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Transformations of sclareol oxide by bromination.
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Depending on reaction conditions, the reaction of sclareol oxide with N-bromosuccinimide
affords either 12-bromo- or 12,16-dibromosclareol oxide, whereas the reaction of sclareol
oxide with bromine in methanol gives 12-monobromide or (135)-11,12-dibromo-8a, | 3-epoxy-
13-methoxy-14,15-bisnorlabdane. Dehydrobromination of the latter with potassium hydrox-
ide in toluene in the presence of polyethylene glycol gives (135)-12-bromo-8a,13-epoxy-
13-methoxy-14,15-bisnorlabd-11-ene, ozonolysis of which followed by reduction of the
ozonide with LiAlH4 affords drimane-8a,11-diol.
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The bisnorlabdane derivative, sclareol oxide (1), is
formed by the oxidation of sclareol (2)!—3 and by the
degradation of manoyl oxide (3).45 The accessibility of
oxide 1 makes it attractive as a synthon for the synthesis
of higher as well as lower drimane sesquiterpenoids.
However, chemists have not yet directed their attention
to the transformation of oxide 1 into homodrimane
compound ambrox (4), which is especially valuable for
perfumery.2:3.6

Recently, a synthesis of drimane-8¢,11-diol (5) and
8a-hydroxydrimane-9-carbaldehyde (6) from oxide 1
has been described; the key steps of the synthesis are
bromination of oxide 1 with N-bromosuccinimide (NBS)
in methanol to afford bromomethoxylation product 7,
and dehydrobromination of the latter into
(135)-80,13-epoxy-13-methoxy-14,15-bisnorlabd-11-cne

(8) with powdered KOH in refluxing toluene in the
presence of polyethylene glycol PEG-600 as a phase-
transfer catalyst (Scheme 1).7

In order to solve some research problems, we needed
drimanediol 5, which was thought to be obtainable using
the above method’ from sclareol oxide 1. However, all
the attempts to reproduce this synthesis failed. [t was
found that bromoketal 7 (revealed by TLC) obtained
from oxide 1 is extremely unstable and decomposes even
as the reaction mixture is being treated to form the
vinylic bromide, 12-bromosclareol oxide (9). The struc-
ture of the latter was established by the data of elemen-
tal analysis, its IR and '"H NMR spectra, and ozonoly-
sis. According to the IR spectroscopy data, its molecule
contains a tetrahydropyran ring (THP ring), a double
bond and a bromine atom. In the 'H NMR spectrum,
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Scheme 1

signals of five methyl groups were observed, among
them methyl groups at a carbon atom bonded to an
oxygen atom and a methyl group at a double bond. The
'H NMR data also indicate that the double bond is
substituted completely, i.e., the bromine atom is vinylic.
The structure of compound 9 was determined unam-
biguously when its ozonolysis followed by reduction of
ozonide with LiAalH, yielded sclarediol (10).

Vinylic bromide 9 was also prepared in high yield
(82 %) by bromination of sclareol oxide 1 with a sto-
ichiometric amount of NBS in CCl,. Apparently, in this
case hydroxyketone 11 is involved in the reaction; sclareol
oxide 1 is in equilibrium with 11, thus there is a small
amount of the latter in sclareol oxide (Scheme 2). Fi-
nally, vinylic bromide 9 is formed in the same yield in
the reaction of oxide 1 with an equimolar amount of
bromine in methanol. Methoxybromide 7 is an interme-
diate in the reaction.

Bromination of sclareol oxide 1 with two molar
cquivalents of NBS gives 12,16-dibromosclareol oxide

12. Its structure was established on the basis of spectral
data and elemental analysis. In the IR spectrum of 12,
absorption bands characteristic of C—Br bonds, a double
bond, and a THP ring are present, and in the 'H NMR
spectrum, the signals of four methyl groups, one of them
attached to a carbon atom bonded with an oxygen atom,
and the AB spin system of the EC——Cstr group were
observed. The absence of low-field signals in the
'"H NMR spectrum shows that the double bond in the
compound studied is substituted completely, and, hence,
one of the bromine atoms is vinylic. The latter assump-
tion is also confirmed by the fact that only one bromine
atom undergoes nucleophilic substitution in the reaction
with potassium acetate, thus giving l6-acetoxy-
I2-bromosclareol oxide (13), whose structure was con-
firmed by spectral data and elemental analysis (see
Experimental). Dibromide 12 is formed by the reaction
of monobromide 9 with NBS, which was confirmed in a
separate experiment.

The nature of the reaction product also changes in
the bromination of sclareol oxide 1 in methanol with
2 eq. of Bry. According to the clemental analysis, the
reaction product (yield 76 %) contains two bromine
atoms and a methoxy group; the spectral data are in
agreement with this conslusion. In the IR spectrum of
the compound studied, absorption bands characteristic
of a —}”C—Br bond, a methoxy group, and a THP ring
are present, but the absorption bands of a double bond
are absent. In the 'H NMR spectrum, singlets of five
methy! groups are observed, including signals of one
methyl group at a carbon atom bonded with one oxygen
atom and one methyl group at a carbon atom connected
with two oxygen-containing functional groups. The lat-
ter signal is located in rather low field at 1.66 ppm,
which is close to the position of the signal of the
corresponding methyl group in the 'H NMR spectrum
of bridged ketal 14 (1.42 ppm) and, in particular, to its
position in the 'H NMR spectra of 12a- and
12p-bromoketals 15 and 16
(1.57 ppm).% The above facts
show that the structural frag-
ment is present in the mol-
ecule of the compound stud-
ied. The 'H NMR data also indicate that the two
bromine atoms are vicinal, not geminal. In the 'H NMR
spectrum, there are three one-proton doublets of dou-
blets: at 2.08 ppm the doublet of doublets of H—-C(9),
at 2.44 ppm the doublet of doublets of H—C(12), and at
2.75 ppm the doublet of doublets of H-—C(11), which is
coupled with the protons at C(9) and C(12) (see the J
value). As can be seen from the value of J (1214 Hz),
all of these three protons are axial. The axial configura-
tion of H—C(12) is also indicated by its through ficld
interaction with the axial proton at C(9) (J = 2 H2),
hence the signals of these protons are doublets of dou-
blets. This coupling can take place only if the protons
are in the cis-1,3-diaxial position. Therefore, both bro-
mine atoms arc equatorial. The methoxy group at the
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Scheme 2

1.0,

2. LiAIH,
74 %

CH,Br

NBS (2 mol)
-—

ACOK
(77 %)

13

C(13) atom has an axial configuration, because it
deshields the methy! group at the C(8) atom by 0.17 ppm
and, hence, is cis-arranged in relation to the methyl
group.

Thus, considering the above data, one can conclude
that compound 17 is the product of bromination of
sclareol oxide 1 by two moles of bromine in methanol.
The formation of this dibromide evidently proceeds via
compounds 7 and 8 as intermediates, while rrans-diaxial
addition of bromine at the double bond of compound 8
should occur for the twisted conformation of the
dihydropyran ring. Only in this case, the conversion of
the THP ring of the adduct of bromine to olefin 8
affords methoxydibromide 17 with an equatorial bro-
mine atoms and an axial methoxy group. It is interesting
that in the bromination of sclareo! oxide 1 with excess
bromine, methoxybromide 7 eliminates hydrogen bro-
mide, not methanol.

Debromination of compound 17 would afford unsat-
urated methoxyoxide 8. However, attempts to eliminate
bromine from dibromide 17 by heating it in DMF,? by

NBS (73 %)

o
Br, (82 %)

18 14: R
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CgHgMe, A
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treating it with sodium thiosulfate in DMSO!? or with
LiAIH, in THF,!! or by treating it with Zn dust in acetic
acid failed.

When heated with solid KOH in toluene in the
presence of PEG-600,!3 dibromide 17 eliminates one
molecule of hydrogen bromide and transforms into (13.5)-
12-bromo-8a,13-epoxy-13-methoxy-14,15-bisnorlabd-
1 1-ene (18), whose structure was established by spectral
methods. Its IR spectrum possesses bands of a
>c—gr bond, a methoxy group, a THP ring, and a
double bond. The 'H NMR spectrum contains signals
of five methyl groups (one of them located at a carbon
atom bonded to two oxygen-containing functional
groups), a methoxy group, and the doublets of H—C(9)
and H—C(11). Its structure was ultimately determined
by ozonolysis followed by reduction of the ozonide with
LiAlH,: drimane-8«,11-diol (5) was obtained in a yield
of 70 %. Thus, the sequence of transformations
1517185 can serve as a route for the preparation of
drimanediol 5 from available sclareol oxide 1 in an
overall yield of 40 %.
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Experimental

Melting points were determined on a Boetius heating stage.
The IR spectra were recorded with a Specord 71 instrument in
CCly. The 'H NMR spectra were recorded with a Bruker
AC-80 spectrometer (80 MHz) in CDCl5; tetramethylsilane
was used as the internal standard. Silica gel L (40/100 and
100/160 u) Was used for column chromatography, and silica
gel LS (5/40 p) containing 13 % of gypsum was used for TLC.
GLC analysis was carried out with a Chrom-5 chromatograph
(FID, a 3.5 m x 3 mm glass column containing 5 % XE-60
on Chromaton N-AW-HMDS (0.16—0.2 mm)). Solutions of
compounds in organic solvents were dried over anhydrous
sodium sulfate.

Bromination of sclareol oxide 1 with N-bromosuccinimide.
a. NBS (0.81 g, 4.6 mmol) and CaCO; (I g, 10 mmol) were
added to a solution of sclareol oxide I (1.2 g, 4.6 mmol) in
MeOH (20 mL) at 20—22 °C The reaction mixture was stirred
for 20 min, water (20 mL) was added, and the resulting
solution was extracted with ether (3x20 mL). The ethereal
extract was washed with water (2x20 mL), dried, and filtered,
and the solvent was removed in vacuo. The reaction product
(1.38 g) was chromatographed on a column with S$i0; (30 g).
12-Bromosclareol oxide 9 (1.14 g, 73 %) was eluted with light
petroleum ether, m.p. 97—98 °C (from light petroleum ether).
Found (%): C, 63.40; H, 8.65; Br, 23.58. C;gH4BrO. Calcu-
lated (%): C, 63.34; H, 8.56; Br, 23.41. IR, v/em™!: 605, 725
(C—Br); 1367, 1375 (CMey); 1657 ( Z=C=C<_ ); | 115 (THP
ring). 'H NMR, &: 0.85 (s, 6 H, C(4) and C(10)—CH3y); 0.91
(s, 3 H, C4)—CHjy); 1.20 (s, 3 H, C(8)—CHjy); 191 (1,
3 H, C(13)—~CH;, J = 3 Hz). According to the TLC data,
bromide 9 is formed from the primary, most polar product of
the bromination of sclareol oxide I during the workup of the
reaction mixture.

b. Sclareol oxide 1 (1.2 g, 4.6 mmol) in CCly (20 mL)
was brominated with NBS (0.81 g, 4.6 mmol) in the presence
of CaCOjy (l g, 10 mmol) with stirring at ca. 20 °C for
40 min and treated as described above. After chromatography
of the reaction product (1.4 g) on a column with SiO, (30 g),
bromide 9 (1.28 g, 82 %) was obtained (m.p. 97—98 °C,
identical to the product prepared according to procedure a).

¢. Calcium carbonate (1 g, 10 mmol) and NBS (1.62 g,
9.2 mmol) were added to a solution of sclareol oxide 1 (1.2 g,
4.6 mmol) in CCly (20 mL). The mixture was stirred for
40 min and treated as described above. The reaction product
(1.8 g) was chromatographed on a column with 5i0,; (30 g).
12.16-Dibromosclareol oxide 12 (1.68 g, yield 88 %) was
eluted with light petroleum ether, m.p. 96—97 °C (from light
petroleum ether), Found (%): C, 51.3i; H, 6.59; Br, 38.02.
CigH3Br,O. Calculated (%): C, 51.44; H, 6.70; Br, 38.05.
IR, v/em™%: 513, 613, 670 (C—Br); 108y, 1117 (THP ring);
1375, 1385 (CMe,); 1650 ( =C=C=Z ). 'H NMR, 5: 0.85
(s, 6 H, C(4)—CHj3 and C(10)—CHjy); 092 (s, 3 H,
C(4)—CHj,); 1.22 (s, 3 H, C(8)—CHy); 3.90 and 4.26 (both d.
AB spin system, 2 H, C(16)—CH,;, J = 10.5 Hz).

Ozonolysis of 12-bromosclareol oxide (9). An ozone-oxy-
gen mixture was passed through a solution of bromide 9
(100 mg, 0.29 mmol) in CH,Cl; (5 mL) at —65 to —~70 °C
until the reaction was completed (TLC monitoring). Ozone
was removed from the reaction mixture by bubbling nitrogen
(5 min). and the reaction mixture was allowed to warm to
ca. 20 °C. The solvent was removed in vacuo at ca. 20 °C.
The residue was dissolved in anhydrous ether (5 mL), LiAlHy
(45 mg) was added. and the mixture was refluxed for 2 h. The
excess hydride was decomposed with ethyl acetate, 10 %

H,80, (5 mL) was added, and the resulting solution was
extracted with ether (3%20 mL). The ethereal extract was
washed with water (2x20 mL), dried, filtered, and the solvent
was removed in vacuo. The reaction product (65 mg) was
chromatographed on a column with 5iO, (3 g). {1-Homo-
drimane-8a,12-diol (10) (52 mg, yield 74 %) was eluted with
a 4:1 {v/v) light petroleum ether—Et,O mixture, m.p. 130—
131 °C (from light petroleum ether). According to the spectral
and chromatographic data, the product is identical to the
authentic sample of diol 10.

Reaction of 12,16-dibromosclareol oxide 12 with potassium
acetate. Dibromide 12 (1.6 g, 3.8 mmol) in DMF (10 mL)
was added to a solution of freshly fused CH;COOK (0.74 g,
7.6 mmol) in DMF (20 mL) at ca. 20 °C. The mixture was
stirred at ca. 20 °C for 30 min and at 65—70 °C for 5 h;
water (20 mL) was added, and the resulting solution was
extracted with ether (3%x20 mL). The ethereal extract was
washed with water (2x20 mL), 10 % H,804 (20 mL), and
water (3x20 mlL), dried, and filtered, and the solvent was
removed in vacuo. The reaction product (1.44 g) was
chromatographed on a column with SiO, (30 g). Extremely
unstable, liquid [6-acetoxy-12-bromosclareol oxide 13 (1.17 g,
yield 77 %) was eluted with a 9:1 light petroleum ether—Et;,0
mixture. Found (%): C, 60.24; H, 7.81; Br, 20.07. C20H3|Br0?4
Calculated (%): C, 60.15; H, 7.77, Br, 20.05. IR, v/em™h
598, 630 (C—Br); 1017, 1075, 1115 (THP ring); 1225, 1733
(OAc); 1660 ( =C=C<Z ). 'H NMR, 5 085 (s, 6 H,
C{4)—CHj; and C(10)—CH3), 0.91 (s, 3 H, C(4)—CH3y); 1.21
(s, 3 H, C(B)—CHy); 2.11 (s, 3 H, OAc); 4.72(d, 2 H, C(16)—
CH,, J = 2.4 Hz).

Bromination of sclareol oxide 1 with bromine. a. Bromine
(0.73 mg, 0.23 mL, 4.6 mmol) was added dropwise to a stirred
mixture of CaCOy (I g) and a solution of sclareol oxide 1
(1.2 g, 46 mmol) in CH;0H (10 mL). The mixture was
stirred at ca. 20 °C for 30 min, water (20 mL) was added,
and the resulting solution was extracted with ether (3x20 mL).
The ethereal extract was washed with water (2x20 mL), dried,
and filtered, and the solvent was removed in vacuo. The
reaction product (1.44 g) was chromatographed on a column
with Si0; (30 g). Bromide 9 (1.29 g, 82 %) was eluted with
light petroleum ether, m.p. 97—98 °C (from light petroleum
ether), the product was identical to that prepared by the
reaction of sclareol oxide 1 with a stoichiometric amount of
NBS (see above).

b. Bromine (1.46 mg, 0.46 mL, 9.2 mmol) was added
dropwise to a stirred mixture of CaCO; (1 g) and a sclution of
sclareol oxide 1 (1.2 g, 4.6 mmol) in CH;0OH. The mixture
was stirred at ca. 20 °C for 20 min and treated as for the
synthesis of 9 (a). The reaction product {2.15 g) was
chromatographed on a column with SiO, (60 g). Crystalline
(135)-11,12-dibromo-8u,13-epoxy-13-methoxy-14,15-bis-
norlabdane (17) (1.57 g, yield 76 %) was eluted with light
petroleum ether, m.p. 107—109 °C (from light petroleum
ether), {r'p2® + 75.5° (¢ 2.4, CHCI3). Found (%): C, 50.46;
H, 7.10; Br, 35.73. C4H1;Br;0;. Calculated (%): C, 50.46;
H, 7.08; Br, 35.40. IR, v/em™): 626, 667 (C—Br); 1047
(OCHj); 1045, 1100 (THP ring). 'H NMR (Varian 200), &:
0.79 (s, 3 H, C(10)—CH3); 0.82 (s, 3 H) and 0.87 (s, 3 H,
C(4)—(CH3)y): 1.39 (s, 3H, C(8)—CH;); 1.66 (s, 3 H, C(13)—
CH3); 2.08 (dd, | H, C(9)—H, J, =12 Hz; J, =2 Hz); 2.44
(dd, I H, C(12)—H, J;, = 14 Hz; J, = 2 Hz); 2.75 (dd, | H,
C(I11)—H, J; = 14 Hz, J; = 12 Hz); 3.31 (5, 3 H, OCHy).

Dehydrobromination of (135)-11,12-dibromo-8a, 13-epoxy-
13-methoxy-14,15-bisnoriabdane (17). A solution of
(135)-11,12-dibromo-8a,13-epoxy-13-methoxy-14,15-bis-
norlabdane (17) (400 mg, 0.88 mmol) in toluene (5 mL) was
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added to a refluxing solution of PEG-600 (72 mg) in a fine
suspension of KOH (90 mg, 1.6 mmol) in toluene (20 mL).
The reaction mixture was heated at 100 °C for 4 h and cooled,
water (20 mL) was added, and the resulting solution was
acidified with 10 % H,S04 and extracted with ether (3x20 mL).
The cthereal extract was dried and filtered, and the solvent was
removed in vacuo. The residue (327 mg) was chromatographed
on a column with 5i0; (10 g). Crystalline (13.5)-12-bromo-
8a,!3-epoxy-13-methoxy-14,15-bisnorlabd-11-ene  (18)
(250 mg, 76 %) was eluted with light petroleum ether, m.p.
77179 °C (from light petroleum ether). The product is un-
stable and decomposes on storage. Found (%) C, 61.38:
H, 8.47; Br, 21.64. CgHy,BrO;. Calculated (%): C, 61.45;
H, 8.41; Br, 21.52. IR, v/cm™': 585, 610 (C—Br); 940 (OCH;):
1040, 1112 (THP ring); 1630 { =C=C<T ). '"H NMR, &:
0.80 (s, 6 H, C(4)—CH; and C(10)~CH,); 0.87 (s,
3 H, C(4)—CHj); 1.29 (s, 3 H, C(8)—CHy); 1.43 (s, 3 H,
C(13)—CH3y); 2.08 (d, | H, C(9)—H, / = 1.5 Hz); 3.30 (s,
3 H, OCHy); 617 (d, | H, C(11)—H, / = 1.5 Hz).

Ozonolysis of (135)-12-bromo-8a,13-epoxy-13-methoxy-
14,15-bisnorlabd-11-ene (18). An ozone-oxygen mixture was
passed through a solution of compound 18 (200 mg,
0.54 mmol) in CH,Cl, (5 mL) at =65 to ~70 °C until the
reaction was completed (5 min, TLC control). Ozone was re-
moved from the solution with nitrogen. The mixture was allowed
to warm to ca. 20 °C, and the solvent was removed in vacuo at
ca. 20 °C. The residue was dissolved in anhydrous cther
(10 mL), LiAlH4 (95 mg, 25 mmol) was added, and the mix-
ture was refluxed for 2 h. After the usual workup (see above), the
reaction product prepared (102 mg) was chromatographed on a
column with SiO; (10 g). Drimane-8a,l1-diol 5 (94 mg, yield
70 %) was eluted with a 4:1 light petroleum ether—Et,0
mixture, m.p. {21—122 °C (from light petroleum ether ether).
According to the spectral ('H NMR, IR) and chromatographic
data, the product is identical to the authentic sample.
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