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The Oxidation of (+)-Occidentalol with t-Butyl Chromate
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The oxidation of (+)-occidentalol (1) with t-butyl chromate affords 8-(1-hydroxy-1-methylethyl)-1,5-dimethyl-
bicyclo[4.4,0]1dec-4-ene-2,3-dione (3), (+)-2-hydroxy-9-(1-hydroxy-1-methylethyl)-2,6-dimethylbicyclo[4.,4,0] -
dec-4-en-3-one (4), (+)-3-[2-carboxy-5-(1-hydroxy-1-methylethyl) -2-methylcyclohexyl]but-2-enoic acid (6),

and (+)-3-(1-hydroxy-1-methylethyl)-6,9-dimethyl-8-oxabicyclo[4,3,0]non-3-en-7-one (8).

Mechanistic im-

plications of the oxidation, based on the various products identified, are discussed.

A sTUDY of the oxidation by t-butyl chromate of mono-
cyclic terpenes containing an endocyclic ethylenic bond
has shown that an active allylic methylene group is
oxidised preferentially to an «B-unsaturated ketone
group.! Of conjugated diene compounds, only p-
mentha-1,3-diene?2 and  3-benzoyl-1,2,3,4,7,8-hexa-
hydro-4,4,8-trimethylnaphthalene ® have been subjected
to this oxidation. In the former case, hydroxylation of
either of the two conjugated carbon—carbon double bonds
and subsequent oxidation of the resulting diols to the
hydroxy-ketones occurred in addition to aromatisation.
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In contrast, this oxidant oxidised only one of conjugated
ethylenic linkages of the latter compound to yield the
mono-unsaturated «-diketone. The oxidation of the
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conjugated diene, (4 )-occidentalol (1), the configuration
of which was recently determined 45 as that shown,
with permanganate-periodate has been shown to give
the unexpected oxide (2).6 We have examined the
corresponding oxidation with t-butyl chromate.

The oxidation was carried out at room temperature for
24 h in benzene containing glacial acetic acid and acetic
anhydride. The bicyclic dione (3) (239, yield), the
enone (4) (10%), the dioic acid (6) (19%), and the
lactone (8) (79,) were isolated by column chromato-
graphy. These compounds were identified on the basis
of the following considerations. The dione (3) exhibited
a molecular ion at m/e 250 in its mass spectrum, bands
in the i.r. at 1725 and 1670 cm™, and a u.v. absorption at
435 nm (e 24) in ethanol. This absorption indicated ?
an «-diketone chromophore in which the dihedral angle
(6) between the carbonyl groups is greater than that in
98-benzoyloxy-6,10,10-trimethylbicyclo[4,4,0]dec-1-ene-
3,4-dione.3 The presence of an ethylenic linkage con-
jugated with the a-diketone group was deduced from the
n.m.r. signals for a single olefinic proton (5 6-22 p.p.m.)
and a 3-proton doublet due to a vinylic methyl group
(2-14), as well as by the i.r. band at 1620 cm™.
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The hydroxy-enone (4) showed m/fe 252 (M*) in its
mass spectrum, v, 1670 cm™?, and »_, 234 and 342 nm

max, max.

(e 8520 and 63), thus demonstrating the presence of an
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«B-unsaturated ketone group. A cis-disubstituted ethyl-
ene linkage in this group was deduced from signals for
two olefinic protons in the n.m.r. spectrum. The ir.
spectrum and the formation of the diacetate (5) on treat-
ment with acetic anhydride in the presence of toluene-p-
sulphonic acid confirmed the presence of two hydroxy-
groups. Four 3-proton n.m.r. signals (singlet) due to
tertiary methyl groups indicated that the hydroxy-
groups are tertiary. Consequently the additional hydr-
oxy-group must be at C-2 [in (4)] or C-5 [in (9)]. How-
cver, these spectral data only suggest the possibility of
structure (4) or (9). Structure (4) is favoured by the

{9)

u.v. spectrum, since the y-hydroxy-«B8-unsaturated
ketone function of structure (9) would exhibit a hypso-
chromic shift to give a maximum at 215—220 nm.8-10
The stereochemistry at C-2 in (4) was deduced as
follows. The long-range coupling 1 (J 2-0 Hz) of the
M or W type between the vinyl proton at C-5 and the
proton at C-1 suggested that the B-ring of the compound
is in the most stable chair conformation, with eg-methyl
and eg-hydroxyisopropyl groups. The i.r. spectrum in
the hydroxy-stretching region showed four bands, at
3635 (¢ 34), 3622 (66), 3592 (80), and 3490 cm™ (6)
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[dilute solution in carbon tetrachloride (see Figure)].
The two high-frequency bands can be attributed to free
hydroxy-stretching, due to the hydroxyisopropyl group
and the 2-hydroxy-group. The third band was assigned
to the intramolecular OH - - - = system and the fourth
to the OH - - - O system adjacent to the ketone group.12-14
Since the A-ring has been postulated to exist in the most
stable half-chair conformation,!® the 2-hydroxy-group
should be in the axial orientation («-configuration), and
will easily form an OH - - - = hydrogen bond as shown in
(4a).

The dicarboxylic acid (6) showed a molecular ion at
mle 284 in its mass spectrum, v, .. 3300, 2550, 1690, and
1630 cm™, and 2, 224 nm (e 4580), which suggested the
presence of an a«p-unsaturated carboxylic acid group,
together with a saturated carboxy-group. This was
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confirmed by the formation of the dimethyl ester (7) and
by the n.m.r. spectrum, which showed signals for one
olefinic proton at 8 5-75 and one vinylic methyl at 1-86
p.p-m. The spectral data also establish the position of
the ethylenic linkage and structure (6) may, therefore,
be assigned to this dicarboxylic acid.

Elemental analysis and the mass spectrum of the
enolic lactone (8) indicated C,3H, O3 for its molecular

OH

(4a)

formula. The presence of a y-enolic lactone or y-
lactol group was demonstrated by v, at 1770 cm™, and
Amx @t 227 nm (e 40), which suffered a bathochromic
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shift to 282 nm (e 30) in alkaline solution. The presence
of an ethylene group was established from thei.r. v, at
1674 cm, but the n.m.r. spectrum did not show any
signal for an olefinic proton. These spectral data im-
plied the y-enolic lactone (8), and not the y-lactol (10)
structure. This interpretation was supported by the
results of ozonolysis, which did not afford acetone,
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together with the n.m.r. spectrum, which exhibited three
3-proton singlets due to tertiary methyl groups (8 1-29
and 1-32 p.p.m.) and one 3-proton singlet due to a vinylic
methyl group (1-62). Thus, the enolic lactone was
unambiguously assigned structure (8).

From the variety of products isolated, it is clear
that the oxidation of occidentalol (1) with t-butyl
chromate has involved attack at either of the two con-
jugated carbon-carbon double bonds, to produce the
a-hydroxy-enone (4) and the dione (3), and further
oxidation of the dione (3) to the dicarboxylic acid (6).
For the formation of the «-hydroxy-enone (4), the fact
that the 2-hydroxy-group has the «-configuration sup-
ports the supposition that the oxidant molecules attack
the sterically less hindered o-face of occidentalol. Pre-
sumably this is also the case for the formation of the
dione (3). As explained previously,® the attack of t-
butyl chromate is probably initiated by donation of
electrons from the a- and b-double bonds of the con-
jugated diene to the chromate, followed by reaction of
the resulting carbonium ion with a chromate anion.
Hydrolysis of the dichromate complex thus produced
would afford the dione (3) and the «-hydroxy-enone (4).
The enol lactone (8) is formed presumably by the simul-
taneous oxidative cleavage of both the a- and 5-double
bonds and cyclisation of oxo-carboxylic acid thus pro-
duced, followed by dehydration of the cyclised product.

EXPERIMENTAL

Measuvements.—I1.r. spectra were measured on a Hitachi
215 grating spectrophotometer for chloroform solutions or
KBr discs. For OH-stretching data, i.r. spectra were re-
corded with a Perkin-Elmer 621 grating spectrometer for
0-0042M-solutions in carbon tetrachloride (at which con-
centration association of the solute may be avoided), with a
salt absorption cell of 20 mm length. Sharp peaks were
measured with an accuracy of 4+2 cm™. N.m.r. spectra
were recorded with a Hitachi-Perkin-Elmer R-20 High
Resolution Spectrometer at 60 MHz, with tetramethylsilane
as internal standard in deuteriochloroform. U.v. spectra
and optical rotations were measured on a Japan Spectro-
scopic Co. ORD/UV-5 automatically recording spectro-
polarimeter for ethanolic solutions, unless otherwise stated.

Occidentalol.—(-+)-Occidentalol (1) was isolated from the
milled heartwood of a mature Eastern white cedar tree

J.C.S. Perkin I

(Thuja occidentalis L.); 18 m.p. 97:5—98°, [ % +363-2°
(¢ 1-6 in CHCly).

Oxidation with t-Butyl Chromate—A solution of t-butyl
chromate was prepared ! from chromium trioxide (15 g,
0-15 mol), t-butyl alcohol (28 g, 0-375 mol), benzene (150
ml), glacial acetic acid (30 ml), and acetic anhydride (20
ml). This solution was added dropwise with agitation at
25° to (-+)-occidentalol (660 g, 0-03 mol) dissolved in
benzene (50 ml), glacial acetic acid (20 ml), and acetic
anhydride (5 ml) during 40 min. The mixture was main-
tained at room temperature for 24 h with stirring under
nitrogen. Water (250 ml) and oxalic acid (45 g) were
added, and the usual work-up 2 gave a product (568 g).
Chromatography of the product on a silica gel column
with n-hexane-ethyl acetate-acetone-di-isopropyl ether
(6:2:1:1 v/v) gave five fractions. The second (1-10
g) was a complex mixture and this was not further investi-
gated. TUnchanged occidentalol was not detected.

The first fraction (0-45 g) gave white needles of 3-(1-
lydroxy-1-methylethyl)-6,9-dimethyl-8-oxabicyclo[4,3,0]non-
9-en-T-one(8), m.p. 125-0—125-5° (from di-isopropyl ether),
[fp® +30° (c 0-248), 3, .. 227 nm (¢ 40), v, (CHCly)
3525 (OH), 1674 (C=C), and 1770 and 1235 (y-lactone) cm™},
8 1-29 (6H, s, 2 X Me), 1-32 (3H, s, Me), and 1:62 p.p.m.
(3H, s, olefinic Me), m/e 224 (M*) (0:7%) (Found: C, 69-7;
H, 89, C;3H,,O; requires C, 69-6; H, 9:0%).

Ozonolysis of the lactone (8). The enolic lactone (8) (17
mg) in dichloromethane (2 ml) was ozonised with cooling
(solid carbon dioxide-acetone) until the appearance of blue
colour. Removal of the solvent in a stream of nitrogen
afforded the ozonide, which was steam distilled. The distil-
late was treated with ethanolic 2,4-dinitrophenylhydrazine

hydrochloride. T.l.c. of the mixture, after extraction with
ethyl acetate, showed no acetone 2,4-dinitrophenyl-

hydrazone to be present. In a control experiment with
(+4)-2-isopropylidene-5-methylcyclohexanone, acetone was
detected as the 2,4-dinitrophenylhydrazone.

(4 )-2a-Hydroxy-9-(1-hydvoxy-1-methylethyl)-28, 6o-di-
wmethylbicyclo[4,4,0]dec-4-en-3-one (4).—The third fraction
(0-65 g) gave white crystals, m.p. 150-0—151-5° (from di-
isopropyl ether), [of,®® +-244° (¢ 0-107 in CCly), » . 234
(lit.,)7 227 nm) and 342 nm (¢ 8520 and 63, respectively),
Voax, (CHCl,) 3600 and 3400 (OH), 1670 (conjugated ketone),
and 832 (C=C) cm™, § 1-11 (6H, s, 2 x Me), 1-34 (3H, s, Me),
1:42 (3H, s, Me), 2:23br (s, disappeared on treatment with
D,0, OH), 5-95 (1H, d, J 10-5 Hz, vinyl), and 659 p.p.m.
(1H, dd, j 10:5 and 2-0 Hz, vinyl), m/fe 252 (M™*) (1-9%)
(Found: C, 71:0; H, 94. C, H,,0, requires C, 714; H,
96%).

Acetylation of the Enone (4).—A mixture of compound (4)
(30 mg), toluene-p-sulphonic acid (21 mg), and acetic an-
hydride (1 ml) was kept at room temperature overnight and
then poured into water and extracted with ether. The
ether solution was washed with water and then dried
(Na,SO,). Removal of the solvent gave the diacetate (5)
(20 mg) as an oil, [¢,%® —12° (¢ 0-336), 2, 236 and 327 nm
(e 5950 and 69), v, (CHCl,) 1729 (OAc), 1685 (conjugated
ketone), and 1260 and 1245 (OAc) cm™, § 1-34 (9H, s, 3 X
Me), 1-54 (3H, s, Me), 1-92 (3H, s, OAc), 1-99 (3H, s, OAc),
5-98 (1H, d, j 10-5Hz, vinyl), and 6:50 p.p.m. (1H, dd, J 10-5
and 2-0 Hz, vinyl). Its 2,4-dinitrophenylhydrazone failed
to crystallise, but showed 2, 385 nm (¢ 24,530).

8-(1-Hydroxy-1-methylethyl)-1,5-dimethylbicyclo[4,4,0)dec-

18 ., von Rudloff and H. Erdtman, Tetrahedron, 1962, 18,
1315.
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4-ene-2,3-dione (3).—The fourth fraction (2-79 g) was further
separated into two [fractions (@) and ()] by column chroma-
tography as before. Fraction (a) gave a yellow oil (1-50 g),
Ay, 273, 365, and 435 nm? (¢ 3320, 827, and 24), Yimax.
(CHCl,) 3450 (OH), 1725 (ketone), 1670 (conjugated ketone),
and 1620 (C=C) cm™, § 1-06 (3H, s, Me), 1-15 (3H, s, Me),
1-21 (3H, s, Me), 214 (3H, d, J 20 Hz, vinylic Me), and
6-22br p.p.m. (1H, s, vinyl), mfe 250 (M*) (5-8%,). This
compound was relatively labile to silica gel.
(+)-3-[2-Carboxy-5-(1-hydvoxy-1-methylethyl)-2-methyl-

cyclohexyllbut-2-enoic Acid (6).—Fraction (b) (see preceding
paragraph) gave white crystals of the acid (6) (1-28 g), m.p.
171-5° (decomp.) (from ethanol), [ 2 4-51° (¢ 0-148),
P max. 224 nm (e 4580) (lit.,2” 217 nm), v, (KBr) 3300 (OH),
2550 and 1690 (CO,H), and 1630 (C=C) cm™, 3 [(CD,),CO]
1-15 (9H, s, 3 x Me), 1-86 (3H, d, J 1-5 Hz, vinylic Me), and
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5-75br p.p.m. (1H, s, vinyl), m/e 284 (M™) (0-5%) (Found:
C, 63-4; H, 8:7. C;;H,,0; requires C, 63-4; H, 8-5%,).

Methylation of the acid (6). To a solution of the acid (6)
(30 mg) in ethanol (1 ml), an ethereal solution of diazo-
methane was added dropwise until the appearance of yellow
colour. Removal of the solvents gave the dimethyl ester
(7) (20 mg) as an oil, [®],*® 4-64° (¢ 0-312), A, 230 nm (e
9450), v,,.. (CHCl;) 3500 (OH), 1720 (ester), 1632 (C=C), and
1150 (ester) cm™, § 1-15 (3H, s, Me), 1-20 (6H, s, 2 X Me),
1-71 (3H, d, J 1-5 Hz, vinylic Me), 3-66 (6H, s, 2 X CO,Me),
and 5-72 p.p.m. (1H, 4, J 1-5 Hz, vinyl).

[1/1598 Received, 2nd September, 1971]
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