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Stereoselective Synthesis of Bicyclo[4.2.1]nonane Skeletons by Ring-Closing
Metathesis: A New Versatile Methodology for the Efficient Assembly of
Functionalized Cyclooctanoids
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General

NMR spectra were recorded on a Bruker AC 300 (300 MHz) spectrometer, in CDCls.
1C spectra were made with a DEPT 135 sequence. The bidimentional and 'H NMR spectra of
11 were recorded on a Bruker AC 500 (500MHz). IR spectra were performed on a Perkin-
Elmer 1600 Fourier transform spectrometer. Mass spectra were taken on an API III plus triple
quadrupole (Sciex, Toronto, Canada) using ionspray source. Commercially available reagents
were used without further purification. Dichloromethane was dried by distillation from
phosphorus pentoxide, methanol over magnesium, THF and toluene were distilled from
sodium benzophenone ketyl and the chloroform was filtered over basic alumina. Solvent
evaporation was done under reduced pressure. Column chromatography was carried out with
silica Merck 230-400 mesh.

Domino ring cleavage/ring formation/alkylation sequence. General procedure for the
preparation of compounds 3a-3e: To a stirred solution of the required a-alkylated 1a (0.50
mmol, 1 eq) in anhydrous methanol (5 mL), sodium methoxide was added (0.50 mmol, leq)
and the reaction mixture was stirred under argon at reflux for 1h. Toluene was then added (10
mL) and the methanol was eliminated by azeotropic distillation. When the methanol was
totally removed, the corresponding allyl or propargyl bromide was added (0.90 mmol, 1.8 eq)
and the reaction was heated at reflux for 16 h. Ammonium chloride was added and the
aqueous layer was exacted with diethyl ether (3 x 15 mL). The organic layer was washed with
brine and dried with sodium sulphate and the solvent evaporated to dryness. Analytical
samples were obtained by flash chromatography on silica gel using diethyl ether/petroleum
ether as eluent but in all cases the crude products can be involved in the next step without
purification.

Methyl 1,3-diallyl-bicyclo[3.3.0]octane-2,5-dione-5-(2,2-dimethyl)propylacetal-1-carboxylate
(3a)

Yield = 84 %

C,1H3005(362.47 g.mol ™), oil

IR (neat): v (cm™) 3075, 2949, 2857, 1738, 1640, 1460, 1324, 1216, 1113, 1048,
1011, 917.

MS : m/z : [M+H]" =363.2, [M+NH,4 '] = 380.2, [M+Na'] =385.1, [M+K'] = 401.1.
'H-NMR (CDCls) & 0.95 (s, 3H, CHs), 0.96 (s, 3H, CH;), 1.66 (t, 1H, 12.8Hz), 1.79
(dd, 1H, J = 14.2, 3.8 Hz), 2.14 (dd, 2H, J=13.8, 7.2 Hz), 2.29 (ddd, 1H, J = 12.9,
8.7, 4.4 Hz), 2.31 (dd, 1H, J = 12.4, 8.2 Hz), 2.43 (m, 1H), 2.54 (dd, 1H, J=13.8, 7.5
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Hz), 2.50 (m, 1H), 2.59 (dd, 1H, J=13.8, 7.2 Hz), 2.73 (dt, 1H, J=12.4, 8.0 Hz), 3.43
(s, 2H, OCH,), 3.48 (s, 2H, OCH,), 3.69 (s, 3H, OCHj3), 5.04 (m, 2H), 5.10 (m, 2H),
5.63 (ddt, 1H, J=17.1, 10.0, 7.3 Hz), 5.72 (ddt, 1H, J=17.1, 10.0, 7.3 Hz). "C-NMR
(CDCl3) 8 21.9 (CH3), 22.7 (CH3), 29.8 (C), 33.2 (CH,), 37.1 (CHy), 39.2 (CH»), 40.0
(CH»), 40.2 (CH), 45.0 (CH), 51.5 (OCH3), 54.6 (CH), 61.9 (C©), 70.8 (OCH,), 72.3
(OCH,), 108.8 (C), 116.9 (CH,), 119.2 (CHy), 132.5 (CH), 135.0 (CH), 170.8
(COOMe), 213.8 (C=0).

Ry (Et,O/Petroleum Ether : 1/1) : 0.55.
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Methyl 1-allyl-3-méthallyl-bicyclo[3.3.0]octane-2,5-dione-5-(2,2-diméthyl)propylacétal-1-
carboxylate (3b)

Yield = 81 %

C1,H3,05(376.50 g.mol ™), oil

IR (neat): v (cm™) 2954, 2856, 1734, 1437, 1111, 1019, 799.

MS : m/z : [M+H] = 377.3, [M+NH,'] = 394.3, [M+Na'] = 399.3, [M+K ] = 415.0.
'H-NMR (CDCls) & 0.95 (s, 3H, CHs), 0.96 (s, 3H, CH3), 1.66 (t, 1H, 12.8Hz), 1.72 (s,
3H, CHs), 1.77 (d, 1H, J = 4.1 Hz), 2.16-2.26 (m, 1H), 2.29 (dd, 1H, J = 8.1, 1.2 Hz),
2.32 (ddd, 1H, J=13.4, 7.7, 1.7 Hz), 2.38 (ddd, 1H, J = 13.6, 8.3, 1.7 Hz), 2.53-2.55
(m, 2H), 2.58-2.60 (m, 2H), 2.59 (dd, 1H, J=13.8, 7.2 Hz), 2.74 (dt, 1H, J = 12.1, 8.3
Hz), 3.43 (s, 2H, OCH,), 3.47 (s, 2H, OCH,), 3.70 (s, 3H, OCH;), 4.74 (s, 1H), 4.78
(s, 1H), 5.10 (m, 2H), 5.64 (ddt, 1H, J = 17.2, 9.6, 7.5 Hz). “C-NMR
(CDCls) 8 22.2 (CH3), 22.4 (CH3), 22.5 (CH3), 30.2 (C), 37.0 (CH,), 38.4 (CH>), 39.4
(CH,), 40.9 (CH,), 41.3 (CH), 45.0 (CH), 52.2 (OCH3), 53.6 (CH), 62.7 (C), 71.4
(OCH,), 73.0 (OCH,), 108.9 (C), 112.9 (CH,), 119.8 (CH,), 132.7 (CH), 143.0 (C),
171.7 (COOMe), 215.2 (C=0).

Ry (Et,O/Petroleum Ether : 1/1) : 0.55.
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methyl 3-allyl-1-méthallyl-bicyclo[3.3.0]octane-2,5-dione-5-(2,2-diméthyl)propylacétal-1-
carboxylate (3¢)

Yield =81 %

C1,H3,05(376.50 g.mol ™), oil

IR (neat): v (cm™) 2954, 2868, 1747, 1738, 1643, 1471, 1434, 1327, 1210, 1108,
1018, 909, 804.

MS : m/z : [M+H]" = 377.3, [M+NH,'] = 394.3, [M+Na'] = 399.2, [M+K '] = 415.2.
'H-NMR (CDCl5) & 0.91 (s, 3H, CHz), 0.92 (s, 3H, CH3), 1.58 (s, 3H, CHs), 1.60 (t,
1H, J=12.6 Hz), 1.80 (dd, 1H, J = 14.0, 3.2 Hz), 2.07 (dt, 1H, J = 14.9, 7.9 Hz), 2.26-
2.39 (m, 4H), 2.49-2.58 (m, 1H), 2.50 (d, 1H, J = 14.1 Hz), 2.65 (d, 1H, J = 14.1 Hz),
2.75 (dt, 1H, J = 12.3, 8.0 Hz), 3.39 (s, 2H, OCH>), 3.44 (s, 2H, OCH,), 3.66 (s, 3H,
OCH3), 4.65 (s, 1H), 4.80 (s, 1H), 5.02 (m, 2H), 5.71 (ddt, 1H, J=17.0, 10.0, 7.6 Hz).
BC-NMR (CDCls) § 22.5 (CH3), 22.5 (CH3), 22.9 (CH3), 30.2 (C), 34.2 (CH,), 37.3
(CH,), 40.3 (CH), 40.8 (CH,), 42.5 (CH,), 45.3 (CH), 52.3 (OCHj3), 54.9 (CH), 62.8
(C), 71.5 (OCH,), 72.9 (OCH,), 109.1 (C), 116.4 (CH,), 117.3 (CH,), 135.6 (CH),
140.9 (C), 171.8 (COOMe), 213.9 (C=0).

Ry (AcOEt/ Petroleum Ether : 2/8): 0.37.
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Methyl 3-allyl-1-(but-2-ynyl)-bicyclo[3.3.0]octane-2,5-dione-5-(2,2-dimethyl)propylacetal-1-
carboxylate (3d)

Yield =91%

C22H3005 (374.48 g.mol ™), oil

IR (neat) : v (cm™) 2986, 2859, 1731, 1460, 1108, 1006, 909, 746.

MS : m/z : [M+H]" = 375.3, [M+NH,'] = 392.3, [M+Na'] = 397.3, [M+K'] = 413.2.
'H-NMR (CDCl3) & 0.93 (s, 3H, CHs), 0.97 (s, 3H, CH3), 1.62 (t, 1H, J = 12.7 Hz),
1.68 (t, 3H, J = 2.6 Hz, CH3), 1.71-1.76 (m, 1H), 2.14-2.23 (m, 1H), 2.32 (dd, 1H, J =
13.2, 7.5 Hz), 2.43-2.56 (m, 4H), 2.69 (quint, 2H, J = 2.4 Hz), 2.93 (dt, 1H, J = 12.2,
7.7 Hz), 3.43 (s, 2H, OCH,), 3.49 (s, 2H, OCH>), 3.66 (s, 3H, OCH3), 5.03 (m, 2H),
5.74 (ddt, 1H, J = 14.3, 10.2, 7.2 Hz). "C-NMR (CDCl;) & 3.6 (CH3), 22.4 (CH3),
22.5 (CH3), 25.0 (CH,), 30.2 (C), 33.2 (CH,), 36.3 (CH,), 40.2 (CH), 41.2 (CH>), 45.3
(CH), 52.4 (OCH3), 55.8 (CH), 61.9 (C), 71.4 (OCH,), 73.1 (OCH,), 74.6 (C), 77.2
(C), 108.9 (C), 117.0 (CH»), 135.7 (CH), 171.3 (COOMe), 214.6 (C=0).

Ry (AcOEt/ Petroleum Ether : 3/7) : 0.57.
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Methyl 1-allyl-3-(but-2-ynyl)-bicyclo[3.3.0]octane-2,5-dione-5-(2,2-dimethyl)propylacetal-1-
carboxylate (3e)

Yield =86 %

C22H3005 (374.48 g.mol ™), oil

IR (neat) : v (cm™) 2986, 2859, 1731, 1460, 1108, 1006, 909, 746.

MS : m/z : [M+H] =375.1, [M+NH, '] = 392.3, [M+Na'] = 397.3, [M+K'] = 413.0.
'H-NMR (CDCl3) & 0.94 (s, 3H, CHs), 0.97 (s, 3H, CH3), 1.67 (t, 1H, J = 12.9 Hz),
1.73 (t, 3H, J = 1.73 Hz, CHz), 1.94 (dd, 1H, J = 14.0, 3.2 Hz), 2.31 (dd, 1H, J=11.8,
7.7 Hz), 2.40-2.66 (m, 7H), 2.76 (dt, 1H, J = 11.8, 7.7 Hz), 3.43 (s, 2H, OCH,), 3.49
(s, 2H, OCH,), 3.69 (s, 3H, OCH3), 5.08 (m, 2H), 5.68 (ddt, 1H, J = 15.0, 10.5, 7.5
Hz). “C-NMR (CDCl;) & 3.5 (CH3), 17.8 (CH,), 22.5 (CH3), 22.5 (CH3), 30.2 (C),
37.2 (CH,), 39.1 (CH,), 39.5 (CH), 40.4 (CH,), 45.5 (CH), 52.2 (OCH3), 54.1 (CH),
62.5 (C), 71.6 (OCH,), 72.9 (OCHy), 76.0 (C), 77.5 (C), 109.2 (C), 119.5 (CH,), 132.8
(CH), 171.6 (COOMe), 213.3 (C=0).

Ry (Et,O/Petroleum Ether : 7/3) : 0.68.
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Preparation of compound 6 : to a stirred solution of B-ketoester 3¢ (0.20 mmol, 1 eq.) in
anhydrous methanol (10 mL), sodium borohydride (0.40 mmol, 2 eq) was added (0.40 mmol
2eq). The mixture was stirred under argon at room temperature for 12 hours. Acetone was
added and the mixture was stirred for 15 minutes. The solvent was evaporated to dryness to
give a separable mixture of two hydroxyl epimers in a 4/1 ratio. The major diastereomer 6
was isolated by flash chromatography on silica gel using diethyl ether/petroleum ether as
eluent.

Methyl 3-allyl-1-methallyl-2-hydroxy-bicyclo[3.3.0]octan-5-one-5-(2,2-
dimethyl)propylacetal-1-carboxylate (6)

Yield =50 %

C2,H3405 (378.51 g.mol™), oil

IR (neat) : v (cm™) 3511, 2949, 2863, 1711, 1641, 1440, 1313, 1201, 1110, 1005, 909,
732.

MS : m/z : [M+H] =379.2, [M+NH, '] =396.2, [M+Na'] =401.2, [M+K'] = 417.2.
'H-NMR (CDCls) & 0.90 (s, 3H, CH3), 0.98 (s, 3H, CHs), 1.59 (dd, 1H, J=13.2, 5.7
Hz), 1.63 (d, 1H, J = 12.8 Hz), 1.70 (s, 3H, CH3), 1.96-2.11 (m, 3H), 2.18-2.27 (m,
2H), 2.32 (ddd, 1H, J = 13.7, 8.2, 1.8 Hz), 2.40 (m, 2H), 2.70 (d, 1H, J = 13.8 Hz),
3.42 (s, 2H, OCH>), 3.45 (s, 2H, OCH,), 3.59 (t, 1H, CHOH, J = 7.4 Hz), 3.70 (s, 3H,
OCHs), 4.74 (s, 1H), 4.82 (s, 1H), 5.03 (m, 2H), 5.82 (ddt, 1H, J=16.9, 10.0, 6.7 Hz).
BC-NMR (CDCls) 8 22.5 (CH3), 22.6 (CHs), 23.4 (CH3), 30.2 (C), 37.6 (CH,), 38.1
(CH,), 38.9 (CH,), 41.8 (CH), 47.3 (CH,), 48.8 (CH), 51.4 (OCH3), 53.0 (CH), 57.4
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(C), 71.4 (OCH,), 72.9 (OCH,), 84.3 (CHOH), 109.5 (C), 114.9 (CH»), 116.2 (CH,),
136.9 (CH), 142.5 (C), 176.2 (COOMe).
Ry (AcOEt/Petroleum Ether : 3/7) : 0.64.
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Preparation of compound 7 : to a stirred solution of compound 3a (0.50 mmol, 1 eq.) in
anhydrous CH,Cl, (20 mL), lithium aluminium hydride (2 mmol, 4 eq) was added. The
mixture was stirred under argon at reflux for 3 hours. After successive addition of 76 uL of
water, 76 uL of NaOH 5%, and 152 pL of water, the mixture was filtered through a short pad
of celite and the solvent evaporated to dryness. The crude product was purified by flash
chromatography on silica gel using diethyl ether/petroleum ether as eluent to give an
unseparable mixture of two diastereomers in a 4/1 ratio.

1.3-diallyl-2-hydroxy-1-(hydroxylmethyl)bicyclo[3.3.0]octan-5-one-5-(2,2-
dimethyl)propylacetal (7: two diastereomers)

Yield =73 %

CaoH3204 (336.482 g.mol ™), oil

IR (neat) : v (cm™) 3357, 2945, 2860, 1638, 1469, 1445, 1305, 1221, 1113, 1047, 995,
911.

MS : m/z : [M+H]" = 337.4, [M+NH,'] = 354.4, [M+Na'] = 359.2, [M+K'] = 375 4.
'H-NMR (CDCl;) (major diastereomer) & 0.90 (s, 3H, CH;), 0.94 (s, 3H, CHs), 1.44
(dd, 1H, J=12.9, 6.4 Hz), 1.57 (dd, 1H, J=13.2, 9.6 Hz), 1.84-2.50 (m, 9H), 3.42 (m,
5H), 3.56 (d, 1H, J = 10.9 Hz), 4.08 (t, 1H, CHOH, J = 3.2 Hz), 4.91-5.16 (m, 4H),
5.72-5.95 (m, 2H). *C-NMR (CDCls) (major diastereomer) 6 22.5 (CH3), 22.6 (CHs),
30.2 (0), 34.0 (CHy), 34.1 (CH,), 37.6 (CHy), 39.2 (CH»), 44.9 (CH), 46.9 (CH), 49.9
(CH), 51.4 (C), 65.4 (CH,OH), 71.4 (OCH), 72.8 (OCH,), 80.4 (CHOH), 110.8 (C),
115.5 (CH), 117.2 (CH»), 136.5 (CH), 138.0 (CH).

Ry (AcOEt/Petroleum Ether : 7/3) : 0.35.
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General Procedure for Ring Closing Metathesis. Preparation of Compound 4a-e, 8 and 9
: To a stirred solution of the corresponding precursor (0.12 mmol, 1 eq.) in anhydrous CH,Cl,
(20 mL) Grubbs catalyst Sb was added (2 mol% for 3a-¢, 6 mol% for 3d/3e and only 1 mol%
for 6/7) and the reaction was then stirred under argon at reflux. After completion (TLC), the
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solvent was evaporated to dryness and the crude product was purified by flash
chromatography on silica gel using diethyl ether/petroleum ether or ethyl acetate/petroleum
ether (only for 10) as eluent.

Methyl 4,12-dioxo-tricyclo[5.4.1.0%]dodec-9-ene-4-(2,2-dimethyl)propylacetal-1-
carboxylate (4a)

Yield = 84 %

C1oHa605 (334.42 g.mol™), oil

IR (neat) : v (cm™) 2956, 2931, 2869, 1728, 1260, 1120, 1100.

MS : m/z : [M+H]" = 335.3, [M+NH,'] = 352.2, [M+Na'] = 357.3, [M+K ] = 373.0.
'H-NMR (CDCl3) & 0.93 (s, 3H, CHz), 0.95 (s, 3H, CHs), 1.56 (dd, 2H, J = 16.6, 11.4
Hz), 1.70 (dd, 2H, J = 13.4, 8.6 Hz), 2.18 (dd, 1H, J = 8.8, 1.8 Hz), 2.23-2.28 (m, 3H),
2.40 (m, 1H), 2.44 (m, 1H), 2.52 (m, 1H), 3.43 (s, 2H, OCH,), 3.46 (s, 2H, OCH,),
3.76 (s, 3H, OCHs), 5.66 (d, 2H, J = 3.9 Hz). >C-NMR (CDCl3) § 22.5 (CHs), 22.5
(CH3), 30.2 (C), 32.8 (CH,), 36.2 (CH,), 37.0 (CH,), 40.3 (CH), 40.3 (CH,), 46.3
(CH), 52.1 (OCH3), 53.6 (CH), 63.9 (C), 71.6 (OCHy), 72.9 (OCH,), 107.4 (C), 125.5
(CH), 126.8 (CH), 171.6 (COOMe), 217.2 (C=0).

Ry (Et,O/Petroleum Ether : 7/3) : 0.53.
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Methyl 9-methyl-4,12-dioxo-tricyclo[5.4.1.0%*]dodec-9-ene-4-(2,2-dimethyl)propylacetal-1-
carboxylate (4b)
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Yield = 70 %

Ca0Ha305 (348.44 g.mol™), oil

IR (neat) : v (cm™) 2952, 2867, 1730, 1434, 1245, 1106, 1022, 787.

MS : m/z : [M+H]" = 349.5, [M+NH,'] = 366.3, [M+Na'] = 371.2, [M+K'] = 387.2.
'H-NMR (CDCls) & 0.92 (s, 3H, CHs), 0.96 (s, 3H, CHs), 1.57 (dd, 1H, J=11.9, 6.5
Hz), 1.69 (dd, 1H, J = 13.6, 9.0 Hz), 1.75 (s, 3H, CH3), 2.19-2.35 (m, 3H), 2.39 (dd,
1H, J = 12.1, 2.1 Hz), 2.44-2.48 (m, 1H), 2.65 (q, 1H, J = 9.1 Hz), 2.71 (dd, 1H, J =
16.0, 7.3 Hz), 3.42 (s, 2H, OCH,), 3.46 (s, 2H, OCH,), 3.75 (s, 3H, OCH3), 5.46 (dd,
1H, J = 7.3, 1.4 Hz). C-NMR (CDCl;) 8 22.5 (CHs), 22.6 (CH3), 28.2 (CH3), 30.3
(C), 36.6 (CH,), 37.3 (CH,), 37.6 (CH,), 39.9 (CH), 40.8 (CH,), 46.2 (CH), 52.2
(OCH3), 53.7 (CH), 64.6 (C), 71.8 (OCH,), 73.0 (OCH,), 107.4 (C), 120.1 (CH),
134.5 (C), 171.7 (COOMe), 217.0 (C=0).

Ry (Et;O/Petroleum Ether : 7/3) : 0.53.
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Methyl 10-methyl-4,12-dioxo-tricyclo[5.4.1.0*°]dodec-9-ene-4-(2,2-diméthyl)propylacetal-1-
carboxylate (4¢)

Yield = 68 %

CaoH2305 (348.44 g.mol™), oil

IR (neat) : v (cm™) 2953, 2867, 1731, 1434, 1246, 1116, 1018, 790.

MS : m/z : [M+H]" =349.3, [M+Na'] =371.3, [M+K'] = 387.2.

'H-NMR (CDCls) & 0.92 (s, 3H, CH3), 0.93 (s, 3H, CH;), 1.66 (dd, 1H, J = 13.4, 8.7
Hz), 1.78 (s, 3H, CH3), 2.18-2.28 (m, 4H), 2.37-2.47 (m, 2H), 2.48 (t, 1H, J = 3.8 Hz),
2.55-2.61 (m, 2H), 3.41 (s, 2H, OCH,), 3.45 (s, 2H, OCH>), 3.74 (s, 3H, OCHs), 5.44
(d, 1H, J = 1.5 Hz). "C-NMR (CDCl;) 8 22.5 (CH3), 22.5 (CH3), 28.9 (CH3), 30.2
(C), 34.0 (CHy), 37.1 (CH,), 40.1 (CH,), 40.3 (CH), 41.0 (CH,), 46.0 (CH), 52.2
(OCH3), 54.2 (CH), 63.3 (C), 71.6 (OCH,), 73.0 (OCH,), 107.4 (C), 121.5 (CH),
132.7 (C), 171.7 (COOMe), 217.3 (C=0).

Ry (Et,O/Petroleum Ether : 7/3) : 0.54.
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Methyl 10-isopropenyl-4,12-dioxo-tricyclo[5.4.1.0%°]dodec-9-ene-4-(2,2-

dimethyl)propylacetal-1-carboxylate (4d)

Yield = 80 %

Ca0Ha305 (374.48 g.mol™), oil

IR (neat) : v (cm™) 2959, 2865, 1732, 1437, 1280, 1035.

MS : m/z : [M+H]" =375.4, [M+Na'] =397.3, [M+K '] = 434 4.

'H-NMR (CDCls) & 0.93 (s, 3H, CHs), 0.94 (s, 3H, CHs), 1.67 (dd, 1H, J = 13.8, 8.5
Hz), 1.90 (s, 3H, CHs), 2.23 (ddd, 1H, J = 13.9, 4.7, 2.0 Hz), 2.31-2.52 (m, 6H), 2.60
(q, 1H, J=8.9 Hz), 3.14 (d, 1H, J = 15.9 Hz), 3.42 (s, 2H, OCH,), 3.45 (s, 2H, OCH>),
3.77 (s, 3H, OCH3), 4.89 (s, 1H), 4.99 (s, 1H), 5.88 (m, 1H). *C-NMR (CDCls) &
22.2 (CH3), 22.5 (CH3), 22.5 (CH3), 30.3 (C), 34.0 (CHa), 36.9 (CH,), 37.5 (CH,),
40.0 (CH,), 40.4 (CH), 45.3 (CH), 52.3 (OCHs), 54.0 (CH), 63.2 (C), 71.7 (OCH,),
73.0 (OCH,), 107.3 (C), 112.3 (CH,), 124.4 (CH), 138.3 (C), 147.0 (C), 171.8
(COOMe), 217.5 (C=0).

Ry (Et,O/Petroleum Ether : 7/3) : 0.52.
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Methyl 9-isopropenyl-4,12-dioxo-tricyclo[5.4.1.0*°]dodec-9-ene-4-(2,2-
dimethyl)propylacetal-1-carboxylate (4e)

Yield =76 %

Ca0Ha505 (374.48 g.mol™), oil

IR (neat) : v (cm™) 2952, 2865, 1730, 1434, 1245, 1117, 1019.

MS : m/z : [M+H]" = 375.3, [M+NH,'] = 392.3, [M+Na'] = 397.2, [M+K'] = 413.2.
'H-NMR (CDCl3) & 0.92 (s, 3H, CHs), 0.95 (s, 3H, CHs), 1.74 (ddd, 2H, J=13.4, 9.1,
1.0 Hz), 1.88 (d, 3H, J= 1.0 Hz, CH3), 2.17 (ddd, 1H, J=13.6, 8.7, 2.1 Hz), 2.31-2.34
(m, 1H), 2.35-2.39 (m, 2H), 2.41-2.44 (m, 1H), 2.53 (dd, 1H, J = 5.9, 2.5 Hz), 2.61-
2.67 (m, 2H), 2.92 (dd, 1H, J = 16.3, 8.0 Hz), 3.42 (s, 2H, OCH,), 3.44 (s, 2H, OCH,),
3.77 (s, 3H, OCHs), 4.88 (s, 1H), 4.94 (s, 1H), 5.88 (dt, 1H, J = 7.8, 2.6 Hz ). C-
NMR (CDCl3) & 21.9 (CHs), 22.5 (CH3), 22.5 (CH3), 30.3 (C), 33.9 (CH,), 36.8
(CH,), 37.4 (CH,), 39.2 (CH), 40.8 (CH,), 46.3 (CH), 52.3 (OCH3), 53.6 (CH), 64.2
(C), 71.9 (OCH,), 72.9 (OCH,), 107.4 (C), 112.2 (CH,), 122.7 (CH), 139.3 (C), 146.5
(C), 171.5 (COOMe), 216.7 (C=0).

Ry (Et,O/Petroleum ether : 7/3) : 0.52.
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Methyl 12-hydroxy-10-methyl-4-oxo-tricyclo[5.4.1.0*°]dodec-9-ene-4-(2,2-

dimethyl)propylacetal-1-carboxylate (8)

Yield =98 %

Ca0H300s (350.46 g.mol™), oil

IR (neat) : v (cm™) 3534, 2947, 2861, 1712, 1438, 1259, 1114, 1048, 756.

MS : m/z : [M+H]" = 351.3, [M+NH,'] = 362.3, [M+Na'] = 373.3, [M+K '] = 389.2.
'H-NMR (CDCls) & 0.89 (s, 3H, CHs), 1.03 (s, 3H, CHz), 1.73 (s, 3H, CHs), 1.79 (dd,
1H, J=12.3, 10.6 Hz), 1.91 (dd, 1H, J = 12.7, 10.1 Hz), 2.12-2.50 (m, 8H), 2.56 (ddd,
1H, J = 11.5, 8.7, 2.5 Hz), 3.42-3.52 (m, 4H), 3.76 (s, 3H, OCH;), 3.90 (s, 1H), 4.12
(s, 1H), 5.42 (m, 1H). "C-NMR (CDCl3) § 22.5 (CH;), 22.7 (CHs), 28.7 (CH3), 30.3
(C), 33.5 (CHa), 39.2 (CH,), 41.0 (CH,), 42.6 (CH,), 45.9 (CH), 47.5 (CH) , 49.5
(CH), 52.0 (OCHs3), 61.8 (C), 71.2 (OCH,), 73.3 (OCH,), 87.5 (CHOH), 108.7 (C),
123.3 (CH), 133.0 (C), 177.8 (COOMe).

Ry (Et,O/Petroleum Ether : 7/3) : 0.51.
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1-(hydroxylmethyl)-12-hydroxy-4-oxo-tricyclo[5.4.1.0*¢Jdodec-9-ene-4-(2,2-
diméthyl)propylacetal (9)

Yield =92 %

C15H2304 (308.42 g.mol™), oil

IR (neat) : v (cm™) 3441, 2948, 2850, 1466, 1339, 1257, 1101, 1021, 803.

MS : m/z : [M+H]" =309.2, [M+NH4 '] = 326.4, [M+Na'] =331.2, [M+K'] = 347.3.
'H-NMR (CDCl5) (major diastereomer) o 0.93 (s, 3H, CH3), 0.95 (s, 3H, CH;), 1.40
(dd, 1H, J=8.1, 5.9 Hz), 1.59 (dd, 1H, J = 12.1, 9.2 Hz), 1.96-2.50 (m, 8H), 2.53-2.64
(m, 1H), 3.44 (s, 2H), 3.46 (s, 2H), 3.61 (d, 1H, J = 10.4 Hz), 3.78 (d, 1H, J = 10.4
Hz), 437 (d, 1H, J = 7.8 Hz), 5.55 (m, 2H). “C-NMR (CDCl;) (major
diastereomer) & 22.6 (CHs), 22.6 (CH3), 29.7 (CHa), 30.3 (C), 34.6 (CH»), 35.3 (CH,),
40.9 (CH,), 41.8 (CH), 45.2 (CH) , 47.1 (CH), 49.8 (C), 70.4 (CH,OH) 71.5 (OCH,),
73.2 (OCH,), 78.4 (CHOH), 108.4 (C), 127.5 (CH), 128.0 (CH).

Ry (AcOEt/ Petroleum Ether : 7/3) : 0.22.
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Preparation of compound 10 : To a stirred solution of 4a (0.12 mmol, 1 eq) in methanol (10
mL), sodium (0.36 mmol, 3 eq) was added and the mixture was stirred under argon at reflux
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for 24 hours. The solvent was evaporated and the residue was dissolved in diethyl ether and
the organic layer was washed successively with a solution saturated of ammonium chloride
and brine. After drying (MgSQO,), filtration and concentration of the solvent under reduced
pressure the NMR of the crude compound showed a total conversion with the formation of
two diastereomers.

Dimethyl bicyclo[6.3.0]undec-3-en-8-one-8-(2,2-dimethyl)propylacetal-1,6-dicarboxylate
10)

Yield = 100 %

Ca0H3005 (366.46 g.mol™), oil

IR (neat) : v (cm™) 2960, 1730, 1640, 1260, 1094, 1021, 790.

MS : m/z : [M+H]" = 367.2, [M+NH, '] = 384.2, [M+Na'] = 389.0, [M+K ] = 405.2.
'H-NMR (CDCls) (2 diastereomers) & 0.93 (s, 6H, 2CHs), 0.95 (s, 2H), 1.81 (dd, 2H, J
=13.9, 6.8 Hz), 1.92-2.14 (m, 3H), 2.20-2.42 (m, 3H), 2.42-2.62 (m, 3H), 2.66-2.80
(m, 2H), 3.06-3.18 (m, 2H), 3.40-3.46 (m, 6H), 3.68 (m, 6H), 5.54-5.61 (m, 2H). *C-
NMR (CDCls) (2 diastereomers) 8 22.5 (CHs), 22.5 (CHs), 30.1 (C), 30.1 (C), 31.0
(CHa), 31.4 (CH,), 40.9 (CH,), 41.5 (CH), 42.1 (CH), 42.6 (CH), 44.8 (CH) , 44.9
(CH), 51.9 (CH), 51.9 (CH), 72.0 (OCH,), 72.1 (OCH,), 72.2 (OCH,), 107.5 (C),
107.6 (C), 126.0 (CH), 126.7 (CH), 127.3 (CH), 128.5 (CH), 176.2 (CO,Me).

Ry (Et,O/Petroleum Ether : 3/7) : 0.36.
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Grob Type Fragmentation. Preparation of compound 11 : To a stirred solution of
compound 9 (0.12 mmol, 1 eq) in CHCI; (20 mL), tosyl chloride (0.12 mmol, leq), pyridine
(0.24 mmol, 2eq) and triethyl amine (0.24 mmol, 1eq) were added successively. The mixture
was then stirred under argon at reflux for 24 hours. The mixture was washed successively
with aqueous copper sulphate solution, ammonium chloride and brine. The organic layer was
dried (Na,SO4) and the solvent evaporated to dryness. An analytical sample can be obtained
by flash chromatography on silica gel using ethyl acetate/petroleum ether as eluent. To a
stirred solution of this tricyclic tosylate ( 0.10 mmol, 1 eq) in THF was added KHMDS (0.20
mmol, 2 eq). The mixture was stirred under argon at reflux for 24 hours. Ammonium chloride
and diethyl ether were added. The aqueous layer was extract with diethyl ether (3 x 10 mL).
The organic layer was washed with brine, dried (Na,SO4) and the solvent evaporated to
dryness. The crude product was purified by flash chromatography on silica gel using diethyl
ether/petroleum ether as eluent.

6-methylen-8-oxo-bicyclo[6.3.0Jundec-3-ene-8-(2,2-dimethyl)propylacetal-1-carbaldehyde
(1)

Yield =45 %

C13Ha60;3 (290.41 g.mol™), oil

IR (neat) : v (cm™) 2956, 2857, 1722, 1637, 1468, 1324, 1260, 1100, 909, 802, 734.
MS : m/z : [M+H] =291.1, [M+NH,'] = 308.1, [M+Na'] = 313.2, [M+K'] = 329.1.
'H-NMR (500 MHz) (C¢Dg) & 0.77 (s, 3H, CHs), 0.81 (s, 3H, CH3), 1.79 (dd, 1H, J =
14.1, 8.2 Hz), 2.01 (t, 1H, J = 12.9 Hz), 2.12 (dm, 1H, J = 13.9 Hz), 2.26 (d, 1H, J =
13.9 Hz), 2.42 (dd, 1H, J = 12.9, 6.1 Hz), 2.51 (dd, 1H, J = 18.3, 4.1 Hz), 2.64 (brs,
1H), 2.68 (m, 1H), 2.91 (dm, 1H, J = 18.3 Hz ), 3.24 (m, 2H), 3.27 (s, 2H), 3.29 (s,
2H), 4.69 (s, 1H), 4.76 (s, 1H), 5.26 (m, 1H), 5.39 (m, 1H), 9.33 (s, 1H, CHO). "*C-
NMR (CDCl3) & 21.6 (C), 22.6 (CHs), 22.6(CHs), 30.1 (CH,), 36.4 (CH), 38.8 (CH,),
40.6 (CH,), 41.8 (CH,) , 48.2 (CH), 52.1 (CH), 72.0 (OCH,), 72.2 (OCH,), 107.6 (C),
112.1 (CH,), 123.2 (CH), 128.4 (C), 131.6 (CH), 204.3 (CHO).
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Ry (Et,O/Petroleum Ether : 3/7) : 0.33.
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