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Enantioselective Synthesis of Cordiachromene
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An enantioselective synthesis of cordiachromene is de-
scribed. An allylic alcohol moiety is first attached in the o-
position to the methoxymethoxy substituent in 1-methoxy-4-
methoxymethoxybenzene. Then chirality is introduced suc-
cessively through asymmetric Sharpless epoxidation on the
allylic alcohol moiety and regioselective ring-opening. The

chiral diol prepared is then cyclized to chromanmethanol
with total retention of configuration. Chromenemethanol is
obtained after bromination and dehydrobromination. The to-
tal synthesis is achieved by reaction between the tosylated
chromene chiral moiety and an organomagnesium prenyl-
ated compound.

Introduction

Cordiachromen 1 [6-hydroxy-2-methyl-2-(4-methylpent-
3-en-1-yl)-2 H-chromene] was first isolated and character-
ized™ from the acetone extract of Cordia alliodora, an
American tree known for its durability in marine use. The
parent compounds elaeagin 2 and dehydroelaeagin 3, ex-
tracted from the heartwood of Cordia elacagnoides, show
optical activity (2: [o]p = —3.13, ¢ = 1.0, CHCl;; 3: [o]p =
—5.625, ¢ = 0.169, CHCIs). More recently, cordiachromen
has been isolated from the Caribbean ascidian Aplidium
antillense® and from the Korean ascidian Aplidium multi-
plicatium." For the latter, optical activity ([a]p = +2.8, ¢ =
0.025, CHCI5;) was reported.

The anti-inflammatory activity of 15! was tested by the
carrageenan-induced rat paw edema assay and compared
with the results obtained, under the same conditions, from
cannabichromene 4. It was reported that 1 was twenty times
more active than cannabichromene 4.1 Moreover, cordi-
achromen was twice as active as the synthetic, racemic com-
pound. Further tests on each enantiomeric of cordiachro-
men were required to explain these results, and so both
compounds had to be synthesised.

Results and Discussion

Synthetic Strategy

Compound 1 can be synthesised, following disconnection
C; (Scheme 1), by reaction between a chiral chromene moi-
ety bearing a leaving group X and an activated organomet-
allic prenyl compound. The target molecule has thus be-
come the chiral chromene 18, which can be constructed as
described in the retrosynthetic scheme (Scheme 2).
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Scheme 1

The chromene 18 derives from a chroman, which is ob-
tained by cyclization of a diol, itself prepared from an epox-
ide alcohol by regioselective epoxide opening. A key step in
this synthesis is the introduction of chirality by asymmetric
Sharpless epoxidation of an allylic alcohol moiety. This al-
lylic alcohol is synthesised from a prenylated chain by hy-
droxylation of the vinylic methyl moiety. Prenylation is
achieved by condensation of prenyl bromide onto an o-
lithiated p-dialkoxybenzene. The two alkyl groups R and R,
were chosen to enhance the metallation selectivity.

Synthesis of the Target Molecule 18

p-Methoxyphenol was chosen as the starting product.
The phenolic hydroxyl was first protected as a methoxyme-
thoxy group. The aromatic ring was selectively metallated
on the o-position to the methoxymethoxy group with
nBuLi. Subsequent prenylation was achieved by the addi-
tion of prenyl bromide, with copper(I) iodide as the cata-
lyst.[”? Compound 5 was isolated in 85% yield (Scheme 3).

Rapoport et al.”-81 and Sharpless et al.’! have intensively
studied oxidation in allylic positions. Their results have
firmly established that, for gem-dimethyl trisubstituted ol-
efins, selenium dioxide oxidation proceeds stereospecifically
to give E alcohols or E aldehydes with greater than 90%
specificity. As we expected, compound 5, stirred with selen-
ium dioxide under the same conditions, gave the E allylic
alcohol, with a small amount of aldehyde (5 to 10%). How-
ever, the addition of sodium borohydride to the reaction
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Scheme 3. a: CICH,OCH3;, iPr,NEt, CH,Cl,, 40 °C; b: BuLi, ether, 25 °C; c¢: Cul, THE, =78 °C; d: SeO,, aq. ethanol, reflux, 30 min.;
e: NaBHy, ethanol, 0 °C, 1 h; f: /BuOOH, Ti(OiPr),4, D-(—)-DET, CH,Cl,, —25 °C, 24 h; g: LiAlH,, ether, 25 °C, 5 h

mixture easily reduced the aldehyde, and compound 6 was
finally obtained in 80% yield (Scheme 3).

The next reaction was the key step in this synthesis, with
the introduction of chirality by the well known asymmetric
Sharpless epoxidation of the allylic double bond.'"”! With
D-(—)-diethyl tartrate as the chiral reagent, compound 7,
with an (R, R)-epoxy alcohol, was isolated in 88% yield. The
epoxide was then opened regioselectively with lithium alu-
minium hydride, which gave the isolated diol 8 in 95% yield.

The formation of the benzopyran ring required good
chirality control. Previous results!''! (from vitamin E syn-
thesis) suggested that, for the benzopyran, the cyclization
should be achieved with excellent retention of configuration
from the parent hydroquinone or quinone diol. With com-
pound 8 as the starting material (Scheme 4), one attempt
to synthesise the corresponding quinone by direct oxidative
demethylation with ceric ammonium nitrate (CAN) failed.
However, if 8 was first converted into ketal 9, oxidative de-
methylation then occurred to give the quinone ketal 10
(90%) along with the corresponding quinone diol 11 (10%).
The overall yield was 90%. Then, the mixture of com-
pounds 10 and 11 was simply stirred in acidic methanol
to give the cyclic ketal 12 in 70% yield. The synthesis of
chromanmethanol 13 was achieved by the reduction of
compound 12 with sodium bis(methoxyethoxy)aluminum
hydride (Red-Al). The yield was 81%.

The next effort was directed towards the synthesis of
chromenemethanol. However, before introducing the
double bond into the pyran ring, it was necessary to protect
the alcoholic hydroxy group. The p-toluenesulfonyl group
was chosen as a good leaving group, with both hydroxy
groups protected in this reaction. Compound 15 was ob-
tained in 81% yield.
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The direct dehydrogenation of chroman 14 with dichloro-
dicyanobenzoquinonel'? failed. The introduction of brom-
ide at the benzylic position, using N-bromosuccinimide,
gave bromochroman 15 (Scheme 5). A subsequent dehy-
drobromination with pyridine gave chromene 18. However,
this suffered from a lack of selectivity in the monobromin-
ation, which was often accompanied by undesired forma-
tion of the gem-dibromide derivative 16 (5%). Alternatively,
to circumvent this lack of selectivity, chroman 14 was re-
acted with excess N-bromosuccinimide to give a nearly
quantitative yield of crude 4,4-dibromochroman 16, which
was directly dehydrobrominated in refluxing pyridine to
yield 4-bromochromene 17. Then, reduction with tributyltin
hydride gave the chromene 18 (Scheme 5). The total yield
of these two pathways was equal (65—68%) but the path
through compound 17 was easier experimentally.

The Synthesis of Cordiachromen (1)

At this stage, the prenyl chain was attached by cross
coupling of tosylate 18 with a prenylmagnesium cupratel!3]
(Scheme 5). Tosylated cordiachromene 20 was isolated in
75% yield. Then the phenolic hydroxyl was deprotected, to
give (R)-cordiachromene 1 in 80% yield.

Conclusion

Using p-methoxyphenyl as the starting material, (R)-
cordiachromen has been synthesised in 13 steps, with an
overall yield of 12%. The enantiomeric excess of 1 was de-
termined by chiral HPLC to be 92%. The S configuration
at the chiral carbon has been presumed, assuming firstly
that Sharpless epoxidation on allylic alcohol 6 with D-di-
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Scheme 4. a: (CH;),C(OCHj;),, TsOH, 25 °C, 30 min.; b: CAN, CH3CN/H,0, 0 °C, 2 h; c: MeOH, HCI 1 N, 25 °C, 24 h; d: Red-Al, 0
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Scheme 5. a: NBS (1 equiv.), K,CO3, C¢HsCO3H, CCly, reflux; b:
NBS (2 equiv.), K,CO;, C¢HsCOsH, CCly, reflux; c: pyridine, re-
flux; d: Bu;SnH, AIBN, C¢Hyg, reflux; e: BrCH,CH=C(CH3),, Mg,
THE, —20 °C; f: Li,CuCly, —70 °C; g: KOH, H,O/EtOH, reflux

ethyl tartrate gives the R, R epoxide and, secondly, that the
cyclisation of the mixture of compounds 11 and 12 proceeds
with a total retention of configuration. However, these re-
sults still require confirmation by X-ray crystal structure
analysis, and work is in progress to crystallize the oily cordi-
achromen.

Experimental Section

General: Each starting material was obtained from commercial sup-
pliers and used without further purification. All solvents (ether,
THEF, DMEF, toluene) were dried by distillation on sodium-benzo-
phenone before use. Prenyl bromide was prepared using a known
method.[ "H and '3C NMR spectra were recorded at 90 and
22.5 MHz, respectively, on a Jeol FX 90 Q spectrometer, with
CDCl; as solvent and TMS as internal standard; chemical shifts
(8) are expressed in ppm and coupling constants (*J) in Hz. Mass
spectra were recorded on a Hewlett Packard 5989A (70 eV) and
IR spectra on a Perkin—Elmer 420 (cm™!). Optical rotations were
measured on a 341 Perkin—Elmer polarimeter. The enantiomeric
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excess of 1 was determined by HPLC analysis using a column
packed with Chiracel OD-H.

1-Methoxy-4-methoxymethoxybenzene: To a stirred solution of p-
methoxyphenol (5g, 40.3mmol) and diisopropylethylamine
(10.4 g, 80.5 mmol) in CH,Cl, (100 mL) was slowly added me-
thoxymethyl chloride (6 mL, 80.5 mmol) at room temp. After stir-
ring at 40 °C for 12 h, sat. aq. NH4Cl was added. The organic layer
was extracted with ether, washed with water and brine, dried over
MgSO, and the solvent evaporated. The crude product was purified
by column chromatography (silica gel, hexane/EtOAc, 8:2) to give
a colourless oil (6.56 g, 39 mmol, 97%).

'"H NMR: § = 7.02—6.6 (m, 4 H, C¢H,), 5.10 (s, 2 H, OCH,0),
3.45 (s, 3 H, OCH3) — 13C NMR: § = 154.4 (C,,OMOM), 149.1
(CaOMe), 115.7, 111.2 (4 CH=4,), 95.3 (OCH,0), 55.6 (OCH3;),
55.1 (OCHy).

4-Methoxy-1-methoxymethoxy-2-(3-methylbut-2-en-1-yl)benzene
(5): To a solution of 1-methoxy-4-methoxymethoxybenzene (3.36 g,
20 mmol) in anhydrous THF (100 mL), under a nitrogen atmo-
sphere at 0 °C, was added a solution of nBuLi (14.7 mL, 1.5 m,
22 mmol) in hexane and Et,O (30 mL). The mixture was stirred at
room temp. for 6 h; then it was cooled to —78 °C. THF (50 mL)
and Cul (0.57 g, 3 mol-%) were added; then, slowly, prenyl bromide
(3 g, 20 mmol). Once the addition was complete, water was added
and the solution was filtered. The organic layer was extracted with
ether, washed successively with aq. NH3, water, aq. HCI, water and
brine, dried over MgSO, and the solvent evaporated. The crude
product was purified by column chromatography (silica gel, hex-
ane/EtOAc, 8:2) to give a yellow oil (4.01 g 17 mmol, 85%).

'"H NMR: § = 7.02—6.60 (m, 3 H, C¢H3), 5.30 (t, J = 7.3 Hz, 1
H, CH=), 5.10 (s, 2 H, OCH,0), 3.74 (s, 3 H, OCH3;), 3.45 (s, 3
H, OCH;), 3.31 (d, / = 7.3 Hz, 2 H, CH,), 1.74 (s, 6 H, 2CHj3). —
13C NMR: § = 154.5 (CA,OCH,), 149.1 (C5,OCH3), 133.1 (Cy=),
132.9 (CA,CHy), 123.1 (CH=), 119.1, 115.7, 111.1 (3 CH=4,,), 95.2
(OCH,0), 55.8, 55.2 (2 OCH3), 29.3 (CH,), 25.4, 17.3 (2 CH3).

2-(4-Hydroxy-3-methylbut-2-en-1-yl)-4-methoxy-1-methoxymeth-
oxybenzene (6): Compound 6 (3.5 g, 14.8 mmol) and SeO, (2.75 g,
24.8 mmol) were stirred in EtOH (100 mL) at reflux for 30 min.
Solid selenium compounds were removed by filtration. Then
NaBH, (0.56 g, 14.8 mmol) was added at 0 °C and the mixture was
stirred for 1 h. Aq. HCI was added and the organic layer was ex-
tracted with ether, dried over MgSO, and the solvent evaporated.
The crude product was purified by column chromatography (silica
gel, hexane/EtOAc, 5:5) to give an orange/yellow oil (2.98 g,
11.8 mmol, 80%).
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'H NMR: § = 7.01—6.60 (m, 3 H, C4Hs), 5.55 (t, J = 7.3 Hz, 1
H, CH=), 5.09 (s, 2 H, OCH,0), 3.98 (s, 2 H, CH,OH), 3.72 (s, 3
H, OCH,), 3.45 (s, 3 H, OCH3), 3.35 (d, J = 7.3 Hz, 2 H, CH,),
175 (s, 3 H, CH;). — 3C NMR: § = 154.7 (C5,OCH,), 149.3
(CaOCH3), 136.0 (Ca,CH,), 131.8 (Cq=), 123.6 (CH,), 115.9,
115.8, 111.3 (3 CH=,,), 95.4 (OCH,0), 68.3 (CH,OH), 55.9, 55.5
(2 OCHs), 28.5 (CH,), 13.7 (CHs). — MS: mlz (%) = 252 (4) [M™],
190 (53), 175 (100), 159 (11), 137 (16), 91 (9), 77 (8), 45 (73). —
IR (KBr): v = 3409, 2954—2855, 1608, 1600— 1450, 1380— 1280,
1044, 1015.

(2R,3R)-(+)-2-(2,3-Epoxy-4-hydroxy-3-methylbut-1-yl)-4-methoxy-
1-methoxymethoxybenzene (7): Under a nitrogen atmosphere,
Ti(OiPr)4 (3.15g, 11.1 mmol) and p-(—)diethyl tartrate (2.74 g,
13.3 mmol) were mixed and stirred in CH,Cl, (80 mL) with some
molecular sieves at —24 °C for 20 min. Then 6 (2.8 g, 11.1 mmol)
and tert-butylhydroperoxide (7.4 mL of 3 M toluene solution,
22.2 mmol) were added. The mixture was stirred mechanically at
—24 °C for 24 h. Then, 10% aq. tartaric acid was added and stirring
was continued for 2h. The organic layer was extracted with
CH,Cl,, dried over MgSO, and the solvent evaporated. The crude
product was purified by column chromatography (silica gel, hex-
ane/EtOAc, 5:5) to give a pale yellow oil (2.62 g, 88%).

'H NMR: § = 7.08—6.63 (m, 3 H, C¢H3), 5.12 (s, 2 H, OCH,0),
3.74 (s, 3 H, OCH3), 3.62 (s, 2 H, CH,OH), 3.45 (s, 3 H, OCH3),
3.28 (m, 1 H, CHO), 2.93-2.87 (m, 2 H, CH, ), 2.38 (s, 1 H, OH),
1.40 (s, 3 H, CH3). — 3C NMR: § = 154.6 (C5,OCH,), 149.4
(CarOCHj ), 128.3 (Cya,), 116.2, 115.6, 112.3 (3 CH=4,), 95.3
(OCH,0), 65.9 (CH,OH), 61.6 (C,0), 59.9 (CHO), 55.9, 55.5 (2
OCH3), 29.3 (CH,), 14.3 (CH;). — MS: m/z (%) = 268 (12) [M*],
250 (4), 218 (4), 206 (5), 205 (9), 189 (9), 175 (14), 161 (11), 149
(36), 121 (12), 91 (10), 87 (32), 45 (100). — IR (KBr): ¥ = 3452,
2936—2834, 1610—1460, 1380—1280, 1044, 1012—1010. —
C14H2005 (268.13): caled. C 62.67, H 7.51; found C 62.31, H 7.38.
— [a] = +10.5° (¢ = 2.66, acetone).

(35)-(+)-2-(3,4-Dihydroxy-3-methylbut-1-yl)-4-methoxy-1-meth-
oxymethoxybenzene (8): Epoxide 7 (2.5 g, 9.32 mmol) was slowly
added to a solution of LiAIH, (0.71 g, 18.6 mmol) in ether (50 mL)
at room temp. The mixture was stirred for 5 h. Water (25 mL) was
added. The organic layer was extracted with ether, dried over
MgSO, and the solvent evaporated. The crude product was purified
by column chromatography (silica gel, hexane/EtOAc, 7:3) to give
a colourless oil (2.4 g, 95%).

'"H NMR: § = 7.03—6.63 (m, 3 H, C¢H3), 5.12(s, 2 H, OCH,0),
3.74 (s, 3 H, OCHs), 3.52 (s, 2 H, CH,OH), 3.48 (s, 3 H, OCHs),
2.77-2.58 (m, 2 H, CH,), 1.85 —1.67 (m, 2 H, CH,), 2.38 (s, 2 H,
2 OH), 1.23 (s, 3 H, CH;). — '3C NMR: § = 154.8 (C5,OCH,),
149.5 (Ca,OCHj), 1334 (Cya,), 116.0, 111.6 (3 CH=,4,),
95.7(0CH,0), 73.1 (CH,OH), 69.8 (C,OH), 56.1, 55.6 (2 OCH,),
39.2 (CHy), 25.0 (CH,), 23.2 (CH3). — MS: m/z (%) = 270 (18)
[M*], 238 (30), 190 (31), 175 (45), 137 (34), 77 (11), 45 (100). —
IR (KBr): v = 3413, 2938—2840, 1600—1460, 1380—1280, 1150,
1042, 1020. — [o] = +2.7° (¢ = 1.84, acetone).

(385)-(+)-2-]2-(2,2,4-Trimethyl-1,3-dioxolan-4-yl)ethyl]-4-methoxy-
1-methoxymethoxybenzene (9): Diol 8 (2.35 g, 8.7 mmol) and dime-
thoxypropane (15mL) were stirred with p-toluenesulfonic acid
(0.15 g, 0.87 mmol) for 30 min. A sat. aq. NaHCOj; solution was
added. The organic layer was extracted with ether, washed with
brine, dried over MgSO, and the solvent evaporated. The crude
product was purified by column chromatography (silica gel, hex-
ane/EtOAc, 7:3) to give a pale yellow oil (2.56 g, 95%).

'"H NMR: § = 7.02—6.56 (m, 3 H, C¢H3), 5.09 (s, 2 H, OCH,0),
3.91-3.65 (m, 2 H, CH,0), 3.71 (s, 3 H, OCHj;), 3.45 (s, 3 H,
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OCHj3), 3.28 (m, 1 H, CHO), 2.80—2.56 (m, 2 H, CH,C,),
2.00—1.71 (m, 2 H, CH,Cga,), 1.40 [s, 6 H, C(CHs),], 1.34 (s, 3 H,
CH;). — 3C NMR: § = 154.6 (C5,OCH,), 149.4 (C,,OCHj),
132.9 (Cqar), 115.9, 115.6, 111.4 (3 CH=4,), 109.1 (C4(CH3)), 95.3
(OCH,0), 81.1 (C,0), 74.1 (CH,0), 55.9, 55.5 (2 OCHs;), 40.5
(CH,»), 27.2 ((CH3),Cq), 24.9 (CH3), 23.2 (CH,). — MS: m/z (%) =
310 (9) [M™*], 266 (8), 252 (25), 203 (10), 191 (48), 190 (44), 177
(24), 175 (46), 164 (10), 161 (10), 150 (27), 149 (9), 137 (20), 115
(13), 72 (14), 57 (13), 45 (100). — IR (KBr): ¥ = 2983—-2835,
1610—1460, 1378—1270, 1042, 1012—1010. — [a] = +3.2° (¢ =
1.72, acetone).

(398)-(+)-2-[2-(2,2,4-Trimethyl-1,3-dioxolan-4-yl)ethyl]-1,4-quinone
(10) and (25)-(+)-2-(3,4-dihydroxy-3-methylbut-1-yl)-1,4-quinone
(11): To a water/acetonitrile (1:1) solution (50 mL) of ceric ammo-
nium nitrate (9.1 g, 16.6 mmol) was added at —5 °C a solution of
ketal 9 (2.45¢g, 7.9 mmol) in CH;CN (20 mL). The mixture was
stirred at —5 °C for 2 h. The organic phase was extracted with
CH,Cl,, dried over MgSO, and the solvent evaporated. The crude
product was purified by column chromatography (silica gel, hex-
ane/EtOAc, 6:4) to give quinone ketal 10 (1.67 g, 90%) and qui-
nonediol 11 (0.165 g, 10%) as yellows oils.

10: '"H NMR: § = 6.75—6.60 (m, 3 H, C¢H3), 3.86 (d, XX H, J =
8.5 Hz, CH,0), 3.74 (d, XX H, J = 8.5 Hz, CH,0), 2.64—2.44 (m,
2 H, CH,C,), 1.83—1.62 (m, 2 H, CH,Cya,), 1.39 [s, 6 H,
(CH;),C,], 1.34 (s, 3 H, CH;). — '3C NMR: § = 1874, 187.1 (2
C=0), 1494 (Cyap), 136.6, 136.2, 1323 (3 CH=,,), 109.3
(C4q(CHj3),), 80.3 (C40), 73.9 (CH,0), 38.0 (CH,), 26.9, 26.8 [2
CH3, (CH;3),Cg], 24.6 (CH3 ), 24.2 (CH,). — MS: m/z (%) = 250
(1) [M™], 235 (42), 175 (52), 193 (3), 147 (13), 123 (18), 115 (26),
72 (32), 164 (10), 161 (10), 150 (27), 149 (9), 137 (20), 59 (26), 43
(100), 39 (11), 18 (37). — [a] = +2.8 (¢ = 1.4, acetone)

11: '"H NMR: § = 6.73—6.3 (m, 3 H, C¢H3), 3.61 (s, 2 H, CH,OH),
2.83—2.64 (m, 2 H, CH,), 1.89 —1.68 (m, 2 H, CH,), 2.38 (s, 2 H,
2 OH), 1.23 (s, 3 H, CH3). — 3C NMR: § = 187.3, 187.0 2 C=
0), 149.3 (Cyar), 136.5, 136.1, 132.2 (3 CH=,,), 73.2 (CH,OH),
69.8 (C;OH), 39.1, 25.1 (2 CH,), 23.4 (CH3). — [0] = + 2.1° (¢ =
1.7, acetone).

(6R,95)-(—)-6,9-Epoxy-9-methyl-7-oxabicyclo[4.4.0]deca-1,4-dien-3-
one (12): The above mixture of the two quinones 10 (5.6 mmol) and
11 (0.76 mmol) in methanol (30 mL) was stirred with aq. HCI (1
M) for 24 h. The solution was washed with aq. NaHCO; and the
organic phase was extracted with ether, dried over MgSO, and the
solvent evaporated. The crude product was purified by column
chromatography (silica gel, hexane/EtOAc, 7:3) to give the tricyclic
quinone 12 (0.845 g, 70%) and quinonediol 11 (0.267 g, 20%) as
yellow oils.

'H NMR: § = 6.77-6.61 (m, 3 H, C4H;), 4.10-3.62 (s, 2 H,
OCH,C,), 2.83-2.6 (m, 2 H, CH,C,), 2.01-1.67 (m, 2 H,
CH,Cyar), 1.23 (s, 3 H, CH;). — *C NMR: § = 185.6 (C=0),
1554 (OCya0), 1422 (Cyar), 132.0, 121.2 (3 CH=,,), 74.1
(CH,0), 69.8 (C40), 35.8 (CH»), 26.0 (CH,), 21.9 (CH;). — [a] =
—37.9° (¢ = 1.8, acetone)

(25)-(+)-6-Hydroxy-2-hydroxymethyl-2-methylchroman (13): Com-
pound 12 (0.79 g, 3.68 mmol.) was stirred with Red-Al [NaAl-
H,(OCH,CH,0OCH3;),, 7.36 mmol, 2.5 mL of 3 M solution] in THF
(15mL) at 0 °C for 90 min. Then aq. HCI (1 m, 10 mL) was added.
The organic phase was extracted with ether, dried over MgSO,4 and
the solvent evaporated. The crude product was purified by column
chromatography (silica gel, hexane/EtOAc, 5:5) to give the
chroman 13 (0.56 g, 80%) as a colourless oil.

'TH NMR: § = 6.61—6.50 (m, 3 H, C¢H3), 5.09 (s, 1 H, OH), 3.60
(s, 2 H, CH,0), 2.84-2.63 (m, 2 H, CH,C,), 2.1-1.65 (m, 2 H,
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CH,Cyar), 1.21 (s, 3 H, CH3). — 3C NMR: 8 = 149.8 (Cy4a,OH),
147.8 (Ca,0C), 122.5 (Cya,), 119.6, 117.9, 115.6 (3 CH=4,), 76.1
(C40), 69.2 (CH,0H), 27.2 (CH,), 21.9 (CH,), 20.6 (CH;). — MS:
mlz (%) = 194 (73) [M*], 163 (100), 161 (42), 136 (46), 124 (91),
123 (61), 107 (31), 94 (11), 45 (20). — IR (KBr): ¥ = 3500—3394,
2935-2835, 1600—1460, 1405—1320, 1370—1276, 1219, 1049. —
CyH 405 (194): caled. C 68.02, H 7.27; found C 67.63, H 7.02. —
[a] = +2.78° (¢ = 1.08, acetone).

(25)-(+)-2-Methyl-6-tosyloxy-2-tosyloxymethylchroman (14): p-
Toluenesulfonyl chloride (0.418 g, 2.19 mmol) was slowly added to
a well stirred mixture of compound 13 (0.2 g, 1.04 mmol), triethyla-
mine (0.527 g, 5.2 mmol) and 4-dimethylaminopyridine (2 mg,
0.02 mmol) at 0 °C for 1| h, then at room temp. for 3 h. Water was
added. The organic phase was extracted with ether, dried over
M¢gSO, and the solvent evaporated. The crude product was purified
by column chromatography (silica gel, hexane/EtOAc, 6:4) to give
the tosylated chroman 14 (0.42 g, 81%) as a colourless oil.

'H NMR: § = 7.8—7.27 (m, 8 H, 2 C¢Hytosyl), 6.71—6.53 (m, 3
H, CsH3), 3.94 (s, 2 H, CH,Otosyl), 2.69—2.55 (m, 2 H, CH,C,),
2.42 (s, 6 H, 2CHstosyl), 1.92—1.65 (m, 2 H, CH,Cgya,), 1.24 (s, 3
H, CH;). — BC NMR: § = 151.4 (Cya,0Ts), 145.1 (Cya,0C),
144.9, 142.4 (2 Cga,Stosyl), 132.5, 132.4 (2 Cga,Ctosyl), 129.8,
129.6, 128.7, 128.3 (8CH=,tosyl), 122.8 (Cya,), 121.4,121.0, 117.6
(BCH=4,), 74.6 (C40), 73.1 (CH,Otosyl), 27.3 (CH>), 21.7, 21.4
(3CHs;), 21.2 (CH,). — MS: m/z (%) = 502 (16) [M "], 347 (35), 317
(7), 277 (3), 192 (31), 175 (100), 163 (19), 161 (11), 155 (42), 147
(14), 91 (66), 65 (14), 55 (12). — [a] = +14.2° (¢ = 1.2, acetone).

(25)-(+)-4-Bromo-2-methyl-6-tosyloxy-2-tosyloxymethylchroman
15: A mixture of compound 15 (174 mg, 0.35 mmol), N-bromosuc-
cinimide (64 mg, 0.36 mmol), potassium carbonate (69 mg,
0.5mmol) and benzoyl peroxide (4 mg, 0.025mmol) in CCl
(20 mL) was stirred at reflux for 9 h. Then N-succinimide was fil-
tered off and the solvent evaporated. The crude product was puri-
fied by column chromatography (silica gel, hexane/EtOAc, 8:2) to
give the bromochroman 15 (161 mg, 80%) as a pale yellow oil.

'H NMR: § = 7.78 —7.24 (m, 8 H, 2C4Hytosyl), 6.85—6.53 (m, 3
H, C4H3), 5.20—5.00 (m, 1 H, CHBr), 4.1-3.8 (m, 2 H, CH,OTs),
2.69—-2.55 (m, 2 H, CH,C,), 2.42 (s, 6 H, 2CHjtosyl), 1.24 (s, 3 H,
CH;). — BC NMR: § = 151.4 (Cya,Otosyl), 145.1 (C,0C), 144.9,
14242 CgStosyl), 132.5, 1324 (C,Ctosyl), 129.8, 129.6,
128.7.128.3 (8 CH=tosyl), 122.8 (CH=4,), 121.8 (Cga,), 121.0,
117.6 (2 CH=4,,), 74.6 (C40 ), 73.1 (CH,Otosyl), 71.6 (CHBr), 27.3
(CHy), 21.7, 21.4 (3 CHs3), 21.2 (CH,). — MS: m/z (%) = 581 (1)
[M™], 500 (1), 393 (6), 317 (7), 316 (18), 315 (100), 175 (6), 161 (8),
161 (8), 160 (17), 155 (10), 91 (48), 65 (15). — [a] = +31.2° (¢ =
2, acetone)

(2R)-(+)-4-Bromo-2-methyl-6-tosyloxy-2-tosyloxymethyl-2 H-
chromene (17): A mixture of compound 14 (74 mg, 0.15 mmol), N-
bromosuccinimide (54 mg, 0.30 mmol), potassium carbonate
(56 mg, 0.42 mmol) and benzoyl peroxide (3.4 mg, 0.021 mmol) in
CCly (15 mL) was stirred at reflux for 9 h. Then N-succinimide was
filtered off and the solvent evaporated. The crude product 16, dis-
solved in pyridine (5 mL), was stirred at reflux for 1 h. Aq. HCI (1
M) was added. The organic phase was extracted with ether, washed
with brine, dried over MgSO, and the solvent evaporated. The
crude product was purified by column chromatography (silica gel,
hexane/EtOAc, 8:2) to give the bromochromene 17 (77 mg, 90%)
as a colourless oil.

'H NMR: § = 7.84—7.29 (m, 8 H, 2 C4Hytosyl), 6.98—6.87 (m, 3
H, C¢H3), 5.90 (s, 1 H, CH=), 3.98 (s, 2 H, CH,Otosyl), 2.41 (s, 6
H, 2 CHjtosyl), 1.25 (s, 3 H, CHj). — BC NMR: 8 = 151.4 (Cy4,0-
tosyl), 145.0, 144.9 (2 C,Stosyl), 142.2 (Cya,Otosyl), 132.4, 132.3
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(2 Cya:Ctosyl), 129.8, 129.6, 128.7, 128.3 (8 CH=4,tosyl), 127.1
(CH=), 123.1 (CH=,,), 121.6 (Cqa, ), 121.3 (CH=,,), 119.1
(C4Br), 117.6 (CH=4,), 78.5 (C40), 73.1 (CH,Otosyl), 21.7, 21.3
(3CHs). — MS: m/z (%) = 579 (1) [M*], 499 (8), 394 (23), 160 (30),
155 (12), 91 (36), 65 (11). — [0] = +16.2° (¢ = 1, acetone)

(2R)-(+)-2-Methyl-6-tosyloxy-2-tosyloxymethyl-2 H-chromene (18):
From compound 15: Compound 15 (146 mg, 0.251 mmol) was dis-
solved in pyridine and stirred at reflux for 1 h. Aq. HCI (1 m) was
added and the organic phase was extracted with ether, washed with
brine, dried over MgSO, and the solvent evaporated. The crude
product was purified by column chromatography (silica gel, hex-
ane/EtOAc, 7:3) to give the chromene 18 (100 mg, 85%) as a yel-
low oil.

From compound 17: Compound 17 (53 mg, 0.091 mmol) was dis-
solved in benzene (5 mL). Bu;SnH (30.5 mg, 0.105 mL) and AIBN
(4 mg, catalytic) were added and the mixture was stirred at reflux
for 2 h. The solvent was evaporated and the crude product was
directly purified by column chromatography (silica gel, hexane/
EtOAc, 7:3) to give the chromene 18 (33 mg, 72%) as a yellow oil.
'H NMR: & = 7.82—7.28 (m, 8 H, 2 C¢Hytosyl), 6.75—6.68 (m, 3
H, CsH3), 6.35(d, J = 99Hz, | H, CH=), 552 (d, / = 9.9 Hz, |
H, CH=), 3.96 (s, 2 H, CH,Otosyl), 2.41 (s, 6 H, 2CHjtosyl), 1.23
(s, 3 H, CH;). — BC NMR: 8§ = 151.3 (Cya,Otosyl), 145.0 (Cya.
[0C), 144.9, 1423 (2 Cgtosyl), 132.4, 132.3 (Cya,tosyl), 130.7
(CH=), 129.8, 129.6, 128.7, 128.3 (8 CH=tosyl), 122.9 (CH=4,,),
122.6 (CH=), 121.6 (Cya,), 121.3 (CH=4,), 117.6 (CH=,,), 78.2
(C40), 73.1 (CH,Otosyl), 21.7, 21.4 (3CH3). — MS: m/z (%) = 500
(1) [M™], 344 (6), 343 (6), 316 (21), 315 (100), 173 (6), 160 (11),
155 (3), 91 (14), 65 (4). — C,5H,404S, (500.59): caled. C 59.98, H
4.83; found C 59.17, H 4.45. — [a] = +10.6° (¢ = 0.9, acetone).

(2R)-(+)-2-Methyl-2-(4-methylpent-3-en-1-yl)-6-tosyloxy-2 H-
chromen (19): Prenylmagnesium bromide was prepared from Mg
(10 mg, 0.38 mmol) and prenyl bromide (54 mg, 0.36 mmol) in
THF at —20 °C. The solution was cooled to —70 °C and Li,CuCl,
(0.5mL, 1 M solution in THF) was added. After 30 min, compound
18 (90 mg, 0.18 mmol) in THF (4 mL) was slowly added. The mix-
ture was then slowly allowed to warm to at room temp. for 5 h.
Sat. aq. NH4Cl was added and the organic phase was extracted
with ether, washed with brine, dried over MgSO,4 and the solvent
evaporated. The crude product was purified by column chromato-
graphy (silica gel, hexane/EtOAc, 7:3) to give the tosylated cordi-
achromen 19 (53 mg, 75%) as a yellow oil.

'H NMR: § = 7.70—7.20 (m, 4 H, C¢H,tosyl), 6.60—6.45 (m, 3 H,
C¢H3), 6.10 (d, / = 99 Hz, 1 H, CH=), 5.50 (d,; / = 9.9 Hz, 1 H,
CH=), 5.00 (t, J = 7.1 Hz, 1 H, CH=), 2.40 (s, 3 H, CHjtosyl),
2.10—1.90 (m, 2 H, CH,), 1.70—1.50 (m, 2 H, CH,), 1.60 (s, 3 H,
CH3), 1.55 (s, 3 H, CH3), 1.35 (s, 3 H, CH3). — 3C NMR: § =
151.3 (Cga Otosyl), 145.2 (Cya,0C), 143.0 (CgStosyl), 132.4
(CqarCHj3), 131.8 (Cy), 130.8 (CH=), 129.7, 128.5(4 CH=4,tosyl),
123.8 (CH=), 122.4 (CH=), 122.0 (CH=4,), 121.7 (Cga,), 120.0
(CH=4,), 116.5 (CH=4,), 79.0 (C40), 41.2 (CH,), 26.5 (CH.), 25.6
(CH3;), 21.7 (CHj;), 22.6 (CH,), 17.6 (CH3). — MS: m/z (%) = 398
(11) [M*], 383 (15), 316 (21), 315 (100), 243 (5), 69 (40). — [o] =
+46.1° (¢ = 0.78, acetone)

(2R)-(+)-6-Hydroxy-2-methyl-2-(4-methylpent-3-en-1-yl)-2 H-
chromen (1): A KOH solution [3.5 mL, prepared from KOH (0.5 g),
water (8.5 mL) and ethanol (8.5 mL)] was slowly added to com-
pound 19 (48 mg, 0.122 mmol). The mixture was stirred at reflux
for 3h and then neutralised with CH;COOH and concentrated.
The organic phase was extracted with ether, washed with aq.
NaHCOs;, water and brine, dried over MgSO, and the solvent evap-
orated. The crude product was purified by column chromatography
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(silica gel, hexane/EtOAc, 8:2) to give the cordiachromen 1 (26 mg,
87%) as a yellow oil.

'H NMR: § = 6.68—6.47 (m, 3 H, C¢H3), 6.28 (d, J/ = 9.9 Hz, 1
H, CH=), 559 (d, J = 99Hz, 1 H, CH=), 5.10 (t, / = 7.1 Hz, 1
H, CH=), 2.18—1.97 (m, 4 H, 2 CH,), 1.68 (s, 3 H, CHy), 1.57 (s,
3 H, CH,), 1.35 (s, 3 H, CH3). — 3C NMR: § = 149.1 (CA,OH),
146.7 (C4,0C), 131.5 (C,), 130.8 (CH=), 124.0 (CH=), 122.5
(CH=), 121.8 (Cg4a,), 116.5, 115.6, 112.8 (3 CH=y,,), 78.0 (C,0),
40.7 (CH,), 25.8 (CH,), 25.5 (CH3), 22.5 (CH,), 17.5 (CH;). — MS:
miz (%) = 244 (41) [M*], 229 (10), 161 (100), 69 (35). — C,cH,,0,
(244.33): caled. C 78.65, H 8.25; found C 78.23, H 7.98. — [a] =
+101.6° (¢ = 0.83, acetone).

G. D. Manners, L. Jurd, J Chem. Soc., Perkin Trans I. 1977,
405—-410.
G. D. Manners, J. Chem. Soc., Perkin Trans. I 1983, 39—43.
A. F. Benslimane, Y. F. Pouchus, J. F. Verbist, J Nat. Prod.
1988, 51, 582—585.
“ In Kyu Kim, Sun Ku Park, Magn. Res. Chem. 1993, 31,
788—789.
A. F. Benslimane, Y. F. Pouchus, J. F. Verbist, J. Y. Petit, J. P.
Brion, L. Wellin, J. Clin. Pharmacol. 1995, 35, 298—301.
6l 6] G, Cardillo, R. Cricchio, L. Merlini, Tetrahedron 1968,
4825—4831. — [°®1 C. E. Turner, M. A. Elsohly, J. Clin. Pharma-
col. 1981, 21, 283S — 291S. — %1 L. Crombie, R. Ponsford,
Chem. Commun. 1968, 894. — [°4 L. Crombie, R. Ponsford,
Tetrahedron Lett. 1968, 4557—4560. — %1 L. Crombie, R.
Ponsford, J. Chem. Soc., (C) 1971, 796—804. — 1 V. V. Kane,
T. L. Grayeck, Tetrahedron Lett. 1971, 3991—3994, — el V V,
Kane, Tetrahedron Lett. 1971, 4101—4104. — M V. V. Kane,

5B

O

3228

R. K. Razdan, J Am. Chem. Soc. 1968, 90, 6551—6553. — L6l
V. V. Kane, R. K. Razdan, Tetrahedron Lett. 1969, 591—594.

71'S. Bouzbouz, B. Kirschleger, Synthesis 1994, 7, 714—718.

Bl H. Rapoport, U. T. Bhalerao, J Am. Chem. Soc. 1971, 93,
4835—4840.

Pl K. B. Sharpless, M. A. Umbreit, J 4m. Chem. Soc. 1977, 99,
5526—5528.

(101 [10a] M. G. Finn, K. B. Sharpless, Asymmetric Synthesis (Ed.:
J. D. Morrison), Academic Press, New York, 1985, 5, 247. —
11001 T, Katsuki, K. B. Sharpless, J. Am. Chem. Soc. 1980, 102,
5974—5976. — 11°1 Y. Gao, R. M. Hanson, J. M. Klunder, S.
Y. Ko, H. Masamune, K. B. Sharpless, J. Am. Chem. Soc. 1987,
109, 5765—5780. — 11041 B, E. Rossiter, Asymmetric Synthesis
(Ed.: J. D. Morrison), Academic Press, New York, 1985, 5, 193.
— [10¢] A Pfenniger, Synthesis 1986, 89—116.

(11 [11al J Hiibscher, R. Barner, Helv. Chim. Acta 1990, 73, 1068.
— [16] R, Barner, M. Schmidt, Helv. Chim. Acta 1979, 62,
2384—2399. — [1<I N. Cohen, R. J. Lopresti, C. Saucy, J. Am.
Chem. Soc. 1979, 101, 6710—6716. — U4 N. Cohen, R. J. LOP-
resti, C. Newkom, J. Org. Chem. 1981, 46, 2445—2450. — [llel
Y. Sakito, G. Suzukamo, Tetrahedron Lett. 1982, 23,
4953—4954. — 111 G. Solladie, G. Moine, J Am. Chem. Soc.
1984, 106, 6097—6098.

121 112a] G, A. Russel, C. DeBoer, K. M. Desmond, J. Am. Chem.
Soc. 1963, 85, 365—366. — 12°1 A Jefferson, F. Scheinmann, J
Chem. Soc. (C) 1966, 175—178. — [12¢1 M. L. Wolfrom, E. W.
Koos, H. B. Bhat, J. Org Chem. 1967, 32, 1058—1059. — [12d]
D. J. Cram, R. C. Helgeson, J Am. Chem. Soc. 1966, 88,
3515—3521.

(13113l H, G. Leuenberger, W. Boguth, R. Barner, M. Schmidt, R.
Zell, Helv. Chim. Acta., 1979, 62, 455—463. — 13b] R. Barner,
M. Schmidt, Helv. Chim. Acta 1979, 62, 464—473. — U3l R,
Zell, Helv. Chim. Acta 1979, 62, 474—480.

Received January 14, 2000
[000016]

Eur. J. Org. Chem. 2000, 3223—3228



