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A total synthesis of functionalised 8,14-seco steroids with five- and six-membered D rings is
described. The synthesis is based on the transformation of (S)-carvone into a steroidal AB
ring moiety with a side chain at C-9 that allowed the creation of a nitrile oxide at this posi-
tion. The nitrile oxides were coupled with cyclic enones or enol derivatives of 1,3-diketones,
and reductive cleavage of the obtained cycloadducts gave the desired products. The forma-
tion of a twelve-membered ring compound was observed in cycloaddition of one of the
nitrile oxides with cyclopentenone as the result of an intramolecular ene-reaction followed
by retroaldol reaction.
Key words: Steroids; Secosteroids; Isoxazoles; Isoxazolines; Nitrile oxides; Carvone;
Terpenoids; Total synthesis.

Total synthesis of steroids has been a subject of interest for a long time1–4.
First of all, this gives a possibility to get access to steroids with unusual skel-
etons. Second, functional groups can be introduced to many positions that
are difficult to functionalise starting from natural skeletons. Secosteroids
are good examples5–10 of and total synthesis is often the method of choice
for their preparation11–14. The total synthesis of homochiral products cre-
ates an extra problem. We would like to report on an enantioselective ap-
proach to 8,14-secosteroids 3 starting from (S)-(+)-carvone15 (1) via AB ring
moiety (2) (Scheme 1). Chiral cyclohexenone derivatives are known to be
used for the preparation of similar AB rings fragments16,17. Coupling of 2
with D ring moiety was achieved using the dipolar cycloaddition18 of the
nitrile oxide group with cyclopentane and cyclohexane derivatives. This ap-
proach allows not only to combine the AB and D moieties, but also to in-
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troduce additional functional groups at C-12, C-14, and C-17, the positions
that are often functionalised in the molecules occurring in nature.

EXPERIMENTAL

Infrared spectra (wavenumbers in cm–1) were recorded on a UR-20 spectrometer. 1H NMR
spectra were measured on a Bruker AC-200 in CDCl3 solutions with tetramethylsilane as in-
ternal standard for 1H (200 MHz) and 13C (50 MHz) spectra. Chemical shifts are reported in
ppm (δ-scale) and coupling constants (J) are in Hz. Mass spectra were recorded on a GC-MS
HP5890 spectrometer with mass-selective detector HP5970B (energy of ionising electrons
70 eV). Column chromatography was performed on Merck silica gel 60. Reactions were
monitored by TLC silica gel plates (Merck Kieselgel 60F254) and visualisation of the com-
pounds was accomplished by UV light, and/or spraying with an acidic anis aldehyde solu-
tion.

(1R,8aR)-6,6-Ethylenedioxy-3-isopropylidene-8a-methyl-1,2,3,5,6,7,8,8a-octahydro-
naphthalene-1-acetonitrile (5)

To a solution of nitrile19 4 (0.20 g, 0.8 mmol) in diethyleneglycol (4 ml), KOH (0.18 g,
3.2 mmol) was added and the mixture was heated at 140 °C for 1.5 h. Then it was diluted
with water, extracted with ether, and the extract was dried and evaporated. The residue was
chromatographed on silica gel (hexane–EtOAc 1 : 1) to give nitrile 5 (0.19 g; 95%), m.p.
139–141 °C (hexane–ether). 1H NMR: 1.00 s, 3 H (Me-8a); 1.76 s, 3 H and 1.78 s, 3 H
(=CMe2); 3.96 brs, 4 H (-OCH2-CH2O-); 6.18 s, 1 H (H-4). 13C NMR: 17.0 q, 18.7 t, 19.7 q,
20.7 q, 28.6 t, 31.0 t, 35.8 t, 36.6 s, 41.8 t, 42.8 d, 64.4 t, 64.5 t, 109.0 s, 119.7 s, 122.9 d,
125.5 s, 127.1 s, 138.2 s. IR (KBr): 2 245, 1 650, 1 630, 1 450, 1 380, 1 120, 1 110.

(1R,8aR)-6,6-(Ethylenedioxy)-8a-methyl-3-oxo-1,2,3,5,6,7,8,8a-octahydro-
naphthalene-1-acetonitrile (6)

A mixture of the compound 5 (0.70 g, 2.43 mol) and NaHCO3 (0.5 g) in MeOH (40 ml) and
CHCl3 (40 ml) was ozonised at –75 °C. After the reaction was complete, argon was passed
through the reaction mixture and then dimethyl sulfide (7 ml) was added. The temperature
was allowed to rise to ambient, then the solvent was evaporated, and the residue was
chromatographed on silica gel (hexane–EtOAc 1 : 3) to give the enone 6 (0.38 g; 60%), m.p.
173–175 °C (hexane–EtOAc). 1H NMR: 1.16 s, 3 H (Me-8a); 3.97 m, 4 H (-OCH2-CH2O-);
5.82 s, 1 H (H-4). EI MS, m/z (%): 261 (2, M), 207 (1), 193 (4), 149 (2), 121 (1), 105 (2), 100 (7),
99 (100), 91 (6), 79 (5), 77 (6), 55 (15).
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(1S,8aR)-6,6-(Ethylenedioxy)-3α-isopropenyl-8a-methyl-1,2,3,5,6,7,8,8a-octahydro-
naphthalene-1-carbaldehyde (7a)

To a stirred solution of nitrile 4 (1.0 g, 3.5 mmol) in dry toluene (30 ml), a 1 M solution of
diisobutylaluminium hydride in toluene (5.4 ml) was added dropwise at –78 °C. Stirring was
continued for 10 min, then 1 drop of water was added, and the temperature was allowed to
rise to ambient. The mixture was treated with 5% oxalic acid, dried, and evaporated. The
residue was chromatographed on silica gel (hexane–EtOAc 10 : 1) to afford the aldehyde 7a
(0.75 g; 75%), m.p. 102–104 °C (hexane–ether). 1H NMR: 0.98 s, 3 H (Me-8a); 1.76 s, 3 H
(-C(=CH2)CH3); 3.96 brs, 4 H (-OCH2CH2O-); 4.78 s, 1 H and 4.90 s, 1 H (=CH2); 5.31 d, 1 H,
J = 5.4 (H-4); 9.64 brs, 1 H (CHO). IR (KBr): 1 730, 1 660, 1 450, 1 420, 1 370, 1 110.

(1R,8aR)-3β-(tert-Butyldimethylsilyloxy)-6,6-(ethylenedioxy)-8a-methyl-
1,2,3,5,6,7,8,8a-octahydronaphthalene-1-acetaldehyde (7b)

To a stirred solution of the enone 6 (0.40 g, 1.5 mmol) in EtOAc (6 ml) and EtOH (1.5 ml),
NaBH4 (60 mg, 1.5 mmol) was added in small portions at 0 °C. Stirring was continued
for 10 min and then the excess of NaBH4 was decomposed by addition of 5% acetic acid.
The mixture was extracted with CHCl3 and the extract was washed with water, dried, and
evaporated. The residue was chromatographed on silica gel (hexane–EtOAc 1 : 4) to give
(1R,8aR)-6,6-(ethylenedioxy)-3β-hydroxy-8a-methyl-1,2,3,5,6,7,8,8a-octahydronaphthalene-
1-acetonitrile (0.36 g; 90%) as an oil. 1H NMR: 1.02 s, 3 H (Me-8a); 3.97 brs, 4 H
(-OCH2-CH2O-); 4.36 m, 1 H (H-3); 5.40 brs, 1 H (H-4). IR (KBr): 3 510, 2 230, 1 610, 1 460,
1 300. This product was converted into its tert-butyldimethylsilyl derivative without further
purification.

To a solution of the obtained alcohol (0.70 g, 2.7 mmol) in DMF (2.5 ml), imidazole
(0.55 g, 8.1 mol) and tert-butyldimethylsilyl chloride (557 mg, 3.7 mmol) were added. The
mixture was stirred at room temperature for 2 h, treated with water (10 ml), and extracted
with CHCl3. The organic layer was washed with water, dried, and evaporated. The residue
was chromatographed on silica gel (hexane–EtOAc 1 : 4) to give (1R,8aR)-6,6-(ethylene-
dioxy)-3β-(tert-butyldimethylsilyloxy)-8a-methyl-1,2,3,5,6,7,8,8a-octahydronaphthalene-1-
acetonitrile (0.95 g; 94%) as an oil. 1H NMR: 0.10 s, 6 H (SiMe2); 0.90 s, 9 H (SiCMe3);
1.04 s, 3 H (Me-8a); 3.97 m, 4 H (-OCH2-CH2O-); 4.36 m, 1 H (H-3); 5.32 d, 1 H, J = 1.5
(H-4). IR (KBr): 3 500, 2 230, 1 610, 1 420, 1 370, 1 300.

The obtained nitrile was transformed into the title compound 7b as described for the al-
dehyde 7a in 68% yield, m.p. 118–120 °C (hexane–ether). 1H NMR: 0.04 s and 0.06 s, 6 H
(SiMe2); 0.90 s, 9 H (SiCMe3); 1.04 s, 3 H (Me-8a); 3.98 m, 4 H (-OCH2-CH2O-); 4.36 m, 1 H
(H-3); 5.30 brs, 1 H (H-4); 9.78 m, 1 H (CHO). IR (KBr): 1 730, 1 600, 1 460, 1 370, 1 310.

(1R,3S,8aR)-6,6-(Ethylenedioxy)-3α-isopropenyl-8a-methyl-1,2,3,5,6,7,8,8a-octahydro-
naphthalene-1-acetaldehyde Oxime (8a)

To a solution of aldehyde 7a (0.53 g, 1.83 mmol) in pyridine (2 ml), hydroxylamine hydro-
chloride (0.382 g, 5.49 mmol) was added. The mixture was kept at room temperature for
1.5 h, diluted with water, and extracted with ether. The organic layer was dried and evapo-
rated. The residue was chromatographed on silica gel (hexane–EtOAc 1 : 1) to afford a mix-
ture of (Z)- and (E)-oximes 8a (0.54 g; 96%), m.p. 93–95 °C (hexane–ether). 1H NMR: 0.97 s
and 1.00 s, 3 H (Me-8a); 1.74 s and 1.76 s, 3 H (-C(=CH2)CH3); 3.96 brs, 4 H (-OCH2-CH2O-);
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4.84 brs, 1 H and 4.96 brs, 1 H (=CH2); 5.26 d, 1 H, J = 4.8 (H-4); 6.64 t, 0.5 H, J = 5.4 and
7.30 m, 0.5 H (CH=NOH); 8.40 brs, 1 H (CH=NOH). IR (KBr): 3 500, 1 620, 1 420, 1 410,
1 360, 1 110. EI MS, m/z (%): 277 (3), 276 (14), 247 (3), 214 (2), 185 (2), 157 (2), 143 (5),
133 (3), 105 (10), 100 (21), 99 (100), 91 (13), 55 (35).

(1R,8aR)-3β-(tert-Butyldimethylsilyloxy)-6,6-(ethylenedioxy)-3-isopropylidene-
8a-methyl-1,2,3,5,6,7,8,8a-octahydronaphthalene-1-acetaldehyde Oxime (8b)

Title compound 8b was prepared from 7b by the procedure described for the oxime 8a and
obtained in 96% as an oil. 1H NMR: 0.08 s, 6 H (SiMe2); 0.91 s, 9 H (SiCMe3); 1.06 s and
1.08 s, 3 H (Me-8a); 3.96 m, 4 H (-OCH2-CH2O-); 4.32 m, 1 H (H-3); 5.32 brs, 1 H (H-4);
6.83 t, 0.5 H, J = 6.0 and 7.40 dd, 0.5 H, J = 8.4, 6.6 (CH=NOH); 8.06 brs, 0.5 H (CH=NOH).
IR (KBr): 1 610, 1 460, 1 370, 1 310.

3,3-(Ethylenedioxy)-4′,5′-dihydro[1′,2′]oxazolo[3′,4′,5′:12,13,17a]-7α-isopropenyl-
8,14-seco-17a-homo-18-norandrost-5-en-14-one (10)

To a stirred suspension of N-chlorosuccinimide (110 mg, 0.82 mmol) and a catalytic amount
of pyridine in chloroform (1 ml), a solution of the oxime 8a (100 mg, 0.32 mmol) in chloro-
form (3 ml) was added. Stirring was continued at room temperature for 1 h, and then a solu-
tion of cyclohex-2-en-1-one (460 mg, 4.8 mmol) and triethylamine (0.10 ml, 0.82 mol) in
chloroform (1 ml) was added dropwise in 4 h. The mixture was left overnight, diluted with
water, and extracted with ether. The extract was dried and evaporated. The residue was
chromatographed on silica gel (hexane–EtOAc 1 : 1) to give the isoxazoline 10 as a mixture
of diastereomers (64.5 mg; 50%), m.p. 145–147 °C (hexane–EtOAc). 1H NMR: 1.00 s and
1.04 s, 3 H (3 × 19-H); 1.62 s, 3 H (-C(=CH2)CH3); 3.52 m, 1 H (H-17a); 3.92 brs, 4 H
(-OCH2-CH2O-); 4.76 brs, 1 H and 4.88 brs, 1 H (=CH2); 5.30 m, 2 H (H-6 and H-13). IR
(KBr): 1 745, 1 490, 1 370, 1 100.

1,3-Dipolar Cycloaddition of Nitrile Oxide 9a with Cyclopent-2-en-1-one

To a stirred solution of the oxime 8a (270 mg, 0.88 mmol) and a catalytic amount of
pyridine in chloroform (8 ml), N-chlorosuccinimide (585 mg, 4.4. mmol) and cyclopent-
2-en-1-one (480 mg, 5.85 mmol) were added. Then a solution of triethylamine (0.66 ml,
4.4 mmol) in chloroform (3 ml) was added during 5 h. The mixture was kept at room tem-
perature overnight, diluted with water, and extracted with ether. The extract was dried and
evaporated. The residue was chromatographed on silica gel (hexane–EtOAc 1 : 1) to give the
compound 15 as a mixture of diastereomers (120 mg; 35%), m.p. 141–143 °C (hexane–
EtOAc). 1H NMR: 1.00 s, 3 H (3 × 19-H); 2.90 m, 2 H (2 × H-13); 3.50 m and 3.86 m, 1 H
(H-14); 3.92 brs, 4 H (-OCH2-CH2O-); 5.04 brs, 1 H (H-6); 5.20–5.40 m, 2 H (=CH2). IR (KBr):
1 700, 1 670, 1 610, 1 430, 1 370. One of the diastereomers of 15 was isolated as a separate
compound. Its 13C NMR: 16.9 q, 25.9 t, 27.1 t, 28.4 t, 29.6 t, 31.0 t, 35.4 t, 38.1 s, 39.3 t,
39.4 d, 41.5 t, 41.7 t, 61.7 d, 64.1 t, 64.2 t, 83.5 d, 109.1 s, 117.6 t, 124.0 d, 141.6 s, 146.8 s,
153.9 s, 210.7 s.
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12-Amino-3,3-(ethylenedioxy)-7α-isopropenyl-8,14-seco-17a-homo-18-norandrost-
5,12-dien-17a-one (11)

The title compound was prepared in 63% yield from the isoxazoline 10 by the procedure de-
scribed for preparation of compound 16 and obtained as an oil. 1H NMR: 1.02 s, 3 H (3 ×
19-H); 1.70 s, 3 H (-C(=CH2)CH3); 3.90 brs, 4 H (-OCH2CH2O-); 4.72 s, 1 H and 4.86 brs, 1 H
(=CH2); 5.26 d, 1 H, J = 4.5 (H-6). 13C NMR: 17.5 q, 21.2 t, 22.1 q, 25.7 t, 26.4 t, 31.0 t,
36.6 t, 37.5 t, 38.2 s, 38.9 t, 39.7 t, 40.8 d, 41.71 d, 41.75 t, 64.2 t, 64.3 t, 109.3 s, 110.0 s,
113.0 t, 124.8 d, 141.0 s, 147.3 s, 178.0 s, 200.5 s. IR (KBr): 3 400, 1 650, 1 610, 1 420,
1 400, 1 220, 1 110.

3,3-(Ethylenedioxy)-4′,5′-dihydro[1′,2′]oxazolo[3′,4′,5′:12,13,17]-7α-isopropenyl-
8,14-seco-18-norandrost-5-en-14-one (12)

To a stirred mixture of N-chlorosuccinimide (59 mg, 0.44 mmol), 1 drop of pyridine and
a chloroform (1 ml) solution of the oxime 8a (120 mg, 0.40 mmol) were added. Stirring
was continued for 1 h, and then a solution of cyclopent-2-en-1-one (480 mg, 5.85 mmol)
and triethylamine (0.06 ml, 0.44 mmol) in chloroform (1 ml) was added slowly. The
mixture was left standing overnight at room temperature, diluted with water, and extracted
with ether. The extract was dried and evaporated. The residue was chromatographed on
silica gel (hexane–EtOAc 1 : 1) to give the isoxazoline 12 as a mixture of diastereomers
(85 mg; 56%), m.p. 121–123 °C (hexane–EtOAc). IR (KBr): 1 750, 1 470, 1 370, 1 100. One of
the diastereomers of 12 was isolated as individual compound. Its 1H NMR: 1.00 s, 3 H (3 ×
19-H); 1.70 s, 3 H (-C(=CH2)CH3); 3.56 d, 1 H, J = 10 (H-17); 3.96 m, 4 H (-OCH2-CH2O-);
4.76 s, 1 H and 4.86 s, 1 H (=CH2); 5.22–5.36 m, 2 H (H-6 and H-13). 13C NMR: 17.8 q,
22.8 q, 26.4 t, 27.0 t, 29.0 t, 31.7 t, 36.0 t, 36.4 t, 38.0 s, 38.4 d, 42.3 t, 42.3 d, 62.0 d,
64.9 t, 65.0 t, 84.5 d, 110.0 s, 113.4 t, 125.6 d, 141.5 s, 148.0 s, 155.5 s, 211.3 s. EI MS, m/z
(%): 331 (1), 287 (4), 253 (2), 145 (2), 133 (2), 115 (2), 100 (6), 99 (100), 91 (6),77 (3), 55
(11).

12-Amino-3,3-(ethylenedioxy)-7α-isopropenyl-8,14-seco-18-norandrosta-
5,12-dien-17a-one (16)

A mixture of isoxazoline 12 (80 mg, 0.22 mmol), boric acid (68 mg, 1.1 mmol), and Raney
nickel in ethanol (5 ml) was vigorously stirred under hydrogen at room temperature for 24 h.
The usual work-up gave the enamino ketone 16 (56 mg; 60%), m.p. 208–210 °C (hexane–
EtOAc). 1H NMR: 1.02 s, 3 H (3 × 19-H); 1.70 s, 3 H (-C(=CH2)CH3); 3.96 m, 4 H
(-OCH2CH2O-); 4.76 s, 1 H and 4.86 brs, 1 H (=CH2); 5.26 d, J = 4.5 (6-H); 9.23 brs, 1 H
(NH2). 13C NMR: 17.9 q, 21.3 t, 22.8 q, 27.1 t, 28.1 t, 31.8 t, 35.1 t, 36.6 t, 38.0 s, 39.6 d,
39.7 t, 41.6 d, 42.3 t, 64.9 t, 65.0 t, 104.7 s, 109.9 s, 113.3 t, 125.9 d, 141.0 s, 148.1 s,
159.5 s, 208.7 s. IR spectrum (KBr): 3 400, 1 690, 1 610, 1 420, 1 400, 1 220, 1 110.

3,3-(Ethylenedioxy)-[1′,2′]oxazolo[3′,4′,5′:12,13,17a]-7α-isopropenyl-
8,14-seco-17a-homo-18-norandrost-5-en-14-one (17a)

The title compound was prepared in 63% yield from the oxime 8a and 3-morpholino-
cyclohex-2-en-1-one by the procedure described for preparation of compound 12, m.p.
161–163 °C (hexane–EtOAc). 1H NMR: 1.06 s, 3 H (3 × 19-H); 1.58 s, 3 H (CH(=CH2)CH3);
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2.90–3.18 m, 2 H (15-H and 17-H); 3.94 brs, 4 H (-OCH2-CH2O-); 4.62 s, 1 H and 4.72 s, 1 H
(=CH2); 5.25 d, 1 H, J = 4.5 (6-H). 13C NMR: 17.2 q, 21.8 q, 22.4 t, 23.2 t, 25.7 t, 26.5 t,
31.0 t, 35.5 t, 37.5 s, 38.0 t, 39.1 d, 41.7 d, 41.8 d, 64.2 t, 64.2 t, 109.4 s, 112.3 t, 114.6 s,
125.0 d, 140.7 s, 147.2 s, 161.0 s, 180.9 s, 192.5 s. IR (KBr): 1 690, 1 610, 1 470, 1 110.
EI MS, m/z (%): 228 (2), 169 (1), 161 (1), 131 (1), 119 (1), 105 (2), 100 (6), 99 (100), 91 (4),
55 (20).

3,3-(Ethylenedioxy)-[1′,2′]oxazolo[3′,4′,5′:12,13,17a]-7β-(tert-butyldimethylsilyloxy)-
8,14-seco-17a-homo-18-norandrost-5-en-14-one (17b)

The title compound was prepared in 54% yield from the oxime 8b and 3-morpholino-
cyclohex-2-en-1-one by the procedure described for preparation of compound 12, m.p.
184–186 °C (hexane–EtOAc). 1H NMR: 0.06 s, 6 H (SiMe2); 0.95 s, 9 H (SiCMe3); 1.10 s, 3 H
(3 × 19-H); 3.96 m, 4 H (-OCH2-CH2O-); 4.20 m, 1 H (H-7); 5.30 brs, 1 H (H-6). 13C NMR:
–4.5 q, –4.4 q, 17.5 q, 18.3 s, 22.4 t, 23.2 t, 26.0 q, 26.0 q, 26.0 q, 31.0 t, 33.4 t, 35.5 t,
37.5 s, 38.0 t, 41.6 t, 42.3 d, 64.3 t, 64.4 t, 68.5 d, 109.4 s, 114.7 s, 128.1 d, 141.4 d, 160.6 s,
181.1 s, 192.7 s. IR (KBr): 1 690, 1 610, 1 470, 1 180. EI MS, m/z (%): 488 (2, M + 1), 487 (4,
[M+]), 430 (13), 355 (23), 340 (68), 324 (15), 310 (23), 296 (42), 278 (12), 254 (9), 205 (12),
184 (10), 161 (26), 153 (18), 115 (16), 99 (100), 75 (32), 55 (41).

12-Amino-3,3-(ethylenedioxy)-7α-isopropenyl-8,14-seco-17a-homo-18-norandrosta-
5,12-diene-14,17a-dione (18a)

A mixture of the isoxazole 17a (100 mg, 0.26 mmol) and Raney nickel in ethanol (5 ml) was
stirred under hydrogen at room temperature for 24 h. Then the catalyst was filtered off, the
residue was evaporated and chromatographed on silica gel (hexane–EtOAc 1 : 1) to give the
enamino diketone 18a (60 mg; 62%), m.p. 205–207 °C (hexane–EtOAc). 1H NMR: 1.04 s, 3 H
(3 × 19-H); 1.72 s, 3 H (-C(=CH2)CH3); 3.90 brs, 4 H (-CH2CH2-); 4.74 s, 1 H and 4.82 s, 1 H
(=CH2); 5.30 d, 1 H, J = 4.5 (6-H); 6.50 brs, 1 H and 12.0 brs, 1 H (NH2). 13C NMR: 18.4 q,
20.6 t, 23.0 q, 28.2 t, 29.0 t, 32.0 t, 36.3 t, 38.4 s, 40.0 d, 41.0 d, 41.6 t, 42.7 t, 64.2 t,
64.8 t, 102.3 s, 109.3 s, 113.0 t, 126.3 d, 141.7 s, 149.2 s, 160.4 s, 195.6 s, 202.2 s. IR (KBr):
3 400, 1 650, 1 610, 1 420, 1 400, 1 220, 1 110. EI MS, m/z (%): 399 (1, M + 1), 246 (8), 231
(4), 179 (5), 162 (6), 153 (7), 125 (3), 100 (6), 99 (100), 91 (5), 86 (3), 55 (26).

12-Amino-3,3-(ethylenedioxy)-7β-(tert-butyldimethylsilyloxy)-8,14-seco-17a-homo-
18-norandrosta-5,12-diene-14,17a-dione (18b)

The title compound was prepared from isoxazole 17b in 80% yield by the procedure de-
scribed above, m.p. 165–167 °C (hexane–EtOAc). 1H NMR: 0.02 s, 6 H (SiMe2); 0.88 s, 9 H
(SiCMe3); 1.08 s, 3 H (3 × 19-H); 3.96 brs, 4 H (-OCH2-CH2O-); 4.22 m, 1 H (7-H); 5.30 brs,
1 H (6-H); 6.64 brs, 1 H and 12.42 brs, 1 H (NH2). 13C NMR: –4.5 q, –4.4 q, 17.8 q, 18.3 s,
19.1 t, 26.0 q, 26.0 q, 26.0 q, 30.9 t, 33.2 t, 35.6 t, 37.6 s, 38.2 t, 39.0 t, 39.7 t, 42.7 t,
42.4 d, 64.3 t, 64.5 t, 68.6 d, 108.5 s, 109.3 s, 127.9 d, 141.5 s, 177.3 s, 196.7 s, 200.8 s. IR
(KBr): 3 400, 1 690, 1 620, 1 560, 1 210.
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RESULTS AND DISCUSSION

Conjugate addition of cyanide to (S)-carvone followed by Robinson
annulation provides an effective method for stereoselective preparation of
functionalised decalins 2 with the required stereochemistry19 at C-9 and
C-10. Two types of decalin oximes 8, with different substituents R, were in-
vestigated for the generation of the corresponding nitrile oxides. Decalin
oxime 8a was prepared via nitrile19 4 and aldehyde 7 (Scheme 2). Transfor-
mation of the isopropenyl group allowed to indroduce various functional
groups at C-7. Isomerisation of 4 under alkaline conditions led to the
isopropylidene derivative 5, and its ozonolysis gave the enone 6. Attempts

to reduce both the enone and the nitrile in 6 simultaneously with DIBAH
failed, only a complex mixture of compounds was obtained. The desired al-
dehyde 7b was prepared by reduction of the enone with NaBH4, protection
of the C-7 hydroxy group as tert-butyldimethylsilyl ether and subsequent
reduction of the nitrile group with DIBAH. Both the (Z)- and (E)-oximes 8
were formed in the next stage on reaction with NH2OH. That was obvious
as confirmed by the 1H NMR spectrum, which showed two triplets (J = 5) at
δ 7.30 and 8.40 of the CH=NOH protons. Both isomers of the oximes 8
were suitable for generation of the corresponding nitrile oxides.
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(iii) NaBH4, EtOAc–EtOH, 0 oC, 90%; (iv) TBDMSCl, imidazole, DMF, r.t., 94%; 

(v) DIBAH, PhCH3, –78 oC, 68–75%; (vi) NH2OH·HCl, Py, r.t., 96%
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b, R = β-OSi(CH3)2C(CH3)3
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(iii), (iv), (v)

(vi)
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The 1,3-dipolar cycloaddition of nitrile oxide 9 to a cyclohexenone led to
a diastereomeric mixture (1 : 1) of isoxazolines 10 (Scheme 3). A reductive
opening of the isoxazoline ring afforded the enamino ketone 11.

It is noteworthy that our first attempts to carry out the cycloaddition of
9a with cyclopentenone led to the isolation of a new type of product
(Scheme 4). The macrocycle 15, containing a twelve-membered ring, was
obtained as the main product of the reaction in 35% yield. Its formation
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could be explained by an initial intramolecular ene-reaction to the interme-
diate homoallylic alcohol 13. This ene-reaction proved to be feasible be-
cause of the steric proximity of the isopropenyl group and the C-14
carbonyl group. The intermediate 13 was unstable under the reaction con-
ditions and was deprotonated to 14, which gave 15 by retroaldol reaction.

It was possible to prevent the formation of 15 by diminishing an excess
of Et3N and NCS from 5 to 1.1 equivalent. The desired isoxazoline 12 now
could be isolated in 56% yield as a mixture of diastereomers, one of which
being separated by crystallisation. Reductive ring opening of the
isoxazoline gave the enamino ketone 16.

Compounds 17a and 17b, containing an isoxazole heterocycle could be
prepared by the reaction of the nitrile oxide 9a and 9b with cyclohexane-
1,3-dione20. However, better results were obtained when the corresponding
morpholino derivative was used. The 1,3-dipolar cycloaddition of the
nitrile oxides 9a and 9b to 3-morpholinocyclohex-2-en-1-one gave the
isoxazoles 17a and 17b (Scheme 5).

The realisation of the latent functionality of the heterocycle was again ef-
fected via Raney nickel hydrogenolysis to give the corresponding enamino
diketones21 18a and 18b. The exo methylene group in 17a was stable under
these conditions.
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