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A Molecular Orbital Treatment of the Electronic Structure
and Spectra of Aryl Nitrones

SAADULLAH G, Aziz. Hassan AL-Bar and RiFaaT Hieat
Chemistry Depariment. Facwliy of Science.
King Abdulaziz Unwversinn. Jeddah. Saudi Arabia

ABSTRACT. The electronic strustures of some aryi mitrones have been in-
vestigated vsing the MNDO-MO meshod Equilibrium geometnes. and
charge density distributions have been computed. Vanwus electronic ditfer-
ences between nirones and the corresponding imines kave been analyzed
and discussed, The clectronic absorpiion spectra of the studied mrzones
have been analyzed and interpreted vsing the results of MO compatation
Charge density distribution, dipole moments and the extent of delocaliza:
tion of the MOY's were used 1o interpres the observed solvent effecty, Com-
parison Between the spectra of arv] nirones and that of the corresponding
imnes led 10 conclusions regarding the structural differences between the
two classes of compounds,

Introduction

Compounds containing the C = N = O_ mitrone. group attracted increasing aitention
wn the last two decade. The high chemical reactivity of mtmnes is underlined by the
| 3-dipolar cycloadditions to electrophiles. This 1hermall\ Laliowed cxvcloaddition
lead 1o the formation of several chemically and biologically important heterocveles

The elecironic spectra of & number of arvlmtrones have been reponed and
some qualitative relations concerning substituent effect have been observ ed” Hm\ -
ever. the literature does not seem 10 cONtAN any QUARNItative and systematic Investi-
gation of the electronic spectral properties of this class of compounds. The aim of the
present work 1s 10 carry oul a quantitative investigation of the electronic speciris of
aryimtrones in companson with the correspopding imines. Quaniative assignments
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of the observed electroniciransitions. salvent and substituent eftects are ficilitated
vis MO computation

Experimental

Arvimtrones studied in this work were synthesized by condensing the cthunol
wihutions of equimobar guaniitios of an erviildehvde und phenyinvdon ! amine
The products were purificd by repeated onystalizstion. Compounds studiedd in the

present work are systemancally sketched o figure | i

All Uy spectrs Were recorded sl room temperature on d Can-17 D spec-
irophotometer using 1.4 em pathiength ceils,

Molecular orbital computations were carried out using the MO package MOPAC
3 which is_based on the MNDO formalism™ Detals of the method are given
clsewhere . All molecular geomeiries are fully optimized. first using @ moleculur
mechanics steepest descent procedure followed by MNDO optimizstion. The con-
figuration adopted throughout the presens work is shown in Fig. 1 Configuration in-
teraction carried out invoives ail possible angle and double excitations mvohing the
highest three occupied and lowes: three Vacunt MO (all of 100 states)
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Compound name R R

PHNPh Pricryi Phenyl
- MeOPh rMethoxaphem Pheny!
p-NO-Ph o Natrophenyl Pheml
St Ph Sivnvpheayd Phem |
PN\ Phem Mesthnd

Fie + Compoutids sudied inthe present work

Results and Discussion

1 = Aryl = NPhenyinitrones

The electronic absorption spectrum of 1-phenyl N-phenylmtrone. in ethanol. is
presented in Fig. 2. The spectrum shows 2 broad intense absorption profile centered
a1 % 113 nm and 2 moderate intensity band at & 236 am. The width of the main long
wavelength envelope and its asymmetry at the peak maximum suggest that thas ab:
sorption profile might, very well. encloses more than one transaition, Gausstan de-
convolution of the spectrum predicted four well defined overlapping bands with
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Fi6. 2. Elecironic absorption spectra of PANPh nitrone in (-~ -) ethanol and (—) 1.
dichlorocthane,

peak maxima at 320. 285. 250 and 236 nm. In & non-polar solvent. 1. 2-
dichloroethane, all observed bands undergo a red shift and lowering in intensity. De-
creasing solvent polarity obviously resolved the overlapping of the first and second
transitions.

Table | presents a comparison between the theoretically computed and experi-
mentally observed transition energies. All transitions observed in the spectra of 1-
phenyl N-phenylnitrone can be safely assigned as = — =" transitions (cf. E values).
Although. computation predicted several n — 7 1ransitions 10 oceur, yei none is ob-
served experimentally, probably because they are hidden by the stronger and
broader = — =" ones.

Twoallowed = — =" transitions are predicted 10 occur inthe wavelength range ¢o-
vered by the first absorpuion profite at 319 and 288 nm. These two transitions can be
assigned as 2 mixture of the two configurations ;. — b, and & = &, The MO diaas
a = MO delocalized over the entire molecule with 5 300% of ity density Jocalized on
the nitrone group. A 1ITaNSitOn either 10, 0r by, will transfer electron density onto
the N-pheny] subsysiem. i.¢. against the dipole moment vector. Hence, the exciied
states T and 11 are of lower polanzability than the ground state. This would expluin
the observed blue shift of the first absorption profiic. upon increasing solvent potar-
i

The short wavelength absorprion profile seems to enclose three disunet rransions
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Taser 1 Comparison between the theoreticalls computed and experimentaliv obsened
fragsihidn enerpies
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with peax maxima a1 245, 235 & 220 nm. The overlap between these three transitions
seems 10 be somewhat resolved upon increasing solvent polarity, This s simply be-
cause the corresponding configurations ., — e and b~ by, which form the corees.
ponding (m. 7" ) states. would lead to transfer of electron density in opposite direc-
tions. Thatis, why the polarizability of the former is greater than that of the ground
state. while that of the latter 1s much lower. Therefore. increasing solvent polarity
would increase the separation between the two transitions. Figure 3 presents the
nodal propererties of the highest three occupied and lowest three vacant MO's

Fie 3 Nodal properuies of BOMO and LUMO in PRNph nitrone
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In order to establish the type of conjugation predominant in arvinitrones. let us
compare the spectrum of anvipitrones with that of the corresponding imine, Figure 4
presents such s comparsson. using ethunol as o solvent. The spectrum of 1.2 dipheny)
imine shows u Jow intensity band st = 280 nm and @ much stronger braud oneat 240
nm. 1es quite elear that this spectrum is different both in band position and in the in-
ensity ratic of the fiest 1o the second absorpiion profiles, s compitred 10 that of 1«
phenyi N-phenvinirone. The Jong waselength bandat 28 nnvis a conpugute bund re.
flects the hinear conjugated nature of the imine Interpretation of the spectrum of nit-
ropescannat, therefore. be made by simple retations with that of the corresponding
imines
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| PRNPh imine in ethanol

Fito. 3. Comparison of the spectra of (- = =t PANPh nittone and |

Figure 5 presents the spectrum of I-phenyl N-methyinitrone. in ethano) as a sol-
vent, Two main absorption profiles centered at 29(1 and 230 nm appear in the spec-
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Fuo & Eivctronic atsorption speseri of PhNMe nitrone in t——) cthanol and ¢ 1 1 2 dichloraeshar
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trum of the N-methy | derivative. Careful guassian fitting of these two envelopesindi-
cates that the long wavelength broad one. encloses a shoulderat 315= nm and a peak
2t 295 nm. These o transitons show a blue shift upon increasing solvent polarity
The short wavelength ¢envelope encloses 1w peak mavima at 235 and 228 nm, and
again show biue shift by solvent polarity

MO catculations are in good agreement with the observed spectra and claborates
upon the assignment that all observed bands are of the = — =7 wpe. Furthermore.
the inductive effect of the methyvl group. shows & perturbition which isvery similar 1o
tha: of the phenyl moiety. This has been rerlecied in the Simiksriny of the spectra of
the N-methv] and that of the N-phenyl nitrones. On this basis one mught safely s
sume cross-comuganon to predominate m anvl nitrones, Conmjugation extends
linearly aver the 1-pheny] nitrone subsvstem while the N-pheny sub sysiem has only
@ perturbing effect on the observed spectrum

Further invesugation of the type dnd the extent of hinding between the I-phenyl
ring and the nitrone group may be established by studving substituent effects. Figure
6 presents 3 comparison between the spectru of 1-phenyi N-phenyl nitrone and its p-
methoxy and p-nitro derivatives. Electron donating (methoxy) and electron with-
drawing (nitro) groups have a pronounced effect on the spectrum, both cause a red
shift of the two observed absorption profiles, as compared to the unsubstituted pa-
tent compound. In the case of the p-methoxy derivative. the generai shape of the
spectrum greatly resembles that of the parent compound with a typical effect of the
mezhoxy group. The main long wavelength absorption profile encloses two bands at
335 and 315 nm while two bands at 26/ and 240 nm are enclosed in the short
wavelength envelope,
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The fact that the first absorption profite in the spectrum of diarvlnitrone is the one
that is affected by N-phenyl subsutution elaborates upon our previous conclusion re-
parding the extent of conjugation in this class of compounds. The [-phenyl mitrone
mMets enpoas finear conjugation ind i responsibic for the shsorption profile in the
A30. 29 nm regon. MO computation of pemethoxy N-phenyi mitrone indicates that
the fintiwo (= - = )statesare lockdized o considerable extent on the f-anv i nitrone
subsyatem and show lintie charge transfer trom the Nephenvl mosery . On the other
hand. she short wave length profiie does not show amy major change both in band
position and intensity upon p-methoxy substitution. suggestiing that it originates
from transitions localized to great extent on the n-pheny | subsvstem

p-Nitro substitution has perturbed the spectrum considerably, vet without chang-
ing the general assignment of the observed transitions. Perturbation duc 10 @ nitro
group is known 1o be pronounced * and may be interpreted ™y the stabilization due
to resonance of this group.

Figure 7 presents the spectra of 1-sivey| n-pheny| nitrone in ethanol as well as 1.2
dichloroethane, as solvents, Extending the conjugation herween the nitrone group
and the phenyl ring via the ethvlene double bond leads 1o a dramatic change in the
spectrum as compared 10 the spectrum of mitrones studied previousiy | The spectrum
shows three main absorption profiles. The long wavelength band at 350 nm shows 4
constderable decrease in intensity and red shift tAv = 1013) upon gomg from polar
to non-polar solvent. The second absorprion profile shows exactly the opposite
trend. i.e. doubling of band intensity and 2 blue shift of 870 ¢m ', The 350 nm band
can thus be interpreted a¢ a conjugation transition which involves an excited state
thag is less polar than the ground state. MO computation indicated thas the firg
(7 = =7) state involves & considerable transter of charge onto the N-pheny! ring.
This migration of charge is opposite to the dipole moment vector and hence lowering
the polanzability of the excited state, The second absorption profile encloses 1wo
transitions at 305 and 280 nm. which imoive excited states locahzed to great extent
on the styryi nitrone moiery with little perturbation by the N-pheny! ring. The third
band system in the 250-210 nm region shows two peak maxima at 245 and 222 nm.
One may thus summarize the effect of the ethyvlene linkage between the nmitrone
group and the phenvl ning by -
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1. A newbandat 350 nmis generated whichis absentin the spectra of aryl marones
and is most probably due 10 intramolecular charge transfer transiuion

2 Ingeneral. the intensity is reduced considerably compared 1o thatin the specina
of arvl nitrones

Table 2 presents band maxima. extinction coefficients, and transiien probabihties
for the observed transitions in the spectra of the studied nitrones.

Tanty & Band maxima, extingtion copfiiamnn $nc ITansinon probabilites {or the ohserved iranaiians i
the spectra of the studsed compyunds i ethanol

(o 0 D+ i0" | Agxi07T | B> 10 sl T

PANPR 39 14 ih 11 80 ne
) 16 500 B 64 S 1.5

k%) &S00 w2 6 12 152

228 10 1% 0:2 (L§ 16 12

PANMe s 11 &4 V3 35 20 2
290 17 893 £ 65 65 1.5

23 5 789 a7 0.2 (08 370

224 7 368 avd 0.4 0.8 283

p-MeOPh KXY 27 884 01 280 18.0 03
s 33 438 i 16.0 120 0.6

238 11 628 1.3 1.3 A 0

228 10 344 on 0.8 1.7 120

P-NO.Ph 360 15 400 o7 KB 16 32
335 12 00 06 14 06 7.3

266 9 800 326 04 (6 25

248 8 600 19.0 0.2 0.3 493

StyPh 383 15 800 877 28 15 KX
03 10 200 36 6.8 (o 184

250 8 000 6.9 30 0% ERI)

248 7 B 56 17 0.3 0.2

22 4 (K 187 1.8 03 673

Speciral characteristics namely . transition probability of emission (A ) and of ab-
sorption (B,) and life time of excited sates (%) are determined using the expression

A= T7.24 ¥ 10" () Dy

B, = 145 > 107 D,
== 1A

Where the dipole strength D, 1s given )

D, = 298 x 107 ¥/ v fe (s av

o
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