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Communications to the Editor

3,3,4,4-Tetramethyl-1,2-diazetine 1,2-Dioxide, a
Useful Low-Energy Triplet Quencher
Sir:

For the past decade conjugated dienes have played an
important role in the study of photochemical reactions.
The short-wavelength absorption (Amex 224 nm) and
relatively low triplet energy (Er = 59 kcal/mol)! of
trans-piperylene have made this compound especially
useful as a triplet quencher. While its tendency to
undergo photosensitized isomerization provides the
added possibility of using it for triplet counting,? in
most quenching experiments isomerization and dimer-
ization of diene quenchers introduce unwanted var-
iables. Interpretation of diene quenching data is also
complicated by efficient quenching of the excited singlet
states of aromatic compounds.® In this report we de-
scribe an alternative triplet quencher which lacks many
of the disadvantages of the dienes.

We recently reported that 2,3-bis(hydroxylamino)-2,-
3-dimethylbutane was readily oxidized to the 1,2-di-
azetine 1,2-dioxide 1.3 While this product was found
to undergo efficient photodecomposition (¢ = 0.43) to
2,3-dimethyl-2-butene and nitric oxide when irradiated
with 2537-A light, it was found to be remarkably inert
to photosensitization. Despite its failure to undergo a
photosensitized reaction, it has now been found that
triplet energy is in fact transferred to 1 even from very
low energy triplet donors. Thus, 1 was found to in-
hibit photopinacolization of benzophenone (Ey =
68.5 kcal/mol)® in isopropyl alcohol, the photocycliza-
tion” of 2,2’-dimethylbenzil (2) (benzil £r = 54 kcal/
mol),® and the photooxidation of anthracene (Er =
42.4 kcal/mol)® and of 9,10-dimethoxyanthracene in
bromobenzene.®
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ASEx 260 nm (e 9200) (e 112 at 310 nm); Chs
255 nm (e 10,000) (¢ 35 at 310 nm)] coupled with the
likelihood that this compound has an unusually low
triplet energy suggested the possibility of using the
compound as a general triplet quencher. This possi-
bility appeared even more attractive following un-
successful attempts to quench the fluorescence of naph-
thalene and anthracene derivatives with 1. Concen-
trations of 1 as high as 0.1 M were without effect even
on strongly electron-donating fluorescers such as 9,10-
dimethoxyanthracene. Thus, unlike piperylene, 1 ap-
pears to be unable to quench singlets having energies
below its own singlet energy. Quenching by 1 appears
therefore to be diagnostic of triplet energy transfer.
The triplet energy and lifetime of 1 could be estimated
by the 2,3-diphenylindenone oxide (3) color test.’? In
this test a steady-state concentration of the colored
pyrylium oxide (4) is established. The colored species
4 is continuously formed by direct absorption of light
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by 3 and is concomitantly destroyed by singlet oxygen
formed by energy transfer from sensitizer triplets. Ad-
dition of substances which quench the sensitizer or de-
stroy singlet oxygen causes inhibition of oxidation and
leads to increased color. In the present case, 1 (10?2
M in benzene) produced increased color with triplet
sensitizers having energies of at least 42.4 kcal/mol
(anthracene).’* Since 1 failed to inhibit the oxidation
of 2-methyl-2-pentene by chemically generated singlet
oxygen (hypochlorite and hydrogen peroxide),** the
color increases are not due to singlet oxygen trapping.
These observations suggest an effective®® triplet en-
ergy for 1 of 35.6-42.4 kcal/mol, although unfortunately
singlet-triplet absorption spectra of 1 by oxygen per-
turbation in chloroform® which might have verified this
energy gave no new maxima.!'* Since triplet 1 does not
sensitize oxygen in the color test as efficiently as does
triplet anthracene, its intrinsic lifetime must be less than
that of anthracene triplet. The latter is limited by
oxygen quenching and has been estimated as ~2 X
107 sec.1® This short lifetime of triplet 1 suggests that
1 may undergo significant geometrical distortion in its
triplet state, a process which might also account for the
absence of observable singlet-triplet absorption. A
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(11) Although perylene (Er = 35.6 kcal/mol)!? was not quenched by
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6
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(13) C. S. Foote and R. W. Denny, J. 4mer. Chem. Soc., 90, 6233
(15216481; Weak previously unreported oxygen-induced bands at 476,
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and illustrate the necessity for caution in the interpretation of such
spectra,
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Figure 1. Effect of quencher 1 on the quantum yield of isomeriza-
tion of trans-stilbene sensitized by benzathrone (®) and by anthra-
cene (A).

plausible geometry might be the twisted form 5 which
would owe its stability to the same factors that stabilize
nitroxide radicals.

Quenching of benzanthrone (£r = 47 kcal/mol)*?
and anthracene triplets by 1 was studied quantitatively
by observing the effect of 1 on the quantum yields of the
sensitized isomerization of trans-stilbene. The experi-
mental conditions employed were identical with those
in flash photolysis experiments in which the sensitizer
triplet lifetimes (7,) in the presence of zrans-stilbene had
been determined.!® Under these conditions quenching
should follow eq 1 where subscripts s and t refer to sen-

$o/pa = (1 + kosm[QD( + ka7 Q)) ey

sitizer and trans-stilbene, respectively. Since at
quencher concentrations [Q] of €10~* M experimental
plots of ¢o/¢pq were linear (Figure 1), one of the terms in
eq 1 must be ~1 and can be neglected. This must be
the zrans-stilbene quenching term (1 + kq.7{QJ) be-
cause the stilbene triplet lifetime is <2 X 107 sec'® and
the quenching rate constant kq cannot exceed diffusion
control (<7 X 10° M~! sec™!).® From the slopes
(5.1 X 10¢ M~ for benzanthrone and 2 X 10¢ A~ for
anthracene) and the respective sensitizer triplet life-
times (r, = 3.6 X 10-% and 1.7 X 10~* sec),' rates of
energy transfer from sensitizer to 1 (kqs) of 1.4 X 10°
M-1 sec—! (benzanthrone) and 1.2 X 108 M~ sec™?
(anthracene) are calculated. These rates are consistent
with the conclusion that Er for 1 lies near that of an-
thracene.

Based on the above described efficiency of 1 as a
triplet quencher, its short wavelength absorption, and
the absence of both singlet quenching and triplet reac-
tivity, we recommend that 1 be considered as a practical
alternative to diene triplet quenchers where wave-
lengths above 300 nm can be employed.
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Strained Ring Systems. XIII.! Solvolysis of
endo-Bicyclo[2.2.0hex-2-yl 3,5-Dinitrobenzoate.
A Possible Route to the Homoallylic
A3-Cyclohexenyl Cation

Sir:

Of the isomeric bicyclic Cs ([2.1.0]-5-carbinyl,?®
[3.1.0}-2-y1,2==¢ [2.1.1]-5-yl,%* and [2.2.0]-2-yl*) and
the bicyclo[m.2.0Jalkyl  ([2.1.0}-2-yl, [2.2.0]-2-¥l,
[3.2.0]-6-y1, and [4.2.0]-7-y1)? derivatives, only the litera-
ture for the endo-bicyclo[2.2.0Jhex-2-yl system is pres-
ently lacking. We wish to report the results of kinetic
and product studies obtained in the solvolysis of endo-
bicyclo[2.2.0Jhex-2-yl 3,5-dinitrobenzoate (1-ODNB) in
60 %7 (v/v) aqueous acetone.

The synthesis of 1-ODNB utilized the previously re-
ported inseparable mixture of 1-OH and its exo isomer,
2-OH,* which was converted in the usual manner® to
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the mixture of 1-ODNB and 2-ODNB used in this in-
vestigation. The kinetic data, determined by the con-
ductance method,? and thermodynamic parameters for
solvolysis of 1-ODNB in 60%; aqueous acetone are
listed in Table I.  Applying the factor of 6 X 103 as the
difference in rate constants for a tosylate in acetic acid
at 50° and a 3,5-dinitrobenzoate in 6057 aqueous ace-
tone at 100°2 to the acetolysis rate constant of 2-
OTs,* we arrive at kenso/kexo = 8 X 107 for the bi-
cyclo[2.2.0]hex-2-yl system;® this and the rate ratios for
the other isomeric bicyclic C; derivatives are given in
Table 11

The hydrolysis products from 1-ODBN generated in
the presence of sym-collidine to eliminate acid-cat-
alyzed rearrangements were most interesting. Not
only was the ion-pair return product, endo-bicyclo-
[3.1.0}Jhex-2-yl ODNB (3-ODNB), obtained in sub-
stantial quantity but an excess of its alcohol 3-OH was
present when compared to the product results from the
solvolysis of 3-ODNB and its exo isomer, 4-ODNB
(Table III).7*
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