
Tetrahedron Le t t e r s  No.21, ppo 1673-1676, 1969. Pergamon P res s .  P r in ted  in Great B r i t a i n .  

PHOTOINDUCED REACTIONS. XXXI. PHOTOOXIDATIVE RING-CLEAVAGE OF DIHYDRIC PHENOLS 

AS POSSIBLE MODELS FOR BIOLOGICAL OXYGENATION I 

Teruo Matsuura, Akira Nishinaga, Naoki Yoshimura, Tetsuzo Arai, 

KanJi Omura, Hideo Matsuehima, Shigeyuki Katc, and Isao Saito 

Department of Synthetic Chemistry, Faculty of Engineering, Kyoto University, Kyoto, Japan 

(Reot-~ived in Japan 14 January 1969; received in UK for publication 25 March 1969) 

Activation of oxygen in the action of dioxygenases, by which an oxygen molecule ie 

incorporated into a substrate, is undoubtedly interesting problem in both biological and 

chemical points of view. 2 We have shown that a cleavage of 5-hydroxyflavones by photosensi- 

tized oxygenation, possibly involving singlet oxygen, provides a model for the enzymatic 

degradation of quercetin by the action of a dicxygenase. 3 We wish te report additional 

examples providing models for the enzymatic cleavage of aromatic ring. 4 

When a solution of 4,6-di-t-butylresorcinol (i~ in methanol containing rose bengal was 

irradiated (> 280 m~) under bubbling oxygen, about two moles of oxygen was absorbed. Chroma- 

tographic separation gave two crystalline products; a ketcester. 2~(16%), C15H2404, 5 mp. 96.5 ° 

KBr 3560 , and a lactone 3 (6%), C12H2003, mp. 97 ° . The ketoester _['EtOHhmax 228 m~ (e 8100); max 

1740, and 1695 cm-l~ n.m.r.(CDCls): ~ 3.05(IH), 6.25(3H), 6.50(IH), 6.68(IH), 8.80(9H), and 

9.o0(gH)(all appear as singlet)~ was transformed by mild alkaline hydrolysis to a ketoacid 

C14H2204, mp. 99 ° , [ u KBr 5450, 1720, and 1690 cm -I max ; n.m.r.(CDCls):~ 2.75(s,iH), ~.50-4.20 

(broad s, 2H), 6.55(s,iH), 8.70(s, 9H), and 8.95(s, 9H)~which was easily decarboxylated to 

Rive a ketone 5, C15H2202, mp. 78.4 ° , [.EtOH 224 m~ (~ 8KO0); ~CC14361Oand 1710 cm -I ~,. ~hmax max ; n.m,r. 

(CDCI~). ~ 2.90(s, iB), 7.20(d, IH, J-18 ops), 7.72(d, IH, J=18 cps), 8.10(s, IH), 8.80(s, 9H), 

and 9.O2(s, 9~)J The spectral properties of these compounds and the sequence of reactions 

led us to assign structure 2 for the ketoester. Structure 5 was assigned for the lactone 

KBr 5480 and 1740 cm -I (CDCI~): from its spectral properties [k EtOH 210 m~ (~ 9800); Umax ; n.m.r. 
max 

[- 3.35(1H), 5.55(IH), 8.80(9H), and 9.00(9H)(all appear as singlet)~. 

When the photooxy~enation of 1 was carried out without sensitizer (> 280 m~), about 1.5 

moles of oxygen was slowly consumed after a long induction period. The products were found 

to be a complex mixture from which 22 and ~could not be detected. In the preceding communi- 
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catlon, 6 we have provided evidence that singlet oxygen and the excited triplet sensitizer are 

capable  of  hydrogen a b s t r a c t i o n  from a phenol in  i t s  p h o t o s e n s i t i z e d  oxygena t ion .  Consequent ly  

i t  may be c o n s i d e r e d  t h a t  the  i n i t i a l  a t t a c k  of  s i n g l e t  oxygen and /o r  the  e x c i t e d  s e n s i t i z e r  

a re  r e s p o n s i b l e  f o r  the  fo rma t ion  of  2 a n d ~  When r e a c t i o n  of  1 wi th  s i n g l e t  oxygen gene-  

r a t e d  from 9 , 1 0 - d i p h e n y l a n t h r a c e n e  9 , 1 0 - p e r o x i d e  7 was c a r r i e d  out in  a mix ture  of  benzene and 

methanol under  n i t r o g e n ,  n e i t h e r 2 n o r / ~ 3  was o b t a i n e d ,  whereas 22. could be d e t e c t e d  from the  

r e a c t i o n  mixture  when the  r e a c t i o n  was c a r r i e d  out under  oxygen. These r e s u l t s  i n d i c a t e  t h a t  

s u f f i c i e n t l y  h igh  oxygen p r e s s u r e  i s  n e c e s s a r y  f o r  the  fo rma t ion  of  2. 

We can now fo rmu la t e  p o s s i b l e  r e a c t i o n  pathways as  shown in  Scheme 1. The f i r s t  s t e p  

i n v o l v e s  hydrogen a b s t r a c t i o n  from l~lby s i n g l e t  oxygen and /o r  the e x c i t e d  t r i p l e t  s e n s i t i z e r  

g i v i n g  a phenoxy r a d i c a l  ~6 to  which the  g r o u n d - s t a t e  t r i p l e t  oxygen adds to fo rm~8 v i a ~  

The key i n t e r m e d i a t e  ~9 which i s  formed from~8 by hydrogen a b s t r a c t i o n ,  i s  conve r t ed  to  2~ 

wi th  p a r t i c i p a t i o n  of  the  s o l v e n t  methanol and t o . b y  f u r t h e r  o x i d a t i v e  c l eavage .  Another 

p o s s i b l e  i n t e r m e d i a t e  10 can be e l i m i n a t e d ,  s i n c e  the  known hydroperoxidel~O0, 7 when t r e a t e d  

under  s i m i l a r  c o n d i t i o n s  to  those  f o r  the  p h o t o s e n s i t i z e d  oxygenat ion  of  1, d id  not  g ive  2 

and 3 but  gave a complex mixture  of  p roduc t s .  

The p r e s e n t  r e s u l t  r e p r e s e n t s  a Doss ib le  model f o r  the  enzymatic  c leavage  of  homo- 

g e n t i s i c  ac id  by a d ioxygenase .  9 I t  should  be noted t h a t  the  p h o t o o x i d a t i v e  c leavage  of  1 i s  . v  

i n i t i a t e d  by hydrogen a b s t r a c t i o n  in  c o n t r a s t  wi th  t h a t  of 3 -hydroxyf lavones  3 which i s  

i n i t i a t e d  most p robab ly  by the a d d i t i o n  of  s i n g l e t  oxygen to  the  s u b s t r a t e .  

The second p a r t  o f  t h i s  communication d e a l s  wi th  a model f o r  p y r o c a t e c h a s e - c a t a l y z e d  

r e a c t i o n s  in  which p y r o c a t e c h a s e  c l e a v e s  a t  1 , 2 - p 0 s i t i o n  to g ive  c i s , c i s - m u c o n i c  a c i d .  10'11 

3 , 5 - D i - t - b u t y l p y r o c a t e c h o l  ( 1 ~  was e a s i l y  ox id i zed  by r o s e  b e n g a l - s e n s i t i z e d  photooxygena t fon  

( v i s i b l e  l i g h t )  and a l s o  by i r r a d i a t i o n  wi th  u l t r a v i o l e t  l i g h t  (> 280 ~u) wi thou t  s e n s i t i z e r .  

The r e s u l t s  were v i r t u a l l y  same in  both  c a s e s .  For example, when a methanol s o l u t i o n  of  11 

was i r r a d i a t e d  wi th  u l t r a v i o l e t  l i g h t  under oxygen, about 1.5 moles of  oxygen was absorbed .  

Chromatographic s e p a r a t i o n  gave two p roduc t s ;  an ac id  ~,~12 (24%) , C14H2204, mp. 133-136 ° ,  

KBr ca-l; n.m.r . (CDCl~):~" 0 . 6 5 ( s ,  1H), 3 . ~ ( s ,  1H), [~max 3400-2600, 1750, 1725, 1705, and 1640 

7 .10 (d ,  1H, J -13 .5  c p s ) ,  7 .37(d ,  1H, J -13 .5  c p s ) ,  8 . 8 4 ( s ,  9H), and 9 . 0 6 ( s ,  9H)~ and an e s t e r  

13 (7%) C15H2404, mp. 70-72 ° ,  [ ~m~ 1748, 17#3, and 1634 cm -1 , ; n.m.r.(CDCl3):~ ~.25(s, IH), 

6.53 (s, 3H), 7.08(d, IH, J-13.5 cps), 7.35(d, IH, J-13.5 cps), 8.80(s, 9H), and 9.05(s, 9H)~. 

Methylation of the acid with diazomethane gav~ the ester i~. From the above results we 
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ass igned  s t r u c t u r e  .,w12 and ~ f o r  the ac id  and the e s t e r ,  r e s p e c t f v e l y .  

A phenoxy r a d i c a l  i n t e r m e d i a t e  14 can account  f o r  the fo rmat ion  of  ~ and 1~.  In the  
H rro~ 

case of u l t r a v i o l e t  i r r a d i a t i o n  wi thout  s e n s i t i z e r ,  1~44 may be fo rmed/ the  e x c i t e d  s t a t e  of  

11.12 As shown in  Scheme 2, the r a d i c a l  14 r e a c t s  with the  g r o u n d - s t a t e  t r i p l e t  oxygen to 

g ive  a h.vdroperoxy r a d i c a l  ~ which i s  conver ted  to a c y c l i c  peroxide  ~ e i t h e r  v i a  path a 

or  path b. Cleavage of  ~ g ive s  a , B ' - d i - t - b u t y l m u c o n i c  ac id  ( 1 ~  which c y c l i z e s  to g ive  12. 

A l t e r n a t i v e l y ,  the r a d i c a l  ~ can d i s p r o p o r t i o n a t e  to ~11 and 3 , 5 - d i - t - b u t y l - o - b e n z o q u i n o n e  

(I~8) which may be also transformed into 12. However, this possiblity is less favorable, 

since photooxygenation of 18 under similar conditions proceeded more slowly than that of ii 

itself and resulted in a complex mixture of products from which only a small amount of 

(6%) was obtained but no 12 was detected. 

We further examined photooxygenation of 2,5-di-t-butylhydroquinone ~ in the presence 

of rose bengal (visible light) and also in the absence of sensitizer (7 280 m~). ~e 

results were virtually same in both cases giving two products 20 and 21.13 It was confirmed 

that 2,5-di-t-butyl-p-benzoquinone (2~2) is the intermediate of the reaction as shown in 

Scheme 5. Details of the reaction will be described in a full paper. 

This work was partly supported by a grant-in-aid for Scientific Research from the 

ministry of Education. 
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