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ABSTRACT

A seriesof newely prepared bisazo-dianil compounds based on pyrimidenyl
azo hydroxybenzal dehyde derivatives and primary aliphatic diamineswere
synthesized. Their electronic absorption spectrawererecorded in organic
solvents of varying polarity and in buffer solutions of different pH. The
absorption bands were assigned to the corresponding electronic transi-
tions characteristic of the molecules, the effect of solvent polarity and pH
of the medium on band maximawere discussed. The change of absorption
spectra with pH was utilized to calculate the acid dissociation constants
of the compounds. Also the important bands of IR and signalsof *H NMR
spectra of the compounds were studied, as well as their fluorescence
spectra are considered. Also the pathological studies of this compounds
on Pitrysporum ovale and Pitrysporum orbiculare isolated from different

KEYWORDS

Spectroscopic studies;
Bisazo compounds,
Dianils,
Bisazodianils;
UVNis,

IR;

H NMR spectra

cases of tinea versicolor were studied.
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INTRODUCTION

Many azo compounds have been used as chro-
mogeni ¢ reagentsfor the spectrophotometric determi-
nation of small amountsof metal ions. Theapplication
of these azo compoundsin spectral anaysisdepends
essentially ontheir UV/Vischaracteristics. Many ar-
ticleshave been devoted to study the spectral behavior
of azo compounds*3, also aconsiderable number of
paperswere published on the spectraof Schiff bases
(azomethinesor anils)®. In additionit wasreported that
azomethines can function as dyestuffg72l.

Although the studies of azo-or azomethine com-
pounds drew the attention of many workers, yet few

studies delt with the spectral behaviour of azo-
azomethines®?, dianig'**? or bisazodianilg*3.A new
azodye called (S D-I dye), has been recently synthe-
sized and usefully tested for theaignment of nematic
liquid crystal 4. Recently, some azodyes were used
for preparing dye-doped polymerg™.

Inthepresent article, we consider the spectra prop-
erties of a new group of bisazodianils based on
pyrimidenyl azo hydroxybenza dehydesand diphatic di-
amines. These compoundswere found to form poly-
nuclear complexeswithtransitionsmetal iong*¢. Itis
amedtothrow light onthe UV/Vis, IR and*H NMR
spectraof these compounds. Also their fluorescence
spectraare considered.
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EXPERIMENTAL

All compounds used in the present study were of
highest purity availablefromAldrich, Sigmaor BDH.
The solvents were spectroscopic grade and used as
supplied, the azodyesbased on 4-aminopyrimidenede-
rivatives and 2,4-dihydroxy. 4-hydroxy or 3-
hydroxybenzal dehydeswere prepared according to the
procedure given previoudy*”. Thebisazodianil com-
pounds (1-X11) were prepared by condensation of the
azo compoundswith thediphatic diaminesin theusua
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manner for preparing Schiff based*®. The purity of the
compounds prepared was supported from the data of
elementa anadysisand TLC experiments. Minimal in-
hibitory concentrations(MIC) of the synthetic com-
pounds against P.ovale and P.orbiculare were deter-
mined by linear growth method (M ubarak, 2003). The
used mediawas Sabaroud’s dextrose agar. Each cul-
ture medium was enriched with different concentra-
tions(100, 75, 50, 25, 1ppm) of these compounds pre-
pared from stock solution. ThreePetri disheswereused
asreplicatesfor each concentration and threewere | eft
without any treatment as control. Each treatment was
inoculated centrally withafungd disk (3daysold). Lin-
ear growth wasmeasured daily incm.
Thebisazodianilsincduded in the present sudy have
thegenerd structural formulasgivenin SCHEME 1.
Thebuffer solutions used for pH control werethe
components of the Britton and Robinson® universal
seriescontaining 20 % by volumeethanol. Thespectra
measurementswere carried out at room temperature
asgiven beford* ™, Steady statefluorescencewasmea
sured using Shimadzu RF-510 spectrofluorophotometer
using right-angle arrangement. Fluorescence quantum

yields(®,) weremeasured reliveto quininesulfate .
SCHEME1 L ow sampleconcentration (having<0.1 absorbanceunits
Compounds ” Y 7 a theexcitation wavelength) were used to avoid resb-
| (CH,)3 OH OH sorption.
I (CH.)s OH OH
i (CH2)s H CH, RESULTSAND DISCUSSION
v (CHz)e H CH3
v (CHy)s H OH _ . . ,
VI (CH,)s H OH Electronic absor ption spectrain organic solvents
\\// ||||| Egﬂ% 83 g:3 The UV/Vis absorption spectraof compounds -
= - = s XIlinethanol exhibit mainly four bands, TABLE 1. The
e (CI)-(|2)3 o bands(A) and (B) withA__ with 205-300nmrangeare
X (CHy)s OH dueto ther-r* transitionswithin the aromatic rings.
XI (CH,)s CH; Band C seemsto beacomposite bandinvolvingthe -
Xl (CH2)e CHs 7%, transitionswithin the C = N and N = N9 bonds
TABLE 1: Datafrom electronic absor ption spectrain ethanol
[ I [l vV v VI VIL VL IX X Xl Xl Assignment
250 230 230 220 240 240 220 242 220 210 206 248 -1 (Ar)
272 288 244 278 260 288 280 300 278 256 250 288 -1 (Ar)
33 368 364 368 360 356 310 352 316 344 314 316  qu-*(N=N,C=N)
436 412 476 468 552 428 400 412 400 390 390 400 CT
2.848 3514 2915 2633 2249 3901 3.104 3.104 3.104 3114 3.114 3.104 Ecr(ev)
7.372 7501 7.424 7220 6.906 7.413 7.567 7.497 7.567 7.575 7.575 7.567 1o(1)
6.860 6.982 6.897 6.673 6.394 6972 7.059 6.982 7.059 7.063 7.063 7.059 1,(2)
741 7.228 7.160 7.977 7.694 7.151 7.293 7.230 7.293 7.300 7.300 7.293 1,(3)
7108 7.236 7.160 7.957 6.665 7.179 7.309 7.236 7.306 7.313 7.314 7.306 Mean I, SD
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Figure1: Electronic absor ption spectraof (XI1)in(__)
DM F,(xxx) Propanol (...) EtOH (-.-.-.) Egand (—) MeOH.

aswd| asatrangtion of thechdateringsformed through
intramol ecul ar hydrogen bonding between the phondic
OH- groupsand N=N or C=N in o-position’?l, Band
D isassigned to anintramolecul ar chargetransfer ab-
sorptioninvolving thewholemolecule asobserved for
other bisazo dianil§*3.

The UV/Vis spectra of |-X1I were measured in
seven organic solvents of different polarity namely
methanal, ethanol, isopropanal, butanol, DMF, acetone,
benzene and trichloromethane. The spectrareveaed
that thetwo n-n* bands (A, B) aredlightly influenced
by changing solvent polarity. Bandsand D exhibit obvi-
ouschangesin their position with solvent polarity. The
shift of band Cindicatesthat the strength of intramo-
lecular hydrogen bonding isinfluenced by solvent po-
larity?,

The CT band displays ared shift with increased
solvent polarity (Figure 1) showingincreased solvent
stabilization of theexcited statein themore polar sol-
vents. The application of the Gati?® and Szalay or
Suppan® did ectricrelationto thedataof the CT band
doesnot lead to linear relationships, thisreveal sthat
the diel ectric constant of thesolvent isnot themain fac-
tor governing the CT band shift. Theplotsof E_, asa
function of thedifferent molecular microscopic solvent
parameters 2% E 129 o(acidity), p(basicity) and ©
(dipolarity)i?? show nonlinear rel ati onshipsdonating that
these sol vent parametersare not the main factors caus-
ingthe CT band shift. Thechangeinthe CT band posi-
tionisactudly theresultant of thedifferent factorsgov-
erned by the various solvent parameters. Thesefactors

can be additive, counter acting or may even cancel out
each other. The use of the Krygowiski and Fawest?®
relationship:
Q=Q ta.E +BDNV

Inwhich o and  arethe solvent acidity and basic-
ity paratmers, respectively and puttingitintheform
E., =E +X D +X Z+X,a+X B+ Xm
gavevery low vauesfor thecorrelation coefficient (r)
theva ueof (r) increased on decreas ng the number of
solvent parametersconsideredinthecaculation, but its
valuewas still unsatisfactory. On using thelinear re-
gression calculationfor thevarious E ., solvent param-
etersplots, it wasfound that thevaluesof (r) increased
with regression of the pointsfalling far fromlinearity.
Satisfactory linearity (r = 0.868-0.9667) were obtained
for ethanal, isoporpanol, DMF, methanol solventsonly
with Z solvent parameters. This behaviour donatesthat
each solvent parameter will haveitseffective contribu-
tionto CT band shift in certain solventswhich aso de-
pends onthe nature of the solute under study.

Theionization potentias (Ip) of thebisazodianils
under study werealso determined from theeectronic
absorption spectrausing therelation;
Ip=at+bE_,

Inwhich E_, istheenergy of theCT transition, a
and b are constants having thevalues(4.39 and 0.857)
(291 (5.158 and 7780)1* (5011 and 0.701)BY in eV.
Thevauesthusdetermined arecollectedin TABLE 1.

Thevduesof E_, ineV werecaculated from the
relation
E.,=124UA _ (nm)

Electronic absor ption spectrain buffer solutions

Thespectraof I-X11 wererecorded in buffer solu-
tionsof pH 2-12, asamatter of fact bands(A) and (B)
displayed smdl changeswithriseof pH of themedium.
Accordingly the study was confined to bands (C) and
(D). Thebands(C) and (D) showed only dight increase
intheir extinctionsand small shiftof & __ toredinmedia
of pH<6 at higher pH obvious changeswere recorded.
For band (D) the extinction increaseswith rise of pH
andits)__ shiftstolonger wavelength dlightly. Theab-
sorbance-pH curves aretypical dissociation curves.
Band (C) displays someinteresting changeswith pH,
theextinction of the band decreaseswithriseof pH in
themeanwhileanew band isdevel oped at longer wave-
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length. The changein spectraisconnected withtheion-
ization of the OH groups whereby the H-bonds are
destructed and the resulting phenolateionwill contrib-
utetoanew intramolecular chargetransfer interaction
leading to the new band at longer wave ength. For most
compounds, asthelonger wavel ength band isdevel-
oped it overlapswith band (D) and thereby maskingiit.
Obviousisobestic pointswere observed for compounds
X1 and X1l contai ning onetype of OH- groups denot-
ing theexigtenceof theacid-baseequilibriumof thetype
A(OH), A2 + 20H"

for the other compounds either two i sosbestic points
are observed for pH ranges6-8 and 9-12 or deviation
from theisosbedti c point occursin solutionsof pH higher
than 9 asshowninfigure2. Thiscanbeascribedtothe
exigenceof morethan oneequilibriumwhich aresome-
what different from each other e.g. (for compoundsilil,
IV and VII-X)

[A(OH)4] +20H" === [A(OH),0,]% + 2H,0
[A(OH),0)]% + 20H" ——= (AO)* +2H,0
Inthiscase, thefirst equilibriumin most probably
dueto theionization of the OH- groupsbonded to the
azo nitrogen atomswhile the second isdueto the OH-
groups bonded to the azomethines nitrogenin anal ogy
to the case of simple azo-azomethin dyes?. For com-
pounds| and Il containing three different types of OH-
group theequilibriacan begiven asfollows.
40H +[A(OH),] === [A(OH),0,]*+4H,0
20H +A(OH),0,]* === [A(OH),0.)* +2H,0
20H +A(OH),0,)* =—= (AO,)* +2H,0
Thefirst equilibrium representsthe dissoci ation of
the OH groups on the pyrimidinium nucleus. For com-

—= Fyll Peper

Absorbance

Wavelength (nm.)
Figure?2: Electr onic absor ption spectraof X11 in different
buffer solutions, (___ ) pH=11.7, (xxx) pH=9.3,(-x-X-)
pH=8.4,(-.-.-) pH=6.7,(...) pH=4.

poundsV and V1, only thefirst two equilibriacan oc-
cur. The absorbance-pH curvesat 2, of CT bands
aretypical dissociation or association curvesand also
for wavelengthsat longer or shorter values near g
of the CT band. Thevariation of absorbancewith pH
for both bands (C) and (D) was made use of in the
determination of the acid dissociation constants of the
various OH-groupsusingthehaf height, limiting abosor-
bance and modified limiting absorbance methods%2%3,
Theresultsarecollectedin TABLE 2. Thebisazodianils
IX -XI1I show an obviouschangein color ongoingfrom
acidictoneutra than dkalinesolutions. Thisbehaviour
denotesthe probabl e utility of thesecompoundsasacid-
baseindicatorg®!. Accordingly the halochromic char-
acter of thesecompoundswasstudied. Thehd ochromism
(h) of anacid-baseindicator isgiven by therel ation™,
h=AMA/AA pH

TABLE 2: Dataobtained from thespectrain buffer solutions

Comp M ethod 1 M ethod 2 Method 3 Mean values
~ PKar  pkey  pKaz  pKgy pK PK a3 pKal pKa pKas pKal pKep  pKes
[ 7.2 9.0 - 6.4 8.6 - 7.8 8.8 - 7.3 8.8 -
I 6.6 9.8 - 6.2 9.6 6.6 9.6 6.5 9.7 -
I - 8.0 - - 75 - 7.8 - 7.8 -
Y, - 8.0 - - 7.9 - 7.9 - 7.6 -
V 7.8 8.4 - 7.3 8.0 7.8 8.5 7.6 8.3 -
Vi 6.4 8.2 - 7.0 8.0 - - 9.2 - 6.7 8.4 -
il - 7.6 8.4 - 7.3 8.2 74 82 - 74 830
VI - 91 100 - 8.8 10.3 - 90 96 - 89 100
IX 8.6 8.8 - 8.5 9.0 - 8.6 8.8 - 7.6 8.9 -
X 7.6 8.8 - 7.6 9.3 7.6 8.6 7.6 8.9
XI - 8.6 - - 8.3 - 8.4 - 8.4
Xl 7.0 - - 8.3 8.6 7.9

Method 1 half height method, Method 2 limiting absorbance method, Method 3 modified limiting absorbance method
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TABLE 3: Somediagnostic bandsin the R spectra of thebisazo-dianilsunder sudy

| I m___1v v VI VIL VI IX X XI__XIl___ Assignment
3550 3500(sh) - -~ 3500(sh) 3500(sh) - 3560(sh) 3500(sh) - vort bonded
3231 3271 3203 323230 3205 3216 3307 3204 3227 3217 3269 3149  veuar.Asym.
2913 2934 2930 2944 2954 2957 2939 3000 2939 2935 2936 2927 v cugd asym.
1667 1660 1674 1674 1654 1652 1666 1657 1658 1669 1678 1630 v qzasym
1603 1629 1608 - - - 1610 1620 - - - V cra SYM
1555 1533 1544 1544 1544 1535 1542 1574 15031394 1527 1504 1535 C=N (H- bonded)
1444 1450 1445 1397 1394 1455 1394 1480 1394 1458 1452 1445 Son
1229 1231 1248 1259 1314 1300 1270 1265 1337 1348 1277 1247 Ven
1170 1162 1159 1165 1155 1165 1165 1171 1155 1157 1151 1121 Ve.on
829 849 834 866 849 811 868 845 829 860 830 847 Yor
855 966 866 889 883 855 923 932 934 923 923 933  yqyisolated H
833 811 823 777 789 822 856 855 866 866 877 822 Yen 2 adj H
- - 722 711 705 711 - 755 677 788 763 Yens adj H

On plotting the A.(max) asfunction of pH, alinear
correlation isobtai ned which proceeds according to
equation:

A=hpH+r

where ‘r ¢ is aconstant corresponds to the wavelength at unit
hydrogen ion activity (pH = 0.0), if the change of the colour
coversthisrange of pH and h is a quantity that measures the
hal ochromism.

Thevariation of A(max) of band (C) withpH isa
typical S- shaped curveindicating the existence of an
acid base equilibrium between the nonionsed (acidic)
and ionsed (basic) formsof the compounds. Theval-
uesof hinnmamountedto 57.4 (1X), 47.7 (X), 56.2
(X1)and 49.2 (XI1).

IR spectra

Theassignmentsof theimportant bandsinthelR
gpectraof the bisazodianilsunder sudy arecollectedin
TABLE3.

ThelR spectraof compounds (I-X11) show abroad
band within the 3400-3100 cm* range which is as-
signedtov,,, of the OH groupsinvolvedinintramo-
lecular hydrogen bonding with N=N or C=N groupsin
o-positiontoit. Thefree OH- groupsin,Il,V, VI, IX,
and X display thev,, band at 3650-3550cm™ mostly
appearing asashoulder. Thev , of N=CH group lies
at 3000-2890cm* asaweak but sharp band. Thearo-

matic C-H bonds exhibit v, Crgom , at 3195- 3150cnT !
andv,, at 3080-3050cm't whllethe CH, groups
of III IV VII VI, VI, X1, and XII lead to weak
bandsat 2858-2841cm™ v H (asym )and 2830-2763cm*
Voriem)” The spectraof |- XII contain medium to strong
bands at 1678-1611cm? due to the C=N stretching
mode. The bands at 1605-1530cm can be assigned
to the C=C of thearomatic rings, themedium intensity
band at 1585-1530cn? corresponds to N=N asym
and theband at 1480-1400cm* isduetothev, o -
stretching mode. The strong band at 1350-1230cm™ is
attributed to 5, while the band at 1270-1205cm™*
correspondstov,. ., vibration. Thein-plane deforma-
tionvibration of aiphatic and C-H bondsgiveagroup
of sharp bandswith the 1400- 1100cn* Compounds
having the CH, group display the s, , characteristic
band at 1350-1330cm; the out of plane deformation
of aromatic CH groups|ead to the bands at 955-880cm
Y(oneisolated hydrogen), 830-780cn two adjacent
hydrogen) and 720-670cm'* (three adj acent hydrogen).
Despitethefact that the positionsof al bandsareinflu-
enced by the changed molecular structure, yetitisnot
easy togivegenerd relationsinthiscorrection.

'H NMR spectra
The'H NMR spectraof the compounds(l-XI1) in

TABLE 4: Dataof *H NMR spectra

| I I v v VI X X1 Assignment
- 1.84 1.45 - - - 1.45 CHa(3H)

2.0 3.5 3.5 3.6 3.8 3.6 35 35 CH,-N(4H)

3.7 3.6 3.8 3.85 3.95 3.75 3.9 3.65 CHa(2 or 8H)
6677 6678 668 688 6582 67-815 7279 7.2-78 CH Aryl

8.0 8.0 - - 8.5 8.4 8.5 - OH(frec) (4H)

8.6 8.57 8.57 8.6 8.69 8.65 8.6 8.66 CH=N(2H)
10.36 10.36 10.3 10.3 10.3 10.3 10.4 10.5 OH(H-bonded)(2H)

Inorgamc CHEMHSTRY C—



ICAIJ, 3(2) April 2008

Nadia A.El Wakiel et al.

111

Emission imtensity (arb. unis)

-
"

hnm
Figure 3 : Emission spectra of 1x10°M solutions of 1 X
(=eee=), X, (-.7) X1 (), X1l (—), in ethanol A, = 366nm

TABLE5: Fluorescencemaximaand Fluor escence quantum
yield of bisazo-dianilscompoundsin ethanol (2, = 366nm)

Compound Aem (Max) of
I 450 0.004
I 455 0.006
Il 495 0.004
v 495 0.004
\% 395 0.004
VI 420 0.0045
Vil 415,480 0.003
VI 425 0.008
IX 390 0.007
X 430 0.006
Xl 430 0.008
Xl 420 0.01

d° DM SO as solvent display signalscorresponding to
thevariousH-atoms.The ‘H NMR spectraof dl com-
pounds exhibit asignal at 10.5-10.3ppm due to the
hydrogen bonded OH-groups. Thefree OH groups of
compounds, 11, VI, IX, and X lead to the signal at
8.5-8.0 ppm (I=4). The hydrogen of the azomethine
group (-CH=N) leads to the signa at 8.7-8.55ppm
(1=2); themultisigna s of the aromatic H-atoms appear
asacomplex structure at 8.3-6.5ppm. The aliphatic
CH,- groups show two signalsat 3.9-3.6 and 3.8-3.5
ppm, the CH, groupsof 111, IV and XI1 display asigna
at 1.85-1.45ppm(TABLE 4).

Thefluorescence spectra

The emission spectra of compounds I-X11 were
studied in ethanol (Figure 3). The spectrashow that
thereisagood mirror image rel ationship between ab-
sorption and fluorescence spectra. Thesefactstogether
withthehigh molar absorptivitiesareconsstent witha
strongly allowed transition between the electronic
ground and excited states. Thefluorescence quantum

—— Fyl] Paper

TABLE 6: Minimum inhibitory concentrationsof thetested
compoundsagainst P.ovaleand P.orbicularae

Fungi

Co;féﬁ‘ids Inhibition % (1)
Concppm P.ovale Concppm P.orbicularae
50 14.44 50 11.12
125 31.73 125 38.27
L1 250 53.95 250 52.49
500 79.51 500 86.02
1000 92.43 1000 100
2000 100 2000 100
50 18.15 50 31.98
125 48.89 125 58.15
L3 250 72.53 250 76.05
500 100 500 100
1000 100 1000 100
2000 100 2000 100
50 12.32 50 19.63
125 32.72 125 28.77
La 250 86.05 250 42.47
500 97.16 500 62.22
1000 100 1000 80.62
2000 100 2000 100
50 32.22 50 42.76
125 53.46 125 75.44
L5 250 100 250 100
500 100 500 100
1000 100 1000 100
2000 100 2000 100
50 9.75 50 43.83
125 21.23 125 52.84
L6 250 43.35 250 70.37
500 65.31 500 100
1000 92.22 1000 100
2000 100 2000 100
50 15.06 50 23.57
125 40.86 125 47.98
250 66.17 250 67.95
L7 500 84.44 500 100
1000 97.78 1000 100
2000 100 2000 100
50 0.00 50 15.30
125 2.72 125 38.47
L8 250 10.37 250 64.48
500 32.96 500 100
1000 65.29 1000 100
2000 100 2000 100
50 11.23 50 63.754
125 33.33 125 89.96
L10 250 56.17 250 100
500 78.15 500 100
1000 86.91 1000 100
2000 100 2000 100
50 84.53 50 33.49
125 60.86 125 75.96
L11 250 100 250 100
500 100 500 100
1000 100 1000 100
2000 100 2000 100
50 0.00 50 53
125 11.11 125 28
L12 250 27.78 250 76.21
500 60.26 500 100
1000 87.28 1000 100
2000 100 2000 100

yield (@) of the compoundswas cal culated and listed
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inTABLE 5. Fromtheseresults, onecan satethat com-
pounds VIl and XI givethe best fluorescence spectra
and satisfactory valuesfor the fluorescence quantum
yield. Thelow vauesof thefluorescencequantumyields
can be explained on the basis of the high flexibility of
themol ecules. Also the presence of thetwo azo groups
and the hydroxyl groupsin the bisazodianil molecule
which increasesthe radiationless processes hence de-
creasestheradiative process.

Theantimicrobial activity

Theantimicrobial activity of thiscompoundson
Pitrysporum ova e and Pitrysporum orbicul areisol ated
from different casesof tineaversicolor werestudied It
wasfound that the diameter of inhibition zonevaried
according to both the active group of the synthetic com-
pound and the tested microorganism. The synthetic
compoundsnumber L and L, werethemost effective
againgt thetested microorganisms (diameter of inhibi-
tion zoneswere 7.3 ml) after threedays,at the conc.250
ppm theinhibition % are 100 % (TABLE 6)&9.

CONCLUSION

- A new seriesof bisazo-dianilscompoundsweresyn-
thesized and characterized by different methods of
andyss.

- Fromthebiologica activity studies,it wasfoun that
these compounds cande used asanti-fungi.
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