
CHEMICAL COMMUNICATIONS, 1971 326 

Use of 13C in Biosynthetic Studies. Location of Isotope from Labelled Acetate 
and Forrnate in the Fungal Tropolone, Sepedonin, by 13C Nuclear Magnetic 

Resonance Spectroscopy 
By A. G. MCINNES, D. G. SMITH, and L. C. VINING* 

(Atlantic Regional Laboratory, National Research Cozcncil of Canada , Halifax, Nova Scotia, Canada) 

and LEROY JOHNSON 
(Analytical Instrument Division, Varian Associates , Palo Alto, Califwnia) 

Summary The 18C labelling patterns in sepedonin (3,6,9- 
trihydroxy - 3 - methyl - 1,3,4,7 - tetrahydrocyclohepta [GI - 
pyran-%one) isolated from cultures of Sepedonium 
chrysospermum fed [ l-W]acetate, [2-WjacetateJ and 
[WJformate have been elucidated by 15C nuclear mag-. 
netic resonance (1% n.m.r.) spectroscopy. 

IN biosynthetic DC tracer studies labelling patterns can be 
obtained directly by 1% n.m.r. spectroscopy or indirectly by 
detection and integration of W-H satellite signals. The 
latter method has been applied in this laboratorylasb and 
by other worked to a number of biosynthetic problems, 
and its advantages and limitations have been enumerated.- 
However, it was only during the preparation of this manu- 
script that the first application of 1sC n.m.r. in elucidating a 
biosynthetic pathway was reported.5 

We have previously shown that sepedonin, produced by 
cultures of Sepedonium chrysospermum, has the structure 
3,6,9-trihydroxy-3-methyl-1,3,4,7 - tetrahydrocyclohepta[c] - 
pyran-7-0ne,~ and have established,lb by the W-H satellite 
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method, that the methyl group, C-4, and C-6 were labelled 
by 1sCH,C02H, whereas only C-1 was labelled by CH2C02H 
and C-8 by WSCO,H (see Scheme). We postulated that 
biosynthesis of sepedonin occurred as outlined in the 
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Scheme. Although th is  pathway is consistent with results 
of f4C isotopic tracer studies on simpler fungal tropolones6 
it is not fully proved, since the 1%-H satellite method 
provided no information on the amounts of lSC tracer a t  six 

6 c  (p.p.m. f rom MeqSi) 

FIGURE. l3C n.m.r. spectra of sepedonin: sample (A) fromWH,CO,Na, 142 mg;  (B) f rom CH,13C0,Na, 80 mg; and (C) f rom 
HfaCO,Na, 85 mg. 1SC enrichments were approximately 4, 5, and 20 times natural abundance in A, B, and C, respectively.lb Solvent, 
1-0 ml  pyridine; 8 mm tube. Spectra recorded on HA-100 spectrometer (25-16 MHz) equipped with V-3530 RF/AF sweep unit, a 
Spectro-System 100 for multiscan averaging and V-3512-1 heteronuclear noise decoupler. Each spectrum i s  a composite of threa 
equal sections of 50 p.p.m., proton noise decoupled with 50 scans of 50 p.p.m. at 50 slscan, lock signal /%carbons of pyridine. Chemical 
shifts measured relative to p-carbons of pyridine and converted into p.p.m. f rom Me,Si (Sc)  using Sc (8-carbons of fiyridine) 123.9 p.p.m. 
PYR-C,,-Cp, and -Cy refer to carbon resonances of fiyridine. 
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of the eleven carbon positions in sepedonin. We now 
show that more conclusive biosynthetic information can be 
obtained by analysing the same labelled samples of sepe- 
donin by 13C n.m.r. 

The proton noise decoupled =C n.m.r. spectra of sepedonin 
labelled by 13CH3C02H (A), CH3uC0,H (B), and HW0,H 
(C) are shown in the Figure. As expected sepedonin gave 
eleven carbon resonances (singlets) , and the following could 
be assigned unambiguously;6 6,  29.0 (CH,), 44-0 (>CH,, 
G4),  60.6 (-CH,O-, C-1), 93.6 (>C(OH)O-, C-3), 161.6 and 
166.0 (=COH, C-6 and C-9), and 174.3 (>C=O, C-7). The 
signal at 8, 113.5 could also be assigned to C-8 because only 
it has an intensity greater than expected for 13C natural 
abundance in spectrum C, and our 13GH satellite results 
had previously established that position 8 in sepedonin was 
labelled by W%O,H. Assignment of G 5  (only carbon 
other than C-8 bearing one hydrogen) to the signal at 8, 
115.6 was based on CW (single frequency) decoupling 
experiments. Finally, the signal at sc 128.4 was assigned 
to G9a, and the one at 8, 140.6 to G4a. 

The relative intensities of the UC resonances establish 
that position 8 in sepedonin is not labelled by either of the 
two acetate precursors (spectra A and B) whereas this 
position is specifically labelled by p3Clformate (spectrum 
C). Moreover, of the ten remaining carbon positions in 
sepedonin only five were enriched by 13CH3C0,H (spectrum 
A) and the other five by CH3WOeH (spectrum B). The 
absence of vicinal 1 3 U 3 C  coupling together with the latter 

observations proves that each acetate precursor has 
labelled alternate carbon atoms of a ten-carbon polyketide 
intermediate. The five carbons enriched by 13CH3C02H 
were CH,, C-4, C-5, G9a (8, 128*4), and G7, whereas those 
labelled by CH313C0,H were Gl, C-3, C-4a (8, 140.6), G6, 
and C-9. These results provide convincing evidence that 
sepedonin is formed by insertion of the formate carbon 
atom between the third and fourth carbon atoms of a 
ten-carbon polyketide chain derived from acetate (see 
Scheme), and thus confirm the conclusions based on our 
more limited 13C-H satellite study.lb 

Nuclear Overhauser effects, producing enhancements of 
up to 2-98,’ preclude quantitative estimation of 13C enrich- 
ments by peak area integration of spectra A, B, and C.  To 
obtain quantitative data it would have been necessary first 
to obtain the enhancements at individual carbon positions 
by comparing the signal intensities in decoupled and unde- 
coupled 13C natural abundance spectra. This was not done 
in the present study because there was no ambiguity as to 
which positions were enriched by the three precursors. 
However, the Nuclear Overhauser enhancement factors for 
the C-5 and C-8 resonances might be expected to be very 
similar; when we integrated these signals in spectrum A we 
obtained a C-5 :C-8 intensity ratio of 3.9: 1 which was 
identical to the ratio obtained by the 13C-H satellite 
method. 
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