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Abstract

New manganese(ll) and copper(ll) complexes of &é&bered macrocyclic Schiff
base ligand containing thiosemicarbazone moiety ehdeen prepared of general
composition [MLX] where M = Mn(ll) or Cu(ll), L = 3,4,9,10-tetra-B4ranyl-1,2,5,6,8,11-
hexaazacyclododeca-7,12-dithione-2,4,8,10-tetraede,= CI, NO; and NCS The
complexes have been characterized by elementaysisaimolar conductance, magnetic
susceptibility measurements and spectral (IR, maat, EPR and mass) analyses. The IR
spectra of complexes suggested that ligand is doateld to the metal ion through imine
nitrogen atoms. On the basis of spectral studiaxp@ahedral and tetragonal geometry has
been assigned for Mn(Il) and Cu(ll) complexes, eesipely. EPR spectra of polycrystalline
Mn(ll) complexes gave an isotropic signal with dueacentered around free electron g
value. EPR spectra of Mn(ll) complexes in DMSOngtbhyperfine splitting containing six
lines, whereas EPR spectra of polycrystatalline [IFu¢omplexes showed anisotropic
signal. Conductivity measurements support the rentmlytic nature of the complexes.
Magnetic moment data suggest that reported comglare paramagnetic and of high spin
type. All the examined complexes have also bedadtes vitro against a number of
pathogenic fungi. Results indicated that the cormgdeexhibited good antifungal activities.
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I ntroduction

Metal complexes with macrocyclic ligands have gdimggeat research interest in
recent years The importance of macrocyclic complexes in camtion chemistry is
mainly due to various applications in biologicalopesses such as photosynthesis and
dioxygen transpoft Schiff base macrocyclic ligands derived from $eimicarbazones are
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of significant interest not only for their wide kogical properties as antibacterial,
anticancer, antiviral, and antifungal agéfitbut also for their capacity for chemical
recognition of anions and metals of biochemical amlvironmental importancé
Macrocyclic complexes have been attracted attentbnChemist because of their
resemblance with many natural systems like porpyand cobalamin&sThe activity of
such compounds is strongly dependent upon theaafuhe heteroatomic ring and position
of attachment to the ring as well as the form efttliosemicarbazone moiéty. In the light

of above facts, the present study deals with thehggis, characterization and antifungal
evaluation of manganese(ll) copper(ll) complexes.

Experimental M ethods

All the chemicals (from Sigma—Aldrich Company) usedhis research work were of
AR grade and used as received without further jgatibn.

A template reaction was carried out to synthedmmedomplexes. An EtOH solution
(20 ml) of the respective divalent metal salt (el and a hot EtOH solution (20 ml) of
thiosemicarbazide (20 mmol) were mixed. Then, a@HEtsolution (20 ml) of furil (20
mmol) in the presence of a few drops of concerdratgrochloric acid was added to the
resultant solution. The solution was refluxed fboat 5-7 hours. The colored complexes
precipitated out on cooling the reaction solutiarermight. The complexes were filtered,
washed with ethanol and dried oveOR. The purity of complexes was checked by thin
layer chromatography (TLC). The general reactiantlie formation of complexes is given
in scheme 1.
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Scheme 1: M = Mn(ll), Cu(ll) and X = CI, NO; , NCS.

The C, H and N were analyzed on Carlo-Erba 110&@hal analyzer. The nitrogen
content of the complexes was determined using Kfglshethod. Molar conductance was
measured on the ELICO (CM82T) conductivity bridddagnetic susceptibilities were
measured at room temperature on Gouy balance @&i§).5H,0 as calibrant. Electronic
spectra were recorded in DMSO on Shimadzu UV migéd@lspectrophotometer. IR spectra
(KBr) were recorded on FTIR spectrum BX-II spechojpmeter. EPR spectra of Mn(ll)
and Cu(ll) complexes were recorded opHPR spectrometer using the DPPH as the g
marker. EIMS mass spectra were recorded on Je®@,-IM—303 mass spectrometer.
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Results and Discussion

The general composition for the complexes was foMX , (where M = Mn(ll),
Cu(ll) and X = Cl, NOs, NCS). The physical properties and elemental analygithe
complexes are given ihable 1 The complexes were insoluble in common organivess
but were soluble in DMSO and DMF.

The low value of molar conductance (12-18 dhen? mor™), which was carried out
in DMF at the concentration of $0M, indicates Table ) the non-electrolytic nature of
complexe¥. The low value of the molar conductance suggesitaetithe anions are inside
the coordination sphere and bonded to the metalTiberefore, these complexes may be
formulated as [MLX]. It has been also reported that the low valumofar conductance is
due to large size of anionic coordination sphere

Table 1: Physical properties and analytical data of Mn(@hnd Cu(ll) complexes

Wiolar . |Elzments] snatyziz found {caloolat=d)
Complansz Coler ::;I EI: ’ -:{_alu'.{',ul: i<l E?- 1{:"? %)

O oot el ) ! M C H N

[MInL L] Pale | .. . o | 202 4282 219 [ 1364
MnCoH N0 501 | mllew | © - | (Bo2y |¢42.85| (227 | (1363
[Mn L0 3] Light | " g5 | 392 | 3815 | 210 [ 1876
MnCH, N.0,,5% | =low (822 [(Eo.46 | (20m | (1679
[MnLNCS); ] Off | 4.0 - - 52| 4325 [ 219 | 1672
MnC.H, N.0.5, whits (B30) @357y | (211 | (16049
[CulCL] Light | e, - ge | 998 [4275 | 215 | 1364
CoCoHnNe0e5:Cl | blue {10.09) | 22,300 | (229 | (1348
[Cs LNG; )] Light | . o so | 398 [ 3005 | 215 | 1678
CoC._H, N.0,,5 graen (030) |ERom | (206 | (1659
Cu L{NCS):] cx Bo6 | 4345 [ 217 | 1685
[cm:_fg:{:\'ﬁis{ s e = | oy (300 om | s

Magnetic moment measurements for the complexes make at room temperature.
The manganese(ll) complexes show magnetic momeaheinange 5.91-5.95 BM &ble 2
, Which is close to the spin only value (5.92 BMyaue in accordance with a high spin
configuration showing the presence of octahédeivironment around the manganese(ll)
ion in the complexes. On the other hand, the cqp@omplexes showed the magnetic
moment in the range of 1.96-1.98 BM, correspondingne electron. It is slightly higher
than those expected for & sjystem. This may be attributed to the incompleenghing of
the orbital contribution to the magnetic momentaspin orbit coupling.

The relevant IR spectral bands of complexes atedli; (Table 3. The IR spectra of
the complexes showed the absence of absormitid400 crit, indicating the absence of free
amino group. A medium intensity band at 1580-1620' wharacteristic to the imine
v(C=N)'® stretching frequency was appeared at lower frecjaen suggesting that
coordination takes place through the azomethinegen atoms. The appearance of a band
at 410-450 cm v(M-N) also indicated that metal is bonded withrienitrogen. The band
assigned to thioamide at 825¢mv(C=S)’ was appeared in the spectrum of free
thiosemicarbazide remained almost at the sameiqosit the complexes, indicating that
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thioamide sulphur is not involved in coordinatiohus, it may be concluded that ligands
acts in tetradentate fashion and binds to metal lrough imine nitrogen atoms.

Table 2: Electronic, EPR spectral & magnetic moment datda(ll) & Cu(ll) complexes.

v v ¥y ¥y Hog
Complomes | (ear') | fem) | (em®) | (o) |@®DD) |1 | 2+ | G
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Furthermore, the IR spectral bands at 1450-14@0-4R?90 and 1070-1020 Zmin
the spectra of nitrato complexes suggested thdit bittate groups are coordinated to the
central metal ion in unidentate fashibnThiocyanate anion may coordinate in different
ways. It can shows linkage isomerism. The complexese under study showed a single
sharp band at 2050—2080 ¢imdicating both thiocyanate groups were N—bonded

Table 3: IR spectral data (cfh) of Mn(Il) and Cu(Il) complexes.

Complexes vi(NH) | v(C=N) | v(C=5) v (WVN)
[inL Cl: ] 3216 b 1565 = 827 m 420m
[Ivin L (MNO:)] 3220b 1330 = 820 m 425 m
[Dvin L{NCS )] 32206 1545 = 823 m 410m
[CuLCl] 3220 b 1562 = 27 m 445 m
[Cu LMO:)-] 3218 b 1560 = 22 m 430m
[Cu LMNCE):] 32200 1358 = 820 m 430m

The electronic spectra of reported complexes wecerded in DMSO. The Mn(ll)
complexes show weak electronic spectral bandsherrange 19680-19950, 23204-24915,
28680-29883 and 31650-31740 TriTable J and these bands are assigned®Ag,
—'T1(*G), °Ary = 'Ef("G), °A1y = Ey('D) andA,y —*T1(*P) transitions, respectively. The
positions of bands indicated that Mn(ll) complexésive an overall octahedral
geometry”.The electronic spectra of Cu(ll) complex&gy( 1) display one broad absorption
band Table 3 in the range 14650-15384 ¢nand in some complexes a well defined
shoulder at 25450 - 25560 ¢pthese spectral bands may be assigne@tg —2Aq (Oy.
y>—0,, v1) and ZBlg — szg (dwoy2—0d,y vo) transitions. These spectral bands indicated a
tetragonal environment around Cu(ll) ion in the ptewes”.
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Figure 1: Electronic spectrum of [Cu L(Ng)].

EPR spectra of Cu(ll) complexes were recorded a&mraemperature in the
polycrystalline state, on X band at frequency df @H; under the magnetic field strength
of 3000G. The present Cu(ll) complexes exhibitedl vasolved anisotropic signals in the
parallel and perpendicular regions. The observéal sllowed that|g= 2.15 — 2.26 andig=
2.07 — 2.14. The gand g values are closer to 2 angl g gr is suggested major distortion
from Q, symmetry in the Cu(ll) complex&sKivelson and Neiman have shown thatiga
moderately sensitive function for indicating covalg. Relatively speaking jg> 2.3 is
characteristic of anionic environment angl g 2.3 of a covalent environment in M-L
bonding®. The observed|gvalues are less than 2.3 in agreement with thaleavcharacter
of the M-L bond. The trendg> g. > 2.0023 observed for the complexes indicates that
unpaired electron is localized ig.g, orbital of the Cu(ll) ion. Thus a tetragonal getmés
proposed for the aforesaid complexes. G F2W(g.-2), which measure the exchange
interaction between the metal centers in a polyaliyse solid has been calculated.
According to Hathaway, if G > 4 the exchange interaction is negligibledaf G < 4
indicates considerable exchange interaction irsdtie complexes. The reported complexes
showed G value are <4 indicating the exchangedntem in complexes. EPR spectra of
Mn(Il) complexes were recorded as polycrystalli@enple and in DMSO solution. EPR
spectrum of a polycrystalline sample gave one brisatiopic signal centered on the
approximate free electron g value (2.0023). In DM&#lution, the complexes give EPR
spectra containing six linesif. 2) arising due to hyperfine interactidnbetween the
unpaired electrons with the Mn nucleus (I= 5/2).

The antifungal activities of reported macrocycliomplexes were tested against
various fungi viz.A. niger, A. alternata F. oxysporumand F. odum under laboratory
conditions by food poison technici@t 50-100 ppm concentrations. The experimental dat
(Table 4 suggested that complexes provided satisfactoryfuagal properties. The
percentage inhibition is calculated by using thenida’’, % | = 100(C-T)/C, where C and T
are the diameter (mm) of the fungus colony in tetio| and treatment, respectively.
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Figure 2: The X band EPR spectrum of [MnL[Cl

Table 4: Antifungal screening data of Mn(ll) and Cu(lproplexes

Fungal inhibition %% (zone. in ppm)

A niger | A alternma | F.oxysporum F. odum

30 100 | 30 100 | 50 100 30 100

Complexes

[ LC1z ] 43 33 43 38 4 60 42 48
[ L (NOs)] | 47 33 46 36 |49 33 48 38
[ LINCS),] | 42 o |44 38 47 il 46 35
[CuLlCl] 43 38 49 35 48 38 45 37
[CoLNO:] | 43 G0 |43 G |45 33 47 62

[CuL(NCS)x] |48 3|47 60 |46 38 49 60

Conclusions

The synthesis and spectral characterization of gavaese(ll) and copper(ll)
complexes of 12-membered hexaaza macrocyclic ligaade been reported. All the
complexes are non electrolyte in nature. IR spesiiav that coordination between ligand
and metal ions takes place through azomethinegaitr@atoms. Spectral studies suggest six
coordinated structure for the complexes. The ERRtsp of copper(ll) complexes indicated
that unpaired electron is localized in,.¢ orbital. In vitro antifungal activities of the
reported complexes have also been screened. Reslittated that the complexes possess
good antifungal properties.
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