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Synthesis of Salvilenone, a Diterpenoid Phenalenone of Salvia miltiorrhiza

Guo-Chi ZHENG and Hiroshi Kakisawa*®
Department of Chemistry, University of Tsukuba, Tsukuba, Ibaraki 305
(Received September 8, 1988)

Salvilenone 1, a phenalenone diterpene isolated from the roots of Salvia miltiorrhiza Bunge, was synthesized
in thirteen steps from resorcinol dimethyl ether. Dihydrophenalenol derivative 19, a key intermediate, was treated
with aqueous hydrobromic acid to give salvilenone accompanied by the formation of a hydroxy diketone 20.

Salvilenone is a diterpenoid found in the roots of
Salvia miltiorrniza Bunge. The dried root of this
plant, Dan-shen, is a traditional medicine in China
used for the treatment of blood difficulties, hemor-
rhages, miscarriages and viral hepatitis.»? Recently, it
is also used for the treatment of heart disease as a clini-
cally important drug.’

The main constituents of this folk medicine were
thoroughly studied to find many diterpenoid naph-
thoquinones and phenanthrenequinones possessing
a norabietane carbon skeleton.? In the course of our
studies on the minor constituents of Dan-shen, a
bright yellow compound salvilenone was isolated in a
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trace amount, and the structure was determined to be a
diterpenoide phenalenone 1 different from the known
naphthoquinones and phenanthrenequinones of this
medicine.” The low availability of this compound
and scarce distribution of phenalenone derivatives in
nature® prompted us to investigate its synthesis. The
present paper describes in detail the synthesis of sal-
vilenone.”

It was found in the course of the structural deter-
mination that on hydrogenation salvilenone 1 gave
unstable products 2 and 3, which were smoothly auto-
oxidized to the original pigment.® On the basis of this
observation, dihydrophenalenol derivative 3 was
chosen as a key intermediate for the synthesis.

A dihydrophenalenone derivative 16a was synthe-
sized from resorcinol dimethyl ether (4) by an eleven
step process.

The reaction of the dihydrophenalenone derivative
16a with lithium acetylide-ethylenediamine complex
proceeded smoothly to give an ethynyl derivative 17 in
good yield.? Treatment of this ethynyl-substituted
alcohol with mercury(II) sulfate and sulfuric acid at
55 °C under Rupe reaction conditions resulted in the
formation of acetylphenalenone 182 with concomi-
tant demethylation in these mild conditions. This reac-
tion confirmed the remarkably facile formation of
phenalenone from a dihydrophenalenol as observed in

2 3 the structural determination of salvilenone.
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14 15 16a R: jsopropyl
Reagents: a) n-BuLi, CHsCOCHs, THF. b) PtOz, HC], AcOH. ¢)

Scheme 3.

Succinic anhydride, AICls, PhNO.. d) Hz/Pd-C (10%),
HCIlO4, AcOH. e) PPA, CH:Cl.. f) MMC, CHsl, DMF. g)
CH2:=CHCH:CH:MgBr, ether. h) TsOH, PhH. i) DDQ,
PhH. j) KMnOs, KIO4, Na2COs, Hz0, dioxane. k) PCls,
PhH. 1) SnCl4, PhH.

Scheme 2b.
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18 to an isopropenyl group was unsuccessful, iso-
propenyllithium!? was allowed to react with dihydro-
phenalenone 16a to obtain the intermediate 19.
Treatment of the isopropenyl-substituted alcohol 19
with 47% aqueous hydrobromic acid' in boiling
acetic acid for 48 h afforded salvilenone 1, accompa-
nied by the formation of a by-product hydroxy dike-
tone 20. Synthetic salvilenone 1 was identical with an
authentic sample in 'HNMR, 3CNMR, IR spectra,
and TLC. The structure of the by-product (CyyH,03)
was determined to be 20 by spectral analyses. The
!H NMR spectrum showed the presence of two iso-
propyl groups, an aromatic methyl, and two adjacent
aromatic protons. Two of three oxygen atoms of the
by-product were considered to comprise two carbonyl
groups from 3C NMR signals at 6 193.2 and 197.7, and
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the remaining one was hydroxyl group from 'H NMR
signal at 8 9.67 and IR absorption at 3460 cm™1. The
presence of an asymmetric carbon atom was infered
from the nonequivalence of the methyl groups in the
two isopropyl groups in the NMR spectra [0.95 (3H,
d), 0.97 (3H, d), 1.35 (3H, d), and 1.47 (3H, d)].

Although salvilenone 1 and the hydroxy diketone 20
were produced from the intermediate 19 by treatment
with hydrobromic acid, on treating with hydriodic
acid the intermediate 19 afforded the hydroxy diketone
20 as the sole product, and heating of 19 with iodine in
carbon tetrachloride afforded a methoxyphenalenone
21.12 The hydroxy diketone 20 is considered to be
produced from methoxyphenalenone 21; protonation
by hydriodic acid (a soft acid) may take place prefera-
bly at the isopropenyl terminal of 21 rather than at the
carbonyl oxygen. Subsequent hydrolysis affords
hydroxy diketone 20. Salvilenone 1 is assumed to be
produced by protonation at the carbonyl oxygen atom
of the same intermediate 20 by rather hard acid, hydro-
bromic acid.

Experimental

Melting points were recorded on a Yamato capillary melt-
ing point apparatus. Proton magnetic resonance (\HNMR)
spectra were recorded on either a JEOL JNM-PMX60si or a
JEOL FX90Q spectrometer or, where specified, on a Bruker
AMS500 spectrometer with chemical shifts given in parts per
million (8) downfield from tetramethylsilane as an internal
standard. Deuteriochloroform was used as solvent unless
otherwise noted. Carbon magnetic resonance (13CNMR)
spectra were recorded at 22.5 MHz on a JEOL EX90Q
instrument. Infrared (IR) spectra were measured on a
Hitachi 215 or a JASCO FT/IR-3 spectrophotometer. Mass
spectra (MS) were obtained on a Hitachi RMU-6H GC/MS
instrument at 70 eV. Elemental analyses were performed by
the University of Tsukuba Chemical Analysis Center.
Ultraviolet (UV) spectra were recorded on a Hitachi EPS-3T
spectrophotometer. Gas chromatography (GLC) data were
obtained with a 063 Hitachi gas chromatography (1.7 m/3
mm i.d. glass column packed with 5% SE-30). High-pressure
liquid chromatography (HPLC) was carried out with a
Waters ALC/GPC 202/401 instrument (1/4 in/1 ft column
packed with RP-18). Wako C-300 silica gel was used for
flash column chromatography. Merck Kieselgel 60 Fjs4 Art
5744 (0.25 mm) and Merck Kiesel gel 60 Fy5, Art 5744 (0.5
mm) were used for analytical and preparative thin-layer
chromatography.

1,3-Dimethoxy-2-(1-hydroxy-1-methylethyl)benzene (5).
To a solution of resorcinol dimethyl ether 4 (3.2 g, 0.023
mol) in dry tetrahydrofuran, a solution of butyllithium in
hexane (1.39 M, 20 ml, 0.028 mol; 1 M=1 moldm™3) was
added dropwise and stirred under an argon atmosphere.
After refluxing for 2 h, the solution was chilled to room
temperature and a solution of dry acetone (1.6 g, 0.028 mol)
in tetrahydrofuran was added dropwise. The mixture was
heated under reflux for 3 h, cooled, and poured into ice water
followed by extraction with ether. The organic layer was
washed with water and then dried over sodium sulfate, evap-
orated under reduced pressure; distillation afforded a color-
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less oil 5 (2.9 g, 64%). Bp 120—124°C/4Torr (1 Torr=~
133.322 Pa). 'HNMR (CDCl;) 6=1.58 (6H, s, CH3X2), 3.73
(6H, s, OCH3X2), 4.95 (1H, brs, OH), 6.3—17.1 (3H, m, AB,,
ArH). Found: C, 67.47; H, 8.18%. Calcd for C;;H;403: C,
67.32; H, 8.22%.
1,3-Dimethoxy-2-isopropylbenzene (6). A solution of 5
(0.64 g, 3.26 mmol), 3 M hydrochloric acid (0.1 ml), PtO,
(0.05 g), and glacial acetic acid (20 ml) was stirred under H,
for 3 h at room temperature. After filtration of the catalyst,
the solution was evaporated under reduced pressure, and dis-
tillation of the residue afforded a colorless 0il 6 (0.58 g, 99%).
Bp 70—71°C/0.5 Torr, IR (CHCl;) 2940, 1580, 1450, and
1360 cm™'; 'TH NMR (CCly) 6=1.25 (6H, d, J=8 Hz, CH3X2),
3.60 [1H, sept, J=8 Hz, (CHj3);CH], 3.85 (6H, s, OCH3X2),
and 6.2—7.2 (3H, m, AB,, ArH). Found: C, 73.32; H, 8.94%.
Calcd for CquGOzZ C, 7329; H, 8.94%.
4-(2,4-Dimethoxy-3-isopropylphenyl)-4-oxobutyric Acid
(7). To a solution of 6 (1 g, 5.5 mmol) and succinic anhy-
dride (0.55 g, 5.5 mmol) in dry nitrobenzene (50 ml), cooled
in an iced water bath, a powdered anhydrous aluminum
chloride (878 mg, 6.6 mmol) was added with stirring under
an argon atmosphere. After stirring for 70 h at room temper-
ature, the mixture was poured to ice water containing con-
centrated hydrochloric acid (10:1 v/v). The mixture was
extracted with ether (5X50 ml), from which an acid product
was obtained by the usual method as a solid (1.26 g, 82%).
The crude product was recrystallized from benzene to give
colorless plates, mp 91.5—93°C; IR (CHCl;) 2950, 1705,
1670, 1580, 1450, 1400, and 1360 cm~!; 'H NMR (CDCl;) 6=
1.31 (6H, d, J=8 Hz, CH3X2), 2.72 (2H, t, J=7 Hz, COCH,),
3.26 (2H, t, J=7 Hz, -CH,COO), 3.51 [1H, sept, J=8Hz,
(CHj3),CH], 3.67 (3H, s, OCH3), 3.82 (3H, s, OCH3), 6.60 (1H,
d, J=8.5 Hz, ArH), 7.46 (1H, d, J=8.5 Hz, ArH), and 12.65
(IH, s, COOH). Found: C, 64.04, H, 7.15%. Calcd for
CisHpOs: C, 64.27, H, 7.19%.
4-(2,4-Dimethoxy-3-isopropylphenyl)butanoic Acid (8). A
mixture of acid 7 (0.42 g, 1.5 mmol), 10% Pd/carbon (0.07 g),
and perchloric acid (70%, 0.1 ml) in acetic acid (20 ml) was
stirred under H, at room temperature. After 70 h the solu-
tion was filtered. To the filtrate was added NaOAc (0.5 g)
and the resulting gray ppt was filtered off. The neutralized
filtrate was evaporated under reduced pressure to about 5 ml,
water was added and the mixture thoroughly extracted with
ether. The organic layer was washed with water and dried
over magnesium sulfate. The solvent was evaporated to give
yellow oil. Recrystallization from benzene/hexene afforded
8 (0.39 g, 97%) as bright yellow needles, mp 64—65.5°C; IR
(KBr) 2940, 1690, 1590, 1480, 1450, 1405, and 1335 cm™};
!HNMR (CDCl;) 6=1.34 (6H, d, J=7 Hz, CH3X2), 1.7—2.8
(6H, m, CH,CH,CH,COO), 3.45 [IH, sept, J=7 Hz,
CH(CH3),], 3.70 (3H, s, OCHj3), 3.79 (3H, s, OCH3), 6.57 (1H,
d, J=8.5 Hz, ArH), 6.96 (1H, d, J=8.5 Hz, ArH), and 10.35
(1H, brs, COOH). Found: C, 67.57; H, 8.30%. Calcd for
CI5H22042 C, 6764‘; H, 8.32%.
5,7-Dimethoxy-6-isopropyl-a-tetralone (9). Phosphorus
pentaoxide (3.8 g) was added to vigorously stirred phos-
phoric acid (3.1 g) at a temperature below 60°C and the
resulting mixture stirred for 5 h at 84°C. A solution of 8
(0.32 g, 1.2 mmol) in dichloromethane (2 ml) was added to
the polyphosphoric acid with vigorous stirring at 60—70 °C.
After 30 min, the resulting reddish solution was cooled in an
ice bath and 20 ml ice-water added. The mixture was
extracted with three 30 ml portions of ether. The combined
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ethereal extracts were successively washed with water, a 5%
NaHCOj; solution, water, and a saturated sodium chloride
solution and dried over sodium sulfate. The ethereal solu-
tion was concentrated to afford a neutral oil. The oily mix-
ture was distilled under reduced pressure to give 9 (0.28 g.
94%) as a colorless liquid (bp 135°C/0.4 Torr). IR (CHCI;)
2950, 1662, 1590, 1560, 1445, and 1405 cm™l. HNMR
(CDCly) 6=1.32 (6H, d, J=7 Hz, CH3X2), 1.90—2.93 (6H, m,
COCH,CH,CH,), 3.62 (1H, sept, J=7 Hz, CH), 3.68 (3H, s,
OCH3), 3.82 (3H, s, OCHj;), and 7.30 (1H, s, ArH). Found: C,
72.56; H, 8.20%. Calcd for C;sH,003: C, 72.55; H, 8.11%.
5,7-Dimethoxy-6-isopropyl-2-methyl-a-tetralone (10). A
solution of magnesium methoxide was prepared from mag-
nesium (0.06 g) and 5 ml of anhydrous methanol. The bulk
of the methanol was evaporated from the solution under
reduced pressure with stirring at 50—55°C. The anhydrous
N,N-dimethylformamide (5 ml) was added. The resulting
suspension was stirred vigorously while a stream of anhy-
drous carbon dioxide was passed into the reaction system.
When the suspended magnesium methoxide changed into a
clear solution, the flow of carbon dioxide was stopped. A
solution of 0.15 g (0.6 mmol) of tetralone 9 in N,N-dimeth-
ylformamide (5 ml) was added and the reaction mixture
refluxed for 2 h. The mixture was cooled to room tempera-
ture, and 0.34 g of iodomethane added dropwise.
After the mixture was stirred for 10 h at 50°C, it was
poured into 1 M aqueous hydrochloric acid (10 ml) followed
by extraction with ether. The combined organic extracts
were washed with 5% aqueous NaHCO;, saturated aqueous
NaCl, and dried and finally evaporated to give a yellow oil.
Distillation of this material gave 0.12 g of methyltetralone 10
as a colorless oil (74% 160°C/0.3 Torr). IR (CHCI;) 2930,
1665, 1590, 1450, 1410, 1360, and 1310 cm™. 'HNMR
(CDCl;) 6=1.24 (3H, d, J=6.5 Hz, COCHCHy3;), 1.37 (6H, d,
J=7Hz, CH3X2), 1.78—3.20 (5H, m, CH,CH,CH), 3.51 [1H,
sept, J=7 Hz, (CH;),CH], 3.70 (3H, s, OCHj), 3.85 (3H, s,
OCH3;), and 7.35 (1H, s, ArH). 13C NMR (CDCl;) 6=15.5(q),
20.8(q), 20.8(q), 22.6(t), 26.0(d), 31.3(t), 42.3(d), 55.4(q),
61.1(q), 104.9(d), 130.6(s), 131.5(s), 135.8(s), 155.8(s), 158.1(s),
and 200.2(s); MS m/z 262 (M*), 247 (M*—CHs), and 219
(M*—C3H;). Found: C, 73.50; H, 8.41%. Calcd for C;,H;,05:
C, 73.25; H, 8.45%. Further distillation of the residue
afforded 0.009 g (5%) of 5,7-dimethoxy-2,2-dimethyl-6-
isopropyl-a-tetralone as white needles (182—185°C/0.3
Torr): 'TH NMR (CDCl;) 6=1.20 (6H, s, CH3X2), 1.32 (6H, d,
J=8 Hz), 1.93 (2H, t, J=6 Hz, CH,), 2.90 (2H, t, J=6 Hz,
CH,), 3.50 [1H, sept, J=8 Hz, (CH;),CH], 3.72 (3H, s,
OCHs), 3.83 (3H, s, OCH3;), and 7. 34 (1H, s, ArH); MS m/z
277 (M*+1), 276 (M), 261 (M*—CH3;), and 246 (M*—2CHj3).
Found: C, 73.67; H, 8.89%. Calcd for C,;H,,05: C, 73.88; H,
8.75%.
1-(3-Butenyl)-5,7-dimethoxy-6-isopropyl-2-methyl-1,2,3,4-
tetrahydro-1-naphthol (11). Magnesium metal shavings
(0.24 g) were placed in a flask equipped with a reflux con-
denser and a dropping funnel. . The system was flushed with
nitrogen before addition of anhydrous ether (12 ml). The
flask was cooled in an ice bath and a small volume of 4-
bromo-1-butene was added to the stirred solution. Once the
reaction had started, the remainder of the bromide (1 ml) in
ether solution (2 ml) was added at below 20 °C. After 3 h the
solution was cooled to 0 °C with ice bath, the a-methyl tetra-
lone 10 (1 g, 3.8 mmol) in ether was added dropwise and the
mixture was refluxed for 3 h. The reaction mixture was
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poured into ice cooled ammonium chloride solution and
extracted with ether. The combined extracts were dried over
anhydrous sodium sulfate. Evaporation of the solvent and
flash chromatography of the residue on silica gel with 8:2
hexane/ethyl acetate afforded 11 as a pale yellow oil (1.03 g,
85%). IR (CHCI3) 3580, 2920, 1595, 1565, 1440, 1400, and
1110 cm™%; 'H NMR (CDCl3) 6=1.10 (3H, d, COHCHCH3),
1.42 [6H, d, J=7.5 Hz, CH(CHj;),], 1.50—2.90 (8H, m,
CH,CH,CH,CHy,), 3.51 [1H, sept, J=7.5 Hz, CH(CHj).], 3.71
(3H, s, OCHy), 3.79 (3H, s, OCHj3), 4.12 (1H, m, CHCHj;),
4.81—6.08 (3H, m, CH,=CH), and 6.91, 7.00 (1H, ArH).
Found: C, 75.44; H, 9.52%. Calcd for CyyH3¢Os: C, 75.43; H,
9.49%. Further elution affords 0.15 g of reduced product,
5,7-dimethoxy-6-isopropyl-2-methyl-1,2,3,4-tetrahydro-1-
naphthol as colorless needles (8%). IR (CHCI;) 3580, 2920,
1600, and 1565 cm~} 'HNMR (CDCl;) 8=1.10 (3H, d,
COHCHCHy), 1.31 (6H, d, J=7.5 Hz), 1.62 (1H, s, OH),
1.60—3.00 (4H, m, CH,CH;), 3.50 [1H, m, J=7.5 Hz
CH(CHz),], 3.70 (3H, s, OCH3), 3.76 (3H, s, OCH3), 4.32 (1H,
brs, CHOH), and 6.78 (1H, s, ArH); MS m/z 265 (M*+1), 264
(M), 249 (M*—CH3), and 246 (M*—H,0). Found: C, 72.81;
H, 9.32%. Calcd for C;sH,,05: C, 72.69; H, 9.15%.
1-(3-Butenyl)-5,7-dimethoxy-6-isopropyl-2-methyl-3,4-di-
hydronaphthalene (12). The alcohol 11 (0.739 g, 2.3 mmol)
was added to 50 ml of dry benzene containing p-
toluenesulfonic acid hydrate (0.24 g, 1 mmol) and calcium
chloride (0.2 g). The solution was stirred at room tempera-
ture for 30 min. The mixture was filtered and the filtrate was
washed with 20% aqueous NaHSO; and water until neutral,
it was then dried over sodium sulfate. The solvent was evap-
orated under reduced pressure to give 12 as a yellow oil in
95% vyield (0.65 g). This material was used directly for the
next step without purification. An analytical sample was
purified by chromatography: IR (CHCI3) 2920, 1590, 1440,
1400, and 1310 cm™}; 'TH NMR (CDCl;) 6=1.31 [6H, d, J=8
Hz, CH(CH3),], 1.88 (3H, brs, =CCH3), 1.98—2.82 (8H, m,
CH,CH,, CH,CH,), 3.60 [1H, sept, J=8 Hz, CH(CHyj),], 3.73
(3H, s, OCH3;), 3.81 (3H, s, OCHj;), 4.78—6.10 (3H, m,
CH,=CH), and 6.57 (1H, s, ArH); MS m/z (rel intensity, %)
301(24), 300(M™, base), 286(9), 285(42), 247(8), 246(34), and
194(66). Found: C, 80.11; H, 9.18%. Calcd for CyH50,: C,
79.95; H, 9.39%.
1-(3-Butenyl)-5,7-dimethoxy-6-isopropyl-2-methylnaphtha-
lene (13). A mixture of 2,3-dichloro-5,6-dicyano-p-ben-
zoquinone (1 g, 4 mmol) and 12 (0.65 g, 2.2 mmol) in ben-
zene (40 ml) was stirred for 15 h at room temperature under
argon. The resulting solution was filtered through a
column of Celite. Evaporation of the solvent afforded 13 as a
bright yellow oil (0.6 g, 93%). The oil was used without
further purification for the next reaction. The analytical
sample was obtained by flash chromatography. IR (CHCl,)
2930, 1615, 1590, and 1120 cm™}; 'HNMR (CDCl;) 6=1.39
[6H, d, J=7.5 Hz, CH(CHj;),], 2.46 (3H, s , ArCHj3), 2.1—-3.7
(5H, m, CHCH,CH,), 3.83 (3H, s, OCHj), 3.87 (3H, s,
OCHj3;), 4.86—6.28 (3H, m, CH,=CH), 6.98 (1H, s, ArH), and
7.06, 7.72 (2H , ABq, J=8 Hz, ArH). MS m/z (rel intensity)
299 (6), 298 (M, 23), 245 (18), 244 (base), 214 (4). Found: C,
80.55; H, 8.76%. Calcd for CyHyO,: C, 80.49; H, 8.78%.
3-(5,7-Dimethoxy-6-isopropyl-2-methyl-1-naphthalene)-
propionic Acid (14). To a solution of 13 (0.118 g, 0.4 mmol)
in 40 ml of dioxane was added a mixed solution made from
0.52 g of KIOy, 33.5 mg of KMnO,, 16.8 mg of Na,CO; and 20
ml of water. The mixture was stirred for 15 h at room
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temperature. The excess reagent was decomposed by the
addition of 5% aqueous H;O, under ice cooling and most of
the dioxane was evaporated, the residual solution was acidi-
fied with concentrated hydrochloric acid and extracted with
dichloromethane. The organic layer was extracted three
times with 5% sodium hydroxide solution. The combined
alkaline extracts were acidified with concentrated hydro-
chloric acid and extracted thoroughly with ether. The
organic layer was washed with water, dried over sodium sul-
fate, and evaporated to give an oil. Recrystallization from
benzene/hexane afforded 0.101 g (80%) of 14 as white needles:
mp 160—162 °C; IR (KBr) 3400—3500, 2950, 1700, and 1610
cm™l; 'HNMR (CDCl;) 6=1.42 [6H, d, J=7.5 Haz,
CH(CHs3),], 2.47 (3H, s, ArCHj), 2.50—3.54 (4H, m,
CH,CH,), 3.71 [1H, sept, J=7.5 Hz, CH(CHj;),], 3.84 (3H, s,
OCHy;), 3.88 (3H, s, OCH3), 7.09 (1H, s, ArH), 7.06, 7.73 (2H,
ABq, J=8.5 Hz), and 10.23 (1H, brs, COOH). Found: C,
71.91; H, 7.63%; Calcd for C;gH,4O4: C, 72.12; H, 7.64%.
7,9-Dimethoxy-8-isopropyl-4-methyl-1H-phenalen-1-one
(16a). To a stirred suspension of phosphorus pentachloride
(113 mg, 0.54 mmol) in dry benzene (2 ml), a solution of the
propionic acid 14 (150 mg, 0.48 mmol) in benzene was added
dropwise at room temperature under argon. When the
vigorous reaction subsided, more benzene (2 ml) was added
and the mixture warmed to 50—60 °C for 30 min. The clear
solution was chilled in an ice bath and a solution of tin(IV)
chloride (10 mg) in benzene (1 ml) was added dropwise with
stirring while keeping the temperature below 5°C. After
being maintained for 2 h more at 5 °C, the dark solution was
decomposed by the slow addition of 1:1 (v/v) hydrochloric
acid/water (1 ml) while avoiding a rise in temperature above
15°C. The clear red solution was separated and washed
thoroughly with dilute hydrochloric acid, then water. Re-
moval of benzene left a clear mobile oil which after chro-
matography (hexane/ethyl acetate 3:1) gave an oil (97 mg,
68%) of 16a. IR (CHCI;) 2950, 2850, 1670, 1605, and 1570
cm™l; THNMR (CDCl;) 6=1.40 [6H, d, J=7.5 Hz,
CH(CHs;),], 2.47 (3H, s, ArCH3), 2.77—2.98 (2H, m, J=8 Hz,
ArCH,), 3.19—3.38 (2H, m, J=8 Hz, COCHy,), 3.68 [1H, sept,
J=17.5 Hz, CH(CH3;),], 3.93 (6H, s, OCH3X2), and 7.29, 7.86
(2H, ABq, J=8.5 Hz, ArH). MS m/z (rel intensity) 298 (M1,
91), 284 (23), 283 (base), 281 (35), and 265 (52). Found: C,
76.24; H, 7.44%; Calcd for C;gH,03: C, 76.48; H, 7.43%.
1-Ethynyl-7,9-dimethoxy-8-isopropyl-4-methyl-2,3-dihydro-
1H-phenalen-1-o0l (17). To a solution of lithium acetylide-
ethylenediamine complex (0.138 g, 1.5 mmol) in anhydrous
tetrahydrofuran (30 ml), a solution of 16a (46 mg, 0.15
mmol) in dry tetrahydrofuran (10 ml) was added with stir-
ring under an argon atmosphere. The reaction mixture was
stirred for 18 h at room temperature. The mixture was
poured into 5% ammonium chloride solution and extracted
with ether. The combined ether extracts were washed with
2% HCI solution and water, dried over MgSO, and concen-
trated in vacuo. Purification of the residue by flash silica-gel
chromatography gave white crystals 17 (46 mg, 92%). Mp:
123—126 °C; IR(CCl,) 3480, 3300, 2950, 1600, 1485, 1440, and
1380 cm™. 'HNMR (CDCl;) 6=1.42 (3H, d, J=8.5 Hz,
CHCH;), 1.50 (3H, d, J=8.5 Hz, CHCH;), 2.43 (3H, s,
ArCHj;), 2.60 (1H, s, C=CH), 2.00—3.35 (4H, m, CH,CH,),
3.50 [1H, m, J=8.5 Hz, CH(CHj;),], 3.93 (3H, s, OCH3;), 4.05
(3H, s, OCHjy), 6.38 (1H, s, OH), and 7.24, 7.75 (2H, ABq,
J=9 Hz). MS m/z (rel intensity) 325 (7), 324 (M*, 40), 307
(30), 306 (base), and 291 (23). Found: C, 77.93; H, 7.56%.

Synthesis of Salvilenone

1121

Calcd for CyHypO3: C, 77.75; H, 7.46%.
4-Acetyl-2-isopropyl-3-methoxy-7-methyl-1 H-phenalen-1-
one (18). To a solution of 1.4 ml of water, 0.16 ml of con-
centrated sulfuric acid and 0.1 ml of methanol, was added 1
mg of mercury(II) sulfate in 1 ml methanol. A solution of 17
(13 mg, 0.04 mmol) in 1 ml of MeOH was added to the
solution at 50 °C with rapid stirring. The temperature was
maintained at 50—55 °C throughout the reaction. After the
reaction was completed (1 hj), the reaction mixture was
cooled to room temperature, 5 ml of water added and the
product extracted with ether. The ether extract was washed
with water and dried over anhydrous sodium sulfate. Evapo-
ration of the solvent followed by chromatography on silica
gel with hexane/ethyl acetate (8:2) afforded 8.2 mg (68%) of
18 as bright yellow orange needles. Mp: 114—116°C;
IHNMR (CDCl3) 8=1.43 [6H, d, J=7 Hz, CH(CHj3),], 2.52
(3H, s, CH3CO), 2.82 (3H, J=1 Hz, ArCHj3), 3.34 (1H, sept,
J=17Hz), 3.65 (3H, s, OCH3;), 7.33, 8.19 (2H, ABq, J=8.5 Hz),
and 7.58, 8.49 (2H, ABq, J=7.7 Hz); MS m/z (rel intensity)
309 (14), 308 (M, 60), 294 (21), 293 (base), 279 (10), 278 (11),
and 265 (48). Found: C, 77.65, H, 6.79%; Calcd for CyyH3¢O3:
C, 77.90; H, 6.54%.
1-Isopropenyl-8-isopropyl-7,9-dimethoxy-4-methyl-2,3-di-
hydro-1H-phenalen-1-01 (19). A solution of isopropenyl-
lithium in tetrahydrofuran was prepared by addition of
butyllithium (0.8 M in hexane, 1 ml) to 2-bromopropene (0.1
ml) in 1 ml of dry tetrahydrofuran at —78 °C under argon
followed by stirring for an additional 1 h at —78°C. A
ketone 16a (85 mg, 0.29 mmol) in 0.5 ml tetrahydrofuran was
added slowly to the stirred solution via a syringe. The reac-
tion mixture was stirred for 2.5 h at —78 °C under argon, and
the mixture was allowed to warm to 0 °C. Saturated aqueous
sodium chloride was added to the reaction mixture, and the
phases were separated. The aqueous phase was extracted
with three 20 ml portions of ether. The combined organic
phases were dried over anhydrous sodium sulfate and con-
centrated under vacuum to yield the crude product. Flash
chromatography of the crude oil on silica gel with hex-
ane/ether (8:1) afforded 87 mg (90%) of 19 as a pale yellow
oil. IR (CHCI;) 3430 and 1600 cm™!; 'HNMR (CDCly)
6=1.39 (3H, d, J=7.3 Hz), 1.49 (3H, d, J=7.3 Hz), 2.02 (3H, s,
CH3), 2.40 (3H, s, ArCH3), 2.60—3.70 (4H, m, CH,CH,), 3.42
[1H, sept, J=7.3 Hz, CH(CH3),], 3.77 (3H, s, OCH3;), 3.94
(3H, s, OCH3;), 4.89 (2H, brs, CH,=), and 7.20, 7.76 (2H, ABq,
J=8.7 Hz, ArH); BCNMR (CDCl;) 6=18.5, 20.0, 22.6, 23.2,
24.1, 26.3, 34.1, 62.5, 63.0, 77.8, 114.0, 119.1, 125.5, 128.1,
128.6, 130.5, 131.3, 132.2, 132.8, 151.7, 153.8, 156.5; MS m/z
(rel intensity) 340 (M1, 33), 323 (26), 322 (63), 307 (18), 306
(7), 300 (29), and 299 (base). Found: C, 77.80; H, 8.34%; Calcd
for C22H2803: C, 7761, H, 829%
9-Isopropyl-2,2,5-trimethylphenaleno[1,9-bc]furan-8(2 H)-
one (Salvilenone, 1) and 20. A mixture of alcohol 19 (30 mg,
0.088 mmol), acetic acid (4 ml), and 47% hydrobromic acid (1
ml) was heated under reflux for 48 h. The reaction mixture
was evaporated in vacuo, and ether added to the residue. The
ethereal solution was washed with 5% sodium carbonate
solution and water, and dried over anhydrous sodium sul-
fate. The solvent was evaporated under reduced pressure.
The residue was separated by preparative TLC (silica gel,
was developed twice with 8:2 hexane/ethyl acetate) to give 1
(17 mg, 66%) and hydroxy diketone 20 (5.4 mg, 20%).
Hydroxy diketone was recrystallized from hexane: mp 134—
136 °C; IR 3460, 1712, and 1677 cm™. 'HNMR (CDCly) 6=
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0.95 (3H, d, J=6 Hz, CHCH3), 0.97 (3H, d, J=6 Hz), 1.35 (3H,
d, J=7 Hz), 1.47 (3H, d, J=7 Hz), 2.34 [1H, sept, J=6 Hz,
CH(CHs;),], 2.80 (3H, s, ArCH3), 4.10 [1H, sept, J=7 Hz,
ArCH(CH,),], 7.53 (1H, d, J=8 Hz, ABq), 7.79 (1H, d, J=9
Hz, ABq), 8.27 (1H, d, J=9 Hz, ABq), 8.35 (1H, d, J=8 Hz,
ABq), and 9.67 (1H, brs, OH). MS m/z 311 (M*+1) 310 (M*),
292 (M*—18), and 267 (M*t—43); UV (EtOH): 208 (21080), 238
(44950), 325 nm (8060). BCNMR (125 MHz, CDCl;) 6=
16.6(q), 17.0(q), 20.2(q), 23.3(q), 24.7(q), 29.3(d), 36.1(d),
101.6(s), 126.0(d), 126.7(s), 126.8(s), 127.2(d), 129.0(d),
129.7(d), 130.3(s), 131.8(s), 142.9(s), 152.8(s), 193.2(s), and
197.7(s). Found: C, 77.20; H, 7.16%; Calcd for CyyH3,03: C,
77.39; H, 7.14%.

2-Hydroxy-2,4-diisopropyl-7-methyl-1 H-phenalene-1,3
(2H)-dione (20). A mixture of 7 mg of alcohol 19, 2 ml of
glacial acetic acid, and 1 ml of 50% hydriodic acid solution
was heated under reflux for 35 h. The reaction mixture was
concentrated in vacuo., and extracted with ether. The ether
extracts were filtered through celite until the filtrate became
clear. The combined filtrates were washed with 10%
NaHCO; and water, dried, and concentrated. The residue
was purified by chromatography on silica gel using hexane/
ethyl acetate (7:3) as eluent to give 3.9 mg (59%) of a white
solid, which was identical with the hydroxy diketone 20
obtained in the preceding experiment.

4-Isopropenyl-2-isopropyl-3-methoxy-7-methyl-1H-
phenalen-1-one (21). A mixture of 7 mg (0.02 mmol) of
alcohol 19 and iodine in 6 ml of carbon tetrachloride was
stirred for 17 h at room temperature. The iodine was
decomposed by addition of Na,S,0;. After the precipitates
were removed, the solution was washed with water, dried
over sodium sulfate, and evaporated to give a yellow solid.
Purification of the crude product by preparative TLC (hex-
ane/ethyl acetate 6:49) gave 3.4 mg (54%) of 21 as an orange
yellow solid. Mp 120—122°C; 'HNMR (CDCl;) 6=1.42
[6H, d, J=7 Hz, CH(CH;),}, 2.01 (3H, s, CH3C=CH,), 2.81
(3H, s, ArCH3;), 3.44[1H, sept, J=7 Hz, CH(CHj3),], 3.70 (3H,
s, OCH3y), 5.1 (2H, m, CH3C=CH,), 7.27 (1H, d, J=9 Hz), 7.63
(1H, d, J=8 Hz), 8.12 (1H, d, J=9 Hz), and 8.48 (1H, d, J=8
Hz). MS m/z360 (M*). Found: C, 82.44; H, 7.33%. Calcd for
CyH,0,: C, 82.32; H, 7.23%.

References

1) Q. Zhou, “Advances in Chinese Materials Research,”
ed by H. M. Chang, H. W. Yeung, W. W. Tso, and A. Koo,
215, World Scientific Publishing Co., Singapore (1985).

2) H. Luo, B. Wu, Z. Yong, and Y. Jin, Acta Pharm.

Guo-Chi ZuenG and Hiroshi Kakisawa

[Vol. 62, No. 4

Sinica, 20, 542 (1985).

3) C. W. Zhou, D. Y. Li, W. C. Gen, and T. G. Sheng,
Acta Pharm. Sinica, 1979, 277, Shanghai 201 Clinical
Research Group on Dan-Shen, Chinese Med. Comm., 37
(1978).

4) Y. Okumura, H. Kakisawa, M. Kato, and Y. Hirata,
Bull. Chem. Soc. Jpn., 34,895 (1961); K. Takiura, Yakugaku
Zashi, 61, 475, 482 (1941); H. Kakisawa, T. Hayashi, I.
Okazaki, and M. Ohashi, Tetrahedron Lett., 1968, 3231; H.
Kakisawa, T. Hayashi, and T. Yamazaki, Tetrahedron Lett,
1969, 301.

5) T. Kusumi, T. Ooi, T. Hayashi, and H. Kakisawa,
Phytochemistry, 24, 2188 (1985).

6) R.G. Cook and J. M. Edwards, Prog. Org. Nat. Prod.,
40, 153 (1981).

7) This paper has been partly presented as a preliminary
communication; G. C. Zheng, T. Kojima, and H. Kakisawa,
Heterocycles, 27, 1341 (1988).

8) A cyclization of carboxylic acid 14 by polyphosphoric
acid afforded a deisopropyl product 16b as a major product.
Although elimination of alkyl group on a benzene ring is a
recognized feature in certain Friedel-Crafts reaction, very
few cases of dealkylation have been recorded for the intramo-
lecular ring closure reaction by polyphosphoric acid. K.
Yamada, S. Takada, Y. Hayakawa, and Y. Hirata, Bull.
Chem. Soc. Jpn., 42, 3011 (1969).

9) C. Schmidt, Can. J. Chem., 54, 2310 (1976).

10) R. C. Gadwood and R. M. Lett, J. Org. Chem., 47,
2268 (1982).

11) For a review, see M. V. Bhatt and S. U. Kulkarni,
Synthesis, 1983, 249.

12) Although isomeric structures 18’, and 21’, were also
conceivable, the structures 18 and 21 were tentatively
assigned based on the NMR data and mechanistic
considerations.

OOMe
O

(o] OMe

e

18” 21°
Scheme 5.






