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prepared from (6E)-neroridol via the Claisen rearrange- 
ment.20 

The transformation of 5 to 10 not only presents the first 
example of the unprecedented tandem sequence in which 
t he  oxy-Cope triggers the  Cope rearrangement but also 
furnishes the overall sequence depicted by eq 3 in Scheme 
I. Furthermore, the new sequence provides a novel, ver- 
satile method for the synthesis of functionalized 1,5-diene 
derivatives which are commonly found in many terpenoid 
natural products. In particular, farnesylacetaldehyde ob- 
tained above is a promising precursor of geranyl farnesy- 
lacetate (so-called Gefarnate), a commercial antiulser 
agent.21 

Further stereochemical studies of the three new sigma- 
tropic sequences outlined in this study and their applica- 
tions to natural product synthesis are in progress. 
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79772-67-1; 7 (R = CH,; R’ = H), 79803-59-1; 7 (R = H; R’ = (C- 
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(20) In a similar manner, another authentic mixture (4E/4Z, 2:l) of 
(SZ)-IOf was prepared from (6q-neroridol. 
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Lasidiol Angelate: Ant Repellent Sesquiterpenoid 
from Lasiantheae fruticosa 

Summary: Lasidiol angelate, a new sesquiterpenoid con- 
taining a carotane skeleton, has been isolated from La- 
siantheae fruticosa (Compositae). A structure was pro- 
posed on the basis of spectral evidence and confirmed by 
a synthesis which achieves oxidation (Y to the less sub- 
stituted terminus of a trisubstituted double bond by a 
double-reverse strategy. The natural products and several 
of the synthetic compounds are potent ant repellents. 

Sir: The leafcutter ants, which are abundant from Texas 
to Argentina, are polyphagous herbivores. Among their 
preferred host plants are many of commercial value, in- 
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cluding citrus, banana, and coffee.’ This has led to the 
classification of leafcutter ants as serious agricultural pests 
in most of the New World, including the United States. 

While the leafcutter ants are broadly polyphagous, many 
native plants do escape their attack. Plant defensw against 
their herbivory might take many forms, but it is reasonable 
to postulate that some plants have evolved chemical de- 

We have developed bioassays to measure the 
relative acceptability of various species and the palatability 
of plant extracts to leafcutter ants.3 Using these bioassays 
to direct an isolation sequence, we have isolated an ant 
repellent sesquiterpenoid from Lasiantheae fruticosa 
(Compositae), a plant common within the range of At ta  
cephalotes Hymenoptera, Formicidae, Attini) but not 
attacked by this ant. 

The active compound (ca. 35 mg) was isolated from the 
chloroform extract of L. fruticosa leaves (2.3 kg) by a 
sequence of column and preparative layer chromatography. 
The electron impact (EI) mass spectrum of this compound 
does not show a molecular ion, but the chemical ionization 
(CI) mass spectrum revealed a molecular weight of 320. 
Because the 13C NMR spectrum shows 20 carbons, in- 
cluding an ester group and a hydroxylic carbon (6 167.3, 
83.2,77.3), a molecular formula of C2&203 could be de- 
duced. The delayed decoupled4 13C NMR spectrum al- 
lowed recognition of two trisubstituted double bonds (6 
142.3, 122.2, 138.4, 127.8) and six methyl groups (6 25.7, 
24.3, 22.7, 21.3,20.9, 15.7). Therefore, this compound, with 
a total of five degrees of unsaturation, must be bicyclic. 
The upfield portion of the ‘H NMR spectrum revealed 
three methyl groups attached to double bonds, a methyl 
singlet, and an isopropyl group. In the downfield region 
of the spectrum a quartet (6 6.04, l  H, J = 6 Hz) and two 
doublets (6 5.16, l  H, J = 6 Hz; 6 5.42,l  H, J = 6 Hz) are 
visible. Homonuclear decoupling experiments confirmed 
spin-spin coupling between the two doublets and also 
established coupling between the quartet and an upfield 
methyl group (6 1.9,3 H, J = 6 Hz). The ‘H and 13C NMR 
data indicate that this compound is a sesquiterpenoid 
containing a tertiary hydroxyl group and bearing a sec- 
ondary angelate e ~ t e r . ~ ? ~  

To further characterize this sesquiterpenoid, a small 
portion of our sample (6 mg) was reduced with LiA1H4 to 
afford a C15 diol. The CI mass spectrum confirmed the 
expected molecular weight of 238. As predicted, in the 13C 
NMR spectrum the carbon bonded to the newly formed 
hydroxyl group shifted upfield by ca. 2 ppm (to 6 75.4). 
Because the carbons of the double bond and a quaternary 
carbon also shifted, it appeared as though this secondary 
hydroxylic carbon was flanked by these two groups. The 
lH NMR spectrum also is consistent with these conclu- 
sions. One methyl signal had shifted slightly upfield, while 
the two methyl signals of the angelate were absent. The 
signal for the proton geminal to the newly formed hydroxyl 
group was observed at  6 4.0 vs. a chemical shift of 6 5.4 in 
the ester. These facts are summarized by part structure 
1. 

For completion of a structure assignment, the diol (all 
3 mg) was oxidized with pyridinium chlorochromate (PCC) 
to afford a keto alcohol. The E1 mass spectrum showed 
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strategy. As expected,12 the allylic alcohol 5 was the major 
product of the photooxidation of carotol (ca. 20% yield 
following isolation by column chromatography). Oxidation 
of this allylic alcohol with PCCI3 gave the desired ketone 
6 (80% yield). This synthetic ketone, prepared by a new 
strategy complementary to Se02 oxidation, is identical in 
all respects'* with the ketone prepared from the natural 
ester. This finding confirmed our earlier structure as- 
signments and established the absolute stereochemistry. 

Reduction of ketone 6 with 9-borabicyclo[3.3.1]nonane 
gave a mixture of diols. The major product, identical with 
the diol prepared earlier from the natural ester, was as- 
signed structure 7a by assuming predominant reduction 

L 

CH 2 7 . 2  
H,C' 'CHI 

23.0* ?;. I*  

1 2 
Figure 1. Partial structures with 13C NMR assignments. 

the expected molecular ion of mlz 236 (8%), while a 
carbonyl carbon (6 206.6) was apparent in the 13C NMR 
spectrum. The carbon resonance for one quaternary 
carbon shifted ca. 10 ppm downfield while the resonance 
for the P sp2 carbon also shifted downfield (ca. 13 ppm). 
Smaller shifts were observed for other carbons; the most 
informative was the upfield shift of the remaining qua- 
ternary (hydroxylic) carbon, which suggested that this 
carbon was /3 to the carbonyl group. In the lH NMR 
spectrum, one methyl singlet shifted slightly downfield 
(from 6 0.99 in the diol to 6 1.2 in the ketone), suggesting 
a methyl group fl  to the carbonyl group. After comparison 
with 13C NMR data for known monoterpenoids,' the rel- 
ative position of the isopropyl group could be assigned. To 
best account for the observed chemical shifts, a carbon /3 
to the isopropyl group should bear a hydroxyl substituent. 
These observations are summarized in partial structure 
2 (see Figure 1). 

For completion of the structure determination, it was 
necessary to construct a bicyclic compound while ac- 
counting for the four remaining resonances in the I3C NMR 
spectrum of the keto alcohol (6 39.4, 32.7, 31.0, 24.5, all 
CH2's). From the IR absorbance of the ketone carbonyl 
group (1670 cm-'), it was clear that the enone could not 
be part of a five-membered ring. Of the remaining pos- 
sibilities, a structure (e.g., 6) based on a carotane skeleton 
would be most compatible with our data. Compounds 
containing this hydroazulene skeleton have been observed 
although they are not common.8 Perhaps the best known 
compounds of this type are carotol 39 and laserol 4.'O 

4 3 

To confirm our proposed structure (6) and to determine 
the stereochemistry of the natural product, we decided to 
synthesize this compound. Because the structure and 
absolute stereochemistry of carotol had been established, 
both by X-ray crystallography" and by total synthe~is ,~  
it is an ideal starting material. Preparation of the ketone 
6 could be achieved by oxidation of carotol a to the less 
substituted end of the double bond. To obtain the nec- 
essary regioselectivity, we employed a "double reverse" 
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from the less hindered face of the ketone. Thus structure 
7b, including the indicated absolute stereochemistry, 
represents the natural ester we have named lasidiol 
angelate.15 

Both lasidiol angelate and the synthetic ketone 6 are 
potent ant repellents in our bioassays;16 the natural ester 
may well be an important component of L. fruticosa's 
defenses against leafcutter ants. Further work to establish 
the mechanism(s) responsible for this biological activity 
and to characterize other plant defenses against the leaf- 
cutter ants is in progress. 
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