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Formation of 2-Hydroxy-6-oxo-2,trans-4,trans-heptadienoic Acid from 5-Methylcatechol by a 

P s e u d o m o n a s  ~ 

T h e  g r o w t h  of Pseudomonas desmolyticum on d i f fe ren t  
a r o m a t i c  s u b s t r a t e s  i nduces  t h e  f o r m a t i o n  of b o t h  py ro -  
ca t echase  (1 ,2-oxygenase)  a n d  m e t a p y r o c a t e c h a s e  (2, 3- 
oxygenase)  ; p r o t o c a t e c h u i c  acid a n d  ca t echo l  a re  oxid ized  
to  3-oxoadip ic  ac id  (ortho-cleavage), whi le  3- a n d  4 - m e t h y l -  
ca techo l  a re  m e t a b o l i z e d  to  c o m p o u n d s  w h i c h  a re  h o m o -  
logous of h y d r o x y m u c o n i c  s e m i a l d e h y d e  (recta-cleavage) ~. 
T h e  r ing  fission p r o d u c t  of 4 - m e t h y l c a t e c h o l  w as  i so la ted  
a n d  t h e n  iden t i f i ed  as 2 -hydroxy-5 - fo rmyl -2 ,4 -hexad ieno ic  
acidD,4; o the rwi se  t h e  c o r r e s p o n d i n g  o x i d a t i o n  p r o d u c t  
f rom 3 - m e t h y l c a t e c h o l  h a d  n o t  ye t  b e e n  isolated.  How-  
ever,  ICHIHARA et  al. 6, DAGLEY e t  al, e a n d  RIBBONS 7 
f o u n d  t h a t  d i f f e ren t  s t r a i n s  of Pseudomonas oxid ized  
3 - m e t h y l c a t e c h o l  to  a yel low s u b s t a n c e  w i t h  a m a x i m u m  
a t  398 n m  in  a lka l ine  solut ion.  This  c o m p o u n d  was 
supposed  to  be  2 -hyd roxy -6 -oxo -2 ,4 -hep t ad i eno i c  acid,  
because  i t  was  f u r t h e r  deg raded  to  a c e t a l d e h y d e  a n d  2-oxo- 
4 - h y d r o x y v a l e r a t e  4. 

I n  t h e  p r e s e n t  w o r k  t h e  e x t r a c t i o n  a n d  t h e  ident i f ica-  
t i on  of t h e  meta-c leavage  p r o d u c t  of 3 - m e t h y l c a t e c h o l  b y  
Ps. desmolyticum are  desc r ibed  as 2-hydroxy-6-oxo-2,trans- 
4,trans-heptadienoic acid  (I). 
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Materials and methods. T h e  o r g a n i s m  a n d  t h e  cond i t i ons  
of g r o w t h  h a v e  been  desc r ibed  3. 3 - M e t h y l c a t e c h o l  f rom 
L i g h t ' s  was  pur i f i ed  b y  v a c u u m  d i s t i l l a t ion  a n d  sub l ima-  
t ion .  T h e  s p e c t r o p h o t o m e t r i e  d e t e r m i n a t i o n s  were  ca r r ied  
o u t  in  t h e  Zeiss P.M.Q. I I .  T h e  N M R  s pec t r a  were  re-  
co rded  b y  a R 10 P e r k i n - E l m e r  s p e c t r o g r a p h  ( t e t r a m e t h y l -  
s i lane as i n t e r n a l  reference) .  T h e  m o d e l  137 I n f r a c o r d  
s p e c t r o p h o t o m e t e r  ( P e r k i n - E l m e r  Ltd. )  was  used  to  
o b t a i n  I R - a b s o r p t i o n  spec t ra .  P r o t e i n s  were  d e t e r m i n e d  
b y  t h e  m e t h o d  of WARBURG a n d  CHRISTIAN 8, 3-Methyl -  
ca techo l  was  d e t e c t e d  as descr ibed  b y  EVANS 9. 

Results. I n  o rde r  to  isola te  a suff ic ient  a m o u n t  for 
iden t i f i ca t ion ,  a large  scale i n c u b a t i o n  was  ca r r ied  o u t  as 
follows: to  a 1000 ml  so lu t ion  c o n t a i n i n g  500 m l  of a 
buf fe r  suspens ion  of cells (0.30 m g  N/ml )  a n d  500 m l  of 
p h o s p h a t e  buf fe r  p H  7, i n c u b a t e d  a t  30°C b y  shaking ,  
a l i quo t s  of a M/100 so lu t ion  of 3 - m e t h y l c a t e c h o l  were  
added ,  a t  a r a t e  of 1 p m o l e / m l  of cells suspens ion .  A b o u t  
10 a d d i t i o n s  were  m a d e  a t  15 ra in  in te rva l s ,  w h e n  m e t h y l -  
ca t echo l  h a d  d i sappea red .  I n  o rde r  to  follow t h e  reac t ion ,  
1 m l  a l i quo t s  of t h e  i n c u b a t i o n  m i x t u r e  were  r e m o v e d  a n d  
a s sayed  w i t h  E v a n s  r e a g e n t  for  d iphenols .  Af t e r  i n c u b a -  
t i o n  t h e  cells were  s e p a r a t e d  b y  c e n t r i f u g a t i o n  a n d  t h e  
s u p e r n a t a n t  so lu t ion ,  ac idi f ied to  p H  3 a n d  s a t u r a t e d  
w i t h  a m m o n i u m  su lpha t e ,  was  e x t r a c t e d  w i t h  e t h e r ;  t h e  
e t h e r  e x t r a c t  was  dr ied  w i t h  s o d i u m  s u l p h a t e  a n d  
e v a p o r a t e d  t o  d r y n e s s  a t  low t e m p e r a t u r e .  T h e  res idue  
was t h e n  c rys ta l l i zed  f rom e ther .  Yel low c rys t a l s  were  
o b t a i n e d ,  m.p .  122-124°C,  w i t h  decompos i t ion .  Anal .  
Ca l cu l a t ed  for  C7H804: C 53.84; H 5.16. F o u n d  C 54.12; 
H 5.11. T h e  S - b e n z y l i s o t h i o u r o n i u m  sa l t  h a s  m.p .  
108-110°C,  w i t h  decompos i t i on  (from water ) .  Anal .  
F o u n d :  C 55.45; H 4.83; N 8.92. CI~HlsNzO4S requi res  
C 55.80;  H 5.58; N 8.69. 

T h e  U V - s p e c t r u m  of t he  acid in  w a t e r  showed  a 
m a x i m u m  a t  325 n m  (e = 25,000); in  0 . 2 N  N a O H  solu- 
t ion  t h e  m a x i m u m  w a s a t  389 n m  (e = 41,500). T he  I R -  

s p e c t r u m  (in nujol )  of t h e  c o m p o u n d  s h o w e d  b a n d s  a t  
3300, 2300-2500,  1675, 1640 a n d  1570 c m  -1. All t h e s e  
p r o p e r t i e s  are  c o n s i s t e n t  w i t h  t h e  p resence  of a con ju -  
g a t e d  enol,  a c a r b o n y l  a n d  a c a r b o x y l  g roup .  T h e  N M R -  
s p e c t r u m  (in ds-pyr id ine)  sugges ts  t h e  s t r u c t u r e  of 2- 
hydroxy-6-oxo-2,trans-4,trans-heptadienoic acid.  I n  fact ,  
t h e  fo l lowing s ignals  were  o b s e r v e d :  a t  11.28 J a b r o a d  
s ing le t  of t h e  2 p r o t o n s  of t h e  c a r b o n y l  a n d  t h e  enol  
g roups ;  a d o u b l e  d o u b l e t  a t  8.26 3 of t h e  p r o t o n  on  4-C, 
w h i c h  is fl to  t he  ke to  g roup ;  th i s  s ignal  is sh i f t ed  in t h e  
d o u b l e  d o u b l e t  (J3., = 12 cps  a n d  J,,5 = 17 cps) because  
t h i s  p r o t o n  is coupled  to  t h e  v ic ina l  p r o t o n  on  3-C a n d  to  
t he  trans-proton on 5-C. The  p r o t o n  on  3-C a b s o r b s  as a 
d o u b l e t  (J3,4 = 12 cps) a t  6.86, a n d  t h e  p r o t o n  on  5-0 is 
r e spons ib le  for  t h e  d o u b l e t  a t  6.43 (J4,5 = 17 cps). T h e  
p r o t o n s  of t he  m e t h y l  g roup  a b s o r b  as a s ing le t  a t  2.23 6. 
T h e  su rp r i s ing  trans-configuration of t h e  4-5 doub le  b o n d  
p r o b a b l y  ar ises  f rom acidic t r e a t m e n t  d u r i n g  t he  ex t r ac -  
t i on  of t h e  cis-precursor, a n d  we could suppose  t h a t  t h e  
s y s t e m  is n o t  v e r y  s t ab l e  because ,  b y  a d d i t i o n  of deu te r -  
a t ed  w a t e r  to  py r id ine  solut ion,  t h e  s ignals  of 3-C a n d  
5-C p r o t o n s  d i sappeared ,  a n d  t h e  doub le  d o u b l e t  of 4-C 
p r o t o n  was s impl i f ied  to  a b r o a d  s inglet .  

T h e  s t r u c t u r e  of (I) was  p r o v e d  b y  i ts  t r a n s f o r m a t i o n  
i n to  6 -me thy lp ico l in i c  acid in  a m m o n i a  or  a m m o n i u m  
a c e t a t e  so lu t ion  s . T h e  ac id  i so la t ed  f rom th i s  r e a c t i o n  
h a d  m.p .  122-123°C,  u n d e p r e s s e d  o n  a d m i x t u r e  w i t h  a n  
a u t h e n t i c  spec imen.  Anal .  F o u n d  C 60.89;  H 5.15; N 
10.13. CTHTNO ~ requ i res  C 61.31;  H 5.15; N 10.21. 

I t s  U V - s p e c t r u m  in d i l u t ed  a m m o n i a  so lu t ion  showed  
~m~ = 272 n m  (e = 4480), i den t i ca l  w i t h  t h e  a u t h e n t i c  
sample ,  whose  I R - s p e c t r u m  was whol ly  s u p e r i m p o s a b l e  
to  t h a t  of t h e  acid i so la ted  f rom (I) :  %ax = 3500, 3350, 
1680, 1660 a n d  1610 c m  - I  10. 

Riassunto. Ps. desmolyticum ossida la  3 -met i lp i roca te -  
c h i n a  a d  ac ido  2-ossi-6-oxo-2,trans-4,trans-eptadienoico. 
V e n g o n o  desc r i t t e  le propr ie tA chimicof is iche  che  h a n n o  
c o n d o t t o  a l l ' i den t i f i caz ione  di  ques to  i n t e r m e d i o  m e t a b o -  
lico. 
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