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Abstract

A concise route to multigram quantities of the antibacterial diterpene (+)-totarol (1) is reported.
(-)-Sclareol (2) was converted to the target compound 1 using either a six- or a seven-step
sequence, while only three steps were required to access (+)-totarol (1) starting from (+)-manool
(9) or (+)-13-epi-manool (10), respectively. A novel one-pot intramolecular aldol condensation/
a-alkylation protocol served as the key operation for streamlining the syntheses of 1.
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Introduction

The tricyclic diterpene (+)-totarol (1) has been isolated from many plants, with the heartwood of
the New Zealand native tree Podocarpus totara being the most abundant source (Figure 1).*

OH

1
Figure 1. Structure of the bioactive diterpene (+)-totarol (1).

(+)-Totarol (1) has been shown to display a range of interesting bioactivities.! Thus, it is an
antistaphylococcal antimicrobial agent,2 and it is likely to inhibit bacterial cytokinesis by
targeting the protein FtsZ, which may be useful for the development of novel antitubercular
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drugs.® Furthermore, it compromises the functional integrity of phospholipid membranes,* acts as
an inhibitor of the bacterial respiratory chain,® and shows marked antiplasmodial activity against
Plasmodium falciparum® and potent bactericidal activity against Propionibacterium acnes,’
which causes skin diseases.

The first synthesis of racemic totarol that also confirmed its relative configuration succeeded
in 1958 commencing with 2,2 6-trimethylcyclohexanone,® while the first enantioselective
synthesis of (+)-totarol (1) was disclosed in 1979 utilizing (R)-(-)-a-cyclocitral as the starting
material.® A more recent synthesis of racemic totarol applied a polyolefin cyclization for
generation of the tricyclic skeleton,’® and further enantioselective syntheses of (+)-totarol (1)
were achieved from zamoranic acid,!! through a chemoenzymatic approach,*? and by epoxide
cyclization.*® Furthermore, the total synthesis of racemic totarol methyl ether from a naphthalene
derivative* and the synthesis of totarol analogs from manool along with an investigation of their
antibacterial activities were published.'®

Since the reported syntheses of (+)-totarol (1) required rather lengthy reaction sequences, we
developed concise routes to enantiomerically pure 1 from (-)-sclareol (2) that efficiently
provided multigram amounts of this diterpene using only six or seven steps. A novel one-pot
intramolecular aldol condensation/a-alkylation protocol served as the crucial operation for
streamlining these syntheses, which also allowed a three-step conversion of (+)-manool (9) or
(+)-13-epi-manool (10), respectively, to (+)-totarol (1).1°

Results and Discussion

Preparation of the key intermediate 7" from (-)-sclareol (2) is depicted in Scheme 1.

0]
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Scheme 1. Synthesis of diketone 7 from (-)-sclareol (2). Reagents and conditions: (a) AcCl,
PhNMe;, CH2Cl», RT, 26 h, 96%; (b) 0.94 mol% PdCl>(MeCN),, THF, RT, 6 h, 100%; (c) Os,
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CHCl,, —70°C, 1 h, then Me.S, —70°C — RT, 66%; (d) NaHCO3, DMSO, 150°C, 6 h, 93%
(88:12 mixture of isomers); (e) Oz, CH2Cl2, —=78°C, 35 min, then PhsP, —78°C — RT, 63%.

The route from (—)-sclareol (2) to keto olefin 68 followed the protocol of Zahra and Waegell
with slight modifications.'® To this end, 2 was converted to its diacetate 3 that underwent a clean
Pd(Il)-catalyzed rearrangement to give the isomeric diacetate 4. Ozonolysis of 4 followed by
regioselective elimination of acetic acid delivered the desired exocyclic olefin 6 along with a
minor double bond isomer. Subsequent ozonolysis of this mixture containing 6 as the major
component?® gave rise to the pure diketone 7 in five steps and 37% overall yield from 2.

An alternative route to diketone 7 from sclareol diacetate 3 is illustrated in Scheme 2.
Chemoselective hydrolysis of 3 to furnish monoacetate 81%% set the stage for a regioselective
elimination to yield (+)-manool (9) as the major product. Ozonolysis of this mixture containing 9
as the major component in the presence of sodium hydroxide!’ afforded diketone 7 in four steps
and 25% overall yield from 2. As anticipated, analogous treatment of (+)-13-epi-manool (10) led
to diketone 7 as well.

10

Scheme 2. Alternative syntheses of diketone 7 from (-)-sclareol via (+)-manool (9) and from
(+)-13-epi-manool (10). Reagents and conditions: (a) KOH, H.O, EtOH, RT, 48 h, 60%; (b)
NaHCOs;, DMSO, 150°C, 6 h, 90% (mixture of isomers with 77% major product 9); (c) Os,
toluene, 10% aq. NaOH, —10°C, 35 min, 48%.

Completion of the synthesis of (+)-totarol (1) from diketone 7 is shown in Scheme 3.
Gratifyingly, the intramolecular aldol condensation of 71"*" could be readily coupled in a one-
pot fashion with an enone a-alkylation'®?? using isopropyl iodide to directly give the desired
enone 11812 as the major product. Finally, Cu(ll)-mediated oxidative aromatization!?% of this
mixture cleanly led to the pure diterpene 1 in high yield identical to the natural product in all
respects.
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In conclusion, short synthetic routes to enantiopure (+)-totarol (1) have been developed.
Since (-)-sclareol (2) can be obtained by extraction of the plant Salvia sclarea, it is currently the
preferred source out of the three diterpenes 2, 9, and 10 for the semisynthesis of 1 according to
reaction sequences depicted in Schemes 1-3.

Scheme 3. Streamlined conversion of diketone 7 to (+)-totarol (1). Reagents and conditions: (a)
t-BuOK, t-BuOH, reflux, 50 min, then i-Prl, reflux, 1 h, 56% (9:1.5:3.5:86 mixture of isomers
containing 11 as the major product); (b) CuBr2, LiBr, MeCN, reflux, 20 h, 91%.

Experimental Section

General. All reactions requiring exclusion of moisture were run under argon using heat gun-
dried glassware. Solvents were dried by distillation from Na/K and benzophenone (THF), Na
(toluene), CaH: (Et20), or by passing through activated alumina (CH2Cl,). All commercially
available compounds were used as received unless stated otherwise. Flash chromatography:
Merck silica gel 60 (40—63um). Thin layer chromatography: Merck silica gel 60 F2s4 plates; for
visualization of the spots a solution of anisaldehyde (6 g) and sulfuric acid (2.5 mL) in EtOH
(250 mL) was used. Melting points: Kleinfeld Labortechnik Electrothermal 1A 9100 apparatus.
Optical rotation: Perkin—-Elmer 341 polarimeter. *H and *C NMR: Bruker DRX-500 (*H: 500
MHz, 3C: 126 MHz, CDCls, calibrated to the residual resonance of the solvent) or Bruker AC-
300 (*H: 300 MHz, 13C: 75.4 MHz, CDCls, calibrated to the residual resonance of the solvent).
Mass spectra: Hewlett Packard 5890 GC coupled with a Hewlett Packard 5972 detector and
Agilent 6890N GC coupled with an Agilent 5973N detector (GC/MS).

Sclareol diacetate (3). (—)-Sclareol (2) (50.0 g, 0.162 mol) was stirred with N,N-dimethylaniline
(98.0 g, 0.809 mol) and dichloromethane (60 mL) in a 500 mL flask for 30 min at RT. Acetyl
chloride (42.0 g, 0.531 mol) dissolved in dichloromethane (30 mL) was added dropwise over a
period of 1 h. After complete addition, the mixture was stirred for 26 h at RT. Subsequently,
diethyl ether (500 mL), ice (250 g), and 2N HCI (300 mL) were added. The layers were
separated, and the organic layer was washed with 2N HCI (400 mL), brine (100 mL), saturated
Na>COzs solution (100 mL), and then again with brine (100 mL) before drying with MgSO4 and
concentration in vacuum. The crude material was filtered through a pad of silica gel using ethyl
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acetate as eluent to give 3 (61.310 g, 96%) as pale yellow solid; R¢ 0.55 (pentane/EtOAc 5:1); H
NMR (300 MHz) 60.71 (s, 3H, CHa), 0.75 (s, 3H, CHa), 0.79 (s, 3H, CHa), 0.90 (dd, J = 2.1,
12.3 Hz, 2H), 1.00-1.40 (m, 7H), 1.38 (s, 3H, CHa), 1.47 (s, 3H, CH3), 1.50-1.70 (m, 4H), 1.80—
1.88 (m, 2H), 1.87 (s, 3H, CHj3), 1.94 (s, 3H, CHz3), 2.50-2.60 (m, 1H), 5.05 (dd, J = 0.9, 11.0
Hz, 1H), 5.08 (dd, J = 0.9, 17.5 Hz, 1H), 5.89 (dd, J = 11.0, 17.5 Hz, 1H); *3C NMR (75.4 MHz)
0 15.73 (CHs), 18.31 (CH>), 19.46 (CHy>), 19.94 (CHy>), 20.42 (CHj3), 21.38 (CHz3), 22.19 (CHj),
22.87 (CHa), 23.54 (CHj3), 33.08 (CHs), 33.29 (C), 38.75 (CHy), 39.43 (CHy), 39.48 (C), 41.87
(CHy), 42.58 (CH>), 55.62 (CH), 58.68 (CH), 83.19 (C), 87.94 (C), 113.06 (CH>), 141.92 (CH),
169.82 (C), 170.23 (C); MS (GC/MS, 70 eV) m/z (rel. intensity): 272 [M* — 2 HOAc] (20), 257
(50), 244 (5), 229 (9), 217 (12), 201 (14), 189 (19), 177 (26), 161 (23), 147 (20), 137 (100), 121
(45).

Diacetate (4). A suspension of PdCI> (50 mg, 0.282 mmol) in acetonitrile (1 mL) was stirred
under argon atmosphere for 5 d at RT. Then the yellow suspension was added to a solution of
sclareol diacetate (3) (11.765 g, 30 mmol) in dry THF (300 mL). The mixture was stirred for 6 h
at RT and then concentrated in vacuum. The resultant crude product was suspended in pentane
(40 mL) and purified by filtration over silica gel (column diameter 3 cm, height 15 cm) using
diethyl ether (800 mL) as eluent. After concentrating under reduced pressure, diacetate 4 (11.725
g, 100%) was obtained as pale yellow oil; Rf 0.49 (pentane/EtOAc 5:1); *H NMR (300 MHz) &
0.71 (s, 3H, CH3), 0.76 (s, 3H, CH3), 0.80 (s, 3H, CH3), 0.92 (m, 2H), 1.00-1.72 (m, 9H), 1.39
(s, 3H, CHa), 1.65 (s, 3H, CH3), 1.91-2.10 (m, 4H), 1.87 (s, 3H, CHa), 1.99 (s, 3H, CHjs),
2.50-2.60 (m, 1H), 4.51 (d, J = 7.1 Hz, 2H), 5.26 (dd, J = 6.4, 7.1 Hz, 1H).

Ketone (5). To a 500 mL three-necked flask a solution of diacetate 4 (12.800 g, 32.6 mmol) in
dry CHxCI> (250 mL) was added. This solution was cooled to —70°C and ozonized at this
temperature for 1 h when a constant blue coloration was reached. To remove excess 0zone, the
reaction mixture was purged with N2. Then dimethyl sulfide (12.8 g) was added, and the mixture
was allowed to warm to RT overnight with stirring. After concentration under reduced pressure,
the crude yellow product (16.604 g) was purified by column chromatography over silica gel
(column diameter 5 cm, height 50 cm) using pentane/ethyl acetate 5:1 as eluent to give ketone 5
(6.890 g, 66%) as a white solid; R 0.30 (pentane/EtOAc 5:1); *H NMR (300 MHz) 50.76 (s, 3H,
CHs), 0.82 (s, 3H, CHa), 0.85 (s, 3H, CH3), 0.86-1.00 (m, 2H), 1.08-1.43 (m, 4H), 1.45 (s, 3H,
CHs), 1.48-1.77 (m, 7H), 1.91 (s, 3H, CHs), 2.12 (s, 3H, CH3), 2.45-2.66 (m, 3H); *C NMR
(75.4 MHz) 615.51 (CHs), 18.21 (CH2), 19.59 (CH.), 19.91 (CHz), 20.39 (CHs), 21.38 (CH3),
22.95 (CHa), 29.85 (CHj3), 33.10 (C), 33.29 (CHg), 38.75 (CH2), 39.46 (C), 39.61 (CH2), 41.80
(CH,), 46.64 (CH>), 55.60 (CH), 58.04 (CH), 88.03 (C), 170.04 (C), 209.21 (C).

Keto olefin (6). In a 100 mL flask ketone 5 (6.890 g, 21.36 mmol) was suspended in DMSO (40
mL), and NaHCOs (2.690 g, 32 mmol) was added. This mixture was stirred under argon
atmosphere at 150°C for 6 h. After cooling the mixture to RT, water (200 mL) was added, and
the resulting suspension was extracted with Et>O (2 x 200 mL). The organic layer was separated,
washed with water (200 mL) and brine (50 mL), dried with MgSO4 and concentrated under
reduced pressure. The crude product (5.430 g, yellow oil) was purified by column
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chromatography over silica gel using pentane/EtOAc 10:1 as eluent to give keto olefin 6 (5.233
g, 93%) as a pale yellow oil (88:12 mixture of isomers with 6 as the major component); R 0.57
(pentane/EtOAC 5:1); *H NMR (300 MHz) §0.62 (s, 3H, CHas), 0.73 (s, 3H, CHs), 0.79 (s, 3H,
CHs), 0.76-1.55 (m, 10H), 1.61-1.92 (m, 3H), 2.03 (s, 3H, CH3), 2.18-2.35 (m, 2H), 2.45-2.56
(m, 1H), 4.36 (s, 1H), 4.75 (d, J = 1.0 Hz, 1H); 3C NMR (75.4 MHz) & 14.29 (CHs), 17.51
(CH2), 19.34 (CH2), 21.69 (CHas), 24.43 (CH), 30.02 (CHs), 33.56 (C), 33.61 (CHs), 38.26
(CHy), 38.96 (CH.), 39.76 (C), 42.11 (CH), 42.91 (CHy), 55.48 (CH), 56.26 (CH), 106.29
(CHy), 148.35 (C), 209.51 (C); MS (GC/MS, 70 eV) m/z (rel. intensity): 262 [M*] (20), 247 (17),
244 (26), 229 (39), 204 (46), 191 (26), 189 (26), 177 (38), 159 (27), 147 (20), 137 (100), 121
(26), 107 (60), 95 (80).

Diketone (7) from keto olefin (6). Keto olefin 6 (5.100 g, 19.43 mmol) prepared as described
above was dissolved in dry CH2Cl> (120 mL) in a 500 mL two-necked flask with a gas inlet tube.
This solution was cooled to —78°C and ozonized at this temperature with vigorous stirring for 35
min when a constant blue coloration was reached. The ozone generator was turned off, and the
reaction mixture was further stirred for 30 min at —78°C. To remove excess 0zone, the reaction
mixture was purged with N2 for 10 min. Then triphenylphosphine (6.150 g) was added, and the
suspension was stirred for additional 2 h at —78°C. The cooling bath was removed, and the
mixture was allowed to warm to RT overnight with stirring. After removal of the solvent in
vacuum, the crude yellow product was purified by column chromatography over silica gel using
pentane/EtOAc 10:1 — 5:1 as eluent to give diketone 7 (3.230 g, 63%) as a colorless oil; R 0.19
(pentane/EtOAC 5:1); *H NMR (300 MHz) §0.75 (s, 3H, CHas), 0.87 (s, 3H, CHs), 0.98 (s, 3H,
CHs), 1.17-1.33 (m, 2H), 1.42-1.70 (m, 6H), 1.76-1.88 (m, 2H), 2.03-2.14 (m, 2H), 2.12 (s,
3H, CHs), 2.15-2.35 (m, 2H), 2.39-2.48 (m, 1H), 2.57-2.69 (m, 1H); *C NMR (75.4 MHz) &
14.55 (CHsa), 16.11 (CH>), 18.96 (CH>), 21.66 (CHs), 23.95 (CH2), 29.89 (CH3), 33.50 (C), 33.67
(CHa), 39.10 (CHy), 41.84 (CH>), 42.57 (CH.), 42.68 (C), 42.76 (CH>), 54.12 (CH), 63.14 (CH),
209.22 (C), 212.34 (C); MS (GC/MS, 70 eV) m/z (rel. intensity): 264 [M*] (10), 249 (100), 231
(15), 179 (13), 173 (11), 137 (16), 121 (20), 109 (15), 95 (23).

Sclareol monoacetate (8). Sclareol diacetate 3 (61.315 g, 0.156 mol) was dissolved in 99%
EtOH (530 mL) in a 1 L flask cooled with ice water to 15°C, and a solution of KOH (8.44 g,
0.150 mol) in H.O/EtOH (50%, 70 mL) was added dropwise over 15 min to the stirred mixture.
The orange reaction mixture was stirred for 24 h at RT. Subsequently, KOH (1.6 g, 0.027 mol)
was added, the suspension was stirred for additional 24 h and then concentrated in vacuum at
40°C bath temperature. Water (300 mL) was added, and the resulting suspension was extracted
with EtOAc (2 x 500 mL). The combined organic extracts were dried with MgSO4 and filtered
through a pad of silica gel. After removal of the solvent in vacuum, the crude white product was
recrystallized from a 2:1 EtOAc/hexane mixture (90 mL) to give monoacetate 8 (32.57 g, 60%)
as a white solid (the filtrate containing sclareol, sclareol monoacetate and sclareol diacetate could
be used again); Rs 0.20 (pentane/EtOAc 5:1); *H NMR (300 MHz) §0.71 (s, 3H, CHa), 0.76 (s,
3H, CHa), 0.79 (s, 3H, CHz3), 0.90 (dd, J = 1.9, 12.3 Hz, 2H), 1.02-1.50 (m, 8H), 1.22 (s, 3H,
CHs), 1.37 (s, 3H, CHa), 1.53-1.70 (m, 7H), 1.86 (s, 3H, CHs), 2.53-2.59 (m, 1H), 5.00 (dd, J =
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1.2, 10.7 Hz, 1H), 5.14 (dd, J = 1.3, 17.4 Hz, 1H), 5.83 (dd, J = 10.7, 17.4 Hz, 1H); *C NMR
(75.4 MHz) 615.71 (CHs), 18.29 (CH2), 19.83 (CH.), 19.96 (CH>), 20.42 (CHs), 21.40 (CH3),
22.95 (CHs), 27.86 (CHzg), 33.09 (C), 33.30 (CHa), 38.77 (CH>), 39.50 (C), 39.62 (CH), 41.89
(CHy), 45.33 (CH>), 55.63 (CH), 58.86 (CH), 73.55 (C), 88.28 (C), 111.76 (CH>), 145.00 (CH),
170.13 (C).

(+)-Manool (9). In a 500 mL flask sclareol monoacetate 8 (32.253 g, 92.00 mmol) was dissolved
in DMSO (220 mL), and powdered NaHCO3 (11.592 g, 138 mmol) was added. This suspension
was stirred under argon atmosphere at 150°C for 6 h. After cooling to RT, water (400 mL) was
added, and the resulting suspension was extracted with EtO (2 x 400 mL). The combined
extracts were washed with water (500 mL) and brine (100 mL), dried with MgSO4 and
concentrated in vacuum. The residue was purified by column chromatography over silica gel
using pentane/EtOAc 10:1 — 5:1 as eluent to give (+)-manool (9) (24.181 g, 90%) as a colorless
oil (mixture of isomers with a manool content of 77% according to GC); Rt 0.50 (pentane/EtOACc
5:1); *H NMR (300 MHz) §0.60 (s, 3H, CHs), 0.72 (s, 3H, CHs), 0.80 (s, 3H, CH3), 0.94-1.90
(m, 16H), 1.20 (s, 3H, CHa), 2.25-2.35 (m, 1H), 4.40 (d, J = 1.1 Hz, 1H), 4.73 (d, J = 1.1 Hz,
1H), 5.00 (dd, J = 1.2, 10.7 Hz, 1H), 5.14 (dd, J = 1.2, 17.4 Hz, 1H), 5.83 (dd, J = 10.7, 17.4 Hz,
1H); 13C NMR (75.4 MHz) §14.43 (CHs), 17.64 (CHy), 19.36 (CH>), 21.70 (CHs), 24.43 (CHy),
28.01 (CHa), 33.55 (C), 33.61 (CHs3), 38.34 (CH2), 39.06 (CH2), 39.84 (C), 41.34 (CH), 42.17
(CHy), 55.55 (CH), 57.21 (CH), 73.65 (C), 106.31 (CH), 111.59 (CHy), 145.13 (CH), 148.74
(C); MS (GC/MS, 70 eV) m/z (rel. intensity): 290 [M*] (2), 272 (14), 257 (60), 244 (10), 229 (9),
215 (5), 204 (23), 189 (44), 177 (26), 161 (24), 149 (23), 137 (100), 121 (53).

Diketone (7) from (+)-manool (9). (+)-Manool (9) (2.720 g, 9.60 mmol) prepared as described
above was dissolved in toluene (37 mL) in a 250 mL two-necked flask with a gas inlet tube.
After addition of 10% aqueous NaOH solution (20 mL), the mixture was cooled to —10°C and
ozonized at this temperature for 35 min with vigorous stirring. The ozone generator was turned
off, the reaction mixture was purged with N for 10 min and then warmed to RT. The layers were
separated (the water layer has a yellow coloration), and the colorless organic layer was washed
with 2N NaOH (20 mL), dried with MgSO4 and concentrated in vacuum. The residue was
purified by column chromatography over silica gel using pentane/EtOAc 10:1 — 5:1 as eluent to
give 7 (1.180 g, 48%) as a colorless oil.

Cyclohexenone (11). Potassium-t-butoxide (7.605 g, 67.77 mmol) was suspended in t-BuOH (30
mL) in a 500 mL three-necked flask under argon atmosphere and heated to reflux. To this
suspension a solution of diketone 7 (6.45 g, 24.39 mmol) in t-BuOH (70 mL) was added over 3
min. The mixture was heated at reflux for 50 min. Subsequently, a solution of isopropyl iodide
(3.850 g, 22.65 mmol) in t-BuOH (200 mL) was added to the refluxing mixture over 1 h, and the
resultant mixture was refluxed for another 1 h. After cooling to RT, Et.O (400 mL) was added,
and the organic layer was washed two times with water, dried with MgSO4 and concentrated in
vacuum. The crude product was purified by column chromatography over silica gel using
pentane/EtOAc 20:1 as eluent to give cyclohexenone 11 (3.949 g, 56%) as a 9:1.5:3.5:86
(GC/MS) mixture of four isomers with a molar mass of 288 as an orange oil. Data of the major
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product 11: R¢ 0.49 (pentane/EtOAc 10:1); *H NMR (300 MHz) §0.76 (s, 3H, CH3), 0.88-1.28
(m, 4H), 0.89 (s, 3H, CHz3), 0.95 (s, 3H, CHg), 1.15 (d, J = 7.1 Hz, 3H, CH3), 1.21 (d, J = 7.1 Hz,
3H, CHg), 1.42-1.73 (m, 5H), 1.78-1.97 (m, 3H), 2.06-2.40 (m, 3H), 3.10-3.23 (m, 2H); *C
NMR (75.4 MHz) 6 14.61 (CHs), 18.84 (CH), 19.67 (CH2), 20.43 (CHz3), 21.82 (CHs), 21.98
(CHa), 22.45 (CH>), 26.60 (CHs), 31.39 (CH?>), 33.34 (C), 33.53 (CH), 37.92 (CHy), 38.72 (CH>),
39.93 (C), 41.80 (CH.), 52.85 (CH), 54.43 (CH), 140.03 (C), 157.00 (C), 199.60 (C); MS
(GC/IMS, 70 eV) m/z (rel. intensity): 288 [M*] (75), 273 (10), 245 (10), 177 (25), 165 (21), 152
(77), 137 (100), 123 (28).

(+)-Totarol (1). To a 100 mL flask charged with CuBr2 (6.420 g, 28.75 mmol) and LiBr (1.250
g, 14.39 mmol) under argon atmosphere was added a solution of cyclohexenone 11 (3.949 g,
13.689 mmol) prepared as described above in acetonitrile (60 mL) at RT. This suspension was
refluxed for 20 h, then cooled to RT, and Et,O (350 mL) and water (500 mL) were added. The
solids were removed by filtration, and the organic layer was separated and washed with 2N HCI
(5 x 200 mL), water (500 mL), and dried with MgSQOa. After removal of the solvent in vacuum,
the crude product was purified by column chromatography over silica gel using pentane/ethyl
acetate 20:1 as eluent, and then recrystallized from hexane to give (+)-totarol (1) (3.568 g, 91%)
as a yellow crystalline substance; Rf 0.22 (pentane/EtOAc 20:1); Rf 0.36 (pentane/EtOAc 10:1);
mp 125-127°C; [¢]*°p +41.5 (¢ 1.025, CHzCl2); *H NMR (500 MHz) §0.90 (s, 3H, CHs), 0.94
(s, 3H, CHa), 1.15-1.30 (m, 3H), 1.16 (s, 3H, CHz3), 1.33 (2 x d like t with J = 6.7 Hz, 6H,
2CHa), 1.43-1.47 (m like br d with J = 13.1 Hz, 1H), 1.55-1.74 (m, 3H), 1.90 (dd, J = 7.9, 13.2
Hz, 1H), 2.21 (br d, J = 12.3 Hz, 1H), 2.70-2.77 (m, 1H), 2.93 (dd, J = 6.4, 17.1 Hz, 1H),
3.26-3.29 (m, 1H), 4.40 (s, 1H), 6.50 (d, J = 8.5 Hz, 1H), 6.98 (d, J = 8.5 Hz, 1H); *C NMR
(126 MHz) 6 19.32 (CH>), 19.46 (CH>), 20.31 (CHs), 21.56 (CHa), 25.16 (CHs), 27.12 (CH),
28.75 (CH>), 33.22 (C), 33.24 (CHs3), 37.67 (C), 39.56 (CHy), 41.53 (CH2), 49.53 (CH), 114.24
(CH), 122.99 (CH), 130.95 (C), 133.99 (C), 143.18 (C), 151.92 (C); MS (GC/MS, 70 eV) m/z
(rel. intensity): 286 [M*] (40), 271 (100), 243 (10), 229 (10), 215 (10), 201 (48), 189 (27), 175
(72), 159 (12), 145 (10).
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