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ABSTRACT

Dynamic gas-phase thermoisomerization (DGPTI) of (−)-2-phenylisoborneols effects stereo- and regioselective ring opening under formation
of (+)-trans-r-campholanic acid derivatives. Similarly, (−)-r-2-phenylfenchol underwent under DGPTI conditions ring opening to (−)-fencholic
acid derivatives. In both cases, DGPTI led to cleavage of the weakest bond in the isomeric bicyclic structures. A reaction mechanism involving
a diradical intermediate is supported by a deuterium labeling study.

Alkyl esters ofR-campholanic acid (1) are reported to reveal
organoleptic properties of fruity and floral quality, which
make them interesting for fragrance chemisty.1 Although the
skeleton of1 has been prepared chemically2 as well as
photochemically,3 the thermal chemistry of this chiral
building block has apparently not yet been investigated.
Among the four possible stereoisomers of1, mainly mixtures
of cis/trans isomers were reported, predominantly obtained
via hydrogenation ofR-campholenic acid derivatives2.4

A further approach, by heating camphor imine in the
presence of oxygen, is reported to deliver the amide of1 in

only one configuration but with unsatisfactory yields.5 More
recent methods involving the cleavage of the C1-C2 bond
of camphor by hydrosilylation6 or fragmentation of initially
generated camphoriminyl radicals4 lack diastereoselectivity.

As we recently discovered in our laboratory, large-ring
1-phenylcycloalkanols react under DGPTI conditions cleanly
to open-chain phenones, whereas the small-ring analogues
undergo only H2O elimination.7 Were 2-phenylisoborneol (3)
to behave like a bicyclic small-ring 1-phenylcycloalkanol
analogue, elimination of H2O under formation of 2-phenyl-
bornene would be expected to occur under DGPTI. In sharp
contrast to this expectation, pyrolysis of (-)-2-phenyl-
isoborneol8 (3) at 630°C afforded a monocyclic isomeric
product that was easily removed from highly volatile side
products, characterized, and proved to be (+)-trans-2-(2,2,3-
trimethyl-cyclopentyl)-1-phenyl-ethanone9 (4) (Scheme 1,
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Table 1). This thermal behavior might be explained by the
strain incorporated in the bicyclic bornane system. The

assignment of the trans configuration is based on the
observed NOE correlations as shown in Figure 1.

We have studied the mechanism and the origin of this
unique stereoselectivity in the pyrolysis of isoborneol3 by
means of deuterium labeling experiments. The thermal
isomerization of O-deuterated isoborneolO-d-310 gave

3-d-4, which exhibited a broad singlet in its2H NMR
spectrum atδ 1.66.

The investigation has led to the conclusion that this
thermally promoted cleavage reaction proceeds via a diradical
species as we found earlier for the transformation of
1-phenylcycloalkanols.7 Moreover, the label has been proved
to be transferred both stereospecifically (retention of con-
figuration) and regiospecifically from the O-atom ofO-d-3
to C3 of4 (Scheme 2). The labeling experiment reveals that

initial homolysis of the C1-C2 bond of isoborneol3 results
in the formation of a monocyclic hydroxybenzyl alkyl
diradical 5, which then undergoes a disproportionation
reaction via 1,7-H shift. However, cleavage of the C2-C3
bond under formation of the lower substituted alkyl radical
moiety could not be detected.

Substituents at the aromatic ring affected both the yield
and the required optimal temperature for the DGPTI process,
but not the diastereoisomeric ratio. As summarized in Table
1, a series of readily prepared isoborneols3a-d was
thermally converted to the isomeric phenones4a-d in
moderate to good yields. The lower yields of 4-methyl- and
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cooled with liquid N2 (90-95% recovery). Purification by flash chroma-
tography (silica gel, 30:1 hexanes/ethyl acetate) followed by bulb-to-bulb
distillation (kugelrohr) afforded (+)-trans-2-(2,2,3-trimethyl-cyclopentyl)-
1-phenyl-ethanone (4) (1.46 g, 73% yield) as a colorless oil: [a]23
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(c 0.6, MeOH); FTIR (film) 3060, 3027, 2958, 2871, 1687, 1598, 1580,
1448, 1366, 1285, 1215, 1180, 1016, 1002 cm-1; 1H NMR (600 MHz,
CDCl3) δ 7.95 (dd,J ) 8.3 and 1.4 Hz, 2H); 7.54 (tt,J ) 7.4 and 1.3 Hz,
1H); 7.45 (t,J ) 7.9 Hz, 2H); 3.03 (dd,J ) 16.2 and 4.0 Hz, 1H); 2.73
(dd,J ) 16.0 and 10.4 Hz, 1H); 2.20 (m, 1H); 1.93 (m, 1H); 1.85 (m, 1H);
1.66 (sext,J ) 7.1 Hz, 1H); 1.25-1.20 (m, 2H); 0.89 (s, 3H); 0.88 (s, 3H);
0.86 (d,J ) 7.1 Hz, 3H);13C NMR (150 MHz, CDCl3) δ 201.1, 137.6,
133.0, 128.7, 128.3, 44.3, 43.7, 42.4, 40.7, 31.6, 29.7, 24.4, 23.8, 16.5 ppm;
MS m/z (rel intensity) 230 (12), 221 (2), 187 (1), 173 (45), 145 (7), 120
(82), 105 (100), 95 (23), 77 (30), 69 (11).
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Scheme 1

Table 1. Effects of Para Substituents on DGPTI of
2-Phenylisoborneols3

R product T (°C) yield (%) dr (%)

H a 630 73 >99
CH3 b 620 45 >99
OCH3 c 610 62 >99
CF3 d 630 71 >99

Figure 1. 1H-NOE correlations of compound (+)-4 showing its
trans configuration.

Scheme 2

2692 Org. Lett., Vol. 5, No. 15, 2003



4-methoxy-substituted substrates3b and3c, respectively, are
due to increased susceptibility to dehydration. The corre-
sponding bornenes could be isolated in 20-30% yield.

The enantioselective thermoisomerization reaction sum-
marized in Table 1 can widely be exploited in the synthesis
of a broad variety of chiral monoterpenes derived from
phenones of type4. For instance, the large difference in
electronic properties between the electron-donating methoxy
group (4c) and the electron-withdrawing trifluoromethyl
group (4d) allows selective Baeyer-Villiger rearrangement.
According to Scheme 3, treatment of4c with m-chloroper-

benzoic acid and an aequimolar amount of TFA in CH2Cl2,11

followed by hydrolysis of the intermediate phenyl ester6,
afforded campholanic acid12 (1) in almost quantitative yields,
whereas treatment of4d under equivalent conditions provided

cyclopentyl methyl ester7, which upon hydrolysis led to
cyclopentyl carbinol8 in comparable yields. Oxidation of8
with Jones reagent13 furnished (+)-trans-R-dihydrocam-
pholytic acid (9). On the other hand, the Baeyer-Villiger
reaction of both4a and 4b gave, after hydrolysis, 3:1
mixtures of1 and8, which could easily be separated.

It was of interest to extend our studies to (-)-fenchone,
which upon treatment with PhLi in Et2O gave (1R,2R,4S)-
2-phenyl fenchol14 (10). AM1 calculations of10 show that
the C2-C3 bond is longer than the C1-C2 bond, which is
in agreement with X-ray crystallographic analyses of reported
2-arylfenchol derivatives.15 Indeed, thermal isomerization of
10at 630°C provided fencholic acid derivative1116 in 48%
yield. In contrast to the transformation of3 to 4, a reaction
pathway involving the cleavage of the C2-C3 bond was
observed.

Further investigations on the DGPTI-induced rearrange-
ment of fencholic derivatives of type10 are in progress.

In conclusion, the observed stereoselective conversion of
camphor and fenchone derivatives to campholanic and
fencholic acid derivatives by DGPTI is novel and demon-
strates the potential of pyrolytic methods.
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