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Fo r  t he  i so la t ion  of I, t h e  un iden t i f i ed  fungus  was fer- 
m e n t e d  in  a modi f ied  Czapek-Dox  m e d i u m  4 u n d e r  condi-  
t ions  of a e r a t i on  and  a g i t a t i o n  a t  24~ for 12 days.  T h e  
p r o d u c t  was  e x t r a c t e d  f rom t he  cu l tu re  f i l t r a t e  a t  p H  2.5 
(300 1) in to  chloroform.  T he  e x t r a c t  was washed  w i t h  
d i lu te  sod ium b i ca rb ona t e ,  c o n c e n t r a t e d  to a res idue a n d  
c h r o m a t o g r a p h e d  on  silica gel (Grace, c h r o m a t o g r a p h i c  
grade)  w i t h  h e x a n e - c h l o r o f o r m  (3:1).  E l u a t e  f rac t ions  
c o n t a i n i n g  m a t e r i a l  g iv ing  a b lue  color w i th  ferric chlor ide 
were c o m b i n e d  a n d  e v a p o r a t e d  to dryness .  The  res idue 
was crys ta l l ized  f rom h e x a n e - e t h y l  e t h e r  (4:1) to yield 
5.7 g of I. Anal .  C, 67.45; H,  5.85. Calcd. for  C16H1003 
(mellein):  C, 67.43; H, 5.61, m.p.  51.5-52~ [e]~ + 88 
(c, 1.03 in me thano l ) ,  Ecr + 102 (c, 1.07 in chloroform).  
"~r~ax (log s) = 212 (4.30); 245 (3.86); 312 (3.62) n m  in 
m e t h a n o l .  Alkal i  sh i f t ed  t h e  m a x i m u m  a t  312 n m  to 
344 nm,  wh ich  was reversed  w i t h  acid. The  I R - s p e c t r u m  
of I was  t he  same in  all  essent ia l  respects  w i t h  t h a t  re- 
p o r t e d  for  s y n t h e t i c  ( • ) -mellein 5. 

Tile nuc lea r  m a g n e t i c  r e sonance  s p e c t r u m  of I (CDC13, 
60 MC/sec, in  P P M  f rom t e t r a m e t h y l s i l a n e  as i n t e rna l  
s t anda rd )  showed a t o t a l  of 10 pro tons .  These  could be  
ass igned to  O - C H - C H  3 (d = 1.53, doub le t ) ;  CH-CH~- 
p h e n y l  (d = 2.97, doub le t ) ;  O - C H - C H  3 (d = 4.75, quar -  
t e t ) ;  t h r ee  o r t h o - s u b s t i t u t e d  a r o m a t i c  p r o t ons  (d = 6.73, 
doub le t ;  d = 6.87, doub le t ;  and  ~ = 7.45, t r iple t ) ,  and  
one phenol ic  p r o t o n  (d = 11.05, singlet)  6. This  in t e rp re -  
t a t i o n  is cons i s t en t  w i t h  s t r u c t u r e  I for t he  me tabo l i t e .  

P o t a s s i u m  h y d r o x i d e  fus ion a t  185 ~ for 45 m i n  7 con-  
v e r t e d  I to  the  acid II .  The  p r o d u c t  was recovered  f rom 
a n  acidified, aqueous  so lu t ion  of t he  a lkal i  m e l t  b y  e t h y l  
e the r  e x t r a c t i o n  and  c rys t a l l i za t ion  f rom h e x a n e - e t h y l  
e the r  (2:1).  Yield,  60%.  Anal .  C, 67.54; I t ,  5.52. Calcd. 
for  C10H1003: C, 67.43; H,  5.61, m.p.  165~ wi th  sub l ima-  
t i on ;  ~max (log s) = 254 (4.08) ; 318 (3.64) n m  in me thano l .  
The  I R  a b s o r p t i o n  s p e c t r u m  of I I  showed b r o a d  absorp-  
t ion  in t he  region of 2500 cm -~ and  s t rong  peaks  a t  1630 

a n d  1130 cm -~ expec ted  of a che l a t ed  carboxyl ic  acid s. 
I n  the  s p e c t r u m  of I t he  c a r b o n y l  a b s o r p t i o n  was a t  1660 
cm -1 and  the re  was a s t rong  p e a k  a t  1160 cm -I  a t t r i b u t e d  
to a n  es ter  l inkage  s, wh ich  were no t  p re sen t  in  t he  spec- 
t r u m  of I I .  These  d a t a  i nd i ca t e  t h a t  I I  is 6- t rans-  
p ropenyl - sa l i cy l ic  acid, t he  a lkal i - fus ion p r o d u c t  of 
mel le in  9,t~. 

Zusammen[assung. Ein  S to f fwechse lp roduk t  eines n i c h t  
k lass i f iz ier ten  Pi lzes wurde  als (+ ) -3 -methy l -3 ,  4-d ihydro-  
8-oxyisocumar in ,  de r  op t i schen  A n t i p o d e  yon  Mellein,  
ident i f iz ier t .  
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I n  v i v o  O x i d a t i v e  C o u p l i n g  o f  A n i l i n e s  a n d  

P h e n o l i c  A n i l i n e s  1 

The  pr inciple  of ox ida t ive  coupl ing  in n a t u r e  has  re- 
ce ived wide  a t t e n t i o n  in r ecen t  years.  Accord ing  to a 
hypo thes i s  b y  BARZON ~ var ious  classes of n a t u r a l  p rod-  
ucts,  such  as alkaloids,  p l a n t  p i g m e n t s  a n d  microbia l  
metabo l i t e s ,  con ta in  n u m e r o u s  r ep re sen ta t ives  wh ich  m a y  
be  t h o u g h t  to  arise b iogene t ica l ly  b y  ox ida t ive  coupl ing  
of phenol ic  precursors .  R e c e n t  feeding e x p e r i m e n t s  w i t h  
labeled precursors ,  e.g. b y  BATTERSBY 3, p roved  t he  
va l id i ty  of the  phenol ic  ox ida t ive  coupl ing  pr inciple  in  the  
b iosyn thes i s  of ce r t a in  alkaloids.  

I n a s m u c h  as phenol ic  ox ida t ive  coupl ing  is bel ieved to 
proceed v ia  rad ica l  pai r ing,  t he  poss ib i l i ty  t h a t  also ani-  
l ines or phenol ic  ani l ines  are sub jec t  to in  vivo coupl ing  
seems obvious.  The  p rev ious ly  d e m o n s t r a t e d  in v i t ro  
feas ib i l i ty  of such  coupling,  e i the r  b y  e lec t ron  t r a n s f e r  
agen t s  ~ or  in  a i r  u n d e r  ca ta lys is  of enzymes  isola ted f rom 
h ighe r  an ima l s  5, suggests  a s imi la r  p a t t e r n  in  na tu re .  
However ,  no in v ivo  coupl ing  has  he re to fore  been ob-  
served.  

I n s p e c t i o n  of p r e s e n t l y  k n o w n  n a t u r a l  p roduc t s  shows 
t h a t  examples  on  wh ich  th i s  hypo thes i s  m a y  be  t e s t ed  are 
res t r i c ted  to  c o m p o u n d s  w i t h  t he  p h e n a z i n e  (I) a n d  
3 (3H) -phenoxaz inone  (II) skeleton.  
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Besides  t he  t y p e  I I  o m m o c h r o m e s ,  phenaz ines  a n d  
3 (3H) -phenoxaz inones  h a v e  been  found  exc lus ive ly  as 
p i g m e n t e d  me tabo l i t e s  of microorganisms .  Considered as 
a g roup  the re  is a no t i ceab le  recur rence  of e i t he r  an  acyl  
or h y d r o x y l  g roup  in pos i t ions  1, 4, 6, or 9 of I and  a n  
acyl  group in pos i t ions  1 and  9 and  a n i t rogen  func t ion  in 
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posi t ion 2 of I I  6. Therefore,  the  format ion  of the  20 
known  metabol i t es  of types  I and  II  m a y  be envisaged 
f rom aromat ic  precursors  subs t i tu t ed  in ad jacen t  posi- 
t ions  by  an acyl, amino and  hyd roxy l  group. Such re- 
qu i remen t s  are m e t  by  a sequence of compounds  k n o w n  to  
represen t  in t e rmed ia tes  in the  b iosyn the t i c  p a t h w a y  to 
nicot inamide,  ill the  order :  anthrani l ic  acid (III),  kynure -  
nine (IV), 3 -hydroxykynuren ine  (V) and 3-hydroxy-  
an thrani l ic  acid (VI) 7. 

CH2--CHNH2--COOH 
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A scheme was developed to synthes ize  I I I - V I  labeled 
in the  benzene ring. The reason for such site of label was 
twofold.  Several  metabol i tes  to be inves t iga ted  do no t  
conta in  carbon side chains,  p r e sumab ly  because of elimi- 
na t ion  before or af ter  oxida t ive  coupling. Thus  measure-  
m e n t  of incorpora t ion  of I I I - V I  would be impossible  if 
only  the  side chain  is labeled. Fur the rmore ,  the  loss of 
labeled side cha in  carbons  m a y  lead to the i r  incorpora t ion  
into tile benzene  r ing at  the  pre -a romat ic  s tage of the  bio- 
syn the t i c  pa thway ,  yielding ambiguous  resul ts  s. I t  was 
found  advan tageous  to prepare  the  suspected  precursors  
f rom one com m on  s ta r t ing  material .  Uni fo rmly  labeled 
C-14 benzene (333 #c/ml) was conver ted  via ace tophenone  
into a mix tu re  of 2-nitro (VII) and 3-n i t roace tophenone  
(VIII) .  After  separa t ion  by  p repara t ive  vapor  phase  
c h r o m a t o g r a p h y  each of the  isomers was d i lu ted  t en  
t imes  wi th  inac t ive  compound.  I somer  VI I  was conver t ed  
in to  I I I  and, using a modif ica t ion  of BUTENANDT'S 9 pro- 
cedure,  into IV. F r o m  V I I I  a mix tu re  of 2-nitro-3- 
h y d r o x y a c e t o p h e n o n e  (IX) and several  isomers and  di- 
n i t ro  p roduc t s  was obta ined .  Compound  IX,  isolated by  
pa r t i t i on  ch rom a tog raphy ,  served for the  syn thes i s  of 
V and  VI. 

R ing  labeled V was fed to Streptomyces chromo/uscus 
(strain 31 IPRC-31)  10, p roducer  of ques t iomyc in  A (II, 
R 1 = R 2 = H, R 3 = NH~) and  ques t iomyc in  B (o-amino- 
phenol) 11. Rillg labeled III, IV and V was fed to Pseudo- 
monas aureo]aciens (ATCC 13985), p roducer  of phenaz ine-  
1-carboxylic acid (I, R 1 = COOH, R 2 -- H, R a absent)18 
and to Pseudomonas aeruginosa (ATCC 10145)la, p roducer  
of pyocyan ine  (I, R 1 -- 0% 1R e = H, N s - R  3 = Ns+-CH3). 
In  each expe r imen t  the  microorganisms  were grown on a 
ro t a ry  shaker  in 14 flasks, each  conta in ing  100 ml bro th .  
A concen t r a t ed  aqueous solut ion of 100 mg of the  labeled 
co mp o u n d  was d i s t r ibu ted  equal ly  over  the  14 flasks a t  
tile beginning of the  g rowth  period.  Shaking was con- 
t inued  at  the  specified t e m p e r a t u r e  and for tile o p t i m u m  
t ime indica ted  in the  l i terature.  The metabo l i t e s  were 
isolated, according to known  procedures ,  and  purif ied by  
ch roma tograph ic  techniques .  Af ter  convers ion  into 
ba r ium ca rbona te  the  samples  were counted  in a window-  
less flow counter .  

The results,  p resen ted  in the  Table, show t h a t  ill all 
expe r imen t s  incorpora t ion  was found  in the  isolated 
metabol i tes .  The level of incorpora t ion  is of the  same 
order  as t h a t  found in s imilar  expe r imen t s  TM. The evi- 
dence ob ta ined  indicates  t h a t  the  inves t iga ted  metabo l i t es  
are genera ted  by  oxida t ive  coupl ing of IU, IV and  V. In  
expe r imen t  1 the  side chain  m a y  have  been lost before or 
af ter  coupling. Isolat ion of ques t iomyc in  B (o-amino- 
phenol),  possessing a specific ac t iv i ty  (2.1.  10 -2 #c/g) 
equal  to t h a t  of ques t iomyc in  A, requires  the  f i rs t  pa th .  
The side chain m a y  have  been  e l iminated  before or af ter  
coupling in one ring (exper iments  2, 3 and 4) and in bo th  
rings (exper iments  5, 6 and  7). Loss of alanine and  the  
hydroxy l  group mus t  have  occurred in expe r imen t s  3 and 
4 and the  h y d ro x y l  group in one r ing mus t  have  been  lost 
in expe r imen t  7. E x p e r i m e n t s  5, 6 and 7 fu r the r  require  
me thy l a t i on  at  N 5. 

The fo rmat ion  of o the r  metabo l i t es  of t ype  I and I I  is 
p resen t ly  under  inves t igat ion.  

Zusammenfassung. I m  Kern  mark ie r te  14C-Anthranil- 
sXure und  Der iva te  wurden  an Mikroorganismen,  die 
Phenaz in-  und  Ph en o x azo n -Fa rb s t o f f e  produzieren,  ver-  
f t i t tert .  Der  erfolgte E inbau  beweis t  die oxyda t ive  K u p p -  
lung von  Anil inen und phenol i schen  Anil inen in vivo. 
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Results of feedillg experiments 

Experi- C-14 precursor fed Metabolite m#M ineor- 
ment No. isolated porated 

1 3-Hydroxykynurenine Questiomycin A 10 
Questiomycin B 48 

2 Anthranilic acid 370 
3 Kynurenine sulfate Phenazine-1- 75 
4 3-Hydroxykynurenine carboxylie acid 30 

5 Anthranilic acid 644 
6 Kynurenine sulfate Pyocyanine 1100 
7 3-Hydroxykynurenine 100 
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