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to b e n t o n i t e - a b s o r b e d  se rum,  fai led to increase  t he  bac- 
ter ic idal  i n d e x  n,  x~. 

Zusammen[assung. D as  na t t i r l i che  a n  B e n t o n i t  adsor-  
b ie rbare  ,Co-opson imb  welches  ftir e ine o p t i m a l e  P h a g o -  
cytose v i r u l e n t e r  S t r e p t o k o k k e n  der  G r u p p e  A n6 t ig  ist,  
erweist  s ich  als v e r s c h i e d e n  y o n  L y s o z y m .  E s  l iegen H i n -  
weise vor ,  dass  das  ,Co-opsoniw~ in de r  f l -Lipoprote in-  
F r a k t i o n  des  S e r u m s  vor l iegt .  
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R e a c t i o n  o f  6 - A m i n o p e n i c i l l a n i c  A c i d  
w i t h  F r e q u e n t i n  

W h e n  6 -aminopen ic i l l an ic  acid (6-APA) (I) was  a d d e d  
to funga l  f e r m e n t a t i o n s  i t  was  possible  to  d e t e c t  t h e  oc- 
cu r rence  of a t  l eas t  t h r e e  differer / t  t ypes  Of r eac t i on  o t h e r  
t h a n  those  assoc ia ted  w i t h  penic i l l inase  a c t i v i t y  x, i t s  
r e a c t i v i t y  w i t h  o t h e r  molecules  of 6 -APA ~,s or  w i t h  
C O , 4 - s  T h e  f i r s t  was  f o u n d  to  b e  i n d e p e n d e n t  of t h e  
n a t u r e  of t h e  m i c r o - o r g a n i s m  a n d  was  in  fact ,  s h o w n  to  
be  t h e  r e a c t i o n  of 6 -APA w i t h  r educ ing  suga r sL  T h e  
second r e a c t i o n  is t h e  syn thes i s  of penic i l l ins  f rom a d d e d  
6 -APA b y  mic ro -o rgan i s m s  wh ich  do  n o t  necessar i ly  pro-  
duce  penic i l l ins  in  t h e  absence  of 6 -APA.  Th i s  is p r o b a b l y  
due  to  enzymic  a c y l a t i o n  as descr ibed  b y  n u m e r o u s  
Workers w i t h  a wide  r a n g e  of mic ro -o rgan i sms  8-n .  T h e  
t h i r d  t y p e  of  r e a c t i o n  invo lves  t h e  f o r m a t i o n  of complexes  
b e t w e e n  6 - A P A  a n d  m o u l d  m e t a b o l i t e s  l i be r a t ed  in to  t he  
m e d i u m .  One  such  m e t a b o l i t e  r e a c t i n g  w i t h  6 - A P A  was 
iden t i f i ed  as f r equen t i n ,  b o t h  f rom a cons ide ra t i on  of i t s  
p rope r t i e s  a n d  b y  d i r ec t  c o m p a r i s o n  w i t h  a n  a u t h e n t i c  
Sample k i n d l y  g iven  to  me  b y  Dr. W. B. TURNER. 

T h u s  w h e n  6 - A P A  was  a d d e d  to  a g rowing  cu l tu re  of a n  
o r g a n i s m  p r o d u c i n g  f r e q u e n t i n  a n e w  iodine  a b s o r b i n g  x2, 
penic i l l inase  sens i t i ve  zone was  d e t e c t e d  on  c h r o m a t o -  
g r ams  of t h e  f e r m e n t a t i o n  m e d i u m .  C h r o m a t o g r a p h y  was  
car r ied  o u t  in  b u t a n o l / p y r i d i n e / w a t e r  (1 : 1 : 1) us ing  

W h a t m a n  No. I paper .  A l t h o u g h  t he  new c o m p o u n d  was  
c h r o m a t o g r a p h i c a l l y  s imi l a r  to  t h e  penic i l l ins  i t  h a d  v e r y  
l i t t l e  a c t i v i t y  a g a i n s t  Bacillus subtilis, a n d  such  a c t i v i t y  
a s  was  o b s e r v e d  a p p e a r e d  to  increase  s o m e w h a t  v a r i a b l y ,  
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after spraying the chromatograms with sodium bicar- 
bonate and phenylacetyl chloride 18. 

The relationship between the biological act ivi ty  of the 
new derivative before and after phenylacetylation was 
confused by two factors. First ly i t  was shown in subse- 
quent  experiments tha t  the organism sometimes syn- 
thesized a small amount  of penicillin from the added 6- 
APA which accounted for most of the biological act ivi ty  
before phenylacetylation. Secondly, when the nature of 
the complex was established, it seemed most likely tha t  
the reaction with phenylacetyl  chloride involved the 
breakdown to free 6-APA which was subsequently phenyl- 
acetylated to give benzylpenicillin. The initial breakdown 
to free 6-APA occurs more readily at lower pH and the 
variable results obtained at  first could be due to poor 
control of the bicarbonate buffer and hence varying con- 
ditions of acidity during the spraying procedure. More 
consistent results were later obtained by first spraying the 
tapes with acetic acid, thus deliberately breaking down 
the new complex to 6-APA, and then phenylacetylat ing 
in the usual way. 

The new compound of 6-APA is solvent soluble at low 
pH and readily back extracted from the solvent with 
sodium bicarbonate solution. Like frequentin itself i t  
gives a red colour with ferric chloride and an orange 
colour with diazotized para-nitro aniline. The absorption 
at  285 m/~ in the UV-spectrum of frequentin is shifted 
to 330 m# after reaction with 6-APA. 

Attempts  to isolate a completely pure preparation of 
the new derivative free from 6-APA itself have been un- 
successful for it  readily breaks down to 6-APA and Ire- 
quentin and it  is probabIe tha t  in aqueous solution an 
equilibrium becomes established between the complex 
and its constituents. After treating the complex with 
penicillinase a new compound is formed which runs 
slower on chromatograms and absorbs iodine more 
readily, thus behaving like a penicilloic acid, but  the 
6-APA/frequentin complex is a t  least twice as stable to 
B. cereus penicillinase as is 6-APA. I t  is even possible that  
penicillinase has no direct action on the complex but only 
attacks the free 6-APA, the penicilloic acid of which re- 
combines with frequentin. 

The structure of Irequentin has been confirmed as the 
tautomeric mixture of a fl-keto aldehyde (II) and its 
enolic form (III) in studies using nuclear magnetic reso- 
nance x*,x~. The closely related compound pali tantin (IV) 
does not react with 6-APA; neither do penicillins such as 
benzylpenicillin react with frequentin. The formation of 
the complex would thus seem to involve the aldehyde 
group of frequentin and the primary amino group of 6- 
APA. 

I t  has been shown in these laboratories and elsewhere 
tha t  6-APA will react with certain aldehydes and ketones 
under very mild conditions of temperature and pH. Thus 
a mixture of 6-APA and salicylaldehyde in phosphate 
buffer fairly rapidly becomes yellow and it  is possible to 
isolate a new compound behaving chromatographically 
like the frequentin complex. In this instance it is sug- 
gested tha t  the reaction involves the formation of a 
Schiff's base which is stabilized by hydrogen bonding and 
resonance with the ortho-quinonoid structure. The com- 
pound of 6-APA and 2-hydroxynaphthaldehyde has been 
isolated by XVOLFE ~s and the preparation of Schiff bases 
of free amino acids using ortho hydroxy aromatic alde- 
hydes was described by MCINTIRE 17, such derivatives 
being used in peptide synthesis by S~EEHAN and GREN- 
DA ~s. The enamine-enolimine equilibrium has been in- 
vestigated in some detail by HEINERT and I~IARTELL I". 
They suggest, from a s tudy of infra-red data, tha t  the 

enamine tautomer plays a large part  in the structure of 
amino acid derivatives both of aliphatic fl-dicarbonyl com- 
pounds and ortho hydroxy aromatic compounds. D~A~ 
et al. z0 have also reported the reaction of amino acids with 
fl-dicarbonyl compounds to form 'azo-methines'.  The 
derivatives of benzoyl acetone and acetyl acetone are 
quite stable and they suggest tha t  these derivatives exist 
mainly in the enamine form stabilized by strong hydro- 
gen bonding. From these considerations it is possible to 
postulate the structure of the frequentin-6-APA complex 
a s :  

O 
HOOC-T----N---3/~ 

o 

HOOC ,, N 0 

Undoubtedly,  a number of fungi, under certain cul- 
tural  conditions, will produce carbonyl compounds which 
could interact with 6-APA. Using the more sensitive tech- 
nique of first breaking down these complexes with acid 
and subsequently phenylacetylating the liberated 6-APA 
it  has been possible to detect such compounds on chro- 
matograms of the fermentation media of several fungi to 
which 6-APA had been added, but  the identi ty of these 
compounds is not known ~. 

Zusammen]assung. 6-Aminopenizillans~ure setzt sich 
mit  Frequentin,  einem Schimmelmetabotiten, unter  ge- 
wissen Temperatur-  und pH-Bedingungen urn. Der ent- 
standene Komplex stellt wahrscheinlich eine Tautomeren- 
mischung aus Enamin und Enolimin dar, die beide dutch 
Wasserstoffbrficken stabilisiert werden. 

M. O. Moss 2~ 

Beecham Research Laboratories, Betchworth, Surrey 
(England), August 7, 7964. 
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