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A seven-step synthesis of (+)-himachalene dihydrochloride and (+)-ar-himachalene from the tricyclic sesqui-
terpene longifolene is described. The successful route involved the preparation of a key bifunctional longibor-
nane derivative (12) as the initial target. This was obtained from w-bromolongifolene (9) via an acid-catalyzed
rearrangement involving an intramolecular 1,5-hydride shift. The bicyclic homodecalinenones 22, 23, and 24
were obtained from 12 in a novel base-catalyzed fragmentation reaction that removes the carbon-to-carbon span
which gives longibornane its tricyclic bridged structure. Elaboration of §,v-unsaturated ketone 22 to the title
compounds 30 and 31 was achieved through Wolff-Kishner reduction followed by either hydrochlorination or
aromatization. Attempts to convert enones 22 and 24 to «-longipinene (3) are also included.

The diversity of carbocyclic structures replete with a
wide variety of functionalities makes sesquiterpenes at-
tractive and formidable targets of chemical synthesis. It is
not surprising, therefore, that intense activity® has been
witnessed in this area during the past few years. In a ma-
jority of the reported syntheses, the Ci5 network of sesqui-
terpenes has been created by a combination or elaboration
of small synthons (fragments) employing routine or novel
reactions and reagents. An alternate approach utilizing
naturally occurring sesquiterpenes as synthons for com-
plex synthesis, on the other hand, has only received limit-
ed attention.* Such an approach, besides furnishing opti-
cally active compounds, is likely to be economical and
would essentially require the reorganization of a carbocy-
clic network through suitable bond-breaking and -making
processes. The efficacy of such a synthetic approach is ex-
emplified here by considering the possibility of employing
the readily available tricyclic hydrocarbon longifolene (1)
for the synthesis of «- and $-himachalenes (2),% chief con-
stituents of the essential oil of Cedrus deodar Loud., and
a-longipinene (3),% a component of the essential oils of
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o = exocyclic olefin
B = endocyclic olefin

Pinus longifolia Roxb. and Pinus silvestris L. The choice
of longifolene (1) for the contemplated synthesis is dictat-
ed by its close biogenetic relationship? with 2 and 3. The
synthetic route adopted and executed here constitutes a
reversal of the biogenetic pathway in terms of the gross
carbocyclic skeletons, i.e., longifolene — longibornane
type — himachalene type. The pathways by which 1 can
eventuate in 2 and 3 by logical and conceptually plausible
steps are shown in Scheme 1. The synthetic strategy de-
picted in Scheme I consists of the preparation of suitably
functionalized longibornane precursors 4 and 8 followed
by key transformations involving a base-catalyzed frag-
mentation 4 — 5,82 an intramolecular Michael addition 6
—> 7,10 and solvolytic ring contraction 8 — 3.11 The other
subordinate steps in the scheme are easy to comprehend
and can be carried out through well-established reactions.
A particularly hopeful feature of the fragmentation of the
tricyclic longibornane derivative 4 was the expectation
that removal of the carbon bridge would lead to a cis-
fused homodecalin corresponding to the stereochemistry of
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naturally occurring himachalenes. In this paper is de-
scribed the synthesis of (+)-himachalene dihydrochloride
(30)12 and (+)-ar-himachalene (31)13 and preparation of
synthons related to the synthesis of a-longipinene (3) from
longifolene through the reaction sequence 1 — 4 — 5 —
30.

(E)-w-Bromolongifolene (9), readily available'® from 1,
appeared to be ideally suited as a starting material which
has sufficient functionality, properly disposed, for elabo-
ration into bifunctional longibornane derivative 12. Reac-
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9 10, X = Br; R =0CCF; 14
11, X = Br; R=0H
12, X = Br; R===0
13, X=H; R=0H
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tion of 9 with trifluoroacetic acid (TFA) furnished a com-
plex mixture of hydrocarbons and a trifluoroacetate (10).
Hydrolysis with alcoholic potassium hydroxide and purifi-
cation on a silica gel column gave a hydrocarbon fraction
followed by the secondary alcohol 11, mp 65-66°. The hy-
drocarbon fraction consisted of at least six components
and only the major component (~50%) was obtained pure
and characterized on the basis of spectral evidence (see
Experimental Section) as longicyclenyl bromide (14).1%
Oxidation of alcohol 11 with Jones reagent resulted in the
isolation of two crystalline ketones, mp 72 and 103°, which
could be readily separated by column chromatography.
That the low-melting ketone possessed the requisite struc-
ture 12 was indicated by its carbonyl absorption in the ir
spectrum at 1700 cm~? and signals in the pmr spectrum
for three quaternary methyls (6 0.91, 0.97, and 1.07), a
bromomethyl group (6 3.5, AB quartet, J = 12 Hz), and
two deshielded methylene groups flanking the carbonyl (6
2.4, AB quartet, J = 11 Hz). The structure of this key ke-
tone (12) required for the fragmentation reaction was fur-
ther verified by an unambiguous conversion to the
known'® hydrocarbon longibornane (15) through steps
outlined in Scheme II. This correlation of 12 with 15 rules
out of contention alternate structures 16 and 17 for the

BrHC. _
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low-melting ketone.l” The high-melting ketone analyzed
for C15H2102Br and showed ir absorption due to carbonyl
group at 1720 cm~?* (broad). Its pmr spectrum exhibited
quaternary methyl singlets at 6 1.01, 1.1, and 1.14, a bro-
momethyl as a doublet of doublets at § 3.60 (J = 10 Hz),
and another doublet of doublets due to methylene flank-
ing the carbonyl at § 2.51 (J = 12 Hz). This spectral data
clearly indicated a diketone structure (18) for the high-

0

CHzBr
18 19, —e, CH; groups

melting ketone and was fully supported!® by an indepen-
dent X-ray crystal structure determination.

The formation of trifluoroacetate 10 from the rearrange-
ment of w-bromolongifolene (9) in TFA can be rational-
ized in terms of the protonation of 9 to equilibrating ions
20 and 21 followed by a precedented®® transannular
1,5-hydride migration and capture by the nucleophile
(Scheme III). This intramolecular hydride shift is facili-
tated by the favorable conformation (19) of the eight-
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membered ring resulting in the proximity of the hydrogen
at Cg with the sp? center at Ca. Proton loss from ions 20
and 21 accounts for the formation of the tetracyclic bro-
mide 14.

Scheme II1
0
-
{ OCCF,
W-M H
H* shift
— —> 10
v = CHBr <
CH,Br
20 21

With the structure of longibornane precursor 12 firmly
established and its adequate supply assured, we turned
our attention toward the key fragmentation step (Scheme
1), which to our expectation proved extremely facile and
easy to execute. Indeed, exposure of 12 to methylsulfinyl
carbanion?® at room temperature and quenching with
water resulted in the formation of three ketones A, B, and
C in a ratio of 15:4:1 in 96% yield. The major ketone A
could be conveniently isolated by column chromatography
and is formulated as the unconjugated homodecalin ke-
tone (22).2! The structure of this product is indicated by

H

H H
22 23

the lack of uv absorption, the presence of unconjugated
carbonyl (1705 em~1) and terminal methylene (3100, 1600,
890 cm~1') in the ir spectrum, and the pmr absorption
(Figure 1, two quaternary methyls, a vinylic methyl, and
two olefinic protons). The ketone B was clearly an «o,8-
unsaturated ketone, as revealed by its uv spectrum [Amax
(MeOH) 244 nm] and exhibited complimentary carbonyl
absorption (1640 cm—1) in the ir spectrum. The pmr spec-
trum (Figure 2, two quaternary methyls, a vinylic methyl,
two terminal methylene protons, and a vinylic proton)
was fully consistent with the gross structure 23. The trans
stereochemistry at the ring junction in 23 was established

" through equilibration studies (vide infra). The minor ke-

tone C which had earlierld eluded isolation but whose
presence was vital to our contemplated internal Michael
addition (Scheme I) in fact turned out to be the cis-fused
a,f-unsaturated ketone 24. Its structure follows from its
uv spectrum [Amax (MeOH) 244 nm], carbonyl (1650
cm~1) and terminal methylene absorption in the ir spec-
trum, and pmr data (Figure 3, two quaternary methyls, a
vinylic methyl, two terminal methylene protons, and a
vinylic proton). The gross carbocyclic structure of the ke-
tones 22, 23, and 24 was ascertained by the transforma-
tion of the major ketone 22 into the saturated hydrocar-
bon 25 vie Wolff-Kishner reduction and catalytic hydro-
genation. The compound 25 was found to be similar to the
parent hydrocarbon himachalane® obtained from the re-
duction of natural 3-himachalene.

H
1. Wolff-Kishner
reduction
22 >
2. H,-PtO,/AcOH
.
H
25
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Figure 1. Pmr spectrum (60 MHz) of 8,v-unsaturated ketone 22.
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Figure 2. Pmr spectrum (60 MHz) of trans o,3-unsaturated ketone 23.
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Figure 3. Pmr spectrum (60 MHz) of cis a,3-unsaturated ketone 24.
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The formation of structurally related ketones 22, 23,
and 24 in the fragmentation reaction suggests that they
are derived from 26 through the base-catalyzed equilibra-

tion under experimental conditions. This contention is
substantiated by the fact that when pure ketones 22, 23,
or 24 or their mixtures were equilibrated with methylsul-
finyl carbanion in DMSOQ, the product consisted of the
three ketones in the same ratio in which they were origi-
nally isolated from the fragmentation reaction. In the
light of these equilibration studies, the «,3-unsaturated
ketone 23 predominating under equilibrium conditions is
assigned the more stable trans stereochemistry at the ring
junction. The greater stability of trans-perhydrobenzosub-
erone over the corresponding cis isomer has been experi-
mentally established.?2 In the himachalene series itself
the trans isomers 27 and 28 have been showni20.23.2¢ to

28

predominate over their cis isomers under equilibrium. The
conjugated ketone 24 present in trace amounts only is,
therefore, recognized as the less stable cis isomer.

The B,y-unsaturated ketone 22 was now converted to
the target compounds 30 and 31 through the reaction se-
quence summarized in Scheme IV, Thus, Wolff-Kishner
reduction of 22 and purification (AgNOs-silica gel) gave
himachalene isomer 29. A passage of a stream of dry HCI
gas through an acetic acid solution of 29 led to the isola-
tion of (+)-himachalene dihydrochloride (30), mp 118-
119°, indistinguishable (mixture melting point, ir, [«]D)
from the material prepared from natural «- and 8-hima-
chalene. Since himachalene dihydrochloride (30) has al-
ready been converted??2 into B3-himachalene, this also
constitutes a formal synthesis of the latter. Dehydrogena-
tion of 29 with chloranil followed by aromatization over
Pd/C gave (+)-ar-himachalene (31) found identical (ir,
nmr) with the naturally occurring material. The S config-
uration (31) of (+)-ar-himachalene at the asymmetric
center is based on its [a]p of +7.7°, which is comparable
to the {a]p of +5.90° of (+)-ar-himachalene preparedl*
from (+)-ar-turmerone, a compound of well-established
absolute stereochemistry.

Scheme IV
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Finally, it was of obvious interest to attempt the trans-
formation of ketones 22-24 to «-longipinene (3). Several
attempts to selectively ozonize the ketone 22 to the ene-
dione 32 required for the internal Michael addition met
with failure and resulted in the formation of highly polar,
intractable material. Efforts to ketalize the carbonyl func-
tion in 22 prior to ozonolysis led to the isomerization of
the exocyclic double bond and formation of undesired
ketal mixture 33. Similarly, attempted preparation of
enone 34 for a Lewis acid catalyzed Stork-Grieco type?®
cyclization to a bridged cyclobutane derivative also
proved futile.

0]

0]

0

Experimental Section?®

(E)-w-Bromolongifolene (9). This was prepared according to
the previously reported!¢ procedure. The material used for the
present investigation had bp 120-125° (6 mm); mp 40-41°; n3%p
1.5315; and [a]p +52.06° (¢ 1.96).

Rearrangement of (FE)-w-Bromolongifolene (9) in Trifluo-
roacetic Acid. A solution of (E)-w-bromolongifolene (12 g) in 25
ml of methylene chloride was slowly added to a cooled (5-10°) so-
lution of trifluoroacetic acid (50 ml) over a period of 15 min with
vigorous stirring. The stirring was continued for 4 hr at room
temperature (35°) after which the reddish-brown reaction mixture
was quenched by pouring into iced sodium bicarbonate solution.
The product was extracted with ether (two 150-ml portions),
washed with brine, and dried. Removal of solvent gave 14.8 g of
an oily mixture of hydrocarbons and trifluoroacetate 10, ir 1775
(ester carbony!) and 1230 cm—1.

Base Hydrolysis of (E)-w-Bromolongifolene Rearrangement
Product. The above mixture (14.8 g) was taken up in 40 ml of
ethanol and potassium hydroxide (3 g) in 30 ml of water was
added. After stirring for 8 hr at ambient temperature the reaction
mixture was diluted with water, extracted with ether (three 100-
ml portions), washed with brine, and dried and solvent was evap-
orated to furnish a viscous residue (12 g). This material was ad-
sorbed on a silica gel (200 g) column and readily separated into a
hydrocarbon fraction by successive elution with petroleum ether
and benzene. Fraction 1 (4 g, 27%), bp 110-115° (2 mm), was re-
vealed to be a mixture of seven components by vpc analysis. The
major component (~50%) was isolated by preparative layer chro-
matography (20 X 20 cm plates, solvent system petroleum ether)
and found to be the tetracyclic bromide 14:27 n3%p 1.5584; ir
(neat) (cyclopropane CH) 845 c¢cm~—! (tricyclene type nucleus);
pmr (CCly) 6 0.83 (CCHs, 3 H, s), 0.88 (CCHs, 6 H, s), 3.41
(CCH2Br, 2 H, q, J = 9 Hz), 0.72 (cyclopropane, 1 H, s), 0.95 (cy-
clopropane, 1 H, s). Anal. Caled for C15H23Br; C, 63.60; H, 8.12.
Found: C, 63.82; H, 8.54.

Fraction 2 (6 g, 53%) solidified on standing and was twice sub-
limed at 90° (2 mm) to furnish white, waxy crystals of bromo al-
cohol 11: mp 65-66°; [a]p +23.5° (¢ 1.47); ir (KBr) 3300 (hydrox-
y1), 1250, 1060, 1040 cm~1; pmr (CCly) 6 0.95 (CCH3, 6 H, s), 1.03
(CCH3, 3 H, 8), 3.45 (CCH2Br, 2 H, q, J = 12 Hz), 4.05 (HCOH, 1
H, m), Anal. Caled for C15H250Br: C, 59.80; H, 8.36. Found: C,
59.53; H, 8.05.

Jones Oxidation??® of Bromo Alcohol 11. A stirred solution of
5.4 g of 11 in 60 ml of acetone was treated dropwise at room tem-
perature with Jones reagent (50 ml) until the brown color per-
sisted. The mixture was stirred for 5 hr, diluted with water, and
extracted with ether (two 100-ml portions). The organic layer was
successively washed with aqueous sodium carbonate and brine
and dried. Removal of solvent gave a semisolid residue (4.7 g)
which was adsorbed on a silica gel (200 g) column, Elution with
petroleum ether-benzene (60:40) afforded 1.5 g (27%) of the crys-
talline diketone 18. Recrystallization from petroleum ether gave
pale-colored, stout crystals: mp 103°; [a]p —47.6° (¢ 2.99); uv
Amax (MeOH) 310 nm (e 52); ir (KBr) 1710 (carbonyl), 995, 800
cm~3; pmr (CCly) 6 1.01 (CCH3, 3 H, s), 1.11 (CCHs, 3 H, s),
1.14 (CCHs, 3 H, s), 3.60 (CCH2Br, 2 H, q, J = 10 Hz), 2.51
[-C(==0)CHz-, 2 H, q, J = 12 Hz]. Anal. Calcd for C15H2,02Br:
C, 57.52; H, 6.76. Found: C, 57.38; H, 6.5.
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The semicarbazone of ketone 18 was prepared by the pyridine
method and crystallized from ethanol as colorless needles, mp
218-219°. Anal. Caled for Ci6H2402N3gBr: C, 51.89; H, 6.48; N,
11.35. Found: C, 51.75; H, 6.70; N, 11.77. Further elution of the
column with petroleum ether-benzene (40:60) afforded 3 g (55%)
of crystalline ketone 12. Recrystallization from petroleum ether
gave an analytical sample of bromo ketone 12: mp 72° [a]D
+47.7° (¢ 5.33); uv Apmax (MeOH) 290 nm (e 46); ir (KBr) 1700
(carbonyl), 1300, 920 ¢cm~1; pmr (CCly) 6 0.91 (CCHs, 3 H, s),
0.97 (CCHs, 3 H, s), 1.07 (CCHs, 3 H, s), 3.5 (CH2Br, 2 H, q, J
= 12 Hz). Anal. Caled for C15H230Br: C, 60.21; H, 7.75. Found:
C, 60.60; H, 7.31.

A portion of the ketone 12 was converted to the semicarbazone
derivative by the pyridine method and recrystallized from etha-
nol to give colorless, needle-shaped crystals, mp 222-223°. Anal.
Caled for C16Hg6ON3Br: C, 53.93; H, 7.30; N, 11.79. Found: C,
54.36; H, 6.9; N, 11.94.

Lithium Aluminum Hydride Reduction of Bromo Ketone 12.
The bromo ketone (500 mg) in tetrahydrofuran (5 ml) was slowly
added to a stirred slurry of lithium aluminum hydride (200 mg)
in dry tetrahydrofuran (20 ml). The stirring under reflux was con-
tinued for 7 days and the complex was decomposed by careful ad-
dition of ice-cold water. The organic product was isolated by ex-
traction with ether (two 50-ml portions), washed with brine, and
dried. Removal of solvent gave 350 mg of a viscous oil consisting
of an epimeric mixture of longibornan-9-ols.

Longibornane (1,4,4,8-Tetramethyltricyclo[6.3.0.0%3-%Jundec-
ane 15. To a stirred solution of the above alcohols in 5 ml of ace-
tone was added Jones reagent dropwise till the yellow color per-
sisted. The reaction mixture was further stirred for 0.5 hr and
worked up as described above to give a pale yellow oil (350 mg).
This material was adsorbed on a silica gel (10 g) column and
eluted with petroleum ether-benzene (80:20) to give longibornan-
9-one (270 mg, 74%): ir (neat) 1698 cm~! (carbonyl); pmr
(CDCl;3) 4 0.86 (CCH3, 3 H, s), 0.88 (CCH3, 6 H, s), 1.05 (CCHs, 3
H, s). To a solution of the above ketone (80 mg) in 2 ml of ethanol
was added a solution of semicarbazide hydrochloride (50 mg) in 1
ml of water containing a few drops of pyridine. The mixture was
left overnight and the solid was filtered. Recrystallization from eth-
anol gave 60 mg of white needles, mp 213-214°.

The semicarbazone of longibornan-9-one (200 mg) and potassi-
um tert-butoxide®® (250 mg) in dry toluene (10 ml) were refluzed
for 24 hr. The reaction mixture was poured into water and the or-
ganic layer was separated. Removal of solvent and filteration of a
petroleum ether solution through silica gel furnished 70 mg of hy-
drocarbon longibornane (15). The ir spectrum of this material was
found indistinguishable from that of an authentic sample3? of longi-
bornane.

Fragmentation of Ketone 12 with Methylsulfinyl Carbanion.
A solution of methylsulfinyl carbanion in 20 ml of DMSO was
prepared under nitrogen atmosphere according to Corey’s proce-
dure from 2 g of sodium hydride (50% dispersion in mineral oil).
To this reagent was added a solution of 5 g of bromo ketone 12 in
20 ml of DMSO with the aid of a hypodermic syringe and the
reaction mixture was stirred at room temperature for 0.5 hr. The
reaction mixture was diluted with water and extracted with petrole-
um ether (two 100-ml portions). The organic phase was washed
with brine, dried, and freed of solvent to give 3.6 g (96%) of an
oily mixture of ketones. This material was adsorbed on a silica
gel (100 g) column and chromatographed. Elution with petroleum
ether-benzene (60:40) afforded 2.7 g (75%) of the major ketone 22:
bp 110-120° (0.6 mm); n3%p 1.5215; [alp +12.32° (¢ 2.75); UV Amax
(MeOH) 296 nm (e 160); ir (neat) 1705 (unconjugated carbonyl),
3100, 1600, 890 cm-! (terminal methylene); pmr (CCly) 6 0.93
(CCHs, 3 H, s), 1.05 (CCH3s, 3 H, s), 1.84 (H;CC=C-, 3 H, s),
4.81 (Ho,C=C<, 2 H, d), 2.0-3.3 (allylic and « to carbonyl, 11 H,
m). Anal. Caled for C15H220: C, 82.52; H, 10.16. Found: C, 82.85;
H, 10.15. A portion of the ketone 22 was converted to the semicar-
bazone derivative by the pyridine method and recrystallized from
ethanol to give colorless crystals, mp 115° dec. Anal. Calcd for
C16H250N3: C, 69.78; H, 9.15; N, 15.26. Found: C, 69.59; H, 8.8;
N, 14.98.

Elution of the column with petroleum ether-benzene (40:60)
gave 0.6 g (20% yield) of the «,3-unsaturated ketone 23: bp 110-
120° (0.6 mm); n3% 1.5305; [a]p ~45.8° (¢ 2.10); uv Amax (MeOH)
244 nm (e 10,700); ir 1640 (conjugated carbonyl), 3090, 1630, and
890 ¢cm~1 (terminal methylene); pmr (CCly) & 1.06 (CCHs, 3 H,
s), 1.14 (CCHs, 3 H, s), 2.01 (CHsC=C<, 3 H, broad s), 4.76
(HoC=C<, 2 H, 8), 6.2 (HC=C<, 1 H, broad s). Anal. Calcd for
C1sH220: C, 82.52; H, 10.16. Found: C, 82.74; H, 10.25.

A small quantity of the ketone 23 was transformed (pyridine
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method) into its semicarbazone derivative and crystallized from
ethanol to give colorless microcrystals, mp 197-198° dec. Anal.
Caled for Ci16HzsN30: C, 69.78; H, 9.15; N, 15.26. Found: C,
69.90; H, 9.25; N, 15.56, Further elution of the column with ben-
zene gave a fraction containing 105 mg of ketone 24: bp 110-115°
(2 mm); [a]p —48.3° (¢ 1.61); uv Amax (MeOH) 244 nm (e 9400); ir
1650 (conjugated carbonyl), 3090, 1630, and 895 cm~? (terminal
methylene); pmr (CCly) 6 0.99 (CCHas, 6 H, s), 2.01 (H3CC=C<,
3 H, s), 4.78 (H,C=C<, 2 H, s), 5.96 (HC=C<, 1 H, broad s).
Anal. Caled for C15H220: C, 82.52; H, 10.16. Found: C, 82.27; H,
10.2.

Equilibration of Ketone 22 with Methylsulfinyl Carbanion.
A solution of methylsulfinyl carbanion in 5 ml of DMSO was pre-
pared from 0.5 g of sodium hydride (50% dispersion in mineral
oil) as described in the above experiment. To this reagent was
added a solution of 0.1 g of 3,v-unsaturated ketone 22 in 5 ml of
DMSO with the aid of a hypodermic syringe and the reaction
mixture was stirred at room temperature for 0.5 hr. The reaction
mixture was worked up as in the above experiment and gave 0.1 g
of product, which consisted of the three ketones in the same ratio
as in the above reaction.

Similarly experiments were carried out for ketones 23 and 24
and the same mixtures were obtained in the same ratio.

Wolff-Kishner Reduction of 3,y-Unsaturated Ketone 22. To
a solution of enone 22 in 15 ml of ethanediol was added 10 ml of
hydrazine (80%) under nitrogen atmosphere and the mixture was
stirred for 1 hr at 100°. Potassium hydroxide pellets (2.5 g) were
then added and stirring was continued for, a further period of 2 hr
at 200°. The reaction mixture was poured into an ice-cold solution
of dilute HCI. Extraction with ether (two 50-ml portions), wash-
ing with saturated sodium bicarbonate and brine, and removal of
solvent gave 0.26 g of a mixture of hydrocarbons. This material
was adsorbed over 15 g of 20% AgNOQs-impregnated silica gel.
Elution with petroleum ether-benzene (90:10) gave 0.15 g of pure
hydrocarbon 29: bp 110-115° (4 mm); [a]p +40.76° (¢ 0.85); ir
(neat) 3090, 1650, 890 cm~1 (terminal methylene); pmr (CCly) é
0.83 (CCHs, 3 H, s), 0.91 (CCHs, 3 H, s), 1.76 (HsCC=C-, 3 H,
8), 4.76 (H2C=C<, 2 H, d). Anal. Calcd for Cy5Hzq: C, 88.16; H,
11.84. Found: C, 88.06; H, 11.7.

Catalytic Hydrogenation of 29 to Tetrahydrohimachalene
(Himachalane 25). A solution of 0.1 g of hydrocarbon 29 in gla-
cial acetic acid (5 ml) was hydrogenated over Adams catalyst (20
mg) at room temperature and 1 atm pressure of hydrogen. The
catalyst was removed by filtration and the filtrate was poured
into 25 ml of water. Extraction with petroleum ether (two 20-ml
portions), washing with sodium bicarbonate and brine, and re-
moval of solvent gave 0.1 g of oily material. This was filtered
through a 20% AgNQs-impregnated silica gel column with petro-
leum ether to give 25 as a colorless oil: bp 110-115° (4 mm); ir
1450, 1390, 1380, 870, 860 cm 1, The ir spectrum was found to be
similar to that of the material obtained by the catalytic hydroge-
nation of naturally occurring «- and $-himachalene mixture ob-
tained as described in the literature.+

(+)-Himachalene Dihydrochloride (30). An ice-cooled solu-
tion of 80 mg of hydrocarbon 29 in glacial acetic acid (1 ml) was
saturated with a slow stream of dry hydrogen chloride gas until
the solution turned deep brown. This solution was left overnight
at —5° and the colorless crystals were collected by filtration. Re-
crystallization from petroleum ether-benzene gave long, white
needles: mp 118-119°; [a]p +3.4° (¢ 1.62); ir 1440, 1450, 1360,
1100, 840 cm 1, The melting point was undepressed on admixture
with an authentic specimen prepared from «- and 8-himachalene.
The ir spectra of the two were also completely superimposable.

(+)-ar-Himachalene (31). A mixture of 0.23 g of hydrocarbon 29
and 0.5 g of chloranil in dry benzene was refluxed for 4 hr under a
nitrogen blanket. The reaction mixture was filtered and the pre-
cipitate was washed with 10 ml of benzene. The organic phase
was concentrated, diluted with petroleum ether, and passed
through a silica gel (10 g) column. The petroleum ether eluate on
concentration gave 0.23 g of a hydrocarbon mixture.

The above mixture (0.23 g) was refluxed with 200 mg of 10%
Pd/C in dry benzene for 12 hr. The reaction mixture was filtered
and the precipitate was washed with 10 ml of benzene. Removal
of solvent furnished 0.2 g of a pale yellow liquid. This was dis-
solved in 10 ml of acetone-water (9:1) and stirred with an excess
of powdered potassium permanganate to destroy olefinic impuri-
ties. The reaction mixture was again filtered and diluted with
watér. Extraction with petroleum ether (two 25-ml portions),
washing with brine, drying, and removal of solvent furnished 120
mg of pure (+)-ar-himachalene (31): bp 110-115° (2 mm); n3%p
1.5249; [a]p +7.7° (¢ 1.02); ir (neat) 3010, 1620, 1580, 1450, 810
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cm~1; pmr (CCly) ¢ 1.26 (CCHs, 3 H, s), 1.30 (CCHs, 3 H, s),
1.38 (CCHs, 3 H, s), 2.26 (ArCHj, 3 H, s), 6.91 (Ar, 1 H, s), 7.03
(ArH, 1 H, s). The literature records* [a|p +2.92° (¢ 1.7) for the
naturally occurring material and [a]p +5.9° (¢ 1.04) for the (+)-
ar-himachalene obtained from (+)-ar-turmerone. Anal. Caled for
CisHse: C, 89.04; H, 10.96. Found: C, 89.12; H, 10.4.

Ozonolysis of 3,v-Unsaturated Ketone 22. A 440-mg solution
of ketone 22 in ethyl acetate (15 ml) was treated with 0.097 g of
ozone generated in a Welsbach ozonizer at —80°. The solvent was
then removed under reduced pressure and the residue was treated
with aqueous sodium carbonate and a few drops of hydrogen per-
oxide (30%). Dilution with water, extraction with benzene, and
removal of solvent gave 400 mg of glassy residue. Tlc behavior in-
dicated it to be a complex mixture of highly polar material and
the ir spectrum displayed multiple carbonyl and hydroxyl ab-
sorptions.

Ketalization of Ketones 22, 23, and 24. To a stirred solution of
800 mg of ketones 22, 23, and 24 in dry benzene (50 ml) was
added ethylene glycol (7 ml) and p-toluenesulfonic acid in cata-
lytic amounts. The reaction mixture was refluxed for 2 hr and
poured into water. Extraction with ether (two 30-ml portions),
washing with aqueous sodium bicarbonate and brine, and remov-
al of solvent afforded 1.07 g of 33: bp 150° (1 mm); n%% 1.5172; uv
Amax (MeOH) 208 nm (e 4900); ir no absorption at 830 cm~* due
to terminal methylene. Anal. Caled for Cyi7Hz¢02: C, 77.86; H,
9.92. Found: C, 78.00; H, 10.00.
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Syntheses Employing Hexamethyl(Dewar benzene). Reactions of Methyl-

Substituted Carbonium Ions with Triethylamine?!
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Syntheses of 1,2,3,5,6-pentamethyl-4-methylenebicyclo[3.1.0]hex-2-ene (5), 1,2,4,5,6-pentamethyl-3-methylene-
tricyclo]2.2.0.02-6Thexane (8), 1,2,5,6-tetramethyl-3,4-dimethylenetricyclo[3.1.0.02.8]hexane (9), and 5-a-chlo-
roethyl-1,2,4,5-tetramethyl-3-methylenecyclopentene (16) are reported. These involve proton abstraction by tri-
ethylamine from the corresponding carbonium ions. The proton abstraction is proposed to be a kinetically con-
trolled process occurring at the methyl group adjacent to the carbon atom bearing the highest positive charge.

Reactions of hexamethyl(Dewar benzene) (1) with acids

have been the subject of many investigations in recent’

vears.2:3 Protonation of 1 followed by rearrangement will
give isomers of 1 after subsequent proton abstraction, Tri-
ethylamine appeared to be particularly useful for perform-
ing these proton abstractions. Some other carbonium ions
originating from 1 have been treated in the same way and
the low-temperature abstraction of a proton from a
methyl-substituted carbonium ion with triethylamine
seems to be generally applicable as a good synthetic
method for preparing strained compounds with exocyclic
methylene groups. The results of this reaction are present-
ed below.

Results and Discussion

It has been shown that the reaction path of 1 with HCI
followed by subsequent isomerization is as follows.2d The
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homofulvene 5, which is an isomer of 1, was prepared via
reaction of 1 with HCI at —40° to give 6. Compound 6 will
dissociate to give cation 3, which then reacts with trieth-
vlamine with loss of a proton. The homofulvene 5 was pre-
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pared previously by a photochemical isomerization of 1,4
and also by quenching of a strongly acidic solution of 3
with sodium bicarbonate in methanol.> The stereochemis-
try of 5, once supposed to be exo-H,8 is accepted now to

be endo-H. The assignment is based on comparison®:7 of
the pmr chemical shifts of 5 and the related ion 3 with
those of the homofulvene and the cation with the inverted
H and CHj; configuration.?

For the preparation of a tricyclic isomer of 1, compound
8, the following procedure was developed. The cation mix-
ture 2a,b (3:1 in equilibrium3?), obtained from reaction of
1 with HCI in methylene chloride at —80°,2d was poured
into triethylamine at —80°. The pmr spectrum of this
mixture indicates that 729 is formed first; subsequently 7
will dissociate to give ion 2a and triethylamine will then
abstract a proton from the methyl group adjacent to the
carbon atom bearing the highest positive charge® in ion
2a.
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Another application of the reaction of methyl-substitut-
éd carbonium ions with triethylamine is found in the syn-
thesis of 9. The cations 2c and 2d, formed from the reac-
tion of 1 with chlorine and bromine, respectively,® give 9
upon proton abstraction with triethylamine. This product
can be accounted for by assuming that the proton abstrac-
tion to give 10 occurs in the same way as with 2a. The in-
termediate 10 will presumably dissociate to give cation 11,
which then undergoes another proton abstraction to give
9. Compound 9 was obtained also by pouring a solution of
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dication (CCHjs)s2* in a triethylamine solution at low
temperature.l® Structure 9 was assigned on the basis of
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