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Abstract

The formation of a twist-brendane via intramolec@aolate alkylation is described. Conversion
of bicyclo[2.2.1]heptane scaffold present in thigist-brendane through a Grob-type
fragmentation to unravel a functionalized bicycl@[2] system which contains all the necessary
carbon atoms of the lipophilic core structurenof-platencin, a platencin analogue is presented.
Synthesis of core structure of platencin was atsmmplished by extending this strategy to a
starting material possessing a surrogate for tleyetic methylene group.

Keywords: Enones, Grob-type fragmentation, intramolecutel&e alkylation, twist-brendane,
platencin

Introduction

Intramolecular enolate alkylation has been a kesp sfor stereoselective construction of
cycloalkanes in the total synthesis of natural potsl of modest complexity;, and in the
synthesis of strain free tricyclononane like tvisendané:® The synthesis of natural products
involving the Grob fragmentation reaction, a relgakynthetic tool for the cleavage of-C
sigma bond leading to useful building blocks, dew step has been gaining much attention in
recent past due to its high efficiency and stereoseity.®**
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As a novel potent antibiotic, platentif® inhibits two proteins essential for bacterial yatt
acid biosynthesisp-ketoacyl carrier protein synthase Il (FabF) and(HabH) with similar
potency. Owing to their interesting novel chemicaaffold and biological activity as
antibacterial agents platencin and its congéférave attracted widespread attention amongst
synthetic chemists since their discovery with peasspthat these would be used as lead
compounds for the development of a valuable classitibiotics. Although platencin shows the
potent antibacterial activity it suffers from thegp in vivo efficacy that is attributed to its rapid
clearance from tissué&!’ So the synthesis of new potent analogues of piatemith improved
potency and pharmacokinetic properties suitablelfoical trials is in high demant.

Platencin core structure constitutes tricyclicteys with a bicyclic octane ring havirexo-
methylene group, fused with a cyclohexenone ringniv synthetic strategies have been
developed for the construction of platencin comeicttire involving key steps like homoallyl
radical rearrangement of bicyclo[3.2.1]octane toybio[2.2.2]octané®??intramolecular Diels-
Alder reactior???* intramolecular Michael additioff, Michael addition followed by aldol
condensatior® ring closing metathesis reactidf?® pinacol coupling reactioft, radical
cyclization reactior§**and intramolecular aldol reactiéh.

Although nor-platencin is less potent than its parent molechid, serves as a convenient
target as it lacks the acid-sensitiego-methylene group present in platencin which is also
responsible for the decrease in the metabolic litalif platencin®® In this paper we report
synthesis of platencin core structures which festtine construction of tricyclic core via a twist-
brendane derivative, followed by Grob-type fragnaéinh and Robinson annulation.

Results and Discussion

During the course of our studies on base mediat@thdhead elimination and substitution
reactions® we observed the formation of a twist-brendane @ite 5 through intramolecular
enolate alkylation in 70% yield along with the aniglly intended producs (yield 17%) from4
(Scheme 1).
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Scheme 1Synthesis of Twist-brendane Derivative

Synthesis of the parent twist-brendahas been described in the literature by intramuéec
enolate alkylation using NaH in DMF at 60 °C folleev by deoxygenation. We have also
adopted the same protocol, but with slight modifamawherein THF was used instead of DMF,
to avoid the side produétand observed smooth formation of twist-brendangthout any side
products. The complete sequence involved Michaditiad of acetone to the enordeto give
intermediatet which on exposure to NaH in THF at 60 °C provitleel twist-brendang in 89%
yield (Scheme 1). The structure of twist-brendaas wnequivocally proved by single crystal X-
ray analysis (Scheme 1). Compared to the parest-twendane, compouridis equipped with
maneuverable functional groups such as a ketaltyn@ieC-7 and a suitably positioned keto
group for the execution of Grob-type fragmentatfdfito unravel a useful bicyclo[2.2.2]octane
derivative.

As anticipated, the Grob-type fragmentatiorbafith pTSA in toluene afforded a separable
mixture of bicyclo[2.2.2]octane derivativé (Scheme 2). A closely related compound7to
having exo-methylene group sans the chloro and ester sutistituhas been reported for the
synthesis of platencin cofé.Our attempts to cyclize7 via Robinson annulation using
NaOH/EtOH (or MeOH) even at reflux conditions fdileyielding complex mixtures. The
presence of chlorine substituents might be resptsgor the observed complications. In this
context, we initially carried out the hydrodehaloggon reaction of the mixtur& using
nBuSnH/AIBN which yielded a complex mixture. Howeyétreatment of7 with zinc dust in
acetic acid at room temperature furnished the dike as a single diastereomer (Scheme 2).
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Scheme 2Synthesis ohor-platencin skeleton.

Having the diketo esteé8 in hand, our next task was to convert it to tricyenone9. This
was achieved by refluxing§in NaOH/MeOH for 12 h followed by diazomethane wgskvhich
provided a separable mixture of diastereon@s®b in 1:1 exo/endo ratio of methyl ester
(Scheme 2). Reduction enofa was carried out using Raney nickel’ in THF to obtain the
keto esterlO as a single diastereomer in 83% vyield. Several dtep-protocols are available in
the literature for the conversion of ketone to enamoiety. Silylation followed by 2-
iodoxybenzoic acid (IBX} oxidation is a well practiced method in the systieof
platencin®*?**° However, in our case Nicolaod’sone-step protocol furnished the desired
compoundll when ketoestetO was treated with IBX in toluene/DMSO at 65 °C aonith a
minor product9a (Scheme 2). Structure @fl was confirmed by single crystal structure X-ray
analysis (Scheme 2).

Next, we planned for the synthesis of the coracstire of platencin incorporating a keto
functionality and adopted similar reaction sequsnaethe synthesis of core structurenof-
platencin. Synthesis commenced with brominationhé8we 3). Our initial attempts for
bromination at the--methyl group of keton&8 with NBS in THF!° NBS/TMSOTf in CHCN,**
NBS/DBU in CHCN,** and NBS/AIBN in CCJ* were sluggish. Nevertheless, conventional
brominating agent, Brin MeOH* (at 0 °C— rt), provided the bromination product in good
yield. Protection of ketone using pTSA in refluxibguene delivered compourit® in 79%
yield. On exposure to Ru-LDH/NalNaHCQ;*™* the intermediatd 9 provided diketond 7 in
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excellent yield. Subjecting this to Wittig reactigave enonéd6 in 97% yield. Michael addition
of enonel6 with acetone using NaOH (aq) gave intermedi@ein near quantitative yield
(Scheme 3). NaH mediated intramolecular enolatglailbn proceeded as expected to provide
twist-brendand.5.

The conversion of twist-brendane to bicyclo[2.8@hne21 was easily achieved through a
smooth Grob-type fragmentation by treatmeni®fvith pTSA in toluene at 80 °C (Scheme 3).
Hydrodechlorination with zinc dust in AcOH gave eliknel4. Robinson annulation df4 using
NaOH in MeOH at reflux temperature afforded triegoknone22 in 4:1 exo/endo ratio, as
determined frontH NMR. Deprotection of ketal group with 6N HCI atom temperature gave
13 in good yield. Regioselective Wittig reaction ofcomjugated ketone group i3 to exo-
methylene proceeded smoothly at -78 °C to giveatied? in 72% yield (Scheme 3). As Wittig
reaction was carried out under strong basic canditine can expect the abstraction of proton
adjacent to the ester group. Once the carbanidarised the bulky ester group would prefer
relatively free roomexo position and hence the conversionenflo isomer toexo occurs, which
can be accounted for the high diastereoselectigiy.endo 10:1) in the Wittig reaction.
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MeO. OMe  1). Brp, MeOH MeO ™, eO MeO = r
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Scheme 3:Synthesis of platencin core.
The stereochemistry of the major componentlhwas arrived at from 2D NMR data

analysis of the mixture. Based on the correlatiohproton signals aé 2.44 (m, 1H) and 2.36
(m, 1H) (CH group adjacent to CO in the bicyclooctane ringhvearbon a6 210.9 in HMBC,
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these were assigned to methylene group attachieetdoe. Similarly, methine group attached to
methyl ester was deduced by correlation betweetoprats 2.87-2.79 (m, 1H) and carbon éat
174.3, which also shows correlation with methoxgugr ats 3.72. The absence of correlation
between the protons at2.52-2.34 and 2.87-2.79 in NOESY confirms that the methine pnoto
is endo and the ester group &o in compoundL3 and alsal2. As expected, during the strongly
basic Witting reaction conditions, further isomatian of13resulted in substantial enhancement
in exo/endo ratio from 4:1 in13to 10:1 in12.

Conclusions

In conclusion, we have synthesized functionalizedisttbrendane derivatives through
intramolecular enolate alkylation. We have dematstt a strategy for the conversion of
bicyclo[2.2.1]heptane to bicyclo[2.2.2]octane dative through the formation twist-brendane
followed by Grob-type fragmentation. The fragmenprdducts were carried forward for the
synthesis of the core structures of botior-platencin and platencin. Structures and
stereochemistry of some of the intermediates werdirtned by single crystal X-ray analysis
and 2D NMR analysis.

Experimental Section

General. Unless otherwise specified, all reactions wereiedrout in oven dried glassware,
under argon atmosphere. Melting points were detexthion an electrothermal melting point
apparatus and are uncorrected. THF was dried buxme§ over sodium metal. Sodium
methoxide was prepared from sodium and methanot ®as activated by 10% HCI before use.
DMSO was distilled from anhydrous Ca@€alcium hydride. Potassiurtert-butoxide was
sublimed before uséH and proton decouplefC NMR spectra were recorded in 400 and 100
MHz, respectively. The NMR samples were preparedibgolving in CDJ, chemical shiftsq
ppm) are reported with reference to either intestahdard tetramethylsilane, TM&;€ 0.00
ppm) or CHC} (84 = 7.27 ppm) for'H NMR and CHGC} [6c=77.00 ppm (central line of the
triplet)] chemical shifts § ppm) for **C NMR. The multiplicity are reported as follows s =
singlet, d = doublet, dd = double doublet, t =l&ipdt = double triplet, td = triple doublet, g =
quartet, br = broad m = multiplet and the couplogstants were in Hz. HRMS was performed
using a Q-TOF multimode source.

(1R*,4R* ,6R*)-6-(2-Bromoethyl)-1,4-dichloro-7,7-dimethoxy-3-(3oxobutyl)bicyclo[2.2.1]
heptan-2-one 4 To a stirred solution of enor83® (5 g, 13.96 mmol) in acetone (140 mL) was
added aqueous sodium hydroxide solution (8.3 mL7 hémol, 2M) at °C for 5 min. After
being stirred for 1 h, 5 ml of 10% HCI was addedlvent was evaporated under reduced
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pressure and diluted with EtOAc (150 mL), organi@age was separated aqueous phase was
extracted with EtOAc (200 ml x 2) combined orgapiases were washed with water (200 mL),
brine (100 mL), dried over N8O, and concentrateish vacuo. The resulting crude was purified
over silica gel column chromatography (eluent: Et@Aexane = 1: 5) to afford Michael product
4 (5.67 g, 98%) as a colorless liquitH NMR (400 MHz, CDC}) & 3.69 (s, 3H), 3.66 (s, 3H,
minor isomer), 3.60 (s, 3H), 3.58 (s, 3H, minomsw), 3.47-3.40 (m, 1H), 3.38-3.30 (m, 1H),
2.99 (dddJ 5.9, 8.8, 18.6 Hz, 1H), 2.86 (dd#i2.7, 5.0, 7.5 Hz, 1H), 2.79-2.73 (m, 1H), 2.73-
2.63 (m, 2H), 2.61-2.52 (m, 1H), 2.19 (s, 3H), 2(%73H, minor isomer), 2.08-1.75 (m, 5H),
1.51-1.39 (m, 1H)**C NMR (100 MHz, CDGJ) & 207.3, 202.4, 104.7, 80.4, 69.3, 55.7, 51.8,
51.7, 41.4, 40.4, 36.1, 32.6, 30.4, 30.0, 18.2. HRMSI):nVz calcd for GsHzsBrCI,NO, [M +
NH4]" 432.0344; found: 432.0298.

Twist-brendane Derivative 5.To a stirred solution o (5 g, 12.01 mmol) in THF (150 mL)
was added sodium hydride (625 mg, 15.61 mmol, @0#ineral oil) in two portions at @ and
allowed to warm to rt and then heated afG0After completion of starting material (monitored
by tlc) 50 mL of water was added af®, solvent was evaporated under reduced presdutedi
with EtOAc (200 ml), organic phase was separatedeags phase was extracted with
EtOAc(150 ml x 2), combined organic phases werehedsvith water (200 mL), brine (100
mL), dried over NgSO, and concentrateh vacuo. The resulting crude was purified over silica
gel column chromatography (eluent: EtOAc-Hexane:5) 1o afford twist-brendang (3.58 g,
89%) as a colorless crystalline solid (solventtawitrile). mp: 142-144C.*H NMR (400 MHz,
CDCl) 6 3.61 (s, 3H), 3.42 (s, 3H), 2.78-2.57 (m, 3H),92(®, J 2.2, 4.4 Hz, 1H), 2.17-2.06
(m, 2H), 2.13 (s, 3H), 2.02-1.91 (m, 1H), 1.850d,1.2 Hz, 1H), 1.73-1.62 (m, 3HYC NMR
(100 MHz, CDC}) & 208.3, 204.5, 104.5, 78.1, 73.3, 56.6, 51.6, 54719, 39.1, 36.73, 31.2,
29.9, 24.6, 24.3. HRMS (ESInvz calcd for GsH24Cl.NO; [M + NH4"352.1082; found:
352.1076.
(1R,*3R*,4R*,6R*)-6-(2-Bromoethyl)-1-chloro-4,7,7-trimethoxy-3-(3exobutyl)bicyclo-
[2.2.1]heptan-2-one6To a stirred solution of (210 mg, 0.50 mmol) in methanol (2.5 mL) was
added sodium methoxide (81 mg, 1.5 mmol) at roanperature and slowly allowed to warm to
reflux temperature. After being refluxed for 4 bBaction mixture cooled to 0 °C, 1 mL of water
was added diluted with EtOAc (40 mL), organic phasss separated, aqueous phase was
extracted with EtOAc (30 mL x 3) combined organiapes were washed with water (40 mL),
brine (20 mL), dried over N80, and evaporated under reduced pressure. The nesudisidue
was purified over silica gel column chromatograptip-20% EtOAc in hexane) to give
compounds (117 mg, 70% colorless crystalline solid (needlesystallized from acetonitrile)
and6 (35 mg, 17%, colorless liquid). Data for compo@dH NMR (400 MHz, CDCY) & 3.65-
3.59 (m, 1H), 3.62 (s, 3H), 3.59-3.50 (m, 1H), 3(853H), 3.51 (s, 3H), 2.93-2.84 (m, 1H),
2.79-2.64 (m, 3H), 2.64-2.54 (m, 1H), 2.16 (s, 3HP1-1.91 (m, 1H), 1.79 (d,7.7 Hz, 2H),
1.52 (dd,J 3.9, 12.2 Hz, 1H), 1.40-1.32 (m, 1HJC NMR (100 MHz, CDGJ) & 207.8, 203.7,
106.1, 83.5, 80.3, 53.4, 52.6, 51.01, 51.00, 42175, 38.1, 32.6, 30.1, 27.6, 18.3. IR (neat)
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2927, 1762, 1713, 1451, 1264, 1212, 1164, 10963,1986 cnT; HRMS (ESI):m/z calcd for
Ci16H25BrClOs [M + H]*411.0574; found: 411.0573.

(1R*,2R*,4S*)-Methyl 2,5-dichloro-6-oxo-1-(3-oxobutyl)bicycloR.2.2]octane-2-carboxylate
7: To a stirred solution d (500 mg, 1.49 mmol) in toluene (15 mL) was add&84 (368 mg,
1.93 mmol) at rt and then slowly heated at°80 After being heated for 5 h solvent was
evaporated under reduced pressure, the residupartiison between EtOAc (80 mL) and water
(25 mL), organic phase was separated aqueous plasextracted with EtOAc (75 mL x 2)
combined organic phases were washed with aq. NaHoDtion (30 mL), water (80 mL x 2),
brine (40 mL), dried over N8O, and evaporated to dryness. The resulting crudepweged
over silica gel column chromatography (eluent: EtcHexane = 1:4) to afford fragmented
products7 (418 mg, 88%) in 1:1 mixture of separable diasterexs as pale yellow solids
(needles- crystallized from acetonitrile). Data less polar compound’d); mp: 76-78 °C (A);

Rf = 0.6 (15% EtOAc in hexane)d NMR (400MHz, CDC}) & 4.31 (d,J 1.5 Hz, 1H), 3.78 (s,
3H), 2.69-2.61 (m, 1H), 2.61-2.50 (m, 2H), 2.45J&.9 Hz, 1H), 2.39-2.27 (m, 1H), 2.27-2.14
(m, 2H), 2.12 (s, 3H), 1.92-1.78 (m, 2H), 1.77-1(69, 2H); *C NMR (100 MHz, CDG)) &
207.5, 204.3, 171.5, 72.4, 59.2, 54.0, 53.4, 43821, 34.3, 29.9, 23.3, 23.2, 17.9. HRMS (ESI):
m/z calcd for G4H2,ClLNO, [M + NH,4]* 338.0926; found: 338.0908. Data for polar compound
(7b): mp: 80-82 °C; R= 0.6 (15% EtOAc in hexane}d NMR (400 MHz, CDC}) § 4.25 (t,J
2.0 Hz, 1H), 3.81-3.74 (m, 3H), 3.04 (t812.1, 15.3 Hz, 1H), 2.56-2.47 (m, 1H), 2.46-2.4Q (m
1H), 2.33 (ddJ 2.4, 3.9 Hz, 1H), 2.31-2.27 (m, 1H), 2.20-2.13 @H), 2.12 (s, 3H), 1.99-1.87
(m, 1H), 1.81 (dddJ 3.7, 6.1, 9.8 Hz, 2H), 1.63-1.54 (m, 1jC NMR (100 MHz, CDG) §
207.4, 203.9, 170.2, 74.1, 59.1, 53.7, 52.9, 3889), 35.1, 29.8, 22.8, 22.2, 22.0. HRMS (ESI):
m/z calcd for G4H1oClL,O4 [M + H]*321.0660; found: 321.0662.

(1S+,2S%,4S%)-Methyl 6-oxo0-1-(3-oxobutyl)bicyclo[2.2.2]octane2-carboxylate 8.To a stirred
solution of7 (290 mg, 0.9 mmol) in AcOH (5 mL) was added zimstd(236 mg, 3.61 mmol) at
room temperature. After being stirred for 6 h (teacmonitored by TLC), reaction mixture was
diluted with EtOAc (50 mL) and filtered through tmt washed with EtOAc (80 mL). The
filtrate was washed with saturated NaHC®lution (25 mL), water (30 mL x 2), brine (20 mL)
dried over NaSO, and concentrated under reduced pressure. Silicaojemn (eluent:Ethyl
acetate- hexane = 1: 3) purification of the resglttrude afforded diketo esi@185 g, 82%) as
pale yellow liquid; R= 0.5 (30% EtOAc in hexanéH NMR (400 MHz, CDC}) §3.69-3.59 (m,
3H), 2.81 (ddJ 5.4, 11.2 Hz, 1H), 2.58-2.47 (m, 1H), 2.47-2.34 2H), 2.31 (tJ 2.7 Hz, 1H),
2.28-2.19 (m, 1H), 2.14 (s, 3H), 2.07 (tdd2.8, 11.1, 13.8 Hz, 1H), 1.88-1.77 (m, 2H), 1.76-
1.61 (m, 3H), 1.61-1.49 (m, 2H); 3°C NMR (100 MHz, CDGJ) & 213.4, 208.4, 175.1, 52.0,
46.4, 46.3, 44.3, 38.2, 30.2, 29.8, 27.1, 26.8,,2%4.6; IR (neat) 2945, 2873, 1719 (br.), 1440,
1360, 1165, 1094 cm HRMS (ESI): m/z calcd for G4H24NO4 [M + H]* 270.1705; found:
270.1688.

Enone 9 To a stirred solution @ (180 mg, 0.71 mmol) in MeOH (32 mL) was added sodi
hydroxide (200 mg, 5 mmol) at room temperature et slowly heated at reflux temperature.
After being refluxed for 15 h (monitored by TLC)n8 of 10% HCI was added at°C, solvent
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was evaporated under reduced pressure, the resasig@artition between EtOAc (50 mL) and
water (10 mL), organic phase was separated andgheous phase was extracted with EtOAc
(50 mL x 3) combined organic phases were washedwatter (30 mL x 2), brine (20 mL), dried
over NaSQO, and evaporated dryness. The resulting crude veaslded in MeOH (3 mL) cooled
to 0°C, and then a solution of GN, in ether was added until yellow color persist. ikgh
AcOH was added to quench excess of diazometharsetiBe mixture was concentrated under
reduced pressure and the resulting crude was @dirdver silica gel column chromatography
(eluent:Ethyl acetate- hexane= 1: 4) to give er@(E22 mg, 73%) in 1:1 mixture of separable
diastereomers as pale yellow liquids. Data for coumgl9a; R; = 0.65 (30% EtOAc in hexane).
'H NMR (400 MHz, CDC}) § 5.88 (t,J 1.7 Hz, 1H), 3.71 (s, 3H), 2.78-2.68 (m, 1H), 2544
(m, 2H), 2.45-2.36 (m, 2H), 2.09-1.95 (m, 2H), 2889 (m, 1H), 1.89-1.79 (m, 2H), 1.72-1.61
(m, 3H), 1.64-1.54 (m, 1HC NMR (100 MHz, CDGJ) & 198.2, 174.6, 169.2, 124.5, 51.7,
43.5, 36.3, 35.6, 33.73, 30.2, 29.6, 25.8, 25.42.2R (neat) 2928, 2856, 1723, 1682, 1481,
1392, 1359, 1279, 1194, 1165, 1063 criRMS (ESI): m/z calcd for GgH1603 [M + H]*
235.1334; found: 235.1331. Data for compo@mR; = 0.6 (30% EtOAc in hexane)d NMR
(400 MHz, CDC}) 85.94 (s, 1H), 3.66 (s, 3H), 2.73 (dt?.2, 18.3 Hz, 1H), 2.67 (dd,4.9, 10.8
Hz, 1H), 2.45 (dJ 15.7 Hz, 1H), 2.41-2.34 (m, 1H), 2.26-2.16 (m, 1AP6-1.92 (m, 3H), 1.91-
1.81 (m, 2H), 1.74-1.49 (m, 4H5C NMR (100 MHz, CDCJ) §197.9, 175.4, 168.1, 125.6, 51.8,
47.6, 36.6, 36.0, 33.8, 31.9, 30.4, 30.3, 25.2;2R (neat) 2924, 2864, 1729, 1680, 1480, 1392,
1194, 1165, 1063 cm HRMS (ESI):m/z calcd for G4H:g0sNa [M +Na] 257.1154; found:
257.1151

Keto ester 10.To a stirred solution dda (30 mg, 0.128 mmol) in THF (2 mL) was added Ra-Ni
(3 x 0.3 g) three times after every 1 h at roomperature. After being stirred for 10 h, reaction
mixture was diluted with EtOAc (20 mL) filtered tugh silica pad washed with EtOAc (30
mL). The filtrate was concentrated under reduceztgure. The resulting residue was purified
over silica gel column chromatography (eluent: Etmetate-hexane = 1:4) afforded keto ester
10 (25 mg, 83%) as a colorless liquidi R0.5 (15% EtOAc in hexane)d NMR (400 MHz,
CDCl) 83.70 (s, 3H), 2.77 (] 14.2 Hz, 1H), 2.57 (dd] 6.6, 10.5 Hz, 1H), 2.29-1.99 (m, 4H),
1.99-1.75 (m, 3H), 1.75-1.62 (m, 2H), 1.61-1.47 @nl), 1.45-1.43 (m, 1H), 1.34-1.27 (m,
1H).2*C NMR (100 MHz, CDGJ) 6 212.6, 178.2, 52.0, 46.1, 45.4, 38.8, 38.4, 3359, 33.9,
33.6, 31.1, 25.1, 24.3. IR (neat) 2926, 2862, 1179,3, 1453, 1434, 1359, 1262, 1193, 1169,
1030, 990 cril. HRMS (ESI):m/z caled for G4Ho00sH [M + H]*237.1491; found: 237.1485.
Enone 11.To a stirred solution cf0 (10 mg, 0.042 mmol) in toluene (0.8 m) and DMSQ4 (0.
mL) was added IBX (28 mg, 0.096 mmol) at room terapge and slowly heated at 70 °C. After
being stirred for 2 days, reaction mixture was téiluwith EtOAc (20mL), washed with 5%
NaHCQ; aqueous solution, organic phase was separateéoasjyphase was extracted with
EtOAc (15 mL x 3) combined organic phase was washigld water (15 mL), brine (10mL)
dried over NaSO, and concentrated ivacuo. The resulting crude was purified over silica gel
column chromatography (20% EtOAc in hexane) tordfflompoundLl (6.4 mg, 70% yield) as
colorless solid (crystalline- crystallized from @ hexane (1:2)), mp: 44-46 °C; R0.6 (20%
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EtOAc in hexane)*H NMR (400 MHz, CDC}) & 6.62 (d,J 9.8 Hz, 1H), 5.93 (d] 9.8 Hz, 1H),
3.58 (s, 3H), 2.66 (dd} 3.9, 11.2 Hz, 1H), 2.43-2.13 (m, 4H), 2.01-1.84 H), 1.81-1.54 (m,
4H), 1.54-1.40 (m, 2HYC NMR (100 MHz, CDGJ) & 200.4, 176.0, 155.3, 128.1, 51.6, 45.1,
41.1, 36.7, 35.6, 35.1, 21.4, 28.4, 24.4, 24.1(rBRat) 2933, 2866, 1727, 1680, 1452, 1435,
1357, 1257, 1200, 1174, 1074, 923 tnHRMS (ESI): m/z calcd for G4H160s5 [M + H]*
235.1334; found: 235.1332
2-Bromo-1-((1S*,2R*,4S%)-1,4,5,6-tetrachloro-7,7-dimethoxybicyclo[2.2.1]Bpt-5-en-2-
yl)ethanone |. To a stirred solution of Diels-Alder addutt (5g, 14.97 mmol) in MeOH (20
mL) was added bromine (2.6 g, 16.46 mmol) 8€and allowed to warm to room temperature.
After being stirred for 8 h (monitored by tlic) 13 rof water was added at O °C and stirred for 1
h. The reaction mixture was diluted with EtOAc (180Q), organic phase was separated, agueous
phase was extracted with EtOAc (100 mL x 3) comthingganic phase was washed with 10%
N&CO; solution (30 mL), water (100 mL x 2), brine (60 jnldried over NgSO, and
concentrated under reduced pressure. The resutirdg was purified over silica gel column
chromatography (3% EtOAc in hexane) to afford imediatel (5.13 g, 83%) as a colorless
liquid, R = 0.4 (5% EtOAc in hexane)d NMR (400 MHz, CDCJ) & 4.20 (d,J 13.1 Hz, 1H),
4.09 (d,J 13.2 Hz, 1H), 3.99 (dd] 5.4, 7.8 Hz, 1H), 3.65 (s, 3H), 3.57 (s, 3H), 22437 (m,
2H), 1.61 (s, 1H)}*C NMR (100 MHz, CDGJ) & 197.6, 131.2, 126.4, 112.1, 74.1, 53.9, 52.9,
51.9, 37.8, 35.2. IR (neat): 2986; 2951, 2844, 11883, 1440, 1390, 1335, 1278, 1252, 1188,
1121, 1096, 985 cth HRMS (ESI):m/z calcd for GiHisBrCIsNOs [M + NH4]* 429.8960;
found: 429.8934.
2-(Bromomethyl)-2-((1S*,2R*,4S*)-1,4,5,6-tetrachloro-7,7-dimethoxybicyclo[2.2.1]kpt-5-
en-2-yl)-1,3-dioxolane 19.To a stirred solution of above obtained intermedla(4 g, 9.68
mmol) in toluene (30 mL) were added pTSA (368.4 h§3 mmol) and ethylene glycol (1.5 g,
24.2 mmol) at room temperature and then refluxeth idlean-Stark apparatus. After being
refluxed for 48 h, solvent was evaporated and és&ue was partitioned between EtOAc (150
mL) and water (40 mL), organic phase was separatelagueous phase was extracted with
EtOAc (100 mL x 3) combined organic phase was wasbith NaHCQ solution (45 mL), water
(150 mL), brine (100 mL), dried over p&0, and concentrated under reduced pressure. The
resulting crude was purified over silica gel coluohromatography (5% EtOAc in hexane) to
give 19 (3.5 g, 79%) as colorless liquid; R 0.55 (4% EtOAc in hexanedd NMR (400 MHz,
CDCl) 64.16-4.08 (m, 1H), 4.07-3.97 (m, 3H), 3.60 (s, 38134 (s, 3H), 3.50 (d} 11.3 Hz, 1H

), 3.44 (ddJ 4.9, 9.5 Hz, 1H), 3.42 (d,11.3 Hz, 1H ), 2.47 (dd} 9.8, 11.7 Hz, 1H), 1.80 (dd,
4.9, 11.7 Hz, 1H)**C NMR (100 MHz, CDGJ) & 129.2, 128.1, 112.3, 108.6, 76.3, 73.6, 66.7,
65.1, 52.7, 51.6, 49.2, 38.5, 35.1. IR (neat): 29851, 2898, 1732, 1605, 1448, 1393, 1335,
1278, 1190, 1119, 1044, 989 ¢nHRMS (APCI):m/z calcd for GsH1sBrCl;0sNa [M + NaJ
476.8806; found: 476.8805.
(1R*,4R*,5R*)-5-(2-(Bromomethyl)-1,3-dioxolan-2-yl)-1,4-dichl@o-7,7-dimethoxybicyclo-
[2.2.1]heptane-2,3-dione 17To a stirred solution df9 (3 g, 6.56 mmol) in acetonitrile (79 mL)
were added sodium periodate (2.3 g, 10.50 mmolLBd (262 mg), NaHC®@ (1.65 g, 19.68
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mmol) and then water (13.1 mL) at’C. After being stirred for 4 h, 6 mL of isopropanvehs
added stirred for another 1 h, then solvent wapeneded the residue was diluted with EtOAc
(100 mL), organic phase was separated aqueous plaasextracted with EtOAc (100 mL x 2),
combined organic phase was washed with@; solution (50 mL x 2), water (100 mL), brine
(50 mL) dried over Ng50O, and concentrated under reduced pressure. Theingsafude was
purified over silica gel column chromatography (1E¥Ac in hexane) to afford7 (2.52 g,
92%) as yellow colored solid (needles- crystalliben CH,CI,: Hexane (1:5)); mp: 96-98 °C;
Ri = 0.5 (15% EtOAc in hexanéd NMR (400 MHz, CDC}) 84.11-4.04 (m, 2H), 4.00-3.93 (m,
1H), 3.76-3.69 (m, 1H), 3.73 (s, 3H), 3.60-3.54 {H), 3.55 (s, 3H), 3.35 (dd,11.3, 18.5 Hz,
2H), 2.78-2.68 (m, 1 H), 2.11 (dd,4.4, 12.7 Hz, 1 H)**C NMR (100 MHz, CDCJ) & 188.3,
186.5, 108.7, 102.4, 77.1, 74.0, 66.4, 65.1, 52283, 48.3, 33.8, 32.9. IR (neat) 2955, 2918,
2850, 1772, 1453, 1330, 1294, 1197, 1119, 1053%ciHRMS (ESI): m/z calcd for
Ci3H16BrCIoNOg [M + NH4] " 473.9222; found 473.9199.

(1R*,4R* ,6R*)-6-(2-(Bromomethyl)-1,3-dioxolan-2-yl)-1,4-dichl@o-7,7-dimethoxy-3-
ethylenebicyclo[2.2.1]heptan-2-one 1@.0 a stirred suspension of methyltriphenylphosainon
bromide (3.07 g, 8.61 mmol) in THF (25 mL) was atlgetassiuntert-butoxide (900 mg, 8.03
mmol) at 0 °C and then allowed to warm to room terafure and stirred. After being stirred at rt
for 2 h the resulting ylied was cooled to -78 °@ ansolution ofL7 (2.4 g, 5.74 mmol) in THF (8
mL) was added. After being stirred for 30 min (ntored by TLC), 10 mL of water was added
slowly drop wise. The reaction mixture was dilutedh EtOAc (75 mL), organic phase was
separated, aqueous phase was extracted with EtZBAmML x 3) combined organic phase was
washed with water (100 mL), brine (50 mL), driecepiNaSO, and concentrated under reduced
pressure. The resulting crude was purified ovécasigel column chromatography (12% EtOAc
in hexane) to afford7 (2.3 g, 97%) as a colorless solid (needles: ciyztal from acetonitrile);
mp: 80-82 °C; R= 0.6 (15% EtOAc in hexane)d NMR (400 MHz, CDCY) & 6.18 (s, 1H),
5.67 (s, 1H), 4.15-4.02 (m, 2H), 3.97 7.3 Hz, 1H), 3.86-3.78 (m, 1H), 3.69 (s, 3H), 3(50
3H), 3.42-3.31 (m, 3H), 2.74 (3 12.0 Hz, 1H), 2.01 (dd] 4.9, 11.7 Hz, 1H)™C NMR (100
MHz, CDCk) 6 188.7, 146.1, 116.0, 108.6, 105.1, 78.0, 69.4,685.6, 52.2, 51.8, 46.3, 39.4,
34.8. IR (neat) 2982, 2953, 2904, 2844, 1755, 16880, 1395, 1295, 1208, 1169, 1112, 1058,
1020 cm; HRMS (ESI):mVz calcd for G4H2:BrCLNOs [M + NH,] " 433.9960; found: 433.9951.
(1R*,4R*,6R*)-6-(2-(Bromomethyl)-1,3-dioxolan-2-yl)-1,4-dichlgo-7,7-dimethoxy-3-(3-
oxobutyl)bicyclo[2.2.1]heptan-2-one 20To a stirred solution of6 (2 g, 4.8 mmol) in acetone
(30 mL) was added 2N NaQ¥ 2.9 mL, 5.8 mmol) at O °C. After being stirred h, 2 mL of
10% HCI was added, diluted with EtOAc (70 mL), origaphase was separated, aqueous phase
was extracted with EtOAc (80 mL x 3) combined oiggphase was washed with water (100
mL), brine (50 mL), dried over N8Oy and evaporated under reduced pressure. The rgsulti
crude was purified over silica gel column chromaaplpy (20% EtOAc in hexane) to gia®
(2.23 g, 98%) as a colorless solid (needles: diistd from acetonitrile); mp: 70-72 °CxR 0.5
(20% EtOAc in hexane).
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NMR data for major isoméH NMR (400 MHz, CDC}) 84.17-4.09 (m, 1H), 4.08-4.02 (m,
1H), 3.97 (qJ 7.3 Hz, 1H), 3.84-3.75 (m, 1H), 3.68 (s, 3H), 3(593H), 3.38 (dJ 3.4 Hz, 2H),
3.29 (dd,J 5.1, 12.0 Hz, 1H), 2.98-2.84 (m, 1H), 2.84-2.72 @Hl), 2.50 (dtJ 2.4, 12.5 Hz,
1H), 2.21 (d,J 5.4 Hz, 1H), 2.18 (s, 3H), 2.12-1.86 (m, 2HC NMR (100 MHz, CDGCJ) &
207.9, 201.4, 108.6, 104.9, 78.4, 68.4, 66.1, 65b4, 51.8, 46.4, 41.4, 34.8, 33.4, 30.1, 18.3;
NMR data for minor isomerH NMR (400 MHz, CDC}) 84.17-4.09 (m, 1H), 4.08-4.02 (m,
2H), 3.97 (qJ 7.3 Hz, 1H), 3.84-3.75 (m, 1H), 3.66 (s, 3H), 3(5/3H), 3.38 (dJ 3.4 Hz, 1H),
3.29 (dd,J 5.1, 12.0 Hz, 1H), 2.98-2.84 (m, 1H), 2.84-2.72 @Hl), 2.63-2.59 (m, 1H), 2.22-
2.18 (m, 1H), 2.17 (s, 3H), 2.12-1.86 (m, 2FC NMR (100 MHz, CDGJ) & 208.1, 201.9,
108.7, 105.3, 77.8, 69.1, 66.3, 65.6, 56.7, 531.78,%45.3, 42.4, 41.0, 34.6, 30.0, 23.4. IR (neat)
2953, 2906, 2846, 1765, 1713, 1452, 1364, 12033,11049, 979 cify HRMS (ESI):mVz calcd

for C17H,4BrCl1,06 [M + H]*475.0113; found: 475.0088.

Twist-brendane 15.To a stirred solution c20 (2 g, 4.21 mmol) in THF (42 mL) was added
NaH (220 mg, 5.48 mmol, 60% in mineral oil) at 0 46d slowly allowed to warm to room
temperature and then heated at 60 °C. After be@ageld for 5 h, reaction mixture was cooled to
0 °C and added 10 mL of water drop wise, solverd exwaporated. The resulting residue was
diluted with EtOAc (75 mL), organic phase was safsd aqueous phase was extracted with
EtOAc (80 mL x 3), combined organic phase was washigh water (70 mL), brine (40 mL),
dried over NaSO, and concentrated under reduced pressure. Thdingsafude was purified
over silica gel column chromatography (25% EtOAd@&xane) to givel5 (1.49 g, 90%) as a
colorless solid (needles: crystallized from acdtda); mp: 152-154 °C; R= 0.5 (25% EtOAc in
hexane)H NMR (400 MHz, CDC}) & 4.02-3.89 (m, 3H), 3.85-3.77 (m, 1H), 3.60 (s, 3Bi}2

(s, 3H), 2.80-2.69 (m, 2H), 2.66 (d#i5.1, 11.0 Hz, 1H), 2.53 (d,7.3 Hz, 1H), 2.49 (d) 14.2
Hz, 1H), 2.17 (dJ 11.7 Hz, 1H), 2.14 (s, 3H), 2.08 (db5.1, 10.8 Hz, 1H), 1.96 (dd,4.9, 10.8
Hz, 1H), 1.81 (ddJ 1, 14.2 Hz, 1H)™*C NMR (100 MHz, CDGJ) & 208.1, 201.5, 108.1, 104.3,
74.2, 73.3, 65.3, 64.4, 55.0, 54.6, 51.6, 51.24,428.9, 35.6, 29.9, 24.3. IR (neat) 2984, 2950,
2848, 1783, 1713, 1441, 1335, 1192, 1141, 1088, ¢hRMS (ESI):m/z calcd for G7H23Cl20s
[M+H] " 393.0872; found: 393.0852.

(1R*,4S*,5R*)-Methyl 2,5-dichloro-3-0x0-4-(3-oxobutyl)spiro[bicyclo[2.2.2]octane-7,2'-
[1,3]dioxolane]-5-carboxylate 21.To a stirred solution of5 (500 mg, 1.27 mmol) in toluene
(12 mL) was added pTSA (290 mg, 1.52 mmol) at réemperature and then slowly warm to 80
°C. After being stirred for 4.5 h, 2 mL of water svadded, diluted with EtOAc (50 mL), organic
phase was separated aqueous phase was extradieBt@Ac (50 mL x 3), combined organic
phase was washed with NaH&Q@O0 mL), water (50 mL), brine (40 mL), dried oW&SO, and
concentrated under reduced pressure. The resutude was purified over silica gel column
chromatography (30% EtOAc in hexane) to gd&(424 mg, 88%) as a colorless liquid in 45:55
(exo:endo) ratio; R = 0.5 (25% EtOAc in hexane). NMR data &m isomer21b: *H NMR (400
MHz, CDCk) & 4.54 (d,J 3.4 Hz, 1H), 4.12-3.91 (m, 4H), 3.85 (s, 3H), 33140 (m, 1H), 3.07
(dd,J 2.7, 7.1 Hz, 1H), 2.72-2.45 (m, 3H), 2.45-2.22 @Hl), 2.16 (s, 3H), 2.05-1.87 (m, 1H),
1.87-1.76 (m, 1H)**C NMR (100 MHz, CDGJ) & 206.5, 203.2, 170.8, 106.8, 70.8 (2C), 65.2,
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58.1, 54.6, 54.5, 51.2, 39.7, 38.1, 38.0, 30.056.22MR data forendo isomer21a *H NMR (400
MHz, CDCk) & 4.50 (t,J 2.4 Hz, 1H), 4.12-3.90 (m, 4H), 3.78 (s, 3H), 331@3 (dd,J 2.4, 7.3
Hz, 1 H), 2.77-2.62 (m, 3H), 2.61-2.46 (m, 1H),2221 (m, 2H), 2.12 (s, 3H), 2.05-1.87 (m,
1H), 1.86-1.76 (m, 1H)**C NMR (100 MHz, CDG)) § 207.2, 203.0, 170.4, 106.8, 72.1 (2C),
64.4, 56.2, 55.3, 53.7, 43.9, 42.3, 38.1, 38.08,329.9, 22.6; IR (neat) 2955, 1745, 1726, 1435,
1355, 1281, 1245, 1164, 1110 ¢nHRMS (ESI):m/z calcd for GgH21Cl,06 [M+H] * 379.0715;
found: 379.0695.

(1S+,3S%,4R*)-Methyl 5-ox0-4-(3-oxobutyl)spiro[bicyclo[2.2.2]atane-7,2'-[1,3]dioxolane]-3-
carboxylate 14.To a stirred solution of mixtur2l (500 mg, 1.32 mmol) in acetic acid (10 mL)
was added zinc dust (517 mg, 7.9 mmol) at room &atpre. After being stirred for 6.5 h,
reaction mixture was filtered washed with EtOAc@20L) filtrate was washed with NaHGO
(60 mL), organic phase separated, agueous phaseextraxted with EtOAc (100 mL x 2),
combined organic phase was washed with water (100 bmine (50 mL), dried over N&O,
and concentrated under reduced pressure. Theingscilide was purified over silica gel column
chromatography (40% EtOAc in hexane) to givg(348 mg, 85%) as a colorless liquid;=R0.4
(45% EtOAc in hexane}H NMR (400 MHz, CDCJ) & 3.98-3.93 (m, 2H), 3.93-3.86 (m, 2H),
3.72 (d,J 4.9 Hz, 1H), 3.65 (s, 3H), 2.83 (d#l5.6, 11.0 Hz, 1H), 2.59-2.54 (m, 1H), 2.54-2.47
(m, 1H), 2.45-2.38 (m, 2H), 2.38-2.34 (m, 1H), 2214 (m, 2H), 2.13 (s, 3H), 1.92-1.87 (m,
1H), 1.85-1.74 (m, 1H), 1.54 (ddd,5.1, 10.3, 14.9 Hz, 1 H}?C NMR (100 MHz, CDG) §
211.1, 208.0, 174.9, 108.7, 64.6, 64.3, 52.1, #4523, 42.3, 39.8, 38.0, 35.3, 29.8, 26.2, 25.1. IR
(neat) 2951, 1728, 1665, 1441, 1362, 1339, 12606,11170 crit; HRMS (ESI):m/z calcd for
CieH26NOs [M+NH,4]* 328.1760; found: 328.1733

Enone 22 To a stirred solution df4 (300 mg, 0.967) in MeOH (43 mL) was added NaOHL(27
mg, 6.77mmol) and slowly warmed to reflux tempeamatfter being refluxed for 12 h, solvent
was evaporated under reduced pressure, residudiltesi with EtOAc (50 mL), organic phase
was separated, aqueous phase was extracted withcEdD mL x 3) combined organic phase
was washed with dil. HCI (20 mL), water (50 mL x Bjine (40 mL), dried over N&QO, and
concentrated under reduced pressure. The resudtinde was dissolved in MeOH (15 mL)
cooled to 0°C, solution of CHN; in ether was added till yellow color persist..Agh AcOH
was added to quench excess of diazomethane. Reaaitxture was concentrated under reduced
pressure, the resulting residue was purified oieaggel column chromatography (25% EtOAc
in hexane) afforded enor& (220 mg, 78%exo/endo: 4:1) as a colorless liquid.sR 0.5 (50%
EtOAc in hexane). NMR data fexo isomer:*H NMR (400 MHz, CDCY) & 5.96 (s, 1H), 3.98-
3.94 (m, 2H), 3.92 - 3.86 (m, 2H), 3.66 (s, 3H),322.65 (m, 2H), 2.41-2.30 (m, 2H), 2.29-2.22
(m, 1H), 2.21-2.15 (m, 1H), 2.07-1.97 (m, 2H), 8B%9 (m, 2H), 1.74 (ddd, 5.9, 8.1, 13.9 Hz,
1H). *C NMR (100 MHz, CDGJ) & 197.5, 175.1, 164.7, 125.9, 109.4, 64.3 (2C), 52701,
46.4, 39.3, 33.6, 33.5, 31.7, 30.1, 26.3. NMR datando isomer:"H NMR (400 MHz, CDC})

8 5.90 (s, 1H), 3.98-3.94 (m, 2H), 3.92 - 3.86 (iH),23.71 (s, 3H), 2.73-2.65 (m, 2H), 2.41-2.30
(m, 2H), 2.29-2.22 (m, 1H), 2.21-2.15 (m, 1H), 2097 (m, 2H), 1.89-1.79 (m, 2H), 1.74 (ddd,
J5.9, 8.1, 13.9 Hz, 1H)3C NMR (100 MHz, CDGJ) 6 197.7, 173.9, 165.9, 124.4, 109.2, 64.3
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(2C), 51.8, 45.3, 42.8, 38.9, 35.3, 34.4, 31.25296.2. HRMS (ESI)m/z calcd for GgH200sNa

[M + Na]"315.1208; found: 315.1210.

Keto ester 13.To a stirred solution d22 (190 mg, 0.65 mmol) in acetone (2 mL) was added 6N
HCI (0.65 mL) at C and allowed to warm to rt, After being stirrea foh (monitored by tic)
reaction mixture was diluted with EtOAc (40 mL)ganic phase was separated, aqueous phase
was extracted with EtOAc (40 mL x 3) combined oliggrhase was washed with water (50 mL),
brine (30 mL), dried over N8O, and concentrated under reduced pressure. Theingscilude
was purified over silica gel column chromatogra 9% EtOAc in hexane) to afforti3 (134
mg, 83%,exo:endo: 4:1) as a colorless solid (needles: crystalliftedh acetonitrile); mp: 110-
112 °C; R = 0.4 (50% EtOAc in hexane). NMR data fer isomer:'H NMR (400 MHz,
CDCl) 6 6.02 (d,J 2.0 Hz, 1H), 3.72 (s, 3H), 3.09-2.98 (m, 1H), 2879 (m, 1H), 2.79-2.70
(m, 1H), 2.70-2.60 (m, 1H), 2.52-2.45 (m, 1H), 2243 (m, 1H), 2.36-2.34 (m, 1H), 2.33-2.05
(m, 4H), 1.98-1.80 (m, 1H)*C (100 MHz, CDCJ) & 210.9, 196.7, 174.3, 161.1, 126.9, 52.4,
48.4, 46.5, 42.3, 40.8, 33.4, 32.4, 29.8, 27.5. Nt forendo isomer:*H NMR (400 MHz,
CDCl3) 6 5.98 (d,J 2.0 Hz, 1H), 3.75 (m, 3H), 3.09-2.98 (m, 1H), 2879 (m, 1H), 2.79-2.70
(m, 1H), 2.70-2.60 (m, 1H), 2.52-2.34 (m, 3H), 2885 (m, 4H), 1.98-1.80 (m, 1H}’C NMR
(100 MHz, CDC}) & 210.9, 196.7, 174.3, 161.1, 125.7, 50.7, 45.67,48.9, 42.7, 42.4, 40.8,
27.9, 33.3, 29.3, 27.3. IR (neat): 2952, 1725, 166%0, 1434, 1361, 1336, 1258, 1220, 1196,
1167, 1029 ci; HRMS (ESI):mvz caled for G4H20NO4 [M+NH,4]* 266.1392; found: 266.1386.
Enone 12.To a stirred suspension of methyltriphenylphospimnbromide (237 mg, 0.66
mmol) in THF (3 mL) was added potassitent-butoxide (69 mg, 0.61 mmol) at°C and then
allowed to warm to room temperature and stirred2for. A solution ofL3 (110 mg, 0.44 mmol)

in THF (1.5 mL) was added at -78 and after being stirred for 1 h, 1 mL of watersvealded
slowly drop wise. The reaction mixture was dilutedh EtOAc (25 mL), organic phase was
separated aqueous phase was extracted with EtCBAm[2x 3) combined organic phase was
washed with water (30 mL), brine (20 mL), dried oSO, and concentrated under reduced
pressure. The resulting crude was purified ovécasigel column chromatography (25% EtOAc
in hexane) to afford 2 (78 mg, 72%exo/endo:10:1) as a colorless liquidsR 0.5 (30% EtOAc

in hexanefH NMR (400 MHz, CDC{) § 5.95-5.91 (m, 1H), 4.97-4.87 (m, 1H), 4.72 (s, 1H)
3.67 (s, 3H), 2.86-2.77 (m, 1H), 2.70 (db.9, 10.3 Hz, 1H), 2.60-2.52 (m, 3H), 2.42-2.32 (m
2H), 2.25-2.16 (m, 1H), 2.11-1.92 (m, 3H), 1.78ddd 5.9, 7.6, 13.9 Hz, 1H}3C NMR (100
MHz, CDCk) 6 197.6, 175.1, 166.1, 147.1, 126.0, 107.8, 52.04,440.8, 39.1, 36.2, 35.8, 33.7,
30.9, 30.1. IR (neat): 2924, 2856, 1730, 1668, 14434, 1354, 1334, 1232, 1194, 1166, 1044
cm™; IR (neat): 2924, 2856, 1730, 1668, 1449, 1435413334, 1232, 1194, 1166, 1044tm
HRMS (ESI):mvz calcd for GsH1903 [M+H] " 247.1334; found: 247.1318.
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