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Summary: Linalyl- and geranyllnerylacetic acid on acid-catalysis form bicyclic lactones which with 

PPA afford tetrahydroindanones 6, 7, and the 2-brexanone 12. respectively. 

Linalyl-and geranyl/nerylacetic acid 1 and 2 are interesting candidates for cationic cyclizations, due 

to their terpenoid yet unnatural (Clo+C2) skeleton. Since substrates of this kind have received 

less attention, novel cyclization/rearrangement sequences may result from their study, such as was 

found, e.g., with terpenoid pentenolides. 
2b,c 

Furthermore, polyphosphoric acid (PPA) dehydration of 

alkenoic acids (or -r-lactones) in a combination of C=C migration and cyclization steps has recent- 

ly been used to effect iterative cyclopentane annulation. 
2a 

In line with this, both 1 and 2 3Y4 were 

expected to ultimately form bicyclic enones on cyclodehydration. This Letter details that more 

complex pathways are actually met.’ 
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Treatment of 1 with 95% sulfuric acid or tetrafluoroboric acid in ether gave a ca. 1 : 1 mixture of 

spirolactone diastereomers 3, 
5 

which can be rationalized as follows: initial protonation of the tri- 

substituted double bond of 1, closure to the secondary cycloheptyl cation 4, ring contraction to 

give 5, followed by a 1,2-hydrogen shift and the final lactone closure (Scheme 1). The transfor- 

mation l- 3 parallels the one observed with the pentenolide derived from 1. 2c 
The lactones 3 were 

6 submitted to cyclodehydration by heating with PPA which led to two major products: the tetra- 

hydroindanones 6 and 7. Although a fair over-all yield resulted, the selectivity in the acylation of 

the intermediate cyclohexenylbutyric acids 8 was rather low. The bicyclic enones 6 and 7 also con- 

stituted the main products of direct PPA cyclodehydration of 1 (ca. 70% by GC, with > 10 minor 

products). 
6b 
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Scheme 1. Cyclization/Cyclodehydration of Linalylacetic Acid 1 
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(a) HBF4'0Et2, CH2Cl2, 20", 5 min; 97% of 3 (GC purity 88%). 

(b) PPA, 80”, 30 min (cf ref 2a); 71% of 6/7 (GC 93%), ratio 65:35 (13C NMR). 

Scheme 2. Cyclization/Cyclodehydration of Geranyl/Nerylacetic Acid 2 
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(a) HBF4'0Et2, CH2Cl2, 20" for 17 h; 82% after cllstillation, GC SnalySiS: 

products 19, 6, and 4%.5 

9 69%, minor 

(b) 5.5 9 of 2, HBF4.0Et2 (0.15 equiv), CHC13, reflux for 3 d; 86% of pale-yellow, liquid 

10, trans:cis B6:14 (1% NMR). 

(c) PPA, 80", 20 min; for details see footnote 5. 
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The cyclization/cyclodehydration of geranyl/nerylacetic acid 2 was anticipated to take a similar 

course and produce the octalinone 11, via the known lactones 9 and 1O,7 respectively (see Scheme 

2). The bicyclic 6-lactone 9 was obtained as the major product (69% from GC) with tetrafluoro- 

boric acid at 20”, together with a second product (GC: 19%) presumed to be the monocyclic 

y-lactone. Acid-catalysis at ca. 60” led exclusively to the bicyclic y-lactones 10 (86% yield),5 

believed to represent the thermodynamically more stable system. 

The cyclodehydration of 10 with PPA (ca. 82% of P205)2a at 80’ occurred smoothly. After flash 

chromatography and several reprecipitations from ether at -80” the pure (99% by GC), rather vola- 

tile product 12 was isolated. The elemental analysis of 12 confirmed the loss of water with respect 

to 10. However, HC=C absorptions as expected from 11 were absent in the NMR spectra! IR 

(1745 cm-l), proton coupling, and 13C NMR data suggested that a tricyclic compound incorporating 

a cyclopentanone ring and three methyl groups bound to quaternary carbon atoms had formed.5 

The problem was solved by two-dimensional INADEQUATE 13C NMR spectroscopy.8,9 Thus, all 

CC connectivities could be determined, which established the structure of 12 as being 1,6,7-trime- 

thyl-2-brexanone (1,6,7-trimethyltricyclo~4.3.0.0” Inonan-20ne).8 

The intriguing transformation lo-12 involves a number of skeletal rearrangements, interpreted as 

depicted in Scheme 2. The CC double bond of the first intermediate, cyclogeranylacetic acid 13, 

does not migrate prior to acylation as expected, but is trapped by the acylium ion directly, with 

concomitant methyl migration and proton loss. 0-Protonation of the resulting tetrahydroindanone 

14 induces closure to the (brexyl) cation 15 which is part of two 2-norbornyl systemslo The 

protonated brexanone 12-H+ then arises from alternate 1,2-shifts of the two ethano bridges, for 

example, by passing a secondary norbornyl cation on a two-step walk as shown in Scheme 2, or, 

more likely, by a three-step walk with tertiary cation intermediates. Both the final cation 12-H+ 

and the product ketone 12 should represent the most stable species of each series. 11 

The novel, facile entry to the brexane system l2 and the alternating Wagner-Meerwein rearrange- 

ments (as conceived by Nickon suggest to design and study similar systems, e.g. more symme- 

trically substituted ones, that might contribute to the problem of nonclassical carbocations. 
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