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Extended Hiickel calculations have been carried out on the
iminoxy radicals formed by oxidation of 5-isonitrosobarbituric acid
(violuric acid) (I), indane-1,3-dione-2-oxime (II), pentane-2,4-dione-3-
oxime (III), and methyl 3-oxo-butanoate-2-oxime (IV). The results
show a qualitative agreement with the ESR spectra of the radicals,
and were found to give valuable information for distinguishing
between several possible conformations. The calculations predict an
unsymmetrical spin density in agreement with experiments, the atoms
situated cis (syn) to the iminoxy group having the larger spin densities.

Preliminary extended Hiickel (EH)! calculations on the violuric acid radical,
i.e. the iminoxy radical derived from 5-isonitrosobarbituric acid 2 (violuric
acid) showed that the EH method was able to account qualitatively for the
ESR spectrum of this radical.® In this paper we wish to report the results of
further EH calculations carried out on radicals of the same type,? i.e. the
radicals derived by oxidation of violuric acid (I), indane-1,3-dione-2-oxime
(I1), pentane-2,4-dione-2-oxime (III), and methyl 3-oxo-butanoate-2-oxime
(IV).

METHOD OF CALCULATIONS

The EH method?! has been much used for theoretical studies of organic
molecules. Allen and Russell ¢ have made an extensive comparison of the
results of EH calculations with those of ab ¢nitio MO—SCF calculations and
conclude that while the EH method is very good for the prediction of prop-
erties such as the order of energy levels and molecular shape, it gives less
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reliable results in the case of MO coefficients and properties derived from
these. This unhappy fact makes the EH method less suited for the predic-
tion of spin densities, since these are calculated directly from the MO coef-
ficients. However, the EH method has the advantage of being simple
and straight forward, and of giving easily interpreted results. As will
be seen, the EH method gives fair agreement with experiments concerning
some important features of the radicals here investigated. Previous investiga-
tors 58 of radicals have used the EH method with some success, which suggests
that the use of the EH method is justified for this type of problem.

In the EH calculations we have used the Wolfsberg-Helmholtz ® approxima-
tion for the Hamiltonian off-diagonal elements with K=1.75.! The diagonal
elements were given the conventional values (Table 1),1,1° and the ordinary
Slater orbitals were used for atomic orbitals.! The spin densities were calculated
using a Mulliken population analysis 1! of the highest occupied orbital. Some
investigators have used the MO coefficients directly, but the difference in
result is very small.

Table 1. Valence state ionization potentials (eV).

Hj(1s) Hj;(2s) Hj(2p)

—13.6

Q o
|

18]

L

'S

|

=

'S

o Z
, |
B ]
=
o]
]
I
'S

The relationship between calculated 2s and 2p spin densities on the nitrogen
atom of the iminoxy group and the N splitting constant has been investigated
for some iminoxy radicals by Cramer and Drago,® and by Berthier et al.}?
When applied to the radicals of the present series, the equations derived by
these authors 812 gave results which in general were not in agreement with
the experimental splittings. Thus, the regression coefficients evaluated by
Cramer and Drago 8 led to N splittings which were between 10 and 30 9
too low, while the theoretically derived coefficients of Berthier ef al.l> gave
rise to splittings 10 to 30 9, above the experimental values. However, the
most serious objection was the large spread in calculated values in either
case, as contrasted with the experimental 1*N splittings which were very close
to 30 gauss (28—31) for all radicals concerned. The correlation between cal-
culated spin densities and experimental splitting constants was also rather
low in the case of the hydrogen atoms. In view of this fact we shall refrain
from tabulating evaluated splitting constants, and have preferred to consider
spin densities only. Since the population analysis gives separate spin densities
for each AO (hydrogen 1s, carbon, nitrogen and oxygen 2s, 2p,, 2p, , and 2p,)
some kind of weighting between 2s and 2p densities must be made’ regardmg
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their influence on the 14N splittings, even in the absence of evaluated theoretical
splitting constants. In Table 2 separate spin densities for 2s and 2p are tabu-
lated, while Table 3 shows the values of a weighted sum of 2s and 2p with
the value 10 used for the weighting factor for the 2s density (S=10 ga;--025).
The factor 10 was chosen on the basis of the theoretical considerations made
by Berthier et al.1? for YN splittings, and was used rather arbitrarily in the
case of 13C splittings as well.

Qw»=0w,+0», since g, becomes zero in all calculations, which is
consistent with the assumption that the investigated radicals are sigma-
radicals.2

The spin densities of the methyl hydrogens in radicals IIT and IV were
calculated in the following way: The computed spin density of the hydrogen
atom lying in the molecular plane was divided by three, and each hydrogen
atom of the methyl group was then assumed to have this effective spin density.

GEOMETRIES OF THE RADICALS

In all calculations the same geometry was assumed for the CNO group
(Fig. 1). The angle « was given the value 135° since preliminary calculations
gave energy minima for «=135° in both radical I and radical II. The following
bond lengths were taken for the CNO group: a=1.29 A and 6=1.36 A, which
are mean values of those found for conjugated oximes.13718
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Iig. 1. Geometry of the iminoxy group. Fig. 2. Geometry and numbering of
racical I.

For the geometry of violuric acid (Fig. 2) the model was barbituric acid,%:17
and triketoindane '® provided pertinent values for the geometry of radical
II (Fig. 3). The geometries of radicals IIT and IV (Figs. 4 and 5) have been
generated using standard values!® for bond lengths and angles together with
values from pentane-2,4-dioldiacetate,® methyl bromocinnamate,?® and ethyl
stearate.?? Planar conformations have been assumed with only the hydrogen
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atoms of the methyl groups lying outside the molecular planes. Conformations
with exchanged positions of the carbonyl and methyl groups were not included
in the case of radical IV since the analogous conformations of radical III, i.e.
IIT b, ¢, and d, were found to be energetically unfavourable.
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Fig. 4. Geometry and numbering of radical ITI.
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Fig. §. Geometry and numbering of radical IV.

RESULTS

The calculated spin densities of radical conformations I, II, IIT a—c,
and IV a—d are collected in Table 2, together with the electronic energies.
The numbering of the atoms of the radicals is shown in Figs. 2—5. The con-
formations IIT1 d, IV d, e, and f had a much higher electronic energy than the
other forms (more than 2 eV), and were therefore excluded. The experimental
values quoted below are taken from Ref. 2.

Radical I. The ESR spectrum shows a N triplet splitting of 31.0 gauss
together with a secondary “N triplet splitting of 2.48 gauss and a secondary
hydrogen doublet splitting of 1.79 gauss. As can be seen from Table 2 the
large splitting arises from the nitrogen atom of the iminoxy group, and the
smaller one from one of the nitrogen atoms of the ring, evidently the one (atom
8) situated cis (syn) to the oxygen atom of the iminoxy group. This nitrogen
atom (8) has more than seven times as large a spin density as the one (atom 9)

Acta Chem. Scand. 23 (1969) No. 6



1883

EXTENDED HUCKEL CALCULATIONS

€TH LELT— £100°0 €100°0 I €100 1000°0 © 10000 1000°0 p
E1'LETT — 0000°0 0000°0 | 00000 0%00°0 0¥00°0 0%00°0 °
THHLET1 — 11000 11000 [ 11000 1000°0 1000°0 1000°0 q
OTF LETT— 1000°0 10000 [ 10000 | 68000 6£00°0 620070 ® Al
61¥° 166 510070 31000 “ 2100°0 6£00°0 6£00°0 6£00°0 o
L99°166 — 8000°0 800070 | 80000 0%00°0 0%00°0 07000 q
6¥8°166 — £100°0 £100°0 | £1000 6£00°0 | 68000 6£00°0 ® 11T
i
| TL00°0 $010°0 0000°0 0200°0 11
_ _ | o000 98000 I
I I
BOT
(A°) P *H H _ H H H 'H o
8990° 8000 | 210 T100° |9G10° 0000 | 100" €000° |98LO" 8000™ | €080° OIZ0™ |8LEO' L0OO' | PSS 8ET0° | 8IT' 6800° | P
L100° Z000° | S€90° 6300° | 0600° £000° | 1Z€0° G000 | 9830° €L0OO™ | 19T $200° | 0ZC0° 000" |9LOF" COTO™ |9GFI' 0000° | o
£020° L000" | TTT0° 0100° | ITT0° 0000 | $120° 9000° | LLOO" 9000° |06L0° 90Z0° | 68C0° L0OOO' |OTFE ZLT0° | LETT €€00° | 4
$900° €000° | €190° 8Z00° |9€00° 0000° | BIE0° 000" | 1930° 9LOO" |SLET" 2S00 | 8€SO" 000" |ZISH 6010 | FSET 0000° | B AT
Z6€0° 9000° | 8F90° LZ00° |3600° 0000 | LLZO' Z000™ | $TLO" 8000° [$SCL" 6500° | IE€FO° 9000° |963F €800° | £EPT° 3000° |
8€10° L000° | GF90° 8TOO" | LZI0° 2000 | LTE0™ G00O™ | S6S0° 0F00° |89ST" 1€00° | I6¥0° 9000 | ILTF 310" [9€CT” $000° | 4
850" 0100° | L290° 6300° | ZZ10° 0000° | #6207 000" | L38O €100° |6I19T° $S00° | 60F0° 9000° |39GE" 8600° (68CT° 9000° | ® III
9820° 1000° |86L0° 8000 | 6110° 0000 | SOE0° 1000° | 9990° JOOO' | LGLI' 1100° [6630° 9000° | ST63° 9L00° | ZSEL 1000° I
LEOO™ $000° | €EE0" €300° | $LOO' Z000° | €330° €000° | I830° €700° | FITT 010" | 6090° 9000° |BTLE" €BTO° |9LIT" 6000° I
dg  sg dg  sg _ dg  sg dg  sg dg  sg dg  sg _ dg  sg dg  sg w dg  sg [BoIpey
6 8 * __ 9 ¢ ¥ . € “ g _ I wory

*AT—1 S[eoIpBd 10J $91319ue JluoI3oe[e pus senyisuep uids pogndwio) 7 219w,

Acta Chem. Scand. 23 (1969) No. 6



1884 WOLD AND LAGERCRANTZ

Table 3. Computed values of S=10 gy+0,p-

[ -
Radical Atom i ! 2 4 b 8 9
I .1266 .6962 2314 0711 .0565 0077
11 1362 3675 1837 .0666 .0878 .0296
IIT a .1649 4542 .2159 .0957 .0947 0648
Iv b 1487 .6730 .2850 0737 0573
Ivda | 1572 | .6534 .2903 .0866 .0648

situated trans (anti) to the iminoxy group. Assuming that the coupling is
proportional to the weighted sum, S, of the spin densities, tabulated in Table
3, we find the theoretical quotient between the nitrogen splittings originating
from atoms 2 and 8, to be 12.3, in good agreement with the experimental value
of 12.5 (31.0/2.48). The hydrogen splitting arises obviously from hydrogen
atom No. 1, i.e. the one situated cis (syn) to the iminoxy group.

Radical 1I. The ESR spectrum shows only a large 14N triplet splitting
of 30.0 gauss and a secondary hydrogen doublet splitting of 0.40 gauss. Obvi-
ously, the nitrogen splitting comes from the nitrogen atom (2) of the iminoxy
group, while the hydrogen splitting is effected probably by hydrogen atom
No. 3, situated cis (syn) to the iminoxy group. However, the spin density
on hydrogen atom No. 3 is very large, viz. 0.0104, predicting a larger splitting
than that present in radical I, in which the corresponding density was only
0.0086, obviously in disagreement with the experimental results. In fact the
hydrogen splitting of radical I is 4.5 times larger than that of radical II.
Also the spin density on the nitrogen atom of the iminoxy group is unrealistic.
The large experimental splitting of 30.0 gauss indicates that the spin density
would be of the same magnitude as that on the corresponding atom of radical
I, i.e. about twice the calculated value.

Radical I11. The conformation III a (Fig. 4) has by far the lowest electronic
energy, and is the only one to be considered. Besides the 14N triplet splitting
of the iminoxy group of 28.0 gauss, the spectrum shows two quartets (1:3:3:1)
with splitting constants of 0.39 and 0.12 gauss, respectively. Spectra recorded
under high amplification reveal the presence of at least three sets of 3C doublet
splittings: 10.0, 8.12, and 4.90 gauss, respectively. The two quartets originate
from the hydrogen atoms of two non-equivalent methyl groups, the one
situated cis (syn) (hydrogen atoms Nos. 1, 2, 3) to the iminoxy group giving
rise to the quartet with the larger splitting constant. The quotient between
the calculated spin densities of the hydrogen atoms concerned is equal to
3.0, in good agreement with the quotient between the experimental splittings,
which is equal to 3.3 (0.39/0.12).

The origin of the 13C splittings is more difficult to assign since the 2s density
decreases in the order (Fig. 4) 8, 5, and 7, while ordering according to 2p
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spin densities gives the sequence 4, 1, 5, 8, and 9. Finally, ordering according
to S-values evaluated with the weighting factor equal to 10 (Table 3), also for
the carbon splittings, gives the sequence 4, 1, and 8 (or 5) with the relative
values of spin density 1.0:0.74:0.44 (experimental:1.0:0.81:0.49).

Radical IV. The ESR spectrum shows the presence of two different radical
forms, of which one is quantitatively predominant over the other. The dominant
form exhibits a 14N triplet splitting of 29.8 gauss together with narrow incom-
pletely resolved secondary splittings. These findings agree well with the con-
tormations IV b and d (Fig. 5), which have lower electronic energy than the
conformations IV a and ¢, and everywhere a low spin density on the hydrogen
atoms. The dominant radical form exhibits 1*C doublet splittings of 9.60,
7.74, and 4.53 gauss, again difficult to assign. The § order is 4, 1, and 5, how-
ever. When the S-values of these atoms are compared with those of radical
111, we obtain the quotients 1.32:0.69:0.34, while the experimental splittings
give the quotients 0.96:0.77:0.46.

The less predominant radical form shows a 14N triplet splitting from the
iminoxy group of 31.0 gauss together with a secondary quartet (1:3:3:1)
with a splitting constant of 0.50 gauss. This spectrum agrees well with the
calculated spin densities of conformers IV a and ¢, the secondary quartet
originating from the hydrogen atoms of the methyl group situated in the
position cts (syn) to the iminoxy group. These results are consistent with our
experimental findings that the quartet splittings arise from an interaction
with the methyl protons of the carboxylic acid part of the radical molecule.?

CONCLUSIONS

The EH method has proved to be a valuable tool for qualitative analysis
of the ESR spectra of the iminoxy radicals of this series, especially for distin-
guishing between several possible conformers. The EH method predicts an
unsymmetrical spin distribution in agreement with experiment,? the atoms
situated cis (syn) to the imonoxy group having the larger spin densities. The
question whether this state of affairs is due to a direct polarization by the
oxygen atom of the iminoxy group, or is an effect transmitted through the
sigma-bonds, is in our opinion rather futile. It can be seen (Table 2), however,
that the hydrogen atoms of the different conformers III a, b, and ¢ have the
same spin densities, which shows that the distance to the oxygen atom of the
iminoxy group is of minor importance.

On the other hand, the EH calculations led to spin densities which could
not be satisfactorily related to the experimental splittings. This failure is to
be expected partly on basis of the comparative studies made by Allen and
Russel ¢ but is nevertheless in contrast to the results of Cramer and Drago 8
who obtained a rather good correlation for several iminoxy radicals derived
from aldoximes. The reason for this discrepancy is not obvious, but may be
connected with a different choice of molecular parameters.
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