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Abstract

The first total synthesis of (=)-sinulariol-B, a marine cembrandiol, was achieved from geraniol. Three other
cembranoids were also synthesized from (=)-sinulariol-B. © 1999 Elsevier Science Ltd. All rights reserved.

1. Introduction

Cembranoids, a 14-membered cyclic diterpene family, have become of interest to synthetic chemists
and biologists because of their unusual structures and wide range of biological actiwBesilariol-B
1, sinulariol-D 2, sinularial-A3 and sinularic acid-At were isolated in 1987 and 1988 from the southern
Japan soft corabinularia may®# Their geometrical structures and configurations were confirmed to be
3E, 7E, 11E and R, respectively, but the absolute configuratiofs 6f sinulariol-B was not determined.
In our previous work, we have reported the synthesis ef){sinulariol-B. For determining the absolute
configuration and finding a new method to synthesize sinulariol-D, sinularial-A and sinularic acid-A, the
total synthesis of (-)-sinulariol-B. was studied. Herein we wish to describe the details of their total

syntheses.
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2. Results and discussion

Our strategy involved three key steps: (1) the Sharpless asymmetric epoxidatithy (%) the
coupling of sulfonell with allylic chloride 8 by sulfone-stabilized carbanionic alkylation; and (3) the
macrocyclization of precursdrs by intramolecularthioether-stabilized carbanionic alkylation.

The synthesis began with geranfolAcetylation of5 with Ac,0 in pyridine gave the acetain 98%
yield, which was converted into the alcohbin 73% yield by selective oxidation with Se®BuOOH
according to the Sharpless proced(iReaction of the alcohdl with the insoluble complex of NCS and
PhsP in dry THF yielded the allyl chloride8. The sulfoned was prepared in 75% vyield from geraniol
using the Grieco procedt@nd then transformed into the sulfonyl alcoliélin 78% yield. Using the
Sharpless asymmetric epoxidatitthsulfonyl alcohol10 was converted to the epoxidd. in 98% yield
and 99% ee (determined B NMR with its (R)-(-)-acetylmandelic acid derivative).

Alkylation of the anion of sulfonel1 with the allylic chloride8 took place smoothly in anhydrous
THF at =78°C, and the acetyl group was removed from the product without damage to the rest of the
molecule by treatment with anhydrous®Os in dry MeOH to give the sulfonyl diol2 in 85% yield.

The sulfonyl group was reductively removed frdi by the reaction with 6% Na(Hg) at 20°C to yield
the diol 13in 76% yield11:12We found that removal of the sulfonyl group with 6% Na(Hg) was better
than by Li-EtNH.2 It did not need low temperatures for a long time. The yield was high, and most
importantly, the double bonds did not rearrange. From the alcbBdhe cyclization precursat5 was
conveniently obtained after two steps.
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a). Ac;0, Py, DMAP, 20°C, 98%; b). SeO,, t-BuOOH, CH,Cl,, 20°C, 73%; c). Ph;P, NCS, THF, 20°C, 85%; d). PBr3,
Et,0 then PhSO,Na, DMF, 20°C, 75%; €). Se,0, t-BuOOH, CH,Cl,, 20°C, 78%; f). Ti(O'Pr)s, D-(-)-DET, TBHP, CaH,,
Silica gel, Molecular sieves 4A, CH,Cl,, 98%; g). LDA, -78°C then K,CO;-MeOH, 20°C, 85%; h). 6% Na(Hg),
Na,HPO,4, MeOH, 20°C, 76%; i). Ph3P, NCS, THF, r.t., then PhSLi 76%; j). TMSCI, imidazole, DMF, 98%; k). LDA, -
78°C, Dabco, 54%; 1). n-BuN'F, ~100%; m). Li-EtNH,, -78°C, 70%.
The next key step was cyclization by intramolecular thioether-stabilized carbanionic alkylation. Slow
addition of15 over 48 h in dry THF to a cooled (-78°C), well-stirred solution of LDA and DABEm
dry THF gave the intermediates. After deprotection ofL6in the usual way, the thiophenyl dialF was
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obtained in 54% yield after two steps and then reduced with Li—Et&tH78°C to yield (-)-sinulariol-B
in 70% vyield.

The spectral data and specific rotation of synthetic compdusttbwed good agreement with natural
products® The absolute stereochemistry of the synthetic compound, &n@ Gs should be R,155
and therefore the absolute stereochemistry of the naturally occurring material should havé&the 15
configuration too.

OH CHO COOH
2

3 4
a). SOCly, Py, 15°C, 3h, 49%; b). MnO,, n-hexane, 15°C, 10h, 92%; c). Ca(ClO),-H,0, 15°C, 65%

From (-)-sinulariol-B, sinulariol-D was obtained by treatment with S£O@Ipyridine. Oxidation of
sinulariol-D with MnQ, gave sinularial-A, which was converted into sinularic acid-A in 65% yield by
treatment with Ca(CIQ)'*

In summary, we have accomplished the total synthesis of natural prodéGiSgE(-)-1, (R)-(+)-2,
(R)-(+)-3 and R)-(+)-4 from geraniol, and the absolute configuratiors 6f sinulariol-B was assigned to
be 1%

3. Experimental
3.1. General

Melting points were determined on a Kofler apparatus, and are uncorrected. IR spectra were recorded
on a FT-170SX (film) spectrometefd NMR spectra were measured on a Bruker AC-80 or AM-400
spectrometer using CD&as a solvent and TMS as an internal standard. Mass spectra were measured on
a VG ZAB-HS spectrometer by direct inlet at 70 eV, and signals given in m/z with relative intensity (%) in
brackets. Elemental analyses were determined on a Vario EL instrument. Optical rotation measurements
were carried out on a Perkin—Elmer 141 polarimeter. All solvents were distilled prior to use. All
anhydrous solvents were prepared by standard methods. All reactions were conducted under an argon
atmosphere unless otherwise noted, and monitored by TLC. All products prepared were purified by
flash column chromatography on silica gel (200-300 mesh) purchased from Qingdao Marine Chemical
Company. Geraniol was purchased from Aldrich Chemical Company, Inc.

3.2. 3,7-Dimethyl-E,6-octadien-1-yl acetaté

A mixture of geraniols (4.00 g, 26.0 mmol) and acetic anhydride (2.7 mL, 28.6 mmol) and a catalytic
amount of 4-(dimethylamino)pyridine in pyridine (5 mL) was stirred at 20°C for 6 h, then poured into
water and extracted with etherX80 mL). The combined ether layer was washed successively with 2N
HCI, 10% aqueous NaHC{)water and brine, then dried over Mg$@nd concentrated. The resulting
oil was purified by flash column chromatography on silica gel using petroleum ether:acetone (25:1, v/v)
as an eluent to yield the acet#¢5.00 g, 98%) as a colorless ot NMR (80 MHz, CDC}): § 1.67 (s,
6H, 2CHs), 1.71 (s, 3H, CH), 2.04 (s, 3H, CHCO), 2.00-2.40 (m, 4H, 2CH, 4.59 (d, 2HJ=7.2 Hz,
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CH20AC), 4.95-5.30 (m, 2H, 2CH). Anal. calcd for GoH2002: C, 73.43; H, 10.27; found: C, 73.56;
H, 10.34.

3.3. 3,7-Dimethyl-8-hydroxyE26E-octadien-1-yl acetat@

To a suspension of Se@550 mg, 5.0 mmol) and 70%BuOOH (6.8 mL, 50 mmol) in ChICl, (30
mL) was added the acetad€4.90 g, 25.0 mmol) in CbICl, (20 mL). After being stirred at 20°C for 15 h,
the reaction mixture was diluted with ether (150 mL) and washed successively with 10% aqueous KOH,
saturated aqueous NaHg@vater and brine, then dried over Mgg@nd concentrated. The resulting oil
was purified by flash column chromatography on silica gel using petroleum ether:acetone (15:1, v/v) as
an eluent to give the alcohd@l(3.87 g, 73%) as a colorless oil. IR (filmymax 3437, 1738, 1670, 1021,
IH NMR (80 MHz, CDCB): § 1.67 (s, 3H, CH), 1.70 (s, 3H, CH), 2.03 (s, 3H, CHCO), 2.00-2.40
(m, 4H, 2CH), 3.95 (s, 2H, OCH), 4.58 (d, 2HJ=7.2 Hz, CHOAC), 5.00-5.35 (m, 2H, 2CH). Anal.
calcd for GoH2003: C, 67.89; H, 9.50; found: C, 67.67; H, 9.45.

3.4. 3,7-Dimethyl-8-chloro,6E-octadien-1-yl acetat8

Triphenylphosphine (5.42 g, 20.7 mmol) in THF (25 mL) was added dropwise to a stirring solution
of N-chlorosuccinimide (2.76 g, 20.7 mmol) in THF (20 mL) under an atmosphere of argon. After 30
min the alcohol7 (3.85 g, 18.2 mmol) in THF (15 mL) was added slowly over 10 min to the resulting
suspension of solids, and the mixture was stirred at 20°C until it became clear and homogeneous
(about 5 h). The resulting dark mixture was diluted with ether (200 mL), washed successively with
saturated aqueous NaHgQvater and brine, then dried over Mgg@nd concentrated. Flash column
chromatography over silica gel using petroleum ether:acetone (20:1, v/v) as an eluent gave the chloride
8 (3.56 g, 85%) as a colorless otHH NMR (80 MHz, CDC}): § 1.69 (s, 3H, CH), 1.74 (s, 3H, CH),

2.03 (s, 3H, CHCO), 1.80-2.20 (m, 4H, 2Ch), 3.97 (s, 2H, CHCI), 4.58 (d, 2HJ=7.2 Hz, CHOAC),
5.05-5.40 (m, 2H, 2CH). Anal. calcd for GoH19CIO,: C, 62.47; H, 8.30; found: C, 62.32; H, 8.25.

3.5. 3,7-Dimethyl-1-(phenylsulfonylE®b-octadiened

Phosphorus tribromide (2.4 mL, 25.0 mmol) was added dropwise into an anhydrous ether solution (65
mL) of geraniol5 (3.50 g, 22.7 mmol) under ice-bath cooling, and then the mixture was stirred for 3 h
at 20°C. After the reaction was quenched with saturated agueous Nakt@&Cether layer was washed
twice with brine, dried over MgS% and concentrated to give an oil. The oil was added into sodium
benzenesulfonate (3.72 g, 22.7 mmol) dissolved in dry DMF (45 mL), and the mixture was stirred at
room temperature under argon in the dark for 24 h. After addition of brine, the organic substances were
extracted with ether, and the usual workup gave an oil. Flash column chromatography on silica gel using
petroleum ether:acetone (12:1, v/v) as an eluent gave the s@#f¢h&3 g, 75%) as a colorless ail. IR
(film): Vmax 1655, 1585, 1300, 1146H NMR (80 MHz, CDCE): § 1.31 (s, 3H, CH), 1.57 (s, 3H, CH),

1.67 (s, 3H, CH), 1.95-2.20 (m, 4H, 2C}), 3.80 (d, 2H,J=7.9 Hz, CHSQ,), 5.07 (t, 1H,J=7.2 Hz,
CH=), 5.17 (t, 1H,J=7.8 Hz, CH=), 7.45-8.00 (m, 5H, ArH). Anal. calcd for{gH2,SO,: C, 69.03; H,
7.96; found: C, 69.43; H, 7.90.
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3.6. 3,7-Dimethyl-1-(phenylsulfonyl)-8-hydroxkg;8E-octadienel0

To a suspension of Se®367 mg, 3.31 mmol) and 70%BuOOH (4.5 mL, 33.1 mmol) in CkCl»
(30 mL) was added the sulfor82(4.60 g, 16.5 mmol) in CBCl, (15 mL). After being stirred at 20°C
for 25 h, the reaction mixture was poured into water and extracted with eth@0(B1L). The combined
organic layers were washed successively with 10% aqueous KOH, saturated aqueous; Na&t&O
and brine, then dried over MgSQand concentrated to give an oil. Flash column chromatography on
silica gel using petroleum ether:acetone (10:1, v/v) as an eluent yielded the al€q30f8 g, 78%) as
a colorless oil. IR (film):vmax 3440, 1658, 1587, 1312, 11581 NMR (80 MHz, CDCk): § 1.39 (s,
3H, CHg), 1.69 (s, 3H, CH), 1.90-2.40 (m, 4H, 2C}J, 3.85 (d, 2H,J=7.9 Hz, CHBS(O,), 4.02 (s, 2H,
OCHy), 5.00-5.45 (m, 2H, 2CH), 7.35-8.00 (m, 5H, ArH); EIMS m/z: 294 (M2%), 279 (5), 276 (3),
212 (73), 77 (100). Anal. calcd forigH22S0s: C, 65.28; H, 7.53; found: C, 65.12; H, 7.49.

3.7. 3,7-Dimethyl-1-(phenylsulfonylR67R-epoxy-8-hydroxy2-octenell

To a suspension of Ti(®r); (2.85 g, 10 mmol), Cakl(150 mg), powdered and freshly activated 4 A
molecular sieves (400 mg) and silica gel (200 mg) in anhydrousGEH20 mL) was added dropwise
a solution ofb-(-)-DET (2.47 g, 12 mmol) in anhydrous GBI, (20 mL) at —20°C with stirring. After
being stirred for an additional 10 min at —20°C, the solution of the alc@bdR.94 g, 10.0 mmol) in
anhydrous CHCI, (20 mL) was added dropwise to the above reaction mixture. The mixture was further
stirred for 15 min at that temperature and then cooled to —40°C, followed by the addition of a solution of
tert-BUOOH in toluene (3.2 M, 6.3 mL, 20 mmol). The resulting mixture was stirred for a further 5 h at
that temperature before being allowed to warm to —30°C. The reaction was then quenched by the addition
of 10% aqueous tartaric acid (40 mL). The mixture was allowed to warm to room temperature gradually
and was stirred for a further 1 h prior to extraction with £CHp (3x40 mL). The combined organic phase
was washed with water and brine, then dried over Mg3Yaporation of the solvent followed by flash
column chromatography on silica gel using petroleum ether:acetone (5:1, v/v) as an eluent afforded the
epoxidel1 (3.04 g, 98%) as a colorless 0ix[p?°=+8.3 (€ 1.0, CHCB); IR (film): vmax 3400, 1650,
1250, 1150 'H NMR (400 MHz, CDC}): § 1.26 (s, 3H, CH), 1.38 (s, 3H, CH), 1.80-2.20 (m, 4H,
2CHp), 2.94 (t, 1H,J=6.1 Hz, epoxy H), 3.47 (d, 2H=12.1 Hz, OCH), 3.64 (d, 2HI=12.1 Hz, OCH),
3.76 (d, 2HJ=7.8 Hz, CHSO,), 5.22 (t, 1HJ=7.8 Hz, CH=), 7.40-7.65 (m, 5H, ArH); EIMS m/z: 310
(M*, 1%), 295 (5), 292 (3), 151 (19), 141 (85), 77 (100). Anal. calcd faH3,SOy: C, 61.91; H, 7.14;
found: C, 61.75; H, 7.18.

3.8. Determination of the enantiomeric exces$ bf

To a solution of dicyclohexylcarbodiimide (DCC, 16 mg, i@&ol) and the epoxidd1 (20 mg, 65
pmol) in 0.5 mL of dry CHCl, was addedR)-(-)-acetylmandolic acid (15 mg, 4¥mol) and a catalytic
amount of 4-(dimethylamino)pyridine. After stirring at room temperature for 24 h, the solution was
evaporated in vacuo and the residue was directly chromatographed using petroleum ether:acetone (4:1)
to yield the ester (31 mg, 98%3)H NMR (400 MHz, CDC}): § 1.21 (s, 3H, CH), 1.34 (s, 3H, CH),
1.80-2.20 (m, 4H, 2C}), 2.21 (s, 3H, CHCO), 2.84 (t, 1HJ=6.1 Hz, epoxy H), 3.81 (d, 2H=7.8 Hz,
CH,SO,), 4.02 (d, 1HJ=12.0 Hz, OCH), 4.19 (d, 1H]I=12.0 Hz, OCH), 5.20 (t, 1H]=7.8 Hz, CH=),
5.93 (s, 1H, CH), 7.40-7.90 (m, 10H, ArH).
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3.9. 2,6,10,14-TetramethyR23R-epoxy-8-(phenylsulfonyl)E§10E,14E-hexadecatrien-1,16-didl 2

To a cooled (-78°C), well-stirred solution of 1.6 M LDA in hexane (7.5 mL, 12.0 mmol) in anhydrous
THF (40 mL) was added dropwise the sulfobg (1.77 g, 5.71 mmol) in dry THF (12 mL) under an
argon atmosphere. After 40 min, the allylic chlori8g1.32 g, 5.71 mmol) in dry THF (12 mL) was
added. The reaction mixture was allowed to warm to room temperature in 2 h and then saturated aqueous
NH4CI (20 mL) was added. The usual workup gave an oil, which was added to anhydsG@; K480
mg) suspended in dry methanol (40 mL), and the mixture was stirred at 20°C for 2 h. After addition of
water, the organic substances were extracted with ethyl acetaf® (81L). The extracts were washed
with water and brine, then dried over Mgg@nd concentrated. The resulting oil was passed through a
short pad of silica gel using petroleum ether:acetone (2:1, v/v) as an eluent to give the sulforiy diol
(2.24 g, 85%) as a colorless oix][p?°=+7.8 (€ 1.0, CHCB); IR (film): vmax 3421, 1640, 1252, 1151H
NMR (400 MHz, CDC4§): § 1.27 (s, 3H, CH), 1.36 (s, 3H, CH), 1.60 (s, 3H, CH), 1.68 (s, 3H, CH),
1.80-2.30 (m, 10H, 5C}), 2.98 (t, 1H,J=5.9 Hz, epoxy H), 3.53 (d, 2H=12.0 Hz, OCH), 3.69 (d, 2H,
J=12.0 Hz, OCH), 3.78 (m, 1H, CHSf) 4.13 (d, 2HJ=7.1 Hz, OCH), 4.95 (t, 1H,J=6.9 Hz, CH=),

5.10 (t, 1H,J=6.8 Hz, CH=), 5.36 (t, 1H,J=6.9 Hz, CH=), 7.30-7.60 (m, 5H, ArH); EIMS m/z: 462
(M*, 1%), 477 (2), 444 (2), 135 (65), 93 (67), 43 (100). Anal. calcd fesH3305S: C, 67.50; H, 8.28;
found: C, 67.32; H, 8.25.

3.10. 2,6,10,14-TetramethyR2ZR-epoxy-&,10E,14E-hexadecatrien-1,16-didl3

To a solution of the sulfonyl diol2 (2.20 g, 4.76 mmol) and sodium hydrogenphosphate (2.70 g,
19 mmol) in dry methanol (20 mL) was added portionwise 6% Na(Hg) powder (9.13 g, 23.8 mmol)
at 20°C. After the reaction was complete, the reaction mixture was diluted with water and extracted
with Et,O. The organic layer was washed with saturated aqueougCNivater and brine, then dried
over MgSQ. Evaporation of the solvent followed by flash column chromatography on silica gel using
petroleum ether:acetone (4:1, v/iv) as an eluent yielded thel@i¢l.16 g, 76%) as a colorless oil.
[x]p?°=+8.1 € 2.3, CHC}); IR (film): Vmax 3440 (br), 1644, 1250, 1020, 9284 NMR (400 MHz,
CDCl): & 1.28 (s, 3H, CH), 1.62 (s, 6H, 2CH), 1.67 (s, 3H, CH), 1.80-2.45 (m, 12H, 6C§), 2.97
(t, 1H, J=6.0 Hz, epoxy H), 3.58 (d, 2H]=12.1 Hz, OCH), 3.72 (d, 2H]J=12.1 Hz, OCH), 4.10 (d,
2H, J=7.0 Hz, OCH), 5.08 (t, 1H,J=6.8 Hz, CH=), 5.14 (t, 1H,J=6.7 Hz, CH=), 5.39 (t, 1H,J=6.9
Hz, CH=); EIMS m/z: 322 (M, 1%), 135 (32), 123 (15), 95 (72), 69 (45), 43 (100). Anal. calcd for
CooH3403: C, 74.49; H, 10.63; found: C, 74.28; H, 10.69.

3.11. Preparation oi.3 by Li-EbN

Sulfonyl diol 12 (700 mg, 1.52 mmol) in dry THF (2 mL) was added at —78°C to a solution of lithium
wire (630 mg, 91 mmol) in dry EtNK(10 mL, dried over sodium). The mixture was stirred at —78°C
for 4 h and some solid NiC| and some methanol were added. The solution was allowed to warm to
room temperature, then poured into water, and extracted with <20 mL). The combined organic
layers were washed with water and brine, then dried over Mg8@ concentrated to give an oil, which
was purified by flash column chromatography on silica gel using petroleum ether:acetone (4:1, v/v) as an
eluent to yield dioll3 (380 mg, 78%) as a colorless oil.
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3.12. 2,6,10,14-TetramethyR2ZR-epoxy-16-(thiophenyl)# 10E,14E-hexadecatrien-1-014

Triphenylphosphine (1.02 g, 3.90 mmol) in THF (10 mL) was added dropwise to a stirring solution of
N-chlorosuccinimide (520 mg, 3.90 mmol) in THF (8 mL) under an argon atmosphere. After 30 min, the
diol 13 (1.10 g, 3.42 mmol) in THF (8 mL) was added dropwise in 10 min to the resulting suspension,
the mixture was stirred at 20°C until it became clear and homogeneous (about 5 h), and then PhSLi (500
mg, 3.78 mmol) in THF (5 mL) was added. After 3 h, the reaction mixture was poured into water and
extracted with ether (840 mL). The combined organic layers were washed successively with 2N KOH,
water and brine, then dried over Mgg@nd concentrated to yield an oil, which was purified by flash
column chromatography on silica gel using petroleum ether:acetone (25:1, v/v) as an eluent to give the
alcohol14(1.08 g, 76%) as a colorless o0ilx]p2°=+11.8 € 1.7, CHC}); IR (film): Vmax 3640 (br), 1644,

1450, 1390, 1160, 720, 6981 NMR (400 MHz, CDC}): § 1.26 (s, 3H, CH), 1.58 (s, 3H, CH), 1.63
(s, 3H, CH), 1.66 (s, 3H, CH), 1.80-2.40 (m, 12H, 6C#), 3.00 (t, 1H,J=6.1 Hz, epoxy H), 3.51 (d,
2H, J=7.6 Hz, CHS), 3.56 (d, 2HJ=12.0 Hz, OCH), 3.68 (d, 2Hl=12.0 Hz, OCH), 5.08 (t, 1H]=6.8
Hz, CH=), 5.14 (t, 1H,J=6.7 Hz, CH=), 5.35 (t, 1H,J=6.9 Hz, CH=), 7.20-7.50 (m, 5H, ArH); EIMS
m/z: 414 (M, 1%), 287 (7), 161 (13), 135 (42), 107 (52), 93 (100), 81 (89). Anal. calcd fgii£3SO;:
C, 75.32; H, 9.24; found: C, 75.40; H, 9.16.

3.13. 2,6,10,14-Tetramethyl-1-(trimethylsiloxyy;3R-epoxy-16-(thiophenyl) 10E, 14E-hexadeca-
triene 15

To a mixture of the alcohal4 (1.05 g, 2.54 mmol) and imidazole (345 mg, 5.07 mmol) in dry DMF
(5 mL) was added trimethylchlorosilane (303 mg, 2.79 mmol). After being stirred at 50°C for 10 h under
an atmosphere of argon, the reaction mixture was cooled to room temperature, then diluted with brine,
and extracted with ether 310 mL). The combined organic layers were washed successively with 10%
aqueous NaHCg¢) water and brine, then dried over Mgg@nd concentrated. The resulting oil was
purified by flash column chromatography on silica gel using petroleum ether:acetone (30:1, v/v) as an
eluent to yield15 (1.21 g, 98%) as a colorless o0ikx[p?°=+4.8 € 1.8, CHC}); IR (film): vmax 2940,
1650, 1458, 1401, 1150, 720, 6904 NMR (400 MHz, CDC}): § 0.03 (s, 9H, 3CH), 1.31 (s, 3H,
CHa), 1.62 (s, 3H, CH), 1.66 (s, 6H, 2CH), 1.70-2.24 (m, 12H, 6C}J, 2.98 (t, 1H,J=6.1 Hz, epoxy
H), 3.54 (d, 2HJ=7.9 Hz, CHS), 3.60 (d, 2HJ=12.3 Hz, OCH), 3.74 (d, 2H]=12.3 Hz, OCH), 5.07
(t, 1H,J=6.9 Hz, CH=), 5.15 (t, 1H,J=6.8 Hz, CH=), 5.31 (t, 1H,J=6.8 Hz, CH=), 7.25-7.45 (m, 5H,
ArH); EIMS m/z: 486 (M, 2%), 471 (5), 456 (2), 377 (7), 161 (27), 135 (42), 93 (100). Anal. calcd for
CooH460,SSi: C, 71.55; H, 9.53; found: C, 71.67; H, 9.48.

3.14. 4,8,12-TrimethylR-(15S,16-dihydroxyl-isopropyl)-2-(thiophenyl)-cyclotetradeda; 8,1 1E-
triene 17

To a mixture of 1.6 M LDA—hexane solution (1.36 mL, 2.18 mmol) and DABCO (80 mg, 0.74 mmol)
in anhydrous THF (40 mL) was added the precurs6(300 mg, 0.62 mmoal) in anhydrous THF (40
mL) at —78°C via syringe pump over 48 h under an atmosphere of argon. After 3 h, the cooling bath
was removed and the reaction mixture was allowed to warm to room temperature, and then poured into
saturated agueous MBI and extracted with ether 3L00 mL). The extracts were washed with water
and brine, then dried over MgQQand concentrated to give crude prod@ét to which was added-
BusN*F in THF (1N, 2 mL). After being stirred at 15°C for 24 h under argon, the reaction mixture
was diluted with ethyl acetate (100 mL), and washed with water and brine, then dried over4MgSO
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and concentrated. The resulting oil was purified by flash column chromatography on silica gel using
petroleum ether:acetone (10:1, v/v) as an eluent to Vi@l 39 mg, 54% froni5) as colorless needles.

Mp 92-93°C; IR (KBr):Vmax 3360-3100 (br), 1665, 1385, 890, 840, 690, 669;NMR (400 MHz,
CDCl): § 1.12 (s, 3H, CH), 1.30 (s, 3H, CH), 1.52 (s, 3H, CH), 1.54 (s, 3H, CH), 1.70-2.10 (m,

13H, CH, 6CH), 3.55 (d, 1HJ=11.8 Hz, CHO), 3.66 (d, 1HJ=11.8 Hz, CHO), 3.81 (dd, 1H,)=8.6

and 10.8 Hz, CHSPh), 4.89 (t, 1B56.6 Hz, CH=), 4.99 (t, 1H,J=6.7 Hz, CH=), 5.08 (t, 1H,J=6.7 Hz,

CH=), 7.25-7.50 (m, 5H, ArH); EIMS m/z: 414 (M 2%), 305 (8), 304 (4), 287 (5), 153 (20), 93 (48),

81 (100), 71 (74). Anal. calcd forf£H350,S: C, 75.31; H, 9.24; found: C, 75.55; H, 9.18.

3.15. 4,8,12-TrimethylR-(15S,16-dihydroxyl-isopropyl)-cyclotetradecd&=FE, 1 1E-triene 1

A mixture of 17 (130 mg, 0.31 mmol) in dry THF (1 mL) was added at —78°C to a solution of lithium
(130 mg, 18.7 mmol) in dry EtNKH(10 mL). The mixture was stirred at —78°C for 3.5 h and a small
amount of NHCI and methanol were added. The solution was allowed to warm to room temperature,
then poured into water, and extracted with ethyl acetat2(BmL). The combined organic layers were
washed with water and brine, then dried over MgsS&nhd concentrated to give a crude product, which
was purified by flash column chromatography on silica gel using petroleum ether.acetone (5:1, v/v) as
an eluent to yield (-)-sinulariol-BL (66 mg, 70%) as colorless needles. Mp 60-62°C3[I81-63°C];
[]p1°=-50 (€ 0.24, CHC}) [lit.3, =52 (€ 1.12, CHC})]; IR (KBr): vmax 3260 (br), 1650, 1384, 1370;
1H NMR (400 MHz, CDC}): § 1.15 (s, 3H, CH), 1.58 (s, 3H, CH), 1.60 (s, 3H, CH), 1.61 (s, 3H,
CHs), 1.50-2.30 (m, 15H, 7C§ CH), 3.43 (d, 1HJ=11.1 Hz, OCH), 3.55 (d, 1H]=11.1 Hz, OCH),

491 (t, 1H,J=6.8 Hz, CH=), 4.99 (t, 1H,J=6.7 Hz, CH=), 5.10 (t, 1H,J=6.8 Hz, CH=); EIMS m/z:
306 (M, 8%), 291 (15), 288 (6), 275 (45), 257 (42), 189 (35), 93 (70), 40 (100).

3.16. 2-[1R,4,8,12-Trimethyl-B,7E,11E-cyclotetradecatrien-1-yl]-prop-2-en-1-@

To a solution of the dioll (60.0 mg, 0.20 mmol) in pyridine (10 mL) at 15°C was added dropwise
SOCb (0.29 mL, 4.0 mmol). The reaction mixture was stirred at that temperature for 3 h. After addition
of 10% aqueous NaCl, the organic substance was extracted with ed9 (BL). The combined organic
layers were washed with 2N HCI, water and brine, then dried over MgE@poration of the solvent
followed by flash column chromatography on silica gel using petroleum ether:acetone (12:1, v/v) as an
eluent yielded (+)-sinulariol-I2 (18.3 mg, 49%) as a colorless oil]p°=+13.2 € 0.60, CHC}) [lit. 4,
+14 (€ 0.84, CHC})]; IR (KBr): vmax 3348, 1644, 895'H NMR (400 MHz, CDC}): § 1.57 (s, 6H,
2CHg), 1.60 (s, 3H, CH), 1.45-2.35 (m, 15H, 7C# CH), 4.09 (s, 2H, CHO), 4.92 and 5.09 (br s, each
1H, CH=), 4.97 (t, 1H,J=5.7 Hz, CH=), 5.07 (t, 1H,J=6.1 Hz, CH=), 5.18 (t, 1H,J=6.5 Hz, CH=);

EIMS m/z: 288 (M, 16%), 273 (16), 270 (6), 257 (41), 255 (14), 147 (25), 93 (75), 40 (100).

3.17. 2-[1R,4,8,12-Trimethyl-B,7E,11E-cyclotetradecatrien-1-yl]-propend

To a suspension of active Mp(§151 mg, 1.74 mmol) im-hexane (5 mL) was added dropwise a
solution of the alcoho? (25.0 mg, 0.087 mmol) im-hexane (2 mL) at 15°C. After the reaction mixture
was stirred for an additional 12 h, ether (30 mL) was added to the mixture which was then filtered through
a short column of silica gel. Evaporation of the solvent followed by flash column chromatography on
silica gel using petroleum ether:acetone (20:1, v/v) as an eluent yielded ald@(B2® mg, 92%) as a
colorless oil. ]p'°=+11.5 € 0.46, CHC}) [lit.4, +12.5 € 0.64, CHC)]; IR (KBr): Vmax 2701, 1696,

1620, 940;'H NMR (400 MHz, CDC}): § 1.54 (s, 3H, CH), 1.58 (s, 3H, CH), 1.60 (s, 3H, CH),
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1.40-2.40 (m, 14H, 7C§), 2.61 (m, 1H, CH), 4.97 (t, 1H)=6.7 Hz, CH=), 5.07 (t, 1H,J=6.9 Hz,
CH=), 5.17 (t, 1H,J=6.9 Hz, CH=), 6.03 and 6.24 (s, each 1H, GH), 9.56 (s, 1H, CHO); EIMS m/z:
286 (M, 21%), 271 (8), 255 (40), 147 (21), 93 (79), 40 (100).

3.18. 2-[1R,4,8,12-Trimethyl-B,7E,11E-cyclotetradecatrien-1-yl]-propenoic aci

To a solution of 67% Ca(Cl@)(14.8 mg, 0.070 mmol) in water (1 mL) and a drop of glacial acetic
acid was added the aldehy@8420 mg, 0.070 mmol) in acetonitrile (4 mL) at 15°C. After the reaction
mixture was stirred for 20 h at that temperature, the mixture was extracted with(Bx50 mL). The
combined organic layers were washed with water and brine, then dried over MB&&poration of the
solvent followed by flash column chromatography on silica gel using petroleum ether:acetone (4:1, v/v)
as an eluent yielded the ac#l(13.7 mg, 65%) as a colorless oilx]p1°=+18.2 € 0.25, CHC}) [lit. %,
+19.7 €0.71, CHCB)]; IR (KBr): Vimax 3600-2700 (br), 1698, 1624, 95" NMR (400 MHz, CDC}):

0 1.56 (s, 3H, CH), 1.58 (s, 3H, CH), 1.60 (s, 3H, CH), 1.40-2.40 (m, 14H, 7C}), 2.60 (m, 1H, CH),
4.98 (t, 1H,J=6.5 Hz, CH=), 5.07 (t, 1H,J=6.7 Hz, CH=), 5.18 (t, 1H,J=7.0 Hz, CH=), 5.64 and 6.35
(s, each 1H, Ch); EIMS m/z: 302 (M, 1%), 287 (3), 257 (30), 219 (14), 119 (53), 93 (74), 40 (100).
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