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The 13c-nmr investigation of the biosynthesis of the 

pyrone metabolite 2-(11,2'-epoxypropy1)-5,6-dihydro-5- 

hydroxy-6-methylpyran-2-one, aspyrone, isolated from &.  

~c&&eee  is described. Labeling distribution and incorpora 

13 tion level data from 1-13c-acetate, 2- C-acetate and 1,2- 

13c-acetate supports a proposed Favorsky rearrangement route 

from a linear pentaketide unit for the biosynthesis of this 

fungal metabolite. 13c-nmr chemical shift assignments and 

carbon-carbon coupling data are presented. A Favorsky route 

is also proposed to account for bisfuran ring formation in 

aflatoxin and sterigmatocystin biosynthesis. 



The lac tone  me tabo l i t e  2-(1',2'-epoxypropyl)-5,6-dihydro-5-hydr0xy- 

6-methylpyran-2-one ( 1 )  has been i s o l a t e d  from l a b o r a t o r y  c u l t u r e s  of 

I severa l  AspergiZZus species i n c l u d i n g  m c i l ~ u s  and nchmceus.2 Although 

a .  ochraceus a l so  produces t he  niycotoxin o c h r a t o ~ i n , ~  t he  poss i b l e  s i g -  

n i f i c a n c e  o f  t h e  lac tone  pyrone me tabo l i t e  as a niycotoxin remains 

unexplored. 

We r e p o r t  r e s u l t s  o f  our  13C-nmr i n v e s t i g a t i o n  o f  t h e  b iosyn thes is  

of t he  pyrone me tabo l i t e  f o r  which we propose the t r i v i a l  name aspyrone. 

E a r l i e r  1-14C-acetate and 2-14C-acetate l a b e l i n g  s tud ies  es tab l i shed  a 

pen take t ide  pathway t o  aspyrone and y i e l d e d  t h e  l a b e l i n g  p a t t e r n  shown 

i n  ( 2 )  o f  F igure  1. Thus any b i o s y n t h e t i c  proposal must account f o r  t h e  

l a b e l  d i s t r i b u t i o n  having t h e  ad jacent  C -2  and C-7 carbons l abe led  by t h e  

methyl  group of ace ta te .  Carbon branching a t  C-2 a l so  i n d i c a t e s  aspyrone 

b iosyn thes is  r e s u l t s  from carbon ske le ton  rearrangement o f  a l i n e a r  

pentaket ide u n i t .  

1%-nmr chemical s h i f t  assignments o f  aspyrone were obta ined from 

known chemical s h i f t s  c o r r e l a t i o n s  and f rom o f f  resonance decoupl ing f o r  

C-1,  C-2 and C-3. From t h e  known p ro ton  chemical s h i f t  assignments of 

aspyrone,' t h e  carbon s h i f t s  of t h e  four chemica l l y  s i m i l a r  oxygenated 

carbons a t  C-4, C-5, C-7 and C-8 were obta ined by s p e c i f i c  s i n g l e  f r e -  

quency p ro ton  decoupl ing. The two methyl  s i g n a l s  f o r  C-6 and C-9 cou ld  

n o t  be d i s t i ngu i shed  from each o the r  i n  an un labeled sample o f  aspyrone. 

The chemical s h i f t  assignments of aspyrone a re  g iven i n  Table 1. 

The 1%-nmr spec t ra  o f  1-13C-acetate and 2-13C-acetate enr iched 

aspyrone, produced by c u l t u r e s  o f  A.  rnelLeus a re  shown i n  ( 2 )  and ( 3 )  

o f  F igure  1. Strong s i gna l  enhancement over na tu ra l  abundance i s  observed 

f o r  t he  C-1 ,  C-3, C-5 and C-8 s i gna l s  ( 2 )  o f  F i gu re  1, showing they a re  
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Table  1 

1 3 ~ - ~ ~ ~  DATA FOR ASPYRONE (1)  

Aspryone ( 1 )  -. 

Carbon - 6 c s- -- Mesuat+ 6 C  - Hz 

RELATIVE ENRICHMENT OF MESYLATE ( 2 )  

Carbon -- 

* Since t h e  chemical  s h i f t s  o f  these s i g n a l s  a r e  v e r y  c lose,  t h e  extreme AB 
coup l ing  p a t t e r n  p reven ts  d e t e c t i o n  o f  these o u t e r  s a t e l l i t e s .  

1 Average i n t e n s i t y  o f  t h e  combined C-2 and C-3 s i g n a l s .  
Average i n t e n s i t y  o f  t he  combined C-6 and C-9 s i g n a l s .  

3 Obscured n e x t  t o  t h e  CDC13 s o l v e n t  peak. 

( 357 ) 



1 , 2 - 1 3 ~ - ~ ~ ~ ~ ~ ~ ~  LABELED 

1 - ' 3 ~ - ~ ~ ~ ~ ~ ~ ~  LABELED 

2 - 1 3 ~ - ~ ~ ~ ~ ~ ~ ~  LABELED 

4 

FIGURE 1 



HETEROCYCLES, Vol 5, 1976 

labe led  by the carboxy l  o f  acetate.  The enhanced C-2, C-4, C-6, C-7 and 

C-9 s igna ls  ( 3 )  of F igure  1 es tab l i shes  these carbons a re  labe led  by 2- 

13C-acetate. These r e s u l t s  conf i rm t h e  prev ious 14C- label ing study, 4 

as we l l  as showing t h a t  ad jacent  l a b e l i n g  o f  C-2 and C-7 by t he  methyl  

group o f  ace ta te  occurs. 

The use of doubly l abe led  90% enr iched 1,2-13C-acetate as a precursor  

a f f o rded  a  c l e a r e r  i n s i g h t  i n t o  t h e  b i osyn the t i c  pathway t o  aspyrone. 

The 1,2-13C-acetate enr iched spectrum o f  aspyrone (1 )  o f  F igure  1 showed 

v i c i n a l  1,2 coup l i ng  between C-2 and C-3 (67 Hz), C-4 and C-5 (40 Hz) and 

C-8 and C-9 (44 Hz). The magnitudes of these observed coup l ing  constants 

a re  appropr ia te  f o r  t h e  degree o f  h y b r i d i z a t i o n  o f  t h e  r espec t i ve  carbons 

and e l ec t r onega t i ve  s u b s t i t u t i o n  pa t t e rn .  Coupl ing between adjacent  

incorpora ted  a c e t i c  a c i d  u n i t s  was minimized and a r e  no t  v i s i b l e  i n  t h e  

spectrum s ince  t h e  90% 1,2-13C-acetate was i n i t i a l l y  d i l u t e d  w i t h  1.5 

p a r t s  of unlabeled acetate i n  t h e  feeding experiment. 

I n  a  h i g h  r e s o l u t i o n  32K Fou r i e r  t ransform, p ro ton  no ise  decoupled 

1 3 C  spectrum o f  t h e  1,2-13C-acetate enr iched aspyrone, carbon-carbon 

coup l ing  f o r  t h e  C - 1  and C-7 s igna ls  was observed w i t h  a  coup l i ng  constant  

of 3JC-C = 6  Hz (see (1)  of  F igure  1 ) .  Th is  va lue i s  cons i s t en t  w i t h  a  

1,3-coupling of these carbons. Th is  r e s u l t  es tab l i shes  t h a t  C - 1  and C-7 

o f  aspyrone a r e  der i ved  from t he  same ace ta te  molecule t h a t  was i n i t i a l l y  

i ncorpora ted  i n t o  the l i n e a r  pen take t ide  precursor .  Our f i n d i n g  i s  

c l e a r l y  i n cons i s t en t  w i t h  a  prev ious b i osyn the t i c  scheme f o r  aspyrone 

which proposes t h a t  C - 1  and C-6 a re  der i ved  from a  common a c e t i c  a c i d  

u n i t  and C-7 i s  der i ved  f rom another ace ta te  u n i t .  5 

Re la t i ve  enrichment l e v e l s  o f  t h e  carbons i n  t h e  1,2-13C-acetate 

l abe led  aspyrone were determined by comparison o f  r e l a t i v e  s i gna l  i n t en -  



s i t i e s .  Since no un labeled carbon i n  t h e  13C-enriched aspyrone i s  p resen t  

t o  serve as a re fe rence  standard, i t  was converted t o  t h e  5-methanesulfonate 

e s t e r  by t rea tment  w i t h  methanesulfonyl  c h l o r i d e  [mp 113-115", 
IRnujol 

1 
1725, 1345, 1175, 1170Cm- ; N M R ~ ' ~ ' ~  1.44 (3H, d, H-9), 1.48 (3H, d, H-6) ,  

2.85 (IH, m, H-8), 3.14 ( 3 ~ ,  -S02CH,), 3.57 ( lH ,  d, H-7), 4.69 ( lH,  m, 

H-5), 5.18 ( lH ,  dd, H-4), 6.72 6 ( lH ,  d, H-3)] .  The methyl  s i gna l  o f  t h e  

mesylate was a convenient un labeled re fe rence  standard. 

For t h e  i n t e n s i t y  measurements, t he  mesylate sample was doped w i t h  

paramagnetic tris(a~etylacetonate)chromium [ C r ( a ~ a c ) ~ l  i n  o rder  t o  

min imize v a r i a t i o n s  i n  s i gna l  i n t e n s i t i e s  due t o  t he  v a r i a b l e  NOE e f f e c t s  

and TI r e l a x a t i o n  t imes of t h e  i n d i v i d u a l  carbons.6 The r e l a t i v e  i n t e n -  

s i t i e s  obta ined i n  t h i s  way show a l l  n i ne  aspyrone carbons un i f o rm l y  

enr iched t o  about tw i ce  na tu ra l  abundance. The da ta  a re  summarized i n  

Table 1. This  r e s u l t  es tab l i shes  t h a t  t he  f i v e  a c e t i c  a c i d  u n i t s  t h a t  

form t he  l i n e a r  pen take t ide  precursor  o f  aspyrone a re  incorpora ted  a t  

t he  same stage o f  metabolism. 

I n  Scheme 1 a b i o s y n t h e t i c  mechanism i s  g i ven  which i s  cons i s t en t  

w i t h  a l l  t he  l a b e l i n g  d i s t r i b u t i o n  and i nco rpo ra t i on  l e v e l  data. I n i t i a l  

condensat ion o f  f i v e  ace t y l  co-enzyme A u n i t s  forms a un i f o rm l y  labe led  

l i n e a r  pentaket ide.  B i o l o g i c a l  i n t r o d u c t i o n  o f  a l eav i ng  group a t  C-7 

( x )  i s  fo l l owed by i n t r amo lecu la r  displacement by a C-2 carbanion t o  

form a cyclopropanone analogous t o  t h e  Favorsky rearrangement in te rmed ia te .  

Spec i f i c  opening of t h e  C-1-C-7 cyclopropanone bond can be f a c i l i t a t e d  

by i t s  1,3 d ica rbony l  r e l a t i o n s h i p  w i t h  C-8. Th is  s p e c i f i c  cyclopropanone 

C-1-C-7 r i n g  opening process accounts f o r  t he  1,3 coup l i ng  observed 

between C - l *  and C-7" i n  t h e  1,2-13C-acetate l abe led  aspyrone. The cyc lo -  

propanone in te rmed ia te  a l s o  accounts f o r  t h e  1 , 2  coup l i ng  observed between 
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C-2  (e) and C-7 ( 0 )  i n  t h e  2- '%-acetate l a b e l e d  aspyrone. F u r t h e r  e labora -  

t i o n  of t h e  c a r b o x y l i c  a c i d  i n t e r m e d i a t e  t o  aspyrone i s  w e l l  precedented. 

T h i s  proposed Favorsky rearrangement r o u t e  t o  aspyrone appears t o  be one 

of many examples o f  t h i s  process o c c u r r i n g  i n  fungal  m e t a b o l i t e  b i o s y n t h e s i s .  

I n  t h i s  connect ion,  t h e  b i o s y n t h e s i s  o f  two o t h e r  funga l  m e t a b o l i t e s  

s t e r i g m a t o c y s t i n  and a f l a t o x i n  Bl conce ivab ly  can proceed th rough  s i m i l a r  

7 Favorsky t y p e  in te rmed ia tes .  Hs ieh has e l e g a n t l y  demonstrated w i t h  a  

b locked mutant  o f  A. parasiticus t h e  o b l i g a t o r y  i n te rmed iacy  o f  a v e r u f i n  



i n  a f l a t o x i n  B1 b iosyn thes is .  Another mutant o x i d a t i v e l y  conver ts  t h e  

xanthone, s te r igmatocys t in ,  t o  t h e  coumarone a f l a t o x i n  B1. Feeding 

experiments have a l so  es tab l i shed  t h a t  t h e  ad jacent  carbons C-9 and C-15 

i n  both o f  these metabo l i tes  a re  l abe led  by t he  methyl  carbon o f  ace ta te .  8,9 

A mechan i s t i ca l l y  acceptable b i o t r ans fo rma t i on  r o u t e  f rom a v e r u f i n ' s  

s i x  carbon s i de  cha in  t o  s t e r i gma tocys t i n ' s  and a f l a t o x i n  Bl's charac te r -  

i s t i c  branched d i f u rano  f o u r  carbon s i d e  cha in  i s  through a  cyclopropanone 

d e r i v a t i v e .  Such a  b i o s y n t h e t i c  r ou te  i s  compat ib le  w i t h  t h e  observed 

l a b e l  d i s t r i b u t i o n .  10 

Th is  proposed r o u t e  i s  o u t l i n e d  i n  Scheme 2 .  I n t r o d u c t i o n  o f  a  

b i o l o g i c a l  l eav i ng  group a t  C - 1 5  ( x  = pyrophosphate) i n  ave ru f i n  i s  

fo l l owed by cyclopropanone fo rmat ion  a s s i s t e d  by ~r?-3 p a r t i c i p a t i o n  

from t h e  o r t ho  pheno l i c  hydroxy l  group.'' Opening o f  t h e  cyclopropanone 

nex t  a f f o r d s  a  branched ca rboxy l i c  a c i d  and i t s  convers ion t o  t h e  char-  

a c t e r i s t i c  branched f o u r  carbon s idechain found i n  t h e  fungal  me tabo l i t e s  

can proceed by t h e  equ iva len t  of a  Baeyer -V i l l ager  o x i d a t i o n  o f  t h e  

te rm ina l  ace t y l  u n i t  as shown. U l t i m a t e  t r ans fo rma t i on  t o  t h e  b i s f u rano  

r i n g  can proceed as i n d i c a t e d  w i t h  r educ t i on  o f  t h e  ca rboxy l i c  a c i d  t o  

t h e  aldehyde l e v e l  occu r r i ng  a t  some stage o f  t h e  t rans fo rmat ion ,  t o  

g i v e  t h e  b is furano-anthraquinone d e r i v a t i v e  v e r s i c o l o r i n .  An a1 t e r n a t e  

b io t rans fo rmat ion  r o u t e  from a v e r u f i n  t o  s t e r i gma tocys t i n  and a f l a t o x i n  

B1 through a  Baeyer -V i l l ager  r e a c t i o n  on an a c e t y l - f u r a n  has a l s o  been 

proposed. 12 

Since t h e  complet ion o f  ou r  work on aspyrone b iosyn thes is ,  s i m i l a r  

r e s u l t s  and conc lus ions have appeared. 13 
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