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ABSTRACT

The project is concerned with the synthesis of anew fiveiminesin aformsof syn or anti oxime and phenolic Schiff
bases. They are derived from the mother compound the N-formy! pipyridine. Their structures are confirmed by the
available physical means, namely UV, IR spectraand melting points. The pKafor these fiveimineswith other eleven
iminesprepared from our earlier work using other 2—furfuryl aldehyde, 4- fluorobenzaldhyde, 4- hydroxylbenzal dhyde
and benzil are evaluated by potentiometric method and compared together. The acid strengths of these sixteen acids
at 293K are experimentally governed by two factors. First isthe el ectro negativity of nitrogen atom of pipyridinering,
second the el ectron donation property of lone pair of electrons available on hetero nitrogen atom of ring mentioned.

© 2012 TradeScienceInc. - INDIA

INTRODUCTION

Schiff basesderived from aromatic aminesand aro-
matic aldehyde had awide variety of applicationsin
many fid dsexamplebiologicd, inorganicand anaytica
chemistry!>. Oximesasanother form of imineswere
used inindustrial purposesas Lactam!® formation as
Nylon— 6 synthesisand analytical” reagent.

Experimentally and during the last few years,
Azzouz®™ et a had compared avarietiesof physical
constants askinetic and stability constantsof 2-pyri-
dinea doximée® with some positiveions, theinterac-
tions of phenolswith 2,3-butadione monoxims?, o-
methoxy benzylidene-p-aminoanilind’® and benzil mono
benzylideneaniling, the pKavalues and thermody-
namic kinetic stability!*® of benzaldoximes. Indl these
gudies, dl physica congtantsmentioned and determined
werefound to depend on the structure of iminesand

thetemperature during measurements.

In our labortary Al-Azzawil*21415 and Al-
Niemi1619 had used the potentiometric method for
the determination of apKaavarietiesof weak acids
imines asderived from benzal dehyde or its substitu-
entsand benzil. The same potentiometric method af-
ter doing some simplification for calcul ation of pKa
was applied inthiswork for the determination of pKa
for someacidsiminesfrom N-formyl pipyridine. There-
fore, thelack of pKavauesfor anew fiveiminesand
their comparison with earlier |- Azzawi™245 and Al-
Niemit’6% was prompted thiswork.

EXPERIMENTAL
Thefollowing chemicalswere of Flukaor BDH

origin. They were used as supplied as, N-formyl
pipyridine, 2-furfuryl aldehyde, 4-fluoro benza dehyde,
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4-hydroxy benzaldehyde, benzil, hydroxyl amine hy-
dro—chloride, 2,3 or 4-aminophenoal s, sodium hydrox-
ideand ethanol.

SynN-formyl pipridineadoxime (syn-NFPA) was
prepared by standard method?® asfollows:-

In 200ml round bottom flask attached to areflux
condenser, mix 3.4759 of hydroxyl amine hydrochlo-
ridewith 5.45ml of N-formyl pipyridine, 5ml of ethanol
with 2ml of pyridine. Themixturewasrefluxedfor 1.5
hour, cool the mixture. A white needle of oximewas
separated and dried in air. Thereaction of ddoximeis
thefollowing :-

()

N
I

+ NH,OH.HCI + Pyridine

CcC=0
H
(Nj + (Nj + HZO
| +
C=N HCI

H "OH

Anti N-formyl pipyridineadoxime (anti-NFPA) was
prepared by astandard method?Y.

In a50ml round bottom flask attached with are-
flux, add 20ml of dry benzeneand about 1g of syn N-
formyl pipyridineadoxime.

To the mixture about 0.5g of dry animal charcoal
wasadded. Themixturewasrefluxed for about 1.5hour,
cooled andfiltered, A yellow powdered was collected
and dried in air. Thereaction of isomerisation of al-
doximeisthefollowing:-

O Benzene/ charcoal O

N reflux 1.5h N~ OH

| |
C=N C=N
HT | H”
OH

Preparation of Schiff bases

PipyridineN-formyl-p-amino phenol, pipyidineN-
formyl m-amino phenol, pipyridine N-formyl-o-
aminophenol were prepared according to astandard®!
procedurei.e by mixing equimolar anounts of alde-
hyde and the suitable aminophenol. Added about 5-
10ml of ethanol to themixtureand cooled. A solid imi-
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neswere separated and recrystallized from ethanol.
TABLE 1 showsthe compound number, abbrevration,
nomenclature and structure of imine prepared.

TABLE1
Cﬁlrgp. Abbrevration Nomenclature Structure
syn-N-formyl O
1 syn NFPA pipyridine 1?
adoxime _C=N
H N
OH
anti-N-formyl O
2 anti NFPA pipyridine 1‘\ OH
aldoxime H/C:N/
Pipyridine-N- O
3 PF,AP formylnylidine-p- N
aminophenol (‘ :N@OH
H/
Pipyridine-N- O -
4 PFAP formylnylidine- N
m-aminophenol é:h
H/
Pipyridine-N- O
5 PF.AP .~ HO

formylnylidine-o- N
aminophenol i @
H/

For asake of compari sons, other iminesweretaken
from earlier workgt217:181,

There names and abbreviations were syn benzil
monoxime (syn BMO), anti-benzil monoxime (anti
BMO), synfurfura adoxime(syn FAO), anti furfural
adoxime (anti FAO), syn 4-fluoro benza doxime (syn
AFBAO) anti 4-fluoro-benza doxime (anti 4FBAO) syn
4-hydroxy benza doxime (syn4HBAO), anti 4-hydroxy
benza doxime (anti 4-HBAO), benzil 2-hydroxy amino
phenol (B,HAP), benzil 3-hydroxyamino phenol
(B,HAP) and benzil 4-hydroxy amino phenol (B,HAP)
0.1M NaOH and HCI were prepared by standard2
procedure. 0.01M of benzoic acid asastandard®® for
calibration of potentiometric method used in pKade-
termination of iminesunder study.

Soluation required

0.1M NaOH and HCIl were prepared by stan-
dard® procedure. 0.01M of benzoic acid as stan-
dard® for calibration of potentiometric method used
for pKadetermination of iminesunder studly.

Hn Tndéan g%wumé
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Deter mination of pKaof imines

Thisrequired acalibration of pH meter used, by
using abuffer soluation of pH nine. For determination
pf pKafor any imineunder study at any desired tem-
perature, this needsthe preparation of thefollowing
solutions:-

1 10°M of imines,
2 0.1IM NaOH.

Pipett 50ml of 10°M of any acidiminesand placed
inaspecidl titration cell containing doublelayers, for
creulatingwater ingdethecdll. Water was pumped from
any thermodtat at any temperature range between (10-
50)Cua. Whenthetemperature of iminereached an equi-
librium temperature, addition of 0.5ml successivequan-
titiesof 0.1M NaOH wasdone. Themixturewasstirred
with magnetic bar placed in sdethecell after each ad-
dition, followed by measurement of pH after each ad-
dition. Titration was continued for about seven times,
then followed by cal culation of pKafrom Handerson-
Hassdllbach equation of theform :-

[HA]

pKa=pH +log—
[A7]

INSTRUMENTATION

1 Electrotherma melting point gpparatuswasused for
measurement of melting pointsof imines.

2 FTIR spectrophotometer wasused for measurement
of IR spectraof solidiminesby KBr disc method or
insolution after dissolvingiminesindry benzene.

3 A computerized double beam Shimadzu 1601 for
measurement of UV spectraof iminessolutionsin
solvent ethanol and dry benzene.

4 A memmert thermostat manufactured by Seerlecom-
pany model L200, for fixation the temperature of
imines solution. Water is pumped out from thermo-
stat to cell by using water pump.

5 Adigitd PhilipspH meter model pw 9421 wasused
for measuring pH of solutionsduring potentiometric
titration.

RESULTSAND DISSCUSION

| dentification of iminesby physical method
TABLE 1 showsthe compound No., nomencla-
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ture abbreviation and structure of iminesprepared in
thiswork.

Thefollowingdivisionsof resultsarethought nec-
essay
(A) Mdting points
(a) Méting pointsof oximes

TABLE 2 showed that melting point of oximesyn
NFPA wasdightly greater from oximeanti NFPA. This
comesin agreement with earlier work®!, Thesewere
caused by the presence of intermolecular and intramo-
lecular hydrogen bonding in oximesrespectively and
agreement with numerous studies >4,

(b) Mdting pointsof phenolic Schiff bases
TABLE 2 showed that melting pointsof theseimi-

nesareincreased inorder of pF AP> pF,AP>pF AP

or their tendency for association followed thesamein-

creasing order.

(B) Chemical testg?¥

A ferric chloridetest which asspecificto oximeor
phenol showed apositivetest. Thiswasin agreement
with oximesor phenolsshownin TABLE 2.

TABLE 2: Chemical test and melting pointsof imines

Comp. No. FerricChloridetest Mélting Points C°
1 positive 251-249
2 positive 247-244
3 positive 181-180
4 positive 178-176
5 positive 122-121
(C) IR spectral®

TABLE 3 showed the IR spectrafor solid imines
andillustratethefollowingfacts:-

1 Thedtretchingvibrationfor OH groupinoximeand
phenol formswith different intensitiesandinarange
(3340.85-3424.09)cn.

2 All iminesshowed thedretching azomethinelinkage
with different intensities in a range (1604.31-
1670.37)cm™.

3 A dretchingabsorption for CH group with different
intensitiesand inarange (2919.08-2958.22)cn.

4 The stretching frequency for aromaticity was ap-
peared with different intensities at wavenumber
1600cm™.

A udéan Journal
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TABLE 3: ThelR spectrafor solid imines
Wavenumber cm™

Comp. No.
OH C=N C-H Ph
1 3424.09 1670.37  2949.1
(b) (m) ()
9 342390 1635.97 2949.42
(m) (m) (m)
3 3340.85 161570 2919.08 1600
(m) (s (w) (w)
A 3362.50 1652.03 2942.74 1600
(b) (vs) (m) )
5 33659  1604.31 2958.22 1600

C) (s) (w) C)

In order to investigate the type of hydrogen bond-
inginiminesunder study, thisencourage to repeat
the IR spectraof iminesin solution and in dry ben-
zene. Accordingly adilution method® wasused in
this respect with concentrations 10*M and 10*M of
imines solutions. Typical examplewasthe IR spec-
trum of syn NFPA before and after dilution to ratio
1:3asinFigurel.
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Figurel: IR spectrum of 10*M and 10“M of syn NFPAin
benzene solvent

TABLE 4 showed thetypeof intraor inter molecu-

—= Pyl Peper
lar hydrogen bondinginimines.
TABLE 4: Thetypeof hydrogen bondinginimines

Comp. Position of hydrogen Type of

Abbrev. bonding cm™ H-bonding
Syn NFPA 3450.2 Inter
anti NFPA 3450.17 Intra
PF, AP 2450.32 Intra

Experimentdly, it wasdifficult to determinethetype
of hydrogen bonding inimines PF, AP and PF,APby
IR method, dueto thelack solubilites of iminesmen-
tioned in benzene. Thiswasexplained by their occur-
renceas zwitter ion formsasin thefollowing chemica

equationfor PF APimines.
8 O 0@

O O—H
N N
d=n d=n
= —_— =N
H™ HT |
H

enol zZwitter ion

Electronic spectra

Thismethod? wasused previoudy for theinvesti-
gaionaf hydrogenbondingforiminesinaformsof oximes
and Schiff bases. Experimentaly, the UV spectraof imi-
nesunder study were measured in ethanol polar solvent
and benzenenon polar solvent. Thetypeof trangtionfor
UV bandisidentified from themol ar extens on coeffi-
cient. The changein wavenumber , for the hydrogen
bond band was calculated from equation:- ay = v,
~ Vpawere TABLE 5 shows a summary of electronic
spectrafor imines (1-5). Thisconfirmsthe presences
of hydrogen bonding of non specified typeinimines1,
2 and 5with exclusionsof imines3 and 4 duetotheir
lack of solubilitiesin benzene asmentioned before.

A compar ativepKastudy for someacidicimines

Thestudy included acomparison of pKaof afive
iminesinthisstudy inaformsof oximesand Schiff bases
with other earlier studied?”?®. Thelast had asimilar
structuresto thosegivenin our study. They were de-
rived form benzil, fufuryl ddehyde, 4-hydroxy benza -
dehyde and 4-fluoro benzaldehydeasin TABLE 6.

A potentiometric method wasused for theevalua
tionof pKafor all acidiciminesat 293K. Resultsob-
tainedwerecollectedinTABLE 7.

A Tndéan W
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TABLE5: Theelectronic spectraof iminesin ethanol and benzene solvents

Comp. Ethanol Benzene Type of Av
NO. A . (nm) A Emax I.moltem™ A (NM) A €max |.molt.cm®  transition (cm)
1 282 0.061 61 316 0.027 27 n—n* +3815.42
2 280 0.118 118 284 0.271 271 n—n* +503.025
3 298 0.549 5490
Not soluble

4 506 0.187 1870

5 432 0537 5370 416 0.686 6860 n—n* -890.311

TABLE 6 : The structures and symbole of imines from
earlier workg?"28

HO
O HO—N O N—OH
= I Il [
O N Ph—C——C—Ph Ph—C—C—Ph

Tl
Ph—C—C—Ph

Anti BMO Syn BMO
B:HA
OH
ik o B on
C=N L
0 | o =N
C”’ ﬁ OH
Ph—C—C—FPh Anti FAO Syn FAO
B;HA
" ! T g
C=N _
|ﬁ/}I\J/ C‘)H o
NS
Ph—C—C—Ph B F/[)
B:HA Anti 4FBAO Syn 4FBAO
y j o
c::wr C=N
OOl
HO HO
Anti 4dHBAO Syn 4HBAO

Inthispaper dl the azomethinelinkage of imines
were attached at nitrogen atoms of pipyridinerings,
where astheother earlier works?"?, the stated link-
ageswere attached to carbon atom. Actually the differ-
encesin el ectro negativities between nitrogen and car-
bon atomsat aposition of attached of azomethinelink-
age, raised the curiosity of theworker to do such im-
portant comparison.

Nitrogen atom had two opposing effects, thefirst
wasthe higher electro negativity when compared to
carbon atom. The second was, the donor property of
electrons. Thiswasdueto the presence of 2Slonepair
of electronsinanon bonding orbital, whichwouldin-
creasethe bond strength and order. According, the ca-
pability of ionizationfor acidic groupsin acidwasaso
decreased.

Indetermining theaciditiesof imines, thisledto con-

TABLE 7: A comparison of pKafor acidiciminesat 293k

Compound Abbreviation pKa
Syn NFPA 10.67
SynBMO 10.71
Syn FAO 11.83
Syn 4FBAO 10.90
Syn 4HBAO 12.08
Anti NFPA 10.56
Anti BMO 11.60
Anti FAO 10.25
Anti 4FBAO 9.70
Anti 4HBAO 11.86
PF,AP 9.44
PF:AP 9.546
PF,AP 9.97
B,HA 11.73
BsHA 11.34
B,HA 11.90

sider pKavaluesof differentiminesasin TABLE 7.

ThisTable showed thefollowing observations:-

1 Forthefivesynoximefoundin TABLE 7 thepKa
of syn NFPA had alower pKavalue. Thiswasdue
to the attachment of oximegroup CH =N — OH of
suchmoleculeonthenitrogen of pipyridinering. This
wasin contradiction with other four oxime attached
to carbon atoms. The higher acidity of syn NFPA as
compared with other oximes mean that thefirst ef-
fect isgreater pronounced than second effect.

2 Oximesanti NFPA had higher acidity if compared
withanti BMO and anti 4HBAO. Thiswasin agree-
ment last paragraph and in adisagreement with anti
FAO and anti 4FBAO. Therefore, thenet resultin
thelatter oximes, the second effect was greater pro-
nounced thanfirst effect.

3 Inthe six phenolic Schiff bases, the acidities of
PF,AP, PF APand PF,APweregreater than B,HA,

Physical CHEMISTRY — commmm
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B,HA and B,HA. Thiswasin agood agreement
with paragraph (1).

CONCLUSION

When anacidic oximegroup or phenolsgroupsat-
tached on any carbon atoms of acidswere exchanged
by nitrogen atoms of another acids, therewould bea
clear effect either inadirection of increasing acidity or
decreasing acidity of imines.
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