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Abstract

A simple and straight forward synthesis of (+) mismthol and its epimer is described.
Implementation of 4-pentenal derivative for palladi catalyzed intramolecular éhdo-trig
Heck cyclization is effective. Other key steps ilwed are Wittig olefination with

allyloxymethylenetriphenylphosphorane, [3,3] sigropic rearrangement and chemoselective
reduction of double bond.
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1. Introduction

Palladium catalyzed oxidative Heck reaction is Haotive tool for carbon-carbon bond

forming reactions since its discovénd its intramolecular version was found to beemsseful
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in the synthesis of natural products and pharmam@iyt important bioactive compounds
including different types of carbacyclé3;heterocycles anN-heterocycle$.ndane or indanone
carbacycles are the importanotifs because of their presence in many natuayzts (Figure
1) and due to their great medicinal significancehsias antitumout, antiviral; and anti-
inflammatory properties. Various methods are available for tumstruction of indane
framework® In the recent years many research groups have mnepied intramolecular
oxidative Heck coupling reaction strategy for sysils of various indane scaffolfg\lthough

the synthesis of substituted indanes remains cigllg task.
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Figure 1. Some natural indane representatives.

The phenolic sesquiterpene mutisianthol) (having trans 1,3 disubstituted
benzocyclopentyl (indane) unit was first isolatedlB79 from the roots d¥lutisia homoeantha
by Bohlmann’s group. The initial stereochemistry was assignectiasfor two substituents on
five membered ring of mutisianthal)( In the early of 1997, Ho and co-workers accosty@d
the first total synthesis of mutisianthdl) (and revised its structure by assigning the netati
stereochemistry trans for two substituents on five membered ring of iatithol®

Later, very few research groups have worked onhgyiat study of mutisianthol (figure
1). Ferrazet al achieved the total synthesis of mutisianthol eitjplg thallium mediated ring
contraction strategy for 1,2-dihydronaphthalenévégive ° Same group later also accomplished
its enantioselective synthesis through asymmetydrdgenation and thallium mediated ring

contraction of thus generated tetralin mbtiftvery recently, Dethest al reported the total



synthesis of mutisianthol employing the Lewis acitalyzed Nazarov type cyclizatioh.
However, use of intramolecular Heck cyclization aems untouched in the synthesis of this

natural indane which initiate us to embark oncitaitsynthesis.
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Scheme 1Summery of the reported strategies for mutisiainth

Since two decades, our group has been involvedan/ittig olefination on a range of
aldehydes followed by Claisen rearrangement oflteswallyl vinyl ether ) strategy and their
exploration to the target-oriented synthesis witaxmmum use of resultant functionalized 4-

pentenal derivative (Scheme 253

[3.3]
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Scheme 2Outline for generation of 4-pentenal derivative.
In continuation of our these efforts, herein, wpore a simple and efficient synthetic
method for indane natural product mutisiantht), by the use of thus generated 4-pentenal

derivative for oxidative ®endo-trig Heck cyclization resulting into indene framework.
2. Result and discussion

2.1 Retrosynthetic analysis

Synthetic plan towards mutisianthdl)(is outlined in Scheme 3. Intramolecular Heck
cyclization reaction of triflat& and subsequent regio and stereoselective olefidefenation
of 7 could be the key steps for the final constructibthe target moleculé. We envisaged that

substitution pattern in triflat8 would be obtained from allyl vinyl eth&through sequence of



reactions such as Claisen rearrangement and diefind he allyl vinyl ethe® in turn could be
prepared from appropriately substituted benzaldeh$@ by using Wittig reaction with
allyloxymethylenetriphenylphosphorari®. The required substitution in aldehyd® could be
easily prepared from known 2,4-dihydroxy toludrie

chemoselective
' ; Heck
Birch reduction
,
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Scheme 3Retrosynthetic plan for mutisianthol.

2.2 Synthesis of precursor aldehyde 14 with appropate substitution.

Synthesis of required aldehydd commenced from 2,4-dihydroxytoluerid. Under
standard Vilsmeier-Haack condition (PQOIMF), compound11l provided coressponding
aldehydel2 with poor reaction yield* However, more than 90% yield &2 obtained when this
reaction was carried out in acetonitrile insteaddMF itself. The regioselective protection of
hydrogen bonding free hydroxyl group &2 as methyl ethed3 was achieved by dimethyl
sulphate and ¥CO;. Subsequent, protection of remaining hydroxyl gr@as methoxy methyl
ether provided coressponding fully protected bededaydel4 in 94% yield.
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Scheme 4 Reagents and conditions. (i) POCEk, DMF, MeCN, 0 °C to rt, 5 h, 93%; (ii)
Dimethylsulphate, KCO;, MeCN, rt, 12 h, 95%; (iii) MOMCI, NaH, THF, 0 °G0 min, 94%.

2.3 Wittig olefination followed [3,3]-sigmatropic rearrangement strategy for the synthesis
of triflate 8.

The Wittig reaction ofl14 with allyloxymethylenetriphenylphosphorand5(> was
performed using standard reaction condition prestipdeveloped in our lab” **to provide
allyl vinyl ether 16 with E/Z ratio 1:1.5 in 72% vyield (Scheme 5). The solvereef[3,3]-
sigmatropic rearrangement was then effected byiriged6 neat at 180 °C for 5 min, to produce
the 4-pentenal derivativé7, which was directly used for next step without ificettion by
treating it with isopropyltriphenylphosphorane & °C gave dialkene derivatiu in excellent
yield. Deprotection of MOM ether ih8 by catalytic HCl in MeOH and subsequent treatnuént
thus generated phend® with trifluoromethanesulphonic anhydride, trietlnyline and catalytic
DMAP afforded triflate8 in 82% yield.
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Scheme 5Reagents and conditions: (i) PrsPCHOCH,CH=CH,CI, 'BuOK, THF, 0 °C, 20 min,
72% ; (ii) Neat, 180 °C, 5 min, 100%; (iiilPrPPRBr, n-BuLi, THF, -10°C, 1 h, 80%; (iv) 2
drops conc. HCI, MeOH , 1 h, 87%; (v),Tf, TEA, DMAP, DCM, 0 °C, 5 min, 82%.



2.4 The key intramolecular oxidative Heck cyclizabn reaction and synthesis of indene
derivative 7.

After having triflate8 in hand, we next performed the key palladium gatd intramolecular
oxidative Heck cyclization reaction. To our disappment, treatment of triflat8 under various
known Heck coupling conditions generated inseparadhction products mixture containigg

as one of the product, though appeared as homogerep TLC'® After lot of frustrating and
unanticipated efforts to separate these differemdlycts, we decided to use this mixture as such
for the next step. Accordingly, this mixture wasatied with excess ethyl mercaptan and sodium
hydride in dry DMF at 130-140 °C for 20-24 h folles by careful column chromatographic
purification, mainly afforded desired indene 5-efigative7 and deoxygenated compouRdin

56% and 14% vyields respectively (Scheme 6).
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Scheme 6 Reagents and conditions: (i) Pd(PPh)s, TEA, LiCl, DMF, 110 °C, 20 h; (ii) EtSH,
NaH, DMF, 130-140 °C, 24 h, 56%)(and 14% 21) over two steps.

2.5 Completion of total synthesis of (£) mutisiantbl and (+) epi-mutisianthol.

The regioselective hydrogenation of benzylic exticydouble bond of7 by H,, Pd/C
under controlled condition (pressure and time) @xigkly generated thes isomer22 in good
yield (Scheme 7). The same result was observeddblyeat al during the synthesis of jungianol
(2)." The confirmation foris stereochemistry was given by comparing the spedaia of22
with those of reported forepi-mutisianthol® Finally, the required stereochemistry for
mutisianthol was obtained by giving temporary pectten to the hydroxyl group of as MOM
ether followed by chemoselective reduction witHigli/NH3 that resulted in 1:1 mixture dfand
22 afterdeprotection of MOM ether. The formation @§ andtrans isomers in equal proportion

during Li/lig. NHz reduction may possibly be attributed to protormaid the generated tertiary



planar radical species from both sides. The sdedata of1 (NMR, IR, HRMS) were well
accordance with the reported data for natural naurikol.

= I . + (%) epi-mutisianthol, 22
HO HO -

(x) epi-mutisianthol, 22 (x) mutisianthol, 1

Scheme 7 Reagents and conditions: (i) H (balloon), 10% Pd/C, MeOH, rt, 1 h, 84%; (ii) ()
MOMCI, DIPEA, DCM, 0 °C to rt, 12 h, 86%; (b) Ligl NH3;, THF -78 °C, 12 h, then 6 N HCI,
40% (@) and 40%22).

3. Conclusion

In conclusion, we have developed the strategyHerdonstruction of substituted indane
framework in which intramolecular oxidative Heckctigation was the key step. Strategy was
successfully applied for the total synthesis of igianthol and its epimer. Synthesis was
accomplished in 11 linear steps with an overalldywf 6.57% for mutisianthol and in 10 steps
with overall yield of 16.05% foepi-mutisianthol. By the use of same strategy we ae n

working on the syntheses of other indanes.

4. Experimental

4.1 General

All moisture sensitive reactions were carried ontler nitrogen atmosphere using oven
dried glassware unless otherwise noted. Dichlorbaret, dimethylformamide and acetonitrile
were distilled over Cayd THF was distilled over Na/benzophenone. CommeEreiagents and
solvents were used as received without furtherfipation. All the reactions were monitored by
thin layer chromatography (TLC)-Merck 0.25 mm slligel 60 bss. TLC plates were visualized
by exposure to ultraviolet light (UV, 254 nm) and/exposure to an aqueous solution of
potassium permanganate (KMg)QOan acidic solution of anisaldehyde or a solutdminhydrin
in ethanol followed by heating on hot plate. Fl&iromatography was performed using silica
gel (100-200 mesh) with EtOAc/pet ether solventesysdistilled prior to use. Melting points
were recorded with Thomas Hoover melting point agpes and are uncorrectetH NMR



spectra were recorded at 200, 300, 500 MHz*468dNMR spectra 50, 75, 126 MHz in CRCI
solution unless otherwise mentioned, chemical shitire in ppm downfield from
tetramethylsilane and coupling constanis dre reported in hertz (Hz). High resolution mass
spectra (HRMS) were recorded on Bruker impact HD $6farce. IR spectra were recorded on a
Shimadzu FTIR-8400 series instrument. All the s@écanalysis (IR, NMR, HRMS) were

performed at CIF (Central Instrumentation Facilityavitribai Phule Pune University, Pune.
4.2 Experimental procedures

4.2.1. 2,4-dihydroxy-5-methylbenzaldehyde (12)

To the stirred solution of 2,4-dihydroxytouleh& (5 g, 40.28 mmol) and DMF (6.3 ml,
80.56 mmol) in acetonitrile (70 mL) was added plin@spus oxychloride (4.6 mL, 48 mmol)
dropwise over a period of 15 min at 0 °C. The tasylyellow coloured solution was further
stirred for 3 h at rt. The yellow solid obtainedsathen filtered, washed with cold acetonitrile 2-3
times, dissolved in hot water and heated at 500¢G3® min. The red coloured liquid was then
kept for overnight at room temperature and the ipitate obtained was then filtered, dried to
give a brown coloured solid (5.69 g, 37.40 mmol,89%). Rf (20% EtOAc in pet ether) 0.6
M.p. 143147 °C. IRmax (KBr) 3510, 3410, 2955, 2874, 1492, 1410, 108G &®i". *H NMR
(200 MHz, CDC}) 6 11.2 (s, 1 H), 9.51 (s, 1 H), 7.20 (s, 1 H), 651 H), 5.81 (s, 1 H), 2.16
(s, 3 H).™*C NMR (50 MHz, CDC}) & 193.2, 163.8, 161.9, 134.6, 117.4, 113.6, 101447.1
HRMS (ESI)mVz calcd for GHgOsNa [M*+Na]: 175.0371; found: 175.0383.

4.2.2. 2-hydroxy-4-methoxy-5-methylbenzaldehyde (13)

Dimethyl sulphate (3.12 mL, 32.86 mmol) was addedhe stirred suspension of 2,4-
dihydroxy-6-methylbenzaldehyd&2 (5 g, 32.8 mmol) and KOs (4.5 g, 32.86 mmol) in
acetonitrile (100 mL). The reaction mixture wasrtiséirred for 12 h at room temperature. After
completion of reaction, the reaction was quenchead &N HCI (100 mL) and extracted with
ethyl acetate (3x50 mL). Combined organic solutx@s dried over magnesium sulphate, filtered
and solvent was removed under reduced pressure.r@$idue was purified by column
chromatography (5% EtOAc in pet ether) to yi@éRlas a colorless solid (5.18 g, 31.17 mmol,
94.86%). M. P71-74 °CRf (8% EtOAc in pet ether) 0.5. tRax (KBr) 3400, 3010, 2880, 1510,
1490, 1070, 990 cth *H NMR (200 MHz, CDC}) & 11.46 (s, 1H), 9.70 (s, 1H), 7.24 (s, 1H),
6.41 (s, 1H), 3.89 (s, 3H), 2.16 (s, 3tC NMR (50 MHz, CDC}) & 194.3, 164.9, 163.2, 134.3,
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119.2, 114.1, 98.4, 55.8, 15.3. HRMS (E&i) calcd for GH10OsNa [M*+Na]: 189.0528;
found: 189.0521.

4.2.3. 4-methoxy-2-(methoxymethoxy)-5-methylbenzaldehyde (14)

NaH (1.47 g, 61.38 mmol, 60% in mineral oil) wasgended in dry THF (25 mL) at O
°C. To this mixture was slowly added Pheh8(5.1 g, 30.69 mmol) in dry THF (20 mL) at 0 °C
and reaction mixture was stirred for 10 min. Themvas treated with chloromethyl methoxy
ether (3.2 mL, 39.90 mmol) at 0 °C and stirreddioother 30 min at the same temperature. After
completion of reaction as monitored by TLC, saedlatiH,Cl| solution was added to quench the
reaction and extracted with ethyl acetate (3x50.mle combined organic extract was dried
over magnesium sulphate, filtered and concentrateder vacuum. The solid obtained was
recrystallized from methanol to yield! as yellow solid (6.06 g, 28.83 mmol, 93.92%). M3P-

40 °C Rf (5% EtOAc in pet ether) 0.3. tHRax(KBr) 3055, 2935, 2873, 2773, 1606, 1581, 1396,
1209, 1116, 1057, 993 ¢n*H NMR (300 MHz, CDC#) § 10.30 (m, 1H), 7.60 (s, 1H), 6.65 (s,
1H), 5.27 (s, 2H), 3.87 (s, 3H), 3.51 (s, 3H), 2(433H).*C NMR (75 MHz, CDC}) & 188.4,
163.8, 160.5, 129.6, 120.8, 118.1, .97.1, 95.04,565.7, 15.3. HRMS (ESIiz calcd for
C11H140:Na [M*+Na]: 233.0790; found: 233.0792.

4.2.4. (E/Z)-1-(2-(allyloxy)vinyl)-4-methoxy-2-(methoxymethoxy)-5-methylbenzene (16)

To a suspension df4 (5 g, 23.78 mmol) and allylo xymethylenetriphermdgphonium
chloride” (11.40 g, 30.92 mmol) in dry THF (70 mL), THF stidm of potassiuntert-butoxide
(5.34 g, 47.57 mmol) was added over the periodOomihutes at 0 °C. The reaction was stirred
for another 30 minute at the same temperature.r Afie completion of reaction (monitored by
TLC), water (150 mL) was added and extracted wittyleacetate (3 x 100 mL). The combined
organic extracts was washed with water, dried emdrydrous Nz50Q,, filtered and concentrated
under reduced pressure. The crude product wasiquutify silica gel column chromatography
(3% EtOAc in pet ether), gave pure allyl vinyl athé (E/Z=3:2) as colourless thick liquid (4.52
g, 17.10 mmol, 71.91%Rf (5% EtOAc in hexane) 0.5. tRax (neat) 2935, 1693, 1630, 1097,
927 cm'. *H NMR (300 MHz, CDCJ) & 7.86 (s, 1H), 7.02 (s, 2H), 6.97 — 6.88 (m, 2H§56(s,
2H), 6.16 (dJ = 7.2 Hz, 1H), 6.10 — 5.90 (m, 4H), 5.58 Jd;5 7.2 Hz, 1H), 5.44 — 5.23 (m, 6H),
5.17 (d,J = 2.6 Hz, 5H), 4.39 (ddt] = 15.9, 5.4, 1.5 Hz, 7H), 3.82 (ddi= 7.1, 1.7 Hz, 10H),
3.51 (d,J = 1.1 Hz, 9H), 2.19 — 2.11 (m, 10H)3.C NMR (75 MHz, CDC§) ¢ 158.1, 153.9,
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152.7, 151.1, 150.0, 144.1, 143.9, 135.8, 132.0,22118.1, 118.0, 103.5, 103.4, 102.2, 101.7,
99.2, 98.4, 89.3, 78.1, 77.2, 55.7, 55.2, 16.6. MBABI)m/z calcd for GsH,00;Na [M*+Naly:
287.1259; found: 287.1268.

4.2.5. 1-methoxy-5-(methoxymethoxy)-2-methyl-4-(6-methylhepta-1,5-dien-4-yl)benzene (18)

To a stirred suspension of (gpCHPPRBr (4.45 g, 13 mmol) in anhydrous THF (30
mL) under nitrogen, was added dropwisBulLi (1.11 g, 17.40 mmol, 15% in hexanes) at 0 °C.
The resulting orange coloured solution was stirrfd 20 min at 0 °C to give
isopropylphosphorane.

Meanwhile, the allyl vinyl ethet6 (2.30 g, 8.7 mmol) was heated neat at 180 °C for 5
min affording corresponding aldehyd@ (2.30 g, 8.7 mmol). After cooling to room temperat
the aldehyde was dissolved in dry THF (10 ml) addeal to above stirred red solution of
isopropylphosphorane. The mixture was stirred footler 1 h at 0 °C. The reaction was
guenched with kD (25 mL) and extracted with £ (3x50 mL). The organic phase was washed
with brine and dried over anhydrous MgS®@he solvent was removed under reduced pressure,
giving pale yellow liquid, which was purified bylisa gel column chromatography (2% EtOAc
in pet ether as an eluent), afforded colorlessdig@s18 (2.03 g, 6.99 mmol, 80.33%Rf (5%
EtOAc in hexane) 0.3. IR (Neat) 2950, 2910, 2870, 1620, 1510, 1120, 980.¢M NMR
(500 MHz, CDC}) 6 6.97 (s, 1H), 6.70 (s, 1H), 5.83 — 5.73 (m, 1H375- 5.32 (m, 1H), 5.24 —
5.18 (m, 2H), 5.07 — 4.95 (m, 2H), 3.98 (dds 15.8, 8.5 Hz, 1H), 3.84 (s, 3H), 3.54 (s, 3H),
2.49 — 2.34 (m, 2H), 2.19 (s, 3H), 1.71 @& 12.5, 6.2 Hz, 6H)"*C NMR (126 MHz, CDC}) 5
137.6, 131.0, 129.4, 128.3, 125.9, 119.6, 115.15,986.1, 55.8, 55.4, 40.6, 36.7, 25.8, 18.1,
15.6. HRMS(ESI)Wz caled for GgH,703 [M*+H]: 291.1882; found: 291.1883.

4.2.6. 5-methoxy-4-methyl-2-(6-methylhepta-1,5-dien-4-yl)phenol (19)

To the stirred solution df8 (2 g, 6.89 mmol) in MeOH (25 mL) was added 2-3pdrof
conc. HCI. The reaction mixture was then refluxed I hour (monitored by TLC), quenched
with saturated sodium bicarbonate solution (15 mUpOH was removed under reduced
pressure and the crude product was extracted WEAE (3x30 mL). The combined organic
extract was dried over anhydrous MgS@ltered and solvent was removed under reduced
pressure giving pale green coloured viscous liglie liquid was redissolved in 10% ag. NaOH

solution (100 mL) and washed with ether (3x25 nmillf)e aqueous layer was acidified with 2N

10



HCI (100 mL) and extracted with ethyl acetate (3x@0). The combined organic phase was
dried over anhydrous MgS{Xiltered and concentrated to proviti@ as athick gel(1.48 g, 6.01
mmol, 87.23%)which was used directly for next step without ferthpurification.Rf (15%
EtOAc in pet ether) 0.5. iRax (neat) 3405, 2935, 2860, 1660, 1480, 1070, 695. ¢kt NMR
(500 MHz, CDC}) 6 6.98 (s, 1H), 6.69 (s, 1H), 5.81-5.72 (m, 1H),15(8,J = 8.4 Hz, 1H),
5.21-5.07 (m, 2H), 4.03-3.91 (m, 1H), 3.89 (s, 3H}0-2.31 (m, 2H), 2.29 (s, 3H), 1.75-1.68 (d,
10.8 Hz, 6H).**C NMR (126 MHz, CDC}) & 156.4, 146.6, 136.2, 132.3, 130.2, 129.0, 127.4,
126.2, 116.4, 102.0, 54.4, 41.3, 37.0, 26.1, 2185. HRMS (ESI)nVz calcd for GeH2,0.K
[M*+K]: 285.1257; found: 285.1255.

4.2.7. 5-methoxy-4-methyl-2-(6-methylhepta-1,5-dien-4-yl)phenyl trifluoromethanesulfonate (8)
Triflic anhydride (1.48 mL, 8.83 mmol) was addedthe stirred mixture o019 (1.45 g,
5.89 mmol), TEA (1.6 mL, 11.77 mmol) and DMAP (14, 1.18 mmol) in 30 mL DCM at 0
°C. Upon completion of reaction (5 min), dilutedhwvater (50 mL), extracted with DCM (3x50
mL) and dried over anhydrous Mga('he solvent was removed under reduced presshee. T
crude product was purified by silica gel columnarhatography (1% EtOAc in pet ether as an
eluent) to yield8 as a colorless liqui@L.83 g, 4.84 mmol, 82.16%Rf (3% EtOAc in pet ether)
0.6. IRumax (N€at) 2930, 2835, 1680, 1440, 1090, 1075, 693. ¢k NMR (500 MHz, CDC}) &
7.11 (s, 1H), 6.67 (s, 1H), 5.80-5.66 (m, 1H), 58A0 (d, 1H), 5.09-4.93 (m, 2H), 3.95 (m,
1H), 3.85 (s, 3H), 2.46-2.28 (m, 2H), 2.22 (s, 3H}5-1.55 (m, 6H)"*C NMR (126 MHz,
CDCl3) 6 156.3, 144.9, 136.0, 133.2, 129.9, 127.3, 12619,8, 116.3, 102.9, 41.0, 36.6, 25.8,
18.0, 16.0. HRMS (EShvz calcd for G/H»1F:0,SNa [M'+Na]: 401.1011; found: 401.1012.

4.2.8. Mixture containing 5-methoxy-6-methyl-1-methylene-3-(2-methylprop-1-en-1-yl)-2,3-
dihydro-1H-indene 20 (IM)

The mixture of8 (300 mg, 0.792 mmol), TEA (0.32 mL, 2.386 mmol) dn@l (33.61
mg, 0.792 mmol) in DMF (5 mL) was degased by pagsairgon gas for 15 min. The Pd(RJzh
(183 mg, 0.158 mmol, 20 mol%) was added and theticramixture was heated at 100-1%D
for 20 h. The reaction mixture was diluted withttig¢ ether (10 mL) and filtered through celite
bed, washed the bed with ether (3x10 mL). The costfiltrate was washed with brine solution
(20 mL) followed by water (20 mL). The ether layeas dried over MgS§) filtered and
concentrated to give crude reaction mixture. Thelerreaction mixture was then diluted with
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hexane (100 mL) and filtered through long silical.b&€he bed was successively washed with
hexane (3x100 mL). The combined hexane layer was toncentrated under reduced pressure
to provide inseparable products mixtuid (152 mg) Rf (pet ether) 0.4, though appeared

homogeneous on TLC. This mixture was as such useaakkt step.

4.2.9. 6-methyl-3-methylene-1-(2-methylprop-1-en-1-yl)-2,3-dihydro-1H-inden-5-ol (7) and 2-
methyl-4-(6-methylhepta-1,5-dien-4-yl)phenol (21)

NaH (788 mg, 32.85 mmol, 60% in mineral oil) wassivad with anhydrous pet ether
under nitrogen atmosphere and suspended in anhgydddF (3 mL). To this mixture was
slowly added a solution of EtSH (1.22 g, 19.71 mmolanhydrous DMF (1 mL) at 0 °C, and
the resulting solution was stirred for 30 minutetatA solution ofIM (150 mg) in anhydrous
DMF (1 mL) was then added dropwise, and the resyhnixture was stirred for 24 h at 130 °C.
The mixture was cooled to rt, and a saturated ieolutf NH,Cl was added. The mixture was
extracted with BO (3x20 mL), and the organic phase was washed Mg and brine followed
by drying over anhydrous N&aO,. Evaporation of the solvent and purification of tlesidue by
silica gel column chromatography (2-3% EtOAc in p#ter) furnished compound (95 mg,
0.443 mmol, 55.91% fror8) as colourless thick geRf (10% EtOAc in pet ether) 0.5 a2d (24
mg, 0.110 mmol, 14% fror8@) as colourless oiRRf (10% EtOAc in pet ether) 0.5 as two distinct
products. Spectral data f@r IRumax (neat) 3396, 2929, 2844, 1669, 1439, 1074, 697. cthl
NMR (500 MHz, CDC#) & 7.10 (s, 1H), 6.68 (s, 1H), 5.24 @z 8.4 Hz, 1H), 5.06 (m, 2H),
3.97-3.86 (m, 1H), 2.56-2.38 (m, 2H), 2.21 (s, 3HY4 (s, 3H), 1.68 (s, 3H}*C NMR (126
MHz) ¢ 156.7, 145.0, 143.2, 136.4, 133.5, 130.1, 12726,4, 115.9, 110.4, 44.3, 39.8, 26.0,
18.1, 5.9. HRMS (ESIjiw'z calcd for GsHo0OK [M™+K]: 253.0996; found: 253.0988. Spectral
data for21: '"H NMR (500 MHz, CDC}) & 7.10-6.97 (m, 2H), 6.7 (d, 7.8 Hz, 1H), 5.81-5(@#8
1H), 5.63 (dJ = 8.2 Hz, 1H), 5.20-5.08 (m, 2H), 4.02-3.92 (m, 1PI}¥9-2.31 (m, 2H), 2.21 (s,
3H), 1.70 (s, 6H)?3C NMR (126 MHz)6 156.2, 133.5, 133.1, 132.1, 128.9, 128.1, 12720,3,
117.1, 116.0, 49.6, 37.1, 25.8, 18.1, 16.0.

4.2.10. (#) epi-Mutisianthol (22)
To a solution of Compound (20 mg, 0.093 mmol) in MeOH (2 mL)was added
palladium on activated carbon (2.2 mg, 20 mol%)e Thaction was stirred under hydrogen

atmosphere at room temperature for two hour, wipeneuTLC showed the reaction was
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complete. The solid was filtered off. Evaporatidrite solvent and purification of the residue on
silica gel column chromatography (3% EtOAc in pitee) furnished the produ@? as a white
solid (17 mg, 0.078 mmol, 84.21%). M. P. 65-73 RE(7-8% EtOAc in pet ether) 0.4. tRax
(KBr) 3404, 2952, 2929, 2870, 1490, 1454, 1420,513284, 1180, 1154, 1054, 995 tmH
NMR (500 MHz, CDC}) 6 6.80 (s, 1H), 6.63 (s, 1H), 5.10 @ 8.4 Hz, 1H), 4.57 (s, 1H), 3.85
- 3.77 (m, 1H), 3.12 - 3.02 (m, 1H), 2.50 - 2.39 @Hl), 2.23 (s, 3H), 1.80 (s, 3H), 1.78 (s, 3H),
1.28 (d,J = 6.8 Hz, 3H)."*C NMR (126 MHz, CDC}) 6 152.6, 147.4, 139.1, 132.3, 128.5,
125.9, 121.2, 109.6, 44.2, 42.5, 38.1, 25.8, 194.1, 15.7. HRMS (ESInvVz calcd for
CisH200Na [M*+Na]: 239.1412; found: 239.1413.

4.2.11. (#) Mutisianthol (1)

To the cooled solution of compoui@d30 mg, 0.140 mmol) and DIPEA (0.05 mL, 0.280
mmol) in dichloromethane (5 mL) at 0 °C was addeldromethyl methoxy ether (0.015 mL,
0.181 mmol). Reaction mixture slowly warmed tomtastirred for 12 h. Upon completion, 5%
ag. NaOH solution (10 mL) was added and reactiorture was extracted with dichloromethane
(3x10 mL). The combined organic extract was driecgtroanhydrous MgS§) filtered and
concentrated to dryness afforded MOM etk&(31 mg, 0.119 mmol, 85.71%¥ (5% EtOAc in
pet ether) 0.6 enough pure for next step.

Lithium metal (4 mg, 0.580 mmol) was added to thieresl solution of anhydrous
ammonia (25 mL) at -78 °C. To this mixture was abdesolution o3 (30 mg, 0.116 mmol) in
dry THF (6 mL) at the same temperature followedsbgring for 30 min and quenching with
methanol. The ammonia was evaporated and 20 mL NfrGethanolic HCI was added and
stirred for another 90 min. Solvent was removedeumdduced pressure and crude was purified
by column chromatography (2-3% EtOAc in pet ethergnd up with compoundl as a white
solid (10 mg, 0.046 mmol, 39.82%) and compo@2das a white solid (10 mg, 0.046 mmol,
39.82%). Spectral data for compouhdM.P. 97-100°C. Rf (7-8% EtOAc in pet ether) 0.4.
IRUmax (KBr) 3332, 2955, 2929, 2857, 1620, 1495, 1446513295, 1189, 1166, 881, 861 tm
'H NMR (500 MHz, CDC}) § 6.81 (s, 1H), 6.61 (s, 1H), 5.12 (0= 10.4 Hz, 1H), 4.58 (s, 1H),
3.99-3.92 (m, 1H), 3.20 (m, 1H), 2.21 (s, 3H), 21088 (m, 2H), 1.77 (s, 3H), 1.74 (s, 3H), 1.20
(d, J = 7.0 Hz, 3H):*C NMR (126 MHz, CDGJ)) & 152.7, 147.8, 138.6, 131.3, 128.6, 126.3,
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121.6, 110.1, 42.4, 41.6, 37.9, 25.6, 20.9, 18319.1 HRMS (ESI)m/z calcd for GsH»0
[M*+H]: 217.1514; found: 217.1517.
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