Communications to the Editor

conic Acid Violet”: UV (H,0) 534 (e 89 200), 447 (sh, ¢
13 000), 314 (¢ 5900), 281 (sh, € 8200), 254 (¢ 17 800), 238 (sh,
13 100), 228 (sh, € 10 800) nm. Aquecus solutions of either the
salt or the acid 4 absorb at the sarie region in the visible
spectrum. Cyclic voltammetry (water) of 4 gave an irreversible
oxidation potential at +0.3 V and an irreversible reduction
potential at —1.1 V. The IR spectrum (KBr) showed strong
bands at 1774 and 1720 (C=0), 1662, 1608 (C=0 + C=C),
and 1570 and 1512 cm™! (CC(CN),), indicating possible ex-
istence of a hybrid structure. The acid 4 is 0. e of the strongest
oxocyanocarbon acids (pK; = 0.32 £+ 0.02, pK, = 1.02 £ 0.02)
thus far discovered; it is twice as strong as acid as croconic acid
(3, R=H;R! =R2=0!3( (pK; =0.80 £ 0.01, pK, = 2.24
+ 0.0116), The high acidity constant of the oxocyanocarbon
acid 4 is considered to be due to the considerable delocalization
of 7 electrons in the substantially planar ring of its dianion 2,
as is also observed for the oxocarbon acids and their anions.?
The acid 4 was readily reconverted into the dipotassium salt
of 2 by careful neutralization (CH30K-CH3;O0H or aqueous
K»COs3at 60-70 °C for 5-15 min), and this procedure is the
best way found for preparing the other alkali salts of type 2 Cs,
Li, Na, Rb); the lithium salt, extremely soluble in water, was
recrystallized from methanol-ether. The acid 4 is a potential
electron acceptor.

The direct interaction of croconic acid (3,R = H,R! = R2
= Q) with malononitrile in warm water gives another oxocy-
anocarbon acid.!”

Treatment of dimethyl, diethyl, or dipropyl croconates (3,
R=CH; R!'=R2=0;8R =C,Hs, Rl =R2=0Q;!#R =
C3H;, R! = R2 = 0) (mp 54-56 °C, m/e 226 (M*) (75%
yield), or diisopropyl croconate R = {-C3Hs, Rl = R2 = Q)
(mp 215-225 °C dec, m/e 226 (M*) (80% yield)!®) in N,N-
dimethylformamide with malononitrile produces golden plates
of 5§ (R = CHj3) (2-(dicyanomethylene)-4,5-dimethoxy-4-
cyclopentene-1,3-dione: mp 183-184 °C; m/e 213 (M*); UV
(CH5OH) 482 (sh), 410, 320, 258 nm; 86% yield) or the cor-
responding 4,5-dialkyl derivatives of 5: R = Co;Hs, mp 124-125
°C, m/e 246 (M™*) (85% yield); R = C3H7, mp 114-115 °C,
mje 274 (M) (82% yield); R = /-C3H;, mp 145-146 °C, m/e
274 (M) (86% yield).20 2-Dicyanomethylene)alkyl croconates
5 are efficient electron acceptors (e.g., in regard to the for-
mation of salts with tetrathiafulvalene, TTF); chemically, they
react readily with aniline in warm alcohol to give deep red dyes
of structure similar to that described for the product of reaction
of 2-(dicyanomethylene)-1,3-indandione with the reagent.2!

Careful alkaline hydrolysis (CH3;0K-CH;0H, 60 °C, 1
min) of § (R = CH3, R = C;Hg, or R = C3H5) caused a sub-
stantial change in color, to give a new, violet dianion (6) (UV
(CH;0H), 540 (e 82 500), 444 (sh, ¢ 11 500)), to which a
bond-delocalized structure is assigned.

The dianions 2 and 6 and the dianions reported®-'! may be
regarded as members of a new class of nonbenzenoid, aromatic,
pseudooxocarbons with the general formula C, Q- X/~
where X = N, S, Se, P, =C-.
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On the Mechanism of the Rubrene-Enhanced
Chemiluminescence of a-Peroxylactones!
Sir:

A few years ago we reported? that the mechanism of the
rubrene-enhanced chemiluminescence of a-peroxylactones
involved energy transfer by the triplet donor (chemienergized
carbonyl product from the a-peroxylactone) producing a triplet
acceptor (rubrene), followed by triplet-triplet annihilation to
afford singlet excited rubrene which emits efficiently. This
mechanism was defended on the facts that rubrene gave rise
to a ~100-fold greater light intensity than DPA (9,10-di-
phenylanthracene), but the decay rate constants of the en-
hanced chemiluminescence intensities were within the exper-
imental error, the same as those for the direct chemilumines-
cence. That is, up to enhancer concentrations of ~5 X 1074 M
no induced decomposition of the a-peroxylactone by the en-
hancer could be detected.

This mechanistic interpretation was recently criticized on
energetic grounds.> We also were alarmed by the fact that the
triplet excited-state yield from the dimethyl a-peroxylactone
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Figure 1. Dependence of & gusg 0n [Ru] for zert-butyl (1a) (@) and dimethyl

(1b) W) a-peroxylactones in CH,Cly at 27 °C: [1a] = 2.1 X 10~4 M and
[1b] = 2.0 X 10™4 M.

(1b), determined by DBA (9,10-dibromoanthracene) count-
ing,% was considerably lower than that estimated by our trip-
let-triplet annihilation mechanism.2 We dispensed with this
discrepancy by suggesting that at high fluorescer concentration
induced decomposition was operating.® Similarly, when we
attempted to assess by the DBA method the triplet yield for
tert-butyl carboxaldehyde, chemienergized by terr-butyl a-
peroxylactone (1a), we found® that it was again much lower
than that estimated in the rubrene-enhanced chemilumines-
cence.2 We confirmed the very low triplet yield of aldehyde
from the rert-butyl a-peroxylactone by chemical titration with
trans-1,2-dicyanoethylene.” Under conditions at which cis-
trans isomerization should have occurred even if only ~1%
triplet aldehyde had been formed, no c¢is-1,2-dicyanoethylene
could be detected by GC analysis. Control experiments confirm
that photoenergized tert-butyl carboxaldehyde did sensitize
cis-trans isomerization of 1,2-dicyanoethylene.®

Clearly, our original mechanism is in conflict. Not enough
triplets are being formed to account for the large rubrene-
enhanced chemiluminescence intensity.

In view of the fact that the principal mechanism of the en-
hanced chemiluminescence exhibited by diphenoy! peroxide?
and by the reaction of 3,6-diphenyl-3,5-cyclohexadiene-1,2-
trans-dicarboxylic acid and diisopropylethylamine in the
presence of hydrogen peroxide? involves “chemically initiated
electron exchange luminescence”” (CIEEL mechanism), we
decided to reinvestigate the enhanced chemiluminescence
exhibited by a-peroxylactones at high concentrations of the
fluorescer. Presently we report our results for the ferz-butyl
(1a) and dimethyl (1b) a-peroxylactones using rubrene (Ru),
tetracene, perylene, and 9,10-diphenylanthracene (DPA) as
fluorescers.

In Figure 1 the overall rate constant, kqped, for the ru-
brene-enhanced chemiluminescence decay is exhibited for the
a-peroxylactones 1a and 1b as a function of [Ru}.!0 In the [Ru]
range examined, both a-peroxylactones reveal a direct reaction
with the fluorescer following the relationship shown in

kobsa = k1 + k2[Ru] (1)

where k1 (intercept) represents the unimolecular decomposi-
tion of 1a or 1b and k, (slope) the bimolecular decomposition
by rubrene. The extrapolated k; values are 17.6 X 10~% and
10.2 X 10™*s™!, respectively, for 1a and 1b. These, within the
experimental error (~10%), agree well with the k; values ob-
tained by direct chemiluminescence, i.e., respectively, 16.7 X
104 and 10.2 X 10™*s™! for 1a and 1b.% The k; values are
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Figure 2. Dependence of total intensity (log /,,) on oxidation potential (OP)
of fluorescer (F1) for tert-butyl (1a) (W) and dimethyl (1b) A) a-per-
oxylactones in CH,Cly at 27 °C: [1a] = 2.1 X 107* M, [1b] = 2.0 X 10~4
M, and [FI] = 10 X 1074 M. The fluorescers are from left to right rubrene,
naphthacene, perylene, and 9,10-diphenylanthracene.

0.73 and 5.4 M~1s™1 respectively, for 1a and 1b. Analogous
direct reaction between the a-peroxylactones and tetracene
was observed, but perylene and 9,10-diphenylanthracene were
quite ineffective. As expected from the CIEEL mechanism the
k values are dependant on the fluorescer structure, but the
k1 values are all constant and within the experimental error
equal to those derived from direct chemiluminescence mea-
surements.

The most convincing confirmation of the CIEEL mechanism
is brought out in Figure 2 in which the initial intensities!! of
the enhanced chemiluminescence of the four fluorescers is
plotted semilogarithmically against their oxidation potentials.’
For both a-peroxylactones perfectly straight lines with iden-
tical slopes are observed. Thus, the bimolecular process
(CIEEL) is a sensitive function of the fluorescer structure, i.e.,
the more readily the fluorescer is oxidized the more pronounced
the CIEEL process. As expected, the a-peroxylactone structure
is not critical. We are in the process of exploring this mecha-
nism in more detail.
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Organic Photochemistry with High Energy (6.7 eV)
Photons: Cis = Trans Isomerism in Cyclooctene
Sir:

In contrast to the numerous studies which have been con-
ducted on the photochemical cis = trans isomerism in olefins
at wavelengths longer than 200 nm,! there have been only a
few reports of such investigations in the far-ultraviolet region.
A recent study? of the direct photolysis of cyclooctene at 185
nm in solution drew attention to the high value (~1) of the ratio
of the trans to cis isomer at the photostationary state. It was
also observed that, in the initial stages of the reaction, there
was negligible loss of the olefin by side reactions. No quantum
yields were reported and the results were interpreted in terms
of the = — =* singlet state of the olefin.

We wish to report our results on a quantitative investigation
of this system at the same wavelength which allows a more
detailed examination of the excited state which may be in-
volved in this process.

The strong absorption of cis-cyclooctene has a maximum
at 185 nm and its extinction coefficient at 185 nm (1.0 X 10%
L/(mol c¢cm)) is almost exactly as large as that of trans-cy-
clooctene at this wavelength. The latter has a broad maximum
in its ultraviolet absorption at ~196 nm.> At longer wave-
lengths, both molecules exhibit the weaker = — 3s Rydberg
absorption. Weak absorption extends down to 254 nm (cis,
€54 ~ 16; trans, exs4 < 1).

Irradiations were carrier out in pentane solution (2 X 1072
M) using a 50-W mercury resonance lamp. To measure
quantum yields, the light intensity at 185 nm was calibrated
by using the gas phase conversion of oxygen to ozone (& = 2)
as the actinometer.’ The rate of ozone formation was measured
by standard iodimetry.® Quantum yields for both forward and
reverse reactions in the photoequilibrium

. hvigs
cis-cyclooctene hﬁ trans-cyclooctene (1)

V185
were extrapolated to zero conversion from the data in Figure
1. Att = 0, the quantum yields were equal to each other within
experimental error (+5%) and equal to unity (£20%). Since
there were small amounts of other products?” which amounted
to 5% of the cis-cyclooctene which disappeared, it is probable
that the actual quantum yield for the forward reaction (1) is
0.95. We propose that this reaction can serve as a practical
actinometer for solution phase photochemistry at 185 nm. The
reaction is easy to follow by gas chromatography, the reactant
(cis-cyclooctene) is readily available and inexpensive, and the
solvent can be any saturated hydrocarbon of sufficient purity.
Below concentrations of 4 X 10~2 M, no effect of concentration

was evident.

The mercury resonance lamp that was used emitted radia-
tion at 254 nm as well as at 185 nm. The light intensity at the
former wavelength was ~6 times the value at the latter.®
However, the effect of any parallel reaction due to absorption
of 254-nm light during irradiation at 185 nm can be discounted
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Figure 1. Composite diagram of percent interconversion of cyclooctene
stereoisomers as function of time: 185-nm radiation; solvent pentane;
concentration 10~2to 10~3 M. Left ordinate and circles refer to reaction
starting from 100% cis isomer. Right ordinate and triangles refer to re-
action starting from 100% trans isomer.

since, at the concentrations and pathlengths that were used,
the optical density for the cis-cyclooctene solution at 254 nm
was ~0.05. Published work?%:10 indicates a highly unfavorable
ratio of trans to cis isomer on irradiation (direct, sensitized,
or catalyzed) at long wavelengths.

The significant point of interest in the present work is that
&, + B ~ 2 which indicates that a common excited state
or intermediate is not reached during irradiation of either
isomer at 185 mm. It further suggests that, for each isomer,
from its excited state that is initially reached at this energy,
a favorable path without barriers leads to the other isomer from
which the latter can internally convert to the ground state, all
steps being highly efficient. With this picture in mind, one can
examine the energy diagram of olefins with a view to identify
the source of these isomerizations.

Discussions of the photochemical reactions of olefins are
invariably based on the mapping of the torsion coordinate as
a function of energy for ethylene as given by Merer and Mul-
liken.!! In the region from 200 to 175 nm, not only is there less
than general agreement on anything but the most general
features,? but shifts in the energy levels through alkyl substi-
tution have also to be taken into account.

Both the # — 7* singlet and triplet states have similar en-
ergy profiles with a minimum at 90° of twist with the result
that equilibration between the two isomers in their excited
states seems unavoidable. Therefore, the present results cannot
be accommodated by initial excitation to the # — 7* singlet
as previously proposed.? The R states in the energy diagram
of ethylene do have the profile stipulated before. The problem
lies in locating these states in the spectrum of cis and trans
cyclooctene.

A detailed analysis of the spectrum of cis-cyclooctene has
not been carried out. Both the optical absorption and circular
dichroism spectra of trans-cyclooctene have been analyzed in
detail.> The band with a maximum at 196 nm has been as-
signed to the = — m* singlet state. On the short wavelength side
of it, at ~178 nm, a Rydberg absorption is clearly present as
revealed in the circular dichroism spectrum. From a recent ab
initio theoretical calculation on the circular dichroism spec-
trum of this compound, Liskow and Segal!? have computed
the energy levels of the Rydberg states in this region as = —
3P, 6.62eV,and » — 3P,, 6.39 eV, respectively. The geom-
etry of the former state would be well suited to undergo the
isomerization reaction studied here and its energy level would
be accessible with the photon energy used.

Preliminary results’ show that such an efficient cis — trans
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