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A stereoselective formal synthesis of fumagillol is disclosed. The key steps include stereoselective
carbonyl-ene reaction, Barton-McCombie radical deoxygenation, one-pot stannyl cupration of an
alkyne, methylation of the resultant alkenyl copper and further Stille-coupling of the alkenyl stannane.
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Abstract: A formal synthesis of fumagillol, a congener of fagillin that possesses varied biological
activity, is disclosed. Initial attempts at preparan allylic sulfide via an-chloro sulfide met with
failure. The successful route involves a carbom@-geaction, one-pot stannyl cupration, methylation
of resulting alkenyl copper and further Stille-cbog of the alkenyl stannane as the key steps.
Introduction

Fumagillin1 was isolated in 1949 by Elbe and Harlfoom the fungudspergillus fumigatus. It
was originally shown to display antibiotic activityater it was found to be useful for the treatmeit
nosema disease in honey bees, amoebiasis in himaassporidial keratoconjunctivitisof the eye,
malaria, leishmanfa and microsporidiosis in HIV-infected patieftsFolkmann and co-workers
discovered the notable capacity of fumagillito inhibit angiogenesis in tumor cefighis activity was
hypothesized to be related to the inhibition of @hdlial cell proliferation as a result of bindiagd

inhibiting methionine aminopeptidase type 2 (met)B-°
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Figure 1. Structure of Fumagillin and its Congener, Funabil
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Fumagillin has a highly functionalized cyclohexamg and five contiguous chiral centers. Due
to its varied biological activity and its rare carbskeleton a number of synthetic studies have been
reported both for fumagillin and fumagilldlHerein, we describe initially, our frustrated aif#s to
prepare an allylic sulfide from anchloro sulfide, envisioned as a key intermediatéumagillol and
later a successful route taking advantage of amanmdlecular carbonyl-ene reaction resulting in the

formal synthesis of fumagillol. The original retyoshetic disconnection is depicted in Scheme 1.
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Scheme 1. Retrosynthetic Disconnection of Fumagillol.

Fumagillol was envisioned to be obtained fromylall sulfoxide 3 by [2,3] sigmatropic
rearrangement to introduce the hydroxyl at C3 (fgift@ numbering) followed by introduction of the
epoxide moieties. The cyclohexeBewas expected to be obtained by a ring-closing rmesa of
tetraened. Compound4 was envisaged to be obtained by the regioseleopeaing of epoxidé at C4
(fumagillol numbering) by Grignard reagedtand eventually from the chloro sulfide derivednfrthe
primary hydroxyl at C7 in the ensuing product. Epex5 itself was imagined to be obtained by

coupling stannan@ and iodo alken8& followed by Sharpless' asymmetric epoxidation.



The synthesis began with the prepamatf stannané, from aldehydé® in four steps, following
the procedure reported in the literattfteyithout incident. The enynt2, obtained by a copper catalyzed
additiont’ of lithio propyne with prenyl bromide, on regiosefive hydrozirconatiofi followed by
iodine quench yielded iodo alketge Stille-coupling® of stannane& and iodo alken& proceeded in
good yield to afford the triendl3. Attempted Sharpless' epoxidatidmowever, failed to yield any of
the desired epoxids, no reaction was observed at -ZD and on rising the temperature td®, a
complex mixture resulted after an extended perfathee, Scheme 2. It is reasonable to assume lieat t
adjoining trisubstituted alkene probably hinders #pproach of the reagent to the substrate at low
temperature and probably, after the epoxide wasddrat higher temperature, Lewis acid promoted
opening of the epoxide results in a complex mixttfaving been unsuccessful in preparing the epoxide
5, it was decided to introduce the side chain ata@@ in the synthesis. By a revised analysis, ¢ten
24, resembling4, possessing a hydroxymethyl residue in the placehe dienyl side chain was
envisaged as the key intermediate.
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Scheme 2. Attempted Synthesis of Diene Epoxible



The synthesis following a revised strategy begith (D)-glyceraldehyde acetonitfel4 which

was converted by a two step sequence into alchBolSharpless asymmetric epoxidation afforded

epoxide17*° that on treatment with 2-propenylmagnesium broffide the presence of CuBr.y@

yielded diol 18, Scheme 3. Selective protection of the primaryrboyd as its silyl ether afforded

compoundl9. Deprotection of the acetonide using Ciijielded the triol20 which was converted to

tosylate21. Protection of diol as its acetonide furnished poomd22. Displacement of the tosylate by

sodium thiophenoxide in anhydrous DMF afforded idelf23.*® Reaction of sulfide23 with N-

chlorosuccinimide in benzene vyielded thehloro sulfide which without isolation was reactetth

vinylzinc bromide only to obtain a complex mixtweproducts and none of the desired di2de
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Scheme 3. Attempted Synthesis of Allylic Sulfid24.
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A subsequent attempt was made to prepare thécalyifide following Takeda's protocdlby a
Ni(0)-catalysed reaction of an allylic acetate witiophenol. The requisite substrate was prepased a
detailed in Scheme 4. Acetonid® was converted to the methyl eth#s under standard conditions.
Deprotection of the acetonide afforded d26lthat was converted to the MOM etH&f in a one-pot
operation by selective protection of the primaryioxyl using TBSOTf and further treatment of the
ensuing silyl ether with MOM-CI in the presencethfnig's base. Selective deprotection of the primary
TBS ether with TBAF buffered with acetic acid affed alcohoP8, that was oxidized to aldehy@®
using DMP? Reaction of aldehyde?9 with vinylmagnesium bromide proceeded with poor
diastereoselectivety to furnish allylic alcoh@3 and31 in nearly equimolar ratio. The structure was
assigned to alcohoB0 and 31 following Trost's protocdt: by preparation ofi-methoxyphenylacetic
esters. We decided to address the issue of po@ostdectivety in the addition to the aldehyderafte
securing the allylic sulfid83. Thus alcohoB1 was converted to aceta®2 and subjected to treatment
with PhSH in the presence of Ni[P(O&4)n the presence of 2,6-tkrt-butyl phenol. The allylic sulfide
33 was not obtained, after prolonged reaction timdy ¢he hydrolyzed alcohdl could be isolated.

Thus our attempts at securing the allylic sulfiderevfrustrated again.
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In our attempts to improve the selectivity in threegaration of allylic alcoho81, MgBr, was
introduced to chelate the aldehyde carbonyl andv@M ether groups. Addition of vinylmagnesium
bromide to aldehyd29 in the presence of MgBdid not afford the alcoh@1 but the cyclohexen®4
by an intramolecular carbonyl-ene reaction thusnope a way to fumagillol quite by an accident.
Although a single isomer was obtained, the strectfr34 was not rigorously established since the
carbinol stereocenter was to be destroyed substgdéithe alcohol was converted to xanthabeand
radical deoxygenatidi with nBusSnH and catalytic AIBN afforded cyclohexeB&. Deprotection of
silyl ether using TBAF furnished alcoh8V, Scheme 5. Hydroxyl directed epoxidation witiCPBA
proceeded stereoselectivé&lyo furnish epoxided8. Oxidation of alcohol to aldehyd29 using DMP
proceeded cleanly. Subjecting aldeh@8d¢o reaction with Ohira-Bestmann readéim the presence of
NaOMe furnished alkynd0 cleanly. Attempted carboalumination using Negisiitstocof® did not

yield the desired product but the chlorohydtin
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Scheme 5. Attempted Synthesis of a Trisubstituted Alkenedayboalumination.

Stannyl cupration could however, be effected by tlipshutz protocol! treatment of the

resulting alkenyl copper with Mel afforded the ttistituted alkenyltin derivative which was subjecte



to Stille-coupling with allyl bromide in the presmnof Pd(PP§.? to yield the diend?2 in 71% yield.
Deprotection of MOM ether, achieved using TMS-Btaat temperature, followed by treatment of the
crude product with KCO; afforded alcohol3 which has been prepared by Kim and co-wofRezs

route to fumagillol and thus completing the forraghthesis of fumagillol, Scheme 6.
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Scheme 6. Formal Synthesis of Fumagillol.
Conclusion

In summary, a stereoselective routiitoagillol was developed. The key steps of the sysits
include the C-C bond formation using intramolecwarbonyl-ene reaction to construct cyclohexane
framework, Ohira-Bestmann reaction, stannyl cuprmatimethylation and Stille-coupling reaction to
introduce the side chain. Attempts to prepare Bfi@akulfide from an allylic acetate by a Ni-cataéd

reaction and from a sulfide via the chloro sulfitié not fructify.

Experimental procedure

The stannan@& was prepared following a reported procedre.

(S,E)-Ethyl 3-(2,2-dimethyl-1,3-dioxolan-4-yl)acrylate (15): To a stirred solution of diacetonide
derivative of D-Mannito(2 g, 8 mmol) in DCM (40 mL) cooled to®C was added NaHGQ1.3 g, 16
mmol) and NalQ(3.4 g, 16 mmol)The reaction mixture was stirred for 2 h at the sa@mperature, the
solids were filtered and the filtrate was washethwiater. The aq layer was extracted with DCM (3x20
mL). The combined organic layers were dried @) and concentrated. The crude aldehyd€?2 g,

16 mmol) was reacted with (ethoxycarbonylmethysjignylphosphonium bromide (6.78 g, 16 mmol)

in refluxing benzene (53 mL) for 12 h. The solverts evaporated and the crude mixture was washed
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with 15% ethyl acetate/hexane (v/v) to precipitagghenylphosphine oxide. The filtrate was evapedat

in vacuo and the residue was purified by columrmetatography using 10% ethyl acetate/hexane (v/v)
to give pure compountb (2.64 g, 13.2 mmol) in 83% yield as a liquid. TLR;:0.6 (8:2, hexanes:ethyl
acetate). IR (neat): 2986, 2934, 1720, 1261, 1206} cnt. *H NMR (500 MHz, CDC}):  6.86 (dd,J

= 15.5, 5.6 Hz, 1H), 6.08 (dd,= 15.5, 1.4 Hz, 1H), 4.67-4.62 (m, 1H), 4.21-4(4f 3H), 3.66 (ddJ =

8.2, 7.1 Hz, 1H), 1.43 (s, 3H), 1.39 (s, 3H), 1(£8 = 7.0 Hz, 3H):**C NMR (100 MHz, CDGJ): &

165.7, 144.4, 122.1, 109.9, 74.7, 68.5, 60.3, Z&B25, 13.9. MS (ESI)wz 223 [M+Na].

(S,E)-3-(2,2-Dimethyl-1,3-dioxolan-4-yl)prop-2-en-10l (16): To a solution of estef5 (2.6 g, 13
mmol) in DCM (43 mL) cooled to -7& was added DIBAL-H (1.2 M in toluene, 23.8 mL,@8mol).
The reaction mixture was stirred at the same teatpey for 1h and then quenched with ag saturated
sodium potassium tartarate (25 mL). The temperata®g warmed to rt and stirring continued for 1 h.
The layers were separated and the aq layer waacgedrwith DCM (3x25 mL). The combined organic
layers were dried (N&O;) and concentrated. The residue was purified bywmaol chromatography
using 20% ethyl acetate/hexane (v/v) to give pur@moundl16 in 92% yield (1.89 g, 12 mmol) as a
pale yellow liquid. TLC: R0.3 (8:2, hexanes:ethyl acetatdy. (neat): 3413, 2988, 2934, 2875, 1154,
1099, 1058 cih. 'H NMR (500 MHz, CDC)): § 5.98-5.9 (m, 1H), 5.73-5.66 (m, 1H), 4.55-4.48 (m,
1H), 4.14 (dJ=5.0 Hz, 2H), 4.08 (dd] = 8.1, 6.2 Hz, 1H), 3.5 (dd,= 8.1, 7.1 Hz, 1H), 2.0-1.88 (brt,
1H), 1.41 (s, 3H), 1.37 (s, 3H)*C NMR (100 MHz, CDGJ): § 133.3, 127.3, 108.8, 76.0, 68.7, 61.4,

26.1, 25.3; MS (ESlivz 181 [M+Na]. HRMS (ESI): calcd for gH140sNa: 181.0835, found: 181.0829

((2R,39)-3-((R)-2,2-Dimethyl-1,3-dioxolan-4-yl)oxiran-2-yl)methanol (17): A suspension of finely
powdered activated molecular sieves (4A, 1.9 g)rihydrous DCM (80 mL) maintained under nitrogen
atmosphere was cooled to -ZD. Neat Ti(OPr), (3.57 mL, 11.8 mmol) and a solution of D-(-)-dhigit
tartrate (2.2 mL, 13 mmol) in anhydrous DCM (13 mik@re added successively. The mixture was

stirred for 20 min and allylic alcohd6 (1.86 g, 11.8 mmol)n anhydrous DCM (12 mL) was added
8



over 15 min. After stirring for 30 min a solution dert-butyl hydroperoxide (5 M in toluene, 3.5 mL,
17.7 mmol) was added dropwise. The mixture was ta@med at -20°C overnight. The reaction was
guenched by adding an aq solution of Fe3B,0 (2 g) and tartaric acd (1.2 g) in water (20 mt.pa
°C. After stirring for 10 min the mixture was filest and the residue was washed with DCM (25 mL).
The filtrate was separated and the aq layer wasartd with DCM (3x50 mL). The combined organic
layers were stirred at®C for 1 h with 30% NaOH (w/v) solution in saturatadhe (10 mL), after which
the layers were separated and the aq layer wasedasith ether (3x20 mL). The combined organic
layers were dried (N&OQ;) and concentrated. The residue was purified bymaol chromatography
using 30% ethyl acetate/hexane (v/v) to give poremoundl?7 (1.6 g, 9.3 mmol) in 79% yield as a pale
yellow liquid. TLC: R 0.3 (7:3, hexanes:ethyl acetate). IR (neat): 32988, 2927, 1152, 1060 ¢n
H NMR (500 MHz, CDCJ): 5 4.12 (dd,J = 8.2, 6.2 Hz, 1H), 3.98-3.93 (m, 2H), 3.9 (dck 8.2, 5.6
Hz, 1H), 3.67 (dddj = 12.5, 6.2, 4.1 Hz, 1H), 3.12-3.07 (m, 2H), 1.88, (LH), 1.44 (s, 3H), 1.36 (s,
3H); *C NMR (100 MHz, CDGJ): 5 109.6, 75.0, 66.5, 60.9, 57.0, 55.1, 26.2, 24.8; (BSI):m/z 197

[M+Na]*. HRMS (ESI): calcd for gH1404Na: 197.0784, found: 197.0777

(1S,29)-1-((R)-2,2-Dimethyl-1,3-dioxolan-4-yl)-2-(pr op-1-en-2-yl)propane-1,3-diol (18): A freshly
prepared solution of isopropenylmagnesium bronmd&HF (1.0 M, 78.3 mL) was added over a period
of 20 min to a slurry of CuBr.M8& (6.4 g, 31.2 mmol) in anhydrous ether (120 mlgled to -50 °C.
The mixture was stirred for 10 min at -20 °C, aftdrich time a solution of the epoxid& (1.56 g, 9
mmol) in anhydrous ether (37 mL) was added ovezreod of 10 min. The mixture was stirred at -20 °C
for 36 h. The reaction mixture was quenched byragldig saturated aqueous MH (37 mL) and brine
(18 mL). The layers were separated and the aq lagsrextracted with ether (3x30 mL). The combined
organic extracts were dried (p&0,) and concentrated in vacuo. The residue was pdrifiy column
chromatography to yield the di@B as white crystals (1.69 g, 7.83 mmol) in 87% yididC: R 0.25
(7:3, hexanes:ethyl acetate)]¥p = +21 €, 1, CHCE); mp 50-5%C: IR (neat): 3413, 2984, 2926, 1156,
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1064 cmt. 'H NMR ( 500 MHz, CDGJ): § 4.94-4.92 (brs, 1H), 4.84-4.82 (brs, 1H), 4.16840@, 2H),
3.98-3.94 (m, 2H), 3.92 (dd,= 9.1, 8.0 Hz, 1H), 3.71-3.65 (m, 1H), 2.23-2.17, (tH), 1.73 (s, 3H),
1.43 (s, 3H), 1.35 (s, 3H$’C NMR (75 MHz, CDC)): & 142.3, 114.2, 108.7, 76.5, 71.9, 64.3, 63.5,
50.7, 26.2, 25.0, 20.9; MS (ESHvz 239 [M+Na]*. HRMS (ESI): calcd for GHxOsNa: 239.1253,

found: 239.1242

(1S,29)-2-((tert-Butyldiphenylsilyloxy)methyl)-1-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-3-
methylbut-3-en-1-ol (19): To a solution of compoundi8 (1.66 g, 7.7 mmol) in anhydrous DCM (30
mL) cooled to 0 °C was added imidazole (1.04 g4 1&mol) followed by TBDPS-CI (2 mL, 7.7 mmol).
The reaction mixture was warmed to rt and stir@dl0 h. The reaction mixture was quenched by the
addition of water (10 mL) and diluted with DCM (20L). The layers were separated and the organic
layer was washed with water (20 mL), brine (20 ndgd dried over N&O,. The solvent was
evaporated under reduced pressure to afford thdecproduct which was purified by column
chromatography using 10% ethyl acetate/hexane (@\give pure TBDPS ethel9 (3.42 g, 7.54
mmol) in 98% vield as a gummy oil. TLC: R.4 (9:1 hexanes:ethyl acetatf)]*s = +42 ¢, 0.6,
CHCL), IR (neat): 3485, 3071, 2932, 2860, 1157, 110811cni*. *H NMR (400 MHz, CDCY): & 7.7-
7.64 (m, 4H), 7.45-7.36 (M, 6H), 4.89 (s, 1H), 4841H), 4.15-4.05 (m, 2H), 4.2 (ddbi= 8.3, 4.1, 3.0
Hz, 1H), 3.98-3.92 (m, 2H), 3.87 (ddi= 10.2, 5.8 Hz, 1H), 3.0 (d,= 2.9 Hz, 1H), 2.2-2.16 (m, 1H),
1.7 (s, 3H), 1.42 (s, 3H), 1.32 (s, 3H), 1.04 (3);9°C NMR (75 MHz, CDC}): & 143.3, 135.6, 133.1,
129.7, 127.6, 114.1, 108.7, 76.9, 71.0, 64.4, 6804, 26.8, 26.4, 25.3, 21.3, 19.1; MS (E&Wz 477

[M+Na]*. HRMS (ESI): calcd for &Hzg0sNaSi: 477.2431, found: 477.2405

tert-Butyl ((5)-2-((5)-2-((9)-((R)-2,2-dimethyl-1,3-dioxalan-4-yl)(methoxy)methyl)-3-methyl but-3-
enyloxy)diphenylsilane (25): A solution of compound9 (2.95 g, 6.5 mmol) in anhydrous THF (13
mL) was added dropwise to a suspension of NaH (@B0Bjol, 312 mg, 7.8 mmol) in anhydrous THF

(13 mL) maintained at @C. After stirring at rt for 1 h the mixture was ¢ed to 0°C and Mel (0.8 mL,
10



13 mmol) was added. The reaction mixture was altbteewarm to rt and stirred for 12 h. The reaction
mixture was quenched with aq saturated,8Hsolution (10 mL). The layers were separated thedaq
layer was extracted with EtOAc (3x10 mL). The condal organic layers were dried $&,) and
concentrated. The residue was purified by colunmoroatography using 8% ethyl acetate/hexane (v/v)
to give pure compound5 (2.8 g, 6 mmol) in 92% vyield as a liquid. TLC; &5 (9:1 hexanes:ethyl
acetate)[0]*p = +35 €, 0.5, CHC}), IR (neat): 3070, 2932, 2859, 1106 tmH NMR (500 MHz,
CDCL): § 7.7-7.64 (m, 4H), 7.44-7.34 (m, 6H), 4.9 (s, 1#)9 (s, 1H), 4.17 (td] = 7.0, 3.2 Hz, 1H),
3.94-3.87 (m, 2H), 3.84 (d, = 5.6 Hz, 2H), 3.63 (dd] = 8.8, 3.2 Hz, 1H), 3.45 (s, 3H), 2.15 (dt=

8.8, 5.6 Hz, 1H), 1.67 (s, 3H), 1.42 (s, 3H), 1(&73H), 1.2 (s, 9H)*C NMR (75 MHz, CDCY): &
143.8, 135.5, 133.5, 129.4, 127.4, 113.8, 108.4,75.3, 64.3, 62.9, 60.7, 51.4, 26.8, 26.1, 25144,

19.1; MS (ESI)mz 491 [M+Na]". HRMS (ESI): calcd for §Ha00sNaSi: 491.2588, found: 491.2564

(2R,3S,4S)-4-((tert-Butyldiphenylsilyloxy)methyl)-3-methoxy-5-methylhex-5-ene-1,2-diol (26):
Acetonide 25 (2.76 g, 5.9 mmol) was deprotected following tleame procedure detailed for the
preparation oR0 to afford diol26 (2.12 g, 4.96 mmol) in 84% yieldu]f*s = +5 (, 0.4, CHC}), TLC:
Rr 0.3 (7:3 hexanes:ethyl acetate). IR (neat): 38881, 2930, 2857, 1108, 1038 ¢nmH NMR (400
MHz, CDCk): & 7.7-7.64 (m, 4H), 7.46-7.36 (m, 6H), 4.88-4.85(ldH), 4.77-4.74 (brs, 1H), 3.92 (dd,
J=10.0, 5.7 Hz, 1H), 3.8-3.67 (M, 4H), 3.52 (dd; 7.2, 4.4 Hz, 1H), 3.42 (s, 3H), 2.41 (@t 7.5, 5.6
Hz, 1H), 1.72 (s, 3H), 1.05 (s, 9HC NMR (125 MHz, CDG)): § 143.9, 135.6, 133.1, 129.7, 127.6,
113.7, 83.0, 71.9, 63.4, 62.9, 60.7, 50.3, 26.88,219.1. MS (ESI)mVz 451 [M+NaJ. HRMS (ESI):

calcd for GsHzg NaO,Si: 451.2275, found: 451.2294

(6R,7S,8S)-7-M ethoxy-6-(methoxymethoxy)-2,2,3,3,12,12-hexamethyl-11,11-diphenyl-8-(pr op-1-
en-2-yl)-4,10-dioxa-3,11-disilatridecane (27): To a solution of compoun@6 (2.11 g, 4.94 mmol) in
anhydrous DCM (25 mL) cooled to -7€ was added 2,6-lutidine (1.14 mL, 10 mmol) and TBS

(1.24 mL, 5 mmol). The solution was stirred at faene temperature for 30 min subsequently, DIPEA
11



(2.74 mL, 10 mmol), MOMCI (0.43 mL, 6 mmol) and TBAS57 mg, 0.49 mmol) in DCM (0.5 mL)
were added at the same temperature. The reactisturmiwas warmed to rt, stirred for 12 h and
guenched by the addition of water (10 mL). The tieacmixture was diluted with DCM (10 mL). The
layers were separated and the organic layer wakedasith water (10 mL), brine (10 mL) and dried
over NaSQ,. The solvent was evaporated under reduced pregsaftord the crude product which was
purified by column chromatography using 1% ethytate/hexane (v/v) to give pure comp@1d2.57

g, 4.4 mmol) in 89% vyield as a gummy oil. TLC: ®7 (9.5:0.5 hexanes:ethyl acetafe}*s = -50 €,
0.6, CHC}), IR (neat): 3071, 2930, 2857, 1108, 1038'ch NMR (500 MHz, CDCJ): § 7.7-7.64 (m,
4H), 7.44-7.34 (m, 6H), 4.95-4.93 (brs, 1H), 4.8844(brs, 1H), 4.74 (d] = 6.5 Hz, 1H), 4.67 (d] =
6.5 Hz, 1H), 3.84-3.81 (m, 2H), 3.77-3.72 (m, 3BlB-3.56 (M, 1H), 3.43 (s, 3H), 3.39 (s, 3H), 2.36-
2.31 (m, 1H), 1.77 (s, 3H), 1.04 (s, 9H), 0.889H), 0.05 (s, 6H)°C NMR (100 MHz, CDGJ): &
144.1, 135.6, 133.7, 129.4, 127.4, 114.1, 96.84,80.1, 63.2, 62.7, 60.0, 55.2, 51.2, 26.8, 25192,
19.2, 18.2, -5.3, -5.4; MS (ESkz 609 [M+Na]. HRMS (ESI): calcd for §Hs/NaG:Si,: 609.3402,

found: 609.3394

(2R,35,45)-4-((tert-Butyldiphenylsilyloxy)methyl)-3-methoxy-2-(methoxymethoxy)-5-methylhex-5-
en-1-ol (28): To a solution of compoun®7 (2.46 g, 4.2 mmol) in THF (2.1 mL) cooled td©, TBAF

(IM in THF, 4.2 mL, 4.2 mmol) in acetic acid (0.84, 4.2 mmol) was added. The reaction mixture
was allowed to warm to rt and stirred for 12 h. Boévent was evaporated under reduced pressure to
afford a crude compound, which was purified by oahlu chromatography using 15% ethyl
acetate/hexane (v/v) to give pure comp@8d1.76 g, 3.72 mmol) in 89% yield as a gummy oil.CfL

Rr 0.25 (9:1 hexanes:ethyl acetatg)]”, = -10 €, 0.4, CHC}), IR (neat): 3457, 3065, 2934, 1104,
1042 cnit. *H NMR (500 MHz, CDCY): § 7.69-7.63 (m, 4H), 7.45-7.34 (m, 6H), 4.95-4.985(HH),
4.84-4.82 (brs, 1H), 4.7 (d,= 6.8 Hz, 1H), 4.65 (d] = 6.8 Hz, 1H), 3.87-3.7 (m, 4H), 3.68-3.64 (m,
1H), 3.6 (ddJ = 9.5, 2.5 Hz, 1H), 3.44 (s, 3H), 3.42 (s, 3HRL(ddd,J = 9.5, 6.4, 4.1 Hz, 1H), 1.74
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(s, 3H), 1.04 (s, 9H)}C NMR (100 MHz, CDGJ): § 143.8, 135.6, 133.6, 129.5, 127.5, 114.2, 96.7,
82.2, 81.5, 62.9, 62.0, 60.5, 55.5, 51.2, 26.84,219.2; MS (ESI)m/z 495 [M+Na]. HRMS (ESI):

calcd for G/H4oNaGsSi: 495.2357, found: 495.2557

(25,35,4S)-4-((tert-Butyldiphenylsilyloxy)methyl)-3-methoxy-2-(methoxymethoxy)-5-methylhex-5-
enal (29): To a solution of alcohd8 (1.7 g, 3.6 mmol) in anhydrous DCM (14 mL) was edidess-
Martin periodinane (1.9 g, 4.3 mmol). After beintyyred at rt for 30 min, the reaction mixture was
guenched with aq saturated JS20; (5 mL) and aq saturated NaHg€&blution(5 mL). The aq phase
was extracted with DCM (3x10 mL), the combined migaextracts were dried over anhydrous3@&,
and concentrated in vacuo. The residue was puttifieiash column chromatography on silica gel using
5% ethyl acetate/hexane (v/v) to afford compog8d1.55 g, 3.3 mmol) in 92% yield as a liquid. TLC:
Rr 0.65 (9:1 hexanes:ethyl acetate)]’]> = +10 ¢, 0.6, CHC}), IR (neat): 3071, 2932, 2892, 1729,
1109, 1040 crh. *H NMR (500 MHz, CDCJ): § 9.58 (d,J = 0.9 Hz, 1H), 7.69-7.63 (m, 4H), 7.44-7.35
(m, 6H), 5.02-4.99 (brs, 1H), 4.94-4.92 (brs,1HY24(s, 2H), 4.19-4.17 (m, 1H), 3.86 (dd= 9.9, 6.7
Hz, 1H), 3.8 (ddJ = 9.9, 3.5 Hz, 1H), 3.75 (dd,= 10.5, 1.6 Hz, 1H), 3.41 (s, 3H), 3.39 (s, 3HE2
(ddd,J = 10.5, 6.7, 3.5 Hz, 1H), 1.7 (s, 3H), 1.04 (s).98C NMR (125 MHz, CDG)): 5 201.1, 143.5,
135.6, 133.6, 129.5, 127.5, 116.0, 96.9, 83.1,,823/, 58.8, 55.7, 49.4, 26.8, 21.6, 19.2; MS JESI

m'z 493 [M+Na]. HRMS (ESI): calcd for &Hzg0sNaSi: 493.2380, found: 493.2368

(1R,2R,3S5,49)-4-((tert-Butyldiphenylsilyloxy)methyl)-3-methoxy-2-(methoxymethoxy)-5-
methylenecyclohexanol (34): A solution of aldehyde?9 (1.3 g, 2.8 mmol) in anhydrous THF was
added to magnesium bromide (1M in diethyl ethed,rgL, 2.8 mmol) at 6C. The reaction mixture was
stirred for 30 min at 6C. The reaction was quenched by the addition aicaeaturated NI solution

(10 mL), allowed to warm to rt and diluted with,&t(10 mL). The layers were separated and the aq
layer was extracted with #£2 (3x10 mL). The combined organic layers were wdshkigh H,O (10 mL),

brine (10 mL), dried over N&O, and the solvent was evaporated under reduced peegsafford a
13



crude compound which was purified by column chragedphy using 10% ethyl acetate/hexane (v/v)
to yield compound4 (1.18 g, 2.5 mmol) in 89% yield. TLC:R.3 (9:1 hexanes:ethyl acetate)*fs =

-20 (c, 0.4, CHC}), IR (neat): 3447, 3070, 2930, 2890, 1647, 1110.ctd NMR (500 MHz, CDCJ): 5
7.7-7.64 (m, 4H), 7.46-7.36 (m, 6H), 4.99-4.97 (Hrd), 4.97-4.95 (brs, 1H), 4.84 (d= 6.8 Hz, 1H),
4.75 (d,J = 6.8 Hz, 1H), 3.93-3.91 (m, 1H), 3.85-3.8 (M, 3B)72-3.69 (M, 1H), 3.45 (s, 3H), 3.37 (s,
3H), 2.74 (9J = 5.6 Hz, 1H), 2.41 (dd] = 13.7, 6.4 Hz, 1H), 2.31 (dd,= 13.7, 3.0 Hz, 1H), 1.07 (s,
9H). °C NMR (100 MHz, CDGJ): & 140.1, 135.6, 133.3, 129.7, 127.6, 115.1, 96.16,816.3, 69.7,

62.5, 57.4, 55.6, 47.4, 39.4, 26.8, 19.2; MS (E®/}493 [M+Na]".

O-(1R,2R,3S,4S)-4-((tert-Butyldiphenylsilyloxy)methyl)-3-methoxy-2-(methoxymethoxy)-5-
methylenecyclohexyl S-methyl carbonodithioate (35): To a suspension of NaH (60% in Nujol, 192
mg, 4.8 mmol) in anhydrous THF (10 mL) cooled t6@was added alcoh@ (1.13 g, 2.4 mmol)
dissolved in anhydrous THF (10 mL) under nitrogémasphere, the mixture was stirred for 30 min at
room temperature. To the above alkoxide carbonfdisu(0.24 mL, 3.6 mmol) was added at 0 °C, and
the mixture was stirred for 30 min. Methyl iodid2Z6 mL, 4.3 mmol) was added, and the mixture was
gradually warmed to room temperature and stirre@fo. The reaction was quenched with ice pieces at
0 °C and diluted with ethyl acetate (25 mL) andexdl0 mL). The layers were separated and the aq
layer was extracted with EtOAc (3x10 mL). The conadl organic layers were washed withOH(10
mL), brine (10 mL), dried over N8O, and the solvent was evaporated under reduced pesssafford

a crude compound which was purified by column clatmgraphy using 8% ethyl acetate/hexane (v/v)
to yield compound5 (1.15 g, 2.06 mmol) in 86% vyield. TLC:;R.5 (9:1 hexanes:ethyl acetatiy.
(neat): 3070, 3048, 2929, 2890, 2856, 1648, 1214711112, 1063 cih 'H NMR (500 MHz, CDCY):

§ 7.7-7.65 (m, 4H), 7.46-7.36 (m, 6H), 5.48 (ddd; 11.9, 4.8, 2.5 Hz, 1H), 5.07 (s, 1H), 5.01 (3,1H
4.76 (d,J = 6.8 Hz, 1H), 4.73 (dJ = 6.8 Hz, 1H), 4.57-4.53 (m, 1H), 4.07 (dd= 10.3, 4.5 Hz, 1H),
3.98 (dd,J = 10.3, 1.8 Hz, 1H), 3.44 (s, 3H), 3.31 (s, 3HB-3.26 (M, 1H), 2.8-2.72 (m, 1H), 2.59 (s,
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3H), 2.57-2.48 (m, 2H), 1.08 (s, 9HfC NMR (100 MHz, CDGJ): 5 215, 139.8, 135.6, 133.4, 129.4,
127.5, 112.9, 96.7, 80.8, 78.9, 70.3, 60.2, 5655,544.0, 35.3, 26.9, 19.3,19.0. MS (ESt)z

583 [M+Na]. HRMS (ESI): calcd for &H400sSiS: 561.2159, found: 561.2185

tert-Butyl(((1S,2S,3R)-2-methoxy-3-(methoxymethoxy)-6-methylenecyclohexyl)methoxy)

diphenylsilane (36): To a solution of compoungb (1.13 g, 2.01 mmol) in toluene (15 mL), £nH
(914 mg, 3.0 mmol), catalytic amount of AIBN (33 m@2 mmol) were added under a nitrogen
atmosphere and the mixture was heated at reflu tor Toluene was removed under reduced pressure
and the residual product was purified by columroofatography using 8% ethyl acetate/hexane (v/v) to
yield compound6 (771 mg, 1.7 mmol) in 84% yield. TLC;B.4 (9:1 hexanes:ethyl acetafe)}*’s = -

5 (c, 0.6, CHC)), IR (neat): 2925, 1219, 1105, 1043, 771, 699 cid NMR (500 MHz, CDCJ):  7.7-
7.66 (M, 4H), 7.46-7.36 (m, 6H), 4.84 (s, 1H), &81H), 4.74 (dJ = 6.9 Hz, 1H), 4.7 (d] = 6.9 Hz,
1H), 3.96 (dtJ = 9.0, 3.2 Hz, 1H), 3.83-3.77 (m, 2H), 3.61 (d& 5.4, 2.6 Hz, 1H), 3.4 (s, 3H), 3.39
(s, 3H), 2.75 (qJ = 5.8 Hz, 1H), 2.27 (ddd, = 13.8, 6.2, 4.7 Hz, 1H), 2.07 (ddb= 13.8, 9.9, 4.7 Hz,
1H), 1.96-1.88 (m, 1H), 1.64-1.61 (m, 1H), 1.0898l). *C NMR (100 MHz, CDG/): § 144.7, 135.6,
133.5, 129.6, 127.6, 111.7, 95.1, 79.8, 72.4, 89), 55.2, 47.8, 30.1, 27.6, 26.8, 19.2; MS (E8i2

477 [M+Na]. HRMS (ESI): calcd for g&H3504Si: 455.2612, found: 455.2629

((1S,2S,3R)-2-M ethoxy-3-(methoxymethoxy)-6-methylenecyclohexyl)methanol (37): To a solution
of compound36 (726 mg, 1.6 mmolin THF (1.6 mL) cooled to 6C, TBAF (1M in THF, 1.6 mL, 1.6
mmol) was added. The reaction mixture was alloveeetdrm to rt and stirred for 12 h. The solvent was
evaporated under reduced pressure to afford a ccodgpound, which was purified by column
chromatography using 30% ethyl acetate/hexane {w/gjve pure compund7 (324 mg, 1.5 mmol) in
94% vyield as a gummy oil. TLC:{R.3 (7:3 hexanes:ethyl acetatg)]*s = +15 €, 0.6, CHC}), IR
(neat): 3450, 2927, 1149, 1100, 1037'chtd NMR (500 MHz, CDCY): 5 4.85 (s, 1H), 4.76 (dl = 6.8

Hz, 1H), 4.72 (d,) = 6.8 Hz, 1H), 4.65 (s, 1H), 4.11-4.08 (m, 1HP &d,J = 10.9, 4.7 Hz, 1H), 3.84
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(dd,J = 10.9, 6.7 Hz, 1H), 3.44 (s, 3H), 3.42 (s, 3HR43(dd,J = 6.5, 2.7 Hz, 1H), 2.8-2.74 (m, 1H),
2.42-2.34 (m, 1H), 2.1 (dg, = 13.6, 4.7 Hz, 1H), 2.05-1.98 (m, 1H), 1.47-1(89 1H); **C NMR (100
MHz, CDCk): & 145.8, 108.7, 95.2, 84.6, 70.5, 62.8, 56.6, 58523, 30.1, 28.6; MS (ESIyn/z 239

[M+Na]*. HRMS (ESI): calcd for GH2oNaQy: 239.1254, found: 239.1270

((3R,4S,55,6R)-5-M ethoxy-6-(methoxymethoxy)-1-oxaspir o[ 2.5]octan-4-yl)methanol  (38): To a
solution of compound37 (302 mg, 1.4 mmol) in DCM (7 mL) cooled to 0 °C vaaklednCPBA (393

mg, 1.6 mmol). The reaction mixture was stirredhat same temperature for another 30 min and then
guenched by adding aqg saturated®@; (3 mL). The mixture was diluted with DCM (10 mLjchthe
layers separated. The combined organic layers wasbed successively with aq saturated Nagl(QO
mL), water (10 mL), brine (10 mL), dried over 188, and the solvent was evaporated under reduced
pressure to furnish the crude compound which waisigui by column chromatography using 40% ethyl
acetate/hexanes (v/v) as the eluent to afford thdyzt38 (283 mg, 1.22 mmol) in 87% vyield as a
liquid. TLC: R 0.2 (7:3 hexanes:ethyl acetate)]’fo = -50 €, 0.6, CHC}), IR (neat): 3447, 2929,
1148, 1102, 1036 ¢t *H NMR (500 MHz, CDCY): 6 4.77 (d,J = 6.8 Hz, 1H), 4.75 (d] = 6.8 Hz,
1H), 4.27-4.24 (m, 1H), 3.75 (dd,= 11.9, 3.3 Hz, 1H), 3.64 (dd,= 11.9, 3.0 Hz, 1H), 3.58 (dd,=
10.8, 2.7 Hz, 1H), 3.47 (s, 3H), 3.42 (s, 3H), A9 = 3.8 Hz, 1H), 2.65 (d] = 3.8 Hz, 1H), 2.36 (dt,
J=10.8, 3.3 Hz, 1H), 2.23 (td,= 13.5, 4.4 Hz, 1H), 2.04-1.98 (m, 1H), 1.75-1(6% 1H), 1.11 (dt] =
14.0, 3.8 Hz, 1H)**C NMR (100 MHz, CDGJ): § 95.6, 79.5, 69.9, 61.1, 58.9, 57.2, 55.3, 51.24,40
28.4, 25.5; MS (ESI)m/z 255 [M+Na]. HRMS (ESI): calcd for GHyoNaQs: 255.1203, found:

255.1226

(3R,4S,5S,6R)-5-M ethoxy-6-(methoxymethoxy)-1-oxaspir o[ 2.5]octane-4-car baldehyde (39): To a
solution of alcohoB8 (259 mg, 1.12 mmol) in DCM (5.6 mL) was added DEksstin periodinane (560
mg, 1.23 mmol). After being stirred at rt for 30 mithe reaction mixture was quenched with aq

saturated N#5,03 (2 mL) and aq saturated NaHg$§blution (2 mL). The ag phase was extracted with
16



DCM (3x4 mL), the combined organic extracts wenediover anhydrous N8O, and concentrated in
vacuo. The residue was purified by flash columnootatography on silica gel using 30% ethyl
acetate/hexane (v/v) to afford compoB#d(239 mg, 1.04 mmol) in 93% yield as a liquid. TLR;:0.5
(7:3 hexanes:ethyl acetatd]*s = -35 €, 0.6, CHC}), IR (neat): 2932, 1726, 1150, 1096, 1036'cm
H NMR (500 MHz, CDCY): § 9.42 (d,J = 3.6 Hz, 1H), 4.74 (d] = 6.8 Hz, 1H), 4.72 (d] = 6.8 Hz,
1H), 4.3-4.27 (m, 1H), 3.97 (dd,= 10.3, 2.7 Hz, 1H), 3.44 (s, 3H), 3.41 (s, 3HY42(dd,J = 10.3, 3.6
Hz, 1H), 2.72 (dJ = 3.8 Hz, 1H), 2.63 (dJ = 3.8 Hz, 1H), 2.18-2.1 (m, 1H), 2.07-2.0 (m, 18)82-
1.74 (m, 1H), 1.17 (dt) = 14.0, 4.1 Hz, 1H)*C NMR (100 MHz, CDGJ): & 201.7, 95.5, 79.2, 68.8,
58.0, 56.9, 55.4, 52.3, 51.2, 27.9, 25.5; MS (E®#jz 253 [M+Na]. HRMS (ESI): calcd for

Ci1HigNaGs: 253.1046, found: 253.1050

(3R,4S,5S,6R)-4-Ethynyl-5-methoxy-6-(methoxymethoxy)-1-oxaspir o[2.5]octane (40): To a solution

of Ohira-Bestmann reagent (422 mg, 2.2 mmol) inydnbus THF (2 mL) cooled to -7& was added
NaOMe (5.4 M in Methanol, 0.37 mL, 2 mmol) in anhyds THF (2 mL). The mixture was stirred for
10 min and then the solution of aldehy&®(230 mg, 1 mmol) in anhydrous THF (1 mL) was added
slowly at -78°C. The reaction mixture was gradually warmed f&C0and stirred for 12 h at the same
temperature and then warmed to rt. The reactionguasched by adding aq saturated,8Hsolution

(2 mL) at 0°C. It was allowed to warm to rt and diluted with@&t5 mL), the layers were separated and
the ag layer was extracted with,@t(3x5 mL). The combined organic layers were washiga H,O (5
mL), brine (5 mL), dried over N8O, and the solvent was evaporated under reduced pesssafford a
crude compound which was purified by column chragedphy using 20% ethyl acetate/hexane (v/v)
to yield compound0 (169 mg, 0.75 mmol) in 75% vyield. TLC:; R.3 (8:2 hexanes:ethyl acetate).
[a]*5 = -25 €, 0.6, CHC}), IR (neat): 2927, 2855, 2101, 1735, 1251, 110331lcn. *H NMR (300
MHz, CDCh): 6 4.75 (d,J = 6.8 Hz, 1H), 4.72 (d] = 6.8 Hz, 1H), 4.22-4.19 (m, 1H), 3.52-3.5 (m, 1H)
3.48 (s, 3H), 3.4 (s, 3H), 3.16 (d#i= 8.8, 1.6 Hz, 1H), 3.07 (d,= 4.7 Hz, 1H), 2.66 (d] = 4.7 Hz,
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1H), 2.12 (d,J = 2.4 Hz, 1H), 2.0-1.9 (m, 2H), 1.8-1.72 (m, 1H)54-1.46 (m, 1H)**C NMR (100
MHz, CDCE): § 95.6, 82.0, 80.2, 71.5, 70.6, 58.0, 57.5, 55.3,526.1, 26.8, 25.6; MS (EShvz 249

[M+Na]*. HRMS (ESI): calcd for GH:gNaQy: 249.1097, found: 249.1088

(1R,2S,3S,4R)-1-(Chlor omethyl)-2-ethynyl-3-methoxy-4-(methoxymethoxy)cyclohexanol (41): To a
solution of CpZrCl, (27 mg, 0.09 mmol) in DCE (0.5 mL) cooled t6® was added Ml (2 M in
toluene, 0.15 mL, 0.3 mmol) slowly. After stirrinfpr 15 min, alkyne40 (22.6 mg, 0.1 mmol) was
added at the same temperature and stirring wasnceqt for 30 min. Prenyl bromide (0.01 mL, 0.1
mmol) followed by solution of Pd (PBk (0.005 mmol, 5 mg) in DCE (0.2 mL) was added. The
reaction was stirred for 6 h at rt, there upon ghend by the addition of an aq saturated citricl aci
solution (1 mL) at @C. It was allowed to warm to rt and diluted with RIG3 mL), the layers were
separated and aq layer extracted with DCM (3x3 riithe combined organic layers were washed with
H.O (3 mL), brine (5 mL), dried over Na0O, and the solvent was evaporated under reduced pectesu
afford a crude compound which was purified by catuohromatography using hexane to yield a
chloron alcohol41 (14 mg, 0.055 mmol) in 55% yield. TLC:R.2 (8:2 hexanes:ethyl acetat&)
NMR (400 MHz, CDCY): & 4.72 (d,J = 6.8 Hz, 1H), 4.7 (d] = 6.8 Hz, 1H), 4.15-4.12 (m, 1H), 3.7 (d,
J=11.0 Hz, 1H), 3.63 (d} = 11.0 Hz, 1H), 3.5 (s, 3H), 3.44 (dbs 10.5, 2.6 Hz, 1H), 3.4 (s, 3H), 3.14
(dd,J = 10.5, 2.2 Hz, 1H), 2.4 (d,= 2.2 Hz, 1H), 2.16-2.14 (brs, 1H), 1.95-1.8 (m) 2k74-1.65 (m,

2H).MS (ESI):m/z 285 [M+Na].

(3R,4S,5S,6R)-4-((E)-Hexa-2,5-dien-2-yl)-5-methoxy-6-(methoxymethoxy)- 1-oxaspir o[ 2.5] octane

(42): To a solution of CUCN (36 mg, 0.4 mmol) in anhygsdHF (1 mL) cooled to -78 was added
n-BuLi (2.5 M in THF, 0.32 mL, 0.8 mmol). The reami mixture was warmed to -6& to get clear
solution. After 15 min cooled to -7& and tributyltinhydride (0.21 mL, 0.8 mmol) wasdad slowly,
the reaction mixture became yellowish and bubbfdsydrogen gas were evolved. After 10 min alkyne

40 (45 mg, 0.2 mmol) in THF (0.5 mL) was added, stgrwas continued for 30 min followed by Mel
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(0.06 mL, 2 mmol) and DMPU (0.2 mL) were added. Téaction mixture was slowly warmed td©
then allyl bromide (0.035 mL, 0.4 mmol) and Pd(BPf23 mg, 0.02 mmol) were added. The reaction
mixture was stirred at rt for 3 days and quenchhaig saturated N4€I solution (1 mL) at OC. It was
allowed to warm to rt and diluted with X (2 mL), the layers were separated and aq layeactrd
with ELO (3x2 mL). The combined organic layers were waskigd H,O (2 mL), brine (2 mL), dried
over NaSQ, and the solvent was evaporated under reduced peessafford a crude compound which
was purified by column chromatography using 20Bfyledicetate/hexane (v/v) to yield diedi(40 mg,
0.14 mmol) in 71% yield. TLC: R0.25 (8:2 hexanes:ethyl acetat@)}*> = -55 €, 0.6, CHC}), IR
(neat): 2953, 2924, 2855, 1434, 1152, 1100, 103%. ¢hh NMR (400 MHz, CDCJ): & 5.83-5.72 (m,
1H), 5.27 (tJ = 8.0 Hz, 1H), 5.02 (d] = 17.1 Hz, 1H), 4.94 (d] = 10.1 Hz, 1H), 4.77 (dl = 6.7 Hz,
1H), 4.74 (dJ = 6.7 Hz, 1H), 4.32-4.28 (m, 1H), 3.51 (dd= 11.2, 2.7 Hz, 1H), 3.42 (s, 3H), 3.38 (s,
3H), 2.97 (dJ = 11.2 Hz, 1H), 2.86-2.72 (m, 2H), 2.66 (= 5.0 Hz, 1H), 2.45 (d] = 5.0 Hz, 1H),
2.23 (td,J = 13.7, 4.4 Hz, 1H), 2.04-1.96 (m, 1H), 1.72 (tde; 13.9, 4.4, 2.2 Hz, 1H), 1.57 (@= 3.3
Hz, 3H), 1.1 (dddJ = 13.7, 4.4, 2.9 Hz, 1H)*C NMR (100 MHz, CDGCJ): 5 136.9, 130.4, 127.7,
114.4, 95.8, 80.6, 69.5, 56.7, 55.3, 51.3, 48.8,332.2, 28.6, 26.0, 21.MS (ESI):nvz 305 [M+Na[.

HRMS (ESI): calcd for @H26NaOy: 305.1729, found: 305.1730

(3R,4S,5S,6R)-4-((E)-Hexa-2,5-dien-2-yl)-5-methoxy-1-oxaspir o[2.5]octan-6-0l (43): To a solution

of compound42 (28.2 mg, 0.1 mmoljn DCM (1 mL) cooled to -78C, TMSBr (0.03 ml, 0.3 mmol)
was added. The reaction mixture was stirred forn88 and quenched with aq saturated NaHCO
solution (0.5 mL). It was allowed to warm to rt agituted with DCM (2 mL), the layers were separated
and aq layer extracted with DCM (3x2 mL). The condoi organic layers were washed withCH(2
mL), brine (2 mL), dried over N& Oy and the solvent was evaporated under reduced pesssafford a
crude bromo compound. TLC; B.15 (8:2 hexanes:ethyl acetate).  To the swldf crude compound
in methanol (5 mL) at room temperature was addéd potassium carbonate (27 mg, 0.2 mmol). After
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stirring for 1 h at the same temperature, metharasd removed in vacud he residue was partitioned
between brine (2 mL) and ethyl acetate (6 mL). dfganic layer separated and the aqueous phase was
extracted with ethyl acetate (2 x 10 mL). The camedi organic layers were washed witsOH2 mL),
dried over NgSQO, and the solvent was evaporated under reduced peessafford a crude compound
which was purified by column chromatography using0% ethyl acetate/hexane (v/v) to yield
compound43 (18 mg, 0.076 mmol) in 76% vyield. TLC; R.2 (8:2 hexanes:ethyl acetate). IR (neat):
3464, 2930, 2362, 1638, 1445, 1377, 1324, 12143 thd". 'H NMR (400 MHz, CDCJ): § 5.86-5.76
(m, 1H), 5.42-5.26 (brs, 1H), 5.05 @ = 17.0 Hz, 1H), 4.98 (d] = 10.0 Hz, 1H), 4.28-4.26 (m, 1H),
3.7-3.5 (m, 2H), 3.37 (s, 3H), 3.32 (= 10.0 Hz, 1H), 2.9-2.8 (m, 2H), 2.52 M= 5.0 Hz, 1H), 2.27-
2.22 (brs, 1H), 1.93-1.75 (m, 3H), 1.7-1.66 (m, 1H57 (s, 3H)**C NMR (100 MHz, CDG): § 136.7,
132.7, 127.0, 114.5, 80.9, 64.4, 60.7, 56.9, 54229, 32.1, 29.7, 27.8, 26.64S (ESI): m/z 261

[M+Na]*. HRMS (ESI): calcd for GH»30s: 239.1647, found: 239.1633
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