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Experi nment al

Materials and nethods. Flash colum chromatography was
performed wusing silica gel 60 (230-400 nesh) provided by
Macherey-Nagel. TLC was perfornmed using silica gel 60 Fusq
coated alum nium sheets provided by Merck. NVR spectras were
measured on a Bruker AMA00 and a DRX500, respectively, wth
the solvent as an internal standard. Mass spectras were
measured on a Fi nnigan MAT90 (ElI-M5, HRMS). Elenental anal yses
were recorded on a Heraeus CHN-O Rapid. IR spectras were
nmeasured as KBr wafers on a FT-IR Bruker IFS 88. Mlting
points were recorded on a Ml Tenpll apparatus provided by
Laboratory Devices Inc. and are uncorrected. Al reagents are
coormercially available (Acros, Aldrich, Fluka, Lancaster,

Merck) and were used without any further purification unless



otherwise nentioned. The enployed solvents were distilled

prior to use.

Orcinoldinmethylether was prepared according to: R N

Mrrington, G 1. Feutrill, Og. Synth. 1973, 53, 90-93.

4- Met hyl - 2, 6- di net hoxybenzal dehyde:

To a solution of 8.06 g (52.9 mmol) orcinoldinmethylether in
100 m diethylether were added 11.9 g (79.5 mol)
tetramet hyl et hyl endi amine (TMEDA). The solution was cooled to
0 °Cand 49.7 m (79.5 mmol, 1.6 M n-butyllithiumwere slowy
added. The reaction mxture was stirred for 2h at room
tenperature followed by the addition of 11.6 g (159 nmol) N, N-
di met hyl f ormam de under ice cooling. After stirring for 4h at
room tenperature and the addition of brine, the mxture was
extracted three times with 200 m portions of diethylether.
After drying over sodium sulfate and evaporation of the
sol vent, t he crude pr oduct was purified by col um

chromat ography (ethyl acetate/cycl ohexane 1/2, wv/v), giving



8.51 g (89% 4-nethyl-2,6-di net hoxybenzal dehyde as a yellow
sol i d.

Mp.: 91 °C. - R: 0.29 (EEFCH 1/2, v/v). - IR (KBr): 2788 (w),
1670 (m n C=0), 1470 (m, 1407 (m, 1241 (m cm’ - H NWR
(500 MHz, CDCl3): d = 2.37 (s, 3 H CHy), 3.88 (s, 6 H OCH),
6.38 (s, 2 H Hy), 10.44 (s, 1 H CHO. - B¥C NWR (125 Mz,
CDCl3): d = 23.0 (+, CH), 56.0 (+ OCHy), 104.7 (+, CHu),
112. 1 (Cart.), 147.7 (Cuart.), 162.3 (Cart.), 189.1 (+, CHO. -
El-Ms: mz (% = 180 (100) [M]. - HREIMS calc. 180.0786,
found 180.0783. — CioHi20; (180.2 g/nol): calc. C 66.65, H 6.71;

found C 66.97, H 6.61.

4- Met hyl - 6- met hoxy-salicylic aldehyde (3): To a solution of
25.2 g (140 nmol ) 2, 6-di net hoxy- 4- et hyl benzal dehyde in 300 m
acetonitrile and 150 m dichl oronet hane were slowy added 47.0
g (0.350 nol) alumniumchloride as well as 52.5 g (0.350 nol)
sodi um i odi de under ice cooling. After stirring for 1h at room
tenperature water was slowy added under ice cooling and the
m xture was extracted wth three 200 ni portions of
di chl or onet hane. After drying over sodium sulfate and
evaporation of the solvent the crude product was purified by
colum chromat ography (ethyl acetate/cycl ohexane 1/5, v/ v)
giving 18.6 g (80% 6 as a yellow solid.

Mp.: 81 °C. - R: 0.46 (EEFCH 1/5, v/v). - IR (KBr): 2984 (m,
2982 (m, 1650 (m n C=O), 1353 (m, 1234 (m, 1121 (m cnt -

'H NVMR (500 MHz, CDCl3): d = 3.32 (s, 3 H CH), 3.87 (s, 3 H



OCHs), 6.18 (s, 1 H Huy), 6.34 (s, 1 H Hy), 10.24 (s, 1 H,
CHO, 11.99 (s, 1 H OH). - ¥C NWR (125 MHz, CDO3): d = 23.3
(+, CHs), 56.0 (+, OCHs), 102.5 (+, CHy), 109.3 (Cyarr.), 110.5
(+, CHa), 150.9 (Cyart.), 162.6 (Cyuart.), 164.0 (Cyarr.), 193.9
(+, CHO. — EI-Ms: mz (% = 166 (100) [M], 148 (26) [M —
HO. - HREM: calc. 166.0629, found 166.0628. - GCohhioOs

(166.2 g/nmol): calc. C 65.05, H6.07; found C 65.45, H6.11

4- hydr oxycycl ohexen-1-one (4) was prepared according to a four
step literature procedure starting from benzoquinone and
cycl opent adi ene. 'Y The vyield of the last step could be

i nproved significantly.

4- Hydr oxycycl ohexen- 1- one (4): 7.85 g (44.0 nmol )
1, 4, 4a, 6, 7, 8a- Hexahydr o- 8- hydr oxy- 1, 4- net hanonapht hal en- 5-
onel'™ were pyrolyzed for 30 min at 250 °C and 300 mbar in a
bulp to bulp distillation apparatus. The whole distillate was
subjected to colum chronmatography (ethylacetate/cyclohexane
1/1, v/iv) to give 3.22 g (65% 7 as a colorless oil.

R: 0.14 (EE/CH 1/1, v/v). — IR (KBr): 3397 (s, ? OH), 2955
(m, 2873 (m, 1677 (s, ? C=O. — *H NWR (400 MHz, CDO3): d =
1.88-1.99 (m 1 H, 5-CHy), 2.24-2.37 (m 2 H, 5-CH,, 6-CH),
2.48-2.55 (m 1 H, 6-CH), 2.77 (d, 3Jm = 6.1 Hz, 1 H OH),
4.48-4.56 (m 1 H, 4-H), 5.90 (ddd, 3Jm = 10.2 Hz, *Jw = 2.0
Hz, “Jw = 1.1 Hz, 1 H 2-H), 6.89 (ddd, 3Ju = 10.2 Hz, 3J =

2.3 Hz, I = 1.7 Hz, 1 H 3-H. — 3C NWR (100 MHz, CDd3): d



=32.4 (-, G5), 353 (-, G6), 66.2 (+, G4), 129.1 (+, CG2),
153.1 (+, G3), 199.1 (Guat., CG1). - E-MS mz (% = 112
(46) [M], 84 (100) [M - CHJ. - HRE M calc. 112.0524,

found 112. 0527.

4- Hydr oxy- 8- net hoxy- 6- et hyl - 2, 3, 4, 4a-t et rahydr oxant hen- 1- one
(5):

A suspension of 6.63 g (39.9 mml) 4-nethyl-6-methoxysalicylic
al dehyde (3), 8.87 g (79.1 mvol ) 4-hydroxycycl ohexen-1-one (4)
and 1.36 g (19.9 mmol) imdazole in 60 nL water/di oxane (Vv/v,
2/1) was sonified for 7 d. The mxture was extracted three
times with 150 ml portions of ethyl acetate, dried over sodium
sulfate and purified by colum chromatography (ethyl
acet at e/ cycl ohexane 1/2, v/v) giving 6.34 g (61%9 5 as a
separable m xture of two diastereoners (cis/trans = 1.5/1).
Cis-5 (M.: 130-132 °C). - R: 0.11 (EE/CH 1/2, v/v). - IR
(KBr): 3417 (m n OH), 2929 (m, 1674 (m n CO, 1594 (m,
1054 (m) cmt. — *H NMR (500 MHz, CDOl3): d = 1.81-1.89 (m 1 H,
CHy), 2.17-2.21 (m 1 H CH), 2.31 (s, 3 H CHsa), 2.45-2.52
(m 1 H CH), 2.59-2.65 (m 1 H CH), 2.80 (s, 1 H OH), 3.82
(s, 3 H OCH), 4.27 (m 1 H 4-H, 4.72 (dd, %)y = 8.8 Hz, “Jw
= 2.2 Hz, 1 H 4a-H 6.29 (s, 1 H Hy), 6.38 (s, 1 H Hu),
7.81 (d, “J(HH = 1.9 Hz, 1 H H9. - BC NW (125 Mz,

CDA3): d = 22.8 (+, CHsar), 26.3 (-, CHb), 37.0 (-, CHb), 56.0



(+, OCHs), 71.6 (+, C4), 80.3 (+, GCd4a), 105.5 (+, CHy),
109.5 (+, CHy), 109.7 (Cyuart.), 124.2 (Cyuart.), 129.7 (+, C9),
144.8 (Cyart.), 156.2 (Cyuart.), 158.4 (Cyart.), 195.7 (C1). -
El-M5: mz (% = 260 (3) [M], 43 (100) [GHO]. - HR-EIMS:
cal c. 260.1048, found 260. 1046.

Trans-5: (M.: 126-128 °C). - R: 0.21 (EEFCH 1/2, v/v). - IR
(KBr): 3491 (m n OH, 2898 (m, 1672 (m n C=O, 1597 (m,
1170 (m cmt. — *H NMR (500 MHz, CDCl3): d = 1.82-1.89 (m 1 H,
CH), 2.29-2.41 (m 5 H, CHsa, CH), 2.61 (s, 1H, OH), 2.79-
2.87 (m 1 H CH), 3.86 (s, 3 H OCH), 4.45 (m 1 H 4-H),
4.94 (dd, 3Jwp = 2.8 Hz, 3Jy = 2.5 Hz, 1 H, 4a-H), 6.29 (s, 1
H Hy), 6.35 (s, 1 H Hy), 7.84 (d, Oy = 2.2 Hz, 1 H 9-H. -
13C NWR (125 MHz, CDO3): d = 22.7 (+, CHsa), 24.0 (-, CH),
32.5 (-, CHy), 56.0 (+, OCHs), 65.4 (+, C4), 77.4 (+, C4a),
105.6 (+, CHy), 109.6 (+, CHy), 109.6 (Cyart.), 124.6 (Cyuart.),
129.0 (+, C9), 144.3 (Cpart.), 155.9 (Cyart.), 158.2 (Cyuart.),
197.0 (C1).). — EI-Ms: mz (% = 260 (8) [M], 43 (100)
[GHO]. — HR-EIMS: calc. 260.1048, found 260.1056. — CisHicOy

(260.2 g/nol): calc. C 69.22, H6.20;, found C 68.87, H 6. 33.

8- Met hoxy- 4- ( 2- met hoxy- et hoxynet hoxy-) - 6- net hyl - 2, 3, 4, 4a-

t et rahydr oxant hen- 1-one (6):

To a solution of 2.74 g (10.5 mmol) cis/trans-4-hydroxy- 8-
nmet hoxy- 6- et hyl - 2, 3, 4, 4a-t etrahydr oxant hen-1-one (5) in 35 m
of dichloronethane were added 2.04 g (15.8 mol) NN

dii sopropyl ethylamne followed by 1.97 g (15.8 nmol) 1-



chl or onet hoxy- 2- net hoxyet hane  ( MEM chl ori de). The reaction
m xture was stirred for 3h at room tenperature. After the
addition of water, the mxture was extracted three tines with
100 m portions of dichloronethane. After drying over sodium
sulfate and evaporation of the solvent the residue was
purified by columm chromatography (ethyl acetate/cycl ohexane
1/2, vliv) yielding 2.47 g (75% 6 as a brown oil and an
i nseparable m xture of two diastereoners (cis/trans = 3/1).

R: 0.20 (EE/CH 1/2, v/v). - IR (KBr): 2947 (w), 1676 (m n
C=0, 1596 (w) cm* - H NMR (500 MHz, CDCl3): d = 2.24-2.30
(m 9 H CHga, CH), 2.38-2.50 (m 2 H CH), 2.58-2.63 (m 2
H CH), 2.69-2.77 (m 1 H CH), 3.41 (s, 6 H, OCH;), 3.55-
3.63 (M 4 H OCH-CH-0, 3.77-3.88 (m 10 H, O CHy-CH-O
OCHz), 4.23-4.28 (m 1 H, cis 4-H), 4.46-4.48 (m 1 H, trans 4-
H, 4.77-4.79 (m 1 H <cis 4a-H), 4.88-4.89 (m 1 H, trans 4a-
H, 4.95 (d, 234 = 7.1 Hz, 1 H OCH-O, 5.01 (d, 23w = 7.1
Hz, 1 H OCH-0O, 6.24 (s, 1 H Hy), 6.28 (s, 1 H Hy), 6.29
(s, 1 H Hu), 6.36 (s, 1 H Hy), 7.80-7.84 (m 2 H 9-H. -
13C NMR (125 MHz, CDOl3): d = 22.5 (+, CHg), 22.5 (+, CHg), 23.1
(-, CH), 24.9 (-, CH), 32.9 (-, CH), 36.7 (-, CH), 55.7 (+,
2 x OCHg), 59.1 (+, 2 x OCHs), 67.1 (-, OCH-CH-O, 67.2 (-,
O CH-CH,-O), 71.8 (-, 2 x OCH-CH-O, 75.6 (+, 2 x C4), 78.6
(+, 2 x C4a), 94.8 (-, OCH-O, 95.0 (-, OCH-O, 104.9 (+,
CHy), 105.0 (+, CHy), 109.0 (Guart.), 109.3 (Guuart.), 109.4 (+,
CHy), 109.6 (+, CHy), 123.9 (Guart.), 124.7 (Guuart.), 128.4 (+,

C' 9) ) 129 7 (+, C' 9) y 144 O (Cquart_) ) 144 5 (Qquart_) y 156 1



(Cquart.), 156.4 (Cuart.), 157.9 (Cquart.), 158.1 (Cquart.), 195.4
(C-1), 196.4 (CG1). — EI-Ms: miz (% = 348 (1) [M], 89 (100)

[ GHG:']. - HR-EIMS: calc. 348.1572, found 348. 1567.

(9R*, 9aR*, 4S*) - 7, 9a- Di br onp- 9- hydr oxy- 8- net hoxy- 4- ( 2- met hoxy-

et hoxymet hoxy-) - 6- et hyl - 2, 3, 4, 4a, 9, 9a- hexahydr oxant hen- 1- one

(7):

To a solution of 2.98 g (8.55 mmol) cis/trans-8-nethoxy-4-(2-
met hoxy- et hoxynet hoxy-) - 6- et hyl - 2, 3, 4, 4a-t et rahydr oxant hen- 1-
one (6) in 50 mM THF/ HO (1/1, v/v) were added 8.23 g (17.1
mmol ) tetrabutylammonium tribrom de at room tenperature. The
m xture was stirred at room tenperature for 5h foll owed by the
addition of water. The m xture was extracted with three 100 m
portions of diethylether and the conbined organic phases dried
over sodium sulfate. After evaporation of the solvent, the
resi due was purified by col um chr omat ogr aphy
(et hyl acet at e/ cycl ohexane 1/2, v/v) giving 2.34 g (52% 7 as a
yellow oil and an inseparable mxture of two distereoners
(cis/trans > 9/1).

R: 0.25 (EEZCH 1/2, v/v). - IR (KBr): 3410 (w, n OH), 2938
(w, 1723 (w, n C=O, 1607 (w), 1461 (w) cnt. - 'H NWR (500
Mz, CDCl3): d = 1.73-1.82 (m 1 H CH), 2.27-2.41 (m 5 H,
CHsar, CHp), 2.48-2.57 (m 1 H CH), 2.83 (s, 1H O©OH), 3.38-
3.43 (m 5 H OCH;, OCH-CH-0O, 3.60-3.64 (m 2 H O CHp- CHp-
O, 3.85 (s, 3 H OCHy), 3.87-3.92 (m 1 H 4-H), 4.51-4.56 (m

1 H 4a-H), 4.98 (d, 2wy = 7.1 Hz, 1 H OCH-O, 5.36 (d, 2Jm



=7.1H, 1 H OCH-O, 6.47 (s, 1 H Hy). - C NWR (125 Mz,
CDOl3): d = 24.0 (+, CHy), 26.8 (-, CH), 34.9 (-, CH), 56.2
(+, OCHz), 59.4 (+, OCHs), 62.8 (+. G4), 67.5 (-, O CH-CH-O),
72.2 (-, O CHy-CH-0), 76.4 (+, C4a), 95.9 (-, OCH-0O, 104.4
(Cquart), 106.2 (+, CHy), 106.5 (Cyuart.), 108.8 (Cyuart.), 140.8
(Cquart.), 150.0 (Cyuart.), 157.6 (Cyart), 201.9 (G 1). - El-Ms:
mz (% = 522/524/526 (9/18/9) [M], 434/436/438 (50/100/50)

[ M-C4HsO]. - HR-EIMS: calc. 521.9888, found 521.9888.

(9R*, 4S*) - 7- Br onp- 9- hydr oxy- 8- nmet hoxy- 4- ( 2- met hoxy-

et hoxymet hoxy) - 6- et hyl - 2, 3, 4, 9-t et r ahydr oxant hen-1-one (8):

To a solution of 5.67 g (10.8 mol) 7, 9a-di brono-9- hydr oxy- 8-
met hoxy- 4- ( 2- met hoxy- et hoxynet hoxy-) - 6- et hyl - 2, 3, 4, 4a, 9, 9a-
hexahydr oxant hen-1-one (7) in 100 m di oxane were added 3.64 ¢
(32.4 mmol) DABCO at room tenperature and the mxture was
stirred for 16h. After the addition of water, the m xture was
extracted with three 100 ml portions of diethylether. After
drying over sodium sulfate and evaporation of the solvent the
crude pr oduct was purified by col um chr omat ogr aphy
(ethyl acetate/ cycl ohexane 1/1 + 5% triethylamne, v/v) giving
2.52 g (53% 8 as a brown oil.

R: 0.10 (EEFCH 1/2 + 5% triethylamne, v/v). - IR (KBr): 3421
(m n OH), 2943 (m), 2893 (m), 1661 (m n C=O, 1462 (m) cm?’. -
'H NMR (500 MHz, CDCl3): d = 2.24-2.27 (m 2 H, CH,), 2.38-2.48
(m 4 H CH;, CH), 2.78-2.84 (m 1 H CH), 3.03 (s, 1 H OH),

3.38 (s, 3 H OCH), 3.56-3.64 (m 2 H, O CHy-CH»- O, 3.80-3.88



(m 2 H OCH-CH-0O, 3.89 (s, 3 H OCH), 4.68 (dd, %) =
5.34, 5.02 Hz, 1 H 4-H, 4.97 (d, 2Js =7.1 Hz, 1 H OCH-O),
5.18 (d, 2Jm = 7.1 Hz, 1 H OCH-O, 5.95 (s, 1 H 9-H, 6.63
(s, 1 H Hy). — ¥C NWR (125 MHz, CDd3): d = 23.9 (+, CHy),
27.9 (-, CH), 33.8 (-, CH), 54.5 (+, C9), 56.4 (+ OCH),
59.4 (+, OCH), 67.7 (-, OCH-CH-0O, 69.4 (+, C4), 72.1 (-,
O CH-CH-0), 95.5 (-, OCH-0O), 104.2 (Cyuart.), 109.1 (+, CHy),
111.3 (Cyuart.), 114.2 (Cyart.), 140.2 (Cpart.), 147.3 (Cyart.),
157.3 (Cyuart.), 164.9 (Cyuart.), 197.9 (Cyuarr., G1). — EI-MS: mz
(% = 442/444 (2/2) [M], 335/337 (67/73) [M-CHi1Qs], 45 (100)

[ GHO]. - HREIMS: calc. 442.0627, found 442.0632.

7- Br onp- 8- met hoxy- 4- ( 2- met hoxy- et hoxynet hoxy) - 6- net hyl - 3, 4-

di hydr o- 2H xant hene- 1, 9-di one (9):

To a solution of 0.657 g (1.48 mmol) 7-brono-9-hydroxy- 8-
met hoxy- 4- ( 2- met hoxy- et hoxynet hoxy) - 6- net hyl - 2, 3, 4, 9-

t etrahydroxant hen-1-one (8) in 50 m dichloromethane and 10 ni
acetonitrile were added 1.00 g nolecular sieves as well as
0.600 g (4.44 mml) N nethyl norpholine-N-oxide under an argon
atnosphere. After stirring for 15 mnutes 0.052 g (10 nol %
t et r apr opyl anmoni unperrut henate (TPAP) were added and the
m xture was sonified for 6 h. After evaporation of the solvent
the crude reaction mxture was directly subjected to colum
chr omat ogr aphy (acetone/chloroform 1/5, v/v) yielding 0.249 ¢

(40% 9 as a red-brown oil.



R: 0.21 (CHO 3/ acetone 5/1, v/v). - IR (KBr): 2890 (w), 1701
(m, 1615 (w), 1402 (w), 1111 (w cmi. - 'H NWR (400 Mz,
CDA3): d = 2.22-2.37 (m 2 H CH), 2.48-2.56 (m 4 H, CHg,
CH), 2.78-2.85 (m 1 H, CH), 3.38 (s, 3 H OCHy), 3.56-3.60 (m
2 H OCH-CH-0O, 3.80-3.84 (m 2 H OCH-CH-0, 3.91 (s, 3
H OCHs), 4.88 (dd, %Jw = 5.0, 4.8 Hz, 1 H 4-H), 4.97 (d, 2
= 7.3 Hz, 1 H OCHO, 520 (d %Iy =7.3 Hz, 1 H OCH-O,
6.74 (s, 1 H Hy). — C NWR (100 MHz, CDd3): d = 24.3 (+,
CHs), 27.1 (-, CH), 34.9 (-, CH), 56.8 (+, OCH), 59.4 (+,
OCHs), 67.9 (-, OCH-CH-0O), 69.9 (+, G4), 71.9 (-, O CHp- CHp-
O, 95.6 (-, OCH-O, 104.0 (Cuart.), 110.3 (+, CHy), 115.2
(Cquart.), 117.0 (Cquart.), 145.8 (Cyart.), 153.1 (Cuarr.), 158.9
(Cuart.), 161.2 (Cuart.), 172.5 (Cyuarr., C9), 192.9 (Cparr., G
1). — El-M5: mz (% = 440/442 (1/1) [M], 351/353 (52/52) [M-
CiHQ], 45 (100) [GHsO]. - HREIMS: calc. 440.0470, found

440. 0473.

(4S*, 4aR*) - 7- Br ono- 1- hydr oxy- 8- met hoxy- 4- ( 2- net hoxy- et hoxy-

nmet hoxy) - 4a, 6- di net hyl - 2, 3, 4, 4a-t et r ahydr oxant hen- 9-one (10):
To a suspension of 0.223 g (2.49 mmol) coppercyanide in 5 m
diethylether were slowy added 1.56 m nethyllithium (2.49
mmol; 1.6 Mdiethylether) at -50 °C under an argon atnosphere.
After the copper cyanide had dissolved the solution was
stirred for 30 mn at -78 °C. In a second flask 0.220 g
(498 unol) 7- br ono- 8- et hoxy- 4- ( 2- met hoxy- et hoxynet hoxy) - 6-

nmet hyl - 3, 4- di hydr o- 2H- xant hene- 1, 9-di one (9) were dissolved in



5 mM THF and cooled to -78 °C. After addition of the cuprate
the resulting deep red solution was stirred at -78 °C for 5 h.
After the addition of 5 m 10% hydrochloric acid the m xture
was filtered and the residue was washed thoroughly wth
et hyl acetate. The organic phase was separated and dried over
sodium sulfate. After evaporation of the solvent the product
was purified by col um chr omat ogr aphy
(et hyl acet at e/ cycl ohexane 1/2, v/v) yielding 0.117 g (52% 10
as a yellow oil.

R: 0.24 (ethylacetate/cycl ohexane 1/2, v/v). - IR (KBr): 2927
(w), 1597 (w), 1468 (vw), 1118 (vw) cm'. - 'H NWR (400 Mz,
CDCl3): d= 1.45 (s, 3 H CH), 1.91-1.99 (m 1 H, CHy), 2.11-
2.22 (m 1 H CH, 2.29-2.43 (m 4 H CH, CH), 2.69-2.79 (m 1
H CH), 3.41 (s, 3H OCHs), 3.55-3.64 (m 2 H O CHy-CHy-O),
3.79-3.84 (m 2 H, OCH-CH-0O, 3.92 (s, 3 H OCHy), 4.23 (dd,
3y = 1.8, 1.5 Hz, 1 H 4-H, 4.86 (d, W =7.1 Hz, 1 H ©O
CH-0), 5.15 (d, 2w = 7.1 Hz, 1 H OCH-O, 6.47 (s, 1 H
Ho), 15.97 (s, 1 H 1-OH). — ¥C NWR (100 MHz, CDCl3): d = 23.4
(-, CH), 24.7 (+, CH), 26.3 (+, CHg), 26.5 (-, CH), 56.6 (+,
OCH), 59.4 (+, OCH), 67.4 (-, OCH-CH-0O, 72.2 (-, O CH-
CH-O, 74.1 (+, C4), 81.6 (Cyart., C4a), 95.6 (-, OCH-O),
106. 0 (Cyuart.), 106.3 (Cyuart.), 107.0 (+, CHy.), 109.1 (Cyuart.),
146.6 (Cyuart.), 156.2 (Cyuart.), 159.5 (Cyuart.), 181.2 (Cyuart., G
9), 182.3 (Cyuart., G1). — EI-MB: mz (% = 456/458 (1/1) [M],
256 (75) [M-GHisBr®]. - HREIMS: calc. 456.0783, found

456. 0788.



(4S*, 4aR*) - 1- Hydr oxy- 8- et hoxy- 4- ( 2- met hoxy- et hoxynet hoxy) -

4a, 6-di et hyl - 2, 3, 4, 4a-t et rahydr oxant hen-9-one (11):

To a solution of 0.117 g (260 pnol) 7-brono-1-hydroxy- 8-
nmet hoxy- 4- ( 2- met hoxy- et hoxynet hoxy) - 4a, 6- di net hyl - 2, 3, 4, 4a-

t etrahydroxant hen-9-one (10) in 5 m of tetrahydrofuran were
slowy added 0.550 m tert-butyllithium (820 pnol; 1.5 M in
pentane) at -78 °C under an atnosphere of argon. The resulting
yellow solution was stirred for 3 h at -78 °C. After the
addi tion of saturated NaHCOs;-solution the m xture was extracted
with three 50 mnm portions of diethylether. The conbined
organic phases were dried over sodium sulfate and after
evaporation of the solvent the product was purified by colum
chromat ography (et hyl acet ate/ cycl ohexane 1/2, v/iv) giving
0.091 g (93% 11 as a yellow oil.

R: 0.19 (ethylacetate/cycl ohexane 1/2, v/v). - IR (KBr): 2920
(w), 1592 (w), 1475 (vw), 1121 (vw) cm*. - *H NWVR (400 MHz,
CDCl3): d = 1.43 (s, 3 H CHy), 1.89-1.98 (m 1 H, CH), 2.09-
2.15 (m 1 H CH), 2.27-2.33 (m 4 H CH;, CH), 2.66-2.75 (m 1
H CH), 3.41 (s, 3H OCH), 3.57-3.61 (m 2 H O CHy-CH-O),
3.77-3.80 (m 2 H OCH-CH-0O, 3.91 (s, 3 H OCHy), 4.08 (dd,
3y = 4.0, 1.5 Hz, 1 H 4-H, 4.8 (d, W =7.1 Hz, 1 H O
CH-0O, 4.97 (d, 3w = 7.1 Hz, 1 H OCH-O, 6.31 (m 2 H,
He), 16.16 (s, 1 H 1-OH. — ¥C NWR (100 MHz, CDCl3): d = 22.7
(+, CH), 23.4 (-, CH), 26.3 (+, CHy), 26.5 (-, CH), 56.5 (+,
OCH), 59.4 (+, OCH), 67.4 (-, OCH-CH-O, 72.1 (-, O CH-



CH-0, 75.2 (+, C4), 80.2 (Cyqart., C4a), 95.5 (-, OCH-O),
105.7 (+, CHy), 106.2 (Cuart.), 107.8 (Cyuart.), 111.6 (+, CHu),
147.5 (Cyart.), 160.2 (Cyuart.), 160.9 (Cyuart.), 181.5 (Cyuart.),
181.6 (Cquart.). — EI-MB: miz (% = 378 (35) [M], 289 (45) [M-
CGHQG)]. - HREIMS: calc. 378.1678, found 378. 1676.

(4S*, 4aS*, 9aS*) - 9a- hydr oxy- 8- net hoxy- 4- ( 2- met hoxy-

et hoxymet hoxy) - 4a, 6- di net hyl - 3, 4, 4a, 9a-t et r ahydr o- 2H xant hene-

1, 9-dione (12):

To a solution of 34 ng (0.089 mmol) 1-hydroxy- 8- nethoxy-4-(2-
nmet hoxy- et hoxynet hoxy) - 4a, 6- di net hyl - 2, 3, 4, 4a-t et r ahydr o-

xant hene-9-one (11) in 5 m ethanol were added 28 ng magnesi um
nmonoper oxopht hal ate (49 unol; 80% at room tenperature. The
solution was stirred for 5 h and after evaporation of the
solvent the residue was subjected to columm chromatography
(ethyl acetate/ cycl ohexane 1/1, v/v) to give 20 ng (57% 12 as
a pale yellow oil.

R: 0.06 (ethylacetate/cyclohexane 1/1, v/v). - IR (KBr): 3416
(m n OH), 2944 (w), 1742 (w), 1615 (m n CO, 1113 (w) cm?'. -
'H NWMR (400 MHz, CDCl3): d=1.27 (s, 3 H CH), 1.92-2.01 (m 1
H CHy), 2.20-2.32 (m 6 H CHs, CHy), 3.42 (s, 3H, OCHs), 3.60-
3.63 (M 2 H OCH-CH-0O, 3.83-3.86 (m 5 H, OCH;, O CH,- Chb-
O, 3.89 (s, 1 H OH), 4.25 (dd, 3Jm = 2.8, 2.3 Hz, 1 H 4-H),
4.94 (d, 23y = 7.1 Hz, 1 H OCH-0O, 509 (d, Jw=7.1 H, 1

H OCH-0O, 6.36 (m 2 H H,). — ¥C NWR (100 MHz, CDd3): d

18.8 (+, CHs), 22.7 (+, CHs), 27.3 (-, CHy), 33.3 (-, CH), 56.4
(+, OCH), 59.4 (+, OCHs), 68.2 (-, OCH-CH-O, 71.9 (-, O



CH-CH-0O, 78.4 (Cyart.), 79.4 (+, G4), 82.9 (Cyart.), 96.4 (-
, OCH-O, 106.3 (+, OCHy), 108.2 (Cyart.), 110.6 (+, CHu),
147.6 (Cyart.), 158.6 (Cyuart.), 162.1 (Cyuart.), 183.2 (Cyuart.),
204.9 (C1). - EI-MS mz (%W = 394 (4) [M], 165 (100)
[ GHG:Y]. - HR-EIMS: calc. 394.1627, found 394. 1631.

(4S*, 4aS*, 9aS*) - 4, 8, 9a- Zri hydr oxy- 4a, 6-di net hyl - 3, 4, 4a, 9a-

t et rahydr o- 2H- xant hene- 1, 9-di one (13):

To a solution of 22 ng (56 pnol) 9a-hydroxy- 8- net hoxy- 4-(2-
nmet hoxy- et hoxynet hoxy) - 4a, 6-di net hyl - 3, 4, 4a, 9a-t et rahydr o- 2H
xant hene-1,9-dione (12) in 5 m dichloronmethane were added
0.56 m borontribromde (0.56 nmol; 1M in dichloronethane) at
room tenperature. The resulting deep red solution was stirred
for 7 h. After the addition of water the m xture was extracted
with three 10 m portions of dichloronethane. The conbined
organic phases were dried over sodium sulfate and after
evaporation of the solvent the crude product was purified by
colum chromat ography (ethyl acetate/cycl ohexane 1/1, v/ v)
giving 6.0 ng (40% 13 as a yellow solid.

Ri: 0.21 (ethyl acetate/cyclohexane 1/1, v/v). - IR (KBr): 3408
(m n OH), 2948 (w), 1632 (w, n C=O, 1432 (m), 1372 (w) cm?*. -
'H NMR (400 MHz, CDO3): d = 1.36 (s, 3 H CHy), 2.29-2.46 (m 5
H, CHs;, CH), 3.07-3.22 (m 1H CHy), 3.59-3.64 (m 1 H, CH),
4.40 (dd, 3%Jw = 2.8, 2.3 Hz, 1 H 4-H, 6.28 (s, 1 H Ha),
6.30 (s, 1H, Hy), 6.37 (s, 1H OH), 6.82 (s, 1H OH), 11.37
(s, 1H, OH). — ¥C NWR (100 MHz, CDCl3): d = 16.7 (+, CHy), 22.4

(+, CH), 27.7 (-, CH), 32.1 (-, CH), 73.4 (+ GC4), 74.7



(Cquart.), 80.5 (Cquart.), 109.0 (+, OCHy), 108.4 (Cyuart.), 111.3
(+, CHa), 151.5 (Cyart.), 156.6 (Cpuart.), 163.0 (Cquart.), 187.1
(C-9), 201.6 (C-1). — EI-Ms: mz (% = 292 (41) [M], 152 (100)

[ GHO:']. - HR-EIMS: calc. 292.0938, found 292.0940.

Di ver sonol (2, (4S*, 4aS*,9aS*) -1, 4, 8, 9a- Tet r ahydr oxy- 4a, 6-
di met hyl - 1, 2, 3, 4, 4a, 9a- hexahydr o- xant hen- 9- one) :

To a solution of 6.0 nmg (20 pnol) 4,8,9a-trihydroxy-4a, 6-
di met hyl - 3, 4, 4a, 9a-t et r ahydr o- 2H- xant hene- 1, 9- di one (13) in
1.5 m dichl oronet hane/ met hanol (1/2, v/v) were added portion
wise 0.8 ng sodium borohydride (20 pnmol) at -78 °C under an
at nosphere of argon. The conversion was controlled by TLC (ca.
20 mn). After evaporation of the solvent the reaction mxture
was directly subj ect ed to col um chr omat ogr aphy
(et hyl acet at e/ cycl ohexane 1/1, wv/v) giving 4.0 ng (66%
D versonol (2) as a pale yellow solid.

R: 0.37 (ethylacetatel/cyclohexane 1/1, v/v).- 'H NVR (600 MHz,
CDCl3): d = 1.38 (s, 3 H CHy), 1.43-1.46 (m 1 H, CH), 1.65-
1.68 (m 1H, CHy), 1.93-1.97 (m 1 H CHy), 2.13-2.18 (m 1 H,
CH), 2.24 (s, 3 H OChga), 3.99 (dd, 3Jm = 3.2, 2.9 Hz, 1 H 1-
H, 4.28 (dd, 3Jys = 3.0, 2.9 Hz, 1 H, 4-H), 5.01 (d, 3wy = 4.6
Hz, 1 H OH, 6.29 (s, 1 H OH), 6.31 (s, 2H Hy), 6.72 (s,
1H, OH), 11.30 (s, 1H OH. - C NWR (125 MHz, CDO3): d = 19.4
(+, CH), 21.9 (+, CHga), 22.7 (-, CH), 24.9 (-, CH), 66.2
(+, G4), 73.4 (G1), 75.6 (C4a), 81.2 (C9a), 104.5 (C 8a),

108.7 (+, CHy), 109.0 (+, CHy), 149.5 (Cyart.), 158.5 (Cyuart.),



161.7 (Cquart.), 194.3 (C-9). — EI-M5: mz (% = 294 (1) [M], 84

(100). - HR-EIMS: calc. 294.1103, found 294. 1109.



