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ABSTRACT

Benzil bisisonicotinoyl hydrazone complexes of tervalent metals Ti, Zr, Sn, Hf, and Th have been prepared in
different M: L molar ratios (2:1, 1:1 and 1:2), in different solvents (MeOH and DMF) and in different pH media. The
complexes have been characterized by elemental, thermal and spectral (i.r. and electronic) analyses. Spectral
studiesindicate octahedral geometries. Thetitle ligand acts as either one of the following:- Neutral bidentate (cis
or skew form) chelating viathe two pyridine nitrogen (complexes 1, 2) or one pyridine and one azomethine nitrogen
(complex 3) Monobasic bidentate (skew) chel ating via one azomethine N and enolate O, complexes (4-7). Dibasic
tetradentate (cisform) chelating viathe two azomethine N and the two enolate O (complex 8).
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INTRODUCTION

Isoni cotinic acid hydrazide (INH) and hydrazones
and their complexesareknown for their biological ac-
tivity asantibacterial, antitubercul ar and antitumour
activites*®, They havebeen used dso asandytical re-
agentd®4, moreover sometransition metal complexes
of isonicotinoyl hydrazone have been found to be use-
ful in polymer coatings, inksand pigments®.

Trangtion meta complexesof related ligands, viz.
acetone’®, terephthal dehyde™, ohydroxyacetophen-
one®Y | acetylacetone, trifluoroacetylacetone and
thionylacetone?, sdlicyla dehydd 34, 2-hydroxynaph-
thal dehyde¥, benzoylacetong®® and i sati ni soni cotinoyl
hydrazones have been reporteds19. |n continuation
of our work on hydrazones of INH and their com-
plexes*21 inthis paper, wereported thesynthesisand
characterization of sometervalent metal complexes of
thetitleligand. The dataare presented and discussed.

EXPERIMENTAL

Theligand Benzil bisisonicotinoyl hydrazone[H,L ]
was prepared by reacting INH with benzil in2:1 molar
ratio. Thewd | mixed-reactantswerefusedinanovenat
180 °Cfor ca. 1h. The product was crystallized from
dioxantoremoveunreacted benzil and INH. Theydlow
precipitatewas crystallized from DM Ftoremove any
tracesof benzil monoisonicatinoyl hydrazone. Thepurity
was confirmed by m.p., dementd andysisandt.l.c.

Preparation of the complexes

MeOH solution of themetal [I\V] chlorideor tho-
rium nitrate and theligand were mixed together in 2:1,
1:1or 1:2molar ratios. A few drops of NH, or NaOH
were added to study the effect of pH on the product.
Thoriumcomplexin2:1M: L molar ratiowasprepared
in DMFtostudy primarily the solvent effect onthe prod-
uct. Thereaction mixturewasboiled under reflux ona
water bath for at least 1h. The products precipitated
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wereremoved by filtration, washed severd timeswith
hot MeOH and dried under vaccuo.

Characterization

Meta content were determined by aliterature pro-
cedure??, d.t.a. curveswererecorded on a Shimadzu
DT-30therma anayzer intherateof 10 °C.mintinthe

temperaturerange 30-700 °C., molar conductancewas
measured in DMF using Bibby conductimeter type
MCL. Ir and €electronic spectra were recorded on
Perkin EImer 14301.r. and 4 u.v.-vis. spectrophotom-
etersand *H n.m.r spectrawererecorded usingaVarian
EM-390 90 Hz DM SO as solvent. The physicochemi-
ca dataaregiveninTABLES 1-3.

TABLE 1: Colour,m.p,A  analytical and thermal dataof theligand and itscomplexes

M.P Or Found (Calc.) % L oss of 135
No. Compound® Colour  (dec) An H,0% upto n; 220 n,
C) C H N cl 1359C oC
0 H,L.1/2H,0 White 248  10.1 68.3(68.3) 4.6(4.6) 18.4(18.4) 21(20) 05
Prepared in MeOH
1 [Hf(HaL)oH,0)X]X5.4H,0 O'g;ge >300 215 46.4(47.1) 3.9(39) 12.1(127) 11.5(10.7) 6.6(6.8) 4 1.3(14) 1
2 [Ti(HoL)(H,0)X4X.5H,0 Sﬁﬂa (205) 67 41.8(418) 4.1(4.3) 10.5(11.3) 19.9(19.0) 12.0(121) 5 24(24) 1
3 [Zr(H.L)(H,0)Xg].6H,0 \gg'n‘;‘g’ (280) 41 30.3(305) 38(31) 87(82) -(27.8) 109(106) 6 . O
Prepared in MeOH+NH;
4 [Zr(HL)(H,0)X].3H,0  Orange 240 75 55.6(55.3) 4.4(4.1) 15.0(14.9) 586.3) 5048 3 17(16)
5 [Sn(HL)(H;0)X3] O'g;ge >300 35 45.1(45.3) 3.1(3.1) 11.9(12.2) 15.1(15.5) - 0 28(26) 1
6 [Hf(HL)(H,0)X4].H;0 O'g;ge (280) 44 (ﬁ:g) (g'é) (ﬁ% (ﬂ% 0 2324) 1
Prepared in DMF
7 [ThoL(H,0)2X] Orange  >300 45 33.7(337) 24(19) 14.6(142)  ~ ) 0 3232 2
Prepared in MeOH+NaOH
8 [TiOL(H,0),] Sﬂe‘ (290) 42 57.7(57.1) 45(4.0) 150(154) - 0 6.6(6.6) 2

X: Clor NO, in case of Th complex; 2 s.cm®mol* (in DMF); n.: no of lattice water; n,: no of coordinated water

TABLE 2: Electronic spectral bands(y, ., nm) of theligand and complexes.

Complex

No HoL 1 2 3 4 5 6 7 8 Assignment
Band A - 460 472 400 452 465 445 455 483 c.t arising from metal-ligand interaction
Band B 372 375 372 - 371 370 383 379 Intramolecular c.t. with n-r* transition within 5-membered
354 364 365 358 360 362 - - cheatering
Band C 345 340 344 344 344 343 344 343 344 Intramolecular c.t. with n-* transition Within C=0 of the INH
336 - - - 331 - 3% - -
BandD 327 323326 - - 310 293 293 2%3 7 -m* transition of the imidol group
Band E 263 335 258 255 280 283 267 278 - x -m* transition of the C=N of the pyridyl ring
Band F 236 230 232 236 236 - 230 - - m-m*transition of the C=N and/or phenyl ring

RESULTSAND DISCUSSION

Theligand[H,L] may in principleexhibit keto-enol
tautomerisminvolving thetwo PyCONH groups, giv-
ing three possibletautomers. It appearsfrom the ana-

Iytical dataof thecomplexesTABLE 1thattheligandis
neutral when the preparation is made in the neutral
methanol medium, monodeprotonated [HL ] inthewesk
basic medium [MeOH/NH,] and doubly deprotonated
[L?] inthestrong a kalinemedium [MeOH/NaOH] or
inasolvent of high didectric constant[DMF]. In strong
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dkdinesolution, titanyl complex (8) isobtained. All these
complexesarediamagnetic [d° or d*°], and their colors
vary from orangeto scarlet red. They areair stableup
to 70 °C.

Thermal analysis

Thermal dataof thecomplexesTABLE 1 showed
number of both latticeand coordinated water molecules.
Complexes(1-3) prepared from neutra solution were
found to be hexahydrated. On the other hand, com-
plexes (4, 5) prepared from neutral or slightly basic
solutionswerefound to have only one coordinated water
molecule, except complex 4 which hasfour water mol-
ecules. Whilecomplexes 7 and 8 prepared from alka-
linesolution or from DM F werefoundto bedihydrated.

Molar conductance

Thelow molar conductancevauein DMF[35-45
s.cm?.mol] of thebimetal complexes(3,7) and of the
monoligand complexes (5, 6, 8) show that they arenon-
eectrolytes®. Ontheother hand, A valuesfor thecom-
plexes(1,2,4) are215, 67 and 75 s.cm?.mol* indicating
that they are 1:3, 1.1 and 1.1 e ectrol yte respectively.

Electronic spectra

Theligand showsfivetransitions bands. Band-A
at 236, band-B at 263, band-C at 327, band-D at

Py

Ph
Ph

Ph

—= Fyll Poper

336 and band-E at 345 nm. Thesetransitions are at-
tributed tot — 7* transition of free imide C=0, py-
ridine C=N and imidol C=N in afive membered H-
bonded chelatering [R,]*4, imide C=Oina5-mem-
bered H-bonded chelate ring [R,]*! and of C=N
group localized in the coupled azomethine chro-
mophore.

Insolution, benzil existsasan equilibrium mixture
of the skew and the cistautomers, thecisformisstabi-
lized by theformation of H-bond with asolvent mol-
ecule[§)1%21, thephenyl ringsare nearly coplanar with
the carbonyl groups? Figure 1.

Ph

% Ph Ph
Ph = Jd'%

@) S
Skew Cis
Figurel: Benzil in skew and cistautomers

Examination of the molecular model of benzil
bisi sonicotinoyl hydrazone, takinginto account itsel ec-
tronic spectrum and assignments given before, shows
that in an organic solvent [DMF], theligand can be
represented by [imide-imide] or [imidol-imidol] intau-
tomersof theskew form1 or Il or [imide-imidol] inthe
form Il Figure2.

Py

R ||
“N—N Py Py

| c=—=0 OoO—~C

HN—/—N N—N

Ph

Ph Ph

Figure2: Represention of theligand by | [imide-imide], 11 [imidol-imidol] and I Il [imide-imidol]

Theimidol formismorestablethantheimidegroup
duetotheformation of H-chelatering R, intheformer.
Theimidegroup may be stabilized by theformation of
H-cheatering R, withasolvent molecule. Inthecisform
[l theimidegroupisnot solvated dueto steric configu-
ration. Itisseen also that the skew formismore stable

asit haslesssteric configuration. Thedectronic spectra
of theligand anditscomplexesaregiven TABLE 2.
Band-A (483-400) nm: Thisbandisabsent inthe
ligand. It may beassgnedtocit. arisngfrommetaligand
interaction. Thered shift observedin thisband for com-
plex 3 can beassigned to intramolecular H-bonded N
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atom of INH and C=O withthesolvent N-S-Oina5-
membred chelatering?®. Theblueshift observedinthe
same band-A for complex 8 (483) nm may be dueto
more conjugation of the (C=N) around themetd ions.

Thegpectraof the complexesshow non-ligand band
B in 383-354 nm regions. Since the metal ionshave
either d® or d'° dectronic configuration, nod-d band is
expected and thelast bands may, therefore be dueto
intramolecular chargetransfer [c.t., withn- T* transi-
tionswithin the 5-membred ring chelatering of which
themetal isamember?9,

Band-C (344-331) nmisassigned to theintramo-
lecular c.t. with n-* transition of C=0 of INH. While
band-D (326-267) nmisassignedton -n* transitionsof
C=N of theimidol group. Band-E 263 nmisassgnedto
7 -n* transitions of the C=N of the pyridyl ring. This
band showshypsochromic shiftsin complexes(1-3) in-
dicating that the pyridyl group iscoordinated in these
complexes. Ontheother hand complexes4-8 demon-
strated abathochromic shift indicating that the pyridine
groupisinvolvedinmoreconjugated sysemarisingfrom
theenolization of the C=0 of theimidegroup.

|.r and *H n.m.r. spectraof theligand
The'H n.m.r spectraof theligandin DM SO and

D,0 provided further evidencefor the proposed struc-
ture. It showsasinglet a 11.2 p.p.m. which disappeared
in D, O that can be assigned to NH-O protons of the
twoimidol groups?®®.

Thei.r. spectrum of thefreeligand (TABLE 3) ex-
hibits strong bandsat 1688 cnrtand 1660 cmrtwhich
may be assigned to v(C=0) and v(C=N) respectively.
M edium bands appear at 3250 cmt[v[NH]] and 883
cnrt[v[N-N]] show that, inthe solid statetheligand
existsintheketoform. The presenceof latticewater is
indicated by the presence of abroad band centered at
3450 cm'* and two weaker bands at 845 and 710 cmr
1, these bands disappear upon dehydration at 110 °C.
Pyridinering vibrations appear at 1410, 990, 633 and
435 cmriel,

Examination of themol ecular modd of theligand
taking into account the steric effect and that the hydra-
zoneexist inthesyn and anti tautomers*™ suggeststhat
thetitleligand existsinthecislIV [syn-anti] and/or the
skew [syn-syn] V tautomers.

I.r. of thecomplexes

Comyparison of the spectraof the complexeswith
that of theligand TABLE 3reved sthefollowing obser-
vaions

TABLE 3: Important i.r. spectral bandsof theligand and itscomplexes.

i v &) N vy YONCO)  vH0) v M) e

H,L 1410 990 630 éiig ]£309§)

L e o BT oo
2w o @ B0 e =
3. 1444 1060 690 éiig 1953%) 523 v (M-Cl) 337
4, 1408 985 634 1685 1952850 iggg ars 522 VV(I(\% (-DCI:-I|)2) ]:.3653:57
5. 1405 990 626 195252? iggg 475 525 VV(I(\% (-DCI:-I|)2) ]:.3623%
o w2 ERE g, ma) W
7. 1410 990 630 153? ggg 472 548 Vygfggj)) 13;52:,;(1)80
8. 1410 990 630 1580 1520 490 565 v (M-OHy) 1630

920

1320

All themeta complexesexcept (1, 2and 3) show
that thebandsdueto pyridinering aredisplayed to high
frequency indicating theinvolvement of the pyridineni-
trogenin coordination®. Similar aterationisnot ob-

served incomplexes4-8revedingthat thepyridinering
nitrogen atom does not take part in coordination.

In complexes (4-8), the absence of bandsat 3140
cm* and 1688 cmrt with the appearance of morein-
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tense band near 1600 cm* indicate that the CONH
group is enolized and deprotonated™Y. The appear-
ance of v(N=C-0) at nearly 1530 cm™ in thesescom-
plexes suggested that the bonding to the metal occur
through both deprotonated C-O groups

Inall complexesexcept (1-3) v(N-N) band is ob-
served at higher frequency compared to thefreeligand,
confirming the coordination of theazomethinenitrogen
atomtothemetal®,

Theatypemetd ionslikeTi#, Zr*, Hf*= would
be expected to coordinate through carbonyl oxygenand
non-ring nitrogen’, Wefound exceptional casesasin
the adduct complexes 1-3 where Hf, Ti and Zr ions
coordinatethroughthering nitrogen.

The spectraof complexes(1-4) show negative shift
(=10cnt) inv(C=0), while the shift is minor (~ 3-8
cm®) incomplex (6). Thisindicatethat the C=0 group
isfreein complexes(1-4) whileit hydrogen bonded in
complex (6).

Coordination through ring nitrogen can beexpected
with b-type metal ionslike Sn*33, Thisexpectation
has actually been incorrect for complex 5 where Sn

— — +

—= Fyll Poper

coordinatesviaazomethineN and enolate O.

Ontheother hand, the spectraof all complexes
[except 3] display anew band at [1637-1630] cm'®
which is absent in the spectrum of theligand, that
band may be assigned to 6 [H,O] of coordinated
water(3536],

v[M-Cl], ¥[M-NO ], v[M-N] and v[M-O]

The spectraof complexes2-6 display new bands
at [337-320] cm* assigned to v[M-Cl]. The occur-
renceof that band inthat regionindicatesan octahedral
geometry of these complexesd®”). The presence of two
strong bands at 1384 and 840 cm'* in the spectrum of
complex 7 suggests that the nitrate group is
monodentate®®. The new bands appearinginthere-
gions (565-522) and (490-453) cm* are assigned to
V[M<«Py]®¥ and v[M-O]“% respectively.

Based on physical, anadytical, molar conductivity
and spectral results, taking into account that the exact
geometry requiresx-ray anglecrystd andysswhichis
not available, we can suggest octahedral geometriesfor
the complexeswhich can beformulated asin Figure 3.

Ph a — .
B ol
H0 N Py H,O Py H,0 /Py
N—N + o—=¢C X + o—c¢ X + o—=c¢
|| \Zr/ || « /\Sn/ ” >Hf< ”
/C—O/ N X | S N—n X | N——N
Ph
Py X | Ph\ | ph. X |
\ Ph // Ph
R3 Ry Ph | R -
4 (5 (6)
o—(:/Py
— 7 _ v
— R]_: H\\ ||
H,0 /PV PYQ H20 Py “N—N
X + o—c C—O_ +/o—c | Py
\Th/ H ” Tio\ ” O—C/
x/l T N—n" T NN e
X Ry HOH ‘ Rz : Py- CONHN=
H,0 “
| | z N—NH Py: CsHaN-
----- I Ph: CgHs-
| Ph | Ph Ph X: Cl or NO3 (Th)

™ ®

Figure3: Proposed structur esof the complexes.
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