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Abstract --- The titled metabolite of Chaetomium coarctatum was proved to 

derive from seven acetate units. The labeling pattern obtained by the use of 

13~-labeled precursors implies the involvement of epoxide rearrangement to 

2 
give a tetrahydrofuran ring. Incorporation of C H CO Na was also investigated 3 2 

2 
by H-nmr spectrometry. 

2 
The fungus Chaetomium coarctatwo produces two metabolites, coarctatin and 2-(but-1,3-dieny1)-3- 

hydro-4-(penta-1,3-dienyl)-tetrahydrofuran, L3. The former compound has been proved to derive from 

four acetic acid molecules with the introduction of three c1 unitd. I" this paper w e  wish to 

2 
report the biosynthetic origin of I revealed by I3c-  and H-spectroscopy. 

Although the structure of I was determined by Burrows et a1.3, severe overlapping of olefinic 

protons in the 100 MHz '~-rnr spectrum (Fig. la) prevented to establish the stereochemistry of 

three double bonds in I. Since the information on the chemical shifts of proton signals was 
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Fig. 1. l ~ - ~ m r  spectra of I taken in CDC13 solution at (e.) 100 MHe and (b) 270 MHz 

1 
prerequisite for making the unambiguous assignment of the 13c-nmr spectrum of I by selective [ HI- 

1 
13c decoupling experiments, we first analyzed the 270 MHz H-nmr spectrum of 2 (Fig. lb). The 

results show the stereochemistry of the double bonds in question are all trans. 

Assi~nment of the 13c-nmr s~ectrum of I (see  Table 1 and Fig. 2) 

Based on the multiplicity infomation and chemical shift trend, signals at 17.9 (quartet in the 

off-resonance decaupled spectm), 51.2 (doublet>, 70.8 (triplet) and 111.8 ppm (triplet) were 

assigned straightforwardly to C-13, C-3, C-4 and C-8, respectively. Two oxymethines C-1 (84.5 ppm) 

and C-2 (81.2 ppm), and an olefinic carbon C-9 (127.9 ppm) were distinguishable by selective proton 

decoupling at H-1 (4.13 ppm), H-2 (3.71 p p )  and H-9 (5.41 ppm). However, due to the close chemi- 

1 
cal shifts of the remaining olefinic protons in the 100 MHz H-nmr spectrum, this technique was of 

limited use for assigning C-5, C-6, C-7, C-10, C-11 and C-12; these could only be separated into 

the following three groups consisting of C-5 and C-12 (131.2 and 128.9 ppm), C-6 and C-I (132.9 and 

135.8 ppm), and C-10 and C-11 (132.8 and 130.5 ppm) by selective irradiation at 5.70, 6.30 and 6.10 

Ppm, respectively. 

The distinction of these signals within the groups were made as follows. In the 13c-nmr spectrum 

of I labeled with 1 3 ~ ~ 3 1 3 ~ ~  Ns (vide infra), five pairs of 13c-13c coupling patterns were observed 2 -- 
(Fig. 3) and inter alia the methyl signal (C-13) was coupled to a resonance at 128.9 ppm which, 

therefore, must be'attributed to C-12 (Jc_c=43 Hz). The magnitude of the 13c-13c coupling constant 

3 2 
observed with C-l (J =50 Hz) is consistent with those between sp and sp carbons4, and conse- 

C -c 

quently its counterpart at 131.2 ppm was assigned to C-5. The coupling constant between two sp 
3 
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1 Table 1. 13C- and H-chemical shifts and 13C-13c coupling 
constants of I 

carbon 6, (ppm) Jc-c (HZ) 

50 
36 
36 

singlet 
50 
54 
54 

singlet 
singlet 

56 
11 130.5 d 56 ft 6.04 
12 128.9 d 43 + 5.66 
13 17.9 q 43 ft 1.74 

a) multiplicity in the off-resonance decoupled spectrum. 
q = quartet, t = triplet and d = doublet. 

bj # 1 3 ~ ~  CO Na, + CH CO Na 
3 2 3 2 '  

carbons at 81.2 and 51.2 p w  (J = 
c-C 

36 He) supported the assignments of 

C-2 and C-3. Apparent AB-type splitt- 

ings (Fig. 3) assisted to identify 

two raining pairs between signals 

at 132.9 and 135.8 (J,_,=5& Hz) and 

132.8 end 130.5 ppm ( ~ ~ - ~ = 5 6  HZ). 

Since their coupling constants are 

characteristic to conJugated diem 

systems (=c-c=)~, these resonances 

must be ascribed to C-6,7 and C-10,ll. 

Finally, their one to one basis 

assignments were obtained by the 

6 
graphical method proposed by Feeneyetg. and the results are summarized in Table 1. 

Biosynthesis of I 

Incorporation of 13c-labeled precursors 

C. coarctatum was surface cultured in 50 ml of Raulin-Thom medium contained in 500 m l  Erlenmeyer - 
flasks. 13~-labeled samples of 2 were prepared by separate additions of each ca. 90% 13c-enriched 

C H ~ ~ ~ C O ~ N ~ ,  1 3 ~ ~ 3 ~ 0 2 ~ a  and 1 3 ~ ~ 3 1 3 ~ 0 2 ~ e  at the level of 15 mg/50 nl medium on 10, 11 and 12 days 

after inoculation, respectively. The last compound had been diluted to threefold with unlabeled 

sodium acetate before the addition in order to minimize extraneous couplings due to excess 

intramolecular labeling? After a further 3 days cultivation, 13c-labeled metabolites were 

1 
isolated by solvent extraction aa reported previously. 

in the 13~-nm~ spectrum of I enriched by CH 13c0 Na, the signal intensities of C-2, C-4, C-5, C-7, 
3 2 

c-lo and C-12 were increased by cs. fivefold (Fig. Za), whereas the resonances due to C-1, C-3, C- 

6, C-8, C-9, C-11 and C-13 were enhanced in the 13c-nmr spectrum of I labeled with 1 3 ~ ~  CO Na 3 2 

(Fig. 2b). It is interesting to note that two adjacent carbons C-3 and C-9 were labeled 

8 
simultaneously by 1 3 ~ H 3 ~ ~ 2 ~ a .  However, unlike to the cases of polyketides such as aspyrone , 

sterigmatocystio9, and dgamycinlo, no 13c-13c coupling was recognized between the two carbans 

probably due to the dilution of the labeled precursor by endogenous acetic acid 

In the 13c-nw spectrum of L labeled with 1 3 ~ ~ 3 1 3 c ~ 2 ~ a  (Fig. 3) were observed five pairs of 13c-13c 

couplings, C-1,s (J =50 HZ), C-2,3 (JC_"=36 HZ), C-6.7 ( ~ ~ _ ~ = 5 4  ~ z ) ,  C-10.11 (~"-~=56 Hz) and C- 
c-C 

12,13 (Jp-p='43 Hz) indicating the intact incorporation of acetic acid molecules into these pasi- - - 

tions. On the other hand, C-4, C-8 and C-9 did not show 13c-13c couplings except for those caused 

7 by the condensation of two 1 3 ~ ~ 3 1 3 ~ ~ 2 H  molecules . This labeling pattern can be reasonably inter- 
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.Fig. 2 .  l3c-~rnr spec t r a  of I taken i n  CDC17 so lu t ion  a t  25.05 MHz. Data p o i n t s  16~, s p e c t r a l  width 

KHz. (a) Labeled by C H ~ ~ ~ C O ~ N B . ,  (b) labe led  by 1 3 ~ I 1 3 ~ ~ 2 ~ a  and ( c )  unlabeled control. 

preted by assuming t h a t  an eqoride intermediate X ~ompr i s ing  seven ace t a t e  u n i t s  i s  transformed t o  

I v i a  eponide rearrangement which r e su l t ed  i n  t h e  cleavage of t h e  C-4 - C-9 bond as shown below. - 
1 2  

The same mechanism has been saggested for  c o l l e t o t r i c h i n s l l  and s f l a t o x i n s  . 



HETEROCYCLES, Vol 13, 1979 

Fig. 3.  The I3c-nmr spectrivn of  I labe led  with 1 3 ~ ~ 3 1 3 ~ ~ 2 ~ a .  The upper t r a c e  i s  an expansion 

of t h e  o l e f i n i c  region.  S ignals  marked with * are couplings caused by t h e  condensa- 

t i o n  of t h e  l abe l ed  a c e t i c  ac id  molecules. 

According t o  t h i s  pmp08I11, C-4 and C-9 must be long-range coupled t o  each other .  However, the 

expected coupling (JC_"= ca. 1 H z )  i s  too  small t o  be observed due t o  t h e  overlapping of a s t rong 

13  natura l  abundance peak. T h i s  obs t ac l e  has been overcome by C homonuclear spin decoupling 

experiment, i n  which t h e  irradiation of t h e  C-9 resonance r e s u l t e d  i n  narrowing of t h e  C-4 signal 

(WlI2 Udecaupled: 6 .3  Hz, decoupled: 5.5 Hz). Thus, t h e  o r ig in  of t h e  two carbons from t h e  same 

BCetlC ac id  molecule has been proved. 

2 
I n c ~ r p a r h t i o n  of C H CO H 

3 2 
2 

~ e c e n t l y  use has been made of FLnmr spectroscopy for studying s t e r eospec i f i c  incorpora t ion  O r  

r e t e n t i o n  of hydrogen atoms i n  b iosynthes is13  or b io log i ca l  transformation1' of microbial  metabo- 

2 
l i t e s .  I n  polyketide metaboli te8 labeled by C H=CO2H, t h e  i so tope  was r e t a ined  on carbons or ig ins-  , 
t i n g  from t h e  methyl carbon of a c e t i c  ac id .  

2 
We u t i l i z e d  t h i s  method t o  reveal which one of t t e  two hydrogens on C-8 i s  enriched by C H3C02H. 



2 2 
Fig. 4. The H-nmr spectrum of I labe led  wi th  C H CO Na taken i n  C H C l  so lu t i on  a t  15.29 MHz. 

3 2 3 
Spect ra l  width 0 .6  KHz, datapoin ts  2 K ,  1000 accwnula t~ons .  C D C l  was added as i n t e r n a l  

3 
standard.  

2 
A deuterium labeled  sample of I was prepared by feeding C H CO Na t o  t h e  f e m e n t a t m n  medium i n  a 

3 2 

s imi l a r  manner as described above. The r e s u l t i n g  *H-nmr spectrum (F ig .  4 )  apparent ly  shows t h e  

r e t en t i on  of a deuterium atom a t  H-Etran, po s i t i on  ( 5 . 3  ppm). The o the r  s i gna l s  observed are as 

follows: 1 . 7 ( ~ - 1 3 1 ,  2.8(H-3), 4 . 1 ( ~ - l ) ,  5 . 4 ( ~ - Y ) ,  6 . 1 ( ~ - 1 1 )  and 6.3 ppmm(H-6). Although t h e  

separa t ion  of %atrans end H-9 resonances is not s u f f i c i e n t ,  t h e  area of deuterium signals seems t o  

increase  i n  t h e  order  of H - 1 1 ,  H-9, H-3, H-1 ,  H-6, H-8 trans and H-13. Except for  t h e  te rminal  

methyl, i n t o  which t h r e e  deuterium atoms would be incorporated,  t h i s  order i s  cons is tent  with t h e  

increas ing  d is tance  from t h e  s t a r t e r  un i t  (C-13 and C-12) t o  t h e  correeponding carbons i n  a 

pa lyket ide  intermediate such as 5. This r e s u l t  may imply t h a t  a deuterium-hydrogen exchange takes  

p lace  t o  a c e r t a i n  extent  during t h e  elongation of t h e  polyketide chain i n  C. coarctatum; t h e  

reac t ion  would occur more f requent ly  a t  pos i t ions  c loser  t o  t h e  s t a r t e r  u n i t .  This i s  i n  sharp 

cont ras t  t o  t h e  b iosynthes is  of g r i s e o f u l ~ i r i ' ~ ,  where almost equal  incorpora t ion  of  deuterium atoms 

WBS reported.  Further measurement of t h e  'H-nmr spectrum of I a t  a higher magnetic f i e l d  may be 

necessary t o  make a definitive conclusion. 
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