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Abstract — When oxidized with ground state oxygen jin the presence of t-BuOK
in DMSG, 10-methylacridinium methosulfates {la) gave strong light emission
owing to the fluorescence of 10-methylacridone (2) excited to the S, state.

In the course of the studies on chemiluminescence (CL) of 9,10~
substituted acridanes,] we found a new chemiluminescent reaction of
10-methylacridinfum salts (1) when oxidized by molecular oxygen under
basic conditions. The appearant structure resembles to the powerful
chemi luminescent compound, lucigemnz’s) (Q’CL 3.0 x 10'3).4 but the
reaction mechanism of 1 seems to differ from the lucigenin's. We
describe here the bright blue chemiluminescent reactions of 10-
methylacridinium methosulfate (la) owing to the fluorescence of 10-methylacridone {2) excited to
the S1 state, when oxidized with ground state oxygen in the presence of t-BuDK in dimethyl
sulfoxide {DMSO) (scheme 1). Happ et al, reported a weak CL of 10-methylacridinium chloride
(1b} catalysed by excess KCN, instead of t-Bu0X, in DMSO/H20 {9:1).  Under the similar conditions,
1a yielded reduced amounts of CL (less than 1/3 of that by t-BuOK).
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Each solution {2 ml) of las) - b7) { 1 mmol/1) in DMSC (dried over and distilled from CaH,

and saturated by 02 before use) was treated with DMSQ solution {2 ml) of t-BuOK (Merck, 10 mmol/

1) or KCN (Wako, 10 mmo1/1} at room temperature. The mixture was flushed by 0, gas for 10 min

before and during the oxygenation reaction. Fast 1ight emission was observed.g) After neutral-

ization of the resulted mixture with dry ice, solvents were evaporated in vacuo and the residue

was extracted with ether, from which the final product 210) was characterized by IR, NMR, and mp

and identified on GLCH) and TLC”) with the authentic sample. The results are shown in Table 1.
CL spectrum of 1 was identical with fluorescence (FL) spectrum of 2 (420 and 435 nm)

under the similar basic conditions (t-BulZ!i(/lJl*‘tSt)/o2 or KCN/DMSO-HZOIOZ). These results

suggest that the emitter in the CL reactions is the ketone {2) generated quantitatively. When

treated first with the base in the vacuum (freeze-thaw cycle: 107" mmHy x 3 times), and then
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by oxygen, 1a also gave CL. Acridine (3) itself also showed weak CL to give 9-acridone under the
similar conditions.

Table 1. Chemiluminescence of the Acridinium Compounds 1.8)
(] (mo1/1) [t-BuK] [KN]  Yield of 2 (%) oy (efnstefn/mol x 103))
(mmo1/1)  (mmol/1}

Ta 1.0 10 — 97% 0.69
1.01 — 10 99 0.20

1b 1.00 10 — 93 0.56
1.00 — 10 39 0.063

3 1.00 10 - — 0.015
1.00 — 10 — —_

a) Standard: Tuminol in aquecus solution (ref. 9).

The behaviors of la in the present reactions show that the reaction path way is different
from that of the Happ'ss) {scheme 2) and that for the 9-substituted compounds shown below ({scheme 3).12}
Happ et al. had suggested the reaction mechanism for 1b with KCN as shown scheme 2.5)
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Kamiya and Sugimotou)have investigated the similar chemiluminescent systems, 9-alkyl- and
9-benzy1-10-methylacridinium methosulfates (6) in the presence of t-BuOK and O, fn DMS0 solution
(°CL 10° m10'4) and suggested the reaction mechanism as shown below (scheme 3). The emitter is
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probably the anhydrobase B excited by the ketones 2 primarily produced as the excited state(s).
After mixing with t-BuOK in the absence of 02. the solution of 6 dig not give CL on exposure to
02 gas. The mechanism seems to be similar to the CL of Tucigenin.

Rosenthal and Bercovici'®) had found that 2 in DMSO gave CL when treated with K0,. The CL
exhibited a broad emission band with three peaks, maxima at 470, 494, and 532 nm of the relative
intensities 3:5:2, respectively. The wave length of CL shows that the present CL reactions do
not result from the Rosenthal's mechanism (scheme 4).

—2122—




HETEROCYCLES, Vol 16, No 12, 1981

2+ 0° —== (29)" + 0

2 2
—_—a 2" + hy (4)13)
R OH
ROH -1 H20»
RQ A OR OR RQ od® 2 )
o - Me i
13 RO I I =ROM_ Kllc

(5)
(] S N
Me Me or R Me [
KA o | TR -RoH_
1N|+°=> 1 RGOS ()
Me hll
Me
Me
The degradation energy of 67,3 kcal/mol, at least, is required for exciting 2 to the lowest
singlet excited state.l) (1) If one 02 molecule oxidized one molecule of 1 to give one molecule
of 2 and 1/2 molecule of H202.5'14) the balance of the heat of reaction (AH} would be AH = + 5.6
kca]/mc115) {scheme 5), which is not sufficient to excite 2. (i1) If one 02 molecule oxidizes two
molecules of 1 to give two molecules of 2 and H-OR, AH would be -113.5 kca]/mo1.15) which is

sufficient for exciting 2 to its §; state (scheme 6). Thus, we prefer the latter mechanism
{scheme 6) for explaining the present effective chemiluminescent reaction of la.
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