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ABSTRACT

KEYWORDS

As an answer of unsuccessful dye formation by reaction of p-
aminobenzylidene-o-hydroxyaniline (I) with diazotied sulphanilic acid
mixture, the tautomerism reactionsin such molecule were found to be the
correct reason. Moleule | was prepared by astandard method, its structure
was confirmed by the measurements of melting point, beside UV and IR
spectra.

Themainaim of thisinvestigation was deal with tautomerism study in | by
theaid of U.V spectrum. Some factors affecting on equilibrium constants
K, and K, of tautomerism reactions happen in | were discussed. These
included influence of different buffersintherange of pH 4-10 and different
temperatures were studied.

Finally, the thermodynamic parameters of tautomerism reactionsAG°, AH®
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and AS° were calculated and discussed.
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INTRODUCTION

Schiff bases derived from sulphdrug and
salicyla dehye had been found to be good fungicides,
bacteriocides? aswell aschelating® agents.

Tautomerisminteronversion had beeninvestigated
during last decade. Theketo enol equilibriafor varities
of Schiff based>" others studied theinfluence of tem-
perature’® and sol vent'® on tautomerism of iminesde-
rived from 2-hydroxy-1-napthal dehyde. The process
of tautomerism and isomeriztion reactionswere proved
by the eval uation of thermodynamic parameters. The
enthal piesvauesfor both reactionsindicate an exo-
thermic reactionstype. Also three different empirical

parametersfor solvent polarity wereused asEY , u10-

% cmand E,(30)keal.mole™.

Thepresent investigationisan extension of thepre-
viousstudies. It dea swith effect of pH and tempera-
ture on tautomerism reactions happen in p-
aminobenzylidene-o-hydroxy aniline. Thestudy accom-
plished by measuring the thermodynamic parameters
for tautomerism reactions, namely theAH®, AG® and
AS° in this imine as given and discussed.

EXPERIMENTAL

All chemical sused throughout thiswork were of
Fukaor moleculaorigins.

Molecule (1) wasprepared® by mixing equimolar
amountsi.e 102mol e of p-aminobenzal dehydewith o-
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aminophenal in20ml absoluteethanol. Themixturewas
refluxed for about 1.5 hour, cooling and separation of
product by filtration. Pure molecul e (1) was obtained
after hot recrystallization of samplein absol ute ethanal,
having amelting point vaue of (121-123)C°.

Solution prepared

1 0.5M sodium carbonate as catalyst for tautomer-
iIsmreaction.

2 Thefollowing buffer solutionsalsofor tautomerism
reaction, asinTABLE 1.

I nstrumentations

1 ThelR spectrumof | was measured by FTIR spec-
trophotometer Tensor-27 manufactured by Bruker,
using KBr disk method.

2 UV spectrumwasmeasured by using 1x1x3cm?3
quartz cdll, UV-+

3 ThepH of any solution was measured by using
WTW pH_,, Weilheim 82362.

4 Thetemperatureof any solution during UV mea-
surementswere controlled by connecting the spec-
trophotometer mentioned with thermostat model

TABLE 1: Compostion of buffer shaving pH rangevalue4-10

Composition

0.2 M CH,COONa (9ml) + 0.2 M CH3COOH (41 ml)
0.2 M CH3;COONa (35.25ml) + 0.2 M CH;COOH (14.75 ml)

0.05 M Borax (12 ml) +(12.4 gm Boric acid + 2.93 gm NaCl) inliter (188ml)
0.05 M Borax (11 ml) +(12.4 gm Boric acid + 2.93 gm NaCl) inliter (29ml)

4
5
6 0.2 M CH; COONa (191 ml) + 0.2 M CHsCOOH (9 ml)
7
8
9

0.05 M Borax (40 ml) + (12.4 gm Boric acid + 2.93 gm NaCl) inliter (10ml)
10 Equal volume from 0.025M (Na,CO5s+NaHCO5)

EyE14 type NTT-2200P, manufactured by
Rikakika Co.LTD.

RESULTSAND DISCUSSION

At thebeginning of thisinvestigationit wasthough
of importance to measurethe IR spectrum of | to con-
firmitschemica structure. Thisshowed thefollowing
absorption bands:-

1 Two weak absorptions at wavenumbers
3432.63cm and 3402.98cm rel ated to asymmet-
ricvibration of NH,, group.

2 A broad absorption at wavenumber 3355.58cm*
bel ong to vibration of phenolic group.

3 A medium absorption at wavenumber 1670.72cm
! belongto vibration of azomethinelinkage.

4 A strong absorption at wavenumber 1589.52cmt
related to aromaticity.

5 A weak absorption at wavenumber 1749cm re-
lated to carbonyl group. Thelast could only hap-

pen by tautomerismi*! reaction typeenol —— keto,
resulted to conversion of phenol groupto carbonyl

linkage.
Thetautomerism reaction of | wasstarted by mea-
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surement of UV spectrum of 10°M in ethanol
showed thefollowing absorption bands :-

M (n m) 2 Ao X, A3 X3
436.4 151 322.6 1300 231.8 1273

Band A, was observed at longer wavelength. This
indicated the occurrence of Schiff baseinitszwitter!?
ionformationasfollows:-

O
|
HoN CH=—N
_|_

Other bands ., and A, wererelated to the presence
of | inenol and keto formswithmolar extensonvaues
of 1300 and 1273 inunitsof Liter.mole*.cm™ respec-
tively. Thenear vduesof = meanthenear abundances
of thesetwo tautomersin ethanol, which agreed with
previous studies*34,

Theinfluenceof buffersinthepH range4-10 were
studied by preparing 10°M solution | in ethanol, mixed
in buffersof pH stated. These showed some precipi-
tatesduetotheinsolubility of soluteinthemixed etha-
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nol-water medium. In order to overcomeon the solu-
bility problem, this encourage the work to exchange
ethanol by amixture composed from 40%-acetone-
60% ethanol. The UV spectrum of 10M of l inmixed
solventillustratedin Figure 1.

Figure lillustrated four bandsinthe U.V spectrum
of | asfollows:-

—= Pyl Peper

y
(m;) N o >, A3 )N ha 4
4164 4990 3312 5870 2832 6050 237 10140

Accordanceto theincreaseinwavelength 1, A,
A, and ), wererelated to transketo,cisketo, cisenol
and tran enol tautomersrespectively. Thisillustratedin

tautomerismi* and i somerism!*4 in Schiff base mol-
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Figurel: UV spectrum of 10“M of | in 40% -acetone-60% ethanol mixed solvents
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Schemel: Cis-transketo-enol tautomersin molecule 1

eculeasin Scheme 1.

Scheme 1 showed four different cis-transketo-enol
tautomers which was expected and agreed with litera-
ture®®l,

TABLE 2 showed theinfluenceof different buffers
having pH range4-10 on UV spectraof molecule (1).

TABLE 2illugtrated thefollowing results -
At pH, the spectrum of | showed three bands at
wavelength ., , A, and A, with molar extinctionval-

ues greater than 1000 unit, which correspond to

1

nitriliumion CHzﬁ)—H , transand cisenol forms:-
2 AtpH, thespectrum of | showed four bandswhich
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TABLE 2: Influence of bufferson UV spectraof | in 40% -acetone-60% ethanol mixed solvent

pH M X LY X, A3 X3 Ay X,
4 424.2 3030 319.2 3330 223.6 6500
6 430.0 2640 3184 3460 276.0 3530 229.4 6200
8 434.2 2790 3184 4000 301.6 4020 296.0 4020
9 340.4 2820 319.6 3880 228.4 7050
10 435 2240 340.6 2410 306.0 2780 2328 4740
A = nm, X = Liter.mole*.cm?
TABLE 3: AbsorbancesA1, A2 and A3 of molecule 1 at pH with different temperatures
tc’ A Ay(Nm) A; Az(nm) As As(nm)
10 0.282 430.4 0.290 319.6 0.590 228.4
20 0.278 430.6 0.320 318.6 0.665 230.4
30 0.274 430.4 0.360 319.2 0.705 228.4
40 0.271 431.2 0.376 319.2 0.790 229.6
50 0.267 428.2 0.415 318.8 0.850 229.0
wererdaedtonitriliumion, transendl, cisenoland  Trans- keto Cis-keto
transketo totomers.
3 At pH, the spectrum of | appeared four bands at Ky
wavelengths,, A, and A, and 2. Theserelatedinto K,
transketo,cisketo, transand cisenol tautomers.
Thismean both tautomerism*31418 enol «— keto Ehol

andisomerismi*¥ cis « transreactionswerehap-

pened in compound under investigation at thisba-

scmedium.

4 At pH, thespectrum of | appeared three peaks or
bandsat wavelengths ), A,and A,. They werere-
lated to trans-keto, cis-keto and transenol tautomers
respectively, or the occurance of enol keto tau-
tomerismreection.

5 AtpH, theUV spectrum of | showed similar re-
sulttothat obtained at pH,.

Thistautomerism study comein agreement with
other imine compound derived from 2-hydroxy-1-
napthylaldehyde® and other studieg*6*.

Then after the study was extended to theinfluence
of temperaturesin therange (10-50)C° on equilibrium
congtantsof tautomerism reactions. Particular attention
wasgivento pH values9 and 10. Thesewerefor tau-
tomerism reactionshgppened at such pH vaues. Hence
thefollowing divison of resultswerenecessary :-

1At pH,
The UV spectrumof 10“M of | dissolvedin pH,

showed A, A, and A, wavelengthsasinTABLE 3. These
wavelengths were related in to tautomerg*®29 trans

Scheme2: Tautomerismof | at pH,

keto, cisketo and enol respectively. When the same
spectrum of | repeated at temperaturerange stated, the
followingresultsasin TABLE 3weretabul ated.

Now when absorbances A1, A2 and A3 were
plotted versust C°, this led to Figure 2 which illustrated
threelinesof R? range (0.977-0.988).

Thisshowed aninverserelationship betweenA, for
reactant versus t C°. A, represent the trans keto
tautomer, becauseit absorbed at longer wavel ength.
Also andirect relationshipsbetweenA, and A, versust
C° were obtained. A, and A, absorbanceswererel ated
to cisketo and enol tautomersrespectively. Hencethese
A, A, and A, wavelengths were agreed with similar
study® on imines derived from 2-hydroxy-1-
naphthyla dehyde.

Thetautomerismreactionsof | at pH, wasillus-
trated in Scheme 2.

Now whenA wereplotted versusA., thisshowed
astraight line of R?=0.995 with aslope=0.12 will

oo
equivaent to Dc_: when Hartman(? etal was used for

estimation of equilibrium constant of tautomerism reac-
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Figure2: Therelationshipsbetween absorbancesversust C°in I

tion. SmilarywhenA, wereplotted versusA, thisgives  Figure3.

straight lineof R2=0.984 with slopei—: = 0.056 asin

Thethermodynamic parametersAG®, AH® and AS°
for tautomerism reactionsof | wereshownin TABLE
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Figure3: Therelationshipsfor tautomerismof | at pH (a)AlversusA2 (b) AlversusA3

4. AH® was estimated from plot of InK versus T asin
Figure4.
Thisledtothefollowing conclusions:-

(1) Thepositivevaueof A Sifor K. equilibrium con-
stant was non spontantaneous. Also the positive
veluesof AH, and AS; meanthat tautomerism

reaction was endothermic and accompanied by an
increase of random respectively.

(2) Similarly A {?2: negativevauefor K, equilibrium
constant was non spontaneous. Also the positive
signsof AH, and A.S, meanthan tautomerism re-

action stated was endothermic and accompani ed
by anincrease of random.

2.AtpH,,
The UV spectraof | at pH,, and at temperature

range (10-50)C° showed four bands at wavelength A,
A, Ayand X,

), bands was some times appeared or not ap-
peared. Thismeanit wasunstable. Hencein thisstudy
it wasfocused on thesethree origina bandsas shown
inTABLEDS.

Now whenA, wasplotted versust C°, resulted into
aninversestraight lineof R*=0.994, or whenA, and
A, wereplotted versust C° resulted to direct plots of
R? values 0.9928 and 0.9983 respectively.

These A, A, and A, wavelengths were related to
tautomersenal, cisketo and transketo respectively as
agreed with Smilar study?.

Thetautomerismreactionshappenedin| wereil-
lustrated in Scheme 2

Whenasdraght lineswereplotted betweenA, ver-

o o
susA,andA, versusA resultedtod opesé and Dc_: of
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Figure4: Relationship between InK  or InK , versus T+

TABLE 4: Thermdynamic par ameter sof tautomerismreactionsK  and K, of | at pH,

_ _ 0 0
T Ki=75.—~ InK4 1 ! 1 ! Jmole’.  Jmole?
T A, a, KJ.mole KJ.mole? KJ.mole KJ.mole? ) K1 ’ : K1 )

0.0035 0.1234 -2.0923 4,92289 6.28755 482

0.0034 0.1381 -1.9797 4.82255 6.23543 482

0.0033 0.1576 -1.8476 4.65436 4.71521 6.11546 6.17632 4.82 4.82

0.0031 0.1664 -1.7933 4.66667 6.17599 482

0.0030 0.1865 -1.6793 450962 6.06717 482

_ _ 0 0
1 _ A 3 (1.1 AG g AG 0 AH g AH 0 ASZ ASZ
= Ke=po o Ik B 2 . 4 2 . Jmole®.  Jmolel.
T 1 O3 KJ.mole K J.mole KJ.mole K J.mole K1 K

0.0035 0.1171 -21447 5.04618 6.54260 5.28

0.0034 0.1339 -2.0106 4.89782 6.44712 5.28

0.0033 0.1440 -1.9379 4.88184 4.83496 6.48401 6.43713 5.28 5.28

0.0031 0.1632 -1.8127 471715 6.37220 5.28

0.003 0.1782 -1.7248 4.63181 6.33974 5.28
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TABLES5: Influenceof temper atureson tautomerismreactionsof | at pH_

0

tc A A;(nm) Az Ay(nm) As A{nm)
10 0.590 234 0278 316.0 0.15 4280
20 0.550 235 0.280 3190 0.20 4358
30 0.503 240 0.284 317.0 0.25 4338
40 0.477 241 0.287 3196 0.30 4276
50 0.435 240 0.290 3194 0.34 4336

TABLE 6: Equilibrium constantsK ; and K, and their ther modynamic par ameter sof tautomerismreactionsof | at pH

10

_ _ 0 0
1 Az oy AG? AG.° AH?® AH..° AS, ASlO
= 1= A InK, -4 ! - L . Jmolel  Jmole’
T A a, KJmole®  Kimole! KJImole® Kimole! T 1T % K
0.0035 5.7828 1.7548  -4.128.80 5.36029 3353
0.0034 6.2480 1.8322  -4.463.24 5.36115 33.53
0.0033 6.9294 1.9357 -4.876.30 -4.86311  5.28339 5.29658 3353 33.53
0.0031 7.3843 1.9993  -5.202.74 5.29226 3353
0.003 8.1820 21019  -5.644.48 5.18581 3353
_ _ 0 0
A3 a 0 0 0 0 AS; AS
l K2=__l |nK2 AG2 1 AGZ AHZ 1 AHZ Jmole-l \]mOTe-l
T A ag KJ.mole KJ.mole? KJ.mole KJ.mole? ) KL ’ : K :
0.0035 0.2023 -1.5980  3.75987 1.741823 48.26
0.0034 0.2894 -1.2399  3.02039 1.716139 48.26
0.0033 0.3956 -0.9273  2.33600 243825 1695961  1.706187 48.26 48.26
0.0031 0.5006 -0.6919  1.80051 1.690676 48.26
0.003 0.6221 -0.4746  1.27450 1.686337 48.26
. 6
values 12.273 and 0.79§ respectively. TABLE 6 ., . Ks - e e
showed the thermodynamic parametersfor K, and K, = E
equilibrium congtantsfor tautomerism reactions. )”2 séﬁeme ) s
Thisconcluded thefollowing points:-
1 Thenegativesignsofﬂ{?i meanstautomerism REFERENCES
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and A5, of positivesignsmeanthat reaction o1 17 o' Chim, 204, 853 (1981).
happengd Inan e|'1dotherm|c process and ac- [4] N.V.Belova, H.Oberhammer, G.V.Giricheyv,
companied by anincrease of random. S.A.Shlykov; J.Phys.Chem.A., 112(14), 3209
2 Thepositivesignof AG, of K_equilibriumcon- (2008).
o3 9 . Z s ] [5] GDudek, R.H.Holm; J.Amer.Chem.,Soc., 84, 2691
gtant meansthat reaction occurred in non spon- (1962).
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taneous process. The positivesignsof AH,

andﬂS_; weresimilarly explained asinthepre-

viousparagraph.
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