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NATURE OF THE EXCITED TRIPLET STATES IN THE PHOTOLYSIS OF O-ACYLOXIMES
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The triplet states of O-acyl aromatic ketoximes, RC02N=CR1R2
(I, II, and III), undergo homolytic cleavage into iminyl radicals,
R1R2C=N~, and acyloxyl radicals, RCOzo. The triplet states have
their excitation energies which are close to those of their parent

ketones, R1R2C=O, and are abundant in mw,7* character. The

excitation energies are dissipated through cleavage of the N-O bonds.

Although photochemistry of azomethine compounds has been a subject of much
recent effort,l) there have been very few reactions which proceed certainly from
their excited states. O-Acyloximes have previously been shown to be photochemically
cleaved into iminyl and acyloxyl radicals from their excited states.z) We now wish
to report that their homolytic cleavage takes place from the triplet states, which
have comparable excitation energies to those of their parent ketones and are rich
in m,m7* character as the results of an examination of the effect of sensitizers on
their decomposition, measurements of their ability to quench the phosphorescence
from aromatic ketones at room temperature, and observations of their phospho-
rescence at 77K, To our knowledge, this report provides the first quantitative
estimation of the energy of the reactive triplet state of azomethine compounds.

In the first place, an effect of sensitizers and quenchers on the decomposition
of O-acyloximes (I, II, and III) was examined. The O-acyloximes were irradiated in
benzene under nitrogen atmosphere either in the presence or in the absence of sensi-

tizers or quenchers with a 1000 W high pressure mercury lamp surrounded with Toshiba
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UV-D1B glass filters which transmit 366 nm light, and the consumption of the acyl-
oximes was followed by nmr. The typical results for benzophenone O-phenylacetyl-

oxime (Ia) are depicted in Figure 1, and the summarized results are shown in

Table 1.
Ia (%)
RCO,N=C(C_ H.)
100 2 652
80 Ia, R = C6H5CH2; Ib, R = CH3;
Ic, R = C6H5; Id, R = 4-CH3OC6H4
60
,CH3
RC02N=C
0
II, R = 4-CH,C_H
20 + ’ 364
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Figure 1. Photolysis of Ia (0.1 M) in @

benzene under nitrogen atmosphere. The
sensitizers and the quencher employed
and their concentrations (M) were as Illa, R = CHB; I1Ib, R = 4-CHI’>C6H4;
follows: nil(e); xanthone(a), 0.036; IIIc, R = C6H5

benzophenone(e), 0.1; 2-acetonaphthone
(@), 0.35; benzil(a), 0.1; fluorenone(s),

0.026; 1,3-pentadiene(x), 0.13.3)

CHLON=C (C¢H;) , IV

3

Figure 1 indicates that the decomposition of Ia was considerably accelerated
by an addition of the sensitizers with higher triplet energies such as xanthone
(74.1 kcal/mol) and benzophenone (68.6 kcal/mol) and moderately accelerated by 2-
acetonaphthone (59.4 kcal/mol), but rather retarded by the sensitizers with lower
triplet energies such as benzil (53.4 kcal/mol) and fluorenone (53.3 kcal/mol).

The decomposition was effectively quenched by 1,3-pentadiene. Therefore, it is
clear that the triplet aromatic ketones with high excitation energies are
effective to sensitize the decomposition of the acyloxime occuring from the triplet
state and the efficiency of the energy transfer tends to decrease with the decrease

of the triplet energies of the sensitizers employed.
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Table 1. Effect of Sensitizers on Decomposition of O-Acloximes in Benzene

O-Acyloximes

Sensitizers Ia Ib I1 I1Ta I1Ib
(ET4’5) in kcal/mol)

Xanthone (74.1) ++ ++

Benzophenone (68.6) ++ ++ ++ ++ ++
2-Acetonaphthone (59.4) + ++

Benzil (53.4) - - +

Fluorenone (53.3) - + + +

Symbols, ++, +, and —, denote noticeable, moderate, and slightly
negative accelerations on the decomposition, respectively.

Benzophenone O-acetyloxime (Ib) was also readily decomposed by sensitization
with xanthone and benzophenone, whereas benzil did not sensitize the decomposition.
Decomposition of 2-acetonaphthone O-(4-methylbenzoyl)oxime (II) was easily
effected by benzophenone and 2-acetonaphthone, but slightly effected by fluorenone
and benzil. For fluorenone O-acetyloxime (IIIa) and O-(4-methylbenzoyl)oxime
(II1Ib), benzophenone noticeably accelerated the decomposition, whereas fluorenone
slightly accelerated the decomposition. The above results show that the photo-
lysis of the acyloximes is sensitized by their corresponding parent ketones or
ketones with triplet energies higher than those of the parent ketones. Thus, it is
suggested that the triplet energies of the acyloximes are close to those of the
parent ketones.

In the second place, to ascertain quantitatively the above estimation on the
energy transfer process an ability of the acyloximes to quench the phosphorescence
emitted from benzophenone, 2-benzoylnaphthalene, and benzil in deaerated carbon

6)

tetrachloride at room temperature was examined. The Stern-Volmer plots of the

reciprocals of relative phosphorescence intensities, IS/I , against concentrations,

P
[Q], of the acyloximes gave a linear relationship with a slope of quT: I;/Ip =
1+ quT[Q], where kq denotes the rate constant for the quenching process and Tr
means the lifetime of the triplet state of the ketones in the absence of the acyl-
oximes at room temperature, and the results are summarized in Table 2. To determine
the triplet lifetimes of these ketones, trans-stilbene was employed as a standard

substrate to quench the phosphorescence of these ketones in carbon tetrachloride,

since the rate constants are known for the quenching of the triplet states of these
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7,8)

ketones by trans-stilbene at room temperature. ’ The measured quT values for

stilbene in carbon tetrachloride were divided by reported kq values to determine

9)

values for the present ketones;
5

T T values for benzophenone, 2-benzoylnaphtha-

5

T

lene, and benzil are 0.82x10 7, 3.8 % 10—5, and 3.9x10 ° sec, respectively. The
observed quT values for the acyloximes are divided by the above Tr values and the

resulting kq values are listed in Table 2.

Table 2. Quenching of Phosphorescence from Ketones by Acyloximes
in Carbon Tetrachloride at Room Temperature

Phosphors (ET,4) kcal/mol)

Benzophenone 2-Benzoylnaphthalene Benzil
(68.6) (59.6) (53.4)
Quenchers  k, Ty x 10~ kq * 107° quTxlo'4 kg * 1077 quTxlo'4 Iy * 107°
o1 M lsec™h ) M Llsec™hy ™ M Lsec™)
Ia 2.6 3.2
Ib 2.2 2.7
Ic 2.2 2.7 2.2 0.59 0.007> 0.002>
11 4.9 6.0 25 6.7 0.6 0.15
IIla 5.8 7.1
ITIc 7.3 9.0 40 10.7 5.0 1.3
IV 3.3 4.1
Stilbene 5.3 6.57) 33 g.87) 7.0 1.88)

Table 2 indicates that for the respective triplet ketones kq values tend to
increase as the oxime moiety of the acyloximes changes from benzophenoxime (I) to
2-acetonaphthoxime (II) and fluorenoxime (III) and that for the respective acyl-
oximes kq values are least for benzil among three triplet ketones examined. It is
generally accepted that triplet energy transfer to a quencher proceeds with a
diffusion-controlled‘rate constant (11 ><109 M_lsec~1 in carbon tetrachloride at
25°C),10) when a sensitizer has a triplet excitation energy more than 3 kcal/mol
higher than that of the quencher. The rate constants begin to decrease when the
triplet energy of a sensitizer is lowered nearly to that of the quencher and fur-
ther tend to decrease with the decrease in the triplet energies of sensitizers.ll)
Fluorenone O-benzoyloxime (IIIc) quenches triplet benzophenone and 2-benzoyl-

naphthalene with near diffusion-controlled rate constants, but a quenching rate

constant of triplet benzil is about one seventh of the diffusion-controlled one.
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This result suggests that the triplet energy of IIIc is close to that of benzil and
3 kcal/mol or more lower than that of 2-benzoylnaphthalene. A fact that II quenches
triplet 2-benzoylnaphthalene with a near diffusion-controlled rate constant and
triplet benzil with a far lower rate constant leads one to estimate that II is
slightly lower in triplet energy than 2-benzoylnaphthalene. Similarly, the triplet
energy of Ic is estimated to be close to that of benzophenone on the ground that Ic
quenches triplet benzophenone with a rate constant slightly lower than the diffu-
sion-controlled one, and 2-benzoylnaphthalene and benzil with much lower rate
constants in this order.lz)
In the quenching of triplet benzophenone by various acyloximes, magnitudes of
the rate constants are mainly governed by the structure of oxime moiety of the acyl-
oximes and are not dependent upon the acyl moieties among the acyloximes with the
same oxime moiety. Furthermore, benzophenone O-methyloxime (IV) quenches triplet
benzophenone with nearly the same rate constant as those for benzophenone O-

13) This fact suggests that the oxime moiety of the

acyloximes, Ia, Ib, and Ic.
acyloximes functions to accept triplet excitation energies from sensitizers.

In the third place an attempt was undertaken to observe phosphorescence of the
acyloximes in EPA at 77K. Phosphorescence of Ia, Ic, and Id was successfully
observed, but phosphorescence of the other acyloximes was too weak to be recorded.
It is noticeable that phosphorescence of I was observed in view that phosphorescence

of azomethine compounds has never been observed except our previous findings on

cyclic imines such as 1,3,3-triphenylisoindolenine (V) and 1l-phenyl-3,4-dihydro-

14) 15)

isoquinoline (VI) and an acyclic imine, N-(4-dimethylaminobenzylidene)aniline.
Measurement of phosphorescence spectra and their lifetimes of I showed the triplet
energy to be 73, 69, and 71 kcal/mol and the triplet lifetime to be 0.1, 0.1 and

0.1 sec for Ia, Ic, and Id, respectively. The relatively long lifetimes of the
triplet state are indicative of their high w,7* character.

These results for triplet energies of I carrying diphenylmethaniminoxyl moiety
are in contrast with our previous findings for the triplet energies of V and VI with
the similar, though cyclic, diphenylmethaniminyl moiety, whose triplet state lies 61
or 54 kcal/mol above their ground state and is also abundant in w,w* character.14)
The comparison may suggest that the substitution of an oxygen atom on the nitrogen

atom of the diphenylmethaniminyl moiety elevates their triplet energy in about 10

kcal/mol.
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