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Chemiluminescent Mechanism of Alkylacridines
and Acridinium Salts

Kuniaki YAMABE

In the base-catalyzed air oxidation of 9-substituted acridines and acridinuim salts in

aprotic solvents, reaction mechanism involving a cleavage of 1.2-dioxetanes as key

intermediates to give the excited singlet or triplet species is plausible for the luminescent

reaction. The kinetics for the luminescence were investigated to determine the quantum

yields of the direct and indirect chemiluminescence (CL), as well as the spin state selectiv-

ity with added 9,10-dibromoanthracene, 9,10-diphenylanthracene. The chemiexcitation

for the generation of the excited singlet and triplet species was analyzed in a view point

of the structure and substituent effects of the compounds.
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Fig. 1 Chemiexciation of luciferin
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Fig. 2 10-Methylacridine dioxetanes reported by
C.Lee and L.A.Singer®
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Fig. 3 9-Alkylacridines
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8 F-3010 6 HEES % v THIE L 72,
(EFEFRNETFINEFIN S/ —VOEERERTFIEK
1.28 X102 g L TRd 7z,

2. 2 BRE*E

ZZTH- 72 FNFANEBAMETH D, XWIC
B> THERRE nt%\iﬂbi?@%7 a7 (YVh
FN) CBWTY Y I VAR M RRL, EHETER
L7, FRIMRIRARZ Mv (HAERS S IR-700,
JASCO A-102), '"HNMR (HAE 78 MH-100), *
C NMR HAEB#E FX-90), TR, Blibk &
Bkl & Ll LIRE Lz,

3. BREEE

HHK i 3 @ DMFE® (2 arf) i t-BuOK/t-
BuOH (2 X107% mol/dm? 0.3 cm®) %Nz CTHEE
FEOBAI T, 3a DFERAT MVIEK 4 IRT &
12, RIMBOHNARZ PET YR T =%
DENART MIVIEECARZ P Vo FERLT2,3b-
dLEETHY, 72U R 7 =4 > OREERYSS
FEUTHWBZERTRBLTWS, 77, EEI-T 27

Table 1. Apparent Pseudo-First Order rate con-
stants(Kobsd/min~!) for the CL reac-
tions of 3a-d at several temperatures

x:;;?fer(r)\in " CL decay FL curve CL decay FL curve

Acridine 3a 3b
293K 0.21 0.23 0.78 0.77

289K 0.24 0.34 0.91 0.91
303K 0.48 0.51 1.59 1.53
307K 0.75 0.78 1.95 1.85
312K 1.00 1.01 3.30 3.26

Acridine 3c 3d
312K 4.10 4.05 0.07 0.07
316K 0.10 0.10
321K 0.14 0.16
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Fig. 4 The CL spectrum of 3a in DMF(a), and FL
spectrum of the spent reaction mixtures (b)
and acridone anion under the identical
conditions(c)

FL (7b)

N

Reaction time/min.

Fig. 5 FL-increasing curves(FL) and CL-decay
curves(ICL) in systems of 3a and 3b at
307K
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Table 2. Chemiluminescence Quantum Yield
(¢ ) Yield of acridone anion from
acridines(¢ ), and chemiexcitation
yield for the generation of excited
singlet acridone anion from dioxetane
intermediates( ¢ *) at several tempera-

tures
b ?, ¢*
3a
293K 6.3x10°3 0.40 7.5X107?
298K 6.8x10"° 0.43 7.5X107?
303K 6.9Xx107 0.43 7.6X1072
307K 6.3x10"° 0.40 7.5X1072
312K 6.3X10°3 0.43 7.1X1072
¢ CL ¢ r ¢ *
3b
293K 1.6X10°¢ 0.63 1.2x10°¢
298K 1.5X10-¢ 0.63 1.1Xx10°®
303K 1.5%10-¢ 0.66 1.1x10°°
307K 1.5X10°¢ 0.62 1.1X10°¢
312K 1.4X10°° 0.63 1.1X10°% -
[ b P
3¢
312K 1.1x10°5 0.60 7.8%X10°°
316K
321K
Do @, p*
3d

312K 1.1X10* 0.21 2.5%X1073
316K 1.3x10* 0.24 2.6X1073
321K 1.5X107* 0.34 2.2X10°3
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Fig. 6 Reaction scheme of 9-alkylacridines and 9-
benzyl-10-methylacridinium iodide
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ka RIEIRT TOSTIRELDOHE EH
HIEZRIC X > TR I B3HENOHBRTH S,
L72085 T
O=0%_af(k-a+ke)=0 k_a-p/ ke
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W, FBER (A), BZBWT, ki, O°HBREIL L S %
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(8b) =1.9%10%, k¢(3¢)=1.9%10" dm’mol 's™'&
5B,
LOBFEDS
@ (3b)/(1-p (3b)) =@ (3c)/(1-p(3¢)) =0 (4)/
(1-p(4)) =1.5X%10"%/(1-p(3b)) =1.1%10"%/ (1-p
(3¢))=2.5X10"%/(1-p(4)) = @°
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3b, 3c DIBE, 1-p=1-ke/ka 2> ka=kqe, £z, ke=
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TeOIEFEEEBRB I S 2w LT, 3b, 3¢ DFEX
13 1-ko/ ba SRBRIBIZ/INE W Iz DB RB T Z
b riEEI NI,
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