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ABSTRACT: The first complete synthesis of laetevirenol A
was performed in nine steps via intramolecular Friedel−Crafts
alkylation in a trans-selective manner. The key phenanthrene
intermediate was synthesized by a one-pot Suzuki−Miyaura
coupling and an aldol condensation cascade reaction.

Laetevirenol A (1) was isolated from the roots and stems of
Parthenocissus laetevirens, along with laetevirenol B (2)−E,

by Pan et al. in 2008 (Figure 1).1 Laetevirenol A displayed

strong antioxidant activities, most likely due to the presence of
a phenanthrene moiety acting as a free-radical scavenger.
Structurally, laetevirenol A belongs to a large and diverse family
of polyphenol compounds that includes resveratrol (3)-based
natural products such as quadranglularin A (4),2 parthenocissin
A (5),3 and pauciflorol F (6).4 Members of this family of
resveratrol oligomers possess a wide range of biological
activities including antitumor,5 antioxidant,6 anti-inflammatory,7

anti-HIV,8 antifungal,9 and neuroprotective activities.10

The complex molecular diversity of resveratrol oligomers has
attracted considerable attention from organic and medicinal

chemists. Recently, Snyder et al. developed an elegant strategy
that allowed them to access several molecules of resveratrol
oligomers via a programmable process. The process was
initiated from a simple, common intermediate.11 Thereafter,
Nicolaou and Chen’s group reported the synthesis of
hopeahainol A and hopeanol by employing an intramolecular
Friedel−Crafts alkylation.12
Our synthetic strategy began with the retrosynthetic analysis

of laetevirenol A (1) to a triaryl-substituted olefin intermediate,
7 (Scheme 1). At this late stage of cyclization, the Friedel−
Crafts alkylation would be appropriate to provide trans
stereochemistry to laetevirenol A.13,14 Consequently, it was
anticipated that the triaryl-substituted olefin 7 could be
obtained through a Grignard addition of ketone 8, followed
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Figure 1. Representative molecules of resveratrol-based oligomers.

Scheme 1. Retrosynthetic Analysis for Laetevirenol A
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by acid-catalyzed dehydration. Furthermore, ketone 8 could, in
turn, be prepared from phenanthrene carboxylic acid through a
Grignard reaction. Phenanthrene 9 was expected to be easily
obtained using our previously performed method, a one-pot
Suzuki−Miyaura coupling/aldol condensation cascade reaction
of phenylacetonitrile 11 with 2-formylphenylboronic acid 10.15

For the preparation of phenanthrene 9, a one-pot Suzuki−
Miyaura coupling/aldol condensation cascade reaction was
employed. The substrate for this reaction, phenylacetonitrile
11, was easily prepared by bromination of benzyl bromide
1216,11c with NBS, followed by cyanation with NaCN in DMF
(Scheme 2).17 Based on the original procedure reported by our

group,15a the one-pot reaction of 11 with 2-formylphenylbor-
onic acid 10 under microwave irradiation easily produced the
phenanthrene 13 in 86% yield. Hydrolysis of the phenanthrene
nitrile 13 in basic conditions produced the corresponding acid
9 in excellent yield,18 which was subsequently converted into
the Weinreb amide 14 in 97% yield. The Grignard addition of
14 with phenylmagnesium chloride 15 was then carried out to
afford the ketone 8 in 81% yield.
Next, ketone 8 was subjected to the Grignard addition with

benzylmagnesium chloride 16 to give the expected tertiary
alcohol 17 in 59% yield (Scheme 3).19 Dehydration of the
tertiary alcohol 17 with p-TsOH in toluene at room
temperature afforded a triaryl-substituted olefin 7 in 73%
yield with an E/Z ratio of 5:1.20 Other Brønsted acids,
including HCl, CSA, and TFA, proved to be less effective,
resulting in an E/Z ratio of ∼1:1. With access to olefin 7
established, our efforts turned to implementing the key
intramolecular Friedel−Crafts alkylations. A small screening
of Lewis acids revealed that exposure of olefin 7 to FeCl3
promoted intramolecular oxidative cyclohydrogenation to
provide a fully conjugated acephenanthrylene 18 in good
yield.21,22 Thus, we envisioned that further elaboration of 18 by
catalytic hydrogenation would provide the cis stereoisomer of
laetevirenol A. Indeed, exposing 18 to the standard palladium-

catalyzed hydrogenation conditions led to the desired cis
derivative 19 in quantitative yield.23

Given these findings, we then hypothesized that it might be
possible to find Friedel−Crafts reaction conditions to generate
the quinone methide 22, which could be a stabilized resonance
form of the secondary benzylic cabocation 21 to produce the
desired trans stereoisomer 23 (Scheme 4). After investigating
numerous reaction conditions, we were pleased to find that the
one-pot dehydration/Friedel−Crafts alkylation of 17 with p-
TsOH in toluene at elevated temperature (120 °C). The
desired trans-cyclized product 23 was obtained as a single
isomer. However, the product was synthesized in moderate
yield (43%), along with 18 and 24. At higher temperatures, we
believe that carbocations 20 and 21 may rapidly equilibrate via
a 1,2-hydride shift or interconversion through olefin
intermediate 7 due to the significant contribution of quinone
methide 22 for the stabilization of 21. When olefin 7 (E/Z =
1.7:1) was treated with p-TsOH, a mixture of cyclized products
23 and 24 was obtained in a 2.5:1 ratio. We believe that this
observation supports the hypothesis that the interconversion
between 20 and 21 proceeds through olefin 7. Finally, global
demethylation of 23 using BBr3 in CH2Cl2 provided
laetevirenol A (1) in quantitative yield. The spectroscopic
data of the synthetic laetevirenol A were identical to those
reported for the natural product.1 In the case in which the
strong Brønsted acid TfOH is used, the 9H-indeno[2,1-
l]phenanthrene 24 could be exclusively obtained in 74%
yield, probably through the tertiary carbocation 20.24

Interestingly, the Friedel−Crafts cyclization of 17 seems to
depend upon the pKa value of the Brønsted acids.25 When
methanesulfonic acid (pKa = −0.6) or p-TsOH (pKa = −2.8)
was used, the reaction provided a mixture of 23/24 in 1.4:1 or
5.3:1 ratio, respectively. Therefore, the much higher value of
TfOH (pKa = −14.0) perhaps resulted in significant
stabilization of carbocation 20.

Scheme 2. Synthesis of Phenanthrene Ketone 8

Scheme 3. Synthesis of Cis-Isomer 19

The Journal of Organic Chemistry Note

dx.doi.org/10.1021/jo301345a | J. Org. Chem. 2012, 77, 8762−87678763



In summary, we have successfully achieved the first complete
synthesis of laetevirenol A in nine steps, starting from the
commercially available benzyl bromide 12, in an overall 12%
yield. The intramolecular Friedel−Crafts alkylation was
employed as the final key step. The synthesis of the
phenanthrene ketone intermediate 8 involves a Grignard
addition and a one-pot Suzuki−Miyaura coupling/aldol
condensation reaction. Notably, this route makes it possible
to access the cis-isomer 19 and indeno[2,1-l]phenanthrene 24
of laetevirenol A natural product analogues. Our strategy can be
considered as a simple and rapid synthesis of this family of
interesting natural products.

■ EXPERIMENTAL SECTION
2-Bromo-1-(bromomethyl)-3,5-dimethoxybenzene. To a sol-

ution of 1-(bromomethyl)-3,5-dimethoxybenzene 12 (2.0 g, 8.7
mmol) in CH2Cl2 (26 mL) at 0 °C was added NBS (1.53 g, 8.7
mmol) in several portions. The solution was gradually warmed to
room temperature and stirred for 4 h. The reaction mixture was
quenched with saturated NaS2O3 solution and extracted with CH2Cl2.
The organic layers were washed with H2O and brine, dried over
MgSO4, and concentrated under reduced pressure. The residue was
purified by silica gel flash column chromatography (10% EtOAc/
hexanes) to afford 2-bromo-1-(bromomethyl)-3,5-dimethoxybenzene
(2.3 g, 86%) as a white solid: 1H NMR (300 MHz, CDCl3) δ 6.63
(1H, d, J = 2.7 Hz), 6.44 (1H, d, J = 2.5 Hz), 4.60 (2H, s), 3.87 (3H,
s), 3.82 (3H, s); 13C NMR (75 MHz, CDCl3) δ 159.9, 157.3, 138.7,
107.3, 105.2, 100.2, 56.6, 55.8, 34.0; MS (EI) m/z 307 (M+, 7), 229
(72), 135 (77); HRMS (EI) calcd for C9H10Br2O2 [M+] 307.9048,
found 307.9048.
2-(2-Bromo-3,5-dimethoxyphenyl)acetonitrile (11). To a

solution of 2-bromo-1-(bromomethyl)-3,5-dimethoxybenzene (26.0
g, 84 mmol) in DMF (138 mL) was added sodium cyanide (12.33 g,
252 mmol). The resulting mixture was stirred at rt for 3 h. The
reaction mixture was quenched with H2O and extracted with EtOAc (3
× 100 mL). The combined extracts were washed with H2O and brine,
dried over MgSO4, and concentrated in vacuo. The residue was

purified by silica gel flash column chromatography (20% EtOAc/
hexanes) to afford phenylacetonitrile 11 (20.0 g, 93%) as a white solid:
1H NMR (300 MHz, CDCl3) δ 6.70 (1H, d, J = 2.7 Hz), 6.47 (1H, d, J
= 2.7 Hz), 3.89 (3H, s), 3.84 (3H, s); 13C NMR (75 MHz, CDCl3) δ
160.1, 157.2, 131.6, 117.1, 105.9, 103.9, 99.4, 56.4, 55.7, 25.3; MS (EI)
m/z 255 (M+, 100), 212 (18), 146 (19); HRMS (EI) calcd for
C10H10BrNO2 [M

++2] 256.9874, found 256.9856.
3,5,7-Trimethoxyphenanthrene-9-carbonitrile (13). To a

thick-walled microwave vial were added phenylacetonitrile 11 (256
mg, 1.0 mmol), (2-formyl-5-methoxyphenyl)boronic acid 10 (198 mg,
1.1 mmol), Pd(PPh3)4 (46 mg, 4 mol %), and Cs2CO3 (978 mg, 3.0
mmol) sequentially. The mixture was suspended in toluene/EtOH (4
mL/2 mL). Then, the reaction vial was sealed, placed into a microwave
reactor, and irradiated at 150 °C for 10 min. After being cooled to
room temperature, the mixture was diluted with EtOAc and filtered
through a short Celite pad. The solution was concentrated in vacuo,
and the residue was purified by silica gel flash column chromatography
(20% EtOAc/hexanes) to afford phenanthrene 13 (252 mg, 86%) as a
white solid: mp 201−202 °C; 1H NMR (300 MHz, CDCl3) δ 9.06
(1H, d, J = 2.5 Hz), 8.18 (1H, s), 7.80 (1H, d, J = 8.7 Hz), 7.30 (1H, d,
J = 2.5 Hz), 7.23 (1H, dd, J = 8.7, 2.5 Hz), 6.83 (1H, d, J = 2.5 Hz),
4.12 (3H, s), 4.01 (6H, s); 13C NMR (75 MHz, CDCl3) δ 160.8,
160.4, 159.7, 137.0, 133.9, 133.1, 130.8, 124.4, 119.1, 116.0, 115.4,
109.8, 106.2, 100.6, 98.9, 56.13, 55.8, 55.5; MS (EI) m/z 293 (M+, 17),
277 (17), 234 (10), 198 (6); HRMS (EI) calcd for C18H15NO3 [M

+]
293.1052, found 293.1053.

3,5,7-Trimethoxyphenanthrene-9-carboxylic Acid (9). A
solution of 3,5,7-trimethoxyphenanthrene-9-carbonitrile 13 (700 mg,
2.4 mmol) in a mixture of 36% aq NaOH solution (7 mL) and 2-
methoxyethanol (21 mL) was heated at 150 °C for 18 h. Upon
cooling, the solution was acidified with 6 N HCl solution and extracted
with EtOAc (3 × 100 mL). The combined extracts were washed with
H2O and brine, dried over MgSO4, and concentrated in vacuo.
Trituration of the crude product with Et2O gave the carboxylic acid 9
(683 mg, 92%) as a white solid: mp 227−228 °C; 1H NMR (300
MHz, CDCl3) δ 9.10 (1H, d, J = 2.5 Hz), 8.66 (1H, s), 8.34 (1H, d, J =
2.6 Hz), 7.87 (1H, d, J = 8.7 Hz), 7.21 (1H, dd, J = 8.8, 2.5 Hz), 6.83
(1H, d, J = 2.6 Hz), 4.12 (3H, s), 4.02 (3H, s), 4.01 (3H, s); 13C NMR
(75 MHz, DMSO-d6) δ 169.5, 160.2, 160.1, 159.0, 133.7, 133.3, 133.1,

Scheme 4. Synthesis of Laetevirenol A (1)
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131.8, 124.4, 124.0, 115.6, 115.3, 109.6, 100.4, 99.5, 56.5, 55.6 (2); MS
(EI) m/z 312 (M+, 100), 279 (6), 210 (8), 139 (6); HRMS (EI) calcd
for C18H16O5 [M

+] 312.0998, found 312.0992.
N,3,5,7-Tetramethoxy-N-methylphenanthrene-9-carboxa-

mide (14). A solution of carboxylic acid 9 (633 mg, 2.03 mmol), N,O-
dimethylhydroxylamine hydrochloride (218 mg, 2.23 mmol), BOP
(1.08 g, 2.44 mmol), and DIPEA (1.1 mL, 8.12 mmol) in DMF (6
mL) was stirred at 25 °C for 4 h. The reaction mixture was quenched
with H2O and extracted with EtOAc (3 × 100 mL). The combined
extracts were washed with H2O and brine, dried over MgSO4, and
concentrated under reduced pressure. The residue was purified by
silica gel flash column chromatography (30% EtOAc/hexanes) to
afford Weinreb amide 14 (702 mg, 97%) as a white solid: mp 126−
127 °C; 1H NMR (300 MHz, CDCl3) δ 9.08 (1H, d, J = 2.6 Hz), 7.77
(1H, d, J = 8.7 Hz), 7.70 (1H, s), 7.19 (1H, dd, J = 8.7, 2.6 Hz), 6.93
(1H, d, J = 2.5 Hz), 6.78 (1H, d, J = 2.5 Hz), 4.11 (3H, s), 4.00 (3H,
s), 3.93 (3H, s), 3.62 (3H, s), 3.36 (3H, s); 13C NMR (75 MHz,
CDCl3) δ 160.2, 158.9, 158.7, 132.2, 132.1, 130.0, 129.1, 127.1, 124.9,
115.6, 115.2, 109.6, 99.5, 98.5, 61.3, 55.9, 55.4, 55.3; MS (EI) m/z 355
(M+, 2), 295 (100), 252 (24); HRMS (EI) calcd for C20H21NO5 [M

+]
355.1420, found 355.1437.
(3,5-Dimethoxyphenyl)(3,5,7-trimethoxyphenanthren-9-yl)-

methanone (8). To a solution of Weinreb amide 14 (100 mg, 0.3
mmol) in THF (1 mL) at 0 °C was added a solution of (3,5-
dimethoxyphenyl)magnesium chloride 15 (1.4 mL, 1.4 mmol, 1 M in
THF). The reaction mixture was allowed to warm at 25 °C and stirred
for 3 h. The reaction mixture was quenched with a saturated aqueous
NH4Cl solution and extracted with EtOAc (3 × 10 mL). The extracts
were washed with H2O and brine, dried over MgSO4, and
concentrated in vacuo. The resulting residue was purified by silica
gel flash column chromatography (20% EtOAc/hexanes) to afford
ketone 8 (105 mg, 81%) as a white solid: mp 170−172 °C; 1H NMR
(300 MHz, CDCl3) δ 9.11 (1H, d, J = 2.5 Hz), 7.80 (1H, s), 7.74 (1H,
d, J = 8.8 Hz), 7.31 (1H, d, J = 2.5 Hz), 7.18 (1H, dd, J = 8.8, 2.5 Hz),
7.05 (2H, d, J = 2.3 Hz), 6.80 (1H, d, J = 2.5 Hz), 6.70 (1H, t, J = 2.3
Hz), 4.12 (3H, s), 4.01 (3H, s), 3.84 (3H, s), 3.79 (6H s); 13C NMR
(75 MHz, CDCl3) δ 198.0, 160.7, 160.1, 159.7, 158.7, 140.9, 133.2,
133.1, 132.0, 131.8, 130.8, 124.2, 115.9, 115.3, 109.6, 108.0, 105.7,
99.8, 99.5, 55.9, 55.6, 55.35, 55.30; MS (EI) m/z 432 (M+, 100), 373
(11), 295 (17), 252 (7); HRMS (EI) calcd for C26H24O6 [M+]
432.1573, found 432.1570.
1-(3,5-Dimethoxyphenyl)-2-(4-methoxyphenyl)-1-(3,5,7-tri-

methoxyphenanthren-9-yl)ethanol (17). To a solution of ketone
8 (100 mg, 0.2 mmol) in THF (1 mL) at 0 °C was added a solution of
(4-methoxybenzyl)magnesium chloride 16 (2 mL, 0.5 mmol, 0.25 M
in THF). The reaction mixture was allowed to warm gradually to 25
°C and stirred for 3 h. The reaction mixture was quenched with a
saturated aqueous NH4Cl solution and extracted with EtOAc (3 × 15
mL). The organic extracts were washed with H2O and brine, dried
over MgSO4, concentrated under reduced pressure. The residue was
purified by silica gel flash column chromatography (20% EtOAc/
hexanes) to give alcohol 17 (75 mg, 59%) as a white solid: mp 183−
184 °C; 1H NMR (300 MHz, CDCl3) δ 9.08 (1H, d, J = 2.6 Hz), 8.06
(1H, s), 7.80 (1H, d, J = 8.7 Hz), 7.30−7.24 (1H, m), 7.20 (1H, dd, J
= 8.7, 2.6 Hz), 6.70 (4H, s), 6.65 (1H, d, J = 2.5 Hz), 6.39 (2H, d, J =
2.3 Hz), 6.27 (1H, t, J = 2.3 Hz), 4.05 (3H, s), 4.00 (3H, s), 3.85 (1H,
d, J = 12.8 Hz), 3.74 (3H, s), 3.65 (1H, d, J = 12.7 Hz), 3.60 (6H, s),
3.56 (3H, s); 13C NMR (75 MHz, CDCl3) δ 160.6, 160.2, 158.6,
158.6, 149.3, 136.0, 132.2, 131.8, 130.3, 128.0, 127.2, 125.4, 117.0,
115.0, 113.3, 109.6, 104.8, 101.7, 99.0, 98.8, 78.5, 77.4, 55.9, 55.4, 55.4,
55.3; MS (EI) m/z 554 (M+, 1), 433 (59), 295 (27), 252 (8), 165
(100), 137 (19), 121 (44); HRMS (EI) calcd for C34H34O7 [M+]
554.2305, found 554.2305.
(E)-10-(1-(3,5-Dimethoxyphenyl)-2-(4-methoxyphenyl)-

vinyl)-2,4,6-trimethoxyphenanthrene (7E). To a solution of
alcohol 17 (84 mg, 0.156 mmol) in toluene (1.5 mL) was added p-
TsOH·6H2O (13 mg, 0.8 mmol) and the mixture stirred at rt for 4 h.
The reaction mixture was quenched with saturated NaHCO3 solution
and extracted with EtOAc (3 × 10 mL). The extracts were washed
with H2O and brine, dried over MgSO4, and concentrated under

reduced pressure. The residue was purified by preparative HPLC using
an XTerra C18 OBD (5 μm) column (30% H2O/ACN, 40 mL/min)
to afford olefin 7E (50 mg, 61%) as a yellow solid (retention time =
15.0 min): mp 202−204 °C; 1H NMR (300 MHz, CDCl3) δ 9.08
(1H, d, J = 2.5 Hz), 7.78 (1H, d, J = 8.8 Hz), 7.76 (1H, s,), 7.21−7.17
(3H, m), 7.07 (1H, d, J = 2.5 Hz), 6.85 (1H, s), 6.77 (2H, dd, J = 8.8,
2.0 Hz), 6.67 (1H, d, J = 2.5 Hz), 6.47 (2H, d, J = 2.3 Hz), 6.30 (1H, t,
J = 2.3 Hz), 4.07 (3H, s), 4.00 (3H, s), 3.80 (3H, s), 3.67 (3H, s), 3.58
(6H, s); 13C NMR (75 MHz, CDCl3) δ 160.7, 160.1, 158.6, 158.2,
157.8, 142.7, 141.0, 137.7, 134.8, 131.5, 130.9, 130.6, 129.9, 129.7,
129.6, 126.0, 115.8, 114.8, 113.5, 109.6, 107.9, 100.6, 99.5, 98.9, 55.8,
55.3, 55.2 (2), 55.1; MS (EI) m/z 534 (M+, 100), 401 (29), 295 (16);
HRMS (EI) calcd for C34H32O6 [M

+] 536.2199, found 536.2188.
(Z)-10-(1-(3,5-Dimethoxyphenyl)-2-(4-methoxyphenyl)-

vinyl)-2,4,6-trimethoxyphenanthrene (7Z). The product (10 mg,
12%) was obtained by the above prep HPLC (retention time = 10.5
min): mp 235−236 °C; 1H NMR (300 MHz, CDCl3) δ 9.14 (1H, d, J
= 2.6 Hz), 7.66 (1H, d, J = 8.7 Hz), 7.57 (1H, s), 7.23 (1H, s), 7.16
(1H, dd, J = 8.7, 2.6 Hz), 6.99 (1H, d, J = 2.5 Hz), 6.94 (2H, dd, J =
6.8, 1.9 Hz), 6.72 (1H, d, J = 2.5 Hz), 6.57 (2H, d, J = 2.3 Hz), 6.53
(2H, dd, J = 6.8, 2.1 Hz), 6.35 (1H, t, J = 2.3 Hz), 4.12 (3H, s), 4.01
(3H, s), 3.69 (6H, s), 3.67 (3H, s), 3.64 (3H, s); 13C NMR (75 MHz,
CDCl3) δ 160.7, 160.2, 158.5, 158.3, 158.2, 145.6, 138.9, 134.8, 133.4,
131.5, 130.5, 129.8, 129.72, 129.67, 126.4, 116.0, 114.7, 113.6, 109.5,
105.1, 99.7, 99.1, 98.9, 55.8, 55.3 (2), 55.2, 55.1; MS (EI) m/z 536
(M+, 95), 505 (57), 214 (51), 108 (100); HRMS (EI) calcd for
C34H32O6 [M

+] 536.2199, found 536.2199.
5- (3 ,5-D imethoxypheny l ) -1 ,3 ,9 - t r imethoxy-4- (4 -

methoxyphenyl)acephenanthrylene (18). To a solution of olefin
7E (8 mg, 0.015 mmol) in CH2Cl2 (0.7 mL) at rt was added
FeCl3·6H2O (8 mg, 0.03 mmol) and stirred for 3 h. The reaction
mixture was treated with H2O (10 mL) and extracted with CH2Cl2 (2
× 20 mL). The extracts were washed with brine, dried over MgSO4,
and concentrated in vacuo. The residue was purified by silica gel flash
column chromatography (20% EtOAc/hexanes) to give acephenan-
thrylene 18 (6.3 mg, 79%) as a yellow solid: mp 137−138 °C; 1H
NMR (300 MHz, CDCl3) δ 8.87 (1H, d, J = 2.7 Hz), 8.09 (1 H, s),
7.91 (1H, d, J = 8.8 Hz), 7.40 (2H, d, J = 8.7 Hz), 7.20 (1H, dd, J =
8.8, 2.7 Hz), 6.85 (2H, d, J = 8.7 Hz), 6.72 (1H, s), 6.53 (2H, d, J = 2.3
Hz), 6.39 (1H, t, J = 2.3 Hz), 4.22 (3H, s), 4.03 (3H, s), 3.86 (3H, s),
3.84 (3H, s), 3.68 (6H, s); 13C NMR (75 MHz, CDCl3) δ 161.7,
160.5, 159.3, 158.6, 156.1, 139.0, 138.0, 135.3, 133.4, 132.3, 131.9,
131.8, 129.3, 127.9, 126.6, 117.3, 114.8, 112.9, 112.3, 109.5, 108.7,
99.1, 95.7, 56.30, 59.28, 55.5, 55.4; MS (EI) m/z 534 (M+, 100), 519
(22), 284 (16); HRMS (EI) calcd for C34H30O6 [M

+] 534.2042, found
534.2039.

cis-5-(3,5-Dimethoxyphenyl)-1,3,9-trimethoxy-4-(4-methox-
yphenyl)-4,5-dihydroacephenanthrylene (19). To a solution of
acephenanthrylene 18 (20 mg, 0.037 mmol) in a mixture of EtOAc/
EtOH/CH2Cl2 (0.6 mL/0.6 mL/0.6 mL) was added 10% Pd/C (20
mg, 10 wt %). The resulting suspension was stirred at rt for 3 h under
an atmosphere of hydrogen (balloon). The reaction mixture was
filtered through a short Celite pad and concentrated under reduced
pressure. The residue was purified by silica gel flash column
chromatography (20% EtOAc/hexanes) to afford cis-dihydroacephe-
nanthrylene 19 (18 mg, 99%) as a white solid: mp 182−183 °C; 1H
NMR (300 MHz, CDCl3) δ 8.95 (1H, d, J = 2.6 Hz), 7.66 (1H, d, J =
8.8 Hz), 7.23 (1H, s), 7.15 (1H, dd, J = 8.7, 2.7 Hz), 6.85 (1H, s),
6.51−6.37 (5H, m), 6.19 (1H, t, J = 2.4 Hz), 6.09 (2H, d, J = 2.3 Hz),
5.16−5.04 (2H, m), 4.20 (3H, s), 4.02 (3H, s), 3.83 (3H, s), 3.64 (3H,
s), 3.55 (6H, s); 13C NMR (75 MHz, CDCl3) δ 160.1, 159.1, 157.85,
157.82, 154.3, 142.7, 141.7, 141.5, 134.0, 130.5, 129.6, 129.5, 128.5,
122.5, 122.0, 114.4, 112.9, 112.8, 109.8, 108.4, 99.0, 97.4, 56.8, 56.5,
56.3, 55.6, 55.3, 55.2, 52.7; MS (EI) m/z 536 (M+, 100), 505 (11), 428
(18); HRMS (EI) calcd for C34H32O6 [M

+] 536.2199, found 536.2183.
trans-5-(3,5-Dimethoxyphenyl)-1,3,9-trimethoxy-4-(4-me-

thoxyphenyl)-4,5-dihydroacephenanthrylene (23). To a solu-
tion of alcohol 17 (277 mg, 0.5 mmol) in toluene (10 mL) was added
p-TsOH·6H2O (95 mg, 0.5 mmol). The resulting mixture was sealed
and stirred at 120 °C for 18 h. After being cooled to room
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temperature, the mixture was quenched with H2O (50 mL) and
extracted with CH2Cl2 (3 × 50 mL). The combined extracts were
washed with brine, dried over MgSO4, and concentrated under
reduced pressure. The residue was purified by silica gel flash column
chromatography (20% EtOAc/hexanes) to afford the desired trans
isomer 23 (115 mg, 43%) as a white solid: mp 179−180 °C; 1H NMR
(300 MHz, CDCl3) δ 8.93 (1H, d, J = 2.6 Hz), 7.66 (1H, d, J = 8.7
Hz), 7.14 (1H, dd, J = 8.7, 2.6 Hz), 6.99 (2H, d, J = 8.4 Hz), 6.80 (2H,
d, J = 4.0 Hz), 6.78 (1H, d, J = 5.9 Hz), 6.34 (1H, t, J = 2.3 Hz), 6.28
(2H, d, J = 2.3 Hz), 4.72 (1H, d, J = 3.7 Hz), 4.46 (1H, d, J = 2.7 Hz),
4.17 (3H, s), 4.01 (3H, s), 3.78 (3H, s), 3.76 (3H, s), 3.70 (6H, s); 13C
NMR (75 MHz, CDCl3) δ 160.9, 158.9, 158.0, 157.7, 154.1, 148.04,
142.0, 141.0, 137.9, 130.4, 129.4, 128.4, 128.1, 122.5, 122.0, 114.3,
113.7, 112.8, 109.6, 105.9, 98.25, 97.4, 77.4, 77.2, 77.0, 76.6, 61.1, 57.3,
56.3, 56.2, 55.4, 55.3 (2), 55.2; MS (EI) m/z 536 (M+, 100), 505 (55),
488 (16); HRMS (EI) calcd for C34H32O6 [M+] 536.2199, found
536.2197.
Laetevirenol A (1). To a solution of trans-dihydroacephenan-

thrylene 23 (20 mg, 0.037 mmol) in CH2Cl2 (1 mL) at 0 °C was
added a solution of BBr3 (745 μL, 0.75 mmol, 1 M in CH2Cl2). The
reaction mixture was stirred at 25 °C for 24 h and quenched with
MeOH. The resulting mixture was diluted with EtOAc (50 mL),
washed with brine, and dried over MgSO4. The solution was
concentrated in vacuo and purified by silica gel flash column
chromatography (10% MeOH/CH2Cl2) to afford laetevirenol A (18
mg, 99%) as a yellow solid: mp 143−144 °C; 1H NMR (500 MHz,
acetone-d6) δ 9.37 (1H, s), 8.93 (1H, d, J = 2.5 Hz), 8.44 (1H, s), 8.13
(1H, s), 8.09 (2H, s), 7.96 (1H, s), 7.64 (1H, d, J = 8.6 Hz), 7.17 (1H,
d, J = 1.3 Hz), 7.03 (1H, dd, J = 8.5, 2.5 Hz), 6.89 (2H, d, J = 8.5 Hz),
6.79 (1H, s), 6.71 (2H, d, J = 8.5 Hz), 6.20 (1H, d, J = 2.1 Hz), 6.10
(2H, d, J = 2.3 Hz), 4.63 (1H, d, J = 3.0 Hz), 4.28 (1H, dd, J = 3.2, 1.5
Hz); 13C NMR (125 MHz, acetone-d6) δ 159.5, 156.9, 156.6, 156.1,
152.5, 149.6, 142.6, 142.4, 137.5, 132.1, 129.9, 128.8, 128.1, 122.1,
120.0, 115.9, 115.3, 112.5, 111.7, 106.6, 104.9, 101.5, 62.0, 57.8; MS
(EI) m/z 451 (M+, 1), 167 (23), 149 (100); HRMS (EI) calcd for
C28H19O6 [M

+] 451.1182, found 451.1178.
3,5,7,11,13-Pentamethoxy-9-(4-methoxybenzyl)-9H-indeno-

[2,1-l]phenanthrene (24). To a solution of alcohol 17 (277 mg, 0.5
mmol) in toluene (10 mL) at room temperature was added TfOH (44
μL, 0.5 mmol). The reaction mixture was sealed and stirred at 120 °C
for 18 h. The reaction mixture was quenched with a saturated aqueous
NaHCO3 solution and extracted with EtOAc (3 × 100 mL). The
extracts were washed with H2O and brine and dried over MgSO4. The
mixture was concentrated in vacuo and purified by silica gel flash
column chromatography (20% EtOAc/hexanes) to afford 9H-
indeno[1,2-l]phenanthrene 24 (199 mg, 74%) as a white solid: mp
96−97 °C; 1H NMR (300 MHz, CDCl3) δ 9.29 (1H, d, J = 9.3 Hz),
9.19 (1H, d, J = 2.7 Hz), 7.21 (1H, dd, J = 9.3, 2.8 Hz), 7.14 (1H, d, J
= 2.4 Hz), 6.94 (2H, d, J = 8.6 Hz), 6.75 (1H, d, J = 2.4 Hz), 6.72 (2H,
d, J = 8.6 Hz), 6.54 (1H, d, J = 2.2 Hz), 6.27 (1H, d, J = 2.1 Hz), 4.43
(1H, dd, J = 9.0, 3.6 Hz), 4.13 (3H, s), 4.03 (3H, s), 4.02 (3H, s), 3.93
(3H, s), 3.74 (3H, s), 3.73 (3H, s), 3.69−3.65 (1H, m), 2.64 (1H, dd, J
= 13.9, 9.0 Hz); 13C NMR (75 MHz, CDCl3) δ 160.3, 159.5, 158.4,
158.2, 157.2, 155.0, 152.7, 138.4, 137.2, 133.0, 132.4, 131.5, 130.6,
129.9, 123.8, 122.8, 115.3, 113.5, 113.4, 109.6, 103.0, 99.3, 98.1, 98.0,
56.4, 56.1, 55.5, 55.5, 55.4, 55.3, 49.9, 39.9; MS (EI) m/z 536 (M+,
100), 505 (11), 428 (18); HRMS (EI) calcd for C34H32O6 [M+]
536.2199, found 536.2188.
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