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Abstract—Treatment of (+)-methylenecamphor (2) with NBS in the presence of pyridine resulted in a rapid and remarkably clean
rearrangement to yield a brominated (+)-methylenefenchone (3) in high yield and purity (>96%). The structure of the product was
established by X-ray crystallography and the stereochemistry confirmed by both polarimetric and chiral GC analyses. Two
transformations of the product were also performed to elucidate the structure. © 2001 Elsevier Science Ltd. All rights reserved.

In the course of preparing terpene-derived asymmetric
catalysts and reagents,! we desired to brominate
methylenecamphor? (2) in the allylic position as had
been reported® for PB-pinene (1), shown below. The
reaction proceeded cleanly (~90%), and was improved
to ~98% yield of a single product by use of stoichio-
metric pyridine; the presence of diphenyldiselenide was
found to be of no consequence. N-Chlorosuccinimide
gave the same reaction, but less cleanly (~80%). How-
ever, these reactions had clearly followed an unexpected
course, evidenced, for example, by the presence of only
two methyl singlets, rather than the expected three, in
the 'H NMR spectrum. We were able to prove the
structure to be that of a previously unreported com-
pound (3, see Scheme 1).

The structure proof of compound 3 was done primarily
by X-ray analysis of ammonium carboxylate salt 7 and
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9-fluorenyl derivative 8, made via the organolithium 5
as shown in Scheme 2. The organolithium was prepared
by either of two ways, via metal-halogen exchange of
the iodide,* or direct reaction of the bromide with the
radical anion of 4,4'-di-fert-butylbiphenyl.’> While both
crystal structures confirmed the basic structure of 3, the
absolute configuration could not be assigned with cer-
tainty because of disorder and/or the lack of heavy
atoms. Many other derivatives failed to provide suit-
able crystals for X-ray analysis.®

Fortunately, the absolute configuration and enantiopu-
rity of compound 3 could be established by chiral gas
chromatography. Reaction of racemic methylenecam-
phor with NBS/pyridine produced racemic 3, the enan-
tiomers of which were adequately separated” on a
Cyclosil-B? capillary column (30 mx0.25 mm). Similar
analysis of 3 from (+)-methylenecamphor showed only
one peak. To establish the absolute configuration, we
prepared methylenefenchone (10) by debromination of
3 that had been prepared from both (+)-camphor and
racemic camphor, and (in low yield) by Wittig methylen-
ation of natural (-)-fenchone (9). Again, the enan-
tiomers were adequately separated,” and each of the
optically active samples exhibited single peaks at differ-
ent retention times (Scheme 3).

The formation of 3 can be understood in terms of an
initial attack by electrophilic bromine, followed by
rearrangement and elimination of the resulting cation,
as shown in Scheme 4. This rearrangement is remark-
able in that cation I does not rearrange further, possi-
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bly because the reaction is occurring under basic condi-
tions which quickly deprotonate I. In contrast, treat-
ment of methylenecamphor with H,SO,/HOAc! or
HBr!! proceeds through a cation corresponding to I but
rearranges further (two additional alkyl shifts) and, in
the former case, partially racemizes. Indeed, to our
knowledge there has been only one efficient rearrange-
ment-based synthesis of a fenchyl system reported,'?
and none based on methylenecamphor. A bicyclo-
[3.1.1]heptane derivative has been reported'? to give a
doubly oxygenated fenchyl product in 80% yield.
Although cationic intermediates corresponding to I
have been postulated,'®!!"!* these reactions generally
produce a wide variety of products and are not synthet-
ically useful.

The ready availability of (+)-3 now provides access to
an enantiomerically pure derivative of the unnatural
enantiomer of the fenchone system, functionalized for
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transformations into synthetically useful non-racemic
materials.

Experimental

(IR ,4R)-(+)-1-Bromomethyl-3,3-dimethyl-2-methylene-
bicyclo[2.2.1]Jheptane (3): A solution of methylenecam-
phor (2.03 g, 13.5 mmol; prepared® from (+)-camphor)
and pyridine (1.1 mL, 13.6 mmol) in dry dichloro-
methane (50 mL) was cooled to 0°C under an inert
atmosphere, and, with good stirring, recrystallized'*
N-bromosuccinimide (2.99 g, 16.8 mmol) was added in
one portion. The heterogeneous mixture was allowed to
warm to room temperature and was stirred overnight.
Hexanes (25 mL) were added to precipitate succinimide.
The mixture was filtered through a 2 cm layer of silica
gel in a fritted funnel and the filtrate was concentrated
by rotary evaporation to give 2.98 g (13 mmol, 96%) of
3 as a colorless oil that was >98% pure by GC. Den-
sity=1.28 g/mL. '"H NMR (CDCl;, 360 MHz): 1.04 (s,
3H), 1.09 (s, 3H), 1.14-1.25 (m, 1H), 1.40 (dd, 1H,
J=9.7, 1.4), 1.55-1.65 (m, 1H), 1.68-1.84 (m, 3H),
1.86-1.92 (m, 1H), 3.66 (d, 1H, J=10.4), 3.70 (d, 1H,
J=10.4), 4.65 (s, 1H), 4.66 (s, 1H); '*C NMR (CDCl,,
90 MHz): 25.5, 26.0, 29.3, 32.5, 36.7, 41.9, 43.7, 46.7,
54.3, 99.2, 164.8. IR: 1651 cm™'. MS: 230/228 (M+),
149 (M-Br, base peak).

(1S,4R)- (+)- 3,3- Dimethyl- 2-methylene - bicyclo[2.2.1]-
heptane-1-acetic acid (6): Bromide 3 was first converted
to the iodide (Nal, acetone, reflux, 30 h). A solution of
the purified iodide (3.37 g, 12.2 mmol) in ether (40 mL)
and hexanes (60 mL), cooled to —78°C and treated with
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tert-butyllithium (1.77 M in pentane, 15.0 mL, 26.6
mmol). The cloudy orange suspension was allowed to
warm to room temperature and was stirred for 1 hour.
The mixture was then transferred by cannula to a 1 L
flask containing solid CO, (20 g) [Caution: extensive gas
evolution, vent adequately!]. After warming to room
temperature, the organic phase was extracted with 5%
aqueous Na,COj; solution (3x30 mL). The combined
aqueous extracts were washed with hexanes (2x15 mL),
then acidified with 6 M HCI to pH 2-3. Extraction of
the aqueous with ethyl acetate (3x30 mL), drying with
MgSO,, and concentration gave a colorless oil (1.81 g,
76%) which was 99% pure by capillary GC. Alterna-
tively, 4,4'-di-tert-butylbiphenyl in dry THF under
argon at 0°C was treated with lithium metal (4 h), and
the resulting dark green solution was cooled to —78°C
and treated dropwise with bromide 3 just until the dark
color faded (at least 2 equiv. of radical anion are
required per bromide). The resulting organolithium
reagent was added to carbon dioxide and worked up as
described above. The product occasionally crystallized
on standing to give a low-melting solid (mp ~34°C).
[2]p=+49 (66 mg/mL, ethyl acetate). '"H NMR (CDCl,,
360 MHz): 1.03 (s, 3H), 1.08 (s, 3H), 1.2-1.31 (m, 1H),
1.45 (dd, 1H, J=9.8, 1.2), 1.52-1.65 (m, 1H), 1.68-1.79
(m, 2H), 1.83-1.92 (m, 2H), 2.65 (s, 2H), 4.60 (s, 1H),
4.64 (s, 1H), 11.2 (br s, 1H); '*C NMR (CDCl;, 90
MHz): 24.8, 26.0, 29.4, 33.6, 38.3, 41.6, 43.0, 47.0, 50.9,
98.2, 166.9, 179.2; IR: 1654, 2500-3500 cm~'. MS: 194
(M+), 179, 149, 105 (base peak).

(1S,4R) - (+)- I - Methyl - 3,3 - dimethyl - 2 - methylene-
bicyclo[2.2. 1]heptane (10): (+)-Bromide 3 (1.53 mL, 8.6
mmol) was added slowly to a solution of lithium tri-
ethylborohydride (1.0 M in THF, 17 mL, 17 mmol) in
20 mL of additional THF under an inert atmosphere
and refluxed for 6 hours. The crude mixture was
quenched with water (5 mL), and the product was
extracted with hexanes and, after drying and evapora-
tion to constant weight, 746 mg (58%) gave 10 that was
found to be greater than 95% pure by capillary GC.
[¢]lp=+68.3 (c=37 mg/mL, methanol); the same com-
pound prepared® from (-)-fenchone exhibited [x]p=
—-69.4 (¢c=50 mg/mL, methanol). 'H NMR (CDCl,, 360
MHz): 1.02 (s, 3H), 1.07 (s, 3H), 1.18 (s, 3H), 1.25 (dd,
1H, J=14.4, 1.3), 1.41-1.57 (m, 4H), 1.69-1.74 (m,
1H), 1.81 (br s, 1H), 4.53 (s, 1H), 4.60 (s, 1H); '*C
NMR (CDCl;, 90 MHz): 18.3, 25.4, 26.1, 29.5, 35.6,
42.8, 44.3, 47.3 49.9, 96.9, 169.4; IR: 1651 cm~'. MS:
150 (M+), 107 (base peak).
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