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ABSTRACT: Lithium-1iquid ammonia reduction of the cyclopropyl p-ketoester 2
furnished a 1:1 mixture of hydrindane and decalin systems 3 and 4. Whereas under
the same conditions the ketones § and § furnished the hydrindanones 10 and 13;
and the hydroxy ester 7 furnished the decalin system 14, via the regiospecific
cleavage of either C,~C, bond or ¢,~C, bond. o

The reduction of organic compounds with alkali metals in liquid ammonia
is a well established synthetic operation. Cyclopropyl ketones, when reduced

with Tithium in liquid ammoniaﬂ

undergo reductive cleavage of the cyclopro-
pane ring by a mechanism similar to that described for enones, and thus, the
developing carbanionic character of the B carbon could be a controlling
factor in the ring opening. In fused systems, however, geometrical factors
and not electronic factors appear to control the direction of the ring
opening, and the bond that cleaves is the one which has the greater overlap
with the carbony]l Tt—system.2 Whereas in the non-fused systems, where free
rotation of the carbonyl moijety is possible, both steric and electronic

factors operate depending on the nature of the substitution.3
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During our recent synthetic studies enroute to first total synthesis‘ of
a natural thapsane (1), we have emplioyed the tricyc]o[4.4.0.0“3]decane system
2 as a precursor to the key intermediate 3. The compound 2 contains an
interesting cyclopropane moiety which is conjugated to a ketone which is part
of a fused system; as well as to the ester carbonyl which is not fused in
nature. The reductive cleavage of the cyclopropane ring in the keto-ester 2
with lithium in liquid ammonia at —33°C furnished a 1:1 mixture of the

hydrindanone 3 and the decalin 4. The formation of the two products 3 and 4
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can be explained by the selective cleavage of either the C—C, bond or the
CsCy bond of the cyclopropane. Transfer of electron to the ketone carbonyl
results in the cleavage of the C3—Cy bond leading to the hydrindanone 3

analogous to those systems5

containing either a hydrogen or a methyl group in
the place of ester group. On the other hand transfer of electron to the ester
carbonyl results in the cleavage of Cy—c1bond, because in the sterically less
hindered conformation, the C,—C; bond has better overlap with the m-system of
the carbonyl of the ester similar to that in cis 2—met.hy'lacety'lcyc'lopropane,3
followed by further reduction leading to the decalin 4. This is further
supported by the fact that a primary alcohol was obtained from the ester,
analogous to the lithium-liguid ammonia reduction of a,B-unsaturated esters
to the corresponding primary alcohols.? In order to establish this hypothesis

5, 6 and 1, each

we have investigated the reduction of related compounds
containing only one carbonyl system conjugated to cyclopropane, anticipating
regiospecificity in the cleavage of cyclopropane ring during lithium-liquid
ammonia reduction resulting either hydrindane or decalin systems exclusively.

The keto-ester 2 was converted to the TBDMS ether 5 via the diol 8.
Thus, LiATH, reduction of the ketoester 2 in ether at 0°C furnished the diol
8 in 76% yield. Selective protection of the primary hydroxyl by treatment
with one equivalent of TBDMS—C1 in pyridine and a catalytic amount of 4—dime-

thylaminopyridine (DMAP) afforded the hydroxy ether 9 in 85% yield. Oxidation
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of the hydroxy ether 8 with PCC in methylene chloride furnished the keto
ether 5 in 70% yield. Treatment of the keto ether § with tetra-n-butylammo-
nium fluoride (TBAF) in THF furnished the keto alcohol 6, m.p.118-120°C, in
90% yield. Interestingly, the keto alcohol 6 was obtained from the B—keto-
ester 2 in a single operation, via the protection of the ketone carbonyl as
its enolate.’ Thus, treatment of the B—ketoester 2 with LDA in THF at —78°C
followed by addition of LiATH, furnished the keto alcohol 6 in 81% yield. The
structures of both the ketones § and 6 were established from their spectral
data (see experimental section).

Cleavage of the cyclopropane ring in 5 with lithium in liguid ammonia
furnished regiospecifically the hydrindanone 10, which was jdentified by
spectral comparison (IR and 'H NMR) with the authentic sample. The formation
of the hydrindanone 10 can be rationalised as depicted below via the enone
12. The regiospecific cleavage of the cyclopropane ring followed by elimina-
tion of the B—silyloxy group from the intermediate enplate 11, generates the

enone 12. Further reduction of the enone 12 furnishes the hydrindanone 10.
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To overcome the side reaction, the reaction was carried out with the
keto alcohol 6. Lithium-1iquid ammonia reduction of keto alcohol 6 furnished
the keto alcohol 13, m.p. 102-105°C, and the enone 12, m.p. 85-88°C, in a 3:1
ratio, in 84% yield, whose structures were delineated from their spectral
data. The keto alcohol 13 showed characteristic bands due to the hydroxyl at
vy 3490 and an intramolecular hydrogen bonded cyclopentanone at 1725 em'. The
"H NMR spectrum showed peaks due to CH,OH [ 3.8 (2 H, m) and 3.44 (1 H, dd,
J = 10, 2.8 Hz)], a methine a to carbonyl [2.69 (dd, J = 8.8, 3.6)], a
methylene a to carbonyl [2.38 and 1.986 (AB q)] and in particular four methy}
singlets (1.19, 1.03, 0.94 and 0.89 ppm); and the B¢ NMR spectrum exhibited
resonances due to a cyclopentanone carbonyl at 223.9, a CH,OH at 62.5 (t), a
methine a to carbonyl at 55.7 (d), a methylene a to carbonyl at 54.1 (t),

-
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four methyl quartets at 29.2, 25.0, 22.1 and 13.2; and in particular three
quaternary carbon singlets at 47.9, 40.0 and 36.1, confirming the structure.
The enone 12 showed a molecular ion peak at 206 in the mass spectrum. The IR
spectrum showed bands at v, 1731 and 1640 cm! due to the a methylene
cyclopentanone. In the‘H NMR spectrum the presence of resonances due to exo
methylene at & 6.07 (1 H, s) and 5.16 (1 H, s), methylene a to carbonyl (2.78
and 1.84, AB q), four methyl singlets at 1.1, 0.88, and 0.86 (2 x Me) esta-
blished the structure which is further supported by its B¢ NMR spectrum (see
experimental). Enone 12, was obviously formed during the workup.
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In other direction, lithium-liquid ammonia reduction of the hydroxy
ester 7 was expected to furnish regiospecifically the decalin derivative via
the cleavage of the CJ—Cl bond. Treatment of the B—-ketoester 2 with sodium
borohydride in methanol at 0°C furnished the hydroxy ester 7. The stereoche-
mistry of the hydroxyl group was assigned as endo based on the approach of
the hydride from the less hindered exo face of the molecule which was further
supported by the shift in the ester carbonyl band (v, 1689 cm4) in the IR
spectrum due to the intramolecular hydrogen bonding of hydroxy and carbony?
1, as antici-

pated, furnished exclusively the decalin derivative 14, m.p. 145-146°C, in

groups.8 Lithium-1iquid ammonia reduction of the hydroxy ester

63% yield. The absence of ester functionality in the IR and‘H NMR spectra and
the presence of resonances due to CHOH and CH,OH [3.6-3.8 (3 H, m)] and in
particular three methyl singlets at 0.92, 0.87 and 0.76 established the
structure. The trans stereochemistry of the decalin was assigned based on the
thermodynamic considerations and in analogy to the well established octalone
reductions.! In order to establish the stereochemistry of the hydroxymethyl
group, first the diol 14 was converted to its acetonide 15 with 2-methoxy-
propene in the presence of a catalytic amount of p-toluenesulfonic acid.
However, in the 'H NMR spectrum of the acetonide 15, resonances due to both
the methine and methylene protons attached to oxygen atoms came as a multi-
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plet. Hence the diol 14 was converted to its monoacetate 16, m.p. 82-83°C, in
a conventional manner. In the 'H NMR spectrum, presence of the doublets of an
AB quartet signals (5 4.04 and 4.43) due to the diastereotopic acetoxymethyl
protons, and in particular the presence of a doublet of a triplet (due to two
trans-diaxial and one axial-equatorial couplings) at 3.57 ppm (J = 14.6, 4.4
Hz) for the axial proton attached to the carbon bearing the hydroxy group
confirmed the equatorial stereochemistry of the acetoxymethyl group in the
compound 16, which in turn confirmed the stereochemistry of the diol 14.

In conclusion, we have demonstrated the control of the regiospecificity
in the opening (CZ_CS bond or C,—C, bond) of the cyclopropane ring present in
tricyc1o[4.4.0.0“3]decane system using lithium in liquid ammonia reduction
conditions, either to a cis hydrindane system or to a trans decalin system.

EXPERIMENTAL SECTION

IR spectra were recorded on a Hitachi 270-50 spectrophotometer.'H (90,
200, 270 MHz) and B¢ NMR (22.5, 67.5 MHz) spectra were recorded on Jeol FX-
90Q, Brucker ACF-200 and WH-270 spectrometers. The chemical shifts (® ppm)
and the coupling constants (Hz) are reported in the standard fashion using
either internal tetramethylsilane (for'H) or the central line (77.1 ppm) of
cbcly (for 1?‘C) as reference. In the C NMR spectra off-resonance multiplici-
ties, when recorded, are given in parentheses. Low and High resolution mass
measurements were carried out with a Jeol JMS-DX 303 GC-MS instrument using
a direct inlet mode. Elemental analyses were carried out using a Carlo Erba
1106 analyser. A1l the moisture sensitive reactions were carried out using
standard syringe-septum techniques. Acme’s silica gel (100-200 mesh) was used
for column chromatography. Methylene chloride was distilled over P,05. Dry THF
was obtained by distillation over sodium benzophenone ketyl. Ammonia was
obtained in cylinders from Mysore Ammonia Co. and was distilled over sodium
prior to use. "BuLi and 1ithium (rods) were obtained from E-Merck.
§g44a.6B-3—Hydroxymethy7—6,10.10—trimethy7trfcyclo[4.4.O.OLSJdecan—4—07(g):
To an ice cold, magnetically stirred suspension of LiAlH, (114 mg, 3 mmol) in
dry ether (5 m1) was added a solution of the B-keto ester 2 (528 mg, 2 mmol)

in dry ether (3 ml), and the reaction mixture was slowly brought to room
temperature and stirred for 3 hr. The excess LiA1H‘ was decomposed by careful
addition of ethyl acetate (0.5 ml). The reaction was quenched with water (5
ml) and 5% aqueous H,80, (3 ml), and extracted with ether (15 m1 x 3). The
ether extract was washed with saturated aqueous NaHCO, solution (5 ml1) and
dried over anhydrous Na,S0,. Evaporation of the solvent and purification of
the residue over a silica gel (5 g) column using ethyl acetate-hexane (1:5)
as eluent afforded the diol 8 (336 mg, 76%) as a viscous oil. IR (neat): Vnax
3375, 3060, 1180, 1150, 1045, 1010, 980, 745 cm". 'y NMR (200 MHz, CDC'Ia):
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5 4.34 and 3.66 (2 H, AB g, J = 12 Hz, CH;OH), 4.25 (1 H, d, J = 5 Hz, CHOH),
2.26 (2 H, br s, OH), 1.16-2.05 (8 H, m), 1.09 (3 H, s), 1.05 (3 H, s), 0.9
(3 H, s), 0.47 and 0.30 (2 H, AB q, J = 5.3 Hz, cyclopropane CH,). B¢ NMR
(22.5 Mhz, CDC]a): 5 79.4 (d, CHOH), 65.5 (t, QH%»H, 47.7 (t, C-5), 45.0 (s,
c-1), 42.8 (2 ¢Cc, s, C—6 & 10), 40.4 (t), 39.0 (t), 33.1 (s, C-3), 28.9 (q),
27.9 (q), 25.2 (q), 19.4 (t, c-8), 13.8 (t, C-2). Mass: m/e 224 (M+, 3%), 206
(58), 173 (52), 123 (100), 122 (40), 121 (40), 119 (74), 107 (47), 94 (48),
93 (45), 91 (42). HRMS: m/e Calcd. for CyHy0,, 224.1776; Found, 224.1787.

3a.4a.66—3—t—Butyldimethylsilyloxymethy1—6.10.10—trﬂwathy1tricyclo[4.4.0.0“3]—
decan-4-o01 (9): To a magnetically stirred solution of the diol 8 (336 mg, 1.5
mmol) in pyridine (2 ml1) was added t-buty1dimethy1ch10rosi1ane (241 mg, 1.6

mmol) and DMAP (catalytic). The reaction mixture was stirred for 3 hr at room
temperature, diluted with water (5 ml1) and extracted with methylene chloride
{10 m1 x 3). The organic extract was washed with 5% aqueous Hcl followed by
saturated aqueous NaHCO; and dried over anhydrous Na,SQ;. Evaporation of the
solvent and purification of the residue over a silica gel (3 g) column using
ethyl acetate-hexane {1:20) as eluent afforded the TBDMS ether 9 (430 mg,
85%) as an oil. IR (neat): Vpax 3514, 1392, 1377, 1365, 1257, 1149, 1047, 1026,
1005, 837, 813, 777 om™'. ' NMR (90 Mhz, CDCly): & 4.31 and 3.8 (2 H, AB a,
J = 11 Hz, QQOTBDMS), 4.18 (1 H, d, J = 4.3 Hz, CHOH), 1.2-2.18 (9 H, m),
1.11 (3 H, s), 1.07 (3 H, s), 0.85 (3 H, s), 0.95 (9 H, s, t-Bu), 0.36 (2 H,
close AB q, J = 5 Hz, cyclopropane CHy), 0.13 (3 H, s, Si-Me), 0.09 (3 H, s,
Si—Me). 13C NMR (22.5 MHz, CDC13): 5 79.6 (CHOH), ©65.7 (CHZOSi), 47.9, 45.1,
42.9, 40.5, 39.2, 33.1, 29.8, 29.1, 28.0, 25.8, 25.2, 19.5 (C-8), 13.8 (H-2),
—-3.5 (SiMez). Mass: m/e 207 (M*—OTBDMS, 35%), 206 (55), 189 (73), 123 (85),
122 (55), 120 (60), 107 (60), 105 (100), 95 (75), 93 (90).

3a.6B—3-t—Buty1dimethylsi7y70xymethy7—6.10.10~trimethy7tricyc70[4.4.0.0“31:
decan-4-one (5): To a magnetically stirred suspension of PCC (388 mg, 1.8
mmol) in methylene chloride (4 m1) was added the alcohol 9 (406 mg, 1.2 mmol)

in methylene chloride (2 ml). The reaction mixture was stirred for 3 hr at
room temperature and filtered through a short silica gel (5 g) column using
methylene chloride as eluent. Evaporation of the solvent furnished the ketone
5 (282 mg, 70%) as a colourless viscous liguid. IR (neat): v, 1728, 1392,
1362, 1338, 1257, 1227, 1176, 1158, 1125, 1095, 1005, 777 Cm4. 1H NMR (200
MHz, 00013): 5 4.61 and 3.32 (2 H, ABa, J = 11.1 Hz, CHZO), 1.24-2.05 (10 H,
m), 1.21 (3 H, s), 1.19 (3 H, s) and 0.92 (3 H, s) (3 x tert. Me), 0.87 (9 H,
s, t-Bu), 0.09 (6 H, s, SiMe;). ''C NMR (22.5 MHz, CDCly): & 212.5 (s, C=0),
59.5 (t, CH2081), 49.6 (t, COQHZ), 48.4 (s, C-1), 39.4 (t), 37.8 (s), 33.6
(s), 29.1 (a), 27.5, 26.0 (3 C, CMea), 23.6 (g), 19.6, 19.1, 18.3 (s, $i—C),
-5.1 (g) and -5.5 (q) (SiMeﬂ. Mass: m/e 279 (MtJBu, 100%), 131 (12), 123
(62). HRMS: m/e Calcd. for CpHy0,81 (M~'Bu), 279.1780; Found, 279.1799.
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3a, 68-3-Hydroxymethy1-6,10, 10-trimethyltricyclo[4.4.0.0l,i]decan-4-one (§):
From the keto ether 5: To a magnetically stirred soTution of the keto ether

5 (235 mg, 0.7 mmol) in THF (2 ml) was added tetrabutylammonium flucride
trihydrate (253 mg, 0.8 mmol) and stirred at room temperature for 5 hr. The
reaction mixture was diluted with water (5 ml) and extracted with ether (10
ml x 3). The ether extract was washed with brine and dried over anhydrous
Na,S0,. Evaporation of the solvent and purification of the residue on a silica
gel (4 g) column using ethyl acetate-hexane (1:5) as eluent afforded the keto
alcohol 6 (140 mg, 90%) as a colourless solid, which was recrystallised from
ether. m.p.: 118-120°C. IR (neat): Vpax 3442, 1716, 1475, 1385, 1335, 1080,
1035 cm-'. 1H NMR (200 MHz, CDC'|3): 5 4.33 and 3.64 (2 H, AB g, J = 12.4 Hz,
Cﬂfﬂi), 2.06 and 1.69 (2 H, AB g, J = 17.4 Hz, CHZCO), 1.2-1.8 (9 H, m), 1.22
(3H, ), 1.18 (3 H, s) and 0.86 (3 H, s) (3 x Me). c NMR (22.5 MHz, cDC1,):
5 214.8 (s, carbonyl), 59.9 (t, CHZOH), 51.3 (s, C-1), 49.2 (t, CO_QHZ), 48.4
(s, C-3), 39.7 (t), 39.3 (t), 37.9 (s), 33.5 {(s), 28.7 (q), 28.4 (g) and 23.5
(g) (3 x tert. Me), 20.1 (t, cyclopropane CHZ), 18.6 (t, C-8). Mass: m/e 222
(M+, 8%), 134 (29), 123 (45), 122 (100), 121 (27), 107 (27), 95 (20). HRMS:
m/e Calcd. for C4Hy0y, 222.1620; Found, 222.1626. Anal. Calcd. for Cy4Hy0,,
C:75.63, H:9.97%; Found, C:75.85, H:10.20%.

From B-keto ester 2: To a magnetically stirred, cold (-78°C, alcoholi-1iquid
N, bath) solution of diisopropyl amine (0.17 m1, 1.2 mmol) in dry THF (3 ml)
under nitrogen atmosphere, was added a solution of n-butyllithium (0.62 m1,
1.6 M in hexane, 1 mmol) dropwise. To the LDA, thus formed was added a
solution of the B—keto ester 2 (264 mg, 1 mmol) in THF (1 m1) and stirred at
the same temperature for 1 hr. A suspension of LAH (38 mg, 1 mmol) in THF (2
m1) was added in one portion and the reaction mixture was warmed up to —20°C
and stirred for 10 minutes. The excess LAH was decomposed by careful addition
of ethyl acetate (0.5 ml). The reaction mixture was poured into 5% aqueous
HC1 (10 ml1) and extracted with ether (15 ml1 x 3). The ether extract was
washed with saturated aqueous NaHC03801ution followed by brine and dried over
anhydrous Na,S0,. Evaporation of the solvent and purification of the residue
on a silica gel (5 g) column using ethyl acetate-hexane (1:5) as eluent
furnished the keto alcohol 6 (180 mg, 81%).

Li-liquid ammonia reduction of the cyclopropy]l ketone 5: To a magnetically

stirred, freshly distilled (over sodium) ammonia (20 ml1) in a three necked

flask equipped with a Dewar condenser, was added the cyclopropyl ketone 5
(84.5 mg, 0.25 mmol) in 2 ml of dry ether followed by freshly cut 1lithium (9
mg, 1.3 mmol). The blue colour reaction mixture was stirred at —33°'C for 10
min, quenched with solid NH,C1, and ammonia was evaporated slowly. The residue
was taken in water (10 ml) and extracted with ether (10 ml1 x 3). The ether
extract was washed with brine and dried over anhydrous Na,S0, . Evaporation of
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the solvent and purification of the product on a silica gel (3 g) column
using ethyl acetate-hexane (1:20) as eluent furnished the 1B8,6R,98-1,2,2,6,9-
pentamethylbicyclo[4.3.0]nonan-8-one (10, 35 mg, 68%)/and was identified by
comparison (TLC, IR, 'K NMR spectra) with the authentic? sample. m.p.: 119~
123°C. IR (neat): v, 1740, 1400, 1385, 1270, 1190, 1025, 985 cm'. 'H NMR
(270 MHz, CDC]R): 5 2.61 (1 H, g, J = 7.2 Hz, CHCO), 2.26 and 1.9 (2 H, AB q,
J = 18.2 Hz, CHZCO), 1.2-1.7 (6 H, m), 1.08 (3 H, d, J = 7.2 Hz, Cg—Me), 1.21
(3H, s), 1.04 (3 H, s) and 0.88 (6 H, s) (4 x tert. Me). '3C NMR (22.5 MHz,
CDC13): 5 221.4 (s, carbonyl), 54.0 (t, QHZCO), 48.8 (d, CHCO), 48.1 (s, C-1),
39.8 (s, C-6), 37.9 (t), 37.4 (t), 836.3 (s, C-2), 29.7 (q), 25.5 (q), 22.9
(q), 18.5 (t, C-4), 13.4 (2 C, g). Mass: m/e 208 (M*, 15%), 193 (10), 137
(24), 125 (40), 124 (77), 123 (25), 109 (30). HRMS: m/e Calcd. for C“Huo,
208.1827; Found, 208.1825.

18,6 —7-Hydroxymethyi-1,5.5,6-tetramethylbicyclo[4.3.0]nonan-8-one (13)
and 1B8,6B8-7-methylene—1,5,5,6-tetramethylbicyclo[4.3.0]-nonan-8-one (12):
Reduction of the cyclopropyl keto alcohol § (444 mg, 2 mmo1) with lithium (70
mg, 10 mmol) in liquid ammonia (40 ml) and dry THF (2 ml) for 10 min as

described above and purification of the product mixture on a silica gel (7 g)
column using ethyl acetate-hexane (1:20) as eluent first afforded the enone
12 (87 mg, 21%) as a colourless solid. m.p.:102-106°C. IR (neat): v, 1731,
1640, 1263, 1092, 1020, 798 Cnrh 1H NMR (200 MHz, CDC13): 5 6.07 (1 H, s) and
5.16 (1 H, s) (exo methylene), 2.78 and 1.84 (2 H, AB q, J = 19.1 Hz, COCHZ),
1.0-1.7 (6 H, m), 1.1 (3 H, s), 0.88 (3 H, s) and 0.86 (6 H, s) (4 x tert.
Me). Mc NMR (67.5 MHz, CDC1y): & 207.7 (s, carbonyl), 163.5 (s, C=CH,), 116.6
(t, C=QH2), 58.4 (s, C-6), 50.1 (s, C-5), 49.6 (t, COQHZ), 40.1 (s, C-t1), 36.9
(t), 33.5 (t), 30.2 (q), 28.5 (q), 27.0 (q), 16.9 (g), 18.4 (t, C-3). Mass:
m/e 206 (M*, 18%), 191 (52), 124 (100), 123 (70), 122 (65), 107 (15), 94 (40).
HRMS: m/e Calcd. for Ci4Hy0, 206.1671; Found, 206.1675.

Further elution of the column using ethyl acetate-hexane (1:5) as eluent
afforded the hydrindanone 13 (282 mg, 63%) as a viscous liquid. Crystalliza-
tion from petroleum ether furnished a colourless solid. m.p.:85-88°C. 1R
(neat): v, 3490, 1725, 1385, 1290, 1260,1050, 1010 cm”. 'H NMR (200 MHz,
CDC13): 5 3.8 (2 H, m, Cﬂﬁmi), 3.44 (1 H, dd, J = 10, 2.8 Hz, OH), 2.69 (1 H,
dd, J = 8.3, 3.6 Hz, CHCO), 2.38 (1 H, # AB q, J = 18.6 Hz) and 1.96 (1 H, d
of ¥ AB q, J = 18.6, 1.6 Hz) (COCHZ), 1.2-1.7 (6 H, m), 1.19 (3 H, s), 1.03
(3 H, s), 0.94 (3 H, s) and 0.89 (3 H, s) (4 x tert. Me). 13C NMR (22.5 MHz,
CDCH): 5 223.9 (s, carbonyl), 62.5 (t, mﬁOH), 556.7 (d, CHCO), 54.1 (t,
QHZCO), 47.9 (s, C-6), 40.0 (s, Cc-5), 37.3 (2 C, t, C-2 and 4), 36.1 (s, C—1),
29.2 (q), 25.0 (a), 22.1 (g) and 13.2 (g) (4 x Me), 18.3 (t, C—-3). Mass: m/e
224 (M+, 21%), 206 (10), 141 (80), 140 (82), 138 (55), 123 (60), 122 (100),
110 (63), 95 (87). HRMS: m/e Calcd. for C”Huoz, 224.1776; Found, 224.1774.



Cyclopropane ring cleavage of tricyclof4.4.0.01-*]decanes 9733

Anal. Calcd. for CyHyO,), C:74.95; H:10.78%; Found, C:74.15; H:10.81%.

3a,4a,6B-Ethy]l 6,10, 10-trimethylbicyclo[4.4.0.0'"3 Inonan-4-01-3-carboxylate
(Z): To magnetically stirred, ice cold solution of f-ketoester 2 (100 mg,
0.38 mmol) in dry methanol (6 ml) was added sodium borohydride (19 mg, 0.5

mmol) and stirred for 2 hrs at room temperature. Methanol was evaporated
under reduced pressure. The residue was taken in 5% agqueous HC1 (10 ml) and
extracted with methylene chloride (5 m1 x 3). The organic extract was washed
with saturated aqueous NaHCO, and dried over anhydrous Na, S0, . Evaporation of
the solvent and purification of the residue over a silica gel (4 g) column
using ethyl acetate-hexane (1:10) as eluent furnished’the hydroxy ester 7 (99
mg, 98%) as an oil. IR (neat): Vpax 3478, 1689, 1392, 1377, 1320, 1280, 1272,
1236, 1203, 1173, 1134, 1089, 1071, 1060, 1029 Cnrh ‘H NMR (270 MHz, CDCTa):
5 4.2 (1t H, d, J = 5.4 Hz, CHOH), 4.1 and 4.05 (2 H, q of AB q, J = 11.1,
7.2, OCﬂﬂﬂﬁ), 1.22-1.32 (10 H, m), 1.29 (3 H, t, J = 7.2 Hz, OCHzCﬂ3), 1.06
(3 H, s), 1.05 (3 H, s) and 0.63 (3 H, s) (3 x tert. Me). B¢ NMR (22.5 MHz,
CDC13): 5 174.7 (s, carbonyl), 74.3 (d, CHOH), 61.3 (t, OQHZCHa), 52.0 (s,
c-1), 47.0 (t, ¢-5), 42.6 (2 ¢, s, C—6 and 10), 40.0 (t), 38.1 (t), 33.1 (s,
C-3), 28.8 (q), 27.1 (q) and 24.8 (q) (3 x Me), 19.0 (t, cyclopropane CH,),
13.8 (2 ¢, t and g, C—-8 and OCHngs). Mass: m/e 266 (M*, 12%), 249 (60), 248
(77), 220 (56), 175 (65), 129 (58), 123 (70), 122 (96), 119 (65), 105 (100),
91 (64). HRMS: m/e Calcd. for CMHHOJ' 266.1882; Found, 266.1870.

18.3a,48, 6a-4-Hydroxymethyl-1,7, 7-trimethylbicyclo[4.4.0]decan-3-0l (14):
Reduction of the hydroxy ester 7 (50 mg, 0.19 mmol) with lithium (=7 mg, 1

mmol) in liquid ammonia (30 ml) and dry THF (2 ml) for 10 min as described
above and purification of the product over a silica gel (3 g) column using
ethyl acetate-hexane (1:4) as eluent furnished the diol 14 (28 mg, 66%) as a
colourless solid. m.p.:145-146°C. IR (nujol): 3202, 1380, 1158, 1119, 1098,
1080, 1044, 1026, 999 cnrt 1H NMR (270 MHz, CDC13): 5 3.6—-3.8 (3 H, m, CHOH
and CHQOH), 0.98-1.65 (13 H, m), 0.92 (3 H, s), 0.87 (3 H, s) and 0.76 (3 H,
s) (3 x tert. Me). Mass: m/e 226 (M*, 6%), 208 (94), 193 (34), 177 (30), 137
(100), 123 (40), 109 (37), 95 (48). HRMS: m/e Calcd. for CyH,0,, 226.1933;
Found, 226.1943.

4aa, S5aa, 9aB, 10ap-2,2,6,6.9a-Pentamet hy Iperhydronaphtho[2,3-c](1,3)-dioxane
(15): To a magnetically stirred solution of the diol 14 (32 mg, 0.14 mmol) in
dry methylene chiloride (2 ml) was added 2-methoxypropene (15 mg, 0.21 mmol)
and a catalytic amount of p-toluenesulphonic acid and stirred for 1.5 hr at
room temperature. The reaction mixture was diluted with methylene chloride
(10 m1), washed with saturated agueous NaHCOafol1owed by brine and dried over
anhydrous Na,so, . Evaporation of the solvent and purification of the residue
over a silica gel (5 g) column using ethyl acetate-hexane (1:10) as eluent

furnished the acetonide 15 (24 mg, 64%) as an oil. IR (neat): v, 1590, 1383,
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1188, 1155, 1025, 1098, 1065, 1041, 843 cm1. H NMR (270 MHz, CDC13): 5 3.55-
3.8 (3H, m, OCH, and OCH), 0.9-1.7 (12 H, m), 1.46 (3 H, s), 1.37 (3 H, s),
0.98 (3 H, s), 0.85 (3 H, s), 0.77 (3 H, s) (5 x Me).

18,3a, 48, 6a~4-Acetoxymethyl—-1,7, 7-trimethylbicyclo[4.4.0]decan-3-01 (16): To
a magnetically stirred solution of the diol 14 (32 mg, 0.14 mmol) in dry
methylene chloride (2 m1) was added acetic anhydride (21 mg, 0.21 mmol) and

one drop of pyridine, and stirred at room temperature for 4 hr. The reaction
mixture was diluted with methylene chloride (10 mT) and washed with 10%
aqueous HC1 followed by saturated aqueous NaHCO, and brine, and dried over
anhydrous Na,SO,. Evaporation of the solvent and purification of the residue
over a silica gel (5 g) column using ethyl acetate-hexane (3:20) as eluent
furnished the monoacetate 16, which was recrystallised from hexanes (8 mg,
21%). m.p.: 82-83°C. IR (CC1;): wy, 3412, 1734, 1518, 1383, 1125, 1107, 1038,
846 cm'. 'H NMR (270 MHz, CDC;): & 4.43 (1 H, dd, J = 11.1, 4.5 Hz) and 4.04
(1 H, dd, J = 11.1, 4 Hz) (Cﬂ{—OAc), 3.57 (1 H, dt, J = 14.6, 4.4 Hz, CH~OH),
2.27 (1 H, br s, OH), 2.09 (3 H, s, COCH3), 0.9-1.85 (12 H, m), 0.91 (3 H, s),
0.87 (3 H, s) and 0.78 (3 H, s) (3 x tert. Me).
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