
HETEROCYCLES, Vol 16, No 7, 1981 
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Photosensi t ized oxygenation o f  N-mthylacr idanethione ( l a ) ,  xanthione 

( l b ) ,  and th ioxanthione ( l c )  gave the corresponding ketones (3 )  

q u a n t i t a t i v e l y  and weak chemiluminescence. 

Since the f i r s t  r epo r t  on photooxidat ion of  thiobenzophenones and 4-thiopyrones i n  s u n l i g h t  by 

Schiinberg and ~ o s t a f a , '  several  repor ts  on photodesu l fu r iza t ion  of C=S compounds (1 )  appeared: 
2-9 

Sens i t i zed  photooxygenation of 4H-pyran-4-thiones and 4H-thiopyran-4-thiones by l sh i be  et. ,3 o f  

tetramethyl-1-cyclobutane-3-thione and dibenzyl th ioketone by Worman et.,4 and of xanthione, 

f luorenethione,  and a l i c y c l i c  thioketones by Ramamurthy eta1.5 The react ions were supposed t o  

undergo through the  corresponding t h i a -1  .2-dioxetane i n t e r m d i a t e s  (2 ) .  Photooxygenation of  

2 6 su l f i nes  (4)  and 0 -a l ky l  th ioes ters  were a l so  claimed t o  proceed through s i m i l a r  intermediates 

(pa th  a). 
7 Tamagaki et. found photooxidat ion o f  d i - t - bu t y l  th ioketone and 12-benzoth io le -3- th ione 

8 

t o  g ive  the  corresponding su l f ines  ( 4 )  and ketones ( 3 )  and hence, proposed an a1 t e rna t i ve  su l f i ne  

mechanism (path b)  f o r  the  ox ida t ion .  

Theore t ica l  ca l cu l a t i on  of molecular o r b i t a l s  suggests t h a t  the ox i da t i on  proceeds stepwisely through 

the  th iadioxetane (2) and i t s  successive decomposition t o  3 and s=o.' Energy l i b e r a t e d  on the 

decomposition of 2 was ca lcu la ted  as ca. 92.1 k ~ a l / r n o l , ~ ~ ' ~ ~  which i s  la rge  enough f o r  e x c i t i n g  3 

produced o r  the  added f luorescers  t o  the S1 exc i t ed  s ta tes  [67.3,12 68.8,13 67.2,14 f o r  3a, 3b, and 

k and 66 .0 , ' ~  64.9,14 and 50.2 k c a ~ / m o l ' ~  f o r  9.10-diphenylanthracene (DPA), 9,lO-dibmmoanthracene 

(DBA), and rubrene, respec t ive ly ] .  

I n  o rder  t o  f i n d  ou t  such cherniluminescent i n t e r m d i a t e s  (2) and t o  c l a r i f y  t h e  oxygenation 

mchanism, G., the  thia-1,2-dioxetane o r  the s u l f i n e  mchanism, we inves t iga ted  sens i t i zed  photo- 

oxygenation o f  aromatic thioketones, l a ,  l b ,  and l c ,  which would g ive  f luorescent  ketones, 3a-c, 



respec t ive ly .  I n  the present  paper we descr ibe photosensi t ized oxygenation of N-mthylacr idane- 

th ione ( la) ,15 xanthione ( lb ) ,16  and th ioxanthione ( l c ) 1 7  t o  g ive the corresponding ketones ( a - c )  

i n  quan t i t a t i ve  y i e l d s  w i t h  3 R. 10 min- i r rad ia t ion .  

l a - c  02/-78°C 2 3a-c 

Each so lu t i on  o f  the th iones ( l a - c ) ( s .  10 mM) and m thy l ene  b lue  (MU)(=. 1 mM) i n  CH2C12 was 

i r r a d i a t e d  under f lush ing  O2 gas a t  -78°C f o r  60 min w i t h  a p ro j ec to r  lamp (Sylvania tungsten- 

halogen lamp: ELH 120V/300W a t  100V) through an o p t i c a l  glass f i l t e r  (< 510 nm c u t  o f f )  and a py rex l  

w a t e r  f i l t e r  i n  a pyrex o r  quartz c e l l  (+ 10 mm). A l iquo ts  taken dur ing  i r r a d i a t i o n  were analyred 

by g l c  a f t e r  standing a t  room temperature fo r  30 min. The resu l t s  are shown i n  Table 1. These 

data show t h a t  the present react ions y i e l d  the corresponding ketones ( 3 - c )  predominantly i n  quant i -  

t a t i v e  y ie lds18 i n  a sho r t  t i m - i r r a d i a t i o n  ( l ess  than 10 min). According t o  Zwanenburg a,, 2 

photooxygenation of  aromatic su l f ines  need f a i r l y  long t i m - i r r a d i a t i o n  (2.5 - 6 h/400W/10 mM), and 

hence, we speculate t h a t  the present photooxygenation proceeds through path ( a )  predominantly i n  

s p i t e  o f  Tamagaki's repor t .  8 

Table 1. Photooxygenation of the Thiones ( l a - c )  

1 Concn. ME I r r ad .  Time Product Y i e l d  ( 3 )a  

1 c  10.9 1.2 5 100 

a)  Yie lds based on the s t a r t i n g  mater ia ls  used. 

E f f o r t s  were made fo r  de tec t ion  o f  the expected chemiluminescence a t  the  simultaneous decom- 
2 

pos i t i on  o f  the thia-1,2-dioxetane ( 2 ) ,  when warming-up the intact irradiatedsolut ion (10- M), 

o r  the  so lu t ions  added i n t o  som f luorescers  (rubrene, DPA, and DBA a t  1 0 - ~ - 1 0 - ~ ~ ) ~ ~  t o  room temp. 

-8 . 
Weak chemiluminescence (E. 10 e~ns te i n /mo l )  was detected, when DBA o r  DPA was added t o  the co l d  

i r r a d i a t e d  so lu t ions .  So weak i t  was, the emission spectra could n o t  be measured. These were 

the  f i r s t  examples o f  the de tec t ion  o f  the chemiluminescence, though weak they were, f o r  the 

supposed thia-1,2-dioxetane. 20 
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The detect ion o f  chemiluminescence supports the dioxetane mechanism (path a) f o r  the oxygena- 

th ion  of the thiones. The weakness of the emission could be explained that  mos t2  once produced 

may decompose photochemically dur ing i r r ad ia t i on ,  as known for  the ordinary 1.2-dioxetanes. 21 

1 22 Influence o f  02-quenchers ( D A B C O ~ ~  and B-carotene ) and a rad ica l  scavenger(2,4,6-tri-t-butyl- 

22 phenol) (see Table 2) suggests t ha t  the oxygenation undergoes w i th  s i n g l e t  oxygen non-radical ly.  

Table 2. E f f ec t  of I n h i b i t o r s  on Photooxygenation of the Thiones ( l a - c ) .  

I n h i b i t o r  ( I n )  t I n l l [ l ]  l a  1 b 1c 

DABCO 25 qa Q Q 

2,4,6-tri-t- 25 . . N~ N 

butylphenol 

a) Q: quenched. b )  N: not  effected. 
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