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ABSTRACT

Four syn and anti isomers derived from 4-hydroxybenzaldoxime and 3-
hydroxybenzal doxime were prepared by standard method. Their struc-
tures were confirmed by using physical methods, namely UV-IR spectra
and melting points. The main object of the study is the determination of
pKa values for four isometric oximes by potentiometric method. This
method was developed for the first time in studying pKa values for dia-
cidic syn and anti isometric oximes derived from 3 or 4-
hydroxybenzal dohyde, or for acidic compounds containing simultaneous
oxime and phenol groups. Thisgivesanew devel opment for potentiomet-
ric method over other methods used for pKadetermination. Generally the
pK, of phenol and pK,, of oxime groups were found to depend on the type
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of syn and anti isomer, the temperature and other factors.
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INTRODUCTION

Themethodsavailablefor thedetermination of ion-
ization constants had been reviewed by Albert and
Serjeant. By far, the most convenient method for the
determination of ionization constant was potentiomet-
rictitration method.

Potentiometric method had applied successfully for
the determination of pKafor amide?, aryl azo pyrimi-
dine®, imines, acidic diimine derived from benzil®
and dibenzamid€®. In these studies, they found that
aciditiesof all compounds mentioned were depend on
their structures, thetemperature and thetype of solvent
used. In one of these studies, the workers® had no-
ticed avariation of pKafor syn and anti isomersde-

rived from o or 3-benzil monoxime, and wastheoreti-
cally acceptable. R. Aydin” et al were used potentio-
metric and spectroscopi c methodsfor the determina-
tion of acid dissoci ation constants of some phenolsand
sdicylicacids. In addition, thefirst and second disso-
ciation constants of salicylic acid derivativeswerede-
termined by potentiometry.

The coupled photometri c-potentiometric method
wereapplied® for theinvestigation of pKafor 50 wa-
ter insoluble compoundsin an equival ent volumes of
methanol, dioxaneand acetonitril solvent mixture.

Thelack of simplefast and devel oped potentio-
metric method for the determination of pKaof bi acidic
compoundsfrom 3 or 4-hydroxybenzal doxime, arises
our curiosity to increase experimentation inthisfield.
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These compounds mentioned, having phenolic and
oximegroupsinther structures. Theinfluenceof syn
and anti isomers on pKawereincluded and discussed.

EXPERIMENTAL

3-hydroxyl benzal dehyde, 4-hydroxybenza dehyde,
hydroxylamine. HCI, sodium hydroxide and acid HCI
wereof Flukaor BDH origin.

Syn aldoximes were prepared by standard
method®9, Syn 3-hydroxybenzaldoxime or 4-
hydroxybenza doximewere prepared by mixing equiva:
lent!*® amountsof their aldehydeswith hydroxylamine
HCI. Thecollected oximeswerepurified by recrystali-
zation from 50% ethanol -water by volume. Their anti
isomerswere prepared by charcoal method™ in ben-
zenesolvent.

pKaDETERMINATION

ThepKaof any syn or anti aldoxime under study,
wasdetermined by manufacturing glasscylindrica cell
of maximum capacity about 30 ml.

Thecdl containstwo wallsfor insertion of pumped
water from thermostat, to maintain afixed temperature,
during pKadetermination. Thewholecell assembly was
completely insulated from thesurrounding by thick in-
sulaionmaterid.

20 ml of 0.01 M solution of any oximein 10%
ethanol, wasplacedinthe cell. After equilibriumtem-
perature was attained, asuccessive 0.2 ml of 0.1 N
NaOH was added, till 1.4ml of basewas added, fol-
lowed by measuring thefinal equilibrium pH of solu-
tion. The pK, for phenolic group in any oxime was
estimated at arange of volumes of (0.8-1.0) ml of
base. Hence the average pK, was cal culated. Simi-
larly, the pK , for oxime group was cal cul ated a range
of volumesof (1.2-1.4) ml of base.

ThepK, or pK,wasca culated by using astandard
method™¥, using thefollowing equation:

[acid]
[at]

BothpK_, and pK, for phenolic and oxime groups
for any oximeisomer were cal cul ated at atemperature
range (293-333) K.

pKa=pH +log
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INSTRUMENTATIONS

1 TheU.\V. spectraof syn and anti aldoximeswere
measured by doublebeam computerized U.V. 1601
Shimadzu spectrophotometer, usng matched quartz
celsof dimensons 1x1x3 cmd.

2 ThelR spectraof solidsand liquid aldoximes had
measured by using acomputerized FTIR Brucker
Tensor 27 spectrophotometer.

3 Memmert Searl L200 water thermostat.

4 Themédting pointsof solidssynand anti oximeswas
measured by using Electrothermal melting point ap-
paratus.

5 ThepH of any solution during potentiometrictitra:
tion, was measured by WTW Weilheium German
company model 82362.

6 Theconductivity of synand anti isomer of doximes
under study, was measured by Weilheium company
mode D8120.

7 Inorder tofix thetemperatureof ddoximessolution
during pK adetermination, apumped water appa-
ratuswasbought from local market.

8 All graphs needed for thermodynamic study was
performed by using Excel computer programme.

RESULTSAND DISCUSSION

At thebeginning of thisinvestigation, it wasthought
of great importanceto confirm thestructuresof imines
under study by physical method***?, namely IR,UV
spectraand melting pointsasin TABLE 1. The UV
spectraof iminesin ethanol and benzene show abands
withE__ vauesgreater than 1000inunitsliter. mole*
cmrt. They were assigned**2 for 1 — w* transitions
or hydrogen bonding bandsiniminesunder study. From
these absorptionswere possibleto eva uatethe change
inwavenumbers AV for characteristic absorptions of
iminesin ethanol and benzene solventsfrom an equa
tion of theform.

AV=AV, -AV,_

AV vauescollected in TABLE 1 had anegative
signs. Thesemean that imines or oximes under study
had anon specified hydrogen bondings.

The FR spectraof solids oximeswere measured
by KBr disk method. These showed the following
stretching absorptions:

Hn Tndéan g%wumé
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1 Theimineslinkage C=N haveamediumto sharp ab-
sorptionsintherange 1611.51cm™ to 1656.25cm™.

2 Thephenolicor oxime c groupsshowed adifferent
intensitiesin the range 3105.31 cm to 3306.45
cm?,

3 The keto tautomers in oximes numbered (1-4)
showed adifferentintengitiesfor carbonyl stretching
vibrations. These wereassgned to tautomerism of
phenol to carbonyl system.

4 All oximesunder sudy showed tautomerismof oxime
to nitroso group N=0, with astrong medium inten-

sity band in a range of values 1509.94 cm* to
1539.69 cm™. These tautomerism studieswerein
agreement with literaturg 34,

Inorder to check thetype of hydrogen bondingsin
oximes, thedilution™ method wasgpplied. Thisshowed
that dl oximeshad intermolecular hydrogen bondings.

Asknown, themelting point of any sampleisre-
lated to thechemica structureand the process of asso-
ciation*, Comparingthemdting pointsof oximesasin
TABLE 1 showsthat the melting point of synisomers
weregreater thantheir anti anal ogues.

TABLE 1: Mdtingpoints, UV and I R spectraof syn and anti oximes

1 .
No. Name EthL;:l/olsp?e:i::Z (IZrT\]/axz:m'1 Von Vc:lNR CmVC=O V-0 pg/il:tlg ELgC)
1. Syn4-hydroxybenzaldoxime (9259780%) (22;1?2%) -50 3%2,55) ' 16(3%66 17(35\};15 15?2).65 %
2 Anii - hydrogbenzaidoime | 280 B9y FBST U151 17349 10 g
3. Syn 3- hydroxybenzaldoxime (%?391(?) (122752%) -2500 32(%%)29 16?%25 16(;3\,7)'5 15(?%87 112
4.  Anti 3- hydroxybenzaldoxime (12838?)) (%E;Sig) -700 33(()3)'45 16(1%45 172,%88 15();?12)'1 82

Thiswasdueto thegreater extent of polymeriza-
tion of synisomer by theaid of intermolecular hydro-
genbondings.

The UV, IR spectraof oximesbesidethemelting
pointsto confirm the chemical structuresof oximes.
Thisencouragetheworkersto proceed for pKamea-
surements.

Theconductanceof 10° M oximesolutionsin 10%
ethanol asin TABLE 2, showed that the conductance
of synwasgrester thanit anti analogue. Thiswasarised
from the greater extent of ionization of synisomer as
compared withitsanti isomer. Also TABLE 2 shows
that astability of oxime solutionsby the measurements
of conductance during about 90 minutes. Thismeansa
gtableoximesol utionsduring thetimementioned. Hence
oxime sol utions can be subjected to potentiometric ti-
trationswith NaOH safely.

Inour previousstudy, the lriving Rossoti potentio-
metric method had been used in studying pKa of
benza doxime® anditssubstituents. Thestudy showed
the benzaldoxime had pKavaueequa 11.5at 298 K.
Then after, the method was applied for the determina-
tion of pKaval uesfor oximesand Schiff basesderived
from benzil9,

TABLE 2: Conductance (pmho) of 10 oximes solution in
10% ethanol aqueous medium ver sustime (minutes)

Oxime number 1 2 3 4
Minutes

0 125 16.5 180 15.1
5 125 16.5 180 15.1
10 125 16.5 180 15.1
15 125 16.5 180 15.1
20 125 16.5 180 15.1
25 125 16.5 180 15.1
30 125 16.5 180 15.1
35 125 16.5 180 15.1
40 125 16.5 181 15.1
45 125 16.5 181 15.1
50 128 16.5 181 15.1
60 129 16.5 181 15.1
70 129 16.5 185 15.1
80 129 16.5 185 15.1
90 129 16.5 185 15.1

Actually, thestated method was accurate and pre-
cise, but required adifficult procedure, graphing and
calculationswith longer timeto cal culate pKaof un-
known.

Phenol haspKaequal 9.9 at 298 K. On compari-
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sontheaciditiesof benza doximewith phenol, showed
that relativeacidity Kr of these systemshasava ueof:

K _phenol 1.25x107"°
K benzaldoxime  3.16x10 2
Thismean that phenol had about 40 times greater
acidity than oximegroup in benza doxime. Thisdiffer-
ence of acidity stated, encourage the workersto ap-
plied thes mple potentiometric method for the determi-
nation of pKavauesof phenol and oximegroups present

=39.6

r
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of thedilute NaOH to the previous sol ution, resulted
to the appearance of a new band at 246.8nm with
E, ., vaue21700inthesamearbitary unit. Thisblue
shift observed in the U.V. spectrum confirm the
Zwitter ion stated.

ThepK, vauesfor syn 4-hydroxybenzaldoxime
were supposed to refer to the oxime group. Actually

TABLE 3: pKafor syn 4-hydroxy benzaldoximein 10%
ethanal at different temperatures

in3 or 4-hydroxybenzaldoximewiththeirsynoranti -~ ¢ ml of (0.IM) NaOH pKa pKa
oximesisomers. Asshown intheexperimenta section, 08 506 6308"
showed that till onemillimeter of sodium hydroxideti- 1 6‘730 '
trant, neutraizationwasstarted with thegreater acidity 293 5 '23
of phenal inacidsmentioned asafirst step, thenafterin L 7.234 .
the second step the neutralization of oximebegin, after 14 8.048  7.659"
addition of titrant with 1.4millliter. 0.8 5595  6.073
TABLE 3 shows pK, values for synd- 303 1 6.550
hydroxybenza doximeat arange of temperature (298- 12 6.964
333) k. The pK, valuesestimated had arange of val- 14 7513  7.239**
ues between (5.677-6.398). These values were far- 0.8 5705  6.068
away fromthenorma phenol vauedtated above. These 544 1 6.400
valueswerereferred to the zwitter ion formation as 12 6.884
showninthefollowing reversiblereaction: 1.4 7.493  7.189**
) 0.8 5223 5732
/@/ CHNTOR CH=N~OH 1 6.230
1.2 6.714
HO' o
1.4 7.353  7.034**
Thisreaction was confirmed by measuring the 08 5214 5677
U.V. spectrum of 4- hydroxybenzaldoximein etha- 1 6.140
nol. It gaveamain absorption band at 249.8nmwith 333 12 6,613
E . molar extinction coefficient value of 95700in 14 7953 6.933*
unit of Liter.mole*.cm™. Then after, upon addition  *For pk ; ** For pK,
fal
[ _*1-_ +
e _CH=— “I\ —0H PN _CH—N—OH o~ _CH—N—0H
D___‘_, _\_\_\H__F__f__-:_‘:- D"‘l :x‘-b{\-’__.f O_ "'.-H:_J_‘,.;‘ +
I\\_\__ P
. _CH—N—0oH . CH—N—OH
= | i |
| | -‘_3\]/ !
-~ ___..-""' . L
07 0~

Scheme 1
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N—OH , .
||4 during

) .. ... . —CH
theformation of nitriliumion

zwitter ion formation asagood e ectrophile, influence
onthenormal pK, value of oximegroup, inadirec-
tion of lowering pK., vaueor increasing acidity of such
group. The pK,, values estimated had arange of val-
ues between 8.99-9.47 at arange of temperatures
stated before.

Theresonance happened innitriliumion stabilized
suchionwith theformetion of fiveresonancestructures
or hybridsasin scheme 1.

Thesefiveresonancestructuresmight increasethe
acidity of oxime group pK.,. Also TABLE 4 showed
pK, and pK, valuesfor anti 4- hydroxybenza doxime.
On comparison of these valueswith other synisomer
stated above, showed that the previousvaueshad lower

aciditieson compared withitssynisomer, but influenced
andfaraway fromthenorma vauesof phenol and oxime
group stated above pK, values could beinterpreted by
anincreasein planarity™ of the anti isomer ascom-
pared withitssynisomer, withtheir molar extension
coefficients values of 99600 and 95700 in units
Liter.mole™.cm® respectively. Theincreasein planarity
of anti isomer wasthereason of theincreasein acidity
of phenol group. pK, values for the anti 4-
hydroxybenza doximehad arangeof vaues(9.47-8.99)
at temperaturesrange (298-333) k respectively. These
increased in aciditiesva ues of oximegroup and canbe
interpreted by two main reasonsas:

1 Theincreasedin planarity of anti isomer.

2 Thepossibleformation of phenoxoniumion by reso-

nance of phenol asin scheme2.

~_ _CH=—N—OH

- CH=N—OH PN
."h'-, | " s |
[
= :__, f_,/’ b _-__,f/
H—0O S H—O
Scheme 2

TABLE 4: pKafor anti 4-hydroxy benzaldoximein 10%
ethanol at different temperatures

TABLE 5: pKafor syn 3-hydroxy benzaldoximein 10%
ethanal at different temperatures

T(K) ml of (0.1IM) NaOH pKa pKa

0.8 8.636  *8.895
003 1 9.153

1.2 9.431

1.4 9509  **9.470

0.8 8356  *8.869
303 1 8.982

1.2 9.249

1.4 9334  **9.292

0.8 8.646  *8.854
313 1 9.062

1.2 9.168

1.4 9181  **9.175

0.8 8799  *8.810
23 1 8.821

1.2 8.986

1.4 9.029  **9,008

0.8 8586  *8.769
333 1 8.952

1.2 8.910

1.4 9.069  **8.990

* For pK,; * * For pK,

Tk ml of (0.1M)NaOH pKa pKa

0.8 6.83 6.94*
203 1 7.05

12 10.098

14 10.099 10.099**

0.8 6.286 6.633*
303 1 6.980

12 10.078

14 10.076 10.076**

0.8 6.336 6.568*
313 1 6.800

12 9.77

14 9.730 9.750* *

0.8 5.755 6.133*
323 1 6.510

12 8.880

14 8.878 8.878**

0.8 5.860 5.944*
333 1 6.028

12 8.80

14 8.780 8.780**

* For pK,; * * For pK,,
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Similar resultswere obtained for pK, for phenol
group in syn 3- hydroxybenzal doxime with syn 4-
hydroxybenza doximei.eon thebasisof zwitter ionfor-
mationasin TABLE 5. The pK ,valuesestimated for
anti 3- hydroxybenzal doxime had arange of values
(10.099-8.870) at temperature range stated earlier.
Theseva uesrepresent thenormal aciditiesof oxime
group whichwereinfluenced by both zwitter ionfor-
mation inthe molecule and the change temperatures
during pKadetermination.

Finally, pK, and pK, values for anti 3-
hydroxybenza doximeasin TABLE 6 were represent
thenormal values of phenol and oxime group inthe
molecule. Their valueswereinfluenced by thevariation
of temperaturesand in adirection of increasing acidity
by elevation of temperature.

TABLE 6: pKafor anti 3-hydroxy benzaldoximein 10%
ethanol at different temperatures

Ty  mlof (0.1IM)NaOH pKa pKa
203 0.8 9.178 9.578*

1 9.977

1.2 10.282

1.4 10439  10.361**
303 0.8 9.147 9.505*

1 9.863

1.2 10.107

1.4 10213 10.160**
313 0.8 9.167 9.469*

1 9.770

1.2 9.948

1.4 10032  9.990**
323 0.8 9.107 9.408*

1 9.709

1.2 9.853

1.4 9857  9.855**
333 0.8 9.200 9.350*

1 9.500

1.2 9.780

1.4 0782  9.781*
* For pK; * * For pK,

CONCLUSIONS

1 Thechemical structuresof oximesnumbered (1-4)
had be confirmed by physical methods, namely by

= Pyl Paper

UV-IR spectraand melting points.

2 Forthefirst time, the ssmplepotentiometric method
was devel oped here, for the ssmultaneous determi-
nation of pK_, for phenol and pK, of oxime groups
Inoximesmentioned.

3 The existence of syn isomers in 4-
hydroxybenzal doxime and 3-hydroxybenza doxime
inzwitter ionsformations, resulted to lower pK, and
pK, valuesinthesemolecules,

4 Theacidity of oximesgroup pK,, insynand anti iso-
mersof 4-hydroxybenza doximewereincreased by
theformation of nitriliumionand planarity*® of the
moleculerespectively.
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