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Abstract

High-yielding epoxidation conditions for the celisk pyrolysis product (-)-levoglucosenone
(LGO) and 3-aryl derivatives of LGO have been depetl. The reaction of LGO with
hydrogen peroxide/base is known to give a Baey#ig¥r reaction, however, it was found
that the reactions of LGO or derivatives widrt-butylhnydroperoxide/base affords solely
epoxides through the Weitz-Scheffer reaction. Aical parameter in the successful isolation
of the epoxide from LGO was to avoid all contacthwwater or alcohols during and after the
reaction. The epoxide products were reacted undearidh conditions affording allylic
alcohols and subsequent oxidation led to isolevaaianone or 3-arylisolevoglucosenone

derivatives. Previously unreported reactions oteismylucosenone were then investigated.

Keywords: Levoglucosenone, epoxide, diastereoselective, Imdloxide,

isolevoglucosenone



1. Introduction

The cellulose pyrolysis product (-)-levoglucosendhe has generated interest as a chiral
synthon due to its selective formation under acmbaditions and as non-food biomass is
used in its productioh®® It has been used to synthesize chiral materialsiding catalysts,
ligands and auxiliarie$, intermediates for the production of pharmaceuitaind has been
used as a scaffold for drug discov&jhe high degree of functionality ihhas allowed for
the development of a large set of transformaticersegating diverse structures. In particular,

oxidation chemistry involving the alkeneircan be used to produce rare carbohydrates.

Recent reports from the Banwell group have explapoxidation and allylic transposition
reactions onl (Scheme 13° The group have used the Wharton reaction as thestexy
leading to isolevoglucosenon®),(a compound which has been investigated by a eurmib
groups™ and once readily available may find new appligation synthesis. The authors
reported that the attempted WeSzheffer epoxidation df using hydrogen peroxide to give
5 resulted in a Baeyer-Villiger reaction affordiégwhich matches results in our group, and
is consistent with recent reports on the Baeyeligéit oxidation of 1 using hydrogen
peroxide in watet? Success in this reaction would have led to anciefit three-step
synthesis of the transposition produt The synthesis ofi-ketoepoxide5 was instead
achieved by reducing the ketone into alcohol 3a, protection as the acetatéb,
diastereoselective epoxidation affordityy deprotection and subsequent oxidation of alcohol
4a.'° The process could be carried out without protectimwever the epoxidation was not
diastereoselective. Recently, we reported a sefiasyl substituted derivativeswhich were
preparedfrom 1 via Suzuki chemistry® These compounds underwent Johnson-Corey-
Chaykovsky cyclopropanation via 1,4-addition of @fexonium ylide and none of the
competing epoxidation via 1,2-addition was obseri@stheme 1j*? The selectivity observed
for the 1,4-addition suggested that these derigatimight also serve as WebBzheffer
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epoxidation substrates, and could be used to preparylisolevoglucosenone derivatives in
a concise manner using Banwell's approdciAn investigation into this chemistry has
identified WeitzScheffer epoxidation conditions compatible witland 3-aryl derivatives,

and subsequently, Wharton chemistry has been oseldd production of isolevoglucosenone

2 and derivatives.

Scheme 1
Banwell et al.
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2. Results and Discussion

2.1 Weitz-Scheffer epoxidation of levoglucosenone

A series of reactions was performed bnto determine whether the Weischeffer
epoxidation could be achieved using literature ards and representative results are
presented in Table 1. The reaction of aqueous Iggirgeroxide withl using catalytic
base afforded the butenolifeeas expected and no epoxidation produetas observed.
The epoxidation of isolevoglucosenone can be ahmgt using HO, and NaOH, and
derivatives have been epoxidised usteg-butylhydroperoxide (TBHP) with DBU, a
reagent combination known for its selectivity i #poxidation of cyclie,p-unsaturated
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ketones:* Furthermore, kinetic isotope studies of the epatiath of cyclohex-2-en-1-one
have shown that axial approach of tiegt-butylhydroperoxide nucleophile is favored,
which matches nucleophilic additions to the ringked conformation of.*> Switching
the oxidant to 70% aqueous TBHP, an encouraging yi8¥ of epoxidesb was obtained
without evidence of Baeyer-Villiger reaction. Thenraining material was mostly
unreactedl, and a mixture of epoxides where the ketone hadradtgd or formed
hemiacetals. These hemiacetals did not revert tonkewith attempted drying by
coevaporation with toluene. An improved 82% yiefdbavas obtained using anhydrous
TBHP combined with DBU. In the reaction, hemiacedald hydrate formation was
avoided by omitting an aqueous workup, and insteskhg catalytic 10% Pd/C to
decompose residual hydroperoxide and avoidingaadtact of solutions ob with water
or alcohols. The base had a small influence anehg found that DBU was superior to
NEt; in the epoxidation reaction under the anhydroastren conditions. Both possible
epoxide diastereomers from the reaction are knavehsa the diastereoselectivity of the
reaction could be readily investigated. There wa®vidence in théH NMR spectra of
the crude materials of the other diasteromer, pnaly due to the high facial selectivity
of 1,4-additions tal. These results are significant when considerireggroduction of
isomer 2 from 1. The direct epoxidation ofl removes the need for the
reduction/protection/oxidation steps on the carlhowhich although high yielding, add

considerable time and handling to the publishedertal.



Table 1. Epoxidation ofl and aryl derivative8a-f.

Q £BUOOH or H,0,, 7R o
O@,R base, CH,Cly, 22 °C oé}o KC/V/O
1 R'= H 5R= HH 6
8a-f, R= Ar 11a-f, R=Ar
Entry? R Peroxide (equiV) Base (equiv) t (hr) Product  Yield, (corfv.)
1 H 27% HO, (1.0) KOH (0.4) 4 6 (24Y
2 H m-CPBA (1.5) - 16 5 -
3 H 70% TBHP (1.0) - 15 5 -
4 H 70% TBHP (1.0) KOH (0.1) 24 5 (3)
5 H 70% TBHP (1.0) KOH (1.0) 21 5 (23)
6 H 70% TBHP (1.0) K,COs(1.0) 16 5 (25)
7 H 70% TBHP (2.0) DBU (1.2) 16 5 20
8 H Anhyd. TBHP (1.1)  DBU (0.2) 16 5 8%
9 H Anhyd. TBHP (1.0)  Et;N (1.0) 16 5 (44Y
10 H Anhyd. TBHP (1.0)  TMG (1.0) 16 5 74
11 Ph Anhyd. TBHP (1.5)  DBU (0.2) 3 11a 84
12 Ph 70% TBHP (1.1) KOH (0.4) 3 11a o3
13 OMe 70% TBHP (1.1) KOH (0.4) 3 11b 84
S
14 o) 70% TBHP (1.1) KOH (0.4) 2 11c 84
}f©[0>
15 70% TBHP (1.1) KOH (0.4) 2 11d 56
LD
16 F 70% TBHP (1.1) KOH (0.4) 2 11e 31
17 /QQ Anhyd. TBHP (1.0) DBU (0.2) 2 1le 79
18 9-Phenanthryl  70% TBHP (1.1) KOH (0.4) 2 1f 93

3 Reactions performed usifg(1.0-2.0 mmol) in CKLCl, (10 mL) at 25 °C° 70% TBHP fert-butylhydroperoxide) solution
was in water and anhydrous TBHP was prepared binglrg CHCI, solution with anhydrous MgSQ Isolated yield,
percentage conversion determined'HyNMR relative to unreactetl ¢ Remaining material mainly unreactéd® 40 mmol

scale/5.0 mmol scale.

The observation of hydration products using aquetansbutyl hydroperoxide needed
confirmation although hydration in this ring-systésnwell known® The NMR spectra o6

in D,O, CDCk andds-acetone provided conclusive evidence that hydnabiccurs. Notable



among the changes in the@ spectra, thé’C spectrum lacked the carbonyl resonancé at
192 ppm seen in CDghnd had a resonanced88.9 ppm assigned to the ketone hydi&te
(Scheme 2). The addition of a drop ofto a solution ob in CDCk immediately resulted
in a complexXH NMR spectra, containing ketone, hydrate and jpbssiemiacetal dimers or
oligomers. Hydration ob in a ds-acetone solution in a capped NMR tube was alsolynea

complete over 8 hours (see Electronic Supportifgrination).
Scheme 2
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With the success achieved in the epoxidationl,ofind the lack of the Baeyer-Villiger

reaction using TBHP as oxidant, the epoxidationsotifer aryl derivativesBa-f were
examined. The epoxidations of electron rich aryiiv@gives 8a-d,f were more tolerant to
water and aqueous TBHP using KOH as base affordeellent yields of the epoxiddda-
d,f. In all cases, a single stereocisomer was obseatuedo the facial selectivity enforced by
the steric hindrance of the oxymethylene bridgethi@ case of the fluoro-substitut&d,
agueous TBHP resulted in the formation of hemidsethich were difficult to separate from
the desired product. Substituting the aqueous tongdiwith anhydrous TBHP gave a good
yield of the desired produdfle, indicating that substrates with electron poot ampstituents

may form hydrates similar to the unsubstituted pob8.

2.2 Wharton reactions of epoxides

With efficient methods developed allowing for thmalable synthesis of epoxideand aryl
substituted epoxidedla-e, the Wharton reactions could be examined (Table T2k

reactions were mainly performed in acetonitriled anethanol was avoided due to the



potential formation of hemiacetals. The rearrangdmeeaction of5 with anhydrous
hydrazine/acetic acid has been reported by Banavell coworkers and our result of 67%
yield starting withs mirrored those of the previous report. All attesnat improving the yield
using base promoted Wharton conditions failed amgt trace amounts of allylic alcohdl
were obtained. In the case of unsubstituted epdXidlee use of hydrazine hydrate afforded
less of the desired rearrangement product, posgimyto the susceptibility of the carbonyl to
hydration. An acceptable yield @8a was obtained using phenyl substituted epogalevith
hydrazine hydrate (entry 11), and anhydrous camhtislightly improved yields in this
reaction (entry 10). The electron-rich substral#s,c and the electron-poor substrdite

both afforded good yields of the allylic alcohobgducts13b,c and13e.



Table 2. Wharton reactions on epoxi@eand aryl derivative$la-e.

NH,NH,-H,0 or

@LRO NH,NH, (anhydrous) O o \ .
N H  25°C, solvent, acid ~ oH
5,R=H 7,R=H
11a-e, R=Ar 13a-e, R=Ar

entry R NHNH, (equiv) Acid (equiv) Solvent t(hrs) Product VYighkb)
1 H anhyd. (4.0) AcOH (5.0) MeOH 2 7 Lit 45
2 H anhyd. (2.0) AcOH(0.2) MeCN 5 7 31
3 H hydrate (2.0) AcOH (0.2) MeCN 5 7 <5
4 H anhyd. (2.0) AcOH (2.0) MeCN 2 7 67
5 H anhyd. (2.0) AcOH (2.0) CHCIl, 2 7 26
6 H anhyd. (2.0) TFA (2.0) MeCN 2 7 17
7 H hydrate (2.0) AcOH (2.0) MeCN 2 7 <5
8 Ph anhyd. (1.1) AcOH (1.1) MeOH 2 13a 41
9 Ph anhyd. (2.0) AcOH (2.0) MeOH 3 13a 51
10 Ph anhyd. (2.0) AcOH (2.0) MeCN 2 13a 79
11 Ph hydrate (2.0) AcOH (2.0) MeOH 2  13a 65
12 OMe anhyd. (2.0) AcOH (2.0) MeCN 2 13b 64

AT
13 @[o> anhyd. (2.0) AcOH (2.0) MeCN 2 13c 62

B o
14 hydrate (2.0) AcOH (2.0) MeCN 2 13d <5

s
15 anhyd. (2.0) AcOH (2.0) MeCN 2 13e 68

pS




The allylic alcohol productg and13a-e formed in the Wharton reaction were acid sensitive
and underwent rearrangement in CPEcheme 3). Near quantitative conversion to furan
(R = H)" was observed after 8 days, presumably promotetalogs of acid in the solvent.
Allylic alcohols 13a-e with aryl substituents were more stable, takingaif weeks for most
of the allylic alcoholto react at ambient temperature. A plausible mesharfor the
formation of17 involves a series of stabilized oxocarbenium ianghh acid-catalyzed ring-
opening of the acetal centreror 13 giving the delocalized oxocarbenium i@, which is
then trapped as the intermediate 5,7-dioxabicycof2hept-2-ene systeitb. Further ring-

opening througl6 and aromatisation gives the observed diols.

Scheme 3
o~ 07 0
- +
Q\ R tH* \ H o |
., CDCl "R R
OH 5
7 R=H OH (1):1 OH 15
13a-e, R=Ar
+H*
HO " ° hil HO " 6\
\ /) _
Rz R 16

The oxidation of allylic alcohof to isolevoglucosenon@) has been reported using activated
MnO, in CH,CL.X® In our hands, improved reliability of the oxidatiwvas obtained using
Dess-Martin periodinane (DMP). The oxidation7ofvith DMP afforded isolevoglucosenone
(2) and likewise, oxidation of th8-substituted derivativek3a-c,e gavel8a-c,e in moderate
to excellent yield (Table 3). Starting with the three-step process gave an overall yiel?l of
of 43%, while phenyl substitutelBa was obtained in 65% vyield for the three stepgiatar

with 8a, which can be obtained fromin excellent yield:*
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Table 3. The oxidation of allylic alcoholg and13.

o4 CHiCly 25°C o
7,R=H 2,R=H
13a-c,e, R=Ar 18a-c,e, R=Ar
entry R product yield
1 H 2 78
2 Ph 18a 88

3 OMe 18b 64
LT

4 (¢} 18c 42
fa@[o>

A

As gram scale guantities @ and18e were available, several reactions that could géeera
novel chiral derivatives were performed (SchemeAd&ra-Michael addition of aniline t@
proceeded to give mainlgxo-addition produc20 and some of the epim@i in moderate
yield. The stereochemistry was assigned on theshafscoupling constants and NOESY
interactions in the major isom20. The equatorial H-@proton ats 2.55 ppm hadJ W-path
couplings to H-1 and H-5 and had interactions \higortho-protons on the aromatic ring in
the 2D NOESY NMR spectrum. Attempted cyclopropasratiof 2 using the Corey-
Chaykovsky sulfoxonium ylid& with 1,1,3,3-tetramethylguanidine (TMG) gave viiiy
none of the cyclopropane produa, however, aryl substitutetBa afforded an excellent
yield of a single diastereom2gb. The outcomes from the aza-Michael and cycloprapan
reactions agreed with the preferred stereochemic#tome of additions t®.*° The
hydrogenation of2 to give the known dihydrolevoglucoseno@8'® proceeded in near
guantitative yield and subsequent reaction withzb&tehyde and TMG afforded tizealdol

condensation produ@4. The alkene geometry was assigned on the baswoskpeaks
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between the vinylic CH and the methylene adjacenié¢ double bond in the NOESY NMR
spectrum. The outcome of this reaction differs lie teaction of thgseudo-enantiomer

dihydrolevoglucosenone, which affords &aldol condensation product?°
Scheme 4.

PhNH,, NHPh NHPh
0.1M cho3

O
4:1,57%

R MesS=0*I,TMG H

o@ DMSO R
~/ =0 RT, 4hrs 02 &q

2,R=H

18a, R=Ph 22a, R =H, <5%
’ 22b, R = Ph, 92%
H,, Pd/C
50 °C, 4 days

7 PhCHO, TMG A Ph

" Dioxane “

00 )so Dioxane 070 k.,
24 hrs, 100 °C
23, 98% 24, 35%

The results presented here provide a method foditeet epoxidation ol and some 3-aryl
derivatives8 and their subsequent conversion to substitute@vsglucosenone derivatives.
Levoglucosenonelf is emerging as a versatile starting materialyimttsesis and this single
step, scalable and high yielding synthesis of fiexigle derivativeb is an important addition
to its known reactivity. The exploration of ring€png reactions db for the preparation of

carbohydrate derivatives, and some further transftions orR are currently underway.
3. Experimental
3.1 General Experimental

Solvents were dried using literature procedutesNMR spectra recorded in CDOWere
recorded at 298 K referenced to TM% Q0 ppm) and™C NMR spectra were referenced to
residual solventd¢ 77.0 ppm).*H and *C NMR spectra in BO were referenced to the

internal reference 1,4-dioxan&(3.75 ppm3y 67.19 ppm)H NMR spectra irds-acetone
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were referenced to residual solvedy .05 ppm). MS were recorded using/Amlent 6120
Quadrupole detector. Melting points are uncorredttRIMS were recorded in positive ESI V
mode (source temperature 80 °C, desolvation teriperd50 °C, capillary 2.5 kV). HRMS
were recorded on an AB SCIEX 5600 Triple-TOF masscgometer. Aryl derivative8a-e

were prepared as previously describéd.

3.2 General procedure for Epoxidation Reactions. Anhydrous tert-butylhydroperoxide
(TBHP) solution was prepared by adding 70% TBHP in wateédq mL) to CHCI, (20 mL),
standing over anhydrous Mg$Q-2 grams) for 15 minutes and then decanting thetisn.
The anhydrous TBHP solution (1.1 eq) was added stireed solution ofo,-unsaturated
ketone (1.59 - 39.6 mmol) in GBI, (total volume specified below). Alternatively, 70%
agueous TBHP (1.1 eq) was added to the solutianfefinsaturated ketone without drying.
The solution was cooled via ice bath to 0 °C arehtBBU (0.2 eq) or KOH (0.4 eq) was
added and the mixture allowed to warm to room teatpee over 2-3 hrs and stirring
continued as set out in Table 1. When no startiaterial remained by TLC, the reaction was
guenched by the addition of 10% Pd/C (25 mg), theture stirred until the evolution of
oxygen ceased and a negative test for peroxide obéained (starch/iodide paper). The

solution was then concentrated under reduced peeasid purified as specified below.

(1R,2R,4R,6R)-3,7,9-Trioxatricyclo[4.2.1.0>/nonan-5-one  (5).*'° The reaction of
anhydrous TBHP prepared from 70% aqueous TBHP (%.0043.3 mmol) withl (5.00 g,
39.6 mmol) in CHCI, (200 mL) and DBU (1.18 mL, 7.91 mmol) was perfodreecording
to the general procedure. Purification by flashoamatography (1:4 MeCN/EtOAc) afforded
5 as colorless crystals (4.59 g, 829%); (1:4 MeCN/EtOAc) 0.50}H NMR (500 MHz,

CDCl;) 6 5.18 (d,J = 1.8 Hz, 1H, H-6), 5.00 (br dd,= 4.8, 1.9 Hz, 1H, H-1), 4.04 (dd,=
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7.4,0.6 Hz, 1H, H), 3.90 (ddJ = 7.4, 4.8 Hz, 1H, H®, 3.52 (ddJ = 3.7, 1.8 Hz, 1H, H-
4), 3.31 (dddJ = 3.7, 1.9, 0.6 Hz, 1H, H-2}°C NMR (125 MHz, CDGJ) § 192.1 (C-5),
99.8 (C-6), 70.2 (C-1), 65.1 (C-8), 49.9 (C-2), 49(C-4). (1R2R4R,6R)-3,7,9-
Trioxatricyclo[4.2.1.0**|nonane-5,5-diol (12). '"H NMR (500 MHz, BO) & 5.00 (br d,J =
2.5 Hz, 1H, H-6), 4.89 (ddd), = 4.6, 1.6, 0.6 Hz, 1H, H-1), 4.08 @= 7.9 Hz, 1H, H-B),
3.84 (dd,J = 7.9, 4.6 Hz, 1H, H<®, 3.47 (ddJ = 4.3, 1.6 Hz, 1H, H-2), 3.18 (ddd= 4.3,
2.5, 0.6 Hz, 1H, H-4)*C NMR (125 MHz, DO) 5 101.6 (C-6), 88.9 (C-5), 70.4 (C-1), 67.1

(C-8), 53.1 (C-4), 50.5 (C-2).

(1S,5R)-3-(Phenanthren-9-yl1)-6,8-dioxabicycl o[ 3.2.1] oct-2-en-4-one (8f). 3-
lodolevoglucosenort® (1.5 g, 5.95 mmol), 9-phenanthrylboronic acid (1g98.92 mmol),
K3PQ, (2.53 g, 11.92 mmol), SPhos (49 mg, 0.12 mmol) Rd¢DAc) (14 mg, 0.06 mmol)
were combined in toluene (15 mL) and refluxed & i@ for 45 min in a microwave reactor.
The mixture was diluted with 20 (20 mL), extracted with DCM (30 mL x 3) and thganic
phase concentrated. The organic residue was idolai@ flash chromatography (1:1
EtOAc:hexanes) then recrystallized from EtOH tooaffthe product as colorless crystals
(1.39 g, 77%)R (1:1 EtOAc:hexanes) 0.89; mp 163-172 °@pf> -168 € 0.6, CHC}): *H
NMR (500 MHz, CDC}) 5 8.74-8.63 (m, 2H, ArH), 7.88-7.83 (m, 1H, ArH)7@-7.53 (m,
6H, ArH), 7.30 (dJ = 4.8 Hz, 1H, H-2), 5.61 (s, 1H, H-5), 5.20 (dds 4.8, 4.8 Hz, 1H, H-
1), 4.10-3.98 (m, 2H, H-7)°C NMR (125 MHz, CDCJ) 5 188.2 (C-4), 146.1 (C-2), 138.6
(C-3), 131.2 (ArC), 130.7 (ArC), 130.62 (ArC), 188.(ArC), 130.4 (ArC), 128.9 (ArC),
128.2 (ArC), 127.3 (ArC), 127.0 (ArC), 126.91 (ArC)26.89 (ArC), 126.0 (ArC), 123.1
(ArC), 122.7 (ArC), 101.9 (C-5), 72.6 (C-1), 67.0-7); FT-IR (neat) 3062, 2963, 2899,
1699, 1492, 1449, 1351, 1292, 1239, 1106, 1069],10803, 748 ciy MS (ESI)m/z 325.0
[M+Na]*; HRMS (ESI) calc. for ggH140sNa [M + H]*, 325.0841; found 325.08309.
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(1R,2R 4R,6R)-4-Phenyl-3,7,9-trioxatricyclo[4.2.1.0**|nonan-5-one (11a). The reaction of
70% aqueous TBHP (0.75 mL, 5.5 mmol) witfi-unsaturated ketorféa (1.00 g, 5.0 mmol)
and KOH (0.11 g, 2.0 mmol) in GBI, (12 mL) was performed as per the general procedure.
The crude product was purified by flash chromatpgya (2:3 EtOAc/hexanes) then
recrystallized from EtOH to afford the epoxide asodess crystals (1.01 g, 93% (2:3
EtOAc/hexanes) 0.60; mp 139-141 °C (EtOH)]of* —22 € 0.78, CHCY); FT-IR (neat)
1736, 1496, 1485, 1447, 1410, 1335, 1253, 11246,10075, 1022 cit *H NMR (500
MHz, CDCL) & 7.39-7.36 (m, 3H, ArH), 7.33-7.30 (m, 2H, ArH)35.(s, 1H, H-6), 5.05 (dd,
J=4.6, 1.9 Hz, 1H, H-1), 4.14 (d,= 7.5 Hz, 1H, H-8), 3.94 (ddJ = 7.5, 4.6 Hz, 1H, H-
8a), 3.39 (dJ = 1.9 Hz, 1H, H-2)}*C NMR (125 MHz, CDGJ) § 192.3 (C-5), 131.7 (ArC),
128.9 (ArC), 128.5 (ArC), 126.5 (ArC), 99.8 (C-60.8 (C-1), 65.5 (C-8), 58.5 (C-4), 58.1
(C-2); MS (El)m/z = 218.1 (M, trace), 162.1 (43%), 145.1 (47), 133.1 (46), 11(%2),
106.1 (28), 105.1 (100), 89.1 (35), 77.1 (85), 6@8), 51.1 (35); HRMS (ESI) calc. for

C12HgO4 [M — H] ™, 217.0501; found 217.0497.

(1R,2R 4R 6R)-4-(4-M ethoxyphenyl)-3,7,9-trioxatricyclo[4.2.1.0*|nonan-5-one  (11b).
The reaction of 70% aqueous TBHP (0.389 mL, 2.84othmuith o,B-unsaturated ketorngb
(600 mg, 2.58 mmol) and KOH (58 mg, 1.03 mmol) id,Cl, (10 mL) was performed as per
the general procedure. The crude product was pdriby flash chromatography (1:1
EtOAc/hexanes) to afford the epoxide as colorlesgstals (539 mg, 84%)R (1:1
EtOAc/hexanes) 0.74; mp 144-146 °@}4*® —-31 € 0.16, CHCJ); FT-IR (neat) 2973, 1736,
1609, 1510, 1244, 1185, 1127, 1096, 1016, 978,922 'H NMR (500 MHz, CDCJ) &

7.26-7.23 (m, 2H, ArH), 6.92-6.89 (m, 2H, ArH), 8.8, 1H, H-6), 5.05 (dd} = 4.5, 2.0 Hz,
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1H, H-1), 4.13 (dJ = 7.5 Hz, 1H, H-B), 3.94 (ddJ = 7.5, 4.5 Hz, 1H, H-®, 3.81 (s, 3H,
OCHg), 3.39 (d,J = 2.0 Hz, 1H, H-2)}*C NMR (125 MHz, CDGJ) § 192.6 (C-5), 160.1

(ArC), 128.0 (ArC), 123.6 (ArC), 113.9 (ArC), 9948-6), 70.8 (C-1), 65.5 (C-8), 58.4 (C-4),
58.1 (C-2), 55.3 (OCH; MS (El) m/iz = 248.0 (M, 19%), 202 (25), 175.1 (29), 174 (34),
163.1 (33), 159.1 (55), 147.1 (31), 145.1 (31), {B90), 115 (23), 77 (36); HRMS (ESI)

calc. for G3H1:05 [M — H] ", 247.0606; found 247.0601.

(1R,2R 4R 6R)-4-(Benzo[d][1,3]dioxol-5-yl)-3,7,9-trioxatricyclo[4.2.1.0>*]nonan-5-one
(11c). The reaction of anhydrous TBHP prepared from 70#eags TBHP (0.15 mL, 1.07
mmol), a,p-unsaturated keton&c (0.240 g, 0.97 mmol) and DBU (29 pL, 0.19 mmol) in
CH.Cl» (10 mL) was performed as per the general procedime.crude product was purified
by flash chromatography (1:1 EtOAc/hexanes) themstallized from EtOH to afford the
epoxide as a light yellow wax (0.215 g, 84%);(1:1 EtOAc/hexanes) 0.70¢]p** -10 €
0.50, CHC}); FT-IR (neat) 3479, 1971, 2902, 1738, 1609, 18011, 1445, 1408, 1354,
1300, 1233, 1123, 1097, 1035 ¢nfH NMR (500 MHz, CDC)) 6 6.80-6.79 (m, 3H, ArH),
5.97 (s, 2H, OChD), 5.29 (s, 1H, H-6), 5.04 (dd,= 4.5, 1.9 Hz, 1H, H-1), 4.12 (d,= 7.4
Hz, 1H, H-8), 3.94 (ddJ = 7.4, 4.5 Hz, 1H, H-®, 3.37 (dJ = 1.9 Hz, 1H, H-2)**C NMR
(125 MHz, CDC4) 5 192.3 (C-5), 148.2 (ArC), 147.8 (ArC), 125.3 (Ar@p0.5 (ArC), 108.3
(ArC), 107.2 (ArC), 101.3 (OCHD), 99.7 (C-6), 70.8 (C-1), 65.5 (C-8), 58.5 (C&8,0 (C-
2); MS (El)m/z = 262 (M, 42%), 188 (61), 173 (40), 159 (35), 149 (100)7 140), 131

(37), 121 (28), 103 (32), 63 (26); No molecular aisserved by ESI-HRMS.

(1R,2R 4R,6R)-4-(Naphthalen-2-yl)-3,7,9-trioxatricyclo[4.2.1.0**|nonan-5-one (11d). The

reaction of 70% aqueous TBHP (0.600 mL, 4.38 mmgp;unsaturated ketong&d (1.0 g,
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3.96 mmol) and KOH (90 mg, 1.58 mmol) in &b (20 mL) was performed as per the
general procedure. The crude product was purifigd flash chromatography (2:3
EtOAc/hexanes) to afford the epoxide as colorlesgstals (0.596, 56%);R: (2:3
EtOAc/hexanes) 0.60; mp 191-193 °G]4* -8 (c 0.62, CHCJ); FT-IR (neat) 3064, 2974,
2910, 1736, 1602, 1505, 1481, 1411, 1338, 12840,11399, 1061, 817, 746 &mn'H NMR
(500 MHz, CDC}) § 7.85-7.81 (m, 4H, ArH), 7.52-7.48 (m, 2H, ArH)38-7.34 (m, 1H,
ArH), 5.36 (s, 1H, H-6), 5.08 (dd,= 4.6, 1.9 Hz, 1H, H-1), 4.17 (d,= 7.5 Hz, 1H, H-B),
3.97 (dd,J = 7.5, 4.6 Hz, 1H, H®, 3.45 (d,J = 1.9 Hz, 1H, H-2)!*C NMR (125 MHz,
CDCly) 6 192.4 (C-5), 133.3 (ArC), 132.8 (ArC), 129.2 (Arap8.3 (ArC), 128.1 (ArC),
127.7 (ArC), 126.7 (ArC), 126.6 (ArC), 126.1 (ArC)23.6 (ArC), 99.8 (C-6), 70.9 (C-1),
65.6 (C-8), 58.7 (C-4), 58.3 (C-2); MS (Eiyz = 268.1 (M, 47%), 195.1 (38), 194.1 (32),
179.1 (25), 165.1 (47), 155.1 (100), 152.1 (339.1336), 128.1 (31), 127.1 (91); HRMS

(ESI) calc. for GgH1104 [M — H] , 267.0657; found 267.0654.

(1R,2R 4R 6R)-4-(2-Fluor ophenyl)-3,7,9-trioxatricyclo[4.2.1.0**|nonan-5-one (11€). The
reaction of anhydrous TBHP prepared from 70% agsietBHP (0.483 mL, 3.52 mmol),
a,p-unsaturated ketortée (0.706 g, 3.21 mmol) and DBU (96 uL, 0.64 mmolXdH.Cl, (10
mL) was performed as per the general procedure.cfime product was purified by flash
chromatography (2:3 EtOAc/hexanes) then recryg&lifromi-Pr,O to afford colorless
crystals (0.600, 79%J (2:3 EtOAc/hexanes) 0.50; mp 134-136 1®£0); [0]p?® 150 €
0.44, CHCY); FT-IR (neat) 2968, 2910, 1744, 1618, 1582, 149181, 1404, 1334, 1259,
1213, 1172, 1124, 1104, 1093, 1056, 1024, 968, 32 ,cm'; ‘*H NMR (500 MHz, CDC))

§ 7.47-7.44 (m, 1H, ArH), 7.40-7.35 (m, 1H, ArH)2@-7.18 (m, 1H, ArH), 7.08-7.04 (m,
1H, ArH), 5.31 (s, 1H, H-6), 5.07 (br dd= 4.8, 1.9 Hz, 1H, H-1), 4.23 (d,= 7.4 Hz, 1H,
H-8B), 3.98 (dd,J = 7.4, 4.8 Hz, 1H, H-®, 3.51 (d,J = 1.9 Hz, 1H, H-2)}*C NMR (125
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MHz, CDCk) § 191.2 (C-5), 160.3 (dJcr = 247.6 Hz, ArC), 131.0 (dlcr = 8.1 Hz, ArC),
129.1 (d,Jcr = 2.8 Hz, ArC), 124.3 (dlcr = 3.5 Hz, ArC), 119.8 (dJce = 15.0 Hz, ArC),
115.1 (d,Jcr = 20.3 Hz, ArC), 99.7 (C-6), 70.4 (C-1), 65.3 (;86.5 (C-2), 56.1 (C-4); MS
(El) miz = 236.0 (M, trace), 163 (33%), 151.1 (22), 147.1 (48), 14@4), 133 (42), 123
(100), 120 (19), 107 (17), 95 (30), 75 (15); HRMBS() calc. for GoHgOsF [M — HJ,

235.0407; found 235.0399.

(1R,2R 4R 6R)-4-(Phenanthren-9-yl)-3,7,9-trioxatricyclo[4.2.1.0**|nonan-5-one  (11f).
The reaction of 70% aqueous TBHP (0.862 mL, 6.2%fjym,B-unsaturated ketorgf (1.73

g, 5.72 mmol) and KOH (0.128 g, 2.29 mmol) in L (40 mL) was performed as per the
general procedure. The crude product was purifigd flash chromatography (2:3
EtOAc/hexanes) to afford the epoxide as a lightworowvax (1.70 g, 93%)R: (3:7
EtOAc/hexanes) 0.560]p'” —95 € 0.21, CHCY); FT-IR (neat) 2964, 2921, 1784, 1736,
1450, 1340, 1249, 1209, 1127, 1098, 748'cthl NMR (500 MHz, CDCY) 6 8.73 (dJ=8.1
Hz, 1H, ArH), 8.67 (dJ = 8.2 Hz, 1H, ArH), 7.99 (br s, 1H, ArH), 7.91 (b, 2H, ArH),
7.70-7.60 (m, 4H, ArH), 5.45 (br s, 1H, H-6), 508 d,J = 4.6 Hz, 1H, H-1), 4.42 (d] =
7.7 Hz, 1H, H-B), 4.11 (ddJ = 7.7, 4.6 Hz, 1H, H®, 3.54 (br s, 1H, H-2)**C NMR (125
MHz, CDChk) 5 192.5 (C-5), 130.9 (ArC), 130.7 (ArC), 130.3 (Ar@)29.3 (ArC), 129.1
(ArC), 127.5 (ArC), 127.3 (ArC), 127.2 (ArC), 12B.1ArC), 127.0 (ArC), 126.8 (ArC),
123.5 (ArC), 123.4 (ArC), 122.5 (ArC), 100.1 (C-8§).9 (C-1), 65.3 (C-8), 59.0 (C-4), 57.2
(C-2); MS (ESI)m/z = 341.1 [M+Na]; HRMS (ESI) calc. for GH1304 [M - H]~, 317.0814;

found 317.0810.
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3.3 General Procedure for the Wharton Reaction. A stirred solution of epoxid® or 11a-
c,ein MeCN (4.0 - 6.0 mL/mmol) was cooled to 0 °Cngsan ice bath and a 1.0 M solution
of hydrazine (2 equiv) in THF was added. The solutivas allowed to stir for 5 min before
addition of glacial AcOH (2 equiv) then subsequeallowed to warm to room temperature.
After the time specified in Table 2, the reactioaswdiluted with sat. NaHCGsolution, and
extracted exhaustively with GBI, (TLC), dried with MgSQ then concentrated under

reduced pressure. The crude product was furthéigzlias specified below.

(1R,2S,5R)-6,8-Dioxabicyclo[3.2.1] oct-3-en-2-0l (7).2°° The reaction of epoxids (1.00 g,
7.0 mmol) with 1M hydrazine in THF (14 mL, 14.0 minand AcOH (0.80 mL, 14.0 mmol)
in MeCN (40 mL) was performed as per the generalcguiure. Purification by flash
chromatography (1:1 EtOAc/hexanes) afforded thke fitroduct as a yellow oil which
crystallized upon standing at 4 °C (0.60 g, 6786 43-45 °C (Lit. mp 59-60 °CR (4:1
EtOAc/hexanes) 0.61; a[p>* +138 € 1.0, MeOH) (Lit'° [a]p +209 € 0.6, MeOH))H
NMR (500 MHz, CDC}) 6 6.03 (dddJ = 9.6, 3.4, 0.6 Hz, 1H, H-4), 5.85 (dddds 9.6, 4.4,
1.9, 0.8 Hz, 1H, H-3), 5.52 (br d,= 3.4 Hz, 1H, H-5), 4.67 (dddd,= 6.6, 2.2, 1.9, 1.4 Hz,
1H, H-1), 3.95 (ddJ = 7.9, 6.6 Hz, 1H, H-), 3.67 (dddJ = 4.4, 1.4, 0.8 Hz, 1H, H-2), 3.46
(dd,J = 7.9, 2.2 Hz, 1H, Hff), 2.25 (br s, 1H, OH**C NMR (125 MHz, CDGCJ) & 130.0
(C-3), 126.3 (C-4), 95.4 (C-5), 76.8 (C-1), 67.22 62.6 (C-7). A CDGlsolution of7 was
observed to react over 8 days to give fut@an(R = H). (R)-1-(Furan-2-yl)ethane-1,2-diol
(17, R = H." [0]p™ +26 € 1.48, CHCY); Lit*" +32.0 (c 2.17, CkCl,); *H NMR (500 MHz,
CDCl) § 7.39 (ddJ = 1.9, 0.9 Hz, 1H, H*, 6.36 (dd,J = 3.3, 1.9 Hz, 1H, H4, 6.32 (ddd,
J=3.3,0.9, 0.6 Hz, 1H, H3 4.81 (dddJ = 6.4, 4.7, 0.6 Hz, 1H, H-1), 3.87 (ddi= 11.4,
6.4 Hz, 1H, H-2), 3.86 (dd] = 11.4, 4.7 Hz, 1H, H-2), 2.66 (br s, 2H, OXIC NMR (125
MHz, CDCk) & 153.6 (C-2, 142.3 (C-5, 110.3 (C-4, 107.0 (C-3, 68.3 (C-1), 65.1 (C-2);
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MS (El) miz = 128 (M, 67%), 98 (20), 97.1 (M-C}OH", 100), 95 (15), 81 (14), 69.1 (37),

53.1 (13), 51.1 (12), 41.1 (74), 39.1 (39).

(1R,2S,5R)-3-Phenyl-6,8-dioxabicyclo[3.2.1]oct-3-en-2-0l (13a). The reaction of epoxide
11a (200 mg, 0.92 mmol) with 1M hydrazine in THF (1.8&, 1.83 mmol) and AcOH (105
puL, 1.83 mmol) in MeCN (4 mL) was performed as fiex general procedure. Purification
by flash chromatography (2:3 EtOAc/hexanes) and n theecrystallization from
acetone/hexanes afforded the title product as yellw crystals (149 mg, 79%R (2:3
EtOAc/hexanes) 0.70; mp 108-110 °C (acetone/he}afds® —22 ¢ 0.88, CHCY); FT-IR
(neat) 3380, 2971, 2892, 1632, 1494, 1446, 13583,11098, 1072, 1034, 1013, 897, 750
cm’; 'H NMR (500 MHz, CDCY) § 7.56-7.55 (m, 2H, ArH), 7.39-7.31 (m, 3H, ArH)36.
(d,J = 3.6 Hz, 1H, H-4), 5.71 (d,= 3.6 Hz, 1H, H-5), 4.82 (ddd,= 6.6, 2.0, 1.8 Hz, 1H, H-
1), 4.19 (br. dJ = 8.7 Hz, 1H, H-2), 3.99 (dd,= 7.9, 6.6 Hz, 1H, Hf), 3.53 (ddJ = 7.9,
2.1 Hz, 1H, H-%), 2.40 (br dJ = 8.7 Hz, 1H, OH)**C NMR (125 MHz, CDGJ) & 136.38
(ArC), 136.35 (C-3), 128.7 (ArC), 128.6 (ArC), 195ArC), 124.0 (C-4), 95.7 (C-5), 77.2
(C-1), 68.4 (C-2), 62.4 (C-7); MS (EfjVz = 204.1 (M, 21%), 157.1 (57), 148 (83), 147
(100), 115.1 (49), 105 (20), 103.1 (29), 102.1 (3.1 (22), 77.1 (30); No molecular ion

observed by ESI-HRMS.

(1R,2S,5R)-3-(4-M ethoxyphenyl)-6,8-dioxabicyclo[ 3.2.1] oct-3-en-2-0l (13b). The reaction
of epoxidellb (248 mg, 1.0 mmol) with 1M hydrazine in THF (2.64Q_, 2.0 mmol) and
AcOH (0.114 mL, 2.0 mmol) in MeCN (4 mL) was perfeed as per the general procedure.
Purification by flash chromatography (3:2 EtOAc/aegs) afforded the title product as a pale

yellow oil (150 mg, 64%)R (3:2 EtOAc/hexanes) 0.80¢]p?2 -17 (€ 0.53, CHCY); FT-IR
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(neat) 3269, 2958, 2896, 2837, 1729, 1605, 1578219462, 1418, 1357, 1307, 1276, 1243,
1181, 1111, 1098, 1074, 901 ¢mtH NMR (500 MHz, CDCJ) & 7.51-7.48 (m, 2H), 6.92-
6.89 (M, 2H), 6.21 (d] = 3.7 Hz, 1H, H-4), 5.69 (d,= 3.7 Hz, 1H, H-5), 4.81 (ddd,= 6.7,
2.2, 1.4 Hz, 1H, H-1), 4.16 (br dd= 10.2, 1.4 Hz, 1H, H-2), 3.98 (dd= 8.0, 6.7 Hz, 1H,
H-70), 3.82 (s, 3H, OCH), 3.52 (dd,J = 8.0, 2.2 Hz, 1H, Hff), 2.33 (d,J = 10.2 Hz, 1H,
OH); 3C NMR (125 MHz, CDG) & 159.9 (ArC), 135.7 (C-3), 128.7 (ArC), 127.1 (ArC)
122.1 (C-4), 114.1 (ArC), 95.9 (C-5), 77.2 (C-18.% (C-2), 62.4 (C-7), 55.3 (OGH MS
(El) m'z = 234.1 (M, 46%), 203.1 (21), 187.1 (100), 178.1 (84), 1134), 161 (20), 159.1
(22), 147.1 (20), 133.1 (24), 109.1 (24); HRMS (E84lc. for GsH1.OsNa [M + HJ,
257.0790; found 257.0786. A CD{3olution of13b was observed to react over 21 days to
give furanl7 (R = 4-MeOPh)(R)-1-(3-(4-M ethoxyphenyl)furan-2-yl)ethane-1,2-diol (17,

R = 4-MeOPh)*H NMR (500 MHz, CDC)) 6 7.41 (d,J = 1.9 Hz, 1H, H-5, 7.38-7.35 (m,
2H, ArH), 6.96-6.93 (m, 2H, ArH), 6.51 (d,= 1.9 Hz, 1H, H-9, 4.91 (ddJ = 7.7, 4.3 Hz,
1H, H-1), 4.06 (ddJ = 11.5, 7.7 Hz, 1H, H-2), 3.86 (ddi= 11.5, 4.3 Hz, 1H, H-2), 3.83 (s,
3H, OCH); *C NMR (125 MHz, CDGJ) & 159.0 (ArC), 147.7 (C“p, 142.0 (C-B, 129.3
(ArC), 125.1 (ArC), 124.6 (C‘B 114.2 (ArC), 111.8 (C9 66.6 (C-1), 65.0 (C-2), 55.3
(OCHs); MS (El) m/z = 234.1 (M,12%), 216.1 (9), 204.1 (13), 203.1 (M-@bH*, 100),

187.1 (23), 160 (10), 134.1 (44), 115.1 (17), q11), 77.1 (9).

(1R,2S,5R)-3-(Benzo[d][ 1,3]dioxol-5-yl)-6,8-dioxabicyclo[ 3.2.1]oct-3-en-2-0l  (13c). The
reaction of epoxidd.lc (256 mg, 0.98 mmol) with 1M hydrazine in THF (1.88., 1.95
mmol) and AcOH (0.112 mL, 1.95 mmol) in MeCN (5 mkas performed as per the general
procedure. Purification by flash chromatography3 (EtOAc/hexanes) afforded the title
product as a yellow oil (150 mg, 62% (2:3 EtOAc/hexanes) 0.38¢]p*° -19 € 0.21,
CHCl); FT-IR (neat) 3432, 2963, 2898, 1729, 1606, 15088, 1443, 1361, 1245, 1224,
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1099, 1070, 1035 c *H NMR (500 MHz, CDCY) & 7.06 (ddJ = 8.1, 1.9 Hz, 1H, 6-ArH),
7.03 (d,J = 1.9 Hz, 1H, 2-ArH), 6.80 (dl = 8.1 Hz, 1H, 5-ArH), 6.17 (d} = 3.7 Hz, 1H, H-
4), 5.98-5.96 (m, 2H, OCI®), 5.68 (dJ = 3.7 Hz, 1H, H-5), 4.80 (ddd,= 6.7, 2.2, 1.2 Hz,
1H, H-1), 4.10 (dJ = 1.2 Hz, 1H, H-2), 3.98 (dd, = 8.0, 6.7 Hz, 1H, H-), 3.51 (ddJ =
8.0, 2.2 Hz, 1H, H{®), 2.33 (br s, 1H, OH)**C NMR (125 MHz, CDGJ) & 148.1 (ArC),
148.0 (ArC), 136.0 (C-3), 130.7 (ArC), 122.8 (C-#),9.9 (ArC), 108.4 (ArC), 106.3 (ArC),
101.3 (OCHO), 95.8 (C-5), 77.1 (C-1), 68.6 (C-2), 62.4 (C-MS (El) m/z = 248.1 (M,
89%), 217.1 (25), 201 (100), 192 (94), 191 (33)8 180), 147 (29), 123 (50), 115.1 (25),
89.1 (29); No molecular ion observed by ESI-HRMSCBC) solution of13c was observed
to react over 21 days to give furdni (R = 3,C-4HO,Ph). (R)-1-(3-(Benzo[d][1,3]dioxol-5-
yl)furan-2-yl)ethane-1,2-diol (17, R = 3,4-CHO,Ph).*H NMR (500 MHz, CDCJ) & 7.40
(d,J = 1.5 Hz, 1H, C-9, 6.93-6.84 (m, 3H, ArH), 6.48 (d,= 1.5 Hz, C-4, 5.99 (s, 2H,
OCH,0), 4.89 (dd,) = 7.7, 4.2 Hz, 1H, H-1), 4.05 (dd= 11.4, 7.7, 1H, H-2), 3.85 (dd,=
11.4, 4.2 Hz, 1H, H-2)}*C NMR (125 MHz, CDGJ) § 147.9 (C-2 & ArC), 147.0 (ArC),
142.0 (C-5), 126.6 (ArC), 124.8 (Cg 121.7 (ArC), 111.8 (C4 108.7 (ArC), 108.6 (ArC),
101.1 (OCHO), 66.5 (C-1), 65.0 (C-2); MS (EfjVz = 248.1 (M, 26%), 218 (14), 217 (M-

CH,OH", 100), 207 (25), 187.1 (26), 171.1 (22), 159.1(231.1 (23), 115.1 (16), 77.1 (15).

(1R,2S,5R)-3-(2-Fluor ophenyl)-6,8-dioxabicyclo[3.2.1] oct-3-en-2-o0l (13e) The reaction of
epoxidelle (75 mg, 0.34 mmol) with 1M hydrazine in THF (680, |0.68 mmol) and AcOH
(39 pL, 0.68 mmol) in MeCN (4 mL) was performed psr the general procedure.
Purification by flash chromatography (1:1 EtOAc/aegs) afforded the title product as a
colorless wax (48 mg, 68%% (1:1 EtOAc/hexanes) 0.431]p>* +25 € 0.12, CHCY); FT-IR
(neat) 3415, 2975, 2894, 1731, 1611, 1574, 14883,14355, 1294, 1238, 1205, 1115, 1098,
1072, 1036, 1013, 758 ¢m'H NMR (500 MHz, CDCJ) 6 7.39 (dddJ = 8.2, 7.7, 1.8 Hz,
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1H, ArH), 7.32-7.27 (m, 1H, ArH), 7.15 (ddd= 7.7, 7.6, 1.2 Hz, 1H, ArH), 7.07 (dddi=
11.4, 8.2, 1.2 Hz, 1H, ArH), 6.24 (@= 3.7 Hz, 1H, H-4), 5.68 (d,= 3.7 Hz, 1H, H-5), 4.79
(ddd,J = 6.7, 2.2, 1.6 Hz, 1H, H-1), 4.19 (br s, 1H, H-2)01 (dd,J = 8.0, 6.7 Hz, 1H, H-
70), 3.62 (ddJ = 8.0, 2.2 Hz, 1H, Hf), 2.41 (br s, 1H, OH)**C NMR (125 MHz, CDG) 6
160.5 (d,Jcr = 248.7 Hz, ArC), 133.2 (dicr = 1.8 Hz, H-3), 129.9 (dlcr = 9.0 Hz, ArC),
129.8 (d,Jcr = 3.6 Hz, ArC), 128.5 (djcr = 5.7 Hz, H-4), 124.9 (dlcr = 12.7 Hz, ArC),
124.3 (d,Jcr = 3.6 Hz, ArC), 116.1 (dlcr = 22.7 Hz, ArC), 95.5 (C-5), 76.9 (C-1), 68.9 (d,
Jor = 3.2 Hz, C-2), 62.5 (H-7); MS (Efjvz = 222.1 (M, 18%), 175.1 (65), 166 (100), 165
(53), 147.1 (68), 146.1 (39), 133 (68), 121 (360 134), 109 (29), 101 (29); HRMS (ESI)
calc. for GoH11:0sFNa [M+Na], 245.0590; found 245.0567. A CRQolution of13e was
observed to react over 21 days to give furdid (R = 2-FPh). (R)-1-(3-(2-
Fluorophenyl)furan-2-yl)ethane-1,2-diol (17, R = 2-FPh)*H NMR (500 MHz, CDCJ) &
7.46 (H-B), 7.40-7.37 (ArH), 7.34-7.29 (ArH), 7.20-7.17 (ArH.16-7.12 (ArH), 6.53 (H-
4'), 4.81 (H-1), 4.03 (H-2), 3.83 (H-2J*C NMR (125 MHz, CDGJ) & 149.4 (C-2), 142.2
(C-5), 131.1 (ArC), 129.3 (ArC), 124.3 (ArC), 120.4 @); 118.2 (C-3, 115.8 (ArC), 112.4
(C-4), 66.6 (C-1), 64.8 (C-2); MS (Elwz = 222.1 (M, 27%), 192.1 (61), 191.1 (M-
CH,OH", 100), 175.1 (24), 173 (20), 171.1 (45), 146.1)(AB3.1 (62), 115.1 (58), 109.1

(24).

3.4 General procedure for the Oxidation of Allylic Alcohols. Dess-Martin periodinane
(DMP) (1.05 eq) was added to a solution of allyditcohol 7, 13a-c,e in CH,Cl, (20
mL/mmol) and the mixture stirred at ambient tempemafor 2-5 hrs as specified in Table 3.
The resulting solution was washed with sat. NaH@@lution, dried over MgSg) filtered
and concentrated under reduced pressure and thdueesvas purified by flash
chromatography.
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(1R,5R)-6,8-Dioxabicyclo[3.2.1]oct-3-en-2-one  (isolevoglucosenone) (2).1° As per the
general procedure, the reaction of allylic alcoid]1.00 g, 7.80 mmol) and DMP (3.48 g,
8.20 mmol) afforded the title product as a yelloWw(0.77 g, 78%);R: (1:1 EtOAc/hexanes)
0.80; [u]p> +250 € 1.0, CHCH) (Lit.*° [o]o +445 € 1.0, CHC)); *H NMR (500 MHz,
CDCl) 6 7.13 (ddJ = 9.8, 3.2 Hz, 1H, H-4), 6.11 (dddl= 9.8, 1.5, 0.9 Hz, 1H, H-3), 5.82
(dd,J = 3.2, 0.9 Hz, 1H, H-5), 4.79 (dddi= 6.3, 1.5, 1.5 Hz, 1H, H-1), 4.11 (db= 8.2, 6.3
Hz, 1H, H-%), 3.66 (ddJ = 8.2, 1.5 Hz, 1H, H); *C NMR (125 MHz, CDGJ) § 194.5

(C-2), 147.3 (C-3), 127.1 (C-4), 96.0 (C-5), 79%6X), 62.7 (C-7).

(1R,5R)-3-Phenyl-6,8-dioxabicyclo[3.2.1]oct-3-en-2-one  (18a). As per the general
procedure, the reaction of allylic alcohi8a (0.574 g, 2.81 mmol) and DMP (1.25 g, 2.95
mmol) afforded the title product as a colorless(6ib600 g, 88%)Rs (1:4 EtOAc/hexanes)
0.63; [p]p?? +133 € 1.67, CHCY); FT-IR (neat) 3057, 2961, 2893, 1698, 1612, 1572&2,
1445, 1356, 1325, 1275, 1159, 1112, 1075, 1038, 985, 756, 695 cih ‘H NMR (500
MHz, CDCk) & 7.43-7.36 (m, 5H, ArH), 7.14 (d,= 3.5 Hz, 1H, H-4), 5.96 (d} = 3.5 Hz,
1H, H-5), 4.94 (dd) = 6.3, 1.4 Hz, 1H, H-1), 4.15 (dd= 8.2, 6.3 Hz, 1H, H<), 3.75 (dd,
J=8.2, 1.4 Hz, 1H, Hf); *C NMR (125 MHz, CDGJ) 5 193.6 (C-2), 142.3 (C-4), 137.4
(C-3), 132.5 (ArC), 128.9 (ArC), 128.4 (ArC), 12§4rC), 97.1 (C-5), 79.7 (C-1), 62.7 (C-
7); MS (El) m/z = 202.1 (M,100%), 171.1 (48), 159.1 (33), 145.1 (21), 1320)(117.1
(24), 115.1 (58), 105.1 (19), 103.1 (65), 77.1 (2HRMS (ESI) calc. for GH100sNa [M +

Na]", 225.0528; found 225.0505.
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(1R,5R)-3-(4-M ethoxyphenyl)-6,8-dioxabicyclo[3.2.1]oct-3-en-2-one (18b). As per the
general procedure, the reaction of allylic alcal®i (94 mg, 0.40 mmol) and DMP (179 mg,
0.42 mmol) afforded the title product as a yellow(60 mg, 64%);R: (2:4 EtOAc/hexanes)
0.50; fp]p®* +129 € 0.21, CHCY); FT-IR (neat) 2958, 2893, 2837, 1763, 1696, 1602,
1510, 1461, 1356, 1326, 1292, 1268, 1246, 11808,11508, 1033 cifi ‘*H NMR (500
MHz, CDCk) 5 7.41-7.38 (m, 2H, ArH), 7.08 (d, = 3.6 Hz, 1H, H-4), 6.93-6.90 (m, 2H,
ArH), 5.94 (d,J = 3.6 Hz, 1H, H-5), 4.92 (dd,= 6.3, 1.4 Hz, 1H, H-1), 4.13 (dd= 8.2, 6.3
Hz, 1H, H-%), 3.82 (s, 3H, OCH), 3.73 (dd,J = 8.2, 1.4 Hz, 1H, Hf); *C NMR (125
MHz, CDCk) & 194.1 (C-2), 160.2 (ArC), 140.9 (C-4), 136.8 (G-329.6 (ArC), 124.8
(ArC), 113.9 (ArC), 97.2 (C-5), 79.8 (C-1), 62.7-{§; 55.3 (OCH); MS (El) m/z = 232.1
(M*, 100%), 202 (37), 201 (65), 187.1 (22), 171 (31 (23), 159 (24), 135 (26), 133.1

(49), 89.1 (22); HRMS (ESI) calc. for€1,04Na [M + NaJ, 255.0633; found 255.0634.

(1R,5R)-3-(Benzo[d][1,3]dioxol-5-yl)-6,8-dioxabicyclo[3.2.1] oct-3-en-2-one (18c). As per
the general procedure, the reaction of allylic atidd.3c (130 mg, 0.52 mmol) and DMP (233
mg, 0.55 mmol) afforded the title product as a pgdow wax (54 mg, 42%)R: (1:4
EtOAc/hexanes) 0.530]p?° +77 € 0.39, CHCY); FT-IR (neat) 2959, 2898, 1697, 1608,
1488, 1440, 1360, 1230, 1166, 1107, 1032'cthl NMR (500 MHz, CDCJ) 6 7.06 (d,J =
3.6 Hz, 1H, H-4), 6.94-6.92 (m, 2H, ArH), 6.82 @z= 8.5 Hz, 1H, ArH), 5.98 (s, 2H,
OCH,0), 5.94 (dJ = 3.6 Hz, 1H, H-5), 4.92 (dd,= 6.3, 1.5 Hz, 1H, H-1), 4.13 (dd= 8.2,
6.3 Hz, 1H, H-%), 3.72 (dd,J = 8.2, 1.5 Hz, 1H, Hf); ®*C NMR (125 MHz, CDG)) §
193.8 (C-2), 148.3 (ArC), 147.6 (ArC), 141.4 (C-236.9 (C-3), 126.3 (ArC), 122.3 (ArC),
108.7 (ArC), 108.3 (ArC), 101.3 (OGH), 97.1 (C-5), 79.7 (C-1), 62.7 (C-7); MS (Bljz =
246 (M, 100%), 216 (28), 215 (76), 188.1 (23), 159 (227 (22), 131.1 (23), 117 (23),
102.1 (17), 89.1 (28); HRMS (ESI) calc. fors8:1:05 [M + H]*, 247.0606; found 247.0535.
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(1R,5R)-3-(2-Fluor ophenyl)-6,8-dioxabicyclo[3.2.1]oct-3-en-2-one  (18€). As per the
general procedure, the reaction of allylic alcolizg¢ (86 mg, 0.39 mmol) and DMP (172 mg,
0.41 mmol) afforded the title product as a col@lesax (45 mg, 52%)R: (1:4
EtOAc/hexanes) 0.54a]p?! +92 € 0.64, CHCY); FT-IR (neat) 2961, 2900, 1703, 1625,
1572, 1489, 1452, 1353, 1255, 1218, 1158, 110921887 cnl; 'H NMR (500 MHz,
CDCl) § 7.38-7.33 (m, 1H, ArH), 7.27-7.24 (m, 1H, ArH)18.(dd,J = 3.5, 0.7, 1H Hz, H-
4), 7.16-7.14 (m, 1H, ArH), 7.13-7.09 (m, 1H, Ar#)96 (d,J = 3.5 Hz, 1H, H-5), 4.95 (dd,
J=6.3, 1.5 Hz, 1H, H-1), 4.18 (dd~= 8.3, 6.3 Hz, 1H, H«), 3.79 (ddJ = 8.3, 1.4 Hz, 1H,
H-7B); *C NMR (125 MHz, CDG) § 192.3 (C-2), 159.9 (dlcr = 250 Hz, ArC), 145.0 (d,
Jor = 2.7 Hz, C-4), 133.5 (C-3), 130.8 (= = 2.8 Hz, ArC), 130.6 (dlcr = 8.2 Hz, ArC),
124.0 (d,Jce = 3.6 Hz, ArC), 120.4 (dJce = 15.2 Hz, ArC), 115.8 (dlce = 22.1 Hz, ArC),
96.8 (C-5), 79.5 (C-1), 62.8 (C-7); MS (Etyz = 220.1 (M, 100%), 189 (29), 177 (33),
163.1 (22), 135.1 (21), 133 (60), 123 (15), 121)(820 (21), 101 (37); HRMS (ESI) calc.

for C1oHoFOsNa [M + NaJ', 243.0433; found 243.0431.

(1R,4S/R,5R)-4-(Phenylamino)-6,8-dioxabicyclo[3.2.1]octan-2-one (20).
Isolveoglucosenon (0.250 g, 1.98 mmol) was dissolved in a 0.1 MCR3; aqueous
solution (10 mL) and aniline (198L, 2.18 mmol) was added. The mixture was stirred at
ambient temperature for 2 hrs and then extracted @H,Cl, (20 mL x 3). The organic
phase was dried over Mg@Jiltered and concentrated under reduced pres3ire.crude
residue was purified by flash chromatography (N8OH/CH,Cl,), giving a 4:1 mixture of
20/21 as a yellow solid (0.248 g, 57%% (1:49 NH,OH/CH.CI,) 0.37; FT-IR (neat) 3373,

2958, 2894, 1729, 1598, 1499, 1311, 1256, 117211123, 749 cily MS (El) m/z = 219.1
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(M*, 17%), 174.1 (41), 126 (33), 119.1 (50), 118.1(63.1 (100), 83 (40), 68 (32), 66 (47),
55 (36), 39.1 (30); HRMS (ESI) calc. fordE1,NO; [M + H]*, 220.0974; found 220.0969.
20: *H NMR (500 MHz, CDCY) § 7.21-7.17 (m, 2H, ArH), 6.79-6.75 (m, 1H, ArH)66:
6.59 (M, 2H, ArH), 5.61 (br s, 1H, H-5), 4.55 (hidc: 5.3 Hz, 1H, H-1), 4.06 (d,= 8.2 Hz,
1H, H-7B), 4.06-4.04 (m, 1H, C-4), 3.96 (ddi= 8.4, 5.3 Hz, 1H, H-), 2.80 (dd,J = 17.3,
6.8 Hz, 1H, H-3), 2.52 (dddd} = 17.3, 2.0, 1.5, 1.5 Hz, 1H, H-3YC NMR (125 MHz,
CDCly) § 203.2 (C-2), 145.4 (ArC), 129.6 (ArC), 118.7 (Ar@)L3.6 (ArC), 102.1 (C-5), 79.5
(C-1), 66.9 (C-7), 54.1 (C-4), 38.9 (C-@1: *H NMR (500 MHz, CDC}) § 7.25-7.23 (m,
2H, ArH), 6.96-6.93 (m, 1H, ArH), 6.64-6.63 (m, 1AH), 5.67 (d,J = 2.2 Hz, 1H, H-5),
4.54 (m, 1H, H-1), 4.11 (m, 1H, H-4), 4.00 (brdk 8.4 Hz, 1H, H-7), 3.94 (m, 1H, H-7),
2.99 (br ddJ = 17.2, 7.5 Hz, 1H, H-3), 2.24 (dd= 17.2, 7.8 Hz, 1H, H-3}°C NMR (125
MHz, CDCE) § 202.7 (C-2), 145.5 (ArC), 129.6 (ArC), 118.6 (Ar@)L3.6 (ArC), 100.7 (C-

5), 78.5 (C-1), 67.1 (C-7), 53.9 (C-4), 40.7 (C-3).

(1R,2R5S,6R)-4-Phenyl-8,9-dioxatricyclo[4.2.1.0**|nonan-5-one (22). To a solution of2
(0.500 g, 2.47 mmol) and trimethylsulfoxonium iogli{D.652 g, 2.96 mmol) in DMSO (6
mL) was added 1,1,3,3-tetramethlyguanadine (0.3Z12196 mmol) and the mixture stirred
at room temperature for 4 hrs. The resulting sofutivas diluted with brine (15 mL), then
extracted with ChCl, (3 x 20 mL), dried over MgSQand concentrated under reduced
pressure. The residue was purified by flash chrography (1:4 EtOAc/hexanes), then
recrystallized from-Pr,O to afford the title compound as fine white crisi@®.490 g, 92%);
R (1:4 EtOAc/hexanes) 0.55; mp 104-106 °@pf’ +62 € 0.13, CHCY); FT-IR (neat) 2957,
2890, 1706, 1600, 1496, 1472, 1445, 1377, 13519,1B473, 1224, 1184, 1155, 1127, 1098,
1078, 1066, 1051, 1018, 754, 698 tmMH NMR (500 MHz, CD{J) 6 7.34-7.26 (m, 5H,
ArH), 5.94 (d,J = 1.4 Hz, 1H, H-6), 4.56 (dd,= 5.9, 1.8 Hz, 1H, H-1), 4.01 (dd= 8.2, 1.8
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Hz, 1H, H-8), 3.99 (ddJ = 8.2, 5.9 Hz, 1H, H-8), 1.99 (ddd= 7.5, 5.3, 1.4 Hz, 2H, H-5),
1.90 (dd,J = 5.3, 4.8 Hz, 1H, H-3), 1.50 (dd= 7.5, 4.8 Hz, 1H, H-3)*C NMR (125 MHz,
CDCls) § 202.8 (C-2), 137.6 (ArC), 129.9 (ArC), 128.5 (Ar@p7.8 (ArC), 100.2 (C-6), 78.5
(C-1), 67.0 (C-8), 38.4 (C-4), 25.0 (C-5), 17.6FL-MS (El)m/z = 216.1 (M, 35%), 173.1
(90), 160.1 (29), 145.1 (100), 129.1 (41), 12849),(827.1 (45), 117.1 (54), 115.1 (89), 91.1

(31); HRMS (ESI) calc. for GH1,0sNa [M + NaJ, 239.0684; found 239.0666.

(1R,5R)-6,8-Dioxabicyclo[3.2.1]octan-2-one (23).2°° A stirred solution of2 (0.500 g, 3.96
mmol) and 10% Pd/C (0.843 g, 0.79 mmol) in EtOAO (BL) was placed under a,H
atmosphere and stirred at 50 °C for 4 days. Thaumaxwas filtered and concentrated under
reduced pressure to afford the title compound gsllaw oil (0.498 g, 98%):;d]o*° —40 €
1.0, CHC}) (Lit.**°[a] o> —83 € 0.4, CHC})); *H NMR (500 MHz, CDC}) § 5.74 (d,J =2.7
Hz, 1H, H-5), 4.51 (dJ = 5.6 Hz, 1H, H-1), 3.97 (br d,= 8.2, 1H, H-B), 3.88 (ddJ = 8.2,
5.6 Hz, 1H, H-@), 2.49-2.46 (m, 2H, H-3), 2.17 (ddd#i= 14.0, 8.8, 7.9, 3.0 Hz, 1H), 2.07-
2.02 (m, 1H, H-4)**C NMR (125 MHz, CDGJ) 205.6 (C-2), 100.8 (C-5), 79.3 (C-1), 67.2

(C-7), 31.5 (C-3), 30.7 (C-4).

(1R,5R)-3-((Z)-Benzylidene)-6,8-dioxabicyclo[ 3.2.1] octan-2-one (24). To a stirred solution
of ketone23 (200 mg, 1.56 mmol) and benzaldehyde (188 1.87 mmol) in dioxane (15
mL) was added TMG (196L, 1.56 mmol) and the mixture heated to reflux 2drhrs. The
solution was concentrated under reduced pressere phrified via flash chromatography
(1:4 EtOAc/hexanes) to afford the title compoundialorless wax (118 mg, 35%%; (1:4
EtOAc/hexanes) 0.510]p%° +16 € 0.62, CHCY); FT-IR (neat) 2955, 2891, 1697, 1595,

1572, 1492, 1446, 1423, 1281, 1253, 1201, 11745,11088, 1032 cify ‘*H NMR (500
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MHz, CDCk) & 7.77 (dd,J = 3.0, 2.0 Hz, 1H, CHPh), 7.48-7.46 (m, 2H, ArA}}4-7.37 (m,
3H, ArH), 5.86 (dJ = 3.2 Hz, 1H, H-5), 4.74 (dd, = 5.7, 1.0 Hz, 1H, H-1), 4.05 (dd,=
8.0, 1.0 Hz, 1H, H-§), 3.96 (ddJ = 8.0, 5.7 Hz, 1H, H-), 3.15 (ddd,) = 17.0, 3.2, 3.0 Hz,
1H, H-4), 2.98 (dd) = 17.0, 2.0 Hz, 1H, H-4);>*C NMR (125 MHz, CDGJ) 5 195.4 (C-2),
140.3 (CHPh), 134.6 (ArC), 130.7 (ArC), 129.8 (Ar@p8.7 (C-3), 127.9 (ArC), 100.7 (C-
5), 78.6 (C-1), 67.9 (C-7), 36.3 (C-4); MS (Eljz = 216.1 (M, 14%), 173.1 (74), 170.1
(48), 142.1 (41), 141.1 (22), 129.1 (23), 128.1)(317.1 (83), 116.1 (42), 115.1 (100), 102.1

(34); HRMS (ESI) calc. for GH1,0sNa [M + NaJ, 239.0684; found 239.0671.

Funding: This work was financially supported by the Univgr®f New England. ETL was
supported through an Australian Government Rese@raiming Program Scholarship. We

thank Mr Tony Duncan (Circa Group, Melbourne) foe kind donation of levoglucosenone.

29



References

g

10.

11.

12.
13.

14.

For reviews on the use of levoglucosenone in synthesis see:

a) Miftakhov MS, Valeev FA, Gaisina, IN. Russ Chem Rev. 1994; 63:869;

b) Sarotti, AM, Zanardi, MM, Spanevello RA, Suarez AG. Curr Org Synth. 2012; 9:439;

c) Comba MB, Tsai YH, Sarotti AM, Mangione M, Suarez AG, Spanevello RA. Eur J Org Chem.
2017; 590.

d) Witczak, Z. ). Ed. Levoglucosenone and levoglucosans, chemistry and applications. Atl Pr
Scientific Pub: Washington, DC, 1994; Vol. 1.

For reports on the mechanism of the formation of levoglucosenone from cellulose see:

a) Halpern Y, Riffer R, Broido A. J Org Chem. 1973; 38:204;

b) Greatrex BW, Meisner J, Glover SA, Raverty, W. J Org Chem. 2017; 82:12294.

For reports on preparative syntheses of levoglucosenone from cellulose see:

a) Sarotti, AM, Spanevello RA, Suarez AG. Green Chem. 2007; 9:1137;

b) Walter, ST, Jason MO, Chen W, Kevin DR, Kirk BA, Yu W, Huiyan Z, Steven C, Synthia C. In
Carbohydrate Synthons in Natural Products Chemistry; Witczak Z. J.; Tatsuta K. Eds. American
Chemical Society: 2002; Vol. 841, pp 21.

c) Isobe M.; Yamamoto N.; Nishikawa T. In Levoglucosenone and levoglucosans, chemistry
and applications; Witczak Z. J., Ed.; Atl Pr Scientific Pub: Washington, DC, 1994; Vol. 1, pp 99.
Sarotti AM, Spanevello RA, Suarez AG, Echeverria GA, Piro OE. Org Lett. 2012; 14:2556.
Botta, MC, Biava HD, Spanevello RA, Mata EG, Sudrez AG. Tetrahedron Lett. 2016; 57:2186.
For reports on the synthesis of chiral auxiliaries from levoglucosenone see:

a) Sarotti AM, Spanevello RA, Sudrez AG. Org Lett. 2006; 8:1487,

b) Klepp J, Sumby CJ, Greatrex BW. Synlett 2018; 29:1441.

a) Matsumoto K, Ebata T, Koseki K, Okano K, Kawakami H, Matsushita H. Bull Chem Soc
Japan 1995; 68:670;

b) Ledingham ET, Stockton KP, Greatrex BW. Aust J Chem. 2017; 70:1146;

c) Koseki K, Ebata T, Kawakami H, Matsushita H, Naoi Y, Itoh K. Heterocycles 1990; 31:423;
d) Flourat A, Peru A, Teixeira A, Brunissen F, Allais F. Green Chem. 2015; 17:404.

Miller C, Gomez-Zurita Frau MA, Ballinari D, Colombo S, Bitto A, Martegani E, Airoldi C, van
Neuren AS, Stein M, Weiser J. ChemMedChem 2009; 4:524.

a) Kadota K, Ogasawara K. Tetrahedron Lett. 2001; 42:8661;

b) Matsumoto K, Ebata T, Koseki K, Kawakami H, Matsushita H. Bull Chem Soc Jpn. 1991;
64:2309;

¢) Matsumoto K, Ebata T, Matsushita H. Carbohydr Res. 1995; 279:93.

a) Ma X, Liu X, Yates P, Raverty W, Banwell MG, Ma C, Willis AC, Carr PD. Tetrahedron 2018;
DOI 10.1016/j.tet.2018.03.023;

b) Ma X, Anderson N, White L, Bae S, Raverty W, Willis T, Banwell M. Aust J Chem. 2015; 593.
a) Biktagirov IM, Faizullina LK, Salikhov SM, Safarov MG, Valeev FA. Russ J Org Chem. 2014,
50:1317;

b) Furneaux RH, Gainsford GJ, Shafizadeh F, Stevenson TT. Carbohydr Res. 1986; 146:113;
¢) Horton D, Roski JP. J Chem Soc Chem Commun. 1992; 759;

d) Ogasawara K. Yuki Gosei Kagaku Kyokaishi 2002; 60:316;

e) Witczak ZJ. Kaplon P, Kolodziej MJ. Carbohydr Chem. 2002; 21:143.

Bonneau G, Peru AAM, Flourat AL, Allais F. Green Chem. 2018; 20:2455.

a) Ledingham ET, Merritt CJ, Sumby CJ, Taylor MK, Greatrex BW. Synthesis 2017; 49:2652;
b) Stockton KP, Merritt, CJ, Sumby CJ, Greatrex BW. Eur J Org Chem. 2015; 6999.

a) Awad L, Demange R, Zhu Y-H, Vogel P. Carbohydr Res. 2006; 341:1235;

b) Jiménez-Barbero J, Demange R, Schenk K, Vogel P. J Org Chem. 2001; 66:5132;

c¢) Taniguchi T, Nakamura K, Ogasawara K. Synlett 1996; 10:971.

30



a) Christian CF, Takeya T, Szymanski MJ, Singleton DA. J Org Chem. 2007; 72:6183;
b) Shafizadeh F, Ward DD, Pang D. Carbohydr. Res. 1982; 102:217.

a) He J, Huang K, Barnett KJ, Krishna SH, Alonso DM, Brentzel ZJ, Burt SP, Walker T,
Banholzer WF, Maravelias CT. Faraday Discuss. 2017; 202:247;

b) Heyns K, Rennecke RW, Kéll P. Chem Ber. 1975; 108:3645;

c) Pecka J, Stanek JJr, Cerny M. Collect Czech Chem Commun. 1974; 39:1192.
Harris JM, Kerdnen MD, Nguyen H, Young VG, O'Doherty GA. Carbohydr. Res. 2000; 328:17.
Corey EJ, Chaykovsky M. JAm Chem Soc. 1965; 87:1353.

a) Carrel F, Giraud S, Spertini O, Vogel P. Helv Chim Acta 2004; 87:1048;

b) Witczak ZJ, Chen H, Kaplon P. Tetrahedron: Asymmetry 2000; 11:519.

a) Witczak, ZJ, Bielski R, Mencer DE. Tetrahedron Lett. 2017; 58:4069;

b) Hughes L, McElroy CR, Whitwood AC, Hunt AJ. Green Chem. 2018; DOI:
10.1039/C8GC01227).

31



Captionsfor Schemes

Scheme 1. Previous synthesis of epoxi8drom 1 and the Wharton process used for the
synthesis of isolevoglucosenof®}.

Scheme 2. Hydration of epoxid® in D,O.

Scheme 3. Rearrangement of allylic alcohols to dial.

Scheme 4. Reactions o012 and18a.
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