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Abstract- when ox id ized w i t h  ground s t a t e  oxygen i n  the presence o f  t-BuOK 

i n  DMSO, 10-mthy lacr id in ium methosulfates ( l a )  gave s t rong l i g h t  emission 

owing t o  the  fluorescence o f  10-methylacridone (2) exc i t ed  t o  the  S1 s ta te .  

I n  the course of the  studies on chemiluminescence (CL) o f  9.10- 
subs t i t u ted  acridanes,') we found a nw, chemiluminescent react ion  o f  

10-mthy lacr id in ium s a l t s  (1) when ox id ized by molecular oxygen under 

basic condi t ions.  The appearant s t ruc tu re  resembles t o  the  powerful 

chemiluminescent compound, l ~ c i g e n i n ~ ' ~ )  (aCL 3.0 x IO-~) ,~)  bu t  the % \ 0 

react ion  mechanism of 1 seems t o  d i f f e r  from the l u d g e n l n ' s .  We 
Me .2NOj 

Lucigenin 
descr ibe here the b r i g h t  b lue chemiluminescent react ions  of 10- 

m t h y l a c r i d i n i u m  methosulfate ( l a )  owing t o  the f luorescence of 10-methylacridone (2) exc i t ed  t o  

the  S1 s ta te ,  when ox id ized w i t h  ground s t a t e  oxygen i n  the presence of t-BuOK i n  dimethyl 

sul foxide (DI4.W) (schem 1). Happ e t  a l .  repor ted a weak CL of 10-methylacridinium ch lo r i de  
( l b )  catalysed by excess KCN. Ins tead of t-BuDK, i n  DMSO/H20 (9 : l ) .  Under the s i m i l a r  condi t ions,  
l a  y i e l ded  reduced amounts of CL ( less  than 113 o f  t h a t  by t-BuOK). 

la: X - O S 0 . p  

lb. X - C1 
Each s o l u t i o n  (2 ml) o f  l a6 )  - b7) ( 1 mnol/ l )  i n  DMSO ( d r i e d  over and d i s t i l l e d  from CaH2 

and saturated by O2 before use) was t rea ted  w i t h  DMSO so lu t i on  (2  ml)  o f  t-BuOK (Merck, 10 mll 
1)  o r  KCN (Wako, 10 mno l l l )  a t  room temperature. The mixture was f lushed by 0 gas f o r  10 mln 

6 before and dur ing  the oxygenation react ion .  Fast l i g h t  emission was observed. ) Af ter  neu t ra l -  

i z a t i o n  o f  the  resu l t ed  mix ture  w i t h  dry  ice,  solvents were evaporated - and the residue 

was ex t rac ted w i t h  ether,  from which the f i n a l  product 2'') was character ized by IR, NMR, and mp 

and i d e n t i f i e d  on GLC'') and TLc") w i t h  the authent ic sample. The r e s u l t s  are shown i n  Table 1. 
CL spectrum of 1 was i d e n t i c a l  w i t h  fluorescence (FL) spectrum o f  2 (420 and 435 nm) 

under the  s i m i l a r  bas ic  cond i t ions  (t-BuOK/DMSO/02 o r  KCNIDMSO-H20/02). These r e s u l t s  

suggest t h a t  the em i t t e r  i n  the  CL react ions  i s  the  ketone (2) generated quan t i t a t i ve l y .  When 

t reated f i r s t  w i t h  the  base i n  the vacuum (freeze-thaw cyc le :  mnHg x 3 t imes), and then 



by oxygen, l a  a lso  gave CL. Acr id ine  (3) i t s e l f  a l so  showed weak CL t o  give 9-acridone under the 

s i m i l a r  condit ions. 

Table 1. Chemiluminescence o f  the  Acr id in ium Compounds 1. 8) 

[I] ( m m l / l )  [~-BUOKI [KCNI Y ie ld  of 2 (%) mCL (einstein/mol x 1031a) 

(nmlol/l) ~ n m o l l l )  

l a  1.01 10 97% 0.69 - 
1.01 - 10 99 0.20 

l b  1.00 10 93 0.56 - 
1.00 - 10 39 0.063 

3 1.00 10 - - 0.015 
1.00 - 10 - - 

a) Standard: luminol i n  aqueous so lu t i on  (ref. 9 ) .  

The behaviors of l a  i n  the present react ions show t h a t  the react ion  path way i s  d i f f e r e n t  
from t h a t  o f  the ~ a p p ' s ~ )  (schem 2) and t h a t  f o r  the 9-subst i tu ted compounds shown below (schem 3). 12) 

Happ e t  a l .  had suggested the react ion  mchanism f o r  l b  w i t h  KCN as shown schem 2. 5) 

Kamiya and ~ug1moto '~)have i nves t i ga ted  the s i m i l a r  chemiluminescent systems, 9 -a l ky l -  and 
9-benzyl-10-mthylacrldinium mthosu l fa tes  (6) i n  the  presence o f  t-BuOK and O2 i n  DMSO S o l ~ t i ~ n  
(QCL 1 0 - ~ % 1 0 - ~ )  and suggested the react ion  roechanism as shown below (scheme 3). The em i t t e r  i s  

6: n - H, re; ~h f 
R~~ 

probably the anhydrobase 8 exc i t ed  by the  ketones 2 p r i m a r i l y  produced as the exc i t ed  state(s).  
A f t e r  mixing w l t h  t-BuOK i n  the  absence o f  02, the so lu t i on  o f  6 d i d  no t  g ive  CL on exposure t o  

O2 gas. The mchanism seems t o  be s i m i l a r  t o  the CL of luc igen ln .  3 
Rosenthal and ~ e r c o v i c i ' ~ )  had found t h a t  2 i n  DMSO gave CL when t reated w l t h  KO2. The CL 

exh ib i t ed  a broad emission band w i t h  three peaks, mxima a t  470, 494, and 532 nm of the r e l a t i v e  
I n t e n s i t i e s  3:5:2, respect ively.  The wave length  o f  CL shows t h a t  the present CL react ions  do 

no t  r e s u l t  from the Rosenthal's mechanism (schem 4). 
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The degradation energy o f  67.3 kcal lmol,  a t  leas t ,  i s  requ i red fo r  e x c i t i n g  2 t o  the l a r e s t  

s i n g l e t  exc i t ed  state.') (1) I f  one O2 molecule ox id ized one molecule of 1 t o  g ive  one molecule 

of 2 and 112 molecule of ~ ~ 0 ~ . ~ ~ ~ ~ )  the  balance o f  the heat of reac t ion  (AH) would be AH = + 5.6 

k ~ a l / m o l ' ~ )  (scheme 5). which i s  no t  s u f f i c i e n t  t o  e x c i t e  2. (11) If one O2 molecule oxidizes two 
molecules o f  1 t o  g ive  two molecules o f  2 and H-OR, AH would be -113.5 k c a l ~ m o l , ~ ~ )  which i s  

s u f f i c i e n t  f o r  e x c i t i n g  2 t o  i t s  S1 s ta te  (schem 6). Thus. we p re fe r  the  l a t t e r  mchanism 

(schem 6) f o r  exp la in ing  the present e f f e c t i v e  chemiluminescent react ion  of l a .  
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