SHORT COMMUNIACTIONS

Table 1. Symmetry coordinates for some
planar five-membered ring structures.

Species Coordinate (Models)

Ay 27%(sts,)
2-%(d, +d,)

t
(DT/2)(B1+Bs)
2-7%(q,+q,)
2—%(’14"‘2)
(9/2)%(6,+0,)
(RT/2)% (@1 -+ @2)

4, (ST2)%(t,+15)
[(DS)%Q/2)%(y,— 7,)]
[(DT)"R2]%(e,—é,

(i, i, iii, iv)
(i, i, iii, iv)
(i, i, ii, iv)
(i, i, iii, iv)
(ii, iv)
(iii, iv)
(ii, iv)
(iii, iv)

(i, i, iii, iv)
(i, iv)
(iii, iv)

B, (ST/2%(1,—1,)
[(DS)*Q/2)%(y1+ 7s)
[(DT)*%R/2]%(e,+¢5)

(i, ii, iii, iv)
(i, iv)
(iii, iv)

@, ii, iii, iv)
(i, i, iii, iv)
(i, i, iii, iv)
(ii, iv)
(ii, iv)
(ii, iv)
(i, iv)

B, 2~ %(3 1—83)
2-%(d, —d,)
(DT/2)"(B,—Bs)
277%(q,—qs)

(@8/2)%(6,—0,)
(RT/2)%(p,—ps)

It is intended to use the present sym-
metry coordinates in a spectroscopic
analysis of 1,3,4-thiadiazole to be per-
formed in connection with a gas electron-
diffraction investigation of this molecule.
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Although the photocycloaddition of «,f-
unsaturated carbonyl compounds to
olefing and related reactions have been
extensively studied in recent years,! some
aspects of the mechanism remain obscure.
One interesting problem is the nature of
the attack of the excited carbonyl com-
pound on the olefin.

The carbonyl compound, generally in the
n->n* excited state,! could behave either
as an electrophile or as a diradical. When
geveral isomeric addition products are
possible, their relative yields should be
determined, in an electrophilic type of
reaction by the charge distribution but in &
radical type of reaction by the unpaired
electron, density in the highest occupied

Table 1. Relative charge in the first n—>n*
excited state of acrolein and its 2- and 3-

methylderivatives.
ho Charge on atom
04 ¢ C G

Acrolein 1 0.54 025 016 0.05

2,6 0.356 031 0.20 0.15
2-Methyl acrolein
““inductive 1 0.53 0.17 0.36 —0.06
model” 2.6 0.34 0.23 0.38 0.056
““hetero atom 1 0.68 037 035 0.15
model” 2.6 0.60 0.43 0.38 0.26
3-Methylacrolein
““inductive 1 048 0.15 0.07 0.30
model” 2.5 0.33 0.18 0.10 0.38
“hetero atom 1 0.66 0.37 0.27  0.25
model” 2.6 0.49 040 031 0.34

4@ Corrected with 41 corresponding to loss
of the n-electron,
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orbital of the excited carbonyl compound
(cf, however, below). It seemed interesting
to calculate the substituent effects on these
properties and to determine whether
either of them could be correlated with
available experimental data.

Using the Hiickel molecular orbital
(HMO) approximation, the charge distribu-
tion and unpaired n-electron density were
calculated for the first n—»n* excited states
of acrolein and its 2- and 3-methyl deriva-
tives. The calculations (Table 1) indicate
that in the n—»>=n* excited state of acrolein
and 2-methyl acrolein the 2-position is
more positive than the 3-position but in
3-methylacrolein this is reversed. The
oxygen is of course very positive in all
cases. By contrast, the unpaired electron
density in the highest occupied orbital of
the excited acroleins is always higher in
the 3- than in the 2-position and low on
the oxygen (Table 2). The radical type of

Table 2. Unpaired electron density in the first
excited a orbital (c?) of acrolein and its 2- and
3-methyl derivatives.

ho ¢ on atom
0O ¢ € G
Acrolein 1 0.18 0.33 0.05 0.43
2.6 0.06 0.44 0.02 0.48
2-Methyl acrolein
“inductive 1 0.21 0.39 0.04 0.35
model” 2.5 0.07 0.48 0.02 0.43
‘“hetero atom 1 0.19 0.36 0.06 0.40
model” 2.5 0.06 0.46 0.02 0.46
3-Methyl acrolein
“inductive 1 0.15 0.40 0.03 0.42
model”’ 2.5 0.06 0.49 0.00 0.45
“‘hetero atom 1 0.17 0.34 0.02 0.43
model” 2.6 0.06 0.44 0.00 0.46

addition of all the excited acroleins to, e.g.,
isobutylene would be expected to give
mainly a mixture of the cyclobutanes J
and the oxetanes I. By contrast, mainly
the oxetanes 2 should result from an
electrophilic type of addition. Furthermore,
acrolein and 2-methylacrolein should yield
cyclobutanes of type £, but 3-methyl-
acrolein of type 3.

In the acrolein series only the addition
of 3-methylacrolein to isobutylene has
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been reported.? The cyclobutane 4¢ and
the oxetane 2a appear to be the main
products. 4c is the ‘“wrong” adduct for
both types of addition, but if it is assumed
that the influence of the methyl group is
less than calculated, 4c could be formed in
an, electrophilic type of addition.

In the cyclohexenone series, the photo
addition of cyclohexenone and 3-methyl-
cyclohexenone to isobutylene gave the
cyclobutanes da and 6 in accordance with
the predictions for an electrophilic reaction
(Table 1). 2-Methylcyclohexenone accord-
ing to our predictions should give 5b since
the 2-position should be even more positive
than in cyclohexenone. Instead a complex
mixture of products® was obtained, the
major of which was probably 7.* This may
indicate that a radical addition is preferred
for steric reasons. There is also the
possibility that the hydrogen abstraction
has electrophilic character in spite of the
fact that a hydrogen atom is transferred.
The product 7 would then be formed via
the intermediate diradical pair § (cf.
azoester and cyclohexene).®

Of the reported photoreactions of «,p-
unsaturated carbonyl compounds only the
enone rearrangement clearly has radical
character.® The products are in accordance
with the radical model described here.
However, in photoadditions as in ‘“‘normal”
radical reactions, the stability of the
intermediate radicals or diradicals,” rather
than the unpaired electron density may

3a R=H,
R'= CH3

5@ R=R'=H
5b R=CHj, R=H

ool

7

Acta Chem. Scand. 22 (1968) No. 9



SHORT COMMUNICATIONS

determine the product composition. In the
enone case both radical models predict the
same products, but the high stereospeci-
ficity of the reaction ® seems to imply that
bond formation and thus the free radical
density is the most important factor.

It seems clear that the photo cyclo addi-
tion of «,B-unsaturated carbonyl com-
pounds to olefins has partial electrophilic
character. However, the approximative na-
ture of the present calculations and the
lack of experimental data make the con-
clusions uncertain. More refined calcula-
tions and more experiments are under way
in an attempt to clarify the situation.

Ezxperimental. The parameters used in the
Hiickel MO calculations were essentially those
recommended by Streitwieser:® a_g=a+p,
Be=o=4h, oc_cH,=2—0.58 (‘inductive
model”), acgr, =a+28, fo_cu,=0.78 (‘“‘hetero
atom model’’). It was assumed that the oxygen
n-electron could be incorporated in the m*-
orbital without corrections. However, since the
electron affinity of the carbonyl oxygen should
be considerably higher in the n—n* excited
state than in the ground state, calculations
were also carried out using ¢ g=0-+2.58. The
results of the calculations are presented as
electron density in the first excited orbital
(Table 2) and relative charge (Table 1). The
charge on the oxygen is corrected for the loss
of one n-electron.
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The colorimetric procedure, based on the
reagent 2,4-dinitrophenylhydrazine (2,4-
DNPH), developed by Roe et al.,'* is the
most specific and most commonly used
method for the determination of ascorbic
acid (AA) in biological materials. In this
procedure, a trichloroacetic acid (blood,
urine) or metaphosphoric acid (plant
materials) filtrate is shaken with active
charcoal and filtered. The charcoal clarifies
the solution and oxidizes the AA to de-
hydroascorbic acid (DHA). The filtrate is
incubated with 2,4-DNPH for 3 h at 37°C
in the presence of thiourea. Sulfuric acid,
16 M, is then added to the tubes in an ice
bath. After 30 min absorption is measured
at 520 nm in a colorimeter.

In its original version, the method is
rather laborious and time-consuming. The
present paper describes a simplified version
which permits the convenient processing
of a large number of samples. It was devel-
oped. for use with a column chromatog-
raphic procedure for the assay of trace
amounts of vitamin C in dried feed stuffs.®
The adaptation of the 2,4-DNPH method
for large scale work involves the use of 2,6-
dichlorophenolindophenol (2,6-DCPI) as
oxidant. Incubation is carried out at an
elevated temperature for 1 h. Full use is



