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the formation of an acid chloride or carboxylic acid. And the
observation that 10 is not formed from 2 would also argue against
9 being responsible for inhibition of serine proteases by 1.

Evidence presented here indicates that 1 and 2 are mecha-
nism-based irreversible inhibitors of serine proteases. These are
the first demonstrated examples of enzyme-activated inhibitors
of HL elastase and cathepsin G. These enzymes have been noted
to be major contributors to elastin destruction observed in em-
physema.!! These inhibitors and similar structures may have
considerable pharmacologic potential as inhibitors in vivo. Studies
leading to a clearer understanding of these inhibition processes
are now in progress.
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Numerous studies have focussed attention on chemilumines-
cence from excited states produced by thermal decomposition of
dioxetanes.”> There is general agreement®® that a bialkoxyl
1,4-biradical intermediate (I’) is consistent with the production

(ID"‘(ID 6\ /6 6\ O—CHR,R,
RL—CR, R,C—CR, RR,C—H ~— (RR,CHON=S),
I I i I
a, R, = CH,, R, = Ph; b, R, R, = (CH,),CH; ¢, R, R, = (CH,),: d,
R,=H,, R,=Ph

of these excited states, and spin inversion in the intermediate to
a triplet biradical is a convenient way to rationalize the high triplet
yields commonly realized from these compounds. We wish to
present preliminary results of a study of the quantum yields arising
from alkoxyl radical pairs, in which the assumed transition state
(IT") exhibits a formal similarity to I’. In the latter, one ¢ bond
is subsequently lost and two = bonds are formed, while in the
former, one o bond is lost with a gain of one = and one ¢ bond.
The exothermic self-reaction of alkoxyl pairs provide one way to
assess the relative importance of cyclic structures and ring strain
for efficient generation of excited states from oxygenated pre-
cursors.>10
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Figure 1. Quantum yields from alkyl hyponitrites in tert-butylbenzene
as a function of enthalpy for disproportionation to ground-state products.
The ordinate values were obtajned as described in the text at 43.7 °C.

The chemiluminescence intensity from 5.0 X 107 to 5.0 x 10~
M solutions of hyponitrites (HN; ITa—d) or dioxetane (D; I (R
= CH,)) was measured as a function of 7.0 X 107-3.0 x 10?
M 9,10-dibromoanthracene (DBA, triplet acceptor) or 9,10-di-
phenylanthracene (DPA, singlet acceptor).>!! The data for every
case showed linear relationships (r > 0.98) when 1/(d(hv)/dr)
was plotted against 1/[acceptor], but the ratios of intercept to
slope'? (=k¢/ (kg + ko[>0,])) for the hyponitrite solutions were
about 1000-5000 for both aromatic sensitizers. This suggested
that the enhanced chemiluminescence from the DPA-sensitized
solutions arose from an inefficient triplet-singlet energy—transfer
process and that the same, relatively long-lived triplet precursor
was responsible for exciting both aromatic fluorescers. In sub-
sequent experiments, addition of piperylene® was shown to strongly
quench the emission from solutions of DPA and IIa, but not from
DPA and dioxetane. Extrapolation to infinite diene concentration
gave limiting values of singlet emission that were comparable to
the background signal. The singlet yield was 3.7 X 107 at the
upper limit from 1-phenylethyl hyponitrite at 48.6 °C, corre-
sponding to *T/'S > 1500.

The intercepts of the Stern—-Volmer plots gave values of 7,7},
from which triplet quantum yields were calculated from the re-
lation in eq 1, in which k’s are the first-order rate constants for

®un = (kp[D]®p/kun[HN])(1.HN/1.P) (1)

decomposition, and the bracketed terms refer to initial concen-
trations. The values of k were obtained from the decay of
chemiluminescence from the same solutions over long time periods,
which follows the relation I, = Iye™* or by extrapolation of &’s
obtainedl 4at elevated temperatures.!3® The value of $p, was taken
as 0.31.
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Scheme I

A k
RON=NOR = [RO-T + N, + RO-}] = ROH + R'R"CO (°S)
4| fast

k
(RO-1 + N, + RO-1] = ROH + R'R"CO ¢°T)

The triplet yields in tert-butylbenzene are presented in Figure
1 as a function of the gas-phase exothermicities of the alkoxyl
disproportionations to give ground state products.'>!® The use
of a log scale for the ordinate is a matter of convenience, and the
points are not corrected for the cage effect (ca. 30-70%)'3!7 or
solvation energies. A linear relation may be assumed tentatively,
since the error in AH, is at least £1 kcal/mol. The plot is con-
sistent with our qualitative observation that methyl hyponitrite
(-AH.° = 79 kcal) gives much less light than the other esters.
Linear extrapolation of the four points leads to a prediction of
a quantum efficiency of about 0.5 above ~AH, = 92 kcal, an
exothermicity accessible with suitable derivatives now under
synthesis.

The ordering of triplet yields in Figure 1 is interesting for two
reasons. First, the quantum yields do not appear to be a function
of triplet energies of the excited-state carbonyl species formed or
of the exothermicities of triplet production. Thus Ila, giving
acetophenone (Ey = 74.0 kcal/mol,'® ~AH, ;e = 15.5 keal/mol),
is at the opposite end of the scale from IId, which gives benz-
aldehyde (E1 = 71.0 kcal/mol,'® ~AH, iy = 14.9 kcal/mol).
Second, an exothermicity relationship of the sort shown in Figure
1 would be consistent with larger activation energies for rate
constants k, than k; (Scheme I) as the source of the differences
in quantum yields. The activation energies, obtained by tem-
perature-jump methods for DBA-enhanced chemiluminescence
from IId, Ilc, and Ila were 20.4 £ 1.1, 23.3 £ 0,and 21.5 £ 0.6
kcal/mol, respectively. The respective activation energies for
disappearance of hyponitrite ester were 26.0 £ 0.4, 27.1 £ 0.0,
and 25.2 % 0.0 kcal/mol in the same solvent system. The dif-
ferences of -5.6 £ 1.2, -3.8, and -3.7 kcal/mol increase in the
opposite direction than expected and are largely due to an acti-
vation energy of about -4 kcal/mol for DBA fluorescence.’

It is possible that the anticipated differences (=3 kcal/mol)
are overwhelmed by an increase of solvent fluidity with temper-
ature, which would decrease the fraction of alkoxyl pairs that
undergo cage reaction.!” Such an explanation, however, would
require us to assume that cage escape for benzyloxyl pairs increases
to a greater extent with fluidity than for the other radical pairs.

A more promising explanation may be in quantum-mechanical
tunneling® of the H atom in II’, particularly if the thickness of
the tunneling barrier for k, resembled k, and the resemblance were
more so with increasing exothermicity of the latter process.

The following experiments indicate that the CL from hypo-
nitrites arises from the mechanism of Scheme I and not from a
related or adventitious process: (a) tert-butyl hyponitrite, which
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lacks a-protons, does not give significant CL under our conditions,
(b) the extrapolated yield of triplets from 1073 M benzyl hypo-
nitrite in tert-butylbenzene with DBA was unchanged in the
presence of 0.02 M 2,6-di-rert-butyl-4-methylphenol, a free radical
scavenger, and (c) the decay of CL from solutions of hyponitrite
and fluorescers at elevated temperatures gave the same first-order
rate constants as those determined by following the loss of the
hyponitrite by HPLC.'*

These results may have implications for the mechanism of
hydrocarbon oxyluminescence, which heretofore has been ascribed
almost exclusively to excited states from peroxyl radical termi-
nation.!!:?!
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The anion radical of [16]annulene was first generated by
Schrider and co-workers! via the reduction of the neutral molecule
with alkali metal. Later Vincow and Concepcion? found that this
anion radical could be generated without the laborious synthesis
of neutral [16]annulene by simply reducing the (2 + 2) dimer
of [8]annulene in tetrahydrofuran (THF) or in hexamethyl-
phosphoramide (HMPA) (reaction 1).}

Or0=Cep

We now wish to report the generation of the [16]annulene anion
radical directly from that of [8]annulene (COT). This reaction
represents the first example of a (2 + 2) anion radical-neutral
molecule combination.

The high reactivity of electron-rich alkenes with electron-de-
ficient alkenes in the (2 + 2) cycloaddition reaction has been of
synthetic importance for a number of years (for example, tetra-
fluoroethylene preferentially adds to cyclopentadiene in the 2 +
2 mode rather than the 4 + 2 mode).* The present work indicates
that the very electron-rich COT anion radical reacts readily with
the electron-deficient [8]annulene to yield the anion radical of
[16]annulene (reaction 2).
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