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Abstract- Several monocyclic 3.6-disubst i tuted pyr idazines (1-5) were ox i -  

d ized by molecular oxygen under the  basic cond i t ions  i n  dimethyl su l fox ide t o  

y i e l d  corresponding maleic acids and/or i t s  de r i va t i ves  w i t h  chemiluminescent 

l i g h t  emission. 

Luminol ( I ) ,  the  famous chemiluminescent compound, gives s t rong l i g h t  emission when ox id ized 

e i t h e r  by hydrogen peroxide i n  an aqueous s o l u t i o n  i n  the presence o f  a c a t a l y s t  (such as hemo- 

g lob in) ' )  o r  by molecular oxygen i n  dimethyl su l fox ide (DMSO) under the  bas ic  cond i t i on  (such as 

~ - B U O K ) . ~ )  Many mechanisms have been proposed f o r  the  react ion .  Aminophthalate anion ( V )  
i s  be l ieved t o  be the emi t te r .  

Luminol ( I )  Diazaqulnone m V* 

(11) 

On the course of s tud ies  of luminol  chemiluminescence, we found a chemiluminescent (CL) react ion  

of monocyclic 3.6-substituted pyr idaz ines which have no condensed aromatic moie t ies  l i k e  luminols 

s tud ied f o r m e r l ~ . ~ ' ~ )  We now descr ibe the C i  reac t i on  of the monocyclic pyr idazines induced by 

the oxygenation w i t h  molecular oxygen i n  DMSO i n  the presence o f  t-BuOK. Although the chemilumi- 

nescent reac t i on  of the  3.6-dihydroxy de r i va t i ves  (4a and b)  seems t o  proceed through a s i m i l a r  

mechanism t o  t h a t  o f  luminol ,  d i f f e r e n t  mechanisms are t o  be p laus ib le  f o r  the  o ther  pyr idazines 

employed. 
2 I n t o  a s o l u t i o n  of the d ich loropyr idaz ine (1a16) (10- M) i n  DMSO (2  ml ; dr ied  over and d i s t i l l e d  

from CaH2 and then saturated by O2 before use) being flushed w i t h  O2 gas, was added t-BuOK (10- 1 

M) i n  DMSO (2  ml)  a t  room temperature. L i g h t  emission coming out; the  CL and fluorescence (FL) 

spectra were measured on a H i t ach i  Fluorescence/Phosphorescence Photometer Model MPF-LA. Quantum 

y i e l d s  were measured by using a pho tomu l t i p l i e r  tube exposed t o  the CL reac t i ng  s o l u t i o n  (Hamamatsu 

R-105 UH) and are r e l a t i v e  t o  the  Se l i ge r ' s  standard ( ~ u m i n o l ) . ~ ~ )  The values obtained were 

cor rec ted f o r  the  phototube spect ra l  response. 

The resu l t ed  mix ture  was evaporated i n  vacuo a t  the  temperature below 40'C a f t e r  a c i d i f i c a t i o n  

w i t h  aqueous IN HC1 t o  pH 2, washed w i t h  ether, and then ex t rac ted w i t h  CHCI3. The residue from 

the ex t rac t s  was i d e n t i f i e d  t o  be fumaric ac id  (12a) w i t h  comparison o f  mp. I R ,  and NMR w i t h  those 



of au thent ic  sample. Formation o f  fumar ic a c i d  (12a) may be exp la ined e i t h e r  by the  thermal 

i somer i za t i on  o f  maleic a c i d  ( l l a )  under t h e  i s o l a t i o n  cond i t i ons  o r  by the  i somer i za t i on  i n  t h e  

e x c i t e d  s ta te .  Treatment of  ma le ic  a c i d  ( l l a )  w i t h  t-BuOK/02/DMS0 gave fumaric a c i d  (12a) a f t e r  

t h e  s i m i l a r  work-up. Th is  seems t o  p r e f e r  t o  the  p o s s i b i l i t y  t h a t  fumar ic  a c i d  was n o t  produced 

d i r e c t l y  f rom the  e x c i t e d  s t a t e  o f  ma le ic  ac id .  

3.6-Di-t-butoxy-, 3-chloro-6- t -butoxy- and 3.6- i) 0, 

dimethoxy-pyr idazines (3a,6) 2a,6) and 5a6))  reac ted  Q t-BuOK 

as above and gave the  same produc t  l l a  almost as the DMSO 

C O ~ H  ii) "+ HOZC so le  p roduc t  w i t h  l i g h t  emission; t h e  fac ts  suggest 
iii) evapora- 

t h a t  2a and 3a cou ld  be the  in te rmed ia tes  i n  the  CL t i on /<6o0c  

f "" 
r e a c t i o n  o f  l a  o r ,  a t  l eas t ,  the  r eac t i ons  o f  la -3a  

go through a common in te rmed ia te .  The CL gave s i m i l a r  spec t ra  t o  the  corresponding FL spec t ra  

o f  t h e  s o l u t i o n  and a l so  o f  the  bas ic  so l u t i ons  of la-3a i n  the  absence of O2 ( i n  vacuo). 11) 

Th is  suggests t h a t  the  each e m i t t e r  of these CL reac t i ons  i s  la -3a  themselves, r espec t i ve l y .  

The bas ic  mix tu res  i n  vacuo gave no l i g h t  b u t  they gave l i g h t  when O2 gas was added through t h e  

so l u t i ons .  

The reac t i on  pa th  i s  bes t  descr ibed as scheme 2: namely, t h e  pyr idaz ines  1-3 gave an anion 6.  
which took a molecular  oxygen t o  g i ve  endo peroxide 8, through 7. Spontaneous ex t r us i on  of  N2 

molecule from 8 gave b i r a d i c a l  peroxide 9, o r  i t s  r e c y c l i z e d  dioxetane 10, one of which y i e l d e d  

11 as an e x c i t e d  s t a t e  ( l l * ) ,  whose energy cou ld  be t rans fered  t o  t h e  s t a r t i n g  ma te r i a l  1-3. 

3,6-Dihydroxy d e r i v a t i v e  4a6) gave r a t h e r  s t r ong  CL under t h e  s i m i l a r  cond i t ions .  However, 

successive a d d i t i o n  of t h e  base revea led  t h a t  the  mechanism was d i f f e r e n t  from t h a t  of  t h e  o t h e r  

pyr idaz ines :  The compouilds (4a and b )  needed more than 2 moles o f  t h e  base and t h e  h igher  

r eac t i on  temperature decreased t h e  quantum y i e l d s ,  w h i l e  the  o thers  reac ted  by a t r a c e  of  t h e  

base t o  g i ve  the  l i g h t  emission and the  h i ghe r  r eac t i on  temperature increased t h e  quantum y i e l d s .  

We propose f o r  4a and b a d i f f e r e n t  mechanism which i s  s i m i l a r  t o  t h e  case of lumino l .  
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Large anaunt of d imethyl  su l fone was a l so  i s o l a t e d  from the  reac t i on  mixtures,  r e s u l t i n g  from base 

ca ta lysed ox ida t i on  o f  DMSO.'~)  

Table I. Quantum Yie lds  o f  CL o f  1.4-Pyridazines 

X 10 5 
Amax (nm) 

R Y Z t-BuOK/02 t-BuOKIvac + O2 CL FL 

l a  H C1 C1 9.8 11.2 540'10 540t5 b 
2a H C1 0-t-BU 9 .8  9.8 510110 51015 b 
3a H 0-t-Bu 0-t-Bu 5.4 2.5 480'10 47515 b 

4a H OH OH 298 235 445210 445+5 

5a H OMe OMe 6 . 3  7.0 - 4401 5 
(46515 

500'5 

a)  r e l a t i v e  t o  luminol  ( re f .  10) .  b )  FL i n  vacuo. 

For  t he  ease o f  i s o l a t i o n  of the  f i n a l  product, 4-phenyl-3.6-pyridazines13) ( I b  and 4b) were 

employed. The phenyl d e r i v a t i v e s  gave t he  s i m i l a r  CL under the  s i m i l a r  cond i t ions  used as 

above. The CL spect ra  were i d e n t i c a l  w i t h  t he  FL spect ra  of the  compound used. Phenylmaleic 

anhydride was i s o l a t e d  and i d e n t i f i e d  as the  f i n a l  product  a f t e r  t he  i s o l a t i o n  procedure as 

above w i t h  comparison of mp, GLC, IR, and NMR w i t h  t he  au then t i c  sample.15) Phenylmaleic ac id  
( I l b ) ,  t he  supposed product, was known t o  be unstable and t o  g i ve  t he  anhydride eas i l y .  17) 

Therefore, t he  compound d i r e c t l y  generated from the  CL reac t i on  as the  exc i t ed  s t a t e  cou ld  be 

t he  compound I l b * .  

Got0 e t  a1.l') had examined a photochemical ox i da t i on  of t he  s i m i l a r  

system, dimethyl  e the r  o f  lumino l  ( V I ) ,  w i t h  O2 a t  the  d r y  i c e  tem- 
perature. However, no CL was detected when t h e  s o l u t i o n  was warmed 

up t o  room temperature. 
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