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Abstract-A sesquiterpene lactone isolated from Gliocluciium uirens, was identical to the antibiotic, 
heptelidic acid. The complete structure of heptelidie acid, including the orientation of the epoxide ring 
was determined by single crystal X-ray defraction analysis. Feeding experiments with carbon-13 labeled 
acetate allowed complete assignment of the %NMR spectrum and showed that truns, frans- or cis, 
rrqns-famesyl pyrophosphate is the probable biosynthetic precursor to heptelidic acid. These experiments 
also showed that during the biosynthesis of cadalene type sesquiterpenes. the isopropylidcne group is held 
rigid during ring closure and protonation. Thus, in the feeding experiment with [1,2-“c] acetate the 
methine carbon of the isopropyl group in heptelidic acid is asymmetric since the carbon of one methyl 
group is “C and the other is “C. An enzymatic Baeyer-Villiger type oxygen insertion is proposed for the 
formation of the lactone ring. 

During our screening of antibiotic producing soil 
microbes, we found that Ghocladium virens produced 
a sesquiterpenoid (C,,H,O,) antibiotic that was ac- 
tive against Rhizoctonia solani. We identified this 
compound as I ,Sa,6,7,8,9a-hexahydro-4-( 1 -methyl- 
ethyl)- I -oxo-spiro[2-~n~xepin-9(3~),~oxirane]-~ 
carboxylic acid (1). This compound has previously 
been identified in extracts from Chaetomium glob- 
own, Trichoderma viride, and G. virens by skillful 
chemical and spectral analyses by Y. Itoh et al.,‘” 
who named compound 1, heptelidic acid. This com- 
pound also has been identified in extracts from 
Anthostoma avocetta by Arigoni et al.,‘” and they 
named it avocettin. We call the compound hepteiidic 
acid in this manuscript because of the extensive 
structure identification work and antibiotic activity 
reported by Itoh et al.,‘.* and their recent patent.5 
Neither group of investigators were able to assign the 
stereochemistry of the epoxide ring. 

We report here the single-crystal X-ray defraction 
analysis of heptelidic acid which establishes the orien- 
tation of the epoxide ring. We also report our bio- 
synthetic studies of heptelidic acid using [IQ acetate. 

Unequivocal proof for the structure and stereo- 
chemistry of heptelidic acid (1) was obtained by 
X-ray analysis. A view of the molecular conformation 
is shown in Fig. I. The ring junction of the molecule 
is tran.r with an equatorial isopropyl group as deter- 
mined by Itoh et al. using proton-proton coupling 
constants.2 The oxygen of the epoxide ring is equa- 
torial. The X-ray crystallographic study also shows, 

as expected, that the preferred rotamer of the iso- 
propyl group has the methine proton facing the 
iactone ring with the Me groups directed away from 
the lactone ring. Thus, C-14 and its protons encoun- 
ter proton-proton interactions with the axial protons 
on C-9 and C-l 1. This is an important factor in the 
discussion of the biosynthetic study which follows. 

The biosynthetic studies with [“Cl acetate were 
undertaken to aid the structure determination and 
the assignment of the “C-NMR spectrum. Using the 
information from the [‘%J acetate feeding experi- 
ments, chemical shift values, and carbon-proton 
coupling data it was possible to assign all C reson- 
ances in the “C-NMR spectrum (Fig. 2). The CO 
carbons are at 170.2 and 169.26. The olefinic carbons 
at 128.3 and 147.1 6 are assigned to C-2 and C-12, 
respectively, since in the proton coupled spectra, the 
peak at 128.36 is a singlet and the peak at 147.16 is 
a doublet. C-7 is assigned to the peak at 51.96 
because its multipii~ty changes from a triplet in the 
off resonance decoupling mode to a doublet or to a 
doublet of doublets, depending on the setting of the 
heteronuciear decoupler frequency in the selective 
proton decoupling mode. This indicates that the 
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Fig. 2. 22.5 MHz proton noise-decoupled “C spectra of heptelidic acid (1): (a) natural abundance; (b) 
“C-enriched from [2-“c] acetate; (c) %enriched from [1,2-“c] acetate. 

protons coupled to this C resonate at significantly 
different frequencies. This is consistent with the 
epoxide protons which appear as doublets (J = 5 Hz) 
at 3.83 and 2.596. The peak at 3.836 is assigned to the 
proton closest to lactone CO. The other C’s to which 
0 is attached appear as a 61.0s triplet assigned to 
C-3, and a singlet at 58.2s assigned to C-6. C-13 is 
assigned to the doublet at 27.26 because it is selec- 
tively decoupled on irradiation of the doublet of 
septets at 1.956. The other C atoms could be assigned 

with certainty by referring to the ‘C-enriched spec- 
tra. 

Sodium [I-Y] acetate, sodium [2-i3Cj acetate, and 
sodium [1,2-“c] acetate were fed in parallel to cul- 
tures of G. virens. The proton decoupled %-NMR 
spectrum of “C-enriched heptelidic acid derived from 
(I-‘3c] acetate showed peak enhancement for the 
carbons at 170.2, 128.3, 58.2, 42.0, 27.2 and 22.26 
(Table 1). Thus, these c’s originate from the CO 
group of acetate. The ‘3C-enriched heptehdic acid 

Table I. ‘)C chemical shifts, C-C coupling constants, and [I-“c] acetate, [2-‘%7 acetate incorporation 

Carbon 6 II- 13Cjb iz-'3clb 

NO. (PPm) Mult.’ ‘J (HZ) Acetate Acetate 
c-c 

I 169.6 8 C,-C2-70.8 + 

2 128.3 8 + 

3 61.0 t + 

4 170.2 a c,-C@4.8 + 

5 45.0 d + 

6 58.2 B cg-C@l.O + 

7 51.9 t + 

8 33.1 t + 

9 22.2 t cg-c1g’34.0 + 

10 46.7 d + 

I1 42.0 d ~:~-~,~-41.6 + 

12 147.1 d + 

13 27.2 d C13-C ,r-35.2 + 

lb 14.9 9 + 

15 20.9 9 + 

%ultipllcity caused by one bond C-H ~ouplln~ 
b+ Indicates 13 

c incorporation greater than 1.1% 
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from (2-‘-‘Cl acetate showed enhanced peaks at 169.6, 
147.1.61.0, 51.9,46.7,45.0, 33.1,20.9 and 14.96 (Fig. 
2, Table l), and thus are due to the Me group of 
acetate. With the doubly labeled [1,2-“c] acetate 
(Fig. 2) only C’s at 61 .O, 33. I, and 20.96 do not have 
satellite signals resulting from “C at an adjacent 
position. This indicates that these resonances are due 
to c’s from which the CO group of acetate is lost 
during biosynthesis (e.g. C-2 of mevalonic acid, Fig. 
4). The “C-“C coupling constants showed that the 
c’s at the following resonances were coupled: 
169.6-128.36; 170.245.06; 58.2-51.96; 46.7-22.26; 
147.142.06; and 27.2-14.96. These “C-“C coupling 
constants are listed in Table 1. Since the peak at 
128.36 has already been assigned to C-2, the acid CO, 
C-l, must occur at 169.66. The lactone CO, C-4, must 
therefore absorb at 170.26, and since it can be 
coupled only to C-5, the resonance at 45.06 is as- 
signed to C-5. By similar reasoning, C-l I can be 
assigned to the resonance at 42.06. The resonances at 
46.7 and 22.26 are assigned to C-IO and C-9, re- 
spectively. The only remaining methylene group in 
the molecule, C-8, is assigned to the 33.16 triplet. 

C-14 and C-l 5 are assigned by consideration of the 
following: the biosynthesis of the cadalene type ter- 
penoids; the C-C coupling observed in the [1,2-‘%I] 
acetate feeding experiment; and the difference in 
chemical shifts. The biosynthetic route to heptelidic 
acid as indicated by our [‘)Cl acetate feeding experi- 

ment is outlined in Fig. 3. The results from the 
[ 1,2-‘VI acetate feeding experiment show that C-3, 
C-8 and C-l 5, originate from the acetate that loses 
CO during the synthesis of isopentenyl pyro- 
phosphate (Fig. 4). The (1,2-“c] acetate feeding 
experiment shows that C-14 and C-15 are not scram- 
bled during heptelidic acid synthesis and that C-13 
becomes a chiral center since C-14 is ‘2c and C-15 is 
13C. Thus, the ring closure step in the synthesis of 
y-cadinene5 must proceed on the enzyme surface 
through a carbonium ion (4) with a very short life, 
which does not allow rotation around the Cl&,, 
bond. As indicated above, the X-ray defraction study 
shows the isopropyl group is in the most stable 
rotamer with C-14 pointing down and interacting 
with the axial protons on C-9 and C-11. If, as 
expected, this is also the favored rotamer in solution, 
then C-14 should experience an upfield shift in the 
“C-NMR spectrum.6 C-14 is thus assigned to the 
quartet at 14.96. C-l 5 occurs slightly downfield 
(20.96) from a freely rotating isopropyl group such as 
found in menthane (19.06)’ Proton-proton coupling 
constants further substantiate that the rotamer 
shown for the isopropyl group in Fig. 1 from the 
X-ray defraction data is also the predominant rota- 
mer in solution. Thus JH_IO-JH_13 is found to be 2.8 Hz, 
which from the Karplus eqns (8,9) indicates a tor- 
sional bond angle of 52” for H,,-C,0C13-H,~. Using 
the torsional bond angles derived from the X-ray 

Fig. 3. 
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third day. Controls for each treatment were also run. The 
controls appeared to be completely normal. Per cent 
enrichment due to incorporation of [l-‘%Zl acetate (a), and 
[2-“cj acetate (b) as calculated by peak intensity is as 
follows: (a) 1.1 (C-2), 1.4 (C-4), 2.9 (C-6), 2.7 (C-9), 2.6 
(C-l I), 2.9 (C-13); (b) I.1 (C-l), 2.8 (C-3). 2.9 (C-S), 3.0 
(C-7), 2.3 (C-8), 3.0 (C-IO), 3.1 (C-12), 4.4 (C-14), 4.1 
(C-15). 

A colorless prismatic crystal of heptelidic acid obtained 
from benzene (C,,H,O, plus 1: 1 benzene-water solvate) 
having approximate dimensions of 0.20 x 0.25 x 0.30 mm 
was mounted in a glass capillary with its long axis roughly 
parallel to the do axis of the goniometer. Preliminary exam- 
ination and data collection were performed with CuK 
radiation (,i = 1.54184A) on an Enraf-Nonius CAD4 com- 
puter controlled kappa axis diffractometer equipped with a 
graphite crystal incident beam monochromator. The ortho- 
rhombic cell parameters and calculated volume were: 
a = 15.682; b = 15.497; c = 16.799 A; V = 4082.5 A’, for 
z = 8 talc d = 1.22 g/cm’, space group P2,2,2,. The data 
were collected at - I 12 + 1”. A total of 4878 reelections were 
collected, of which 4668 were unique and not systemically 
absent. The scan rate varied from 2” to 20”/min (in omega) 
using the w-6 scan technique. Data were collected to a 
maximum 26 of 150.0”. The~structure was solved by direct 
methods. Usine 308 reflections (minimum E of 1.70) and 
3679 relations&s, a total of 80 phase sets were produced. 
A total of 43 atoms were located from an E-map prepared 
from the phase set with probability statistics: absolute figure 
of merit= 1.13, residual=0.19, and psi zero- 1.110. The 
remaining atoms were located in succeeding difference 
Fourier synthesis. Hydrogen atoms were not included in the 
calculations. Non-H atoms were refined anisotropically. 
Tables of bond distances, bond angles, torsional angles, and 
of observed and calculated structure factors have been 

deposited in the Cambridge Crystallographic Data Center, 
University Chemical Laboratory, Lensfield Road, Cam- 
bridge CB2 IEW, U.K. 
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