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The 13c-nmr spectra o f  t h ree  r e l a t e d  secondary fungal 

metabol i tes,  c o l l e t o t r i c h i n  ( I ) ,  c o l l e t o t r i c h i n  B ( I I ) ,  and 

C ( I I I ) ,  i s o l a t e d  f rom CoZZetotrichwn n i co t i anae  have been 

s tud ied .  L a b e l l i n g  pa t t e rns  o f  these compounds der ived from 

13 13 13 13 13c-formate, 1- C-, 2- C-, and 1,2- C-acetates, and 5- C- 

mevalonate have been determined. These compounds were proved 

t o  be b iosynthesized i n  combination o f  acetate-mevalonate- 

geranyl-geranyl  pyrophosphate r o u t e  w i t h  ace ta te-po lyke t ide  

rou te .  Moreover, a new pathway, which i nvo l ves  c y c l i z a t i o n  of 

geranyl -geranyl pyrophosphate i n t o  I, 11, and 111 was proposed. 

c o l l e t o t r i c h i n  ( I )  i s  a phy to tox i c  substance i s o l a t e d  from CoZZetotrichwn 

caps i  by J .  F. Grove e t  a1 .' and C. n i ao t i anae  by A. Suzuki e t  a]. '  and t he  

3 s t r u c t u r e  has been independent ly  determined by X-ray ana l ys i s  of i t s e l f  and 

i t s  a ~ e t a t e . ~  I n  a d d i t i o n  t o  I, we i s o l a t e d  two c l o s e l y  r e l a t e d  compounds, 5 



c o l l e t o t r i c h i n s  B (11)  and C ( I I 1 )  from the  c u l t u r e  f i l t r a t e  o f  CoZZeto- 

trichwn nicotianae and es tab l i shed  t h e i r  s t r u c t u r e s  i n  comparison o f  those 

o f  I 1  and I11 w i t h  the  phys ica l  and chemical data o f  I. 

HO 

15 
11 CHO H 

I V  
11 

14 12 I 1 1  H CHO 

When app l i ed  t o  t he  young tobacco leaves, these compounds induced s i m i l a r  

symptons on t he  leaves t o  t he  diseased l e s i o n  of tobacco p l an t s  i n f ec ted  w i t h  

C. nicotianae, i n d i c a t i n g  the  p a r t i c i p a t i o n  o f  these substances i n  t h e  

pa thogen i c i t y  o f  t he  f u n g u ~ . ~  Fu r the r  i t  has been repo r ted  t h a t  c o l l e t o -  

t r i c h i n s  i n h i b i t e d  t he  growth o f  l e t t u c e  and r i c e  seedl ings,  and t he  o x i d a t i o n  

o f  NADA and succ ina te  by t he  mi tochondr ia o f  r a t  l i v e r .  6 

The s t r uc tu res  o f  c o l l e t o t r i c h i n s  c o n s i s t i n g  o f  unique nord i te rpene and 

p o l y s u b s t i t u t e d  y-pyrone mo ie t i es  toge ther  w i t h  t h e  i n t e r e s t i n g  b i o l o g i c a l  

a c t i v i t i e s  have s t imu la ted  us t o  study t he  b i osyn thes i s  o f  c o l l e t o t r i c h i n s  

by means o f  13c-nmr. 7 

ASSIGNMENT OF 1 3 ~ - ~ ~ ~  SIGNALS OF COLLETOTRICHINS 

The chemical s h i f t s  i n  'H no i se  decoupl ing spec t ra  and m u l t i p l i c i t i e s  

1  i n  H o f f  resonance spec t ra  o f  I, 11, and 111 together  w i t h  Cpo-acid methyl 

e s t e r  ( I V )  which was ob ta ined on t he  t rea tment  w i t h  a l k a l i n e  hydrogen peroxide 
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of I, 11, and I 1 1  a re  shown i n  Table. 

8 

Fig .  1. 13c-nmr spectrum o f  c o l l e t o t r i c h i n  

Since t he  s i gna l s  a t  6c 25.6 and 35.7 o f  I s h i f t e d  2.7 and 1.7 ppm, 

respec t i ve l y ,  i n  I 1  and I 1 1  which were rep laced hydrogen w i t h  fo rmy l  on 

hydroxy l  a t  C-3 and C-13, t he  former was assigned t o  C-2 and t h e  l a t t e r  

t o  C-12. The s i g n a l  a t  6, 20.1 s h i f t e d  downf ie ld  i n  I V  was unambiguously 

assigned t o  C-18. The s i gna l  a t  6c 23.1 appeared a t  r a t h e r  h i gh  f i e l d  as 

methylene carbon was assigned t o  C-6 f rom the  l i t e r a t u r e  value.8 Since 

the  s i gna l  i n t e n s i t y  a t  6c 109.6 was enhanced by i r r a d i a t i n g  a t  exomethylene 

protons (6,, 4 . 4 ) ,  C-17 was assigned t o  t h i s  s i g n a l .  Three s i g n a l s  a t  hc 

32.6, 31.7, and 28.7 assigned t o  C-1, -7, and -11 were n o t  d i s t i n g u i s h e d  

from each o the r .  

Among t he  quar te rnary  methyl  carbons, two s i g n a l s  a t  6, 28.2 and 31.0 



were assigned t o  C-14 and C-15 from the  h igh  f i e l d  s h i f t  i n  the  13c-nmr 

spectrum o f  111, whereas the  s i g n a l s  a t  6c 22.8 and 18.9 o r i g i n a t i n g  from 

C-16 and C-19 were n o t  d i f f e r e n t i a t e d  from each o ther .  

The s i gna l  a t  6c 71.6 appeared as a doub le t  was assigned t o  the  oxygen- 

bear ing  C-3 from the  chemical s h i f t  and i n  comparison w i t h  t h a t  o f  11. The 

remain ing two doub le t  s i gna l s  a t  6 40.2 and 56.0 were assigned t o  C-5 and 
C 

C-9, r espec t i ve l y ,  from the  l i t e r a t u r e  values.  8 

Thugh two s i n g l e t s  a t  6c 38.0 and 39.4 were n o t  d i s t i ngu i shed  from 

each o the r ,  t he  remain ing two s i n g l e t s  a t  dc 149.6 and 71.2 were assigned t o  

C-8 and C-13, r espec t i ve l y ,  from c h a r a c t e r i s t i c  chemical s h i f t s .  

The s i gna l s  due t o  a p o l y s u b s t i t u t e d  y-pyrone moiety were assigned by 

t he  measurement o f  p ro ton  coupled spec t ra  w i t h  NOE and by an a p p l i c a t i o n  o f  

long-range s e l e c t i v e  p ro ton  decoupl ing experiments. 9 

Two s i gna l s  a t  6, 160.8 and 177.1 were appeared as a s i n g l e t  by 

i r r a d i a t i o n  a t  the  frequency o f  C-9' methyl protons (6,, 2.34). From t h i s  

r e s u l t  toge ther  w i t h  the  s p l i t t i n g  pa t t e rns  i n  t he  p ro ton  coupled spectrum, 

t h e  former was assigned t o  C-6' and t he  l a t t e r  t o  C-4 ' .  

I r r a d i a t i o n  a t  methoxy protons (6H 3.88) e l i m i n a t e d  the  s p l i t t i n g  

o f  t he  s i gna l  a t  hc 166.2 assigned t o  C-7'.  On t he  o the r  hand, t he  s i gna l  

a t  6c 163.5 due t o  C-2' was r a t h e r  broad due t o  t he  coup l ing  w i t h  C-18 

methylene protons.  

D i sc r im ina t i on  between t he  s i g n a l s  a t  6c 106.0 and 120.2 was a l s o  

accomplished by long-range s e l e c t i v e  p ro ton  decoupl ing experiments i r r a d i a t i n g  

a t  methyl  protons (6H 2.34). I n  t h i s  case, t he  s i gna l  o f  C-5' a t  6c 120.2 

was observed as a s i n g l e t  which i n d i c a t e d  t h a t  any o the r  coup l i ng  p ro ton  

except  f o r  C-9' methyl protons was absent. On t he  o t h e r  hand, the  s i gna l  

a t  6, 106.0 assigned t o  C-3' was r a t h e r  broad due t o  coupl ings w i t h  protons 
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177.1 166.2 163.5 160 .8  120 .2  106 .0  6pp, 

4 '  7 '  2 '  6 '  5 ' 3'  Carbon 

F ig .  2 .  13c-nmr spectra o f  c o l l e t o t r i c h i n  

A: Proton coupled spectrum w i t h  NOE 

B:  Long-range s e l e c t i v e  proton decoupling spectrum, C-9 '  H i r r d .  

C: Long-range s e l e c t i v e  proton decoupling spectrum, C-8' and 

C-10' H i r r d .  



at tached t o  C-9 and C-18. 

Among the remain ing  t h ree  s i gna l s ,  one a t  bc 18.0 was assigned t o  C-9 '  

and t he  o thers  a t  6c 52.7 and 56.2 t o  C-10' and C-8', r espec t i ve l y ,  from the  

chemical s h i f t s  and m u l t i p l i c i t i e s .  

The s i g n a l s  a t  6, 160.6 of I 1  and 161.0 o f  111 appeared as a doub le t  were 

assigned t o  formyl carbon of each compound, r e s p e c t i v e l y .  

BIOSYNTHESIS OF COLLETOTRICHINS 

I n  o rder  t o  g e t  13c - l abe l l ed  c o l l e t o t r i c h i n s ,  C. nicotianae was 

i nocu la ted  i n t o  500 ml Erlenmeyer f lasks  c o n t a i n i n g  120 m l  o f  t he  medium 

(sucrose 2.0 %, KC1 0.1 %, MgSO 0.05 %, KN03 0.05 %, and yeas t  e x t r a c t  0.1 %) 4 
and incubated  a e r o b i c a l l y  a t  26.5 O C .  A f t e r  2 days, 13c - l abe l l ed  precursors 

were sepa ra te l y  added. I was i s o l a t e d  a f t e r  a f u r t h e r  8 days from the  

c u l t u r e  f i l t r a t e  accord ing  t o  t he  same method as repo r ted  b e f ~ r e , ~  whereas 

I 1  and 111 were ob ta ined from 3-day c u l t u r e .  

13 I n  t he  13c-nmr spectrum o f  5- C-mevalonate l a b e l l e d  I, t h e  s i gna l  

i n t e n s i t i e s  of carbons, C-2, -6, -12, and -18, were increased by approximately  

two f o l d .  Th is  r e s u l t  revea led  t h a t  t he  terpene moiety o f  c o l l e t o t r i c h i n  

was b iosyn thes ized  f rom 4 moles o f  mevalonate, i n d i c a t i n g  t h a t  I was 

b iosyn thes ized  via geranyl -geranyl  pyrophosphate. 

13 The l a b e l  o f  1- C-acetate was e f f i c i e n t l y  i nco rpo ra ted  i n t o  C-2, -4, 

-6, -8, -10, -12, -13, and -17 i n  t he  terpene moiety as w e l l  as C-2', -4', and 

-6 '  i n  they-pyrone moiety.  Th is  r e s u l t  was w e l l  cons i s ten t  w i t h  t h a t  o f  

i n c o r p o r a t i o n  of 4 moles o f  mevalonate as shown i n  Scheme 1 .  Fur ther  t h e  

coup l i ng  constant,1° J=38 Hz, observed between ad jacent  C-12 and C-13 v e r i f i e d  

t he  assignment and supposed C1 e l i m i n a t i o n  between these two carbons. 
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P P ~  150 loo 50 

13 Fig. 3. 13c-nmr spectrum o f  1- C-acetate enr iched c o l l e t o t r i c h i n  

13 I n  t he  13c-nmr spectrum of 2- C-acetate enr iched I ,  the  s i gna l  

i n t e n s i t i e s  of carbons, C-3', - 5 ' ,  - 9 ' ,  -1, -3, -5, -7, -9, -11, -14, -15, 

-17, and -19, were increased.  

13 I n  the  13c-nmr spectrum of I b iosyn thes ized  f rom 90 % enr iched 1,2- C- 

a ce ta te  t h a t  was d i l u t e d  two f o l d  w i t h  un labe l l ed  ace ta te ,  20 s i g n a l s  w i t h  

13c-13c coup l i ng  were observed, i n d i c a t i n g  t h a t  10 ace ta te  u n i t s  were 

incorpora ted .  I n  a d d i t i o n  t o  these carbons, t he  s i g n a l s  f o r  C-1, -7, 

-11, -12, and -15 carbons have a l s o  enhanced i n t e n s i t i e s  r e l a t i v e  t o  t he  

n a t u r a l  abundance o f  C-8' methoxy s i g n a l  w i t h o u t  13c-13c coup l ing .  

I t  i s  noteworthy t h a t  s i g n a l  i n t e n s i t i e s  o f  en r i ched  carbons i n  C-11-15 



of l a b e l l e d  I were a lmost  the  same e x t e n t  as those i n  t he  remain ing terpene 

moiety.  Moreover, t he  pa t t e rns  o f  acetates and mevalonate i n c o r p o r a t i o n  

i n t o  C-11-15 revea led  t h a t  one carbon corresponding t o  C-4 methylene o f  

mevalonate de r i ved  from C-2 of ace ta te  was e l im ina ted  i n  t he  course o f  the  

b i osyn thes i s  o f  I. 

The 13~-spec t rum o f  I l a b e l l e d  w i t h  13c-formate showed t h a t  t h ree  carbon 

atoms, C-7', - a ' ,  and - l o ' ,  were enr iched.  

Thus, i t  was i n d i c a t e d  t h a t  I was b iosyn thes ized  i n  combinat ion o f  

acetate-mevalonate-geranyl-geranyl pyrophosphate-terpene pathway ( v i a  

saccu la ta l  t ype  c y l i z a t i o n ) l l  w i t h  ace ta te -po l yke t i de  rou te .  

III H *CHO 

Scheme 1  

The l a b e l l i n g  pa t t e rns  o f  I 1  and 111 b iosyn thes ized  f rom 13c-formate, 

13 13 13 13 1-  C-, 2- C-, and 1,2- C-acetates, and 5- C-mevalonate were cons i s ten t  w i t h  

those o f  I except  f o r  fo rmy l  groups. 

Contrary t o  ou r  expec ta t i on  t h a t  formate as C, u n i t  m igh t  be i nco rpo ra ted  

i n t o  each fo rmy l  group of I 1  and 111, o n l y  t h ree  s i gna l s  ass ignab le  t o  C-7', 

- a ' ,  and -10 '  carbons were enr iched by approximately  e i g h t  f o l d ,  whereas 
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13 13 i n  t he  13c-nmr spec t ra  o f  bo th  I 1  and 111 l a b e l l e d  w i t h  2- C- and 1,2- C- 

acetates,  s i g n a l  i n t e n s i t i e s  o f  formyl  carbons were enhanced. 

From the  data of l a b e l l e d  I 1  and 111 toge ther  w i t h  those of I, the  

mechanism i n v o l v i n g  c y c l i z a t i o n  of geranyl -geranyl  pyrophosphate, f o l l owed  

by epox ida t i on  of te rmina l  double bond, cleavage, and B a e y e r - V i l l i g e r  type 

r e a c t i o n  would account f o r  the  b i o s y n t h e t i c  pathway o f  c o l l e t o t r i c h i n s  as 

shown i n  Scheme 2. 



Table. Chemical S h i f t s  and Coupling Constants o f  C a l l e t o t r i c h i n r  and C-20 Acid Methyl Ester  

Carbon 

C.lb 

C-2 

C-3 

C-4e 

C-5 

C-6 

C-lb 

C-8 

C-9 

c.loe 

C . l l b  

C-12 

C-13 
C-14 

C-15 

C-16' 

C-17 

C-18 

C - 1 9 ~  

C-20 

C-21 

C-z4  
C-3' 
C-4' 

c-5'  

C-6' 

c-7'  

c . r c  

c-9' 
c.10*= 

R1 or n2 

Measured i n  COCI3 so lu t ion.  i n  ppm downfield from i n t e r n a l  TMS. Assignment nay be 
reversed. Arslgnment may be changed. f'g Coupling constants ; Jt-38. Jg-12 Hz. h ~ c o v p l e d  

13 13 13 13 s ignal .  M u l t i p l i c i t y .  A C - F o m t e .  0 1 -  C-Acetate. 0 2 -  &Acetate. 61 .2 -  C-Acetate. 

M 5 - 1 3 ~ - ~ ~ a l o n ~ l a c t o n e .  k ~ o u p l l n g  constants o f  1.2-13~-acetate l a b e l l e d  I. 
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