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Experinmental Section

General: Melting points were obtained in open capillary tubes and
are uncorrected. 'H and ¥C-NWR spectra were recorded in CDCl 3 at
300 and 75 WMHz, respectively. D astereoisoneric ratios were
established by integration of well-separated signals of both
di astereonmers in the crude reactions mxtures. Al reactions were
monitored by thin-layer chromatography that was perforned on
precoated sheets of silica gel 60, and flash col um chromat ogr aphy
was done with silica gel 60 (230-400 nesh) of Merck. El uting
solvents are indicated in the text. The apparatus for inert
at nosphere experinents was flane-dried under a stream of dry
argon. CH,C, was dried over P,3. Dy THF was distilled from
sodi unf benzophenone ketyl. Diisopropylamne was distilled from
KOH. Al other reagent quality solvents were wused wthout
purification. For routine workup, hydrolysis was carried out with

water, extractions with CHC ,, and solvent drying with MSGO,.

[(S)S]-4-Hydroxy-4-[(p-tolylsulfinyl)methyl]-cycl ohexa-2, 5-di enone
(3). To a solution of freshly distilled diisopropylamne (20.7 niL,
147.8 mmol) in THF (250 nmi), n-butyllythium 2.4 M (56 niL, 135.5
mmol ) was added under argon at —-78 °C. After stirring for 30 mn,

a solution of (SS)-nethyl-p-tolylsulfoxide (19.0 g, 123.2 mmmol) in



THF (200 nL) was added at -78°C. After 30 min, a solution of 4,4-
di met hoxy- 2, 5- cycl ohexadi enone (19.9 g, 129.4 mol) in THF (430
m.) was slowy added and the m xture was stirred for two hours at
—78 °C. Then, the m xture was hydrolyzed with an aqueous saturated
solution of amonium chloride (40 nL) and the organic |ayer was
extracted with EtQAc. After workup, the <crude product was
di ssolved in THF (80 m.) and a solution of oxalic acid (1.16 g,
12.9 mmol) in water (20 nL) was added. After stirring for 2 h,
hydrol ysis with saturated sol ution of NaHCO;, extraction w th EtQAc
and workup, the residue was «crystallized from EtOAc/hexane
isolating conmpound 3 as a white solid in 76% yield: Mp. 142-144
°C [a]o®® = -177 (¢ = 1 in CHd3); H NWR & = 7.54 and 7.36
(AA' BB system 4H), 7.25 (dd, J = 10.2 and 3.2 Hz, 1H), 7.00 (dd,
J =10.2 and 3.2 Hz, 1H), 6.30 (dd, J = 10.2 and 1.8 Hz, 1H), 6.18
(dd, J = 10.1 and 1.9 Hz, 1H), 4.93 (s, 1H), 3.16 and 2.85 (AB
system J = 13.3 Hz, 2H), 2.43 (s, 3H:; BC NWR & = 184.9, 149.2,
149.1, 142.2, 139.6, 130.1 (20, 128.1, 127.6, 123.9 (20, 68.0,

67.1, 21.3; elemental analysis calcd (%9 for CyH4sOS (262.3): C

64.10, H 5.38, S 12.22; found C 63.91, H 5.48, S 12.47.

[4R 5R, (S) S] - 4- Hydr oxy-5-net hyl -4-[ (p-tol yl sul finyl)methyl]-2-

cycl ohexen-1-one (4). To a solution of MegAl 2Min heptane (3.8 ni,
7.6 mol) in CHA, (10 nL) was added a solution of 3 (500 ng, 1.9
mmol) in CHA, (10 nL) under argon at -78 °C. After 4 h at the
same tenperature, the excess organoal um num reagent was destroyed
with methanol, and the mxture was poured into an Erlenneyer
containing EtOAc and a saturated solution of sodium potassium

tartrate and stirred vigorously for 30 mn. The organic |ayer was



washed with brine and dried over MSQO,. After workup and flash
chromat ogr aphy (el uent Et OAc/ hexane 1:1), conpound 4 was obtained
as a white solid in 65% yield: Mp. 120-121 °C (EtQAc/ hexane);
[0]?® = -245 (¢ = 1 in CHd3):; H NVR & = 7.56 and 7.37 (AA BB
system 4H), 7.25 (d, J = 10.2 Hz, 1H) 6.10 (dd, J = 10.2 Hz, 1H),
4.85 (s, 1H), 3.22 and 2.92 (AB system J = 12.2 Hz, 2H), 2.62-
2.22 (m 3H), 2.44 (s, 3H), 1.10 (d, J = 7.0 Hz, 3H:; BC NW\R 5 =
198.3, 149.7, 142.4, 139.7, 130.3 (2C, 129.0, 123.8 (20, 71.6,
64.9, 41.7, 38.8, 21.3, 14.2; elenental analysis calcd (% for

CisHisOsS (278.4): C 64.72, H 6.52, S 11.52; found C 64.69, H 6. 85,

S 11. 89.

(4R 5R) - 4- Hydr oxy-5-net hyl - 4-[ (p-tol yl sul fonyl ) net hyl ] - 2-

cycl ohexen-1-one (5). To a solution of 4 (3.8 g, 13.8 nmmol) in
CHCO, (45 nm) at 0 °C, a solution of mCPBA (6.2 g, 17.9 mmol) in
CHd, (60 nm.) was added dropwi se. After stirring at 0 °C for 30
mn, the mxture was hydrolyzed with an aqueous saturated sol ution
of Na,SC;, extracted with CHC ,, and the organic |ayer washed with
an aqueous saturated solution of NaHCO;. After workup and
crystallization (EtOAc/hexane) conpound 5 was obtained as a white
solid in 96% yield: Mp. 145-146 °C [a]p® = -65 (¢ = 1 in
acetone); H NVR & = 7.80 and 7.39 (AA BB system 4H), 7.05 (dd,
J = 10.2 and 0.9 Hz, 1H), 5.95 (d, J = 10.2 Hz, 1H), 4.08 (br s,
1H), 3.50 and 3.45 (AB system J = 14.2 Hz, 2H), 2.62-2.37 (m
3H), 2.47 (s, 3H), 1.09 (d, J = 6.6 Hz, 3H); °C NVR & = 198.3,

149.7, 142.4, 139.9, 130.2 (20, 129.1, 123.8 (20, 71.7, 64.9,



41.7, 38.9, 21.4, 14.3; elenmental analysis calcd (% for CisHigOyS

(294.4): C 61.20, H 6.16, S 10.89; found C 61.12, H 6.19, S 11.24.

(1R 4S,6R) - 6- Met hyl - 1-[ (p-tol yl sul fonyl ) net hyl ] -2-cycl ohexen-1, 4-
diol (6). To a solution of DIBALH 1 M in hexanes (39.8 nL 39.8
mmol) in THF (130 nL), a solution of 5 (3.9 g, 13.3 mmol) in THF
(45 nmL.) was added dropw se under argon at -78 °C. After 30 mn at
the sane tenperature, the excess organoalum num reagent was
destroyed with nethanol, and the mxture was poured into an
Erl enmeyer containing ethyl acetate and a saturated solution of
sodi um potassium tartrate and stirred vigorously for 30 mn. The
organic |layer was washed with brine and dried over MSQO, After
wor kup, conpound 6 was obtained in 99% yield as a white solid,
which could be used wthout further purification: Mp. 96-97 °C
(Et OAc/ hexane): [a]p® = -56 (¢ = 1 in acetone); H NV\R & = 7.79
and 7.36 (AA'BB system 4H), 6.17 (dd, J = 10.1 and 2.0 Hz, 1H),
5.85 (dt, J = 10.1 and 1.8 Hz, 1H), 4.5 (s, 1H), 4.23 (m 1H),
3.46 and 3.25 (AB system J = 14.3 Hz, 2H), 2.46 (s, 3H), 1.85 (m
2H), 1.68-1.51 (m 2H), 1.01 (d, J = 6.7 Hz, 3H); C NWR 3 =
144.9, 138.2, 134.6, 130.0, 129.9 (20, 127.7 (20, 70.3, 67.2,
63.3, 36.1 (20, 21.6, 14.9; elenental analysis calcd (% for
CistHhoO:S (296.1): C 60.79, H 6.80, S 10.82; found C 60.46, H 7.14,
S 10. 56.

(1R 4S,6R)-4-[(tert-Butyldi methylsilyl)oxy)]-6-nmethyl-1-](p-
tol yl sul fonyl ) met hyl ] - 2-cycl ohexen-1-ol (7). To a solution of 6
(1.8 g, 6.0 mol) in dry CHO, (20 nL) at 0 °C, 2,6-lutidine (1.8

m., 14.9 mol) and TBDMSOIf (1.8 nL, 25.3 mml) were added under



argon. After 2 h, the mxture was hydrolyzed with 10% Hd,
extracted with CHCO, and the organic |ayer washed wth brine.
After workup, conmpound 7 was obtained as a yellowish oil, which
could be use without further purification in the next step. An
anal ytical sanple was obtained after purification by flash

chromat ography (Et OAc/ hexane 1:3) and crystallization in ethyl

et her/ hexane, to afford 7 as a white solid: Mp. 107-108 °C, [a]p*®

= +41 (¢ = 1 in acetone); 'HNWR & = 7.78 and 7.36 (AA BB system
4H), 6.04 (dd, J = 10.1 and 2.0 Hz, 1H), 5.76 (dt, J = 10.1 and
2.0 Hz, 1H), 4.23 (m 1H), 3.44 and 3.29 (AB system J = 14.2 Hz,
2H), 2.59 (s, 1H), 2.45 (s, 3H), 1.91 (m 1H), 1.74-1.53 (m 2H),
1.01 (d, J = 6.9 Hz, 3H), 0.89 (s, 9H), 0.08 and 0.07 (2s, 6H) ;
13C NVR & = 144.8, 138.1, 135.9, 129.9 (20, 129.8, 127.7 (20,
70.3, 67.7, 63.2, 36.4, 35.7, 25.8 (30, 21.6, 18.1, 15.0, -3.6, -
3.7, M5 (FAB): <calcd. for GCyHs4OSSi: 411.1947, found 411.2026

[MEH *: miz (% : 411 (7) [M+H*, 393 (100), 371 (46).

(4S,6R)-4-[(tert—Butyl di met hyl silyl)oxy]-6-nethyl-2-cycl ohexen- 1-

one (8). To a solution of 7 in CHCN (60 nL), GCs,CO; (3.9 g, 12
nmol ) was added at room tenperature. After stirring for 17 h, the
reaction mxture was hydrolyzed with water and extracted wth
Et OAc. The organic layer was washed with brine and dried over
MySO,. After workup and purification by flash chromatography

(Et OAc/ hexane 1:12), conmpound 8 was obtained as a colorless oil in
87% yield for the two last steps: [a]?° = -76 (¢ = 1 in acetone);
HNW & =6.77 (dt, J = 10.1 and 2.0 Hz, 1H), 5.91 (dd, J = 10.1

and 2.4 Hz, 1H), 4.59 (m 1H), 2.38 (m 1H), 2.20 (m 1H), 1.77



(ddd, J = 13.9, 12.5 and 10.3 Hz, 1H), 1.14 (d, J = 6.5 Hz, 3H),
0.91 (s, 9H), 0.12 (s, 6H); C NVR & = 201.0, 154.0, 128.2, 68.0,
41.9, 40.1, 25.7 (3¢, 18.0, 15.0, -3.5, -3.7; M5 (El): calcd for
CothsO,Si: 183.0841; found: 183.0846 [MCiHe]*: mz (%: 183 (100)

[ M CiHo] ¥, 139 (10), 113 (15).

(4S,6R)-2-Brono-4-[(tert—butyl di net hyl silyl)oxy]-6-nethyl-2-

cycl ohexen-1-one (9). To a solution of 8 (72 ng, 0.30 nmml) in Cd,
(3 m), a solution of bromne (15 pL, 0.30 mmol ) in Cd,4 (3 nL) was
added dropwise at 0 °C. Wien no starting nmaterial was observed,
tryethylamne (0.15 nL, 1.1 mml) was added and the m xture was
stirred at room tenperature for 32 h. The reaction mxture was
guenched with aqueous saturated solution of Na,SO; and extracted
with CHC ,. After workup and flash chromatography (EtOAc/hexane
1:120), conpound 9 was obtained as a white solid in 80% vyield:
Mp. 40-41 °C, [a]p® = -38 (¢ =1 in acetone); HNWVR & = 7.22 (m
1H), 4.59 (m 1H), 2.46 (m 1H), 2.25 (m 1H), 1.87 (m 1H), 1.21
(d, J = 6.7 Hz, 3H), 0.91 (s, 9H), 0.13 and 0.12 (2s, 6H); ¥C NWR

o = 193.1, 154.3, 123.4, 69.0, 41.6, 40.0, 25.7 (3C, 18.0, 15.6,

-3.4, -3.6; elenmental analysis calcd (% for CisHsBrOSi (319.3): C

48.90, H 7.26; found C 48.88, H 7.56.

(1S,4S,6R)-2-Brono-4-[(tert—-Butyl di net hyl sil yl)oxy]-6-nethyl - 2-

cycl ohexen-1-ol (10). To a solution of 7 (163 ng, 0.51 mmol) in
THF (17 nmL) at -100 °C, a solution of LIiAIH, (31 ng, 0.76 mmol) in
THF (25 nl) was added wunder argon. After 30 mn at sane

tenperature, the reaction was hydrolyzed with nethanol, and the



m xture was poured into an erlenneyer containing ethyl acetate and

a saturated solution of sodium potassium tartrate and stirred
vigorously for 30 min. The organic |ayer was washed with brine and
dried over MySQ,. After workup, conpound 10 was isolated as a 93:7

di astereoisoneric ratio which could be used wthout further

purification. An analytical sanple of the major diastereoisoner
could be isolated by HPTLC as a white solid: Mp. 88-89 °C, [a]
= -67 (c =1inCHd3); 'HNWR & =6.05 (d, J = 1.6 Hz, 1H), 4.29
(m 1H), 3.82 (m 1H), 2.24 (d, J = 3.6 Hz, 1H), 1.90 (m 1H),
1.78 (m 1H), 1.45 (m 1H), 1.15 (d, J = 6.5 Hz, 3H), 0.89 (s,
9H), 0.08 and 0.07 (2s, 6H): ¥C NV\R & = 136.4, 128.4, 75.8, 68.9,

39.9, 36.3, 25.8 (30, 19.0, 18.1, -3.5, -3.6; elenental analysis

calcd (9% for CsHsBrOSi (321.33): C 48.59, H 7.84; found C 48. 33,

H 7.54.

(1S,4S,6R)-2-Brono-4-[(tert—butyl di net hyl silyl)oxy]-6-nethyl-2-

cycl ohexen-1-yl isobutyrate (11). To a solution of the above
obtained mxture containing 10 in CHCdO, (1 nlL), isobutyryl
chloride (76 puL, 0.71 mmol) and 4-dinethyl am nopyridine (135 ng,
1.1 mvol) were added. The reaction mxture was stirred for 1 h,
hydrol yzed with water and extracted with CHCO ,. After workup and
flash chromat ography (Et OAc/ hexane 1:50), conpound 11 was obt ai ned
as a colorless oil in 79%yvyield for the two |last steps: H NVR & =
6.14 (dd, J = 3.6 and 1.6 Hz, 1H), 5.32 (m 1H), 4.32 (m 1H),
2.61 (sept, J = 7.1 Hz, 1H), 1.92 (m 2H), 1.52 (m 1H), 1.21 (d,
J =6.9 H, 3H, 1.20 (d, J = 7.1 Hz, 3H), 0.99 (d, J = 6.5 Hz,

3H), 0.88 (s, 9H), 0.07 and 0.06 (2s, 6H): 3C NVR & = 176.4,



138.1, 122.9, 75.6, 68.5, 39.5, 34.9, 34.2, 25.7 (30, 19.1, 19.0,
18.5, 18.0, -3.5, -3.6; Ms (El): calcd for GCyHi3BrGSi: 333.0522;
found: 333.0519 [MCH] ™ mz (%: 333 (35) [MGCH]*, 311 (71),

289 (14), 259 (9), 241 (100), 223 (15).

(1S,4S,6R)-4-[(tert-Butyl di met hyl silyl)oxy]-6-nethyl-2-vinyl -2-
cycl ohexen-1-yl isobutyrate (2). A mxture of 11 (583 ng, 1.5
mol ), tetrakistriphenyl phosphine palladium (0) (207 ng, 0.18
nmmol) and tributylvinylstannane (0.58 ni, 0.18 nmol) in toluene
(7.5 nm) was heated at 90 °C for 24 h. The reaction was hydrol yzed
with water and extracted with CHC ,. After workup and flash
chr omat ogr aphy ( Et QAc/ hexane 1:60), conmpound 2 was obtained as
colorless oil in 78%vyield: 'HNVWVR & = 6.13 (dd, J = 17.8 and 10.9
Hz, 1H), 5.84 (m 1H), 5.46 (m 1H), 5.13 (d, J = 17.8 Hz, 1H),
4.99 (d, J = 10.9 Hz, 1H), 4.45 (m 1H), 2.51 (sept, J = 6.9 Hz,
1H), 1.90 (m 2H), 1.45 (m 1H), 1.14 (d, J = 6.9 Hz, 3H), 1.12
(d, J = 6.9 Hz, 3H), 1.01 (d, J = 6.9 Hz, 3H), 0.89 (s, 9H), 0.08
and 0.07 (s, 3H); ¥C NV\R & = 177.0, 135.8, 135.7, 135.0, 114.2,
72.7, 66.9, 38.3, 34.2, 33.7, 25.8, 19.0, 18.9, 18.4, 18.1, -3.5,
-3.6; M5 (FAB): calcd for GCsH;OSi: 251.1831; found: 251.1829 [M
CHOlY mz (%: 265 (9) [MGHO]*, 251 (100) [MCH0]*, 235
(52), 227 (10), 219 (37), 207 (22).

(1S, 3R 4S,12bR) - 1- [ (tert-Butyl di net hyl silyl)oxy)]-8-nmet hoxy- 3-
met hyl - 7, 12- di oxo- 1, 2, 3, 4, 6, 12b- hexahydr obenz[ a] ant hr acen- 4-yl
i sobutyrate (12). A solution of 2-(p-tolylsulfiny)-5-nmethoxy-1, 4-

napht hoqui none 1 (37 ng, 0.12 mol) and diene 2 (16 ng, 0.048



nmmol) in dry CHhC, (1 nL) was refluxed under argon for 24 h. After
elimnation of the solvent and flash chronmatography (el uent
Et OAc/ hexane 1:9), conmpound 12 was obtained as a yellowish solid
in 52% vyield): Mp. 88-89 °C, [a]p™® = -85 (¢ = 0.25 in CHO3); 'H
NVR & = 7.71 (dd, J = 7.7 and 1.4 Hz, 1H), 7.64 (t, J = 7.9 Hz,
1H), 7.25 (dd, J = 8.3 and 1.4 Hz, 1H), 5.60 (m 1H), 4.88 (m
1H), 4.01 (s, 3H, 3.81 (m 1H), 3.49 (ddt, J = 24.7, 4.0 and 2.2
Hz, 1H), 3.38 (m 1H), 3.05 (ddt, J = 24.5, 4.6, and 2.2 Hz, 1H),
2.68 (sept, J = 6.9 Hz, 1H), 1.97 (dd, J = 8.9 and 3.8 Hz, 1H)
1.69 (m 2H), 1.26 (d, J = 1.2 Hz, 3H), 1.23 (d, J = 1.2 Hz, 3H

1.01 (d, J = 5.9 Hz, 3H 0.73 (s, 9H), -0.12 and -0.37 (2s, 6H);
BC NWVR & = 183.7, 183.6, 176.1, 159.3, 142.9, 141.6, 135.2,
135.1, 134.5, 119.5, 116.9, 113.2, 77.3, 76.4, 56.4, 43.0, 42.9,
37.5, 34.3, 25.6 (3¢, 25.1, 19.2, 19.1, 18.5, 17.8, -3.2, -3.3;
MS (El): calcd for GCypHiOsSi: 524.2594; found: 524.2573 [M™; mz
(%: 526 (62) [Mr2]*, 524 (54) [M*, 509 (57), 499 (41), 483 (100),

483 (100), 481 (71).

(3R, 4S) - 8- Met hoxy-3-net hyl -1, 7, 12(2H)-tri oxo- 3, 4-

di hydr obenz[ a] ant hr acen- 4- vyl i sobutyrate (13), Rubi gi none G,.
Conmpound 12 (42 ngy, 0.08 mmol) was exposed under solvent-free
conditions to the sun light for 16 h. After flash chromatography
(el uent Et QAc/ hexane 1:3) and crystallization (EtQAc), conpound 13

(Rubi ginone G) was obtained as a yellowish solid in 35% vyield:

Mp. 218-219 °C, [a]p® = -57 (¢ = 0.5 in CHd3); HNW & = 8.35

(d, J = 8.3 Hz, 1H), 7.78 (dd, J

7.7 and 1.4 Hz, 1H), 7.72 (t, J

= 7.9 H, 1H 7.59 (d, J = 8.3 Hz, 1H), 7.31 (dd, J = 8.1 and 1.2



Hz, 1H), 5.84 (d, J = 7.1 Hz, 1H), 4.04, (s, 3H), 3.17 (m 1H),
2.75-2.56 (m 3H), 1.24 (d, J = 5.5 Hz, 3H), 1.22 (d, J = 5.5 Hz,
3H), 1.12 (d, J = 6.5 Hz, 3H); C NVR & = 196.6, 184.0, 181.2,
176.4, 159.9, 145.9, 137.5, 136.1, 135.5, 134.8, 134.6, 131.5,
130.1, 120.6, 119.7, 117.3, 73.3, 56.5, 43.8, 35.1, 34.1, 19.0,
18.9, 18.0; Ms (El): calcd for GC4H:,QOs: 406. 1416; found: 406. 1421
[M*; mz (%: 406 (61) [M*, 336 (68), 318 (100), 294 (90), 151

(25), 71 (92).

[ 3R, 4S] - 4- Hydr oxy- 8- et hoxy- 3- net hyl - 3, 4- di hydr obenz[ a] ant racene-
1,7,12(2H)-trione (14), Rubiginone A,. To a solution of 13 (4 nmy,
9.8 punol) in nethanol (0.5 nmL) and THF (0.5 nl), K,CO; (10 ng, 72

punol ) was added. After stirring for 90 mn, the mxture was
filtered through silica gel, and the solvent evaporated to give 14
(Rubi ginone A)) as a yellowish solid in 91% yield: Mp. (dec) >215
°C (EtOAc): [a]p?® = 478 (¢ = 0.2 in CHd3); HNW & = 8.39, (d, J
= 8.3 Hz, 1H), 8.02 (dd, J = 8.3 and 1.0 Hz, 1H), 7.78 (dd, J =
7.7 and 1.4 Hz, 1H), 7.72 (t, J = 7.9 Hz, 1H), 7.31 (dd, J = 8.3
and 1.4 Hz, 1H), 4.52 (m 1H), 4.05 (s, 3H), 3.11 (dd, J = 16.6
and 5.7 Hz, 1H), 2.58 (dd, J = 16.6 and 10.7 Hz, 1H), 2.38 (m
1H), 2.19 (d, J = 6.9 Hz, 3H); C NWR & = 197.2, 184.3, 181.5,
159.9, 150.4, 137.5, 135.6, 135.5, 134.4, 134.0, 130.4, 130.2,
120.6, 119.7, 117.3, 73.5, 56.5, 44.8, 38.3, 18.2; Ms (FAB): calcd
for 337.1076: found 337.1069 [M1]*; mz (%: 337 (13) [M+1l]*, 307
(10).
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