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AbstractÐFormal syntheses of coriolin 1, a triquinane metabolite isolated from Coriolus consors, are described. Oxidation of 6-methyl
saligenin 2 in the presence of cyclopentadiene gave the tricyclic keto epoxide 4 which was elaborated to tricyclo[5.2.2.02,6]undecenones 5
and 18 containing the major structural and stereochemical features of coriolin, in latent form. Triplet sensitized 1,2-acyl shifts in 5 and 18
gave tetracyclic compounds 6 and 19 in a stereoselective manner. Reductive cleavage of cyclopropane rings in 6 and 19 with H2/Pd-C and
TBTH-AIBN respectively, furnished the functionalised triquinanes 7 and 20b which are known precursors for coriolin. q 2000 Elsevier
Science Ltd. All rights reserved.

There has been an intense interest in the synthesis of linearly
fused cis:anti:cis triquinane natural products and a plethora
of methods have been developed for their synthesis.1±4

Nevertheless, the search for new and ef®cient method for
cyclopentane synthesis continues.5 Coriolin 1, a triquinane
metabolite isolated from Coriolus consors,6 has been a
popular target for synthesis presumably due to its biological
properties and unusually functionalized molecular archi-
tecture containing angular and geminal methyl groups.
Several imaginative routes have been developed for syn-
thesis of coriolin.2,7 However, a majority of these generate
the linearly fused cis:anti:cis triquinane framework in an
iterative and non-stereoselective fashion. Recently, we
reported an ef®cient and stereoselective method for the
generation of molecular complexity from simple pre-
cursors.8 In continuation of our interest in this area, we
now wish to report a full account9 of two formal syntheses
of coriolin from 6-methylsaligenin 2. The key features of
our approach are the in situ generation of labile spiro-epoxy-
cyclohexa-2,4-dienone 3, its cycloaddition reaction with
cyclopentadiene and triplet sensitized photochemical reac-
tion of endo tricyclo[5.2.2.02,6]undecanes, as presented
below (Fig. 1).

Strategy

Our strategy for the synthesis of coriolin is outlined in

Scheme 1. Initially, we focused our attention on the syn-
thesis of the triquinane intermediate 7 which is a precursor
to coriolin.10 The corner stone of our plan is the recognition
of the structural and functional relationship between the
triquinane 7 and the endo annulated tricyclo[5.2.2.02,6]
undecenone 5. It was envisaged that a photochemical
1,2-acyl shift in the tricyclic system 5 may furnish the tetra-
cyclic system 6 which may in turn be converted to the
triquinane 7 via cleavage of the peripheral cyclopropane
bond. The crucial tricyclic system 5 was thought to be
derived from the epoxy ketone 4 which appeared to be
easily accessible from the oxidation of 2 and subsequent
interception of the resulting spiro-epoxycyclohexa-
2,4-dienone 3 following a procedure developed in our
laboratory.8

Results and Discussion

Synthesis of the tricyclic precursor 4 and its trans-
formation to the desired chromophoric system 5

The 6-methylsaligenin 2, easily prepared from 6-methyl
anisaldehyde11 by demethylation and reduction, was
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oxidized with sodium metaperiodate in aqueous acetonitrile
containing cyclopentadiene to give the desired epoxy ketone
4 in reasonably good yield (Scheme 2). The structure of
adduct 4 was deduced from its spectral and analytical data
and by comparison with similar adducts previously prepared
in our laboratory.8

The adduct 4 was reduced12 with activated zinc in aqueous
methanol containing NH4Cl to give the keto-alcohol 8 as a
major product [78%, as a syn±anti mixture, 1H NMR
(300MHz)] along with minor amounts of the ketone 9 (as
a syn±anti mixture) (Scheme 3). It is interesting to note that
the reduction of 4 in dry aprotic solvent (dioxane) selec-
tively gave the ketone 9 in excellent yield (85%). Oxidation
of the keto-alcohol 8 with Jones reagent followed by decar-
boxylation gave the tricyclic system 10. Allylic oxidation13

of 10 with SeO2 and subsequent oxidation of the resulting
alcohols with Jones' reagent14 furnished an inseparable
mixture of diene-diones which was converted to ketal-
enones 11 and 12 and separated by careful column chroma-
tography (Scheme 3).

Towards introduction of the gem-dimethyl group in the ®ve-
membered ring, the ketal enone 11 was treated with sodium
borohydride, reducing both the double bond and carbonyl
group. The resulting ketal alcohol was oxidized with PCC15

to give the keto-ketal 13. Alkylation of 13 with methyl
iodide in the presence of potassium tert-butoxide smoothly
gave the dialkylated compound 14. Stereoselective reduc-
tion of the ketone 14 in THF±water mixture with sodium
borohydride at ambient temperature (~308C) furnished the
desired alcohol 16 (73%) along with minor amounts of the
undesired endo alcohol 15 (Scheme 4).

Photochemical reaction of 5 and reductive cleavage of
tetracyclic precursor 6: synthesis of coriolin

Irradiation of a solution of compound 5 in acetone with a
mercury vapor lamp (125W, Applied Photo Physics), in a
Pyrex immersion well, gave the desired 1,2-acyl shift16

product 6 as a crystalline solid (mp 117±1188C) in 68%
yield (Scheme 5). Reductive opening of the cyclopropane
ring was effected by catalytic hydrogenation using Pd-C
catalyst (10%) and 165 psi hydrogen pressure. Fractional
crystallization of the product mixture ®rst gave compound
17 formed as a result of cleavage of the undesired cyclo-
propane bond (Scheme 5). Further recrystallization of the
residue obtained by concentration of the mother liquor
furnished the desired tricyclopentanoid 7 as a solid (mp,
118±1198C, lit. mp 118±1208C10b and 114±1158C10a).

Scheme 1.

Scheme 2.

Scheme 3.
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Since the triquinane intermediate 7, prepared earlier by
Funk et al10a and Little and co-workers,10b is a precursor
for coriolin, the formal synthesis of coriolin was complete.

An Alternative Formal Synthesis of Coriolin

In the preceding section, synthesis of the triquinane inter-
mediate 7 from the adduct 4 was described. However, it may
be noted that one carbon was removed and two carbons were
added during the transformation of 4 to the key chromo-
phoric system 5. Further, it may be recalled that the oxirane
ring of the adduct 4 can be selectively reduced with
Zn-NH4Cl in aprotic solvent to give the ketone 9 (Scheme
3) in excellent yield, wherein all the thirteen carbons of the
starting materials are retained. Therefore, we decided to
elaborate the ketone 9 into a triquinane intermediate 20b
which is also a known intermediate for coriolin (Scheme
6).17

Elaboration of 9 to the tricyclic keto-alcohol 18 and
photochemical rearrangement of 18

Reduction of the epoxy ketone 4 with Zn-NH4Cl in dry

dioxane gave 9 [as a syn±anti (anti isomer as major)
mixture] in excellent yield (85%). The compound 9 was
converted into a mixture of ketal alcohols 21 and 22 via
oxidation, ketalization and reduction (Scheme 7) from
which the desired ketal alcohol 21 was obtained in major
amounts (60%) by careful column chromatography. Oxi-
dation of the desired ketal alcohol 21 with PCC gave 23
which on alkylation with methyl iodide in the presence of
potassium tert-butoxide furnished the alkylated compound
24 in 62% yield (Scheme 7). The tetramethyl ketone 24 thus
obtained was reduced with sodium borohydride in THF-
water mixture to give a mixture of alcohols from which
the desired alcohol 26 was isolated in major amounts
(70%) along with its endo isomer 25 (Scheme 7). In addition
to the spectroscopic analysis, the stereochemical orientation
of the hydroxyl group in 26 was further con®rmed through
its conversion to a known triquinane (vide infra).

Hydrolysis of 26 with HCl (50%) in aqueous acetone readily
gave the chromophoric system 18 in excellent yield (90%)
(Scheme 8). Irradiation of 18 in acetone (solvent as well as
sensitizer) with a mercury vapor lamp, (125 W, Applied
Photo Physics) in a Pyrex immersion well gave the desired
tetracyclic compound 19 in excellent isolated yield (65%)
(Scheme 8).

Scheme 4.

Scheme 5. Scheme 6.
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Cleavage of cyclopropane ring in the tetracyclic
photoproduct 19: synthesis of the triquinane
intermediate 20

At this juncture, cleavage of the peripheral cyclopropane
sigma bond in the tetracyclic precursor 19 was required
for the synthesis of the intermediate 20 for coriolin. There-
fore, a solution of the compound 19 in methanol was stirred
with Pd-C catalyst (10%) in an atmosphere of hydrogen for
11 hours (165 psi pressure). However, it gave quantitatively
the undesired bridged tricyclic compound 27, instead of the
desired tricyclopentanoid 20 (Scheme 9).

Therefore, we sought other methods for the cleavage of

carbonyl conjugated cyclopropane ring such as photo-
chemical electron transfer induced reduction,18 electrophile
assisted cleavage19,20 and radical reduction by tributyltin
hydride.21 After careful scrutiny of these methods, a solution
of the tetracyclic hydroxy-ketone 19 in benzene containing
AIBN was treated with tributyltin hydride and re¯uxed for 3
hours (TLC) which gave the desired triquinane 20b along
with its epimer 20a as a result of cleavage of peripheral
cyclopropane bond (Scheme 9).

The structure of both the reduced products were established
from their spectral data and comparison with data reported
in literature.17 Since the triquinane 20b is a known precursor
to coriolin, another formal synthesis was also complete.

Scheme 8.

Scheme 7.

Scheme 9.
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Conclusion

In summary, two formal total syntheses of coriolin, a
metabolite of Coriolus consors, from simple precursors
have been reported. Cycloaddition of spiro-epoxy-5-
methylcyclohexa-2,4-dienone and photochemical 1,2-acyl
shift are the key features of our approach. The present routes
constitute a unique example of synthesis in which an
aromatic ring and cyclopentadiene are combined in a
manner so as to give the thirteen carbons of coriolin with
desired connectivities and framework with correct stereo-
chemical orientation in a highly ef®cient manner. The
requisite chromophoric systems 5 and 18 endowed with
the important structural and stereochemical features of
coriolin were derived from a common precursor 4 which
itself was readily assembled in a single step from 6-methyl
saligenin and cyclopentadiene. It is noteworthy that the
adduct 4 contains the angular methyl group and the linearly
fused cis:anti:cis triquinane framework in a latent fashion.
Addition of two more carbons and hydroxyl group in each of
the intermediates 10 and 9 led to the precursors 5 and 18.
Triplet sensitized photo-chemical rearrangement of 5 and 18
followed by cleavage of the cyclopropane ring led to the
syntheses of highly embellished triquinanes 7 and 20b
respectively, which are known precursors for coriolin.

Experimental Section

General Remarks

IR spectra were recorded on a Nicolet Impact 400 FT-IR
Instrument. UV spectra were recorded on a Shimadzu 260
instrument. 1H NMR (300 MHz) and 13C NMR (75 MHz)
were recorded on a Varian VXR 300 instrument. Most of
the samples were dilute solutions in CDCl3 with SiMe4 as
internal standard. Mass spectra were recorded on a HP GCD
1800A mass spectrometer. Microanalyses were conducted
on a CEST 1106 instrument. HRMS were determined by
Finnigan Mat 8400. Melting points were determined on a
veego apparatus of Buchi type and are uncorrected. All the
organic extracts were dried over anhydrous sodium sulfate.
Reactions were monitored using thin layer chromatography
and spots were visualized with iodine vapour. Column
chromatography was performed using Acme/SRL silica
gel (60±120 and 100±200 mesh). Elution was done with
petroleum ether (60±808C) and ethyl acetate mixtures.

1-Methyl-9-spiro-epoxy-endo-tricyclo[5.2.2.02,6]undeca-
4,10-diene-8-one (4). To a solution of 6-methylsaligenin 2
(2.0 g, 14.49 mmol) in acetonitrile (40 ml) was added
freshly cracked cyclopentadiene (10 ml, excess), and the
reaction mixture was cooled in an ice bath (0±58C). A
solution of NaIO4 (12 g, 56.07 mmol) in water (40 ml)
was then added dropwise to the reaction mixture with
stirring. After stirring for 2 h, it was brought to room
temperature (~308C), and further stirred for 6 h. The reac-
tion mixture was ®ltered and organic layer was separated
and the aqueous layer was extracted with ether (3£50 ml).
The combined organic extract was washed with brine
(30 ml) and dried over anhydrous sodium sulfate. Removal
of solvent gave a residue which was chromatographed on
silica gel. Elution with petroleum ether ®rst gave unreacted

cyclopentadiene dimer. Continued elution with petroleum
ether-ethyl acetate, (95:5) furnished the adduct 4 (1.31 g,
45%) as a colourless solid which was recrystallized from
petroleum ether-ethyl acetate (96:4), mp 79±808C. IR (®lm)
nmax: 1737 cm21. UV (MeOH) lmax: 304, 212 nm. 1H NMR
(300 MHz, CDCl3) d : 6.16±6.04 (m, 2H, g and b protons of
b , g -enone moiety), 5.72 (m of d, J�6 Hz, 1H, ole®nic H),
5.51 (m of d, J�6 Hz, 1H, ole®nic H), 3.36±3.10 (m, 2H,
CH), 3.04 (part of an AB system, JAB�6 Hz, 1H, ±OCH2±),
2.93 (part of an AB system, JAB�6 Hz, 1H, ±OCH2±), 2.79
(ddd, J1�J2�10.5 Hz, J3�5 Hz, 1H, CH), 2.50 (m of dd,
J1�18 Hz, J2�10 Hz, 1H, CH2), 2.10 (m of d, J�18 Hz,
1H, CH 2), 1.1 (s, 3H, CH3).

13C NMR (75 MHz, CDCl3)
d : 205.85 (CO), 138.17, 133.33, 129.68, 128.01 (four
ole®nic carbons), 59.78, 51.87, 51.25, 49.76, 42.36, 42.24,
36.99, 15.15. Mass (m/z): 202 (M1). Analysis Found: C,
77.00; H, 6.92%. Calcd, for C13H14O2: C, 77.22; H, 6.93%.

1-Methyl-endo-tricyclo[5.2.2.02,6]undeca-4,10-dien-8-one
(10). To a suspension of activated zinc (15 g, excess) in
methanol-water (2:8, 120 ml) was added a solution of
epoxy ketone 4 (3 g, 14.85 mmol) in methanol (10 ml)
and then ammonium chloride (3.3 g, excess) was also
added to it. The reaction mixture was stirred at ambient
temperature (~308C) for 7 h (TLC). The reaction mixture
was ®ltered through a celite bed to remove zinc and the
residue was washed with ethyl acetate. The ®ltrate was
concentrated under vacuum, diluted with water (30 ml)
and extracted with ethyl acetate (3£50 ml). The combined
extract was washed with water (2£30 ml), brine (40 ml)
then dried. Removal of solvent followed by chromatography
[petroleum ether-ethyl acetate, (96:4)] on silica gel ®rst
gave the compound 9 as a colourless liquid (0.36 g, 13%,
as a syn:anti mixture). Further elution with petroleum ether-
ethyl acetate (80:20) furnished the keto alcohol 8 as a
viscous colourless liquid [IR (neat) nmax: 3463,
1716 cm21. 1H NMR (300 MHz, CDCl3) d : 6.11±6.02 (m,
2H, b and g protons of b , g -enone moiety), 5.66 (m of d,
J�6 Hz, 1H, ole®nic H), 5.47 (m of d, J�6 Hz, 1H, ole®nic
H), 3.90 (ddd, J1�11 Hz, J2�8.5 Hz, J3�4.5 Hz, 1H), 3.75
(ddd, J1�11 Hz, J2�8.5 Hz, J3�2.5 Hz, 1H), 3.20±3.12 (m,
2H), 2.63±2.54 (m, 1H), 2.39 (m of dd, J1�16 Hz,
J2�9.5 Hz 1H, CH2), 2.06±1.95 (overlapped m, 2H), 1.18
(s, 3H, CH3). (data for major isomer). Mass (m/z): 204
(M1)] as a mixture of syn:anti isomers (2.3 g, 78%) which
was subjected to oxidation and decarboxylation as follows.

To a solution of the keto alcohol 8 (2.0 g, 9.8 mmol) in
acetone (50 ml) was added Jones' reagent dropwise at
~58C. After the reaction was complete (TLC), acetone was
removed under vacuum and the residue was diluted with
water (30 ml) and extracted with ethyl acetate (3£40 ml).
The combined extract was washed with water (2£25 ml),
brine (30 ml) and dried over anhydrous Na2SO4. Removal of
solvent under vacuum gave a b-keto acid [(1.94 g, 91%),
(IR)] which was dissolved in THF-water mixture (1:1,
40 ml) and the reaction mixture was re¯uxed for 6 h
(TLC). Tetrahydrofuran was removed in vacuo, and the
aqueous medium was extracted with ether (3£25 ml). The
combined extract was washed with sodium bicarbonate
solution (30 ml), water(2£40 ml) and dried. The solvent
was removed and the residue was chromatographed. Elution
with petroleum ether-ethyl acetate (97:3) gave the title
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compound 10 (0.85 g, 55%) as a colourless liquid. IR (neat)
nmax: 1729 cm21. UV (MeOH) lmax: 294, 214 nm. 1H NMR
(300 MHz, CDCl3) d : 6.08±6.01 (m, 2H, g and b protons of
b , g -enone moiety), 5.65 (m of d, J�6 Hz, 1H, ole®nic H),
5.46 (m of d, J�6 Hz, 1H, ole®nic H), 3.26±3.19 (m, 1H,
CH), 3.13±3.08 (m, 1H, CH), 2.52±2.36 (overlapped m, 2H,
CH and CH2), 2.00 (m of d, partly overlapped with part of an
AB system, J�16 Hz, 1H, allylic CH2), 1.96 (AB system
partly overlapped with a m, JAB�17 Hz, 2H, COCH2), 1.29
(s, 3H, CH3).

13C NMR (75 MHz, CDCl3) d : 212.78 (CO),
139.46, 132.62, 130.28, 127.46 (ole®nic carbons), 52.94,
50.94, 47.05, 46.26, 40.75, 36.78, 22.30. Mass (m/z) : 174
(M1).

1-Methyl-endo-tricyclo[5.2.2.02,6]-undeca-8-(1,3-dioxo-
lane)-4,10-dien-3-one (11) and 1-methyl-endo-tricyclo-
[5.2.2.02,6]-undeca-8-(1,3-dioxolane)-3,10-dien-5-one (12).
To a stirred suspension of selenium dioxide (3.17 g,
28.5 mmol) in dioxane±water (5:1, 12 ml) was added potas-
sium dihydrogenphosphate (1.95 g, 14.3 mmol). A solution
of the compound 10 (1.0 g, 5.7 mmol) in dioxane (10 ml)
was added to the reaction mixture and it was heated at 908C
for 17 h. The reaction mixture was then brought to room
temperature, ®ltered over a celite pad, and washed with
ethyl acetate. The ®ltrate was concentrated under reduced
pressure and the residue was diluted with water (25 ml) and
extracted with ethyl acetate (3£30 ml). The combined
extract was washed with water (2£25 ml), brine (30 ml)
and dried. The solvent was removed and the residue was
chromatographed. Elution with petroleum ether-ethyl
acetate (70:30) furnished a mixture of hydroxy ketones
(0.622 g, 57%) [IR and 1H NMR, (60 MHz)] which was
subjected to further oxidation with Jones' reagent as
follows.

To a solution of the above mixture of hydroxy ketones
(0.622 g, 3.27 mmol) in acetone (25 ml) was added freshly
prepared Jones' reagent dropwise at ~58C. After the oxi-
dation was complete (TLC), acetone was removed under
vacuum and the residue was diluted with water (30 ml)
and extracted with ether (3£25 ml). The combined extract
was washed with saturated sodium bicarbonate solution
(2£25 ml), water (2£20 ml) and brine (25 ml) and dried.
The solvent was removed in vacuo and the residue was
chromatographed on a short column of silica gel. Elution
with petroleum ether-ethyl acetate (85:15) furnished a
mixture of diene±diones (0.547 g, 89%) which was
subjected to ketalization as described below.

A mixture of ethylene glycol (1 ml, excess) and p-toluene
sulphonic acid (7 mg) in dry benzene (60 ml) was re¯uxed
in a Dean±Stark apparatus, in order to remove traces of
water. After which the mixture of diene±diones (0.547 g,
29.0 mmol) was added to it and the reaction mixture was
re¯uxed for 3 h (TLC). The reaction mixture was then
brought to room temperature and the benzene layer was
separated. It was washed with sodium bicarbonate solution
(25 ml), water (2£20 ml), brine (25 ml) and dried. Solvent
was removed in vacuo and the residue was chromato-
graphed on silica gel. Elution with petroleum ether-ethyl
acetate (90:10) ®rst gave the ketal-enone 11 (0.324 g,
48%) as a colourless solid which was recrystallized from
petroleum ether-ethyl acetate (98:2), mp 94±958C. IR

(nujol) nmax: 1686 cm21. 1H NMR (300 MHz, CDCl3) d :
7.37 (dd, J1�6 Hz, J2�2.5 Hz, 1H, ±CH�CH±CO), 6.14
(dd, J1�6 Hz, J2�2 Hz, 1H, ±CH�CH±CO), 5.88±5.80
(m, 2H, ole®nic H), 4.00±3.92 (m, 4H, (CH2O)2), 3.53±
3.48 (m, 1H, CH), 2.76±2.72 (m, 1H, CH), 2.18 (d, J�
6 Hz, 1H, COCH), 1.71 (part of an AB system, JAB�
14 Hz, 1H, CH2), 1.58 (part of an AB system JAB�14 Hz,
1H, CH2), 1.46 (s, 3H, CH3).

13C NMR (75 MHz, CDCl3) d :
209.91 (CO), 164.39 (d), 136.96 (d), 136.51 (d), 127.69 (d)
(four ole®nic carbons), 113.10 (s), 64.32 (t), 64.18 (t), 52.45
(d), 48.41 (t), 43.49 (d), 42.72 (d), 40.05 (s), 21.44 (q). Mass
(m/z): 232 (M1). Analysis Found: C, 72.74; H, 7.07%.
Calcd, for C14H16O3: C, 72.41; H, 6.89%.

Continued elution with the same solvent furnished the minor
isomeric ketal-enone 12 as a viscous liquid (0.236 g, 35%).
IR (neat) nmax: 1703 cm21. 1H NMR (300 MHz, CDCl3) d :
7.55 (dd, J1�6 Hz, J2�2.5 Hz 1H, ±CH�CH±CO), 6.22
(dd, J1�6 Hz, J2�2.5 Hz, 1H, ±CH�CH±CO), 5.97 (dd,
J1�8.5 Hz, J2�6.5 Hz, 1H, ole®nic H), 5.72 (d, J�8.5 Hz,
1H, ole®nic H), 4.01±3.92 (m, 4H, (CH2O)2), 3.03 (dd,
J1�6.5 Hz, J2�2.5 Hz, 1H, CH), 2.88±2.80 (m, 2H, CH),
1.80 (part of an AB system, JAB�13.5 Hz, 1H, CH2), 1.71
(part of an AB system, JAB�13.5 Hz, 1H, CH2), 1.51 (s, 3H,
CH3). HRMS: M1, Found, 232.1096. C14H16O3 requires
232.1099.

1-Methyl-endo-tricyclo[5.2.2.02,6]undeca-8-(1,3-dioxolane)-
10-ene-3-one (13). Sodium borohydride (0.150 g,
3.94 mmol) was added in small portions to a solution of
the ketal-enone 11 (0.80 g, 3.44 mmol) in methanol
(10 ml) at ambient temperature (~308C) during 1 h, after
which the reaction was found to be complete (TLC). The
solvent was removed in vacuo, and the residue was diluted
with water (20 ml) and extracted with ethyl acetate
(3£25 ml). The combined organic extract was then washed
with brine (20 ml) and dried over anhydrous sodium sulfate.
Removal of solvent followed by column chromatography of
the residue [petroleum ether-ethyl acetate, (80:20)]
furnished the alcohol as a colourless liquid [(0.740 g,
91%),IR (neat) nmax: 3497 cm21. 1H NMR (300 MHz,
CDCl3) d : 6.30 (d, J�8.5 Hz, 1H, ole®nic H), 6.15 (super-
imposed dd, J1�J2�8.5 Hz, 1H, ole®nic H), 4.22 (br m, 1H,
H±C±OH), 3.95±3.89 (m, 4H (CH2O)2), 2.72±2.61 (m, 2H,
CH), 2.04 (dd, J1�10.5 Hz, J2�6 Hz, 1H, CH), 1.81±1.70
(m, 1H, CH2), 1.65±1.38 (overlapped m, 6H, CH2 and O H),
1.30 (s, 3H, CH3), 1.20±1.03 (m, 1H, CH2).

13C NMR
(75 MHz, CDCl3) d : 140.92, 130.28 (ole®nic carbons),
74.69, 64.25, 63.96, 55.77, 49.05, 43.09, 41.73, 38.63,
35.92, 29.78, 27.55, 22.82. Mass (m/z): 236 (M1)] which
was oxidized with PCC to give 13 as follows.

To a suspension of PCC (1.09 g, 5.05 mmol) in dichloro-
methane (10 ml) was added a solution of the above alcohol
(0.6 g, 2.96 mmol) in dichloromethane (10 ml). The reac-
tion mixture was stirred for 5 h (TLC) at ambient tempera-
ture (~308C). It was charged on to a short column of silica
gel and eluted with ether. Removal of ether under vacuum
gave a residue which was again chromatographed on silica
gel. Elution with petroleum ether-ethyl acetate (85:15)
furnished the ketone 13 (0.541 g, 78%) as a colourless
solid which was recrystallized from petroleum ether-ethyl
acetate (94:6), mp. 59±608C. IR (nujol) nmax: 1731 cm21.
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UV (MeOH) lmax: 300, 202 nm. 1H NMR (300 MHz,
CDCl3) d : 6.26 (superimposed dd, J1�J2�8 Hz, 1H, ole-
®nic H), 5.98 (d, J�8 Hz, 1H, ole®nic H), 3.92 (m, 4H,
(CH2O)2), 3.05 (m, 1H, CH), 2.67 (dd, J1�6 Hz, J2�3 Hz,
1H, CH), 2.19 (d, J�9.5 Hz, 1H, CH), 2.10±2.18 (merged
multiplets, 3H, CH2), 1.64 (part of an AB system partly
overlapped with the signal due to H2O in CDCl3,
JAB�14.5 Hz, 1H, CH2), 1.64±1.55 (multiplet partly
merged with signal due to H2O present in CDCl3, 1H,
CH2), 1.50 (part of an AB system, JAB�14.5 Hz, 1H, CH),
1.38 (s, 3H, CH3).

13C NMR (75 MHz) CDCl3 d :
220.77(CO), 138.85, 130.53 (ole®nic carbons), 113.16,
64.29, 64.04, 55.96, 48.66, 45.33, 40.11, 39.15, 35.65,
24.82, 21.85. Mass (m/z): 234 (M1). Analysis Found: C,
71.38; H, 7.53%. Calcd, for C14H18O3: C, 71.79; H, 7.69%.

1,4,4-Trimethyl-endo-tricyclo[5.2.2.02,6]undeca-8-(1,3-
dioxolane)-10-en-3-one (14). Potassium tert-butoxide
(2.73 g, 21.36 mmol) was placed in a three necked ¯ask
equipped with re¯ux condenser and nitrogen inlet, and
tert-butanol (5 ml) was added to it. A solution of the ketone
13 (0.50 g, 2.13 mmol) in tert-butyl alcohol (10 ml) was
then added slowly through a syringe, to the stirred reaction
mixture. Methyl iodide (5 ml, excess) was then added. The
reaction mixture was re¯uxed for 6 h, after which it was
cooled and quenched by careful addition of water (~3 ml).
tert-Butyl alcohol was removed under vacuum and the resi-
due was diluted with water (30 ml) and extracted with ether
(3£30 ml). The combined ether layer was washed with brine
(30 ml) and dried. Removal of solvent followed by chroma-
tography [petroleum ether-ethyl acetate, (98:2)] of the
residue on silica gel gave the alkylated product 14 as a
colourless liquid (0.335 g, 60%). IR (neat) nmax:
1732 cm21. UV(MeOH) lmax: 286, 206 nm. 1H NMR
(300 MHz, CDCl3) d : 6.11±6.04 (m, 2H, ole®nic H),
3.98±3.80 (m, 4H, (CH2O)2), 3.15±2.90 (m, 1H, CH),
2.65±2.61 (m, 1H, CH), 2.43 (d, J�10 Hz, 1H, CH), 1.87
(dd, J1�13 Hz, J2�9.5 Hz, 1H, CH2), 1.63 (part of an AB
system, JAB�14 Hz, 1H, CH2), 1.49 (part of an AB system,
JAB�14 Hz, 1H, CH2), 1.48 (s, merged with part of an AB
system, 3H, CH3), 1.24 (dd, J1�13 Hz, J2�9 Hz 1H, CH2),
1.00 (s, 3H, CH3), 0.95 (s, 3H, CH3).

13C NMR (75 MHz,
CDCl3), d : 222.03 (CO), 139.35, 130.53 (ole®nic carbons),
113.19, 64.27, 64.04, 53.16, 49.64, 46.37, 44.00, 40.10,
38.99, 32.65, 26.42, 22.09, 21.88. Mass (m/z): 262 (M1).

1,4,4-Trimethyl-3-endo-hydroxy-endo-tricyclo[5.2.2.02,6]-
undeca-8-(1,3-dioxolane)-10-ene (15) and 1,4,4-tri-
methyl-3-exo-hydroxy-endo-tricyclo[5.2.2.02,6]undeca-8-
(1,3-dioxolane)-10-ene (16). To a solution of 14 (0.380 g,
1.14 mmol) in tetrahydrofuran±water (9:1, 10 ml) was
added sodium borohydride (0.086 g, 2.26 mmol) in small
portions, and the reaction was stirred at ambient temperature
for ~8 h (TLC). The reaction mixture was concentrated in
vacuo and water (25 ml) was added to the residue and the
aqueous medium was extracted with ethyl acetate
(3£20 ml). The combined organic layer was washed with
water (2£20 ml), brine (25 ml) and dried. Removal of
solvent and column chromatography [petroleum ether-
ethyl acetate, (92:8)] of the residue on silica gel ®rst gave
the minor alcohol 15 as a colourless liquid (0.069 g, 23%).
IR (neat) nmax: 3456 cm21. 1H NMR (300 MHz, CDCl3) d :
6.27 (d, J�8 Hz, 1H, ole®nic H), 6.16 (superimposed dd,

J1�J2�8 Hz, 1H, ole®nic H), 3.95±3.88 (m, 4H, (CH2O)2),
3.54 (dd, J1�10.5 Hz, J2�6 Hz, 1H, H±C±OH), 2.88±2.78
(m, 1H, CH), 2.56 (br d, J�6.3 Hz, 1H, CH), 2.33 (dd,
J1�11 Hz, J2�6.3 Hz, 1H, CH), 1.63 (part of an AB system,
JAB�12.5 Hz, 1H, CH2), 1.52 (part of an AB system
JAB�12.5 Hz, 1H, CH2), 1.42 (dd, J1�12.5 Hz, J2�8 Hz,
1H, CH2), 1.30 (s, 3H, CH3), 1.24 (d, J�11 Hz, 1H), 1.04
(superimposed dd, J1�J2�11 Hz, 1H, CH2), 0.95 (s, 3H,
CH3), 0.91 (s, 3H, CH3).

13C NMR (75 MHz, CDCl3)
d :141.22, 130.51 (ole®nic carbons), 114.31, 81.90, 64.27,
63.93, 54.75, 49.04, 44.27, 42.93, 40.73, 40.40, 38.85,
22.87, 22.83, 22.65. HRMS: M1, Found 264.1719.
C16H24O3 requires 264.1724.

Further elution of the column with petroleum ether-ethyl
acetate (85:15) furnished the desired alcohol 16 as a colour-
less liquid (0.220 g, 73%). IR (neat) nmax: 3431 cm21. 1H
NMR (300 MHz, CDCl3) d : 6.18 (superimposed dd,
J1�J2�8.5 Hz, 1H, ole®nic H), 6.04 (d, J�8.5 Hz, 1H,
ole®nic H), 3.96±3.87 (m, 4H, (CH2O)2), 3.18 (dd, J1�
8 Hz, J2�6 Hz, 1H, H±C±OH), 2.79±2.68 (m, 1H, CH),
2.44 (m of d, J�7 Hz, 1H, CH), 1.78 (dd, J1�10 Hz,
J2�7 Hz, 1H, CH), 1.58±1.46 (m, partly merged with the
signal due to H2O present in the CDCl3, CH and CH2), 1.25
(s, partly merged with another signal, total 4H, CH311H),
0.99±0.90 (m, merged with signal due to CH3, total 4H, CH3

and CH2), 0.88 (s, 3H, CH3).
13C NMR (75 MHz, CDCl3) d :

139.34, 131.80 (ole®nic carbons), 114.15, 83.60, 64.21,
63.90, 55.35, 48.75, 43.61, 41.64, 41.05, 38.87, 37.06,
26.20, 22.61, 21.16. Mass (m/z): 264 (M1).

1,4,4-Trimethyl-3-exo-hydroxy-endo-tricyclo[5.2.2.02,6]-
undeca-10-en-8-one (5). To a solution of the compound 16
(0.20 g, 0.75 mmol) in acetone±water (90:10, 10 ml) was
added two drops of HCl (50%), and the reaction mixture
was stirred for 2 h at ambient temperature (~308C). Acetone
was removed under vacuum and water (20 ml) was added to
the residue and extracted with ether (3£20 ml). The
combined organic extract was washed with brine (25 ml)
and dried. Removal of solvent and chromatography of the
residue [petroleum ether-ethyl acetate, (90:10)] gave the
compound 5 (0.150 g, 92%) as a colourless solid which
was recrystallized from petroleum ether-ethyl acetate
(96:4), mp 72±748C. IR (nujol) nmax: 3509, 1720 cm21.
UV (MeOH) lmax: 292, 208 nm. 1H NMR (300 MHz,
CDCl3) d : 6.23±6.09 (m, 2H, b and g protons of b ,g-enone
moiety), 3.26 (d, J�8 Hz, 1H, H±C±OH), 2.99 (m of d,
J�8Hz,1H, CH), 2.78±2.58 (m, 1H, CH), 1.99±1.89 (m,
partly merged with another signal, 3H, CH and CH2), 1.60
(dd, partly merged with the peak due to H2O present in
CDCl3, J1�11.5 Hz, J2�7Hz, 1H, methylene H), 1.41 (br
s, 1H, ±OH), 1.35 (s, 3H, CH3), 1.06 (dd, J1�11.5 Hz,
J2�10 Hz, 1H, CH2), 0.96 (s, 3H, CH3), 0.90 (s, 3H,
CH3).

13C NMR (75 MHz, CDCl3) d : 212.96 (CO),
141.69, 128.37 (ole®nic carbons), 83.47, 55.55, 53.46,
47.01, 41.47, 41.30, 40.00, 39.26, 26.04, 22.06, 21.12.
Mass (m/z): 220 (M1).

1,7,10,10-Trimethyl-9-hydroxy tetracyclo[6.3.0.0.2,403,7]-
undeca-5-one (6). A solution of the compound 5 (0.10 g,
0.45 mmol) in acetone (solvent as well as sensitizer) was
irradiated with a mercury vapour lamp (125 W, Applied
Photo Physics) in a Pyrex immersion well under nitrogen
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for 1.5 h. Acetone was removed in vacuo and the residue
was chromatographed on silica gel. Elution with petroleum
ether-ethyl acetate (90:10) ®rst gave some unchanged
starting material (0.008 g). Further elution with petroleum
ether-ethyl acetate (88:12) furnished the desired tetracyclic
compound 6 (0.068 g, 68%) as a colourless solid, which was
recrystallised from petroleum ether-ethyl acetate (95:5), mp
117±1188C. IR(nujol) nmax: 3470, 1705 cm21 UV (MeOH)
lmax: 284, 209 nm. 1H NMR (300 MHz, CDCl3) d : 3.62 (dd,
J1�10 Hz, J2�6 Hz, 1H, H±C±OH), 2.58±2.50 (m, 1H),
2.43±2.38 (m, 2H), 2.10±1.93 (m, 4H), 1.68±1.61 (m,
hidden under the signal due to H2O present in CDCl3,
1H), 1.49 (s, 3H, CH3), 1.38 (d, J�6 Hz, 1H), 1.24 (dd,
J1�14 Hz, J2�6 Hz, 1H), 1.05 (s, 3H, CH3), 0.83 (s, 3H,
CH3).

13C NMR (75 MHz, CDCl3) d : 214.63 (CO), 81.12,
66.82, 58.17, 47.03, 44.78, 42.62, 39.78, 39.61, 39.24, 38.43,
26.94, 21.83, 20.86. Mass (m/z): 220 (M1). Analysis Found:
C, 76.28; H, 9.36%. Calcd, for C14H20O2: C, 76.36, H, 9.09%.

4,4,7-Trimethyl-5-hydroxy tricyclo[5.3.1.02,6]undeca-9-
one (17) and 7,10,10-trimethyl-9-hydroxy tricyclo-
[6.3.0.03,7]undeca-5-one (7). A solution of the tetracyclic
keto-alcohol 6 (0.03 g, 0.13 mmol) in methanol (30 ml) was
stirred at ambient temperature with palladium on carbon
(7 mg, catalytic amount) in an atmosphere of hydrogen
(165 psi pressure) for 8 h in a Parr autoclave. The catalyst
was removed by ®ltration and washed with methanol. The
®ltrate was concentrated and the residue was chromato-
graphed on silica gel. Elution with petroleum ether-ethyl
acetate (88:12) gave a mixture of two products (0.027 g,
90%). Fractional crystallisation of the mixture from petro-
leum ether-ethyl acetate (96:4) ®rst furnished the undesired
product 17 (0.010 g, 33%) (mp 115±1168C). Further recrys-
tallisation of the solid obtained from evaporation of the
mother liquor gave the desired tricyclopentanoid 7
(0.017 g, 56%) as a colourless crystalline solid, mp 118±
1198C (lit. mp 114±1158C10a and 118±1208C10b).

Data for compound 17. IR (nujol) nmax: 3433, 1692 cm21.
1H NMR (300 MHz, CDCl3) d : 3.37 (dd, J1�9 Hz, J2�
5 Hz, 1H, H±C±OH), 2.35±2.20 (m, 4H), 2.06±2.01 (m,
1H), 1.88±1.78 (m, 2H), 1.72 (dd, J1�12.5 Hz, J2�
8.5 Hz, 1H), 1.60±1.51 (m, partly hidden under the signal
due to H2O present in CDCl3, 2H), 1.27 (br d, J�5 Hz, 1H),
1.20 (s, 3H, CH3), 0.99 (s, 3H, CH3), 0.94 (dd, partly merged
with singlet due to CH3, J1�12.5 Hz, J2�9.5 Hz, 1H), 0.83
(s, 3H, CH3). Mass (m/z): 222 (M1).

Data for compound 7, mp. 118±1198C. IR(nujol) nmax:
3441, 1726 cm21. 1H NMR (300 MHz, CDCl3) d : 3.52
(dd, J1�8.7 Hz, J2�5 Hz, 1H), 2.78±2.64 (m, 1H), 2.48±
2.32 (m, 2H), 2.24 (t, J�8.8 Hz, 1H), 2.15 (d, J�18 Hz,
1H), 2.08 (s, 2H), 1.82 (dd, J1�12.5 Hz, J2�8.8 Hz, 1H),
1.65 (ddd, J1�14 Hz, J2�7.5 Hz, J3�1.5 Hz, 1H), 1.53±1.44
(m, 1H), 1.33 (br d, J�5 Hz, 1H), 1.22 (s, 3H, CH3), 1.08±
0.98 (m, partly hidden under the signal due to methyl, 1H),
1.02 (s, 3H, CH3), 0.89 (s, 3H, CH3). Mass (m/z): 222 (M1).
These spectral features compared well with the literature.10

Analysis Found: C, 75.33; H, 9.95%. Calcd, for C14H22O2:
C, 75.67, H, 9.90%.

1,9-Dimethyl-endo-tricyclo[5.2.2.02,6]undeca-4,10-dien-8-
one (9). To a suspension of activated zinc (8.0 g, excess)

and ammonium chloride (2.20 g, excess) in dry dioxane
(25 ml) was added a solution of the compound 4 (2.0 g,
9.9 mmol) in dry dioxane (10 ml). The reaction mixture
was re¯uxed for 5 h (TLC), after which it was cooled and
®ltered to remove zinc and washed with ethyl acetate. The
®ltrate was concentrated in vacuo, and the residue was
diluted with water (25 ml) and extracted with ethyl acetate
(3£25 ml). The combined ethyl acetate layer was washed
with water (2£20 ml), brine (25 ml) and dried. The solvent
was removed under vacuum and the residue was chromato-
graphed. Elution with petroleum ether-ethyl acetate (97:3)
gave the compound 9 as a colourless liquid (1.58 g, 85%), as
a syn:anti mixture (anti as major). IR (neat) nmax:
1730 cm21. 1H NMR (300 MHz, CDCl3) d : 6.09±5.98 (m,
2H, b and g protons of b ,g -enone moiety), 5.66 (m of d,
J�6 Hz, 1H, ole®nic H), 5.44 (m of d, J�6 Hz, 1H, ole®nic
H), 3.12±3.03 (m, 2H, CH), 2.66 (d of t, J1�9 Hz, J2�6 Hz
1H, CH), 2.40 (m of dd, J1�16 Hz, J2�10 Hz, 1H, CH2),
2.04 (m of d, J�16Hz, 1H, CH2), 1.86 (q, J�7.5 Hz, H±C±
CH3), 1.27 (s, 3H, CH3), 1.10 (d, J�7.5 Hz, CH3). Mass (m/z):
188 (M1). (Data for major isomer). Mass (m/z): 188(M1).

1,9-Dimethyl-3-hydroxy-endo-tricyclo[5.2.2.02,6]undeca-
8-(1,3-dioxolane)-10-ene (21) and 1,9-Dimethyl-5-hy-
droxy-endo-tricyclo[5.2.2.02,6]undeca-8-(1,3-dioxolane)-
10-ene (22). The ketone 9 (1.0 g, 5.3 mmol) was oxidised
with selenium dioxide (2.9 g, 26.12 mmol) in dioxane±
water mixture (80:20, 20 ml) containing potassium dihydro-
gen-phosphate (1.8 g, 13.2 mmol) as described earlier.
Usual work-up and chromatography [petroleum ether-
ethyl acetate (65:35)] afforded a mixture of hydroxy±
ketones (0.596 g, 55%) which was further oxidized with
Jones' reagent. To a solution of the above mixture of
hydroxy ketones (0.596 g, 2.92 mmol) in acetone (20 ml)
was added freshly prepared Jones' reagent dropwise at
~58C. After the oxidation was complete (TLC), acetone
was removed under vacuum and the residue was diluted
with water and extracted with ether (3£20 ml). The ether
extract was washed with saturated sodium bicarbonate solu-
tion (2£20 ml), water (30 ml), and brine (25 ml) and dried
over anhydrous sodium sulphate. Removal of solvent
followed by chromatography [petroleum ether-ethyl acetate
(85:15)] furnished a mixture of the diene-diones (0.560 g,
95%) which were subjected to ketalization.

A mixture of ethylene glycol (0.8 ml, excess) and p-toluene
sulphonic acid (8 mg, catalytic amount) in dry benzene
(50 ml) was re¯uxed in a Dean±Stark apparatus in order
to remove traces of water. The mixture of above diene-
diones (0.560 g, 2.41 mmol) in dry benzene (10 ml) was
added to it, and the reaction mixture was then re¯uxed
until completion of the reaction (TLC, 4 h). The reaction
mixture was brought to room temperature, and the benzene
layer was separated. It was washed with sodium bicarbonate
solution (30 ml), water (25 ml) and brine (20 ml) and dried.
Removal of solvent furnished a mixture of ketal enones
(0.545 g, 80%) which was further reduced with sodium
borohydride as follows:

To a solution of the above mixture of ketal-enones (0.545 g,
2.21 mmol) in methanol (15 ml) was added sodium boro-
hydride (0.126 g, 3.31 mmol) in small portions at ambient
temperature (~308C) during 2.5 h, after which the reaction
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was found to be complete (TLC). Methanol was removed in
vacuo and the residue was diluted with water (40 ml) and
extracted with ethyl acetate (3£30 ml). The combined
extract was washed with brine (30 ml) and dried. Solvent
was removed under vacuum and the residue was chromato-
graphed. Elution with petroleum ether-ethyl acetate (95:5)
®rst gave the desired ketal alcohol 21 (0.332 g, 60%) as a
colourless liquid. IR(neat) nmax: 3519 cm21. 1H NMR
(300 MHz, CDCl3) d : 6.33 (d, J�8 Hz, 1H, ole®nic H),
6.11 (superimposed dd, J1�J2�8 Hz, 1H, ole®nic H),
4.22±4.14 (m, 1H, H±C±OH), 4.00±3.82 (m, 4H,
(CH2O)2), 2.60±2.47 (m, 2H, CH), 2.14 (dd, J1�11 Hz,
J2�6 Hz, 1H, CH), 1.78±1.67 (m, 1H, CH2), 1.64±1.36
(m, 4H, CH, CH2 and O H), 1.25 (s, 3H, CH3), 1.19±1.03
(m, 1H, CH2), 0.86 (d, J�7.5 Hz, 3H, CH3).

13C NMR
(75 MHz, CDCl3) d : 143.48, 129.56 (ole®nic carbons),
114.25, 75.10, 65.14, 63.43, 48.62, 47.80, 43.42, 41.24,
40.99, 35.99, 27.71, 20.82, 9.55. Mass (m/z): 250 (M1).

Further elution with petroleum ether-ethyl acetate (85:15)
furnished the ketal alcohol 22 (0.160 g, 29%) in minor
amounts, as a colourless solid which was recrystallized
from petroleum ether-ethyl acetate (92:8), mp 87±898C.
IR(nujol) nmax: 3362 cm21. 1H NMR (300 MHz, CDCl3)
d : 6.32 (dd, J1�8 Hz, J2�6.5 Hz, 1H, ole®nic H), 6.01 (d,
J�8 Hz, 1H, ole®nic H), 4.22 (br s, 1H, H±C±OH), 4.00±
3.82 (m, 4H, (CH2O)2), 2.67 (m of d, J�6Hz, 1H, CH), 2.58
(merged ddd, J1�10.5Hz, J2�5Hz, J3�2Hz, 1H, CH), 2.20
(q, J�8 Hz, 1H, H±C±CH3), 1.70±1.44 (series of m,
merged with the signal due to H2O present in CDCl3, 4H,
CH and CH2), 1.35 (d, J�9 Hz, 1H, O H), 1.21±1.05 (m,
merged with signal due to CH3, 4H, CH3 and CH2), 0.88 (d,
J�8 Hz, 3H, CH3).

13C NMR (75 MHz, CDCl3) d : 141.03,
131.50 (ole®nic carbons), 114.12. 76.33, 65.06, 63.44,
47.71, 46.11, 43.65, 41.43, 41.01, 35.83, 26.38, 21.29,
9.50. Mass (m/z) 250 (M1). Analysis Found: C, 71.62; H,
8.89%. Calcd, for C15H22O3: C, 72.00; H, 8.80%.

1,9-Dimethyl-endo-tricyclo[5.2.2.02,6]undeca-8-(1,3-dioxo-
lane)-10-en-3-one (23). To a suspension of PCC (1.376 g,
6.4 mmol) in dichloromethane (5 ml) was added a solution
of the alcohol 21 (0.8 g, 3.2 mmol) in dichloromethane
(10 ml). The reaction mixture was stirred at ambient
temperature (~308C) for 3 h (TLC). After which it was
charged on to a short column of silica gel and eluted with
ether. Removal of ether under vacuum gave a residue which
was chromatographed. Elution with petroleum ether-ethyl
acetate (80:20) yielded the ketone 23 as a colourless liquid
(0.77 g, 98%). IR (neat) nmax: 1729 cm21. UV (MeOH)
lmax: 295, 211 nm. 1H NMR (300 MHz, CDCl3) d : 6.23
(superimposed dd, J1�J2�8 Hz, 1H, ole®nic H), 6.00 (d,
J�8 Hz, 1H, ole®nic H), 4.02±3.81 (m, 4H, (CH2O)2),
2.97±2.87 (m, 1H, CH), 2.61 (m of d, J�6Hz, 1H, CH),
2.29 (d, J�10 Hz, 1H, CH), 2.10±1.94 (m, 3H, CH2),
1.69±1.56 (m, 1H, CH2),1.51 (q, 1H, J�7.5 Hz, CH), 1.32
(s, 3H, CH3), 0.98 (d, J�7.5 Hz, 3H, CH3).

13C NMR
(75 MHz, CDCl3) d : 222.38 (CO), 141.13, 129.94 (ole®nic
carbons), 113.08, 65.19, 63.58, 50.12, 48.00, 45.76, 42.70,
39.35, 35.38, 25.01, 20.52, 10.05. Mass (m/z): 248 (M1).

1,4,4,9-Tetramethyl-endo-tricyclo[5.2.2.02,6]undeca-8-
(1,3-dioxolane)-10-en-3-one (24). A solution of the ketone
23 (0.80 g, 3.22 mmol) in tbutyl alcohol (10 ml) was treated

with potassium tert-butoxide (2.70 g, 24.10 mmol) and
methyl iodide (5 ml, excess) as described earlier. Usual
work-up followed by chromatography [petroleum ether-
ethyl acetate, (97:3)] of the residue furnished the alkylated
product 24 (0.552 g, 62%) as a solid which was recrystal-
lized from petroleum ether, mp 99±1008C. IR (®lm) nmax:
1724 cm21. UV (MeOH) lmax: 300.4 (w), 207.2 (s) nm. 1H
NMR (300 MHz, CDCl3) d : 6.09±6.01 (m, 2H, ole®nic H),
4.04±3.83 (m, 4H, (CH2O)2), 2.92±2.86 (m, 1H, CH), 2.60±
2.50 (m, 2H, CH), 1.85 (dd, J1�13 Hz, J2�9 Hz, 1H, CH2),
1.50 (q, J�7.5 Hz, 1H, H±C±CH3), 1.41 (s, 3H, CH3), 1.26
(dd, J1�13 Hz, J2�9 Hz, 1H, CH2), 0.99 (s, 3H, CH3), 0.91
(s, 3H, CH3), 0.86 (d, J�7.5 Hz, 3H, CH3).

13C NMR
(75 MHz, CDCl3) d : 223.79 (CO), 141.88, 129.96 (ole®nic
carbons), 113.31, 65.27, 63.61, 48.77, 47.10, 46.44, 44.40,
41.53, 40.37, 32.51, 26.68, 22.31, 20.50, 9.84. Mass (m/z):
276 (M1). Analysis Found: C, 74.20; H, 9.03%. Calcd, for
C17H24O3: C, 73.91; H, 8.69%.

1,4,4,9-Tetramethyl-3-endo-hydroxy-endo-tricyclo-
[5.2.2.02,6]undeca-8-(1,3-dioxolane)-10-ene (25) and 1,4,
4,9-tetramethyl-3-exo-hydroxy-endo-tricyclo[5.2.2.02,6]-
undeca-8-(1,3-dioxolane)-10-ene (26). Sodium boro-
hydride (0.27 g, 7.24 mmol) was added in small portions
to a solution of compound 24 (0.50 g, 1.81 mmol) in tetra-
hydrofuran-water (90:10, 20 ml) and the reaction mixture
was stirred at ambient temperature (~308C) till the reaction
was complete (TLC, 9 h). The reaction mixture was concen-
trated under reduced pressure and the residue was diluted
with water (30 ml) and extracted with ethyl acetate
(3£25 ml). The combined extract was washed with water
(2£20 ml), brine (25 ml) and dried over anhydrous sodium
sulfate. Removal of solvent under vacuum followed by
chromatography of the residue [petroleum ether-ethyl
acetate (93:7)] ®rst gave the undesired alcohol 25 as a
colourless liquid (0.095 g, 19%) in minor amounts. IR
(neat) nmax: 3517 cm21. 1H NMR (300 MHz, CDCl3) d :
6.32 (d, J�8 Hz, 1H, ole®nic H), 6.04 (superimposed dd,
J1�J2�8 Hz, 1H, ole®nic H), 4.00±3.81 (m, 4H, (CH2O)2),
3.50 (dd, J1�12 Hz, J2�6 Hz, 1H, H±C±OH), 2.74±2.64
(m, 1H, CH), 2.52±2.41 (m, 2H, CH), 1.51 (q, J�7 Hz,
1H, H±C±CH3), 1.40 (dd, J1�12 Hz, J2�7.5 Hz, 1H),
1.29 (d, J�12 Hz, 1H), 1.25 (s, 3H, CH3), 1.04 (super-
imposed dd, J1�J2�12 Hz, 1H), 0.95 (s, 3H, CH3), 0.90
(s, 3H, CH3), 0.88 (d, J�7Hz, partly overlapped with
another signal, 3H, CH3). Mass (m/z): 278 (M1).

Further elution with petroleum ether-ethyl acetate (90:10)
furnished desired alcohol 26 as a colourless liquid (0.352 g,
70%). IR (neat) nmax: 3477 cm21. 1H NMR (300 MHz,
CDCl3) d : 6.16±6.04 (m, 2H, ole®nic H), 3.97±2.80 (m,
4H, (CH2O)2), 3.24 (dd, J1�8 Hz, J2�6 Hz, 1H, H±C±
OH), 2.68±2.56 (m, 1H, CH), 2.38 (m of d, J�6 Hz, 1H,
CH), 1.93 (dd, J1�11 Hz, J2�10 Hz, 1H, CH), 1.58 (q partly
overlapped with the signal due to H2O in CDCl3, J�8 Hz,
1H, H±C±CH3), 1.47 (dd, J1�12 Hz, J2�7.5 Hz, 1H, CH2),
1.26 (br d, J�6 Hz, 1H, O H), 1.20 (s, 3H, CH3), 0.97 (d,
J�11 Hz, 1H, CH2), 0.92 (s, 3H, CH3), 0.88 (s, 3H, CH3),
0.86 (d, J�8 Hz, 3H, CH3).

13C NMR (75 MHz, CDCl3) d :
141.95, 131.03 (ole®nic carbons), 114.04, 83.46, 65.18,
63.45, 48.03, 47.58, 44.01, 41.88, 41.26, 41.14, 36.84,
26.28, 21.24, 20.99, 9.37. HRMS: M1, Found, 278.1875.
C17H26O3 requires 278.1882.
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1,4,4,9-Tetramethyl-3-exo-hydroxy-endo-tricyclo[5.2.2.02,6]-
undeca-10-en-8-one (18). To a solution of ketal alcohol 26
(0.30 g, 1.07 mmol) in acetone-water (90:10, 10 ml)
mixture was added 3 drops of hydrochloric acid (50%)
and stirred for 3 h at ambient temperature (~308C). The
reaction was worked-up as described earlier and the residue
was chromatographed [petroleum ether-ethyl acetate,
(91:9)] to give the compound 18 as a colourless liquid
(0.226 g, 90%). IR(neat) nmax: 3460, 1716 cm21. UV
(MeOH) lmax: 295, 214 nm. 1H NMR (300 MHz, CDCl3)
d : 6.23 (d, J�8 Hz, 1H, gH of b ,g -enone moiety), 6.12
(superimposed dd, J1�J2�8 Hz, 1H, b H of b ,g -enone
moiety), 3.36 (dd, J1�9 Hz, J2�6 Hz, 1H, H±C±OH),
2.97 (m of d, J�6 Hz, 1H, CH), 2.57±2.45 (m, 1H, CH),
2.12 (dd, J1�12 Hz, J2�9 Hz, 1H, CH), 1.82 (q, J�8 Hz,
1H, H±C±CH3), 1.59 (dd, J1�12 Hz, J2�9 Hz, 1H, CH2),
1.43 (br d, J�6 Hz, 1H), 1.32 (s, 3H, CH3), 1.05 (d, J�8 Hz
overlapped with another multiplet, 4H, CH3 and CH2), 0.96
(s, 3H, CH3), 0.89 (s, 3H, CH3).

13C NMR (75 MHz, CDCl3)
d : 215.57(CO), 143.81, 127.97 (ole®nic carbons), 83.17,
53.17, 49.24, 47.51, 42.52, 41.64, 41.53, 39.59, 26.12,
21.19, 20.24, 10.83. HRMS: M1, Found 234.1616.
C15H22O2 requires 234.1620.

6,7,10,10-Tetramethyl-9-hydroxy tetracyclo[6.3.0.02,403,7]-
undeca-5-one (19). A solution of compound 18 (0.150 g,
0.64 mmol) in acetone (100 ml) was irradiated under nitro-
gen with a mercury vapour lamp (125 W, Applied Photo
Physics) in a Pyrex immersion well for about 1.5 h. Acetone
was removed in vacuo and the residue was chromato-
graphed. Elution with petroleum ether-ethyl acetate (92:8)
®rst gave the unchanged starting material (0.020 g). Con-
tinued elution with petroleum ether-ethyl acetate (90:10)
furnished the tetracyclic compound 19 (0.097 g, 65%) as a
solid which was recrystallized from petroleum ether-ethyl
acetate (97:3), mp 97±988C. IR (nujol) nmax: 3402,
1701 cm21. 1H NMR (300 MHz, CDCl3) d : 3.68 (dd, J1�
9.5 Hz, J2�6 Hz, 1H, H±COH), 2.34±2.17 (m, 3H), 2.08±
1.98 (m, 2H), 1.94 (dd, J1�13.5 Hz, J2�9.5 Hz, 1H), 1.59
(dd, partly merged with signal due to H2O present in CDCl3,
J1�9.5 Hz, J2�6 Hz, 1H), 1.47 (s, 3H, CH3), 1.30 (q,
J�7.5Hz, 1H), 1.24 (dd, J1�13.5 Hz, J2�6 Hz, 1H),1.05
(s, 3H, CH3), 0.89 (d, J�7.5 Hz, 3H, CH3), 0.82 (s, 3H,
CH3).

13C NMR (75 MHz, CDCl3) d : 215.07 (CO), 80.96,
59.84, 58.66, 50.38 (quaternary), 44.72, 42.35, 38.30, 38.17,
37.20, 37.11, 27.07, 21.26, 21.02, 8.86. Mass (m/z): 234
(M1). Analysis Found: C, 76.93; H, 9.63%. Calcd, for
C15H22O2: C, 76.92; H, 9.40%.

4,4,7,8-Tetramethyl-5-hydroxy tricyclo[5.3.1.02,6]undeca-
9-one (27). A solution of the tetracyclic keto-alcohol 19
(0.03 g, 0.128 mmol) in methanol (50 ml) was stirred at
room temperature with palladium on carbon (10%) in an
atmosphere of hydrogen (150 psi pressure) for 12 h in a
Parr autoclave. The catalyst was removed by ®ltration and
washed with methanol (15 ml). The ®ltrate was concen-
trated in vacuo and the residue was chromatographed on
silica gel. Elution with petroleum ether-ethyl acetate,
(88:12) yielded the compound 27 as a solid which was
recrystallized from petroleum ether-ethyl acetate (97:3),
mp 154±1558C (0.027 g, 99%). IR (®lm) nmax:
1689 cm21. 1H NMR (300 MHz, CDCl3) d : 3.36 (dd,
J1�9 Hz, J2�7.5 Hz, 1H, H±C±OH), 2.46±2.26 (m, 3H),

2.17 (q, J�9 Hz, 1H, CH), 2.00 (dd, J1�9 Hz, J2�3 Hz, 1H),
1.91±1.83 (m, 2H), 1.75±1.65 (m, 2H), 1.27 (br s, 1H), 1.20
(s, 3H, CH3), 1.01 (d, J�6 Hz, 3H, CH3), 0.99 (s, 3H, CH3),
0.92±0.84 (m, 1H), 0.83 (s, 3H, CH3).

13C NMR (75 MHz,
CDCl3) d : 212.34 (CO), 82.27, 56.94, 51.91, 49.40, 47.47,
44.21, 43.93, 43.37, 41.84, 39.64, 26.28, 20.07, 19.51, 8.61.
Mass (m/z): 236 (M1). Analysis Found: C, 74.61; H,10.36%.
Calcd, for C15H24O2: C, 76.27; H, 10.16%.

6,7,10,10-Tetramethyl-9-hydroxy tricyclo[6.3.0.03,7]-
undeca-5-one (20a & 20b). Tributyltin hydride (0.15 ml)
was added to a solution of tetracyclic compound 21 (0.05 g,
0.213 mmol) in dry benzene containing AIBN. The reaction
mixture was re¯uxed for 3 h (TLC) under an atmosphere of
nitrogen, after which it was brought to room temperature
(~308C). Benzene was removed under vacuum and the
residue was chromatographed on silica gel. Elution with
petroleum ether ®rst gave some tin impurities. Continued
elution with petroleum ether-ethyl acetate (88:12) furnished
the triquinane 20a (0.022 g, 44%) as a solid which was
recrystallized from petroleum ether-ethyl acetate (96:4),
mp 73±758C. IR (nujol) nmax: 3459, 1730 cm21. 1H NMR
(300 MHz, CDCl3) d : 3.60 (dd, J1�9 Hz, J2�7.5 Hz, 1H,
H±COH), 2.75± 2.36 (m, 3H), 2.19 (dq, J1�7.5 Hz,
J2�1.5 Hz, 1H), 1.96±1.84 (m, 2H), 1.80±1.71 (m, 2H).
1.60±1.49 (m, hidden under the signal due to H2O present
in CDCl3, 1H), 1.26 (s, 3H, CH3), 1.16±1.10 (m, 1H), 1.07
(d, J�7.5 Hz, 3H, CH3), 1.02 (s, 3H, CH3), 0.88 (s, 3H,
CH3).

13C NMR (75 MHz, CDCl3) d : 220.36 (CO), 81.03,
56.65, 52.93, 51.12, 50.13, 46.13, 45.91, 41.59, 39.56,
36.21, 26.78, 23.23, 19.95, 10.07. Mass (m/z): 236 (M1).

Further elution with the same solvent gave 20b (0.009 g,
17%) as a colourless solid which was recrystallized from
petroleum ether-ethyl acetate (94:6), mp 161±1628C (lit.17

mp 1628C). IR (nujol) nmax: 3502, 3467, 1724 cm21. 1H
NMR (300 MHz, CDCl3) d : 3.51 (dd, J1�8 Hz, J2�~6 Hz,
1H, H±COH), 2.76±2.64 (m, 1H), 2.40±2.16 (complex m,
3H), 2.0 (q, J�6 Hz, 1H), 1.83 (dd, J1�12 Hz, J2�9 Hz,
1H), 1.76±1.55 (m, 2H, partly hidden under signal due to
H2O in CDCl3), 1.30 (d, J�6 Hz, 1H, OH), 1.1 (m, 2H,
partly hidden under signals due to methyls), 1.03 (s, 3H,
CH3), 0.99 (s, 3H, CH3), 0.97 (d, J�6 Hz, 3H, CH3), 0.90
(s, 3H, CH3).

13C NMR (75 MHz, CDCl3) d : 220.88 (CO),
81.93, 57.39, 51.92, 51.80, 45.99, 43.43, 42.68, 41.26,
39.25, 37.40, 26.47, 19.48, 16.43, 7.94 Mass (m/z): 236
(M1). These spectral features are in good agreement with
the literature data.17
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