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ABSTRACT

Theequilibrium constants (K) of chargetransfer complexes (CTC) of salicylidene amino pyridinesand salicylidene
aniline with lanthanide shift reagent Eu(fod), in different sol vents were determined by applying Benesi- Hildebrand
equation. The effect of the polarity of the solvent, electronic factors and steric effect were investigated. Structural
and energetic parameterslike bond lengths, bond angles, energiesof HOMO and LUMO orbitals, n, u, and o were
obtained by quantum mechanical calculations employing semi empirical model (Austin Methodl, AM1). The
theoretical parameters are used to illustrate the ambiguities and support the explanation of the experimental

results. © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Lanthanide shift reagent gpplicationsarelong known
to be confined for NMR studies®9. Later they have
been used to study the UV spectra of Schiff bases.
Thusaddition of Eu(fod), to benzylideneanilines™ in
n-heptanes and acetonitrileresulted in the appearance
of two absorption bandsinthe UV spectra.

In other study Eu(fod), used with salicylidene
anilinesand their substituents, and thediphatic amines
in cyclohexane forming new complexeswhich were
studied by UV spectroscopy. Also Pr(fod),, was used
with benzylideneanilinesin cyclohexang®¥ andin other
solventswhereK valueswere cal cul ated, the thermo-
dynamic parameters for these complexes were also
estimated. Sdicylideneanilinewasstudied with Pr(fod),
inmixed solvents?, it was noticed that, addition of po-
lar solvent to non polar solvent resulted in disappear-
ance of the CTC band. Schiff bases derived from 2-
amino pyridine and 2-amino pyrazinewere prepared

andidentified spectroscopicdly, it wasfound that, these
Schiff basesare present intwo tautomersthe keto and
enol forms, and the enol formis preferredin non polar
solventg?.

Inother sudy new complexesweresynthesi zed from
thereaction of Cr(I11) with Schiff baseswhich result
fromthecondensation of 2-amino pyridinewithvaniline
and sdicyld dehyde, thecomplexeswereidentified spec-
troscopically and found to be tetrahedral ™.

Theam of the present study isto shed light onthe
effect of thelanthani de shift reagent Eu(fod), on Schiff
bases containing amino pyridinesand sdicylaldehyde
indifferent solventsand have anideatheoretically about
themost probabl e positionsfor coordination and com-
parethemwith sdicylideneaniline.

EXPERIMENTAL

Chemical materials
Sdicylddehyde, 2-amino pyridine, 2-amino methyl
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pyridine, 2-amino-4-methyl pyridine, aniline, 2-amino The continuous variation method was applied for

phenol, and lanthanide shift reagent Eu(fod),al the  thedetermination of stochiometry.

above chemicalsare purchased from Flukaand they

arewith high purity except salicyla dehydewhich has _ _ )

been distilled at itsboiling point. . TheK values ar_e deter_ml ned by applying Bensi
The solvents used: are cyclohexane, CCl,, chlo-  Hildebrand® equation which can be represented as

robenzene, dichloro methane and acetonitrile. All of ~ follow:
these solventsweredistilled at their boiling points. [A,] 1 1 1
Abs 20 " Koo ®
S € AD K € AD m

Where[A ] istheinitial concentration of the acceptor
(Eu(fod),), [Do] istheinitid concentration of the donor
molecule (Schiff base) and ¢, istheextinction coeffi-
cient of thecomplex. Absistheabsorbance of thecom-

plex.

Determination of K valuefor the complex

Synthesis of schiff bases

Schiff basesare prepared according to the proce-
dure of El-Bayomi and his coworker® by mixing
equimolar amounts of salicylaldehyde with primary
aminesafter dissolvingit in absoluteethanol then addi-
tion of the solution of aminetotheadehydegradually
with stirring, then refluxing themixturefor (2-6 hrs).  Theoretical part
Themixturewas|eft to cool; the precipitate wasfil - Thewell known Chem. Office (v.11, 2008) pro-
tered, washed with cold ethanol or methanol, thenre-  gramwasused for performing thisstudy. Two quantum
crystallized several timestoyield apureproduct. IRof - mechanical methodswere used to establish therequired

the compounds were measured. values of angles, bond lengths, electronic chargesand
Preparation of solution and for mation of the com- the steric interactions. One of thesemethodsisasemi
plex empirical and represented by theAM 1 model and the

second oneisan abinitio calculation presented asHF

2ml of the suitable solvent was placedinthe UV
cell (the sample and theblank), then 100 ul of 102M
Eu(fod), was added to each cell, after that successive
additions (20-70 pul) of the donor (Schiff base) was
added to the sample cell, an equivaent amount of the
solvent wasadded to the blank cell to maintain equiva
lent volumesin both cells. UV measurementswerecar-

(6-311G (d,p)) method.
RESULTSAND DISCUSSION

The UV spectraof the Schiff basesstudied inthis
work showed different absorption maximabefore and

) : . i after addition of Eu(fod)., givenin TABLE (1). From
fied ot using Shimadzu UV-visiblespectrophotometer . <rap) E it can beseenthet, addition of Eufod), in

(UV- 1_659 Po). different solventsresulted in the appearance of anew
Stochiometry of the complexes band Figure (1), which could be attributed to the for-

TABLE 1: Thevaluesof Amax for the Schiff bases, Eu(fod), and the complexesfor med from themin different solvents

S2AP S2A3MP S2AIMP SA BOOHA 1

Solvent Amax Amax Amax Amax Amax Amax Amax Amax Amax Amax n:ax
b co b co b co b co b co

Cyclo- hexane 354 440 356 353 441 355 445 292

CCly 354 444 293

Chloro- benzene 353 441 356 443 352 440 342 437 294

Methylenechloride 348 436 353 441 348 437 339 430 284

Aceto-nitrile 345 450 292

S2AP= Salicylidene-2-amino pyridine, S2A3M P= Salicylidene-2-amino-3-methyl pyridine, S2A4M P= Salicylidene-2-amino-
4-methyl pyridine, SA= Salicylidene aniline, and BOOHA = Benzylidene —o-hydroxy aniline; -Amax b= Amax at maximum
absorption of Schiff bases, -Amax r= Amax at maximum absorption of Eu(fod),, -Amax co= Amax at maximum absor ption of
complex
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Figurel: UV spectraof CT complexesof S2AP with Eu(fod),in two solvents

TABLE 2: Thevaluesof K for the complexesof S2APwith
Eu(fod), in different solvents.

TABLE 3: Thevaluesof K for the complexesof Schiff bases
with Eu(fod), in different solvents

Solvent K mol™ Compound Solvent K mol™
Cyclohexane 750 DAIMP Chlorobenzene . 50
CCl, 428 Methylene chloride 20
Chlorobenzene 200 Cyclohexane 13
Methylene chloride 111 S2A4MP Chlorobenzene 250
Acetonitril 40 Methylene chloride 142
mation of CT complex. SA Methylene chloride 100
P ; Chlorobenzene 67
The stoichiometry of thiscomplex wasfound to be
BOOHA Chlorobenzene 7

1:1. Plotswere performed between [A J/[Absversus
1/[D_] according to Bensi Hildebrand equation (Eq.1).

Straight linesFigure (2) were obtained, wherethe
K valueswere determined from the slopes and inter-
ceptsof theplots.

Thevauesof K for saicylidene2-amino pyridine
indifferent solventsaregivenin TABLE (2). Smilarly
plots were performed for S2A3MP and SA and
BOOHA intwo solvents (Chlorobenzeneand methyl-
enechloride). Theobtained K valuesfor these com-
poundsaretabulatedin TABLE (3).

From the aboveresults, it can be seen that, many
factorsplay rolein determiningthevaluesof K inthe
studied system. If welook at thevaluesof K for S2AP
with Eu(fod), in solventswith different polarities, it can
be observed that, these values are high in non polar
solvent TABLE (1), Thiscould beattributed to thein-

teraction between these polar solventswith the Schiff
base because of the presence of the nitrogen atomsin
theiminegroup and/or the pyridineringinaddition to
thehydroxyl group which makeit difficult for Eu(fod),
tointeract with the Schiff basein the presence of these
polar solvents, i.e., thesolvation (whichisasort of in-
teraction) causes shielding of the Schiff base and pre-
cludeitsinteraction with theshift reagent, thuslowering
thevalueof K.

Additiond observation can bedrawn outif wecom-
pare K values of the following Schiff bases: S2AP,
S2A3MP, and S2A4MP when interacting with the
Eu(fod),; it can be seen that, theseval ues changes ac-
cordingtothefollowing order:

Thisvariation canbeexplainedintermsof thedec-
tronic effect onthe nitrogen of theiminegroup, thusthe

Hn Tndéan g%wumé
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Figure?2: Linear relationshipsaobtained from theapplication of B-H equation on S2APin varioussolvents

Solvent SPASMP  S2AP  S2a4MP  compound moreabletointeract with the Eu(fod),and
Chorobenzene 50 200 250 thereforeincreasesitsK vaue.
CH,Cl, 20 111 142 Ontheother hand the methyl group in compound

S2A3MPintheortho position to the nitrogen of the
i th 1o theimi . pyridineringincressestheeectron density onthisring
para position With respect to tneimine groupin: iy compound S2A4M P thereverse occurs, thus

S2A4MPincreasesthedectron density onthenitrogen . qihility of interaction between the Schiff basean
atom compared to that of the compound withthe me- Eu(fod), will belowered
) .

thyl group inthe meta position which makesthefirst Thedifferencein values of K between S2A3MP

presence of amethyl groupinthe
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and S2A4MP could a so be attributed to the steric ef -
fect which resulted from the presence of the methyl
group inaposition whichiscloseto the coordination
center compared to the second Schiff base S2A4AP
causing weskening of theinteractionwith Eu(fod),, which
resultinloweringof K vaues.

Alsowe can explain the steric effect if we accept
the idea that, the interaction of large molecule like
Eu(fod),with the Schiff baseallow to form eight mem-
bered ring rather than thesix member ringi.e. theinter-
action takeplacewith the pyridinenitrogen rather than
theimino nitrogen. Thereasonswhich maketheeight
member ring preferred over thesix member ring can be
explained asfollow: if wecomparetheK vauesof the
complexesobtained from thereaction of Eu(fod),with
the bases S2AP (K=200) and SA (K=67):

Theformation of six member ringsin both com-
plexeswould never explainsthegreat differenceof the
K vauesbetween them so thereisahigh probability of
theformation of astable eight member ring with the
S2AP moleculethat releasing some of the steric effect

Ho-~ &y

HO- - "B¥,

= Pyl Paper

number of dectronic and structural parametersrelating
to the Schiff basesunder consideration. The basespa-
rameters were considered as the most effective and
controllingtheK vauessincetheother part of thecom-
plex (Eu(fod),) iskept constant.

Theenergiesof theHOMO (E,,,,) and LUMO
(E, 1) Orbitals, hardness (n), € ectronic chemical po-
tentia (1) and global electrophilicity ()4 were
calculated using equations (2, 3, and 4) respectively
and tabulated in TABLE (4). In addition anumber of
bond lengthsand bond angles belonging to the active
part in the structures of the Schiff bases were deter-
mined for the same purpose.

1

n=E(ELUMO _EHOMO) )
1
u=E(EHOMO+ELUMO) (3)
2
= 4

= o
Inorder to explainthevariation noticedin TABLE

Ho-~Ey

! N= “N= 5
ek SO OO
S2AP S2AP

which may beresulted dueto spatia congestion raised
by alargemoleculesuch asEu(fod), Inaddition, if we
comparethestability of thetwo complexesresulted from
the reaction of Eu(fod),with the Schiff bases SA and
BOOHA we can seethat the stability of the SA com-
plex (K=67) whichform asix member ringisgreater
than that of BOOHA complex (K=7) whichformfive
memberedring.

Ell,l*OH HO”’El'i'l
H 'I H i
C=N C=N
BOOHA SA

Further evidences supported these expectationsare
supplied by theoretical studies.

Theoretical study

Thisstudy iscarried out by applying the semi-em-
pirical Austin method1 (AM 1)1 for theestimation of a

SA

(4) andfind aconnectionwiththevauesof K,asmple
comparison can be made among the bases S2AP,
S2A3MP, and S2A4M Pwhich havesimilar structures
(they differ only by substituting H atom by methyl group)
in certain solvent (chlorobenzene). TABLE (4) shows
that, thevaluesof K arereversely proportional tothe
differencebetweenk ,, andE, ,,, (“(L—H) or with
thevauesof (). Thesevariationsagreewiththeprin-
ciplethat says“the less stable molecule is the most ac-
tiveone”.

Looking at the charge present on the nitrogen atom
of thepyridinering (Np), wefind that, the existence of
ortho methyl relative to this atom in the molecule
S2A3MP makesit higher than theana ogousatomsin
the S2AP and S2A4M P molecules. Inthe sametime,
the presence of amethyl group in position metato the
iminenitrogen (Ne) of the S2A3M P doesnot affect the
charge on thisatom as aresult the charge on Ne be-
comelesswith respect to the similar inthe other mol-

Hn Tndéan g%wumé
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TABLE 4: Valuesof thedectronicand structural parametersof Schiff basescalculated by AM 1 method.

Comp. Solvent HOMO LUMO A(L —H) n Y7, W
Methylene chloride -10.043 -4.804 5.239 2.619 -7.423 10.518
AP Chlorobenzene -10.053 -4.799 5.254 2.627 -7.426 10.495
CCl, -10.997 -4.715 6.282 3.141 -7.856 9.824
Cyclohexane -10.167 -1.969 8.198 4.099 -6.068 4.491
SOAIMP Methylene chloride -9.995 -4.617 5.378 2.689 -7.306 9.925
Chlorobenzene -10.057 -2.472 7.585 3.792 -6.264 5.173
Methylene chloride -10.969 -2.350 8.619 4.309 -6.659 5.145
S2A4MP Chlorobenzene -9.001 -4.590 4.411 2.205 -6.795 10.469
Cyclohexane -9.984 -4.665 5.319 2.659 -7.324 10.086
A Methylene chloride -10.125 -4.675 5.450 2.725 -7.400 10.047
Chlorobenzene -10.210 -4.518 5.692 2.846 -7364 9.527
BOOHA Chlorobenzene -9.824 -4.064 5.760 2.880 -6.944 8.371

** Units of energetic values are ev.

ecules.

In contrast the existence of methyl group in posi-
tion parato the Ne of S2A4AMPincreasesthe charge
on thisatom and does not affect the charge on the Np.
Meanwhile, thelower value of (o) in S2A3MP that
makesit behaves asanucleophile morethan the other
molecul es, becomesgreater dectronsdonating and more
liableto formacomplex. Infact, theresultsobtained
arein conversewith the expected resultsaccording to
the above discussion. This could be attributed to the
steric factor which dominatetheinteractionsof alarge
molecule (Eu(fod),) with such Schiff basesand favor
theformation of eight member ring.

Such expectationismoreclearly noticed when com-
paring these parametersof themoleculesBOOHA, SA
and S2AP:

Inthiscomparison; theprinciplethat, themorestable
moleculeisless activetoward theformation of com-
plexisasobeing applied. Also wefindthat, thevaues
of (w) and theatomic charges (Neand O) aretotally
opposing thevauesof K. Thisissupport theprevious
assumptioninwhich theeectronic parameter isnot the
dominant factor and the steric effect iscontrolling the
valueof K and facilitate theformation of eight mem-
bered ring complex.

Additional support can comefrom the values of
some structural parameters namely, bond length and
bond angelslistedin TABLE (6).

5 OoH U
) N 12
3 2 15 14

TABLE5: Comparison among theparameter sof themoleculesBOOHA, SAand S2AP

Base K (mol™) A(L-H) Charge O Charge Ne n u w
BOOHA 7 5.760 -0.2672 -0.1555 2.880 -6.944 8.371
SA 100 5.692 -0.2515 -0.1514 2.846 -7.364 9.527
S2AP 200 5.254 -0.2491 -0.1356 2.627 -7.426 10.495

TABLE 6: Bond lengths(A°) and angles(°) of theactive partsof the Schiff bases.

Base K (mol™) C,-Cs Cs— Ny Ng— Cyo
S2A3MP 50 1.4695 1.2878 14214
S2AP 200 1.4682 1.2917 1.4271
S2AAMP 250 1.4680 1.2918 1.4210

<CeCyCs <G, G Cg <Ny Cyp Css <Ng Cyp Nyy
S2A3MP 120.137 120.755 119.909 117.598
S2AP 121.807 120.302 124.284 114.719
S2A4AMP 121.810 120.246 124.053 115.067

Physical CHEMISTRY o

A udéan Journal



PCAIJ, 9(1) 2014

Emad Abdulilah Saleh Al-Hyali et al. 7

Looking carefully at thevaluesin TABLE (5) we
seethat, theincrease of K valuesisaccompanied by
theincreaseof (< C,C, C,) and decreaseof (<C,C,
C,) anglevalues. In the same time the values of the
bond (C,-C,) lengthsare decreased and the val ues of
(C4-N,) isincreased. Onthe other sideof moleculethe
values of (<N, C/ N,,) is decreased and being in-
clinedtowardstheangle (< C, C, C,) inthe opposite
direction which may refer to the position of connection
withthereagent (Eu(fod),) and forming the complex.
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