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S T U D I O R U M  PROGIRESSUS 

T h e  S t r u c t u r e  of  P a t u l i n  ~ 

By ll.B. WOO=WARD and GURBXKHSH SXNGn, Cambridge (U.S.A) ~ 

Patulin is a mold metabolic product o/the compositiou CTH~O 4. 
It is produced by a large number o/microorganisms, and possesses 
marked antibiotic and antifungal properties. I~ spite o/the small 
size of the molecule o/the antibiotic, its chemistry has turned out 
to be extraordi~mrily intricate. In 19t8, a structure was proposed 
/or the substance by RAISTRICK, et al. The expression deduced at 
that time has been generally accepted, although the possibility o[ the 
existen.ce o] patuIin in tautomeric modifications o[ the original 
structure has been considered. It has long been our view that a more 
radical alteration o/ the early proposal was necessary. Recently, 
experimental cou/irmation o] the necessity /or such changes has 
been brought/orward in Zt~rich and i~ Cambridge. 

I n  a r e c e n t  l e t t e r ,  COHEN a in r e f e r r i ng  to  s t r u c t u r e s  
p r o p o s e d  for  p a t u l i n  b y  us (I) a, a n d  b y  ENG~L, BRZESKI, 
a n d  PLATTN~R (II) ~, cal ls  a t t e n t i o n  to  t h e  n e c e s s i t y  
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of s h o w i n g  t h a t  a n y  s t r u c t u r e  for  t h e  a n t i b i o t i c  is 
c o n s i s t e n t  w i t h  t h e  e x t e n s i v e  d e g r a d a t i v e  w o r k  of 
t{AISTRICK et al. 6 a n d  BERGEL et al. 7 (The  w o r k  of 
t h e  NA~JTA group* also d e s e r v e s  men t ion ,}  T h e s e  re-  
m a r k s  p r o m p t  us  t o  r e c o r d  o u r  v iews  in  t h a t  d i r ec t ion ,  
t h e  m o r e  so s ince  o u r  s t r u c t u r a l  p r o p o s a l  was  of course  

b a s e d  in  t h e  f i r s t  i n s t a n c e  o n  t h e  e l e g a n t  e x p e r i m e n t s  to  
w h i c h  COHEN refers .  I t  will be  u n d e r s t o o d  t h a t  in  o u r  
ea r l i e r  c o m m u n i c a t i o n ,  of s t r i c t l y  p r e s c r i b e d  l eng th ,  we 
h a d  n o  choice  b u t  to  focus  our  a t t e n t i o n  on  t h e  n e w  
re su l t s  w h i c h  we were  able  to  b r i n g  f o r w a r d  in s u p p o r t  
of ou r  conc lus ions .  

RAmTRICK et al. ~ o b t a i n e d  e - iodo-y -ke tohexo ic  ac id  
( I I I )  b y  t r e a t i n g  p a t u l i n  w i t h  h y d r i o d i c  acid.  I t  was  
f u r t h e r  s h o w n  t h a t  p a t u l i n  was  c o n v e r t e d  b y  h o t  d i l u t e  
su l fu r ic  ac id  to  t e t r a h y d r o c o m a n i c  acid (IV) a n d  fo rmic  

1 The manuscript is in the hands of the editor since October 14, 
1949. 
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acid.  "When h y d r o g e n a t e d  p a t u l i n  was  t r e a t e d  w i t h  
p h o s p h o r u s  a n d  h y d r i o d i c  acid,  f l - m e t h y l c a p r o l a c t o n e  
(V) a n d  f l - m e t h y l c a p r o i c  ac id  (VI) were  fo rmed .  W e  
cons ide r  i t  u n n e c e s s a r y  to  l a b o r  t h e  
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p o i n t  t h a t  t h e s e  r e su l t s  p r o v e  r igo rous ly  on ly  that p a t u l i n  
is convertible in  aqueous media ,  i n  the presence o/ acidic 
catalysts ,  to ( V I I ) ,  or an equivalent  species.  A g r e a t  m a n y  
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s t r u c t u r e s  for  p a t u t i n  m e e t  t h i s  r e q u i r e m e n t ,  a m o n g  
t h e m ,  (t),  (II), a n d  t h e  o r ig ina l  p r o p o s a l  (III) of t h e  
RAISTRICK g roup .  

W e  t u r n  n o w  to  a c o n s i d e r a t i o n  of  t h e  s ign i f i cance  of 
t h e  i so la t ion  b y  NAUTA et al. I of 2 , 3 - d i k e t o p e n t a n e  (IX) 
a n d  c a r b o n  d iox ide  as p r o d u c t s  of t h e  v i g o r o u s  h y d r o -  
lysis  of p a t u l i n  b y  h y d r o c h l o r i c  acid.  Th i s  r e su l t  is 
r e ad i l y  exp l i cab le  if i t  be  . a s sumed  t h a t  t h e  p a t u l i n  
molecu le  c o n t a i n s  a d o u b l e  b o n d  c o n j u g a t e d  w i t h  the  
(po ten t i a l )  c a r b o x y l  g r o u p  k n o w n  to  be  p r e s e n t ,  'i. e. 
t h a t  p a t u l i n  is a l a c t o n e  d e r i v e d  f rom (X). T h e  h y d r a t i o n  

CH3CH2COCOCH a HOCH2CH2COC= CHCOOH 
I 

CHO 
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of t h e  d o u b l e  b o n d  of (X) will be  e x p e c t e d  to  proceed  
m a i n l y  in  t h e  d i r e c t i o n  of t h e  f o r m a t i o n  of (vi i )  ; on  the  
o t h e r  h a n d ,  a c t i v a t i o n  for  a d d i t i o n  in  t h e  o p p o s i t e  sense 
is p r e s e n t  i n  t h e  - - - C O 0 - -  g roup ,  a n d  r e a c t i o n  in  th i s  
a l t e r n a t e  d i r e c t i o n  m a y  b e  f a v o r e d  in t h e  p a t u l i n  
mo lecu le  i t se l f  t h r o u g h  m o d i f i c a t i o n  of t h e  c a r b o n y l  
g r o u p  a t  t h e  o t h e r  e n d  of t h e  d o u b l e  b o n d .  T h u s ,  to  the  
e x t e n t  t h a t  h y d r a t i o n  of  t h e  d o u b l e  l i n k ag e  precedes  
c l eavage  of  t h e  l a c t o n e  r ing;  we m a y  e x p e c t  (XI)  to  be 
f o r m e d  w h e n  p a t u l i n  is t r e a t e d  w i t h  a q u e o u s  acids.  Now, 

1 ~,V. TH. NAUTA, H. K. OOSTEHUIS, A. C. VAN DER LINDEN, 
P. vA~ Duv~, and J. W. DIENSKE, Rec. Trav. chim. 65, 865 (19,t6). 
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if t h e  f o r m y l  g r o u p  of (XI)  is c l e a v e d  in  t h e  n o r m a l  
f a sh ion ,  a n d  t he  t l y d r o x y l  g r o u p  fl t o  t h e  c a r b o n y l  
f u n c t i o n  is lost ,  ( X I I )  will  be  fo rmed .  A sh i f t  of  t h e  
d o u b l e  b o n d  s y s t e m  in  t h e  c o r r e s p o n d i n g  enol  ( X I I I )  
i n t o  c o n j u g a t i o n  w i t h  t h e  c a r b o x y l  g r o u p  will  l ead  to  
(XIV) ,  f r o m  w h i c h  t h e  o b s e r v e d  2 , 3 - d i k e t o p e n t a n e  ( IX)  
a n d  c a r b o n  d iox ide  r e s u l t  b y  o b v i o u s  processes .  

T h e  t w o  l a c t o n e s  d e r i v a b l e  f r o m  (X) a re  (I) a n d  (II) .  
Of these ,  we f a v o r  (I), fo r  t h e s e  r e a s o n s :  (i) t h e r e  is 
s t r o n g  pos i t i ve  e v i d e n c e  for  t h e  p r e sence  of a bona  f ide  
h y d r o x y l  g r o u p  in t h e  p a t u l i n  molecu le  in  t h e  r e a d y  
f o r m a t i o n  of n u m e r o u s  acy l  d e r i v a t i v e s ,  a n d  of a m e t h y l  
e the r ,  in  t h e  c o m p l e t e  i d e n t i t y  of t h e  u l t r a v i o l e t  ab -  
s o r p t i o n  s p e c t r a  of p a t u l i n  a n d  i t s  acy l  d e r i v a t i v e s ,  a n d  
in t h e  p r e sence  of a s t r o n g  O H  b a n d  in  t h e  i n f r a - r e d  
s p e c t r u m  of p a t u l i n .  (ii) T h e  i n f r a - r e d  s p e c t r u m  of 

O 

/ / ~ / ~ C H C O O E t  

\ /  
O 

XV 

p a t u l i n  h a s  no  s t r o n g  b a n d  a t  ca. 6It;  s u c h  a b a n d  s h o u l d  
be  p r e s e n t  in  t h e  s p e c t r u m  of (II) ,  w h i c h  c o n t a i n s  t h e  
s y s t e m  C O - - C = C .  (iii) T h e  u l t r a v i o l e t  s p e c t r u m  Of 
p a t u l i n  is i n c o m p a t i b l e  w i t h  t h e  s t r u c t u r e  (II)  ; t h u s ,  t h e  
e s t e r  (XV),  c o n t a i n i n g  a n  a b s o r b i n g  s y s t e m  c lose ly  
c o m p a r a b l e  t o  t h a t  of (II) ,  h a s  X m a x . = 2 4 0  m/~ I. (It 
s h o u l d  b e  p o i n t e d  o u t  t h a t  t h e  u l t r a v i o l e t  d a t a  a l o n e  
were  su f f i c i en t  to  r e n d e r  t h e  s t r u c t u r e  ( V I I I )  for  p a t u l i n  
u n a c c e p t a b l e . )  (iv) A d d i t i o n  of w a t e r  t o  t h e  d o u b l e  b o n d  
of ( I I )  in  t h e  sense  d e s c r i b e d  a b o v e  as n e c e s s a r y  to  
e n c o m p a s s  t h e  f o r m a t i o n  of 2 , 3 - d i k e t o p e n t a n e  is re la-  
t i v e l y  un l ike ly .  (v) (II)  c o n t a i n s  t h e  s y s t e m  - - C H  ~CO--,  
b u t  p a t u l i n  does  n o t  f o r m  a b e n z y l i d e n e  d e r i v a t i v e  2. 
(vi) P a t u l i n ,  t h o u g h  d e r i v e d  f rom n a t u r a l  sources ,  is 
o p t i c a l l y  i n a c t i v e ;  wh i l e  (I), as  a h e m i a c e t a l ,  w o u l d  b e  
e x p e c t e d  to  r a c e m i z e  r a p i d l y  in  s o l u t i o n  (cf. t h e  m u -  
t a r o t a t i o n  of sugars ,  etc.) ,  a n  a c t i v e  f o r m  of (II)  wou ld  
be  e x p e c t e d  to  be  c o n f i g u r a t i o n a l l y  s tab le .  I n  t h i s  
gene ra l  c o n n e c t i o n  we m a y  call  a t t e n t i o n  to  t h e  f ac t  
t h a t  t h e  a c c e p t a n c e  of t h e  s t r u c t u r e  (I) impl i e s  t h a t  t h e  
v a r i o u s  c a r b o n y l  d e r i v a t i v e s  of p a t u l i n  a re  d e r i v e d  f r o m  
t h e  p o t e n t i a I  c a r b o n y l  g r o u p  w h i c h  in  (I) is p r e s e n t  as  
t h e  a b o v e - m e n t i o n e d  h e m i a c e t a l  f u n c t i o n .  T h u s  t h e  

1 Unpublished observations from our Laboratory. 
2 F. BERGEL, A. L. MORRISON, A. R. Moss, and H. RINDER- 

KNECI1T, J .  Chem. Soc. 415 (1944). - W. Tit. NAUTA, H. K. 
OOSTEHUIS, A. C. VAN DER'LINDEN, P. VAN DUYN, and J. W. 
DIEI~*SKE, Rec. Tray. chim. fig 865 (1946). - But compare NAUTA 
et al., loc. cit., p. 878, who state that patulin gives a benzal deri- 
vative. The substance was not analysed or otherwise characterized, 
and it seems very probable, from the method used, that the product 
obtained by the Dutch workers was chlorodesoxypatulinic acid. 

ox ime ,  a n d  t h e  p h e n y l h y d r a z o n e s  of p a t u l i n  m a y  b e  re-  
p r e s e n t e d  as ( X V I )  ; t h i s  v iew is in  accord  w i t h  t h e  f ac t  
t h a t  t h e  acy l  d e r i v a t i v e s  of p a t u l i n  give t h e  s a m e  
c o m p o u n d s  w i t h  c a r b o n y l  r e a g e n t s  as does  p a t u l i n  i tself .  
(vii) F ina l l y ,  t h e  u l t r a v i o l e t  s p e c t r u m  a n d  t h e  i n f r a - r e d  
s p e c t r u m ,  in  t h e  d o u b l e  b o n d  region,  of t h e  mode l  
l a c t o n e  ( X V I I )  p r e p a r e d  b y  us  x a re  s u b s t a n t i a l l y  i den t i c -  
al  w i t h  t h e  c o r r e s p o n d i n g  p r o p e r t i e s  of  p a t u l i n  itself.  

Some,  b u t  n o t  all, of t h e  a b o v e - m e n t i o n e d  defec t s  of 
(II) do  n o t  o b t a i n  if i t  be  a s s u m e d  t h a t  s u c h  a molecule  
wou ld  ex i s t  e n t i r e l y  in t h e  enol ic  f o r m  ( X V I I I ) .  W e  see 
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no  g r o u n d s  for  t h e  a c c e p t a n c e  of such  a n  a s s u m p t i o n ,  
a n d  b e y o n d  t h a t ,  o u r  m e a s u r e m e n t s  of t h e  i n f r a - r e d  
s p e c t r u m  of p a t u l i n  fai l  to  r e v e a l  t h e  s t rong  b o n d  a t  
6 . 0 - -6 .1  /~ w h i c h  w o u l d  be  e x p e c t e d  to  a p p e a r  in  t h e  
s p e c t r u m  of ( X V I I I ) ,  as  a c o n s e q u e n c e  of t h e  p r e s e n c e  
in t h e  mo lecu le  of t l le  s y s t e m  C = C - - O - - R  ( R = H  or 
alkyl)  ~. 

I t  r e m a i n s  to  cons ide r  t h e  s t r u c t u r e  (I) for p a t u l i n  in 
t h e  l i g h t  of t h e  e x t e n s i v e  a n d  ca re fu l  e x p e r i m e n t s  of t h e  

............... / / o  o Ao \? coocHo 
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BERGEL g r o u p  3. T h e  f o r m a t i o n  of g l y o x a l  f rom (I) on  
o z o n i z a t i o n  is r e ad i l y  u n d e r s t a n d a b l e * ;  i t  m a y  be  n o t e d  
t h a t  ~XTAUTA et al. o b t a i n e d  glycol ic  a l d e h y d e ,  as wel l  
as g l y o x a l  5. T h e  f a c t  t h a t  n o  g lyoxyl ic  ac id  was  o b s e r v e d  
as a n  o z o n i z a t i o n  p r o d u c t  d e s e r v e s  c o m m e n t .  A t t e n t i o n  
m a y  be  ca l l ed  to  t h e  w o r k  of COCKER a n d  HORNSBY a, 
w h o  looked  for, a n d  d i d  n o t  f ind,  g lyoxyl ic  ac id  a m o n g  
t h e  o z o n i z a t i o n  p r o d u c t s  f r o m  t h e  l a c t o n e  ( X I X ) .  I t  
m a y  be  s u g g e s t e d  t h a t  t h e  ozon ide  of p a t u l i n  suffers  
r e a r r a n g e m e n t  in t i le  sense  ( X X ) - + ( X X I ) ;  t h i s  process  
wou ld  lead  t o  t h e  f o r m a t i o n  of fo rmic  ac id  a n d  carbon  
d i o x i d e ,  b o t h  of w h i c h  were  o b s e r v e d .  Ti le  f o r m a t i o n  
f r o m  p a t u l i n ,  b y  p e r h y d r o g e n a t i o n ,  etc. ,  of f l -n-propyl-  
b u t y r o l a c t o n e  ( X X I I )  does  n o t  r eq u i r e  e x p l i c a t i o n ;  a 
n u m b e r  of p a t h s  are  ava i l ab le ,  a n d  t h e  r e su l t  in t h e  
m a i n  se rves  o n l y  to  c o n f i r m  t h e  a l r e a d y  we l l - e s t ab l i shed  
c a r b o n  s k e l e t o n  of t h e  a n t i b i o t i c .  Tile a c t i o n  of e t h a n o l i c  
h y d r o g e n  ch lo r ide  oil (I) m a y  be  e x p e c t e d  to  lead to  t h e  
p s e u d o  e s t e r  ( X X I I I ) .  

1 R.B.WoODWARD and G. SI~'C,H, J. Amer. Chem. Soc. 71, 758 
(1949), 

o Unpublished observations from our Laboratory on the spectra 
of dihydropyrane, and other cnol ethers. 

a F. BERGEL, A. L. MORR1SON, A. R. Moss, and H. R~r*m.:R- 
KNIECItT, J .  CheliL SOC. '115 (194-t). 

4 Cf. BERGEL, et al., loc. cir., p. 417. 
,5 W.mn. NAUTA, H. I'L OOSTI.:RHUIS, A.C. VAN DER LINDEN, P.VAN 

DuYN, and J. W. DIENSKE, Rec. tray. chim. 65,865 (1946). 
W.CocKEn and S. HoRSSBV, J. Cheln. Soe. 1157 (t947). 
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The expression is a satisfactory one in all respects for 
the product  CnHlvO~CI obtained by the BERGEL group. 
This view further  implies tha t  the chloro-acid, C7H704Ct, 
(now known as chlorodesoxypatulinic acid. ~) obtained by 
the action of warm dilute sulfuric acid on (XXII I ) ,  has 
the s tructure (XXIV:  R = C1) and tha t  tile acid 
C7H~004, obtained by reduction of the chloroacid, and 
formulated by BERGEI~ e~ al. as (XXV), is in fact ±he 
tetrahydro-7-pyrone-3-acetic  acid (XXVI).  The la t ter  de- 
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A / C H R  / / ~  cHa ( xy/ CH2COOH 

/ \ / COOH "" / ~o o o 

XXIV XXV XXVI 

duction has been rigorously confirmed by experiments 
in Zfirich 1 and Cambridge-L (It may  be noted tha t  strong 
evidence against the s tructure (XXV) for the acid 
C~H~oO 4 was long since available in the observa t ion 'by  
the BERGEL group tha t  the substance was t ransformed 
by hydriodic acid into a di iodo-acid  C:H~003L2; it can 
hardly be doubted tha t  (XXV) in this reaction would 
suffer reduct ive cleavage of the C - - O  link ~ to the 
carboxyl group, with formation of a monoiodo-ac id  
CTHnO3I). 

The very valuable and interesting recent degradat ive 
studies of the PLATTNER group ~ likewise are readily 
interpretable in terms of the s tructure (I). Thus, patul in 
was converted directly to the ehtoro-acid ( X X I V :  
R ~ C1) by the action of hydrogen chloride in mois t  
ether. Further ,  the direct hydrogenat ion of patul in in 
aqueous media led to the formation of the acid (XXIV:  
R = H). Although a number  of al ternate  reaction paths 
for these processes present themselves, the simplest in- 
volves the addit ion of hydrogen chloride, in the first 
case, or hydrogen, in the second, to the double bond 
which remains after  hydrolyt ic  cleavage of the lactone 
ring. These changes will lead to ( X X V I I :  R = C1 or H), 
from which by obvious processes the observed products 
may be derived. 

1 B.G. ENC, EL, ~V. BRZESKI, and PL.A. PLATTNER, Helv. chim. 
acta 32, 1166 (1949); id., lb. ,~., 17.52 (1949). 

2 R. B. WOOOWARD and G. StNGn, J. Amer. Chem. Soc. 71, 758, 
(19~9). 
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XXVII XXVIII  

In  view of the fact t ha t  interest  in patutin first 
devolved from its powerful ant ibiot ic  properties, i t  is 
perhaps per t inent  to point  out  t ha t  the s t ructure  (I) 
bears a strong resemblance to tha t  of protoanemonin 
(XXVIII ) ,  whose antibiotic properties are well-knownL 

Few known substances contain as many  reactive 
groupings, combined.so compactly,  as does patulin, and 
the chemistry of the antibiotic is more than  ordinarily 
intricate. But  the s t ructure  (I) is an eminent ly  satis- 
factory vehicle for the in terpre ta t ion of all the known 
facets of the chemistry of patulin,  and in our view it  is 
unquest ionably correct. 

Z u s a m m e n J a s s u n g  

Die ErwAgungen, welche die Autoren zu der S t ruktur  I 
ftir Patul in fiihrten, werden kurz beschrieben, u n d e s  
wird gezeigt, dab das chemisehe Verhalten des Natur-  
stoffes in jeder  Hinsicht  durch diese Strukturformel  zu 
erkl£ren ist. 
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1 B. C. SE~G*tL and M. HOLDt~N, Science 101, 413 (1945). - 
H. BA~R, M. HOLDEN, and B. C. SEEGAL, J. Biol. Chem. 16~, 65 (1946). 
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Le Congr~s international 
de Microscopic 61ectronique 

aura liezt ~ P a r i s  du  14 au, 22 seplembre 1950 

Pour  tous renseignements on peut s 'adresser au Dr 
C.-A. I3AOD, Laboratoire de morphologie ul trastructu- 
rale et fonctionnelle, rue Ecole de M~decine, 20, 
Genbve. 


