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ABSTRACT

KEYWORDS

TheL-higtidine forming complexes of with Cr(111), Fe(111), Mn(1l), Co(ll),
Ni(l1) and Cu(ll) of thetype 1:1 and 1:2 (M:L) have been synthesized and
characterized by means of elemental analysis, molar conductance, IR spec-
tra, thermal analysis, UV-Vis spectra, magnetic moment and ESR spectra.
The low molar conductance values suggest the non-electrolytic nature of
these complexes. Spectroscopic and other analytical studies revealed a
square planar geometry for copper complexes and octahedral geometry for
the other complexes. The thermal behavior of these complexes indicated
that the hydrated complexes loss water of hydrationin first step followed
by the loss of coordinated water and chloride immediately. The activation
thermodynamic parameters, such asAE*, AH*, AS*, and AG* are calculated
using Coats-Redfern method. Antimicrobial activity of L-histidine and its
complexes has been tested against different microorganisms.
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INTRODUCTION

The presenceof L-higtidine hasbeen establishedin
alargenumber of the active centers of enzymes™ and
thehigtidyl residueisprobably themost important metal-
bindingsiteinbiologicd systemd?9. L-hitidinehasfour
expected binding sites; carboxylate-O, amine-N and
twoimidazole-Ns. Theheterocyclicimidazolering sys-
teminthehigtidinesidechain providesbidentateligand
with two competitiveN3 and N1 donor atoms. Themetd
complexesof L-higtidinehavebeeninvestigated®. In
most meta complexeswith histidine-containing ligands,
theimidazolering of histidineiscoordinated through
the N3 nitrogen’®2 put rel atively few complexesin

which higtidineiscoordinated only throughthe N1 atom
have been well characterized¥. There area so some
reportsabout thecoordination of L-higtidinetothemeta
center through carboxylate-O and amine-N411,
Theam of the present study isto synthesize Cr(l11),
Fe(l11), Mn(11), Co(I1), Ni(1l), and Cu(ll) complexes
of L-histidine, which acts as bidentateligand, reacted
withthemetd sdtsinthemolar ratio 1:1(M:L) and 1.2
(M:L) resultingintheformation of complexes. Thepre-
pared complexeswere characteri zed by different meth-
odsof andysis. TheL-higtidineanditsmetd complexes
display obviousinhibitor effect against gram positive
bacteria (Staphylococcus aures and Bacillus subtilis)
and gram negative bacteria(Escherichiacoli and pesudo
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monos aerogenas). These studiesreported the mini-
mum inhibitor concentration of the used Schiff baseand
itsmetal complexeson these mi croorganismtl,

EXPERIMENTAL

Synthesis of the metal complexes

Toasolution of higtidinein 1:1methanol :water (20
ml) was added asolution of metal chloride(1 mmol)in
methanol inthemolar ratio 1.1 or 2:1, respectively. The
resulting solutionswerethen refluxed in awater bath
for 4 hours. The solid complexes, which separated out
on hot, werefiltered off, washed severd timeswith ether
andfindly dried under vacuum.

Physical measurements

Elemental analyseswere performed by theaid of
Heraeus CHN analyzer. IR spectra were recorded
on aPerkin Elmer 1430 instrument (KBr discs) inthe
range 4000-200 cm. Electronic spectra were ob-
tained with aShimadzu UV-Vis. 240 spectrophotom-
eter by using nujol mull technique. The ESR spectra
of powder sampleswererecorded by meansof aJeol
model JES-FE 2X G spectrometer equipped with an
E101 microwave bridge. Diphenyl picrylhydrazyl
(DPPH) wasused asareferencemateria (g=2.0023).
The molar conductance measurementswere carried
out at room temperature using Hanna 8733 conduc-
tivity meter. Theroom temperature magnetic suscep-
tibility was measured us ng magneti c susceptibility ba-
ance (Johnson Mtthey) 436 Devon Park Drive. The
thermal analyses (TGA and DTG) were performed
using computerized Shimadzu TG-50 thermad andyzer
up to 800 °C at aheating rate 10 °C/min under nitro-
gen atmosphere.

Thenutrient agar solid medium contained per 1000
ml (pH=7.2): beef extract 3gm, peptone5gm, Nail 5gm
and agar 20gm. It was sterilized in high pressuresteam
for 30 min., seria dilutionsof theand L-histidineits
complexeswere prepared containing 250 pg/ml down
to 3 ug/ml. The bacteria used for testing the biological
activity of theligand and their complexeswere Gram
positive bacteria(Staphylococcusaures and Bacillus
subtilis) and Gram negative bacteria (Escherichiacoli
and pesudomonos auerogenas) provided by thebiol-
ogy department. It wasfound that these bacteriaex-

hibit obvious sensitivity towards organic and organic
metal complexes.

RESULTSAND DISCUSSION

Elemental analysisand molar conductance

Elementd andlysisof the prepared metal complexes
(TABLE ) indicatethat thestoichiometricratioare(1:1
and 1:2) (M:L), in which the ligand behaves as
monoani onic bidentateindicating theformation of com-
plexes. Themolar conductanceva ues, as10“*M solu-
tionsinDMF at 25°C, indicatethat al themetal com-
plexesare non-electrolyticin nature™”.

IR spectra

Theimportant IR frequenciesof L-histidineandits
complexesaregivenin TABLE 2. Theband correspond-
ingtov_,, band of L-histidine showsashift towards
lower wavenumber in the spectraof metal complexes
providing evidencethet L-histidineisbonded tothemeta
ion through the carboxylic group!*®. The two bands
which appear at 3374 and 3160 cmt in the spectra of
L-histidineareduetov_ (NH,)andv_ (NH,) vibre-
tions of the NH, group™*?.. These vibration modes ap-
pear a |ower wavenumbersin the spectraof meta com-
plexesindicating the coordination of theamino group
to themetal center. Thetwo bands corresponding to
C-N and C=N groupsof imidazole moiety which ap-
peared in theligand spectraat 1520 and 1470 cmt, do
not shift in the spectraof metal complexessuggesting
non-involvement of imidazolemoiety in coordination.
The appearanceof bandsintherange 3459-3421 cm?
and 790-828 cm™ isdueto thestretching vibration and
out of planebending of coordinated water moleculesin
the spectraof the metal complexes. The non-ligand
bands appearing in the region 567-505 and 482-418
cm'® confirm the coordination of oxygen and nitrogen
atomstothemetal centers.

M agnetic moment and electronic spectra

The Cr(111) complexes 1 and 7 of the type M:L
(L:1and 1:2) show p , valuesof 3.99 and 3.89 B.M,
respectively, corresponding to three unpaired el ectrons
indicating an octahedral geometry around the Cr cen-
ter. The two complexes are expected to show three
spindlowed d-dtransitionsthat are4Azg(F) — 4T2g(v|),
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TABLE 1: Analytical and electronic spectral data of the prepared compounds.

Cﬁl';]_p' Formula colour :_a;tl\i/lo ?:g) A? A;)agsich())l/:rS (calcod/l.))l\‘l’/o el (};]”;;X)
1 [Cr(L) (H:0),Cls] Deepgreen 11 >300 156 é%%l) (gzgg) (154%) 399 538,336
2 [Fe(L)Cly(H,0),] Brown 1:1 300 17.4 ég% (g:‘?‘é) (g% 565 488,410
3 [Mn(L)(H;0)sCl] Brown 11 270 105 éjj"z‘) (j:gg) &j:g% 554 698, 482, 406
4 [Ni(L)(H0)CJH,0  Green 11 290 113 égzgg) (j:gg) (}gzgg) 3.32 679, 559, 456
5  [Co(L)(H,0)Cl]H,O Faintbrown 11 288 104 é%:g% (Z;%) (ﬁ:ﬁ) 478 546,432
6  [Cul)(H.0)Cl]2H,0 Darkgreen 11 >300 125 égjg) (j:gg) &g:gg) 1.83 490
7 [Cr(L), (H:0)Cl] Green 21 289 124 (ﬁzgg) (j:gg) ég:;% 380 531,345
8  [Fe(l), (H,0)Cl]2H,0 Deepbrown 21 300 14.6 éi% (jzgg) (}gzgg) 574 493,399
9 [Mn(L)xH0)]H:0  Brown 21 299 85 (gg‘) (gé;) (ggzig) 5.87 680, 490, 399
10 [Ni(L)x(H,0),]2H,0  Green 21 >300 7.6 (ggzg‘z‘) (22421% &gﬁg) 3.12 687,547, 451
11 [Co(L)(H,0)s] Faintbrown 2:1 278 89 (32132) (j:gg) ég:gg) 486 532,429
12 [Cu(L);]2H,0 Dark green 21 >300 95 (32:032) (i:glfl’) (58:21) 1.81 495

a ()t cm? mol+*

TABLE 2: Important IR spectral bandsand their assign-
mentsof ligandsand their metal complexes.

Compound von  OnHA(BSY) LNH2(SYM) Lcoo VN Oc=n OM-0 Om-N

L-histidine 3374 3160 1575 1522 1471 - -
1 3420 3348 3130 1553 1523 1469 567 423
2 3441 3343 3100 1546 1522 1470 534 476
3 3459 3353 3147 1555 1521 1473 556 467
4 3427 3350 3142 1543 1522 1472 545 445
5 3421 3352 3129 1544 1523 1468 560 463
6 3451 3346 3139 1555 1522 1471 550 435
7 3433 3349 3145 1552 1521 1472 560 421
8 3434 3350 3149 1556 1520 1470 545 482
9 3445 3353 3147 1553 1522 1470 563 418
9 3444 3348 3144 1549 1521 1472 545 473
10 3456 3349 3145 1556 1522 1470 540 446
11 3424 3351 3133 1556 1520 1473 537 429
12 3440 3345 3140 1553 1520 1471 505 439

A (F) = 4T, (v,) and “A, (F) — T, (P2, The
two complexes1 and 7, show two bands at 538, 531
nm (v,) and 336, 345 nm (vz), respectively. Thethird
band expected to appear bel ow 300 nmand overl gpped
withL — M chargetransfer band.

Theobserved magnetic moment va ues Fe(l11) com-
plexesof thetypeM:L (1:1and 1:2) werefoundto be
5.65 and 5.74 B.M is consistent with an octahedral

geometry. The el ectronic spectra of these two com-
plexes show two bandsat 488, 410 nm for complex 2
and 493, 399 nm for complex 8 which can beassigned
to®°A,, — T and®°A  — “T, transitionscharacter-
istic for octahedral geometry around the Fe center™,

For theMn(11) complexesof thetypeM:L (1:1and
1.2), themagnetic moment va uesarefound to be 5.54
and 5.87 B.M for complexes 3 and 8, respectively,
whichindicatesoctahedra geometry aroundtheMn(11)
ionf24, Thee ectronic spectrum of theMn(I1) complex
shows three bands at 698, 482 and 406 nm for com-
plex 3 and 680, 490 and 399 nm for complex 8 which
are assigned to ‘A, — °A_, ‘T, (G) —» °A, and
4Tlg(D) - 6AlgJ trangtions, repectively, confirmingthe
octahedral geometry around the metal center.

The magnetic moment values of the Ni(Il) com-
plexes4 and 10 of thetypeM:L (1:1and 1:2) arefound
to be 3.32 and 3.12 B.M. for complexes 4 and 10,
respectively, whichfalswithintherangenormally ob-
served for octahedral Ni(I1) complexes?!. Theelec-
tronic spectraof the Ni(Il) complexes show recogniz-
able spectral bandsat 679, 559 and 456 nm for com-
plex 4 and at 687, 547 and 451 nm for complex 10
which assigned to °A, — °T, , °A, — °T _(F) and
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3Azgl - 3T1g (P) trangitions, respectively.

The magnetic moment val ues of the Co(ll) com-
plexes5and 11 of thetypeM:L (1:1and 1:2) arefound
to be4.78 and 4.86 B.M. which are consistent with
high-spin octahedral cobalt(Il) complexes. Theeec-
tronic spectraof thecomplexesin DMF confirmed their
octahedral stereochemistry. Theelectronic spectraof
both compl exes show two bands at 546 and 432 nm
for complex 5 and at 532 and 429 nm for complex 11,
which may be assigned to 4T1g(F) — 4T2g and 4Tlg(F)
— “T,(P) transitions, respectively, of pseudo-octahe-
dral cobalt(ll) complexes?.

The magnetic moment values of the Cu(ll) com-
plexes 6 and 12 of the type M:L (1:1 and 1:2) are
1.83 and 1.81 BM corresponding to one unpaired
electron. Theformer complex showsaband at 490
nmwhilethe later complex show aband at 495 nm
dueto 2B1g — 2Eg suggesting square planar structure
of Cu(Il) complexes?.,

2800 200

(12)

Figurel: X-band ESR spectraof Cu(ll) complexes6and 12
measur ed at room temper ature

Thermal analysis

The TG curves of Mn(ll) complex 3 and Cu(ll)
complex 12 give three-stage decomposition pattern

within therange 100-546 and 30-530 °C, respectively.
Thefirst step correspondsto theloss of coordinated
and lattice water within the ranges 100-220 and 30-
110 °C, respectively. The second step for complex 3
occurswithin the temperature range 220-300 °C and
involvethelossof HCI. Theorganic ligands decom-
poseinthesecond and third decomposition stepswithin
thetemperaturerange 300-546 °C for complex 3 and
within the ranges 216-310 and 310-530 °C for com-
plex 12 resulting in the formation of MnO and CuO,
respectively, asfina products.

The TG curves of Cr(l11) complex 1 and Ni(ll)
complex 10 give pattern four successive decomposi-
tion steps within the ranges 90-590 and 28-515 °C,
respectively. Thefirst step attributed to theloss of co-
ordinated and | atticewater withinthetemperatureranges
90-180 and 28-117 °C for complex 1 and 10, respec-
tively. The second step occurswithinthetemperature
range 180-290 °C for complex 1 and 117-220 °C for
complex 10, and involvethelossHCI and coordinated
water, respectively. Thethird stepinvolvesthe decom-
position of theorganicligand with dimination of imida:
zolemoiety and occursin thewithin the temperature
ranges 290-450 and 220-320 °C for complexes 1 and
10, respectively. The two complexes are further de-
composed within thetemperature range 450-590 and
320-515 °C for complexes 1 and 10 with theforma-
tionof Cr,0,and NiO, respectively, asfina products.

The Co(Il) complex 5 and Fe(l11) complex 8 de-
composein fivesuccessive decomposition steps. The
first two steps are assigned to the loss of | attice and
coordinated water and appear within therange 28-160
and 28-190 °C for complexes 5 and 8, respectively.
Thethird step occur within thetemperatureranges 160-
234 and 190-276 °C for complexes5 and 8, respec-
tively, andinvolvethelossof HCI. Theorganicligands
decomposeintwo successive stepswithinthetempera
tureranges 234-650 and 276-622 °C leaving behind
CoO and Fe, 0, as product of decomposition for com-
plexes5and 8, respectively.

Kineticstudies

According to thekinetic dataobtained from TG

and DTG curves, the thermodynamic activation pa-

rameters of the various decomposition steps of the
metal complexes (AE*, AH*, AS* and AG*) were
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evaluated graphically by employing the Coats—-
Redfern relations?!. The dataobtained are summa-
rized in TABLE 4. The dataobtained al so show that
the activation energies of decomposition arefound to
beintherange 16.79-284.84 kJ/ mol. The high val-
ues of the activation energiesreflect thethermal sta-

—= Fyl] Paper

bility of the metal complexes. Theentropy of activa-
tionisfoundto benegeativefor al themetal complexes,
whichindicatethat the decomposition reactions pro-
ceed with alower rate than the normal ones®29 and/
or the activated complexes have more ordered sys-

temsthan reactants.
TABLE 3: Thermogravimetric data of someselected metal complexes.

Comp. Complex TG DTG

(Calc.)found

No. (molecular weight) range(C) temp.(C) massloss% Assignment
90-180 130 (10.97) 10.55 Loss of coordinated H,O
[Cr(L) (H,0).Cl;] 180-290 235 (21.94)21.65 Loss of 2HCI
1 C7HE§'§§?§"G 290-450 362 (20.44) 20.02 - Loss of imidazole part
) Further decomposition of ligand and
450-590 460 (21.63) 22.31 formation of 0.5Cr,0; as final product
100-220 150 (17.21) 18.11 Loss of coordinated H,O
[Mn(L) (H20):Cl]
3 C,H-N:ClOMn 220-300 240 (11.63) 12.32 Loss of HCI
(313.62) . decomposition of ligand and
300-546 494 (44.12) 44.87 formation of MnO as final product
28-90 70 (5.36) 5.96 Loss of lattice H,O
90-160 144 (16.08)16.78 Loss of coordinated H,O
[Co(L)(H20)sCITH,0
5 C,H1oN5CIOGCo 160-234 221 (10.87) 10.63 Loss of HCI
(335.63) 234-400 340 (19.98) 19.32 Loss of imidazole part
Further decomposition of ligand and
400-650 580 (21.15) 21.68 formation of CoO asfinal product
28-110 65 (7.69) 7.45 Loss of lattice H,O
110-190 160 (3.84)4.32 L oss of coordinated H,O
[Fe(L), (H,O)CI12H,0
8 C1sH1sN(CIO Fe 190-276 243 (7.81) 7.98 Loss of HCI
468.08 276-430 330 (28.62) 28.98 Loss of imidazole part
Further decomposition of ligand and
430-622 530 (30.33) 30.87 formation of 0.5Fe,0; asfinal product
28-117 75 (7.92) 7.15 Loss of lattice H,O
[Ni(L)2(H20)2]2H,0 117-220 170 (7.92)7.63 Loss of coordinated H,O
10 Cls('igfggs’\“ 220-320 293 (7.81) 7.98 Loss of imidazole part
) ’ Further decomposition of ligand and
320-515 440 (31.30) 31.98 formation of NiO asfinal product
30-110 66 8.51) 9.75 Loss of lattice H,O
[Cu(L),]2H,0 (8.51) ss ot 1atice s
12 C13H13NeOsCU 216-310 250 (31.71)31.23 L oss of |m|dazole.p.art .
422.90 310-530 465 (33.57)3348 Further decomposition of ligand and

formation of CuO as final product

TABLE 4: Thermodynamicdata of thether mal decomposition of themetal complexes.

Compound Step TG range (°C)

E* (kdJ/mal) A (kJ/mol)

AS* (kJ/K mal)

AH* (kJ/mol)  AG* (kJ/mol)

18 90-180 56.72 4.17 x 10° -33.16 35.25 55.02
L 2nd 180-290 92.17 2.54 x 10° -72.82 66.75 76.22
3¢ 290-450 81.93 1.41 x 10* -0.18 76.41 196.2
4" 450-590 280.1 1.54 x 10" 0.11 274.4 201.1
18 100-220 54.71 6.4 x 10° -0.12 52.00 92.11
3 2nd 220-300 24.19 2.03 x 10° -0.15 20.36 95.62
3 300-546 41.50 3.331 -0.24 36.26 193.1
—— Inorganic CHEMISTRY
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Compound Step TGrange(®C) E* (kd/mol) A (kd/mol) AS* (kJ/K mol) AH* (kJ/mol) AG* (kJ/mol)
1 28-90 53.86 4.33x 10* -0.16 50.90 109.8
2" 90-160 11.68 0.019 -0.29 8.161 132.4
5 3 160-234 81.93 1.41 x 10* -0.18 76.41 196.2
4t 234-400 280.1 1.54 x 10*° 0.11 274.4 201.1
5 400-650 176.9 1.60 x 10%° -0.06 170.8 218.3
1% 28-90 45.293 23.1 x 10° -0.171 42.371 102.47
2 90-160 53.198 18.4 x 10° -0.174 49.778 121.45
8 3 160-234 82.562 1.123 x 10° -0.142 78.387 149.56
4t 234-400 93.255 142.4 x 10° -0.161 88.043 188.84
5ih 400-650 15.918 1.799 x 10° -0.315 7.884 312.83
1% 28-117 83.35 1.26 x 10%° -0.06 80.65 100.3
10 2" 117-220 57.38 1.37 x 10° -0.15 53.86 120.7
3 220-320 28.41 0.221 -0.27 23.24 191.8
4" 320-515 130.2 6.3 x 10° -0.13 124.2 2175
1 30-110 251.5 2.33 x 10% 0.31 248.3 130.6
12 2" 216-310 34.52 2.859 -0.24 29.92 162.8
3 310-530 106.9 8.16 x 10° -0.12 101.7 180.1
ESR spectra isconsistent with the proposed planar stereochemis-

The ESR spectrum of Cu(ll) complexes6and 12,
inthe solid state, was measured at room temperature.
The caculated datashow that g, =2.21 & 2.28 and
g.,=2.09 & 2.06 for complexes 6 and 12, respec-
tivelyi.e. g, >9d.,>2.0023. Thisindicatesthat the
unpaired lectronislocelizedind,, , orbital (28 which

If m%mo

1 M= Cr(lll) X=Cl Y=H,0
2 M=Fe(lll) X=Cl Y=H,0
3 M=Mn(Il) X=Y= H20
4 M=Ni(ll) X=Y=H,0
5 M=Co(ll) X=Y= H,0
6 M=Cu(ll) X=Y=0

Scheme 1

Biological activity

A primary sudy of the Minimum inhibitor concen-
trations(MIC) of L-histidineanditscomplexeson Gram
positive bacteria (Staphylococcus aures and Bacillus
subtilis) and Gram negative bacteria(Escherichiacoli and
pesudo monosaerogenas) arerecordedin (TABLE5).

From (TABLED) itisclear that theinhibitionis
much larger for metal complexesthan that of L-histi-
dineon gram positiveand gram negative bacteria. The

try!®, Also, the observed valuewhichis<2.3indicates
the covalent nature between the Cu(ll) ion and the
ligand®.

The structures of the complexes are given in
Schemes1and 2.

X
NH
/N 2‘&/O © NH
¢ M P
HNT 07 g T H,N N
Y
7 M=cCr(ll) X=Cl Y=H,0
8  M=Fe(lll) X=Cl Y=H,0
9 M=Mn(ll) X=Y= H20
10 M=Ni(ll) X=Y= H,0
11 M=Co(ll) X=Y= H,0
12 M=Cu(ll) X=Y=0
Scheme 2

Cu(I1) complexes (6 and 12) havethe most inhibitor
effect ongram negativeand gram positivebacteriathan
the other metal complexes. Theantibiotic effect of bi-
ligand Cu(Il) complex (12) on Gram negativeand Gram
positivebacteriaisrd atively stronger than complex (6).
ASgathered fromthedatagivenin TABLE5, theor-
der of inhibition of all complexesintheactivity of the
bacteriastudied can be arranged asfollows: For Es-
cherichia coli the complex 12< 6< 4< 9< 3,11< 2

Tnorganic CHEMISTRY
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<ligand, for Pesudomonosaeruginosathe complex 12<
6<9,11< 2 <4< 3<ligand, for Bacillussubtilisthecom-
plex 12 < 6< 11< 4< 2< 9< 3< ligand and for Staphy-
lococcusaureusthecomplex 12 <4<6<9<3<2,11<
ligand. Suchincreased activity of themetd chelatescan
be explained on the basis of chelation theory™. On
chelating, the polarity of themeta ionwill bereduced
to agreat extent dueto the overlap with theligand or-
bital. Further, it increasesthe del ocalization of -elec-
trons over the whole chelae ring and enhances the
lipophilicity of thecomplexeg®l.

TABLE5: Minimuminhibitor concentration of L-histidine
and complexesagaing gram +veand gram -vebacteria.

Organism Gram -vebacteria Gram +vebacteria

Compound  E-Cali Ps-aur B-sub St-aur
L-histidine 150 150 100 250
Complex 2 100 60 50 100
Complex 3 50 90 100 85
Complex 4 35 80 6.8 25
Complex 6 5.1 40 45 30
Complex 9 40 50 80 45
Complex 11 50 50 5.7 100
Complex 12 31 35 35 15
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