bipy);]Cl.3H,0
Dark 4932 433 1623 478
13 (CooHsCloCONZOS) 220 Brown 43 (4958 (459) (1595 (456) 3982
M.Wit.= 702,52
[COBBTbipyCl;]2H,0

14 (ChHaeCl,CONGO5S) 200 Brown 55 2052 438 1372 526,545

(50.66) (4.25) (1363) (5.20)
M.Wt.= 616.43
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Complex Decomp. : Analysis % Found (Calcd.) An*
.. Yield 1
No. [Empirical formula] Temp. Color (%) (Ohm
(Formula weight (°C) C H N S cm?mol™)
[CoBHTBIpYCIJ2H.0 Dark 5249 436 1398 523
ar . ' . .
15 (CasH2sCICONEO,S) 200 Brown (5240) (423) (14.10) (5.38) 2121
M.Wt.= 595.97
[CdBEThipyCl] 49.40 3.32 13.53 483
M.Wt.= 633.88
[CABMTbipyCl2] 48.77 3.71 12.39 4,79
17 (Cy7H24CdCI,NOS) 270 White 53 (48.85) (364) (1266) (4.83) 33.35
M.Wt.= 663.90
*Measured in DMF
TABLE 2: SomelR frequenciesof thefreeligandsand their mixed ligand complexes(cm™?)
Thioamide bands
Compound v(OH) V(NH){ V(C:N). : ! ”I v phen characteristic bands
(H20)  v(NH») (Azo-methine)  §ic-H) Vv(C=9+ v(C-N)
+ v(C-N)+ + v(C=9)
8(N-H)  §(C-H) v(C-9
phen 3367 1580 1500 1417° 870 750
[CuBHT phenCl]3H,0 3411 3100 1622 1560 1379 970 751 1600 1520 1440 840 722
[CuBMTphenCl;]H.0 3460 3100 1639 1589 1355 1020 776 1597 1508 1418 832 718
[NiBHTphenCI]H,O 3360 3075 1636 1565 1339 1024 760 1601 1512 1421 844 724
[CoABT (phen);]Cl,.4H,0 3340 gfgg’ 1578 1337 1002 764 1600 1512 1421 844 728
[CoBHTphenCl]2H,0 3408 3075 1639 1577 1379 1016 772 1598 1516 1422 837 719
[CoBMTphenCl;J1.5H,0 3400 3100 1640 1569 1373 1024 760 1600 1508 1419 837 731
[CABHTphenCl]0.5H,0 3489 3100 1619 1597 1384 1012 785 1508 1510 1421 861 725
[CIBMTphenCl;J0.5H,0 3420 3100 1641 1583 1379 1020 784 1602 1512 1421 829 724
*:v(NH)) vibrations
Table3: SomelR frequenciesof thefreea,a’-bipyridyl ligand and itsmixed ligand complexes(cm)
Thioamide bands
v(OH) . v(C=N) _ o I I 1 vV
Compound v(NH)V(NH>) (Azo- bipy char acteristic bands
(H20) methine 8(C- C=9)+v(C v(C-
HyesN- ¥ ‘5) VC v ve=9
H) N)+8(C-H) S
Bipy - 3041 1576 1552 753
[CuBHTbipyCl]5H,0 3460 3070 1618 3050 1601 1568 756 1568 1371 992 724
[CuBMThipyCl,]H,0 3460 3100 1640 3080 1597 1589 776 1589 1355 1020 726
[NiBHTbipyCl]2.5H,0 3408 3100 1639 3061 1598 1565 772 1565 1340 1016 768
[NiBMThipyCl,]3H,0 3440 3100 1643 3050 1597 1569 758 1569 1322 992 738
[CoABT (bipy);]Cl..3H,O0 3346 3263/3149* 3050 1598 1561 762 1561 1313 1028 764
[CoBBTbipyCl;]2H,0 3408 3090 1640 3050 1597 1564 762 1564 1350 1022 730
[CoBHThipyCl]|2H,0 3441 3100 1636 3061 1600 1568 774 1568 1351 1008 722
[CABBTbipyCl,] 3090 1637 3110 1602 1583 784 1602 1379 1020 760
[CdBMThipyCl,] 3100 1639 3051 1601 1565 761 1565 1358 1024 728
*: v(NH,) vibrations
== [H01jANIC CHEMISTRY
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TABLE 4: Electronic spectral dataand magnetic moment (psz) of themixed ligand complexes

max(KK . max(KK) (Emax- .
Compound (Sma:'- cn(12 m)ol'l) Assignment et Compound v cn(wz m)o(lﬁ) Assignment  pey
30.96 (1119.40) N—=" 16.32 (3.15) d-d
Phen 35.59 (16791.04) > ] ) 27.67 (972.97) LMCT
[NiBMThbipyCl;]3H.0 3.20
37.58 (24626.87) o’ 32.95 (9000.00) Intraligand
15.87 (30.37) d-d 34.06 (9567.57) Intraligand
24.92 (4297.52) LMCT 18.74 (94.47) d-d
[CuBHT phenCI]3H,0 ) )
29.75 (7851.24) LMCT [CoABT (bipy);]Cl..3H,O  31.91(12510.64) Intraligand  6.07
37.17(19504.13)  Intraligand 33.30(13021.28) Intraligand
13.33(31.60) d-d 15.15 (39.66) d-d
[CuBMTphenClI,]H,O 31.73 (7764.71) Intraligand 1.29 [CoBBTbipyCl,]2H,0 31.46 (12517.24) Intraligand  5.27
36.61(1032353)  Intraligand 33.13(16310.34) Intraligand
16.42(3.44) d-d 14.71 (72.65) d-d
24.05 (1894.74) LMCT [CoBHTbipyCl]2H,0 23.77 (2474.23) LMCT 5.21
[NiBHTphenCI]H,0 3.18
34.10(6947.37)  Intraligand 31.99(10515.46) Intraligand
37.21 (16736.84) Intraligand ) 28.56 (1714.29) LMCT
[CdBBTbipyCly]
19.36 (79.34) d-d 36.38 (12171.43) Intraligand
[CoABT (phen);]Cl,.4H,0 28.16 (3438.02) LMCT 5.26 28.99 (2213.59) LMCT
36.63 (31206.61) Intraligand [CdBMThipyCl,] 32.55 (3116.50) Intraligand
15.03(41.11) d-d 35.26 (5592.23) Intraligand
[CoBHTphenCl]2H,0 2355 (2500.00) LMCT 515 «, - IN Bohr magneton : diamagnetic
‘ _ of thethi oam idegroup areshiftedto higher frequencies
37.05 (26500.00) Intraligand 12
16.58 (93.40 o relativeto the binary complexes'. ThelR spectraof
[CoBMTphenCl,] 1.5H,0 o _ 550  themixed ligand complexes containing hydration and/
34.11 (21411.76) Intraligand . . .
24,80 (1024.39 e or coordination water moleculesdisplay abroad band
(CBHTphenClI05H,0 34'30 (3512'20) aticend within the range 3340-3489cm dueto v(OH) vibra-
en B . . ntraligan . .
P ’ 4770 (10682.03 arg ) tional modes of the water molecules®! and thiswas
7.70 (1 . Int . .
¢ ) Inraligan confirmed by theresultsof thermal analysis.
29.75 (2543.05) LMCT _ ] o
[CIBMTphenCl,]05H,0 3420 (6198.68)  Intraligand Electronic spectra and magnetic susceptibility
37.70 (12000.00)  Intraligand measurements
bipy 35.48 (15790.39) o The electronic spectral dataof thefree phen and
15.63 (23.77) d-d bipy ligandsand their mixed ligand complexesisde-
_ 24.94 (3547.17) LMCT pictedin TABLE 4 aswell astheir corrected magnetic
[CUBHThIpyCIISH.0 2001(73623)  LMCT moment (). Theimportance of the magnetic mea-
3623 (14339.62)  Intraligand surementscomesfrom thefact that it playsan impor-
13.67 (16.32) dd tant rolein studying the stereochemistry of the com-
[CUBM TbipyCl;]H,0 279376471 LmcT 202 Plex€SAmediumintensity bandwithv, , at 30.96kK
3762(1005882)  Intraligand could berecognized in the el ectronic spectraof thefree
16.95 (11.25) ded phenligand, assignedto n—n” transitions, and ahigh
2380(172500)  LMCT intensity bands|ocated intheregion 35.59-37.58kK
[NiBHTbipyCl]2.5H,0 2301(690000)  Iniraligand 285 gtributed tothen—n" trangitions. Theelectronic spec-
3432 (855000)  Iniraligand traof thefreebipy ligand displaysonly onehigh inten-

of themixed ligand compl exes containing phenand bipy
secondary ligands, the IR spectra characteristic bands

sty asignificant absorption bandintheregion 35.48kK
attributed to the n—n" transitiongd?*2%%, Three sets
of bands could be recognized in the el ectronic spectra
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TABLE5: Thermal analytical datafor themixed ligand complexes

Temp Weight loss % Residue
Complex ) L oss of moiety Process Calcd
range’C  Caled. Found : Nature
(Found)%
51-140 8.40 8.37 3H,0 Dehydration Cuo-
[CuBHTphenCl]3H,0 o 29.96 (30.04)
233-750 6158 6159 Cl+phen+C;Hs+C/H; Decomposition CoHN,S
57-115 2.74 2.63 H,O Dehydration
185-284 2465 24.71 2CI+C7H, Decomposition
[CuBM TphenCl,]H,0O . 18.50(18.61) CuS-CN
286-471 16.28 16.24 C;H,0 Decomposition
472-750 37.77 3781 Phen+C,H,N; Decomposition
46-132 8.88 8.84 H,O+Cl Deh.+Decom.
[NiBHTphenCl]H,O 146-465 27.79 27.80 C/HA+CgH, Decomposition  17.73 (17.77) NiO-S
466-737 4557 4559 Phen+C3H,N, Decomposition
42-103 5.81 5.71 2H,0 Dehydration
[CoBHTphenCl]2H,0 142-478 3266 32.78 Cl+C;H+CgH, Decomposition  25.63 (25.65) Co-C,N,S
479-750 3584 35.86 Phen+CH,N, Decomposition
43-156 4.08 4.03 1.5H,0 Dehydration
157-325 37.98 37.99 2Cl+phen Decomposition
[CoBMTphenCl;]1.5H,0 . 13.75 (13.65) CoS
326-470 27.51 27.62 2C;H4 Decomposition
471-750 16.63 16.71 C;H,N,O Decomposition
49-135 1.39 137 0.5H,0 Dehydration
[CdBHTphenClI]0.5H,0 200-482 3336 3348 Cl+phen Decomposition  19.86 (19.86) Cdo
483-725 47.85 47.92 BHT Decomposition
55-110 1.29 1.28 0.5H,0 Dehydration
[CdBM TphenCl;]0.5H,0 218-471 40.46  40.48 2CI+CgHgO+CH- Decomposition  28.61 (28.82) ggﬁ
3
472-714 29.59 29.42 Phen+CN Decomposition
. 58-145 19.17 19.01 5H,0+Cl Deh.+Decom. CuSs
[CuBHTbipyCl]5H,0 ) . 26.97 (27.12)
277-750 5380 53.87 Bipy+C/H+C/H:O Decomposition CHN,
. 49-117 2.84 2.74 H,O Dehydration
[CuBM ThipyCl,]H,O ) . 12.57 (12.57) CuO
118-750 87.13 87.22 2Cl+bipy+BMT Decomposition
40-124 7.44 7.54 2.5H,0 Dehydration
. . 126-175 5.87 .72 Cl Decomposition .
[NiBHTbipyCl]2.5H,0 ) . 17.31 (17.41) NiS-N
176-466 4319 4324 Bipy+C;HsO Decomposition
468-750 26.13 26.09 C;H+C,HN; Decomposition
42-113 8.13 8.11 3H,0 Dehydration
. . 161-297 2228 22.27 2CI+CgH5 Decomposition .
[NiBM ThipyCl,]3H,0 . . 16.06 (16.10) NiO-S
300-479 2351 2343 Bipy Decomposition
481-748 29.96 29.99 CpH1iNy Decomposition
42-117 7.69 7.58 3H,0 Dehydration 1
170-750 83.93 83.99 2Cl+2bipy+ABT Decomposition
43-97 5.83 5.78 2H,0 Dehydration
[CoBBThipyCl,]2H,0 200-461 49.25 49.22 2Cl+bipy+CgHs Decomposition  18.93(19.13) CoS-CN
462-750 2575  25.87 C;H+C,H5N5 Decomposition
43-163 6.04 6.12 2H,0 Dehydration
[CoBHTbipyCl]2H,0 166-381 3216 32.02 Cl+bipy Decomposition  17.94 (18.04) Cao0-S
382-750 4379 43.80 CieH13N4 Decomposition
—==mmr>  [1o1ganic CHEMISTRY
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Temp Weight loss % Residue
Comple ) L oss of moiet Process
piex range’C  Calcd. Calcd. i Calcd. Nature
(Found)%
232-477 50.19 50.13 2Cl+bipy+C;H; Decomposition
[CABBThipyCly] Py POSHON 51 90(24.99)  CdsN
478-750 24.77  24.89 C/Hs+C,HN;  Decomposition
[CdBMThipyCl,] 200-377 3422 3413 2Cl+bipy Decomposition Cds
-, 33.95 (33.98)
378-750 31.78 31.89 C/H+CgHsO Decomposition CoHN,
TABLE 6 : Antimicrobial activity of the mixed ligand 2 2 2 2 2 2 .
complexes Blg_) BZg’ Blg_) Algand Blg_) EgV\hh

Bacteria (Inhibition Zonein

Compound mm)
Staphylococcus  Pseudomonas
aureus aeruginosa

Vancomycin

Ceftazimide 0.6

Neomycin 0.8
[CuBHTphenCl]3H,0 14 17
[CuBM TphenCl,;]H,O 12 15
[NiBHTphenCI]H,O 10 16
[CoABT (phen),]Cl,.4H,0 9 10
[CoBHTphenCl]2H,0 11 13
[CoBMTphenCl,]1.5H,0 6 13
[CABHTphenCl]0.5H,0 6 17
[CdBM TphenCl,]0.5H,0 18 15
[CuBHThipyCI]5H,0 10 15
[CuBMThipyCl,]H,0 9 7
[NiBHTbipyCl]2.5H,0 8 14
[NiBMThipyCl,]3H,0 10 13
[CoABT (bipy),]Cl,.3H,0 6 8
[CoBBTbipyCl;]2H,0 15 12
[CoBHThipyCl]2H,0 7 11
[CdBBThipyCl,] 4 16
[CdBMThipyCl,] 16 13

- No inhibition zone
of theobtained mixed ligand complexeslisedinTABLE
4. Thefirstwithav__ intherange 31.46-37.70kK,
could beattributed tointra-ligand chargetransfer tran-
stions. Thesecond setincludesbandshavingv__ inthe
range 23.55-29.91kK. Thesebandsareassignedto a
L—MCT trangitions. Thethird set of bandsof Cu(ll)
complexeswasfoundtohavev __ intherange 13.33-
15.87kK. Thisbandisdueto ad-dtransitionwhichis
typical for distorted octahedral Cu(ll) complexes=!.
Thisband could beassigned to al thethreetrangtions

areusually found for tetragona Cu(Il) complexesst.
Themixed ligand Cu(Il) complexes 1 and 9 display a
diamagnetic nature (TABLE 4) attributed ether totheir
polymeric nature or super exchangeinteraction® in
complex moleculesand/or high polarizability™ of the
ligandswhich suppliesmore d ectron density to copper
ion and consequently theionsinteract more strongly.
Themagnetic moment va uesfor themixed ligand Cu(l1)
complexes2 and 10 at room temperature werefound
tobe 1.29 and 2.02 B.M. respectively. These values
arevery closeto thevalues expected for spinfree oc-
tahedra Cu(ll) complexes®2®, suggesting distorted oc-
tahedra geometry for the obtained mixedligand Cu(ll)
complexes. Ni(Il) mixed ligand complexeswerefound
togivead-dbandwithv__ within therange 16.32-
16.95kK. Thisband could be assigned to the transi-

tionsSA 29 (F)—>3T1g (F) , suggesting octahedral ge-

ometry®®, Theroom temperature magnetic moments
of Ni(Il) mixed ligand complexesarewithin therange
2.85-3.20 B.M. suggesting octahedral geometry!34-
36] for theses complexes. Thed-dtransition bandsob-
served inthe obtained Co(Il) mixed ligand complexes
cover therange 14.71-19.36kK , and could be attrib-
uted to the
AT, (A4A 5, (v and 4Ty (A>T, (P)v

g 29\ 2 1g 1g 3

trangitions, suggesting distorted octahedrd envi-
ronment around Co(11)3437, The room temperature
magneticmoment va uesof the Co(11) mixed ligand com-
plexesarewithin therange 5.15-6.07 B.M. expected
for octahedra Co(ll) complexesd®-%. Thelower mag-
netic moment values (5.15, 5.21 B.M.) of the com-
plexes 5 and 15 may attributed to the presence of a
low symmetry componentintheligandsfiddaswell as
the covalent nature of the metal-ligand bonds. All the
mixed ligand Cd(l1) complexesare diamagnetic asex-
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pected for d'° system. On the basisof elemental analy-
gs, infrared spectraand thermal analysis, octahedra
geometry issuggested for al Cd(I) complexes.

Thermal analysis

The TGA profileof 1,10-phenanthroline mixed
ligand complexesindicated that they containsonly hy-
dration water molecules (TABLE 5). The thermal
behaviour of al complexesdisplay amasslossonthe
TGA curvesamounting to 1.28-8.37%; (theoretical
1.29-8.40%), corresponding to loss of 0.5-5 hydra-
tion water molecules, within atemperature range 42-
156 °C. The presence of hydration of water molecules
intheprepared o, o’-bipyridyl mixed ligand complexes
wasverifiedby TGA (TABLEDS). Thetherma behaviour
of the bipy mixed ligand complexes (9-15) display as
masslossof 2.74-19.01%; (theoretical 2.84-19.17%)),
within atemperature range 40-163°C, corresponding
tolossof 1-5 hydration water molecules.

Based on theforegoing discussion, the proposed struc-
ture of themixed ligand complexes can beformulated
asfollows, (Schemel):

n H,0 Cl, nH,0

n Hzo

where: M=Cu(I1), Ni(I1), Co(I1) or Cd(I1); n=0-5; )\, =L=phen
or bipy

Scheme1: Proposed structurefor themixed ligand complexes

—= Fyll Peper
Biological testing

A filter paper disc method wasemployed for thein
vitro study of antibacterid effectsagainst gram positive
bacteriaSaphyl ococcusaureusand gram negeative bac-
teriaPseudomonas aeruginosa. Thefollowing drugs
were used as reference materials Vancomycin,
Ceftazimide and Neomycin. Theinhibitory effects of
themixedligand complexesagaingt theseorganismsare
givenin TABLE 6. The screening resultsindi cate that
al mixedligand complexesexhibited antibacterial ac-
tivities. Moreover, comparing the obtained datawith
that of the binary chelates*? indi cated that the antibac-
terid activity enhanced on complexation withthenitro-
gendonor ligands. Also It could be noted that themixed
ligand complexes showed a great inhibitory effects
against bacteriacompared to thosewiththewd | known
drugs Vancomycin, Ceftazimide and Neomycin.

EXPERIMENTAL

All chemicasusedinthepreparativework were of
A.R. or equivalent grade, they includethefollowing:
carbon disulfide, potassium hydroxide, absolute etha
nol, phenylacetic acid, hydrazine, diethyl ether, hydro-
chloric acid, benzylaldehyde, salicyladehyde, p-
methoxybenzylaldehyde, piperidine, 1,10-
phenanthroline mono-hydrate and a.,o’-bipyridyl. The
metal salts CoCl..6H,O, NiCl..6H,O, CuCl,.2H,0
and CdCl,,.2.5H,0 used were of general reagent grade.

Preparation of the ligands ABT, BBT, HBHT,
BMT

They wereprepared following theliterature proce-
dure>1%, ABT was prepared by theinteraction of the
potassium phenylacetyl dithiocarbazate salt and 95%
hydrazine hydrate. BBT, HBHT and BMT were pre-
pared by theinteraction of ABT and the corresponding
aryladdehyde{ benzylddehyde or sdicyladehydeor p-
methoxybenzyld dehyde} .

ABT:m.p.180°C, yield 63%. Thepurity of theprod-
uct ABT was checked by elemental analysis
[Calcd.(Found)% for C,H, N, S (ABT)
M.W1t.=206.27; C 52.41(52.13); H 4.89(4.71); N
27.16(27.50); S15.55(15.73).

BBT:m.p. 182°C, yield 65%. The purity of BBT
was checked by elemental analysis[Cal cd.(Found)%
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for C ,H N, S(BBT) M.Wt.=294.38; C 65.28
(64.98); H 4.79 (4.71); N 19.03 (18.93); S 10.89
(10.71)].

HBHT:m.p. 200°C, yiled 61%. Thepurity of HBHT
was checked by elemental analysis[Cal cd.(Found)%
for C ,H,,N,SO(HBHT) M.Wt.=310.38; C
61.92(61.75); H 4.55(4.64); N 18.05(17.99); S10.33
(9.88)].

BMT:m.p.191-192°C, yield 59%. The purity of
BMT was checked by elemental analysis
[Calcd.(Found)% for C_H, N, SO(BMT)
M.W1t.=324.408; C 62.94(62.58); H 4.97(4.69); N
17.27(17.05); S9.88(10.02)].

Thestructuresof the primary ligand aregivenin

Scheme?2.
H
H; 7 ~N~
W <A
RN

Where, R=H,
4-amino-5-benzyl-4H-1,2,4-triazole-3-thione (ABT)

e =)

H
5-benzyl-4-(benzylideneamino)-4H-1,2,4-triazole-3-thione

(BBT) HO

5

H
5-benzyl-4-[(2-hydr oxybenzylidene)amino]-4H-1,2,4-triazole-
3-thione(HBHT)

= :?—@—OMe
H

5-benzyl-4-[(4-methoxybenzylidene)lamino]-4H-1,2 4-triazole-
3-thione(BMT)

Scheme2: Proposed structurefor theprimary ligands
Prepar ation of thebinary complexes

They prepared according to theliterature proce-
dured, For this purpose Co(ll), Ni(Il), Cu(ll) and
Cd(I1) complexeswere synthesi zed by adding hot etha:
nol solution of the appropriate metal chloride (10°M)
dropwiseto ahot ethanol solution of the appropriate
ligand (102 and 2x10°M) in 1:1and 1:2 molar ratios
and the pH was adjusted to 3.5-4.5 using 5% NaOH
solution with constant stirring for 2 hours. Immediate
precipitatewasobtainedin al cases. The products so
obtained werefiltered through asintered glass, washed

with ethanol, ether and dried in vacuumover P,O, .
Prepar ation of themixed ligand complexes

All themixed ligand complexeswere prepared fol-
lowing essentidly the same procedure.

A hot methanolic solution (20mL) of the secondary
ligand[ 1,10-phenanthroline monohydrate (phen) or
o,o-bipyridyl (bipy)] (Immole), added dropewisewith
constant stirring to ahot refluxed methanolic solution
(30mL) of thebinary complex (Immole). Thereaction
mixture obtained was stirred for an hour and refluxed
for 6-8 hours. The obtained solution was evaporated
to 50% of itsoriginal volume and on cooling the de-
sired compound precipitated, filtered off, washed with
methanal. Theresulted mixed ligand complex wasdried
invacuumover PO, .

Thestructuresof the secondary ligand aregivenin
Scheme3.

7\ \ 7 NN/ \
=\ N= —N N=
phenanthraline

monohydr ate (phen) a,o’-bipyridyl (bipy)

Scheme3: Proposed structur efor thesecondary ligands
Antimicraobial activity of thecomplexes

Thefilter paper disc method™¢ was performed
using Sabouraud dextrose broth and Mueller Hinton
broth. Theseagar mediawereinoculated with 0.5 mL
of the 24hoursliquid cultures containing 10’microor-
ganism/mL. Filter paper discs (5 mm diameter) satu-
rated with solutions of the complexes (concentration:
10mg/mL DMF) were placed on the indicated agar
media. Theincubation timewas 24hoursat 37°Cfor
bacteria species: gram positive strains Saphylococ-
cus aureus and gram-negative strains Pseudomonas
aeruginosa. Discswith only DM F were used as con-
trol. Inhibitory activity was measured (inmm) asthe
diameter of theobservedinhibition zones. Thetestswere
repeated to confirm thefindings and theaverage of the
readingswastaken into consideration.

Physical measurements

El ectronic spectrawererun on aPerkin Elmer UV/
VIS spectrophotometer Lambda 40 using 1-cm
matched silicacells. IR spectrawere obtained in KBr
discs using 470 Shimadzu infrared spectrophotom-
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eter(4000-400cm't). Conductivity measurementswere
carried out usng CDM 216 Meterl ab conductivity meter
in DMF solutionsat 10 M concentrations at room
temperature (~25°C). M agnetic susceptibility measure-
mentswere carried out at room temperature using a
magneti c susceptibility ba ance of thetype M SB-Auto.
Molar susceptibilitieswerecorrected for diamagnetism
of the component atoms by the use of Pascal’s con-
stants. The calibrant used was Hg[Co(SCN),].
Thermogravimetry of the various complexeswas car-
ried out using aShimadzu DTG 60-H thermal andyzer,
a ahedtingrateof 10°C mintinanitrogen amosphere.
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