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ELECTRONIC SPECTRAL STUDIES ON COMPCUNDS CONTAINING
NITROSO GROUP

-
MAMDOUH S.MASOUD , MOHAMED A.EL-DESSOUKY and SAWSAN S.HAGGAG" "

Chemistry Department, Paculty of Science, Alexandria, EGYPT

Abstract~ The electronic spectral properties of several compounds
containing nitroso group (#~bromo-2-nitrosophenol,4-aldenydo~2-nitrosc
phenol,4~acetyl-2-nitrosophenol, 4-carboxy-2-nitrosophenol,nitroso~
pyrogallol,nitoso salicylic¢c acid and nitroso gallic acid) were
investigated in presence of different solvents and different pH's.
The pK's values were determined and related with the molecular
structure of the compounds. The electronic transitions and the nature
of the hydrogen bond were asaigned . The phenomena of tautomerism
was explained.
INTRODUCTION

One of the most outstanding aspects of recent chemistry is the
irvestigation on model compounds which for their electronic configu-
ration and coordination geometry exhibit reactivity pattern. In our

ladoratory, Masoud eta1'1-12)

made a considerable interest on the
chemistry of the potential ligands containing the "hard™ atoms
nitrogen and oxygen in nitroso compounds.

In a neguol of continuation of studies , 1t is felt to study the
electronic spectra of several compounds containing nitroso group in
presence of different solvents and different pH's . The major object-
ive of such work lies in the following: i) evaluation of the pK's
values and relating with the molecular etructure of the compcunds,

i1) assigning of the electronic transitions, iii) explaining the

* To whom correspondance should be addressed .
#» Abstracted from her M.Sc.thesis .
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phenomena of tautomerism, iv) illustrating tne type of hnydrogen

bonding exists.

BXPERIMENTAL
Synthesis of ligands

They were prepared by direct nitroaationu” of the parent
phenola{4~-X-phenola, X= =CHO,=-Br,-C00H,-COCH3;pyrogallol;salicy-
lic acid and gallic acid).

Preparation of stock solutions of tne ligands

10-3M-stock solutions were prepared by dissolving tne required
weignt of eacnh compound in the proper solvent.

Buffer solutions

Universal buffer amolution of pH range 2-12 was prepared aa
n-ualu” s
Purification of solvents

Ethanol and Dioxane were purified as rcported(“'“’ ywhile
DMSO and DMP were of a spectroscopic grade(BDH).

Instruments

Pye Unicam pH meter model 291 MK 2 type was used for pH-
measurements. The electronic spectra were recorded using Pye
Unicam SP 1750 spectrophotometer. The nmr spectra wers recorded

using a EM-390 90 mHi NMR spectrometer in presence of deuterated

acetone as a solvent.

RESULTS and LISCUSSION

Effect of pd on tne electronic spectra of tne free liganda:

In all the ligands under investigation,the apectra indicate
that the intensity and the band position and tneir numbers are
pH dependent.
The electronic spectra of 1.2110"](-4-brouo-z-n1trolo poenol in
pH range (2.04-9.22) gave two cnaracteristic bands at 224, and
200 nm. At pﬂ) 9.22, a clear red shift occurs with the formation
of two intense bands at 244 and 294 nm. Two isobestic points were
found at 230 and 280 mm. The first ons iz due to tns eguilibriums
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Arbitary absorbance

40 370 3% 29 2% 20
Wave length nm

Figure( 1 ). Effect of solvents on the electronic
spectra of 4-aldehydo-2-nitroso phenol

—— Ethanol e DMSO
—~—— Dioxane oo HZO

between tne protonized species and tne neutral skeleton, while

tne second one is due to the equilibrium between tne neutral and
the oximate astructure.

However the effect of pH range 2.10-6.70 on tne electronic

spectra of 1.636110’3!-4-acety1-2-n1tro-opnonol gave two bands

at 270 and 480 nm. At pH) 7.76, the 270 nm band is steadily decreased
with clear red shift and formation of two bands at 330 and 540 na.
Pour isobestic points are existing at 244,290,400 and 510 nm.

Such observations give the idea for the existence of the following
equilibria:z
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In 4-aldenydo and 4-acetyl-compounds, general trends are observed
in both cases .Three isobestic points are appeared at 230,250 and
300 nm . Such iasobestic points proved the existence of complicated
equilibria .

The electronic spectra of 6110'5

N-2-nitroso-m-cresol in tne piH
range 2.02-5.10 gave only one spectral band at 300 nm .In tne pH
range 6-8,two bands are observed at 300,and 394 nm,denoting tne
existence of bota tautomers (nitroso::::f ketooxime) . The increase
of pH showea that tne 500 nm band is steaaily decreasea , while the

594 nm band becomes more intense @ue to the formation of tne oximate

structure .Zwo isobemstic points are appeared,at 200 and 540 nm. The
data indicate the nitrosophenol structure occurs at low acidities,
and the ketooxime skeleton is built at higher alkalinities,

The electronic spectra of uxlo’5l-4-¢arhoxy-2-nitroaophsnol in

the pH range (2.00-5.00) gave taree banas at 23u,278,and 342 nm.

On increasing tue pH above 5, tne 2358 nm band aisappears, while toe

Z76 nm becomes more intense. Three isobestic points are appearee

proving tihe equilibris between the protonated,neutral and the
oximate skeleton.

The electronic spectra of nitroso pyrogallol and nitroso gallic
acid compounds are of complicated equilibria, due to their relative
8light bulimess .The lower wavelength region can be ascribed o=
transition while that at longer wavelengin side can be related to
the anionic forms. This change can be ascribed to easier excitation
of 1T;oloctron system leading to a higher delocalization of the

electron clouds on the rings. The nature of electronic tramsitions

in hydrogen bond of differemt phenolic compounds were deeply
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Arbitary absorbance

%30 390 B0 30 270 230
Wave length nm

Figure( 2 ). Effect of solvents on the electronic
spectra of 4- Bromo-2-nitroso phenol

—— Ethanol ~----DMSO
—— — Dioxane —0—o- I-120

investigated and the hydrogen bond energies for ground and excited
states and the factors responsible for hydrogen bond effects were
discussed in detail(rn. The electronic spectra of &8 X 10~5M-nitroso
pyrogallol in the pH range 2-5, two bands are appeared at 278 and
322 nm in a weak and strong features respectively. In solution of

pH range 5-8, a nmew band is apparent witn 7\.31 330 nm. The intensity
of such band increases witn increasing pH. At pd 9, two banas are
formed at 330 nmy with the reformation of tne 322 nm band. The
intensity decreases with further increase of pd up to pH 12.8 .In
strong alkaline solutions (pH 12.8), a noticeable band is apparent

255
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Arbitary absorbance

420 MO 350 30 20 20
Wave length nm

Figure( 3). Effect of solvents on the electronic
spectra of nitroso-Gallic acid

—— Etharol
~ - --Dioxane —o—o- HZO

at 442 nm, The non-existence of clear isobestic points interprett
the overlapping of the absorption of the different species exist.
Such data explain the acid-base properties of the compound.

The electronic spectra of 8 X 10" M-nitroso-gallic acid in the
pH range (2.10-7,80) gave two characteristic bands at 220 nm,and
the other in the wavelength range 260~274 nm.The firat is snarp

and the second is brosd .0On increasing the pd from 2.10 to 7.80,
the former band becomes more intense, wnile the later one undergoes
a regular bathocnromic snift on increasing the pH. Above pH 7.8,
both bands become less intense. Three isobestic points are appeared
at 232,264,and292 na.
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Figure( 4 ) Effect of solvents on the electmnic
spectra of 4-Carboxy-2-nitroso phenol

— Ethanol - --DMSO
-==Dioxane -o—o H20

In all these compounds ,it is apparent that regular batnochromic
shift occurs with pH. The obtained apectral bands at lower wave-
length are assigned to the nitroso absorption while that at longer
wavelength is due to the oximate skeleton . The later occurs in
alkaline solution . The s8ite of protonation calls for comments,

PTwo atoma are available for HY, namely oxygen and nitrogen. However,
the oxygen-nitroso is in hydrogen bonding structure, so the nitrogen
atom is ready for A" to give the protoniszsed species,

Bvaluation for the dissociation constants spectropnotometrically:

Different methods are used for such purpose depends om the

studies based on the effect of pH on tne electronic spectra. These

(18) (19).

metnods are: half-height » limiting absorption and
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'..] T T T T T T T T
% 50 S0 40 430 30 3O I 20 230
Wave length nm

Figurel 5 ) Effect of solvents on the electronic spectra
of 4-Acetyl-2-nitroso phencl

— E thanol - DMSO
~---Dioxane -O'—O-HQO

0011eter(2°). The data are collected in Table (1). The obtainea

pK's values are related witn tne molecular structure, where:

1. The average pK value for nitroso-m-cresol is found to be 7.14
This value ig smaller tnan that of tone parent m-cresol wnicn ia of

‘21),111 general, are of pkr’10. The

the pnenol family. The phenola
decrease in pk's could be attributed to the electron attracting
property of the nitroso group.

2. The decrease in the pK value for tne 4-bromo-2-nitroso pnenol

(9.54) to that of tne parent pnenol(10), is nignly related to tne
electronegativity of tne bromine atom.

3. Similarly, the electron attracting property of tae C=0 group

leads to lower tne pk value of toe varent paenol (10), to be 7.39

absor bance

Arbitary
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Tgble 1: Summary for the obtained pK's values
spectrophotometrically

259

Halfl Limiti, “Aver
Ligand height absorbasce  COlleter oK
$itroao—m= 7.10 6.97  7.1647.30,7.17 7.1490.3
cresol
4-acetyl-2-nitroso  3.65 7.60,7.10,7.56  7.61%0.33
phenol 790 7+90
4-~-bromo-2-nitroso 9.60 9.50 9.31,9.80,9.49 9.54%9, 18
phenol
Nitroso-pyrogallol 5.60 540 5416,5.80,5.66 5.52 2.8
9.80 9.80 9.40,9.32,9.90 9.64%5. 26
Nitroso-gallic acid 4.05 4,05  3.38,4.20,4.14  2.0620.30
6.90 6.90  6.50,7.18,6.48  6.8029,30
10.50 10.45 10.9,10.09,10.40 10.4720-39
4-carboxy-2-pitroso 3.65 3.65 4.00,3.45,3.36 3.6200,85
phenol 6440 6.40  6.08,6.16,6.33  6.27%0.15
4~aldehydo~2-nitroso 7.40 740  7.34,7.30,7.55  7.34a0.10
phenol

and 7.61 in case of tne synthesized 4-aldenyso-2-nitrosopusuol
and 4-acetyl-Z2-nitrosopnencl compounds, respectively.

4. In case of pyrogallol aystem: pyrogallol is conirolled by -I
and +M effects in tne ground state. Un reaction in tne nitroso
compound , +M and +B are strongly coupled to give two pi's values:

5.52 and 9.64. The -OH group is an electron donor by +K and -1
leading to that the third proton cannot be ionized easily due
to tae presence of strong intramolecular nyarogen bond. In tne
same time the -OH group facilitates tne proton remowil from one
of toe adjacent -0H groupa. The introauction of a -GOO0H group to
give tne eorresponding gallic acid aystem leads to give three pK's

values for the nitroso gallic acié compound : 4.06, 6,80 and
10.47, compared to that ths gallic acid itaelf with a pa value
of 4.41. The well known chemistry of the -COOH group is that it
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Arbitary absorbance

o 40 W0 }O I 20 20
Wave length nm

Figure( 6 ). Effect of solvents on the electronic
spectra of nitroso -pyrogaliol

— Ethanol coee DMSQ
--~ Dioxane 'O—O-HZO

possess electron attracting properties to decrease the pk of -od
i.¢. the intramolecular hydrogen bond(zz). Looking for the obain-
ed data for nitroso gallic acid, tne following is deduced: tne pk
value amounting to 6.8 is assigned to the ionization of the carboxy
group. The unexpected pK value of the -0H group suggests that tane
~COOH group assistea the formation of stroug intramolecular ayarogen
bona ,i.e.tme caruvoay group pronanly'hanaves aB an electiron donor

since it ionized tarougn its resonating strucure:

o G

o~k™o
5. In case of 4-carvoxy=-2-nitrosopasnol compouwna,tiwo pKk's values

are found to be 3.62 and 6.27,compared to 4.4 ana Y.352 in case of
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Arbitary absorbance

470 430 390 310 M0 20 230
Wave length nm

Figure( 7 ). Effect of solvents on the electronic
specta of nitroso-m-Cresol

—Ethanol e DMSO
---Dioxane Q—O-H.ZO

4-hydroxy ovenzoic acia,and 4.21 in tne parent benzoic acia. The
lower pK’s values of the 4-carpoxy-2-nitrosophenol compound is
related to thne electron attracting property of the nitroso group.
The absence of a value corresponaing to -OH,pinpoints to tne existence
of the oxime tautomer,
Effect of Solvents on the Blectronic Spectra:

The apsorption spectra of the parent phenolic compounds in the
UV region are composed of two bauds lying witain tne range 215-225nm
and 270-300nm, that may be due to tne local excitation of tne U -
system mainly of tne aromatic rings giving 7 -TT.tra.nution(L\‘-A\ o and
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Figure(g ) Amax-D-1/D1 relationship for free nitroso ligands

~ Y

Lb-A reupectively)(23). The avnility of 2-nitrosopnenols to form stable
complex salts inaicates tnat they contain an internal hydrogen bond
to displace the B~ and the K-bands of phenols to longer wavelengths.

This is related to that the polarity in the absorving system in tne

ground state is increased by polarization.The effect of an internal 'H bemd

(24)

on R-bands is in contrast to the B- and K-bands In all solvents,

2-nitrosopnenols exhibit the cnaracteristic R-band of the nitroso

group(€73-715nm),1i.e.they sxist as the true nitrosophenol tautomer

with the Presence ofsmall amounts of the oxime tautomer‘zS). The

spectra of l-nitroso-2-naphthol gave two pands of high and low

(26}

intensities assigned as K~ and B-bands,respectively « The C-

nitroso group may be expected to show a weak band arcund 700nm due
too:qﬂf' transition(27). In all our ligands under investigation no
any apectral bands could be located for such transition i.e. the
electronic spectra data exclude d=—)1T' tranestion, It is reported
that the Uv apectra c¢f p-hydroxybenzaldehyde in ethanol gave two

strong bands located at 230 and 300 nm(ze)

» On comparing the electro-
nic spectra for the latter compound to that of 4-aldenydo~-2-nitroso-
phenol, in ethanol, remarkable features are noticed. These two banda
230 and 300 nm are blue shifted to be at 221 and 285 nm, Beside tnis

a new band is formed at 338 nm, waicn i8 not existing in the parent
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pnenol. This could be explained on the prerise of tne existing of
the compound in tne nitrosopnenol form with tnea prediction of the
existence of tne oxime tautomer. dowever, tne 338 nm band is absent
in tne other solvents,

I'ne absorption spectra of 4~oromo-c¢-nitrosophenol, ana nitroso
gallic acid, in aioxane, etnanol, LDMSO and n20, exnipit two bands
lying witnin the range 221-¢36 nm, and zel-<u9 nm. The data are due
to the local excitation of theTl{-system mainly of the aromatic rings
giving1f-’K’ transition., ln general tne electronic spectira snow tnat
the latter nitroso ligands exist in solutions as the irue nitroso-
pnenol tautomer, wne first pana (<e<l-2%6 nm ) in vbotn ligands is
subjecteda to blue snifts on going from dioxane, etnanol, LMoL to n'o
respectively, indicating tne existence of an internal hydrogen bond,
This cannot be interpreted as a non-localized bond,i.e. a regsonance
hybrid is assumed to exist.The second pand{261-289nm} is subjected to
red shifts.In presence of nydrogen bonding solvents,a very small red
snifted is apparent.This can be attributed to the predominant contri-
bution of polar structures stabilized by solvent polarity,recsulting in

*o~ H
N-0

a bathochromic shift of the bands concerned.The solvation is a
major factor to cause the appearance of new bands usually at higher
wavelengths with a continuous shift to the red of the initial bands
with increasing solvent polarity and hydrogen-~bonding properties.
4-carboxy-2-nitrosophenol gave tnree electronic spectral bands in
the wavelength range Z354-24c¢,264-282 and 335-34/nm. The firat vand
is absent in presence of DMSO. The former band may be due to tne
local excitation of the T -system mainly of the aromatic rings
giving’W -~ ¢ transition. In all solvents,this compound exhibits
the characteristic B- and K- band&a‘).Also,the presence of an
internal hydrogen vond is supported by the characteristic blue
shift of its maximum in ethanol and water.reupectively(24). The
presence of the oxime tautomer is confirmed by the appearance,in

all solvents,the expected K-band in the region 335-347nm. Similarly,
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4-acetyl-2-nitrosophenol gave electronic spectral bands assigned

to® -T" transition with the tracing of B- and K- bands.The assigned
pand for the nitroso tautomer is much stronger than that of the oxime
to verify that this ligand predominates in the nitroso rather than
the oxime.An internal hydrogen bond is indieated by the appreciable
red shift of the electronic spectra in presence of non-nydroxylic
solvents as compared with ethanol and water, This let to assume that
the accumulation of the cnarge density on the nitroso functional

group destructs the intramolecular hydrogen bond,to depict the

Table 2 )\max for the nitroso ligands in different
solvents
Solvents
Ligand
Dioxene Ethanol DMSO B0
4-aldehydo--2~ 226(a) 221(s) 222(s)
nitroso-phenol 270(s) 285(s8) 2t6(8) 286(s)
338(b)
4-bromo-2- 236(8) 229(s) 224(m)
nitroso-phenol 2683(8) 289(s) 286(s) 264(b)
4-~carboxy =2~ 242(8) 236(s) 234(s)
nitroso-phenol 276(s8h) 282(w) 264(s8) 276(sh)
344(b) 347(b) 335(s) 344(m)
4-acetyl-2- 222(m) 226(w)
nitroso-phenol 264(8) 270(s) 270(s8) 270(s)
310(sh) 310(sh)
503(b) 492(b) 494(a) 486(b)
nitrogso-m-cresol 230(w)
294(8) 302(s) 304(s) 300(s)
411(b) 394(sh)
nitroso-pyrogaellol 246(m) 245(m) 246(m)
280(w) 280(w) 285(w)
304(s) 306(s) 310(s) 330(s)
358(w) 360(w) 364(w)
378(sh) 378(sh) 380(sh)  378(sh)
438(sh) 441(sh) 445(b) 438(b)
nitroso-gallic 230(s) 218(s) 214(s)
acid 270(8) 272(s) 278(s) 261(m)

sh = shoulder m = medium b = broad
8 = strong w = weak
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existence of the oxime tautomer.Nitroso pyrogallol gave bands lying
witnin the range 245-246,280-285,304-330,358-364,378-380 and 438-445nm,
The firat region is subjected to slignt blue shift,wnere the other
regions are red shifted on going from dioxane,ethanocl and DMSO,
respectively. The first two regions may be due to the local excitation
of tno]T -gystem mainly of the aromatic rings giving T - Tr‘traneition.
The 304~-330nm express the nitroso tautomer,ana tne last three

regions express the oxime tautomer. The second and the thirda regions
should be comparivle with the B- and K- bands,respectively. The
hypsochromic displacement of the B- and K- panas containing an

internal hydrogen bond in solvents from water to otnanol(24)mignt

be due to a partial replacement of this bond by an external hydrogen
bona of the nolvont(z4).81m11ar situation is apparent on discussing

tne electronic spectra of 2-nitroso-m~-cresol.An internal hyarogem

bona is provaoly present and this compound exists mainly in tne
nitrosopanesol sautomer wita the possiocle eaisieunce of the oxime

skeleton in presence of ethauol.

The only property of tne solveat whicn snows a reasouable
aegree of correlation wita tne tramusition euergy 1s the dielectric
coanstant. The plot of )hax versus D-1/i0+1( L is the aielectrac
constaat of tne soluent-dzo,dioxan,aimetnylaulpnoxiae and etnanol)
gives linear relatious in case 0f a4-aluenyuo aud 4-aCeiyl-<Z-nivroso-
piaeuols,wnere tane alieleciric torce is predominant. beviaiiou occurs
in presence 0! j-metayl,4-0romo,4-Ccarvoxy=-<J-nitrosopneuols,nitroso
gallic acid and nitroso pyrogalliol. Tnis 1s au evidaénce to taat a
specific association OUOUID(Z4).

The results are collectea in Tablel2).
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