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INFRARED SPECTRA AND STRUCTURE OF THE ANIOWN-RADICALS

OF SUBSTITUTED sENZOFHENOLLS
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ABSTRACT

substituted benzophenones have been assigned and compared to
9C=O

of the anion-radicals (assigned on the basis of data for

C20 bands of 23 anion-radicals of meta~ and para-

of the parent neutral compounds. Carbonyl frequencies

isotope-labelling compounds ) have been found to appear in a
7-8 times wider frequency interval as compared to the
frequency range of corresponding neutral compounds, i.e.

the structural effects on QCHAO aon the anion-radicals are

7-8 times stronger, compared to those on £%=0 of the

neutral benzophenones.
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Comparison of ketyl 9%30 with the sum of the substi-
tuent constants has shown three separate correlations for:
i) ketyls free of nitro groups; ii) ketyls with nitrc groups
in para-position; iii) ketyls with nitro groups in meta-
position., The absence of general correlation has been
explaned by the different types of the odd-electron
distribution.

These results do reject a series of literature conclu-
sions about the substituent effects on QEHAO of the anion-

radicals of substituted benzophenones.

INTRODUCTI ON
Detailed studies on the vibrational spectra of anion-
radicals have been published for quinone anion-radicals only!.
Spectra of the strongly reactive aromatic ketone anion-
radicals (ketyls) have not been studied completely. We have
recently described2 the infrared spectra of several ketyls

with the following general formula:

CgHoy, OgH,~R

‘?4( 4 R are -H, =CN and -NO

X para-
186

2
substituents

We have found in the same study some essential errors in
the 1literature assignment3 of benzophemone~ketyl IR bands,

Unambigous band assignment of ketyl infrared spectra is
quite difficult because of the strong variations in both

band frequencies and intensities resulting from the conver-.
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tion of neutral ketones into ketyls, low transparency of the
usual solvents, the high reactivity of ketyls with respect
to oxygen, moisture and most common solvents, etc., and
nevertheless the reliable band assignment is an obligatory
basis for drawing well-grounded conclusion about the odd-
electron distribution over the conjugated system and struc-
tural factors which determins its wvariations.

We report in this paper QCéSO data for a represen-~
tative series of substituted benzophenone anion-~radicals and
we discuss the substituent induced variations in the odd-
electron distribution, reflecting in the QCLuO band
behaviour. This approach would make it possible to check the

3

validity of some literature conclusions” and to form a new
concept about structural effects on QC=LO of substituted

benzophenone anion-radicals.

EXPERIMENTAL

Anion-radicals have been generated electrochemically in
a special CaJé electrolysis cell of 0,26 mm path lenght,
suppligd with a central platinum cathode and two platinum
anodes build in its spaser4. Purified dimethyl sulfoxide—d6
(DMSO-dé), containing 0,1 mol/l tetraethylammonium
perchlorate has been used as a solvent. Concentrations: in
the range of 0.05 - 0,1 mol/l. A similar cell, containing

the same solvent has been used as a reference, After 2 - 10

minutes after applying a voltage of 1 - 2,5 V, the solution
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in cathode space through which the measuring beam passes gets

the colour characteristic for corresponding anion-radical.

RESULTS AND DISCUSSION
The final results for )>C¢40 band assignment of 23
anion=-radicals studied of meta- and para-substituted benzo-
phenones are presented in Table 1,
Attempts to correlate QC:O of the parent ketones with

Y

formation of three separate correlation for: i) ketyls

Cass0 of the corresponding anion-radicals lead to the
without nitro groups; ii) ketyls with nitro groups in para
position and iii) ketyls with meta-nitro groups.

The comparison of 1) of substituted benzophenones

Ca0
anion-radicals with the sum of substituent constants has
given also three separate correlations (Fig. 1).

Anion-radicals of benzophenones with electron-withdraw-
ing substituents (weaker than the carbonyl group) show
lowest frequencies (correlation I on Fig. 1) and this can be
related to the expected high odd electron density within the
the carbonyl groups.

00250 of benzophenone anion-radicals with para-nitro

groups (Formula 1)

Il.l.'. . /0
LN
/. No /l
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Table 1. Comparison between 90:0 of meta- and para-substitu-

ted benzophenones end 1)0,_‘0 of corresponding anion-radicals.

10.
11.
12.
13.
14.
15.
16,
17
18,
19.
20.
21.
22,
23

a’c

R, R, QC:O( em™ ! ) QCH-‘-O( em” ) A))( cn™ ! )
H 1658 1396 262
D& p® 1657 (1396) (261)
gP pP 1657 1386 261
n " 1629 138¢€ 243
4-CN H 16€2 1430 232
4-c’ ® 1634 1420 214
4-CgH, H 1659 1397 262
4-cr;” B 1662 1437 225
4-CN 4~CN 1668 1457 211
4-COPh  H 1659 1421 238
4-NO, H 1665 1570 95
* *
4-N0, H 1638 1560 78
4-10, 4-N(Me)2 1644 1667 77
4-NO,  4~OMe 1658 1565 93
4-NO,  4~CK 1673 1575 98
4-N0, 5-NO, 1673 1580 93
3-N0, H 1665 1654 11
3-N02 4—N(Db)2 1642 1632 1.0
3-NO,  4~CN 1670 1659 1
3-NO,  3~CN 1671 1661 10
3-K0,  3-Br 1672 1660 12
3-NO,  4~Br 1668 1657 11
3-No,  3-NO, 1672 1660 12
D_COC,D_; °,C,H.COC D ; *, 20 labelled compounds.
675 675 Y65 U675
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Fig. 1

Correlation between \)C&O of anion-radicals of
substituted benzophenones (solvent DMSO-—ds) and

the sum of 6 substituent constants.
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form the correlation II (Fig., 1) due to the high electron-

withdrawing ability of the nitro group. )) lowering on

C=0
convertion of para-nitrobenzophenones into corresponding

anion-radicals is ca. 100 em™ .
390;20 of anion-radicals with meta-nitro groups

(Formila 2)

are only of 10-11 em™! lower than those of the parent
ketones. This result can be ascribed to a definite local-
ization of the odd-electron density within the nitro group
(the strongest electron-withdrawer), for there are no
pessibilities of CO/NO2 competitive conjugation in

these cases.,

QC::O data for the case of 3,4/-dinitrobenzophenone~

ketyl (Formla 3 )

point to the pronounced localization of the odd-electron
density within the 4-nitrobenzoyl fragment, while the
3~nitro group is practically out of the antibonding orbital

influence.
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)DC—O of neutral benzophenones appear in a quite narrow

frequency region (33 cm-1); in cases of the corresponding
anion-radicals this region is much larger (ca. 270 cm-1,
Table 1) so the structural effects on QE:&Q of anion-
radicals are 7-8 times stronger than in the cases of the
neutral ketones.

There is a close analogy between structural effects on

odd-electron density distribution (and on y ) in anion-

CuN
radicals of aromatic nitriles6 and aromatic ketyls.

The above reported data on the relation between the
structure and frequencies of the 005&0 band of benzophenone
anion-radicals can be qualitatively described in the
following way:

The presence of the odd electron an antibonding M-
orbital results in a weakening of the JT-bonds of pronounced
doudble character in the conjugeted system, including those of
the carbonyl group. The latter group is zn electron~-acceptor
and therefore a considerable part of the odd electron
density is localized over it, which leads to a strong
decrease in i%=o (e.g. anion-radical of benzophenone).

The presence of a large conjugated system gives the
possibility of a strong delocalization of the odd electron;
in this case the QE=O is little bit smaller (e.g. 4-phenyl
benzophenone~ketyl). If beside the carbonyl group another

strong acceptor is present in the anion-radical, the odd

electron distribution is determined by the competition
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between the two acceptors; smaller frequency decrease of the
\)C=O bands were found in the cases where carbonyl group
is the weaker acceptor (e.g. 4-nitrobenzophenone ketyl).
If the two acceptors are not mutually conjugated, the
possibilities of a competition decrease and the odd electron
proves to be practically completely localized over the
strongest acceptor. When the carbonyl group is the weaker
acceptor, only small variations in the frequency of the 1)C=0
bands were found (e.g. anion-radical of 3-nitrobenzophenone).
Electron-releasing substituents (even dimethylamino
group) have not essential effect on 00:0 of anion-radicals
(Table 1.). The low sensitivity of \)C'—"O of anion-radicals
to electron-releasing substituent effects is evidently due to
the presence of considerable amounts of negative charge on
the carbonyl group. Their influence on \)C:uo of the
neutr=l ketones is, on the contrary, very strong.
As it is seen the structural effects on c=0 of

neutral ketones and on \)C'—"O

radicals are very different. Carbonyl frequencies in ketyls

of the corresponding anion-

are determined mainly by the odd electron distribution over
the conjugated system, which on its part depends very
strongly on the position and the type of the electron-
withdrawing substituents but very weakly by electron-

releasing ones.
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