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ABSTRACT

Co(I1), Ni(I1) and Cu(I1) Complexes of abidentate chelating/ bridging Schiff
baseligand, namely N,N’-bis[ 1,3-benzodioxol-5-ylmethylene]propane-1,3-
diamine were synthesised using acetates, chlorides, bromides, nitrates and
perchlorates of the metals. The complexeswere characterised by elemental
analysis, UV-Vis and IR spectra, conductance and magnetic susceptibility
measurementsand thermogravimetric analysis. The ligand showed bridging
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nature in some of its complexes, as evidenced by magnetic- and microana-
Iytical data. The thermograms of three complexes were analysed and the
kinetic parameters for the different stages of decompositions were deter-
mined. The antifungal activities of the ligand and three complexes against

Phytophthora capsici were tested in carrot agar medium.

© 2008 Trade SciencelInc. - INDIA

INTRODUCTION

1,3-propanediamine, its Schiff basederivativesand
their metal complexes, find avariety of synthetici*3,
cadytic¥, anaytica™" and biol ogical®* gpplications
and have been studied extensively. A perusal of earlier
worksreveal ed that the coordinating possibility of 1,3-
propanediamineisenhanced by condensingwithava
riety of carbonyl compoundd**9, Literaturesurvey aso
showed that piperona and other compounds contain-
ing the 3,4-methylenedioxy groups possessed various
biological activities'®8, but nowork had been done
on thetransition metal complexes of the Schiff base
derived from 1,3-propanediamineand piperona dehyde.
Therefore, the Schiff baseligand, derived from piper-
ond and propane-1,3-diaminenamed asN,N’-bis[ 1,3-

benzodioxol-5-ylmethylene] propane-1,3-diamine (L)
anditsCr(l11), Mn(Il) and Fe(l11) complexeswere syn-
thesized and characterized in an earlier work by the
sameauthors.* Theligand (Figur e 1) has4 potential
donor sites, two nitrogen atoms asazomethinegroups
and two oxygen atoms as two dioxymethylene groups.
Schiff base complexesof Co(ll), Ni(Il) and Cu(ll) are
well known and agood number of them show signifi-
cant biologica?2 and cata ytic activities?#, Hence
as a continuation of the earlier study™® complexes
Co(ll), Ni(11) and Cu(ll) with the above lignad were
synthesi sed using acetates, chlorides, bromides, nitrates
and perchloratesof thesemetds. Investigationson ther-
mal decomposition behaviour and antifungal activities
of some of these complexeswerea so done.


mailto:prasadalex60@rediffmail.com

ICAIJ, 3(3) September 2008

Prasad M.Alex and K.K.Aravindakshan

209

EXPERIMENTAL

M aterialsand measurements

All chemicals used in the present work viz,
piperona dehyde, propane-1,3-diamine, meta sdts, sol-
ventsetc., were of A Rgrade (E.Merck or B D H).

Carbon, hydrogen and nitrogen analyseswere car-
ried out by using Hitachi CHN-O rapid analyzer at
CDRI, Lucknow. Theanionspresentincomplexeswere
estimated by standard methods?¥. Infrared spectra
were measured in the range 4000-400cm™ on a
Schimadzu FTIR-8101 spectrophotometer with KBr
pellets. Thesolid-state el ectronic spectraof complexes
were recorded using a Schimadzu UV-1601 spectro-
photometer. The magnetic measurementswere made
at room temperature by the Gouy method using
Hg[Co(NCS),] ascalibrant. Thetherma decomposi-
tion behavioursof complexesweremonitored usinga
Perkin ElImer TGA-7Analyser.

Synthesis of the complexes

The synthesisof ligand wascarried out inthe previ-
ouswork!*¥, by mixing propane-1,3-diamine (20 mmol,
148 mg) solutionin ethanol (50 mL) with asolution of
pi perond dehyde (40 mmol, 604 mg) inethanol (50 mL)
in 1:2 molar ratio and wasrefluxing for about 1h. The
reaction mixture wasthen cooled and the white pre-
cipitateformed, wasfiltered off, washed with water and
afew ml of alcohol and then purified by recrystallising
from ethanol (yield =684 mg, 91 %).

Complexesof Co(ll), Ni(11) and Cu(ll) with this
ligand were synthesi sed using acetate, chloride, bro-
mide, nitrateand perchlorate sdtsof thesemetals. So-
lutionsof theligand and metd saltsinmethanol (10 mmol
in50ml) (1:1 molar ratio) wererefluxed for 2to 3 h.
Metal acetatesweredissolved in methanol -water mix-
ture and added to refluxing solutions of theligand in
methanol. Thecomplexes, synthesised usng metd chlo-
rides, preci pitated during refluxing and werefiltered off.
In other cases, the reaction mixtureswere concentrated
and the pasty mass obtained in each case was repeat-
edly washed with diethyl ether and/or petroleum ether
and/or acetoneto get the solid compl exes separated.
The complexeswerefiltered, washed with suitable sol-
ventsand then dried over anhydrous CaCl.,

Biological assay
Theantifungal activitiesof theligand, its Co(ll),

= Fuyl] Paper

Ni(1l) and Cu(ll) complexes on the four stages of
growth of Phytophthora capscici, the pathogen which
causesfoot-rot or quick-wilt diseasein black pepper,
viz, myceliad growth, sporangia production, zoospore
rel ease and zoospore germination wereinvestigated by
incorporating thetest solutionsin DM SO-water (1:40)
mixturesto carrot-agar media. DM SO of correspond-
Ing concentration was used as control.

RESULTSAND DISCUSSION

Characterisation of ligand

Theligand was characterised by elemental analy-
sis, 1H NMR and IR spectra studies in the earlier
work!*¥ and isreported herefor information. The'H-
NM R spectrum of theligand, wasrecorded in DM SO-
d, and it showed anumber of characteristic signal's of
the compound®!, The peak observed at ad value of
8.04 ppm was assigned to the azomethine protonsin
themolecule. Thesignalsdueto thearomatic protons
were observed intherange 7.33-6.84 ppm. Thesin-
glet peak at 5.96 ppm was assigned to the methylinic
protons of the dioxymethylene groupsof the piperona
moieties present in theligand. Theinductive effect of
thetwo oxygen atoms deshi el ded the methylenic pro-
tons and thisresulted in the higher & valuefor these
protons. Thepesksintherangesof 3.72-3.66 and 1.96-
1.92 ppm were assigned to the methylinic protons of
the propylenediaminemoiety of theligand. ThelR spec-
trum of theligand showed bandsat 3050and 2981cm
! assigned to the C-H stretching of aromatic and meth-
ylene groups, respectively. The bands present at 1641
and 1256 cmr! were assigned to the C=N and C-N
stretchings, respectively!?l. Bands at 1191 and 1099
cnrt wereassigned to thein plane bending of thearo-
matic C-H and those at 871 and 813cm to the out of
planebendingvibration of thearomatic C-H. Thechar-
acteristic absorption frequency of thedioxymethylene
group of piperona moiety?! was present at 927cm'™.
Theabsence of the characteristic stretching frequency
of C=0 of thearomatic a dehyde group, indicated
that the condensation was complete. The elementa
anaysisand spectrd datafor L areconsistent with the

formulaC ,H,,O,N,andthestructuregiveninfigure 1.

Formulaeand gener al propertiesof complexes
Thereaction of theligand (L) with different satsof
Co(ll), Ni(11) and Cu(ll), ions in appropriate molar
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ratios gave different types of metal complexesof the
givenformulae, asevidenced by the micro-analytica
and spectra data. Thereaction of chloridesof Co(ll),
Ni(ll) and Cu(ll) with theligand in 2:1 molar ratios
produced bimetallic complexesasevidenced by micro
andyticd dataand effective magnetic moment per metd
atom. When copper acetate was used for the synthesis
hydroxo complex was obtained instead of the acetato
complex. All other metd acetates gavetheacetato com-
plexes. The hydroxo complex of Cu(ll) aso showed

O/\O O/\O
Z_N/\/\N_j

Figurel: N,N’-big 1,3-benzodioxal-5-yImethylene] pr opane-
1,3-diamine(L)

bimetdlicnature.

1 [MLA,(H,0),], where M = Mn(ll) or Co(Il) and A = CH,
COO;, Bror CIO, or M =Ni(ll) and A= Bror NO3 or M =
Cu(ll) andA=Br

2 [ML(H,0) ] A, whereM = Co(Il) andA=NO,

3. [M,LA,], whereM = Co(Il) andA=Cl-or M = Cu(ll) andA
=OH

4. [M,LA (H,0),], whereM = Ni(ll) or Cu(ll) andA =ClI

5 [MLA,],where M = Ni(ll) and A = AcO or CIO, or M =
Cu(ll) andA=CIlO;

6. [ML(H,0),]A,, whereM = Cu(ll) andA=NO,

The colours, magnetic susceptibilitiesand molar
conductivitiesand melting pointsand themicro-anayti-
cd dataof thecomplexesarelisedinTABLE 1. These
ar stablemetd complexeswere non-hygroscopic, par-
tidly solublein most organic solvents, but fredy soluble
inDMFand DM SO. Themolar conductivitiesinDMF
(10° M) solution showed that al the complexesexcept
two of them behaved asnond ectrolytes, indicating the

TABLE 1: Formulae, general propertiesand micr oanalytical data of ligand and complexes

1 CygH1g04N5(L) Paeyellow 91 140 (gg:g% (g:gg) (ngi)
2 [COL(ACOMHORI Pk 73 219 469 1562 07 go0e (Gop) (608
3 [Co,LCl] Brightgreen 71 288 360 543 (igz‘;g) (gzﬁ) é:g% (j:gg) ég:%
4 [CoLBry(H,0),] Pink 76 235 502 47.25 (1557; (ggzig) (g% (Z% (%:gé)
5 [CoL(H,0)4(NOy), Pink 72 >300 486 139.23 (190_522) (ggzig) (jzég) (324212)
6 [CoL(ClO4);(H-0).] MK 6o >300 474 S684 (199;9,148 (§2j§§) (gje?;) (3:4112) éfjfé)
7 INIL(ACO)]* Brown 74 216 D** 2461 (ﬁ%) (2:2{22) (j:gg) (g:ﬁ)
8 [NizL Cly(H,0),] Yeg;:rggim 68 232 261 442 (12225) (gg:ég) (gj% (ﬁ;) (32:4112)
9 [NILBr(H:0)] Green 75 >300 326 4862 (190.5202) (ggii%) (223411) (j%) (2273:83)
10 [NiL(NO3)»(H;0),] Green 78 >300 314 5181 &é:gi) (jgég) (gzgg) (fd.%la)
11 [NiL(CIOy),] Brown 71 >300 D** 1985 (g:gg) (ggiéz% é:gg) (j:%) (gg:ﬁ)
12 [Cu,L(OH),] Brown 74 >300 143 1298 (22:3513) (4;421_'7%) (i:ig) (géé)
13 [Cu,L Cl(H,0),] Blue 68 >300 154 278 (125'755,) (3324712) (212‘21) (jég) (2223?;%)
14 [CULBr,(H,0),] Green 78 >300 202 3832 (1101.51) (fgi%) (222421) (122) (225%1:2,)
15 [CUL(H,0)](NOy),  Violet 74 >300 198 146.24 (1111"371) (f(fg) (gjgg) (g:;%
16 [CuL(Cl0y),] Brown 69 >300 211 3868 (11()1"5?’7) (337%87) é:gg) (j:gg) (;’; '124)
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TABLE 2: Significant IR spectral bands of ligand and Co(l11), Ni(l1) and Cu(ll) complexes

Assignments and band freguencies* (cm™)

vO-H (coordinated vCO vNO3 vClos
No. ~ Compound  (coord-_ water) . (coord-vNO(asy) vNOy (cooré- s v v
inated pK ok  Puwagg " inated (free (coord- inated) O-CH»O M-N M-O
H,O) (H,0) (H,0) AcO’) NOj) inated)
1 CioH1804N; (L) 1641s 927m
2 [CoL(AcO),(H,0),] 3408b 959m 634w 1598m 1451236’::1 927m 464w 417m
3 [Co,LCly] - - - 1629m 927m  469m -
4 [CoLBry(H,0),] 3410b 956m 637w 1598s 929w 558w 436w
5 [CoL(H;0),(NO3z), 3396b 961m 632w 1596m 1384s 928w 546w  447m
1118m
6 [CoL(ClO4),(H,0),] 3428b 963m 635w 1597m 1036sh 929w 510w  440m
941w
7 [NiL(AcO)y] 1501m o0 928m 564w  487m
8 [NisLCl4(H20),] 3412b  964m 639w 1599m - 619m 462w
9 [NiLBry(H,0),] 3424b 958m 641w 1596s 920w 527w 453w
1423w
10 [NiL(NO3)2(H,0),] 3429 961m 634w 1592m 1354w 929w 542w  431m
1026w
1120m
11 [NiL(CIO4),] 1599m 1048w 928m 622w 456m
932w
12 [Cu,L(OH),] 3439s - - 1598m 928m 524w 482m
13 [Cu,L Cl4(H20),] 3412b  958m 639w 1570m - 557m 498w
14 [CuLBry(H,0),] 3422h  959m 640w 1594m 927w 532w 467w
15 [CuL(H0),](NOs),] 3386b 962m 637w 1587m 1384s 928w 557w  505m
1142m
16 [CuL(ClQOy,),] 1593s 1114w 927w 549w 463m
931w

coordinated nature of the anions, but the nitrato com-
plexesof Co(ll) and Cu(ll) behaved asa1:2 electro-
lytes®,

IR spectra of complexes

TABLE 2liststhemost important IR spectrd bands
of theligand and metal complexes. Inthe spectraof al
the complexesthe v(C=N) was shifted to lower fre-
guency, duetoitsinvolvement in coordination. Instead
of theband at 1641 cm* present in the spectrum of the
freeligand, new bands appeared in theranges of 1629-
1596, 1599-1591 and 1598-1570 cm™in the Co(ll),
Ni(ll) and Cu(Il) complexes, respectively, and were
assigned to the coordinated azomethine groups 34,

The characteristic absorption frequency of the
dioxymethylyne group wasfound to be present inthe
spectraof magority of the complexesat the samefre-
guency asit wasobserved intheligand spectrum. This
indicated thenon-involvement of dioxymethylenegroups
in coordinationin these complexes?’. But thechloro
complexesof Ni(Il) and Cu(ll) showed significant shift

or absence of thisband. Hence, it was concluded that
oneof the oxygen atoms of the dioxymethylenegroup
of theligand was coordinated in these complexes?.

ThelR spectraof al the complexes showed two
new bands in the range 622-464 and 505-417 cn?,
assigned to v(M-N) and v(M-O), respectivel y1293233,
The M-O band may be either due to coordinated ni-
trate-, perchlorate- or hydroxyl anion or water mol-
ecule or oxygen atom of dioxymethylene group. But
the spectrum of chloro complex of Co(l1), didn’t show
aband that can beassigned to v(M-0O). Theinclusion
of water moleculesin the coordination sphere of the
acetato, bromo, nitrato and perchlorato complexes of
Co(ll), the chloro, bromo and nitrato complexes of
Ni(11) and Cu(l1), was supported by the appearance of
broad bandsin the range 3439-3386 and medium or
weak bands at 964-956 and 641-632 cnr?, owing to
v(OH), pK _,(H,0) and Pusg (H,0), respectively of
coordinated water molecules™1#, nthe chloro com-
plex of Co(Il), v(M-O) band could not beidentified,
indi cating the absence of Co-O bond.
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TABLE 3: Electronicspectral bandsof Co(l11),Ni(I1) and Cu(l1)
complexesand their assignments

No. Compound 3ms Assignment Geometry
1080 4T1g(F)—> Tag(F)

2 [CoL(AcO),(H;,0);] 687 “Ty(F)—" Azg(F) Octahedral
484 4Tlg(F) g Tlg(P)
1612 AL (F)—>*T,(F)

3 [Co,LCly] 665 “*A,(F)->*T(F)  Tetrahedral
510 “A,(F->'Ty(P)
1105 “T1y(F) = *Toy(F)

4 [CoLBry(H,0),] 623 “T14(F) — “Ay(F) Octahedral
453 4Tlg(|:) _’4Tlg(P)
1028 “T1y(F) — *Toy(F)

5 [CoL(H,0)4] (NOs), 587 “Ti4(F) — “Ay(F) Octahedral
434 4Tlg(F)_’4Tlg(P
1073 “Ta(F) — *Too(F)

6 [COL(ClO,)(H,0);] 558 “Tyy(F) — *“Agg(F) Octahedral
443 T(F) — *Tyg(P

7 [NiL(AcO),] 539  'Ag— By,  Square-planar
1140 *A,9(F) — T24(F)

8 [Ni,LCl,(H,0),] 700 *A,g(F) - *Tio(F) Octahedral
412 PA,9(F) - *Ti4(P)
1132 *A0(F) — *Ta4(F)

9 [NiLBry(H,0),] 710 3Ax9(F) - *Tyy(F) Octahedral
389 °Ag(F) —>3T19(P)
1154 *A9(F) — *To4(F)

10 [NIiL(NO3)(H,0)2] 721 *A,g(F) — *Ty4(F) Octahedral
392 °A.g(F) —>3T19(P)

11 [NiL(CIO4),] 534  'A;9— By,  Square-planar

12 [Cu,L(OH),] 542 “Bj;—> %Ay, Square-planar

13 [CULCl(H,0)]  714b  2E,—»2T2, ol?:lt:hcgcti?gl

14 [CuLBry(H,0),] 743 By T2, 02;:%%

15 [CuL(H,0)JJ(NOs), 572  *Byg—>°A;y  Square-planar

16 [CuL(ClO,),] 536  ’Byu—>%A,  Square-planar

Coordination of anions

The spectraof the acetato complexesof Co(ll) and
Ni(1l) showed bandsin therangesof 1587-1586 and
1443-1430 cmt. The separation between these two
bandswasmuch larger than the separation for thebands
dueto asymmetric and symmetric stretchingsof free
acetateion. Therefore, thebandswereassigned to the
C-O dtretching vibrations of the unidentately coordi-
nated acetateions present inthem!3+%1, Microanal yti-
cal dataand the non-conducting nature of these com-
plexesfurther supported this. The strong band present
at 3439 cm* in the case of the hydroxo complex of
Cu(ll) was assigned to the O-H stretching frequency
of the coordinated hydroxo groupL-%. The complex
was synthes sed using copper acetate, butinits spec-
trum, the characteristic bands of either free or coordi-
nated acetateion could not beidentified®-*. Elemen-

tal andysisdataa so indicated the presence of hydroxyl
ionsinthe complex and corresponded to theformula
proposed for it.

ThelR spectraof nitrato complexesof Co(ll) and
Cu(I1) showed sharp bands at 1385 cm®, which corre-
sponded to the vNO__ of free nitrate iont¥”3¥, The
conductanceval ue of the complex confirmed the pres-
encefreenitrateions. But in the IR spectraof nitrato
complex of Ni(ll) such bands were absent and new
bands appeared at 1423, 1354, 1026 cm* and were
assigned to vNO, of unidentate nitrateions®*. The
non-conducting nature of these complexesalsoindi-
cated coordinated nature of nitrateionsin them.

The spectraof all the perchlorato complexes, in-
vestigated here, showed bands corresponding to
unidentate perchlorateions. These bandswerefound
to bepresent intheranges 1142-1118, 1114-1036 and
941-931 cnr* and wereassigned to the CI-O stretchings
of the monodentate perchlorate ion of C,, symme-
tryt®239. The non-conducting nature and the microana:
Iytical dataof these complexesalsoindicated coordi-
nated nature of perchlorateions.

M agnetic- and eectronic spectral studies

The solid-state €l ectroni c spectraof the complexes
were recorded by the procedure recommended by
Venenzi¥, TABLE 3ligtstheimportant € ectronic spec-
tral bandsof the complexesand their assignments.

Co(ll) complexes

Among the Co(ll) complexeswhich wereinvesti-
gated here, the spectraof the acetato, bromo, nitrato
and perchlorato complexes showed bandsin theranges
1105-1028, 687-558, 484-434 nm. These bandswere
assigned tothe“T_g(F)— *T,9(F), “T,.9(F)— *A2g9(F)
and T g(F)— “T g(P) transitions, respectively, inan
octahedral geometry®3U, The magnetic moment val-
uesintherange4.69-5.02 B.M. aso indicated high-
spin octahedral geometries®34, The chloro complex
of Co(ll) wasbright-greenin colour and itsel ectronic
spectrum showed intense bandsat 1612, 665 and 510
nm assigned, respectively, to the ‘A (F) — “T(F),
*A(F) = *T (F) and*A_(F) — *T (P) transitions, char-
acteristic of tetrahedral geometry!“#3, But thechloro
complex of Co(Il) showed amagnetic moment of 3.60
B.M. only, whichwasdightly lower thanthevaue ex-
pected for tetrahedral complex. Thedightly lower vaue
could bedueto bridging natureof theligands, resultingin
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bimetallic character and anti-ferromagnetic coupling
[42-44)

Ni(ll1) complexes

Inthe present investigation, the spectraof acetato
and perchlorato complexesof Ni(Il) showed bandsat
539 and 534 nm, respectively, assignedtothe'A g —
'B,, transitionsin asquare-planar geometryi**1. The
diamagnetic nature of the complexes al so supported
this geometry*349, The spectraof the chloro, bromo
and nitrato complexesof Ni(ll) showed transitionsin
the ranges 1132-1154, 700-721 and 412-389 nm.
Thesewereassignedtothe®A_g(F) — °T,g(F), *A9(F)
— °T g(F) and A g(F)—°T,g(P) transitionsin an oc-
tahedral geometry. Theratio of wave numbersof the
first two transitionswasfoundto bein therange 1.6-
1.8, which further supported octahedra geometriesfor
these complexes®1#8, The chloro complex showed a
magnetic moment of 2.61 B.M., lower than that ex-
pected for an octahedra complex. Thelower vauecould
be, probably dueto the bimetallic nature and the sub-
sequent anti-ferromagnetic coupling in them!*“él, The
bromato and nitrato compl exes showed magnetic mo-
mentsof 3.26and 3.14 B.M., respectively, intherange
expected for octahedral geometried®049,

Cu(ll) complexes

In the el ectronic spectra of hydroxo, nitrato and
perchlorato complexes broad bands appeared at 542,
572 and 536 nm respectively, whichwereassigned to
the’B, — 2Alg transitionsin asquare-planar geom-
etry[31’3§461. Thespectraof chloro and bromo complexes
of Cu(Il) showed bands at 714 and 743 nm, respec-
tively, and these were assigned to the’E—°T , transi-
tion in a distorted-octahedral geometry!“65%, The
hydroxo and chloro complexes of Cu(ll) showed mag-
netic moments of 1.43 and 1.54 B.M., respectively.
Thelower valuesindicated some sort of molecular as-
sociation that could be achieved through either adirect
copper-copper interaction and/or magnetic exchange
interaction through bridging ligands®#. Thebromeato,
nitrato and perchlorato complexes showed magnetic
momentsintherange 1.98t0 2.11 B.M. indicating suf-
ficient magnetic dilution in these complexes®47,

Thermogravimetricanalysis

Thermograms of three complexes, viz, [Co,LCl ],
[Ni,LCl,(H,0),]Jand [Cu,LCl (H,0),] wereanalysed.
Thetotal mass-lossesin each caseindicated theforma-

—= Fyl] Paper
tionCo,O

.0, NiO and CuO, respectively around 600°C.,
whichwereconfirmed by chemical andysis. TheNi(ll)
and Cu(I1) complexes exhibited 3-stage decomposi-
tion patterns. Around 150°C they underwent dehydra-
tion reactions, losing two molecules of water each, thus
confirming the presence of coordinated water molecules
inthem. The second stagein the case of theNi(11) com-
plex matched to theloss of one piperonal moiety and
that inthe case of Cu(Il) complex indicated thelose of
two piperonal moieties. In both cases, therest of the
ligand and four chlorideionswereremoved, withthe
smultaneousformation of metd oxidesinthethird sage.
No mass-losswas detected for the Co(ll) complex up
to atemperature of 200°C indicating the absence of
water moleculesinit. It decomposed in two stages,
which were similar to the second and third stages of
decomposition of theNi(Il) complex. Thedecomposi-
tion patternswerein good agreement with the suggested
formulae and thetotal mass-lossinindependent pyro-
lytic studies a so agreed with thethermograms. By the
analysisof the non-isothermal TG, using theintegral
method of Coats-Redfern, kinetic parameters, viz, or-
der of reaction(n), activation energy(E,), frequency
factor(A) and entropy of activation(AS*) were calcu-
lated. Theenthdpiesand freeenergiesof activation for

120
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© a0 ‘xf\‘* f nz
b \ =
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Figure2: TG-dTGtracesof [Co,LCl ]
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Figure3: TG-dTG tracesof [Ni,LCl,(H,0),]
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variousdecomposition stlageshave d so been ca culated
using therelations, AH* - E_- RT_and AG* - AH* -
TAS" whereT _isthe peak temperature of the decom-
position stageinvestigated®Y. Figures2-4 givethe TG-
DTG tracesof thecomplexes, the TABLE 4 givesthe
different stages of decomposition andthe TABLE 5
givesthekinetic parameters. Based oninceptiontem-
perature and activation energy, for thefirst stage of de-
compoasition excluding thedehydration stage, stabilities
of the complexeswerefound to bein the order, Cu >
Ni > Co.

The structures suggested for different complexes
aregiveninfigures5-10.

Anti fungal studies

Black pepper or Piper nigram L, a perennia
climber, belonging tothefamily, Piperaciaisoneof the
main exports earning spicecropsof Keralastatein In-
dia Severa diseases caused by fungi, bacteria, virus
and mycoplasma, affect black pepper. Among them,
foot-rot caused by Phytophthora capsici, is highly
prevaent inamost al the pepper growing areasandis
reported toinflict considerable damageto the plants.
Croplosedueto foot-rot in Keraaisestimated to be
about 10% of thetotd productionandin Indiait ranges
from 20to 30 percentage®>%. Theligand and the Co(l1)
and Ni(I1) acetato complexesand the Cu(Il) hydroxo
complex were screened for antifungd activitiesagainst
Phytophthora capsici and werefound to beactiveon
different stagesof growth of themicroorganism. Inal

thefour stages, the metal complexeswere generally
found to show more antifungal activity than thefree
ligand. Thecomplex of Cu(ll) wasfound to bethemore
effective in inhibiting the growth of Phytophthora
capsici, compared tothoseof the other meta ionsinal
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Figure4: TG-dTGtracesof [Cu,LCI (H,0),]
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Where M = Co(Il) and A = CH,COO:, Broor ClIO,or M
= Ni(Il) and A= Br-or NO;or M = Cu(ll) and A = Br
Figure 5: Structure suggested for [CoL(OOC-
CHS)z(HZO)z], [CpLBrZ(HZO)Z] [CoL(CIO,),(H,0),],
[NiLBr(H,0),],[NiL(NO,),(H,0),] and [CuLBr (H,0),]

TABLE 4: Thermal decomposition dataof Co(l1), Ni(I1) and Cu(l1) complexes

Temp. Peak L oss of mass
Complex Stage rangein From . From Assignments
TG temp. TG Theoretical Pyrolysis
I 200-340 310 20.9 20.2 Loss of 1 piperonal moiety
Loss of rest of the ligand, 4Cl" ions and
[Co,LCly] I 340-560 490 532 53.0 subsequent formation of metal oxide
Totd 74.1 73.2 735 Co,LCl;— ? Co30,
I 100-180 150 5.9 5.7 Loss of 2H20
i 380380 an 06 19.1 Loss of 1 piperonal moiet
[Ni,L Cl,(H,0),] (220-380)* ' ' pip y
Il 380590 500 500 516 L oss of remaining ligand, 4Cl" ions and
formation of metal oxide
Totd 75.5 76.4 748 Ni,LCl,2H,O — 2NiO
I 110-200 115 5.8 5.6 Loss of 2H,0
I 220-440 330 379 37.6 Loss of 2piperonal moiety
[CuzL Cly(H20)] - e .
Il 440600 550 3L1 321 Loss of remaining ligand, 4CI" and
formation MO
Totd 74.8 75.3 74.2  [Cu,LCly(H,O),] —» 2 CuO

*Temperature range of significant mass-loss in the stage
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TABLE 5: Kinetic parameter sfor thedecomposition of Co(l1), Ni(I1) and Cu(l ) complexes

Complex Stage  E,kJ/mol As'  AS* J/K/mol AH* kd/mol AG*kJ/mol Y n
[Co,LCl.] | 55.11 493x10*>  -198.93 50.26 166.23  -0.9939207 1
Zm I 11312  1.73x10°  -152.46 106.78 22311  -0.9931158 1
| 72.36 7.72x10°  -115.97 68.84 117.90 -0.9980618 1
[Ni L Cl4(H,0)] Il 56.73 3.71x10°  -201.42 51.80 171.25 -0.9997985 1
Il 111.39 1.06 x10° -156.82 104.80 229.16  -0.9967919 1
| 66.80 7.06 x10°  -135.14 63.57 116.01  -0.9957561 1
[Cu,L Cly(H,0)] I 59.61 2.65x10°  -204.38 54.60 177.84  -0.9990715 1
1 14559  8.83x10°  -120.38 138.75 237.82 -0.9970325 1
— O TABLE 6: Theinhibitory effectsof theligand and itsmetal
//O \\ (NO3), complexeson themycelial growth of Phytophthora capsici
o)
o Conc. of Samplceomplex
sample Ligand Col) Ni(l) Cu(il) Control
— _ Diametee mm 32 322 302 288 34
NN 25PPM o of inhibition 588 529 112 153
I Diameter mm 30.8 309 284 236 34
OHZ/M OH2 SOPPM o of inhibition 9.41 912 165 306
OH; H,0 25 o Didmetermm 282 258 229 128 34
L _ PPM o of inhibition 17.1 241 326 624
whereM =Co(Il) 100ppm Di@metermm 186 158 126 101 34
Figure6: Sructuresuggested for [CoL (H,0),](NO,), PPM o4 of inhibition 453 535 629 703
TABLE 7: Theinhibitory effectsof theligand and itsmetal
0 O\\ complexes on the sporangial production of Phytophthora
// o capsici
o Conc. Sample
of . Complex
_ sample Ligand =y Nicin) caqny <O
=N NN Noof sporangia o 55 49 45 4
A/ 25ppm  per field
/'V'\ /M\ %of inhibition 125 188 234 297
A A A Noof sporangia o) 45 4o 35 64
M = Co(ll) and A = CI 50ppm - per field
, T - % Of inhibition 203 25 344 437
Figure7: Sructuresuggested for [Co,LCl ] No of sporangia
: 4 34 28 17 64
75ppm  per field
o o\\ % Of inhibition ~ 31.2 468 562 734
No of sporangia
O// (e} 100ppm per field 34 v 19 12 64
% Of inhibition  46.8 703 703 812
zoosporangia production and zoosporerelease. The
=N NN data of inhibitory effects of the ligand and the com-
NANY plexeson various stagesof thegrowth of Phytophthora
/'V'\ /'V'\ capsd aregivenin TABLES6-9. Figure9 givesgraphi-
A A A ca comparison of inhibitory effectsof ligand and com-

Where M = Cu(ll) and A = OH-
Figure8: Sructuresuggested for [Cu,L (OH),]

thefour stages of investigation. TheNi(l1) and Co(ll)
complexesfollowedit. The acetates of Co(ll), Ni(ll)
and Cu(ll), werea so reported to beantifungal in na-
ture, capable of inhibiting the mycelia growth of
Phytophthora capsici, but the activitieswere gener-
ally far lower than those of the complexes>!. Among
thefour stages, theinhibition wasmore pronouncedin

plexesonmycelia growth

Thehigher activitiesof themetal complexesincom-
parison to the free metal ions may be dueto thein-
creased lipophilicity that enhancesthe penetration of
thecomplexesintolipid membranesand blocksthemetd
binding sitesin theenzymesof the organisms®® These
complexesmay a so disturb the respiration process of
thecell and thusblock the synthesisof proteins, which
restrictsfurther growth of the organism™!. Furthermore,
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TABLE 8: Theinhibitory effect of theligand and its metal
complexeson the sporangial release of Phytophthora capsici

Conc. Sample
of Ligand Complex
sample 9N e 501y Ni(l cu(ln)

302 252 202 514
41.2 51.0 60.7
206 156 116
599 69.6 774
94 66 O

81.7 87.2 100

100ppm release 108 22 O 0
% of inhibition 79.0 95.7 100 100

TABLE 9: Theinhibitory effect of ligand and itsmetal com-
plexeson the zoospor e ger mination of Phytophthoracapsici

Control

% of zoospore
release

% of inhibition
% of zoospore
release

% of inhibition
% of zoospore
release

% of inhibition
% of zoospore

38.4
253
251
51.2
18.6
63.8

25ppm

50pom 51.4

75p0m 51.4

51.4

Conc. Sample
of . Complex
sample Ligand =7 NI cud
% Of zoospore 486 322 284

25ppm  germination
% Of inhibition 292 531 586
422 246 140

% Of zoospore
50ppm  germination

385 641 796
292 276 152 6.2

% Of inhibition
% Of zoospore

574 59.8 778 910
194 86 76 2.2

75ppm  germination
717 875 889 96.8

% Of inhibition
O
@]
r ? ;To
(@]
SN
N\ /N

% Of zoospore
M
X S

100ppm germination
% Of inhibition
Where M = Ni(ll) and A = CH,COO or CIO,
or M = Cu(ll) and A = CIO,
Figure 9 : Sructure suggested for [NiL (OOC- CH,),],
[NiL(CIO,),] and [CuL(CIO,)]

Control

43.8
36.2
37.8
44.9

68.6

68.6

68.6

68.6

themode of action of the compoundsmay involvethe
formation of ahydrogen bond through the azomethine
group with the active centres of cell constituents, re-
aultingintheinterferencewith norma cell divison pro-
cess®, Theobservation that not only the Cu(ll) com-
plex of the Schiff bases, but the Co(ll) and Ni(Il) com-
plexesa so showed sufficient antifungd activity may open

Inhibition of mycelial growth of
Phytophthora capscici
a0
0 ———{ —— Cuilij
|~ S
£ &0 — Hiilly
£ 50 7 Pl —Cally
% 40 S| S A tigand
£ o 7
# 20 R i
10 e
0
i) 25 50 75 1080
Conce. in ppm

Figure10: Graphical comparison of inhibitory effectsof
ligand and complexeson mycelial growth

up new avenuesin the quest for tackling the problem of
foot-rot diseasein black pepper.
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