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Abstract: Starting from a seven-membered ring compound, the synthesis of the
tricyclic ketone (25) is described concluding a formal total synthesis of (%)
isoclovene, the major sesquiterpene from extensive rearrangement of
caryophyllene. Enroute, a facile base promoted epimerisation and consequent
ketone assisted hydrolysis of ketonitrile (12) under mild conditions was
observed.

Isoclovene (_1_)1, the sesquiterpene artifact isolated from the rearrangement panorama

5’lz)dodecane skeleton seldom

of caryophyllene encloses an unusual tricyclo(6.2.2.0
encountered in natural products or a-tiifacts. The structure and si:ereochemistry of (1) was
unravelled through x-ray crystallographic investigation2 of the corresponding
hydrochloride. Mechanistic proposals relating to mode of formation of (1) have also been

advanced3. Efforts relating to synthesis of (1) were earlier reported from 1:his4 and other
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laboratoriess. In a previous occasion4b we had detailed a strategy for the construction
of the tricyclododecane network present in (1). More recently its total synthesis has been
disclosed by others6 and our own studies7 have culminated in a formal synthesis. We

present herein the full details of our synthesis.

Our approach is presented retrosynthetically in Scheme-1. This envisaged the final
incorporation of the five-membered ring onto a properly functionalised
bicyclo(4.3.1)decane unmit which in turn entailed starting from a preformed seven-membered
ring compound, and was realised as follows. Propionaldehyde (2) was converted to the
aldehyde-ester (3) through condensation of the corresponding piperidino-~enamine8 with
ethyl acrylate. This was again converted to an enamine and a Michael reaction with
methyl vinyl ketone (MVK) followed by cyclisation furnished the cyclohexenone-ester (4)
in a satisfactory overall yield which was hydrogenated to the keto-ester (5). Ring
enlargement of (5) with ethyl diazoacetate in presence of triethyl oxonium fluoroborate’
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furnished the B-keto-ester (6) which was smoothly de-ethoxycarbonylated under
Krapcho'slo conditions to the cycloheptanone-ester (7). The ketone in (7) was next
protected as the ethylene-ketal and reduction of the ensued ketal-ester with lithium
aluminium hydride (LAH) to the alcohol (8) was followed by oxidation with PCC to the
ketal-aldehyde (9). Exposure of this aldehyde to acetic acid (90%) on a steam bath
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resulted in de-protection and concomittant internal aldol cyclisation to afford the bicyclic
1 the
hydroxy group in (10) should be disposed equatorially. The ketol (10) was well

ketol (10) (Scheme-2)., Based on well appreciated mechanism of the reaction

characterised from analytical and spectral data and additionally furnished a crystalline
acetate (11).

Having thus a ready route to the bicyclic ketol (10), we next addressed to further
transformations to develop the tricarbocyclic network of (1). To this end (10) was
converted to the keto-nitrile (12) through first formation of a toluene-p-sulphonate
followed by displacement with sodium cyanide. The assigned B-axial configuration for the
nitrile group in (12) follows from course of reaction and further from the 1H NMR
spectrum where the 0-hydrogen appeared as an unresolved multiplet at §3.4 whose W.}
9 Hz)12 value suggested an equatorial nature. At this juncture of the synthetic
programme, the keto-nitrile (12) was further harnessed to study the feasibility of
incorporating the remaining five-membered ring. To this end the derived ketal-nitrile (13)
was reacted with methyl lithium and the product de-protected to afford the diketone (14)
contaminated with traces of (12), as evidenced from the IR spectrum. Treatment of the
mixture of (14) and (12) with methanolic KOH led to clean cyclisation of (14) to furnish

the tricyclic ketone (15) as the neutral component (Scheme-3). This incorporates the
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tricarbocyclic framework of (1) and displayed characteristic peak in IR for
cyclopentenone at 1700 (:m-'1 and in the 1H NMR the olefin proton appeared as a doublet

at & 5.8. The stereochemistry of the newly created chiral centre stems from requirement
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of O-equatorial geometry of the side chain for cyclisation to lead to (15). The tricyclic
ketone (15) on standing displayed some unusual phenomonon which has already been
reported4c. From the alkaline portion of the above cyclisation was obtained on
acidification a crystalline keto-acid, arising from facile hydrolysis of traces of (12) and
assigned structure (16). This very easy hydrolysis of (12) to (16) provided the crucial
clue on which was based the successful synthesis of (1) as detailed later.

Encouraged by the success attending the assemblage of the tricarbocyclic unit of (1)
we turned our attention to incorporate the crucial methyl group o to the nitrile in (13).
It was assumed that methylation of the bicyclo(4.3.1)decane system of (13) will result in
the incoming methyl g'roup possessing the required B-axial configuration from preferential
attack from the more accessible Bf-face. Additional support for this tenet came from the
detailed studies on the hydrolysis profile of the keto-nitrile (12). This underwent very
easy hydrolysis with methanolic KOH (7%) to provide in excellent yield (16), m.p.
166°C. This ready hydrolysis of (12) clearly involves a base induced prior epimerisation
followed by participation from the proximal ketone. The corresponding methyl ester
(17) showed in the 4 NMR two singlets at 8 0.96 and 3.63 for the methyl and
methoxycarbonyl groups respectively. The ketal-nitrile (13) was totally unaffected under
the above conditions of mild hydrolysis (KOH/MeOH), but drastic hydrolysis in presence
of KOH in ethylene glycol under reflux followed by de-protection furnished a different
keto-acid, m.p. 98-99°C, isomeric with (16) and hence assigned the B-carboxylic acid
structure (18) (Scheme-4). The corresponding methyl ester (19) showed in the lH NMR
two singlets at § 0.93 and 3.63 for the methyl and methoxycarbonyl groups respectively.
Evidence in favour of assigned structures (16) and (18) was further secured from the
aromatic solvent induced shifts (ASIS) in the "H NMR of the corresponding methyl esters
(17) and (19). In the event when the solvent was changed from CCl4 to benzene in the



6836 Z. AHMAD et al.

1H NMR the methoxycarbonyl (19), situvated far behind the reference carbonyl plane
showed a pronounced upfield shift ( Agcéiié =§ C6H6- § CC14=-0.27 ppm) whereas that in

(17) showed oniy a low upfield shift( 4 é -0.03 ppm). Based on this the formation of
acid (18) can be explicated in terms of additional steric inhibition from the ketal group
which precludes epimerisation. Following on above cue, methylation of the ketal-nitrile
(13) using lithium diisopropylamide (LDA) as base furnished a single methylated nitrile
(20) in good yield (Scheme-4). The homogeniety was evident from the ]'H NMR (200 MHz)
which showed only two singlets for the methyl groups in (20) at 6 0.92 and 1.5. For

further confirmation a portion of this was de-protected and the resulting keto-nitrile
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subjected to the previous mild hydrolysis (KOH/MeOH), This furnished essentially a
neutral crystalline compound, m.p. 154-56°C, assigned the lactamol structure (21) from
analytical and spectral considerations. Since formation of (21) readily corroborated the
assigned structure to (20), no further studies on (21) were pressed for. The alkaline
portion from above hydrolysis furnished very small ( £ 10%) of an acidic material which
was treated with diazomethane to provide a methyl ester. This showed a molecular ion at
238 and in the 1H NMR a singlet at § 3.68 due to a methoxycarbonyl group. On this basis
has been assigned structure (23). On account of very low yield this could not be further
purified for a more detailed characterisation. Treatment of the ketal-nitrile (20) with
an excess of methyl lithium followed by de-protection and p.l.c. afforded the diketone
(24), initially as an oil. In course of time this solidified and crystallisation furnished a
solid, m.p. 72-73°C (1it.%® m.p. 73-74°C). Internal aldol cyclisation of this diketone
(24) yielded the tricyclic ketone (25) (Scheme-4) as a low melting solid, m.p. 49-
51oc15
not be further improved upon. The 1H NMR spectra of the diketone (24) and the tricyclic

. On account of difficulty in retaining this as solid and high solubility, this could

ketone (25) were fully consonant with authentic spectra. The diketone (24) and cyclised
(25) served as advanced intermediates in an earlier .synthesis()a of isoclovene (1), thus

constituting in the present case a formal total synthesis of this hydrocarbon.
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EXPERIMENTAL SECTION

Melting points and boiling points are uncorrected and melting points were taken in
open capillary in sulphuric acid bath or Reichert hot stage. Preparative layer
chromatography was performed using silica gel 60 HF, ., (E.Merck), plate thickness 1 mm.
UV spectra were measured in 95% ethanol solnhon %n Beckmann DU spectrophotometer
(manually operated) or Hitachi model 200-20 spectrophotometer. IR spectra were rfcorded
in CHCI, solution on a Perkin-Elmer 298 or Beckmann Acculab-4 instrument. 'H NMR
spectra were recorded against TMS as internal standard in CCl, solution at 60 MHz on a
Varian T-60A and in CDCl, &olution at 100 MHz on Jeol FX-100 afid at 200 MHz on a Varian
XL-200 spectrometers. Gas chromatography was carried out on a Shimadzu GC-9A model
using OV-17 on 1.5% shimalite W 80-100 Silanized column (6 m x 3 mn). Mass spectra were
recorded on a Hitachi RMU-6 Mass spectrometer at 70 ev. Petroleum ether refers to
fraction boiling in the range 60-80 C unless otherwise mentioned. General work-up involves
dilution with water, extraction with ether (unless otherwise mentioned), washing with
brine, drying and removal of solvent using a rotavapor. All organic extracts were dried
over anhydrous sodium sulphate.

Ethyl-4-formyl valerate (3):- A well—stirred mixture of piperidine (200 ml) and
anhydrous K,CO, (45 g) was cooled to 0 °C and propionaldehyde (2, 55 g, 950 mmol)
added dropwise. Stirring was continued for 2 h at room temperature, left overnight and
filtered under N,, and washed with dry ether. The filtrate was concentrated and residue
dissolved in dry thiophene free benzene (600 ml) under N,, cooled to 0°C and ethyl
acrylate (125 g, 1250 mmol) added dropwise with stirring. After addition the mixture was
stirred at room temperature for 4 h and refluxed for 36 h. To this mixture was next
added water (400 ml) and acetic acid (60 ml) and again refluxed for 8 h. The product
was cooled to room temperature, the organic layer separated, washed with brine,
hydrochloric acid (2N) and again with brine. The res1due left after removal of1 solvent
was fractionated to provide (3) (90 g, 60%), b.p. 88-90°C/8 mm; IR 1735 cm ~. Anal.
caled. for 08H14O3 C, 60.7; H, 8.9. Found: C, 60.6; H, 8.9.

Ethyl-3-(1-methyl-4-oxocyclohex-2-enyl)propionate (4):~ A mixture of (3) (85 g, 540
mmol), piperidine (73 ml, 740 mmol) and benzene (600 ml) was refluxed underN using a
Dean-Stark water separator till complete separation of water. The volume Jas reduced by
distilling off benzene (300 ml) from the flask. This was next cooled to 5°C and MVK (55
g, 780 mmol) was added dropwise with stirring. The mixture was left overnight and then
refluxed for 16 h, cooled to room temperature, acetic acid (70 ml) added and refluxed
for another 6 h. The product was washed with brine, hydrochloric acid (2N) and again
with brine. Benzene was removed and the residual liquid distilled to furnish 1(4)1(69 '8
60%), b.p. 125-135°C/0.8 mm. UV 226 nm € 13,140. IR 1730, 1675 cm . "HNMRS
(CCl4) 1.2 (s, 3H), 1.28 (t, J 7 HE3X3H), 4.04 (g, J 7 Hz, 2H), 5.74 (4, J 10 Hz, 1H),
6.55°(d, J 10 Hz, 1H). Anal. calcd. for chH1803= C, 68.5; H, 8.6. Found: C, 68.4; H,8.7.
Ethyl-3-(1-methyl-4-oxocyclohexyl)propionate (5):- The above unsaturated keto-ester (4)
(50 g) was hydrogenated in ethanol (200 ml) in presence of Pd-C (2 g, 10%). The product
was flltered solvent removed and the resxdue dfstilled. The keto-ester (5) passed over
at 125-130°C/0.5 mm (48 g, 96%); IR 1725 cm H NMR G(CCl 1.07 (s, 3H), 1.24 (¢, J

)
7 Hz, 3H), 4.05 (q, J 7 Hz, 2H). Anal. caled. for C,,H,.0.: &, 67.9; H, 9.5, Found: C,
67.8; H, 9.4. 12720°3°

Ethyl-3-(1-methyl-4-oxocycloheptyl)propionate (7):~  Freshly prepared triethyl oxonium
fluoroborate (16.7 g, 88 mmol) was dissolved in CH Cl (150 ml) under Nz. The solution
was cooled to 0°C and the keto-ester (5) (10.6 g, %0 mmol) in CH,Cl, (25 ml) was
added. The reaction mixture was stirred for 3-4 min and then ethyl dizzoacetate (10.1 g
95 mmol) oadded dropwise. After addition was complete the mixture was stirred for 3 h
more at 0 C. The reaction was quenched with saturated aqueous NaHCO., (150 ml). After
stirring fdr half hour CH,Cl, layer was separated, washed several timés with water and
dried (CaCl,). On removaf otz the solvent the material was distilled. The B-keto~ester (6)
(12 g, 80%) was collected at 165-175°C/0.2 mm. It gave a deep violet colour with
alcoholic ferric chloride solution. Anal. caled. for C, H, 0_.: C, 64.4; H, 8.8. Found: C,
64.6; H, 8.7. 1672675°
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A mixture of the B-keto-ester (6) (19.3 g, 66 mmol), DMSO (100 ml), NaCl (6 g)
and water (3.5 ml) was stirred and heated at 165°C in an oil bath for 6 h. The reaction
mixtyre was cooled and worked-up with petroleum ether (80-100°C) and ether 54:1).
Distillation of the residue furpished the keto-ester (7) (12.5 g, 85%), b.p. 123-29°C/0.4
mm. IR 1725, 1690 cm '; "H NMR §(CCl,) 0.90 (s, 3H), 1,21 (t, J 7 Hz, 3H), 4.06 (q, J
7 Hz). Anal. calcd. for C13H2203:KC, 69.0; H, 9.8. Found: C, 68.8, H, 9.9.

3-(1—Methyl-4-ethylenedioxy cycloheptyl)propionaldehyde (9):~ A mixture of keto-ester
(1) (16 g, 70 mmol), benzene (200 ml), ethane diol (9.5 g, 150 mmol) and toluene-p-
sulphonic acid (0.2 g) was refluxed for 25 h using a Dean-Stark watér separator. It was
cooled, washed with aqueous Na,CO, and brine and fractionated to _?btai'n the
corresponding ketal-ester (17 g, 851). b.p. 133-142°C/0.4 mm. IR 1725 cm ; "HNMR S
(ccly) 0.91 (s, 3H), 1.21 (t, J 7 Hz, 3H), 3.78 (s, 4H), 4.02 (q, J 7 Hz, 2H).

To a stirred slurry of LAH (2.8 g, 75 mmol) in ether (200 ml) was added dropwise
a solution of the above ketal-ester (27 g, 95 mmol) in ether (50 ml). After addition a
further volume of ether (100 ml) was added and the whole mixture refluxed for 4 h. It
was then decomposed with saturated aqueous sodium sulphate, ethereal layer decanted,
dried and the produft fractionated to furnish the ketal-alcohol (8) (21 g, 99%), b.p.
109-114°C/0.01 mm. 'H NMR § (CCI4) 0.91 (s, 3H), 3.1 (br s, 1H, exchangeable with
DZO)’ 3.5 (¢, J 6 Hz, 2H), 3.78 (s, 4H). Anal. calcd. for C13H2403= C, 68.4; H, 10.6.
Found: C, 68.6; H, 10.6.

To a mechanically stirred suspension of PCC (25.8 g, 120 mmol) in CH,Cl, (250 ml)
was added the above ketal-alcohol (8) (15.9 g, 70 mmol) in CH,CL, (4 nAl) in one
portion. After 2 h, dry ether (200 ml) was added and the superna an% liquid decanted.
The insoluble residue was washed with ether. The combined organic extract was
congentrated and distilled X 1.fford the ketal-aldehyde (9) (11.05 g, 70%), b.p. 104~
109°C/0.01 mm. IR 1730 em ; "H NMR § (CCl 0.90 (s, 3H), 3.78 (s, 3H), 9.66 (t, J2 Hz,

)
1H). Anal. caled. for C 4H,,0,: C, 69.0; H, 4.8. Found: C, 68.7; H, 10.0.

18 -Methyl-7 a-hydroxybicyclo(4.3.1)decan-5-one (10):- A solution of the ketal-aldehyde
(9) (7.5 g, 33 mmol) in acetic acid (40 ml, 90%3) was heated on a boiling water-bath for
3 h. It was worked~up after neutralising with Na,CO, and residue gist led. The ketol
(10) was collected at 101-104°C/0.2 mm. (4.8 g, B0%). IR 1690 cm ; 'H NMR & (CCL,)
0.92 (s, 3H), 3.4 (q, J 6 Hz, 1H), 3.63 (s, 1H, exchangeable with DZO)' Anal. calcé.

for C11H1802= C, 72.5; H, 9.9. Found: C, 72.5; H, 10.2.

The acetate (11) was prepared from (10) and acgtic anhydride and py_riidixie, and
crystallised from benzene - petroleum ether, m.p. 83°C. IR 1730, 1690 cm °, "HNMRS
(cci,) 0.9t (s, 3H), 1.9 (s, 3H), 4.2 (m, IH). Anal. caled. for CI3H2003= C, 69.6; H,
9.0. 'Found: C, 69.4; H, 9.1.

1B-Methyl-78 —cyanobicyclo(4.3.1)decan-5-one (12):- To an ice-cooled solution of the ketol
(10) (3 g, 16.5 mmol) in pyridine (30 ml), toluene-p-sulphonyl chloride (4.2 g, 22.5
mmol) was added and the mixture stirred overnight at room temperature. Next day it was
warmed at 60-70°C for 2 h. Work-up afforded a gummy residue which solidified on
scratching. The tosylate was crystallised _flrom benzene-petroleum ether, (4.3 g, 84%),
m.p. 84-87°C, IR 1700, 1600, 1175, 1100 cm .

To a solution of the above keto-tosylate (3.6 g, 11.1 mmol) in anhydrous DMSO (35
ml) NaCN (0.75 g, 15mm013 was added and the mixture stirred at room temperature for 12
h and then warmed at 75°C for 4 h. Work-up with petroleum ether-ether (3:1) followed
by distillati.og1 af{orded the keto-nitrile (12) (1.5 g, 70%), b.p. 98-102°C/0.2 mm. IR
2215, 1690 cm ~, "H NMR §(CCl,) 0.95 (s, 3H), 3.4 (m, 1H). Anal. caled. for CIZHUON:
C, 75.4; H, 8.9, Found: C, 75.2; H, 9.1.

18-Methyl-5-ethylenedioxy-78-cyanobicyclo(4.3.1)decane (13):- Prepared from keto nitrile

(12) (1.51 g, 7.8 mmol) follow%ng procedure adopted o 7) to afford the ketal-nitrile
(I3) (1.53 g, 85%), b.p. 120-25°C/0.3 mm. IR 2215 ecm ; "H NMR § (CCl,) 0.95 (s, 3H),

ajs(rs, 1H), 3.86 (s, 4H). Anal. calcd. for C14H2102N: C, 71.5; H, 9.0. Found: C, 71.5,



Stereocontrolled synthesis of (1) 1soclovene 6839

1B-Methyl-88 H-cis-tricycla(6.2.2.0°*?)dodec-5-en-T-one (15):~ Methyl lithium [ptepared

from Li (0.56 g, 80 mmol) and methyl iodide (5.6 g, 20 mmol) in ether (20 ml)] was

added dropwise to a stirred solution of the ketal-nitrile (13) (0.94 g, 4 mmol) in ether

{29 ml) kept in a freesing mixture under N,. The rectien mixture was stirred at reem

temperature for 24 h and refluxed for 3 h. It was then decomposed with saturated

aq_uqous NH,Cl and worked-up. The product showed in the IR 2210 (low intensity), 1710
m . ‘This was directly used for the next step.

The above crude product was de-ketalised by heating in a.cet1c acid (10 ml, 80%) for
3 h. Work-up as for (10) afforded a lmuid material which was evaporatively distilled at
84-86°C/0.1 mm (bath temp.) to furnish ¢ e ?-;ne (14) containing traces of (12) (0.69
g). IR 2215 (low intensity), 1710, 1690 cm 1, NMR S(CCI) 0.90 (s, 3H), 2.13 (s, ).

A mixture of (14) and (12) as above (1 g) was mixed w1th methanolic KOH (7%) and
refluxed for 3 h under N,. Work-up followed by evaporative’ distillation of the residue
afforded the tricyclic ketone (15) (0.6 g, 65%), b.p. 120-25 °C/0.02 mm (bath temp.);
uv 242 nm, €10,480; IR 1700, 1620 e¢m ; "H NMR § (CCl,) 0.91 (s, 3H), 5.8 (d, J2Hz,
1HP 2 Anal. caled. for Cy3H,g0t C, 82.1; H, 9.5. Found: 'C, 82.4; H, 9.5.

1 B-Methyl-5-oxo-7 d-carboxybicyclo(4.3.1)decane (16):- The alkaline fraction from the
above cyclisation step was acidified with dilute hydrochloric acid and worked-up. This
furnished (16) ((9 .008 g) as a colourless solid and was crystallised from benzene—petroleum
ether, m.p. 166°C.

The same acid (16) was obtained in 85% yield from direct hydrolysis of ]fetol-mtri.le
(12) under the above conditions (MeDH/KOH, 7%, reflux 3 h), IR 1700 cm ; HNMRS
(CDC1,, 60 MHz) 0.92 (s, 3H), 8.5 (br s, 1H). Anal. calcd. for C H1803 C, 68.5; H,
8.6. ound C, 68.6; H, 8.4. HRMS required for C12 18 210.1255; 1Eound. 210.1264.

Methyl ester (17) (from diazomethane) was pur1f1ed by p.l.c. IR 1725, 1690 cm-l;
1H NMR 6(CCl,) 0.96 (s, 3H), 3.63 (s, 3H). Using benzene as solvent this showed peaks

at §0.63 (s, 3ﬁ) 3.60 (8, 3H). Anal. calcd. for Cl3 2003 C, 69.6;H, 8.9. Fard: C, 69.5; H, 9.1.

lS-Methyl-S-oxo—'l B—carboxybicyclo(4.3 1)decane (18):- A mixture of the ketal-nitrile
(13) (0.475 g, 2mmol) and KOH (1.12 g) in ethylene glycol (11.5 ml) was refluxed forléh.
The reaction mixture was diluted with ' water and extracted once with ether. The alkaline
fraction was acidified with dilute hydrochloric acid and left for 1 h at room
temperature. It was then worked-up to furnish (18) as a colourless solid (0. ?4 & 82%).
and crystallised from ether-petroleum ether, m.p. 98-99°C, IR 1700 cm '; 'H NMRS
(CDCl,, 60 MHz) 0.93 (s, 3H), 9.0 (br s, 1H). HRMS requu'ed for CIZH1803 210.1255;
Found? 210.1259. 1

Methyl ester (19) (from diazomethane) was purified by p.l.c. IR 1725, 1690 cm ;
1H NMR 6§ (CCl,) 0.93 (s, 3H), 3.63 (s, 3H). Using benzene as solvent this showed peaks
at §0.73 (s, 3H), 3.36 (s, 3H).

18 -7B8 ~Dimethyl-5-ethylenedioxy-7 o —cyanobicyclo(4.3.1)decane (20):- To a magnetically
stirred solution of diisopropylamine (2.6 g, 25 mmol) in ether (40 ml) under N, was
added n-butyl lithium (15 ml of 1.6 M solution in hexane, 25mmol) at 0°C followed after
15min by a solution of ketal-nitrile (13) (1.18 g, Smmol) in ether (5ml) at -20°C. After
stirring for 15 min methyl iodide (3.5 g, 25mmol) was added at a_ moderately rapid rate
at the same temperature. Stirring was allowed to continue at -20°C for 0.5 h and then
brought ' to room temperature and stirred for 15 min. Work-up followed by careful
dlstlllatlon of the residue afforqed the methylated ketal-nitrile (20) (1.01 g, 80%); b.p.
120-30°C/0.1mm. IR 2215 cm H NMR § (200 MHz) 0.92 (s, 3H), 1.5 (s, 3H), 3.96 (s,
4H) .Anal. caled. for C15 23 N C, 72.2; H, 9.2. Found: C, 72.1; H, 9.2.

18 -7 B -Dimethyl-4 B-hydruxy—4d -amino-7 @ —carboxybicyclo(4.3.1)decane lactam (21):- A
mixture of the ketal-nitrile (20) (0.25 g, 1 mmol) and acetic acid (1.2 ml, 80%) was
heated on a steam bath for 3 h. Work—u_a asl for (10) afforded a keto-nitrile (0.15 g),
b.p. 100-10 C/O 2 mm. IR 2220 1695 cm ;3 H NMR & (200 MHz) 0.97 (s, 3H), 1.51 (s,
3H). GC Rt 3.48 min at 150 C 98.9%.

The above product was mixed with methanolic KOH (7%) and refluxed for 3 h.
Work-up furnished the lactamol (21) (o0.11 g, 810%)1, crystallised from ethyl acetate-
petroleum ether, m.p. 155- 56°C. IR 3400, +1(‘:90 cn ; "H NMR §(CDCl,) 0.89 (s, 3H), 1.22
(s, 3H), 7.08 (br s, 1H); MS, m/z 223 M . Anal. calcd. for CBHZI&ZN C, 69.9; H, 9.4.
Found: C, 69.6; H, 9.5.
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The alkaline fraction from above hydrolysis was acidified with dilute hydrochloric
acid and extracted with ether. The product was subje_ﬁted to p.l.c. (benzené-petroleum
ether 1:9) to afford acid (22) (0.026 g). IR 1700 cm ~. This was treated with diazo-
methane to furnis_l:i ap ester, assigned (23) which ghowed the following spectral f{eatures,
IF 1P, 1890 an ;W MM 3{CDCL,; 0.3% (s, WY, 348 s, JEF, NS, @iz 336 M,

[ B, T5~Dimethyi-5-oxo-T0 -acetyibicycio(4.3. fjdecane (Z4j:- Methyl ifthium [prepared
from Li (0.42 g, 60 mmoI) and methyl iodide (4.2 g, 30 mmol) in ether (20 mIj] was
added drop-wise to a stirred soiution of the kefal-nitrile (20) (0.75 g, 3 mmol}j in ether
(20 ml) cooled by an ice-sait bath under N,. The reaction mixture was stirred-overnight
at room temperature and then refluxed for 3 h. it was_fiecfmposed' with saturated aqueous
NH,Cl and work-up. The product showed IR 1710 em ; "H NMR 6 (CCl,) 0.95 (s, 3H),
1.13 (s, 3H). 2.0 (s. 3H). 3.8 (s. 4H). This was directly de-ketalised by heating on a
steam bath with acetic acid (90%) for 3 h. Work-up as for (10) furnished an oil which
was evaporatively distilled at 100-110°C/0.1 mm (bath temp.). This : material was
subjected to p.l.c. (benzene-ethyl acetate 1:1) to afford the diketone (24) (0.40 g, 60%)
as_an oil 6¥hi;:h eventuallgo dolidified. It was cicystallised from petroleumether. m.p. 72~
73°C (lit.” ", m.p. 73.5-74°C). IR 1700 em "; "H NMR § (CDCL,) 0.95 (s, 3H), 1.06 (s,
3%}, Z.05 (s, 5%j; M5, mrz ZZZ #; GC R, 8.09 av 80C, ¥, Amai. caled. for
C14fip,0,: T, T5.6: H, 9.9. Found: T, 75.4; H, 10.8.

lB.88-Dimethyl—e_ig~tricyc10(6.2.2.05'ﬁ)dodec—-5-en-7-one (25):~ A mixture of the diketone
(24) (0.38 g. 1.7 mmol) and methanolic KOH (1.5 ml. 7.5%) was refluxed for 3 h under
N3. Work-up furnished an oil which was subjected to p.l.c. (benzene) to furnish the
tricyclic ketone (25) (0.22 g, 65%), b.p. 110-15°C/0.2 mm. On keeping for a few days
this solidified, m.p. 49-5I"C. OV Z44,5 nm. IR I690, I6I0 _cm ~; H NMRE(CIUI,J 0.9
(s, 3H), 1.1 (s, 3H), 6.01 (4, J 2.8, 1H). GC R, 1.99 at 210°C, 98.6%. MS, m/z°204M.
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