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SPECTRA AND STRUCTURE OF SCREENED PHENOLS,THEIR RADICATS AND IONS
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ABSTRACT

The vibrational spectra of screened phenols, stable phenoxyl
radicals and ions obtained by addition (loss) of the proton to
the phenol molecule, and one-electron reduction (oxidation) of
the phenoxyl radical, were studied and interpreted. The proton
phototransfer between phenol molecules of the same_ type in frozen
aliphatic hydrocarbon scolutions was revealed by liuminescence.

RESULTS AND DISSCASION

Changes in the electronic structure of phenols during their
conversion to free radicals and ions, as well as the posgsibility
of photoprotolytic reections were esteblished by IR, Reman, UV-
Vis, PMR spectroscopies, luminescent and excited luminescent
techniques.

The vibrational spectra of screened pkenols (I-IV), phenoxyl
radicals (V-VII) and the like quinoid molecules (VIII,IX) are
examined and interpreted (see the Figure). Their imterpretation
was possible by comparing with those of the related molecules and
isotope~substituted analogs, as well as, by calculating the fre-
quencies and the modes of vibraticns.

The comparison of the spectra for V-VII with those of steri-
cally hindered I-IV indicates that they are essentially different
mainly in the high-frequency region where the CC ring and CO
group siretching wvibrations ozcur (see Teble 1). The spectrs of
V-VII are shown to resemble markedly those of VIII-IX.

The identity of the spectra for X in KBr, methyl and ethyl al-
cohols, DMPA and the sbsence of the counter ion effect indicate
that the solid salt has an ionic structure and solvated or free
ions are present in solution. The comparison and analysis of the
IR spectra for X,II and VI suggest the charge delocalization in
the jion s2long two rings as a result of the disappearance of bands
at 1615 and 1158 cm gssigned to the C=0 and C-0 (III) stret-
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Figure. The compounds studied.

TABLE 1

The CO and CC ring vibrations of frequencies (cmf1) for phenols,

phenoxyl radicels and guinoid molecules.

c, I v Ix
v

IR,V Assignment IR,y Assignment IR,Y Assigmment
Aq 1156 g(c-0),g9(c-C) 1573 q(C-0), Q(ce) 1636 q(C=0)
B, 1436 Q(CC) P%COH) 1506 Q(cc),Qn(ce) 1658 Q(C-C) »p(CCH)
c Iz VI VIII
2 —IR, hissign- IR, R, Assiga- IR,y R,V Assign-

v ment v v ment ment

B (c-0),q(CC) 1656
a 1153 a(C-0),a(c-C) 1583 1601 Y5 55 ;Ccc) 1670 (€=0)
A Qr(cC),Q(c=C) _
B 1432 e(cec),p(ccH) 1523 Q(C=C) .qn(cc) 1996 1609 Q(c=C)
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ching vibrations and the occurence of a band at 1195 cm -1 corres-
ponding to the C-0 vibration of X, A small increasge in the C-0
vibrational frequency end the force constant, Kc o, of X in com-
parison with those of III (see Table 2) suggest that a negative
charge of X should be localized largely on two oxygen atoms sti-
pulating the similarity of the spectra of X and ITI.

TABIE 2
Frequencles (em™ 1y and force constants (mdyn/A) of the C-0 stret-
ching vibrations in phenols, rasdicals and ions.

Compound 1Y XTI XVII v XVIIXI
%0 1256 (ref.1) 1281(ref.1) 1510(ref.2) 1573 1635(ref.2)

Compound IIT X v —
) 1158

Qg-g 1615 1195 (ref.3) 1203 (ref.4) 1583

: 4.49

zcc g 9-55 4072 4°90 8.90
Compound Iv VT p— =

-0 1156 1203 (ref.4) )
Voo 1642 1660 (ref.4) 1586 1625 (ref.4

An intensive band et 1625 cm™! is sssigned to the C=0 vibra-
tions of XIIT because judging by the gquartum-chemical calculstions
it snould occur between Q: o °f VII (1586 cm 1) and V -0 °of IV
(1642 cm~ ). Such an assignment agrees Hith.‘% 0 (1613 cm™ V) for
XIV (ref.5) and a band at 1865 cm™ ! for XIIT which is interpreted
as an antisymmetric stretching vibration of the C=N=C syastem.

XV was found to be formed in the interaction of III with acidsa.
The resemblance of its TR spectrum with those of X allowed us to
asaign thege molecules to the same symmetry point group, Coe It
implies that XV hes two equivalent rings and two OH groups. It is
confirmed by its FPMR spectra consisting of four signals with the
following chemicel shifts (ppm): 1.42(36H,tert-butyl);6.64(2H,
hydroxyl); 7.22(4H,ring protons); 7.89(1H,bridge CH)}. The observed
signals are shifted to lower fields as compared to the correspon-
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ding signels of III: 1,253;1.3631.42(tert-butyl); 5.38(hydroxyl);
4.87(bridge proton,CE). It indicates to a positive charge on the
product molecule. As the highest shift is observed for the bridge
proton (AS=3.02) the positive charge is largely localized on
the CH bridge group C atom. A signel for the protons of tert-bu-
$tyl groups 2nd a signael for the ring metaprotons indicate that
the rings are equvalent.

In the IR spectra for XV the band of the OH group is observed
&t 3570 cm™!. An intensive band at 1203 em™ ' is assigned to the
C-0 vibration. In IR spectra of XVI obtained by protonetion vie
a N atom of IV one can observe the bands corresponding to the
vibrations of phenyl and quinonimine rings. The O-H stretching
vibrations (3615 cmf1) for XVI are shifted to lower frequencies
as ageinst those of IV (3627 cm™'). & broad band at 3515 cm™ ! is
attributed to the N-H vibration. Shifts of Vy_j and V_g to the
lower frequencies as compered to those of the neutral molecules
show that the N-H bond is stronger than the O-H bond. The obser-
ved shifts in frequencies and variations in the force constants
indicate to the changes in the structure of the compounds consi-
dered. The contribution of gquinoid structurea is decreased by
aeddition of the proton to the phenol C=0 group and an eleciron
to the radical, and it is increased by the electron extraction
and addition of the proton to the bridge nitrogen (see Table 2).

Luminescense of the frozen ITII and IV solutions in a 1:i
n-pentane-igooctane mixture has induced proton phototransfer.

IIT + ITT %X + XV; IV + IV P xvT + XIX;
rx WK

The products obitained were identified by the resemblance of

the excited luminescence spectre with the electronic absorption
spectrea.
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