Accepted Manuscript

A highly selective Bi(OTf)3 mediated fragmentation-contraction of &-ortholactones. A
facile route to functionalized y-lactones

Kate L. Baddeley, Matthew J. Cook

PlI: S0040-4020(18)30444-7
DOI: 10.1016/j.tet.2018.04.055
Reference: TET 29470

To appear in:  Tetrahedron

Received Date: 16 March 2018
Revised Date: 16 April 2018
Accepted Date: 17 April 2018

Please cite this article as: Baddeley KL, Cook MJ, A highly selective Bi(OTf)3 mediated fragmentation-

contraction of &-ortholactones. A facile route to functionalized y-lactones, Tetrahedron (2018), doi:
10.1016/j.tet.2018.04.055.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.tet.2018.04.055

Graphical Abstract

To create your abstract, type over the instructinriee template box below.

Fonts or abstract dimensions should not be chaogallered.

A Highly Selective Bi(OTf); Mediated
Fragmentation-Contraction of 8-
Ortholactones. A Facile Routeto
Functionalized y-L actones

Kate L. Baddeley and Matthew J. Cook

Leave this area blank for abstract info.

4 School of Chemistry and Chemical Engineering, Qiseeniversity Belfast, Belfast, BT9 5AG, Northern

Ireland and® Department of Chemistry and Biochemistry, MontatageSJniversity, Bozeman, MT 59717, U9

Me
o R,(0)CO
R;6 O 0.5 equiv. Bi(OTf; - oo
O CH2C|2, 0°C,26h R 63 4
R,(0)cO™ 5™
R Ra
3

54-97% Yield
Single Regioisomer




Tetrahedron

journal homepage: www.elsevier.com

A Highly Selective Bi(OTf) Mediated Fragmentation-Contractiondef
Ortholactones. A Facile Route to Functionalizddactones.

Kate L. Baddeley” and Matthew J. Codk
2 School of Chemistry and Chemical Engineering, @lseeniversity Belfast, Belfast, BT9 5AG, Northéneland and® Department of Chemistry and
Biochemistry, Montana State University, Bozeman 591117, USA.

ARTICLE INFO ABSTRACT

Article history A very selective method for the formation pfactones from pyranybrtholactones has be
Received developed which occurgia a fragmentation-acetate migration-ring contractmocess.The
Received in revised form reaction is very functional group tolerant, prowmigli functionalizedy-lactones as a sinc
Accepted isomeric product following the ring contractioNlechanistic studies indicate the reactio
Available online mediated by triflic acid liberated from Bi(OEfjn a slow and controlled manner provid

excellent chemo and regioselectivity. We proposettiflic acid acts as both a proton ar

Keywords nucleophile source with triflate anion mediating fragmentation process.

y-Lactone

Ortholactone

Bismuth triflate 2009 Elsevier Ltd. All rights reserved
Fragmentation

Ring contraction

1. Introduction palladium/copper co-catalytic system with atmosghaii as the
terminal oxidant (Scheme 1).This Wacker-type approach
allowed us to access highly functionalized orthaaes and is
especially efficient at forming the spirocyclic iaart due to its
enhanced stability. The facile synthesis piquediotarest in to
these unique compounds and we began to investiduete t
chemistry. Our initial aim was to utilize the orthctlanization as
both an oxidation and protection step, allowing aipérform a
wide range of chemistry prior to the deprotectiogpstHerein,
we report the utilization of these ortholactones niultistep
synthetic pathways and their subsequent reactions ketvis
and Brgnsted acids.

y-Lactones are ubiquitous in nature appearing asyddature
in many complex moleculésThese structures range from simple
alkyl substituted compounds, found in many food aeglerage
sources, to carbohydrate based furanosyl lactondscamplex
sesqueterpene structures (Figure 1). Alongside pinewralence in
nature, they have been used as intermediates iry rwal
syntheses, especially those derived from chiral pwderial, and
can be used to form nucleosides and nucleosid®gndbr the
treatment of various viral infections. As such, newtmods for
their synthesis that are highly chemo, regio amuesiselective
are required for the synthetic and medicinal chamis

community. Scheme 1: Formation of Ortholactones
Previous work: Oxidative synthesis of ortholactones (Ref. 2,
o ' e\ o Ho/>(\o: Me -
Me / Mo go < o) ‘ Me” Me o O/j>Me
Ho Me {;‘ Pd(OAGC),, TMCDA R{j\o
Cardiobutanolide ~ YVhiskey Iaﬁgne 1 CuCl, DMF, 4AMS 2
Me 40 °C, opentoair  up to 98% yield
HeIenalln
2. Results and Discussion
: OMe We began examining the reactivity of ortholact@agowards
OMe O Lewis acids and discovered a facile fragmentaticetaie
el OMe migration-ring contraction reaction occurs to foyaactone3a
0 "Me OMe with Bi(OTf); (Table 1)? The ring contraction o3-lactones toy-
Gomadalactone A Eupomatilone-4 lactones is known to occur with unprotected alcohmisler
Figure 1: Examples of naturally occurringlactones acidic conditiong. This process can also occur during protecting

We recently reported a new oxidative approach todrOUP manlpulatlons including: silyl deprotectionsilylations
ortholactones, a cyclic class of orthoester, Ltz a utilizing silyl triflates?® and with concomitant migration of ketal
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Table 1: Optimization Studies
OAc o Meme AcO 4 OAc
o} Bi(OTf); 0 _o 0._0
(0.5 equiv.) ACO\/\\Sj
CH,Cl, ACG AcO™
OAc 0°C,4h OAc
2a 3a, 80% 4a, nd.

entry? difference from optimized conditions ~ 3a:4a® total yield®

1 No Change 100:0 80%
2  BF3.0Et; (1 equiv.) instead of Bi(OTf)3 - n.r.
3 1.0 equiv. Bi(OTf)3 100:0 80%
4 0.25 equiv. Bi(OTf)3 100:0 40%
5  Sc(OTf)3 (1 equiv.) instead of Bi(OTf)3 - n.r.
6  In(OTf)3 (1 equiv.) instead of Bi(OTf); 100:0 40%
7 DTBM-Py (1 equiv) added - n.r.
8 DTBM-Py (0.25 equiv) added, 18 h 100:0 26%
9  BiBr3 (0.5 equiv.) instead of Bi(OTf)3 - n.r.
10 Run in glovebox - n.r.
11 TfOH (0.5 equiv.) instead of Bi(OTf)3 - n.r.
12 TfOH (1.5 equiv.) instead of Bi(OTf)3 - Complex
13 CSA (1 equiv.) instead of Bi(OTf)3 100:0 55%
14 CSA (0.5 equiv.) instead of Bi(OTf)3 100:0 33%
15 MeCN instead of CH,Cl, as solvent 0:100 50%
16  Reaction run on 1.34 mmol scale 100:0 55%

% Typical reaction conditionsla (0.05 mmol), Bi(OTf)
(0.025 mmol), anhydrous CB8I,, 0 °C:P 3a:4a ratio determined
by 'H NMR of the crude reactiorf: Isolated yield of lactone
products.

groups. To our knowledge, there are no
fragmentation-acetate migration-ring contractioatsgy.

Our optimized conditions used 0.5 equivalents oOBif); in
freshly distilled methylene chloride at 0 °C to yide 3a in 80%
yield with no3-lactone isomeda observed after 4 hours (entry
1). We examined a range of Lewis acids and discovénat
spirocyclic ortholacton@a is stable to a number of Lewis acids,

reports of a
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Scheme 3: Dimethyl Ortholactone Fragmentation

OAc AcO OAc
OMe  Me b oo, Ho oL o_o
(0.5 equiv.) ~C
CH,Cl, AO AcO™
OAc 0°C,4h OAc
5 3a, 50% 4a, n.d.

than indium (4.00) and scandium (4.30) thereforey an
adventitious water would provide triflic acid at a chuhigher
active concentratiolf. To confirm that the reaction was Brgnsted
acid mediated, we added 2,6-di-tert-butyl-4-
methylpyridine(DTBM-Py) as a proton sink. When one
equivalent was added, the reaction was completelibitel,
however when 0.25 equivalents were used, an initigtienod
was seen with no reaction observed for several Hollosyed by
the formation of produc3a (entries 8 & 9). To examine whether
this reaction was a purely protic acid mediated gsec we
examined the use of BiBrEvans and Hinkle demonstrated that
BiBr; (and Bi(NQ)s-5H,0) were mild and controlled sources of
protic acid to promote a variety of reactidhdhe [K.'s of these
two acids are very similar (0.3 [TfOH] and 0.9 [HBr] in
DMSO),”? therefore, if the BiX salt was only acting as a proton
source, or a Lewis acid, similar results should lseoved
regardless of the counterion. When BiBras used (entry 9), no
reaction was observed, suggesting the triflate aplags a key
role. All of these reactions were conducted usingnodried
glassware under an argon atmosphere with Bi(Otfred in a
desiccator. When the reaction was performed in aegox with
freshly purchased Bi(OTf)no reaction was observed (entry 10).
This indicates that exogenous water is required attbg levels
present in commercially available sources of Bi(@Tf)Neat
triflic acid was also used in stoichiometric and stolchiometric
quantities (entries 11 & 12). No reaction was obswhen 0.5
equivalents of TfOH was used, whereas, 1.5 equivafgnisded
trace amounts of3a as part of an intractable mixture of
degradation products. Replacing Bi(O;T#)ith camphorsulfonic
acid (CSA) also provide@a selectively, albeit in reduced yield
(entries 13 & 14). CSA (6, 5.6)* is over 16-fold less acidic
than TfOH suggesting the reactivity is a functiorttod sulfonic

such as BEFOEL (entry 2) with no reaction observed and acid group rather than a unique property of Bi(@THOH.*

complete recovery ofa. We investigated the stoichiometry of
Bi(OTf); used and found that with 0.25 equivalents the i@act
became very sluggish and with one equivalent thetimaoccurs
with equal efficiency (entries 3 & 4). We next exastl
alternative triflate Lewis acids with Sc(OTfyproviding no
reaction, whereas, In(OTEfafforded 40% yield, exclusively as

the y-lactone 3a. Many triflate salt catalyzed and mediated
processes have been shown to be Brgnsted acid mmot

reactions through the formation of TfOH from the Lewisid
with adventitious water in the reaction. This canurda one of
two modes: hydrolysis of the metal salt producingnzall and
controlled amount of TfOH;or through a Lewis acid mediated
acidification of the water molecule in a processnen “Lewis
acid assisted Brgnsted acidity” (LBA) (Scheme® 2. clear
reactivity profile observed between different trifla salts:
Bi>In>Sc (entries 1, 5 & 6) which also corresponds the
hydrolysis constants Kp,). Bismuth (1.09) hydrolyzes far faster

Scheme 2: Acidic Pathways for Bi(OTgwith H,O

Bi(OTf)3 H (TfO),BiOH (TfO)Bi(OH)2
+ = (TfO)3Bi--O, =—= + = +
H,0 H TfOH 2TfOH

Reversible TfOH
formation by hydrolysis

Lewis acid-assisted
Bronsted acidity

Finally, when the reaction was run in more Lewis basivent,
such as MeCN, the fragmentation occurred, howeverrimgp
contraction was observed wigHactoneda being formed in

OAc

Scheme 4: Carbohydrate Derived Ortholactones
Me
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Scheme 5: Ortholactone derivatization

OBz
29, 57%
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I, PPhg DIAD, PPh3, THF
Imidazole
Toluene

o.  Pd(OAc), o oj—Men TsCl, DMAP
HO | _TMCDA  HO EtN, CH,Cly

OBz
2j, 90%

OBz

O/j—Me” PPhg, THF O/j>Me
N3 __H0,70°C | BzHN

O 2) BzCl, DMAP

BZO‘\\ CUC|2 K 2) NaNg, BU4NC| N B
OBz DMF, 4 AMS BzO Toluene, Reflux BzO Pyridine BzO
Air. 40 °C OBz OBz OBz
6 7, 52% 2h, 70% 2i, 95%

Dess-Martin

CH,Cl,
OB EtzN, OB
3 MeCN Z
9, 100% conversion EWG = CN, 2I, 42%
used crude C(O)Me, 2m, 59%

moderate vyield (entry 16). These reactions couldo abe
performed on larger, more synthetically useful ecalbeit with
slightly reduced vyield (entry 17). When ortholacto?a was
replaced with its dimethoxy analo®)( 3a was formed with
complete selectivity, albeit in reduced yield destoating that
the selectivity was not a function of the spirooyairtholactone
(Scheme 3).

To further explore this reaction,
ortholactone structures. Several were readily switkd in a
single step from commercially available or readédyailable
carbohydrate glycal units. These dihydropyran stmes could
undergo an oxidative difunctionalization reactiosing our
previously disclosed palladium catalyzed aerobiddation
reaction (Scheme 4). In this series, ortholactolegsed from D-
glucose 2a), D-galactose2b), L-rhamnose 4c), D-xylose gd)

we examined other.

CO,Et, 2n, 38%

Yields from 8
with NaN; to afford azide2h. This azide Zh) can undergo a
Staudinger reaction with PBhwith hydrolysis of the aza-
phosphorane to afford the amine product. Duringdbwerse of
this reaction, partial benzoate migration occurarirthe C-4
hydroxyl group to provide a mixture of benzoyl isens1 As a
result, the crude mixture of isomers was treated Withzoyl
chloride to provide the per-benzoylated aniileAlcohol 7 was
also oxidized to the corresponding aldehgdevhich was used

reaction to ensure no degradation or epimerizaifmurred. This
aldehyded was used to install a variety ef3-unsaturated groups
including nitrile 2I, ketone2m and ethyl este2n in good to
moderate yields fror.

With a large number of substrates in haBd-1f), we began
subjecting them to the optimized reaction condgiautlined in

and L-arabinose2€) could be formed in good to excellent yields. Table 1 (Scheme 6). The reaction appears to besiise to the

To explore the functional group tolerance furthveg, synthesized
a series of substrates which included a range dftifumality not
present in simple carbohydrate derivatives (Schéjn&Ve had
previous reported the ortholactonization of primatgohol 6,
which provided hydroxyl ortholactongin 52% yield. Utilizing
the versatility of this substrate, we derivatizédn to a wide
array of ortholactone compounds which contained aiadyof
functionality (Scheme 5). This included: iodinatiomising
standard conditions, to provide iodidg, which could in turn be
converted to the corresponding sulfd@jethrough a substitution
and subsequent oxidation of the correspondingdaiffi The 5-
phenyl tetrazole sulfid@k, was also synthesized from alcofol
through a Mitsubobu protocol. Nitrogen can be instainto the

frameworkvia tosylation of the alcohol followed by substitution carbon

C-5 stereochemistry as both the gluc@seand galactose€b
derived substrates reacted with equal efficienci€@ther
carbohydrate derivatives also performed well with hbd-
deoxyhexose2c and pentopyranos@d-e derivatives, derived
from L-rhamnose, D-xylose and L-arabinose respebtjv
providing good to excellent yields. Replacing theetate
protecting groups with benzoa2é led to an even more efficient
reaction with 91% isolated yield oflactone3f obtained. We
were able to introduce a wide range of functionaligsointo this
scaffold at theC-6 position, all of which provided good to
excellent yields of the correspondingactone products3g-n.
These included: iodide3g; azides23h; amides3i; sulfones3j
and tetrazole substituted sulfid8s. We also installed extended
chains at the C-6 with additional

immediately in the subsequent Horner-Wadsworth-Emmons
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Scheme 6: Substrate Scope

Me
o) Me R,(0)CO
Ry6.0 ? 0.5 equiv. Bi(OTf); 29CQ w
o) CH,Cly, 0°C, 2-6 h
R,(0)CO 5%
Ry 2
AcO AcO AcO AcO AcO
H H ) Y
=0 _o O _o 1O _o0 9o o Lo o
AcO AcO Me
AcO AcO AcO AcO AcO
3a, 80% 3b, 80% 3c, 88% 3d, 71% 3e, 72%
B0 BzQ B2Q H BzQ BzQ
H0 =00 =00 e
B20 : o | 3 BzHN PhO,S
BzO BzO BzO BzO BzO
3f, 91% 39, 97% 3h, 66% 3i, 54% 3], 72%
BzO
H BzO BzO BzO
: 0 (o) '? O. H H 0} 0o
NW/ NG S Me©)C Et0,C7
NNp,, BZO BzO BzO
3k, 65% 31, 75% 3m, 86% 3n, 76%

Typical reaction conditions: Ortholactone (0.1 Mtiashly distilled CHCI,), 0.5 equiv. of Bi(OTf), under an argon atmosphere at 0
°C for 2-6 hours (see experimental section for $jpettetails of each substrate).

unsaturation forming nitril8l, ketone3m and esteBn in good to  provided peracetylated estel3 following triflate-acetate
excellent yields. All of these products were isoladed single- exchange. This strongly suggests the ring contladti mediated
lactone isomer with virtually no byproducts in a wefficient by nucleophilic addition of an alcohol derived frdime initial
manner. The acetate protecting groups could bdyeasnoved ortholactone fragmentation.

from 3a using acidic methanol conditions providing 2-dedxy

gluclonic acidy-lactonel0 in excellent yield (Scheme 7). Scheme 8: Mechanistic Probes

ACQ H BzO H
Scheme 7: Acetate Deprotection Bi(OTf)3 ~ 10 —0 O =0
2+ 2f — 2o BzO
AcO H o HO H o CH20|2, 0°c A (1)
AcO : O  AcCl, MeOH HO z (0] AcO BzO
No Crossover observed 3c 3f
AcO HO 0 cO

3a 10, 76% AcO O Conditions AR H .
We conducted several experiments to try and elutihe ACO™ ACO\)\Sj

mechanistic pathways occurring (Scheme 8). To inyast

. . \ . OA
whether the acetate migration was occurririg an inter or 4a "¢ AO 3a
intramolecular process, we performed a crossoveer@rpnt Me Me CH.Cl, 0°C, 12 h n.r.
(Eqg. 1). The reaction of acetadle and benzoatéf ortholactones Me Me 11, CHyCly, 0°C,12 h n.r.
was performed in the same reaction vessel and resaver of HO  OH HO\)QM 12, CH,Clp, 0°C, 12h n.r.
acetate (or benzoate) groups to the alternate addafivas 11 12 ©| Bi(OTf3, CH,Cly, 0°C;, 36h  32%
observed suggesting the migration is intramolecwad not Bi(OTf)s, 11, CH,Cl5, 07°C, 24 h 52:/°
mediated by an exogenous acetate shuttle. Whemredlo6on was Bi(OTfs, 12, CH,Clz, 0°C, 24 h 70%
followed by NMR, the ortholactonga quickly fragments to the v
d-lactoneda which then isomerizes to thelactone produc8a. OAc € 0 O
As we identified thed-lactone 4a as an intermediate, we Me AcO AcO (3)
. A Bi(OTf)3, Ac,O

examined whether the ortholactone group, lost duttireginitial T ——— OAc

) > ; X CH,Cl,, 0°C : Me
fragmentation, was mediating the ring contractidgq.(2). - SAc OA Me
Lactoneda was found to be stable as a {{iH solution and in the OAc ¢ DAC
presence of one equivalent of both didlor tert-amyl alcohol 2a 13,73%

12, with.no ring cont(actior! observed. Whéamwas subjected to By combining the data in Table 1 with the additiostudies
Q.5 equwaleqts of Bi(OT{)in the absence of aI_coh(blL or 12, (Scheme 8), we can propose a plausible mechanishe(g
fing contraction was observegl, however, th.'s occurmda 9). Initial protonation of the ortholactor#a is followed by
significantly slower rate than in the conversion 2 to 3a. fing opening to provide oxocarbenium idd. The triflate
When diol11 was introduced, isomerization did occur, however,anion can then act as a nucleophile to f(EFta.ctone4a and
this was also accompanied by significant acetatestes to the : .

S W pani y sgn mono-triflated diol16. Although not generally regarded as a

diol alongside multiple other by-products. Wheert-amyl . :
alcohol 12 was utilized alongside Bi(OT{)the efficiency of the competent nucleophile, triflate has been showndbas a

reaction was increased compared to did. Finally, we nucleophile in many_.reactioﬁg. The ri_ng pontraction
attempted to trap any alcohol derived ester inteiate and ~Proceeds by nucleophilic attack b8 to provide ring opened
performed the reaction in the presence of acefiydnde which ~ ester 17 which undergoes acetate migratiot8)( and ring
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closure to providg-lactone3a. Our mechanism also accounts either a Micromass GCT Premier or a Waters Micron&3§
for the stoichiometry of Bi(OT$)required as one equivalent Premier spectrometer using electron ionization ¢ly0 eV or

of triflic acid is consumed during the reaction. \terefore
envisage that each BIi(OEf) molecule provides two
equivalents of TfOH.

Scheme 9: Proposed Mechanism

Me OAc @HO
j"‘"e 0.0 _A—Me
( Me

2a
AcO’ o
OTf OAc oTf
15
OAc
OTf =—= +
- Me W
- Me AcO’ HO  OTf
OH OAc OAc
17 4a 16
A
Acokicl)\cl)j/oj\/ cO H O o
OTf T» AcO \
: Me Me
OAc OAc HO  OTf AcO
18 3a
Me" Me
16

3. Conclusions

electrospray (ES) techniques, respectively. Unlesated
otherwise, all commercially available reagents weseduas
received.

4.2. General procedure for the formation 2d-e and6.?

To a 10 mL flask containing a stirrer bar was added
dihydropyran (1 equiv), Pd(OAg) (8 mol%), N,N,N’,N*-
tetramethylcyclohexyl-1,2-amine (TMCDA) (8 mol%), CuC
(20 mol%), 5A molecular sieves, 2,2-dimethyl-prodaB-diol
(10 equiv.) and anhydrous DMF (0.367M). The flask vitied
with a reflux condenser fitted with a drying tube QT and
heated to 40 °C open to the atmosphere with vigostiusng
until complete as monitored by TLC. The suspensias then
cooled to rt., diluted with ED, washed with KD, dried over
MgSQ,, concentrated in  vacuo and purified by flash
chromatography on Bt treated SiQ Compound<2a-f and 6
were synthesizedia this procedure and full characterization of
ortholactone®a-d, 2f and6 has been previously report&d.

4.2.1.(9S,10R)-Acetic acid 10-acetoxy-3,3-dimethyl-1,E¢0ka-
spiro[5.5]undec-9-yl este?e

Compound2e was prepared according general procedure
4.2 from acetic acid (B,4S)-3-acetoxy-3,4-dihydro-2H-pyran-4-
yl esterle (100 mg, 0.500 mmol), Pd(OAc)8.9 mg, 0.040
mmol, 8 mol%), TMCDA (6.8 mg, 0.040 mmol 8 mol%), QuC
(13.5 mg, 0.100 mmol, 20 mol%), 5A molecular sie{@30 mg),
2,2-dimethylpropan-1,3-diol (520 mg, 5.00 mmol, eiduiv.) and
DMF (1.4 mL, 0.37 M). After 18 hours the reactiorxture was
diluted with EtO (50 mL), washed with NaHGO(100 mL),
Brine (100 mL), dried over MgSfconcentratedn vacuo.The
crude product was purified by column chromatograpity

In conclusion, we have developed a new method for th@eactivated Si© (EtOAc-Hexane 1:7) to afford the title

selective formation of functionalizeg-lactones from easily
synthesized ortholactones. Our studies have idedtikey
mechanistic details of the reaction including: tB&OTf); is a

source of TfOH; the triflate anion acts as a nucldepto

facilitate fragmentation; the mono-triflated diccflitates the
ring contraction and that the acetate migration as

intramolecular event with no crossover seen in cditipe

experiments. This report highlights the stabilitydasynthetic
utility of ortholactones alongside their highly cheselective
reactivity towards sulfonic acids.

4. Experimental section
4.1.General Information

All reactions were carried out in oven-dried glasswaith
magnetic stirring. All reactions were monitored bynthayer
chromatography (TLC) using Merck TLC silica gel 6beets,
which were visualized with ultraviolet light and thdaveloped
with iodine and basic potassium permanganate solufitash
chromatography was performed on Sigma-Aldrich sifjeh 60
as the stationary phase and the solvents employed wk

compounde (105 mg, 70%) as a colorless oil.

Rf = 0.51 (5:1/ Hexane: EtOAcH NMR (400 NMR, CDC))
8 5.24 (1H, ddd) = 9.6, 7.8, 3.0 Hz), 5.20-5.17 (1H, m), 4.02
(1H, dd,J = 10.8, 0.5 Hz), 3.89 (1H, dd,= 12.8, 2.0 Hz), 3.76
(1H, dd,J = 13.0, 1.5 Hz), 3.64 (1H, dd,= 10.6, 0.5 Hz), 2.14
(3H, s), 2.11-2.09 (1H, m), 2.09-2.07 (1H, m), 2.08,(8), 1.19
(3H, s), 0.77 (3H, s).*C NMR (100 MHz, CDCJ) 5 170.6,
170.0, 109.3, 70.2, 69.1, 67.3, 66.8, 63.2, 349%64,22.7, 21.9,
21.0, 20.9. IRvya (Thin film) 3434, 3319, 2950, 2912, 1745,
1665, 1619, 1471, 1369, 1235, 1210, 1065. HRMS)(E3lc.
for CyH,,0:Na [M+Na] 325.1263; Found 325.1268.

4.3. Synthesis of Functionalized Non-carbohydrate Ortbtnliae
substrategf-n

4.3.1.(8S,9S,10R)- Benzoic acid 10-benzoyloxy-8-iodomethyl
3,3-dimethyl-1,5,7-trioxa-spiro[5.5] undec-9-yl esRyg

To a stirred solution o6 (30.0 mg, 65.8 mmol) in toluene
(0.54 mL, 0.12 M), at room temperature under argras added
successively Imidazole (13.4 mg, 197 mmol, 3 eQuiv.
Triphenylphosphine (25.9 mg, 98.7 mmol, 1.5 equéwndl iodine

analytical grade™H NMR spectra were recorded on a Bruker (23.4, 92.1 mmol, 1.4 equiv.), and the resultinlgiion stirred in
AVX400 (400 MHz) spectrometer at ambient temperaturdéa Da the absence of light for 24 hours, diluted with EtOQA6 mL),
are reported as follows: chemical shift in parts peltion (3, washed successively with,®& (50 mL), NaHCQ (50 mL) and
ppm) from deuterated chloroform (COQLtaken as 7.26 ppm, Brine (50 mL), dried over MgSQ concentratedn vacuo and

integration, multiplicity (s = singlet; d = doubjet= triplet; dd =
double doublets m = multiplet), and coupling consi@iz). **C

purified by flash column chromatography elution Z0hexane
EtOAc to yield the title compoun®y as a pale yellow oil (26.0

NMR spectra were recorded on a Bruker AVX400 (100 MHz)mg, 57 %)-’

spectrometer. Chemical shifts are reported in ppmfCDC}
taken as 77.0 ppm. Infrared spectra were recorded Berkin
Elmer RX | FT-IR spectrometer as liquid films or d8ute
solutions between two KBr discs. Mass spectra wererded on

Rf = 0.25 (10:1/ Hexane: EtOAc)H NMR (400 MHz,
CDCl,) 5 8.01-7.88 (4H, m), 7.63-7.32 (6H, m), 5.65 (1H, d#id,
=11.8,9.6,5.3 Hz), 5.27 (1H, ddi= 9.5, 9.5 Hz), 4.19 (1H, d,
= 11.0 Hz), 4.04 (1H, d] = 11.0 Hz), 3.93 (1H, ddd = 10.3,
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10.3, 2.5 Hz), 3.43-3.35 (3H, m), 3.31 (1H, dd; 10.5, 10.5 R =0.62 (2:1/ Hexanes: EtOA&)ﬂ NMR (500 MHz, CDC))
Hz), 2.66 (1H, ddJ = 12.5, 5.5 Hz), 2.01 (1H, dd,= 12.6, 11.8 & 8.00 (2H, ddJ = 8.4, 1.5 Hz), 7.93 (2H, dd,= 8.4, 1.1 Hz),
Hz), 1.24 (3H, s), 0.83 (3H, sJ°C NMR (100 MHz, CDC) §  7.81 (2H, ddJ = 8.5, 1.5 Hz), 7.55-7.34 (9H, m), 6.76-6.71 (1H,
165.8, 165.5, 133.5, 133.1, 129.8, 129.7, 129.8.9,2128.5, m), 5.69 (1H, dddj = 11.4, 7.6, 5.2 Hz), 5.39 (1H, dd= 9.6,
128.3, 109.1, 73.8, 71.8, 70.5, 70.2, 69.1, 38994,222.0, 22.0, 9.6 Hz), 4.16-4.05 (2H, m), 4.01 (LH, &= 10.1 Hz), 3.60 (1H,
4.4. IRvyy (thin film) 3434, 2912, 1717, 1624, 1276, 1065870 d, J = 10.7 Hz), 3.46 (1H, ddd,= 14.3, 6.3, 5.2 Hz), 3.34 (2H,
HRMS (ES) CyH,s0/1 [M+H] * 567.0880; Found 567.0868. ddd,J = 12.5, 9.9, 2.6 Hz), 2.67 (1H, ddl= 12.9,5.5 Hz), 1.99
4.3.2.(8S,9S,10R)- Benzoic acid 9-benzoyloxy-8-azidomethyl (1H, dd,J=19.3, 193 Hz), 1.21 (3H, 5), 0.68 (3H, $IC NMR
3.3-dimethyl-L. 7-trioxa-opiro[5.5] undec10-1 esgh (125 MHz, CDCJ) § 167.2, 166.3, 166.2, 133.5, 133.1, 131.6,

’ -9, £ ' _ 129.8, 129.7, 129.0, 128.6, 128.4, 128.3, 128.5.9,2109.0,

To a stirred solution 06 (200 mg, 0.439 mmol), in Gl 215 705 70.3, 70.1, 69.0, 40.3, 38.9, 29.35222.7, 21.9

(2.2 mL, 0.2 M) under an atmosphere of Argon at rooMyom Ry, . (thin film) 3434, 2956, 2912, 2857, 1723, 1646,
temperature was added DMAP (10.0 mg, 8i®l, 20 mol %), 1457 1372 1276, 1243, 1067, 749, 708. HRMSYESlc. for

and EtN (0.25 mL, 1.75 mmol, 4 equiv.). The resultingusin CaHauNOg [M+H] *560.2284; Found 560.2263.
was cooled to 0°C angtoluenesulfonyl chloride (100 mg, 0.527

mmol, 1.2 equiv.) added in one portion. The sohutivas stired  4.3.4.(8S,9S,10R)- Benzoic acid 10-benzoyloxy-3,3-dim8thy!
for a further 3 hours, diluted with EtOAc (50 mL), wash Pphenylsulfanylmethyl-1,5,7-trioxa-spiro[5.5]undegA%ester7
successively with saturated aqueous,8H(50 mL), NaHCQ To a stirred solution o2g (85.0 mg, 0.150 mmol) in DMF
(50 mL), Brine (50 mL), dried over MgSQOconcentratedn (1.5 mL, 0.1 M), under an atmosphere of Argon atnmroo
vacug and purified by flash chromatography elution1105:1  temperature was added DIPEA (31ul4 0.180 mmol, 1.2 equiv.)
hexane: EtOAc to yield benzoic acid 9-benzoyloxy-&faethyl- and Thiophenol (18.4i.L, 0.180 mmol, 1.2 equiv.) and the
8-(toluene-4-sulfonyloxymethyl)-1,5,7-trioxa-spifop]undec- resulting solution stirred for 18 hours, dilutedmitO (30 mL),
10-yl ester as a yellow oil. The resulting oil @0ng, 67.7 washed with 1M HCI (30 mL), saturated aqueous Nakl(3D
mmol) was dissolved in toluene (0.7 mL, 0.1 M) under mL) and Brine (30 mL), dried over MgQ@nd concentrateth
atmosphere of Argon at room temperature. ,N8Tl (56.4 mg, vacuo and purified by flash chromatography elution 30: 1
0.203 mmol, 3 equiv.) and NaN15.4 mg, 0.237 mmol, 3.5 Hexane: EtOAc to yield (80.0 mg, 97 %) as a pale yellow il.

equiv. were subsequently added and the resultingisolheated R, = 0.53 (2:1/ Hexanes: EtOAdH NMR (400 MHz, CDC))

0l fr 18, b, shereuon 1 1 ool 099 755 760 (. 77751 (. ). 27721 (. 715
7.13 (1H, m) 5.60 (1H, ddd,= 11.8, 9.5, 5.5 Hz), 5.38 (1H, dd,

;nL). The aqueous Iaye_r was then_extracted witd 50 mL x J=9.8, 9.8 Hz), 4.00 (1H, ddd= 9.8, 8.6, 3.3 Hz), 3.83 (1H, d,
) and combined organic layers dried over MgSs@ncentrated _ -

; o ; .4J=11.0 Hz), 3.81 (1H, dJ = 11.0 Hz), 3.29-3.15 (4H, m), 2.64
in vacuo and purified by flash chromatography elution 30'1(1H dd,J=12.5, 5.5 Hz), 1.99 (1M, dd.= 12.6, 11.8 Hz), 1.19
hexane: EtOAc to yield the title compouBld as a colorless oil (3H. 5). 0.73 (3H. 5).”* C NMR (100 MHz, CDG) & 165.8,

o018
(26 mg, 79 %: 165.6, 136.4, 133.4, 133.1, 129.8, 129.7, 129.6.112128.9,

R = 0.44 (2:1/ Hexanes: EtOACH NMR (400 MHz, CDCJ)  128.6, 128.4, 128.3, 125.9, 108.9, 73.1, 72.1, 7064, 68.9,
5 7.98-7.90 (4H, m), 7.56-7.46 (2H, m), 7.42-7.32 (¥}, 5.66  38.8, 35.4, 29.2, 21.9, 21.4. IR, (thin film) 3440, 2918, 1723,
(1H, ddd,J = 11.8, 9.5, 5.5 Hz), 5.35 (LH, ddi= 9.8, 9.8 Hz), 1377, 1279, 1067, 708. HRMS (5SCalc. for G;Ha0:S
4.09 (1H, d,J = 11.0 Hz), 4.05 (1H, ddd, = 10.0, 8.8, 2.2 Hz), [M+H]*549.1947; Found 549.1928.

3.77 (1H, dJ = 11.0 Hz), 3.59 (1H, dd] = 13.3, 8.8 Hz), 3.42 . .

(1H ((jd J=75 25 Hz)) 339 ((1H (;j(]jl =75 22 Hz)) 319 4.3.5.(8S,9S,10R)- Benzoic acid 10-benzoyloxy-8-
(1H’ dd,J _ 132 2'2 Hz), 2.69 (1H’ dd.= 126 5'5 HZ), 2'03 benzenesulfonylmethyl-3,3-dimethyl-1,5,7-trioxa-
(1H. dd.J= 12.5. 11.8 Hz). 1.25 (3H, 5), 0.3 (3H, §c NMR  SProl>-Slundec-9-yl ester 2]

7 (75.0 mg, 0.137 mmol) was dissolved in £ (7 mL, 0.02
100 MHz, CDCY) 5 165.7, 165.6, 133.5, 133.1, 129.8, 129.7,
(129.5 128.9 102%.5 128.3, 109.1, 72.6, 71.0,,70041, 69.2, M), @t 0°C under an atmosphere of Argon ar@PBA (118 mg,

51.8, 38.8, 29.3, 22.8, 21.9. IR, (thin film) 2958, 2870, 2099 0.684 mmol, 5 equiv.) added in one portion. Thepsmsion was
1727’ 145&% 127’9 12;17 1069 3562 7081ch1|RMé (ES),CaIc " stirred for 4 hours whereupon it was quenched withirated

f HyaNoO, [M+H]* 482.1927: Found 482.1941. aqueous NaHCp_(SO mL), ext_racted with C}El, (50 mL x 2),
O CosftgNoO; [M+H] oun combined organic layers dried over MgS@oncentratedn

4.3.3.(8S,9S,10R)- Benzoic acid 10-benzoyloxy-8- vacuoand purified by flash chromatography elution Hexane:
(benzoylamino-methyl)-3,3-dimethyl-1,5,7-trioxa- EtOAc to yield the title compountj as a pale-yellow oil (72.0
spiro[5.5]undec-9-yl estei mg, 90 %)-*

To a stirred solution o2h (54.0 mg, 0.112 mmol) in 10:1
THF: H,0 (2.3: 0.23 mL, 0.4 M) was added under Argon at roorr%3 7
temperature Triphenylphosphine (90.7 mg, 0.337 melquiv.)
and the resulting suspension heated to 70°C amekdstfor 5
hours whereupon it was cooled to room temperature an
concentratedn vacuo The crude amine was then dissolved in
pyridine (1.1 mL, 0.1 M), and cooled to 0°C underaamosphere
of Argon. DMAP (2 mg, cat.) and BzCl (14&, 0.123 mmol,
1.1 equiv.) were then added and the resulting swiwtirred for
14 hours, quenched with saturated aqueous NaHBO mL),
extracted with BO (50 mL x 3), combined organic layers wahed
succesively with aqueous CuS(0 mL x 2) brine (50 mL),
dried over MgSQ@ concentratedn vacuq and purified by flash
chromatography elution 15:1 Hexane: EtOAc to yield title
compoundi as a yellow oil (60 mg, 95% over 2 step3).

Rf = 0.62 (2:1/ Hexanes: EtOACH NMR (400 MHz, CDC))
.95-7.83 (6H, m), 7.66-7.57 (1H, m), 7.56-7.44 (a1, 7.41-
7.30 (4H, m), 5.65 (1H, ddd,= 11.8, 9.6, 5.5 Hz), 5.23 (1H, dd,

=9.8, 9.8 Hz), 4.55 (1H, ddd= 9.6, 9.6, 1.8 Hz), 4.10 (1H, d,

= 10.8 Hz), 3.94 (1H, d] = 10.5 Hz), 3.61 (1H, dd] = 14.6,
9.5 Hz), 3.41 (1H, dd] = 10.8, 2.8 Hz), 3.34-3.30 (1H, m), 3.30-
3.28 (1H, m), 2.65 (1H, dd} = 12.5, 5.3 Hz), 1.98 (1H, dd,=
11.8, 11.8 Hz), 1.22 (3H, s), 0.83 (3H, sfC NMR (100 MHz,
CDCl) & 165.9, 165.4, 140.3, 133.8, 133.6, 133.1, 12929,6],
129.4, 129.4, 128.6, 128.5, 128.3, 127.5, 109.10,720.4, 70.1,
69.2, 66.8, 57.4, 38.7, 29.3, 22.8, 21.9.V}R, (thin film) 3434,
2918, 2247, 1723, 1446, 1276, 1067, 746. HRMSYESlc. for
C31H3506S [M+H]" 581.1845 Found 581.1870.



4.3.6.(8S,9S,10R)- Benzoic acid 10-benzoyloxy-3,3-dim8thyl
(1-phenyl-1H-tetrazol-5-ylsulfanylmethyl)-1,5,7-k&
spiro[5.5]undec-9-yl este?k

To a stirred solution 06 (132 mg, 0.289 mmol) in THF (2.6
mL, 0.11 M) under an atmosphere of Argon at 0°C wgded
successively PRh (152 mg, 0.579 mmol, 2 equiv.),
phenyltetrazole thiol (72.1 mg, 0.405 mmol, 1.4 iequand
DIAD (85.5 uL, 0.434 mmol, 1.5 equiv.) in one portion
respectively and the resulting solution stirred &further 18
hours with warming to room temperature. The soluti@s then
concentratedin vacuo and purified by flash chromatography
elution 10:1 Hexane: EtOAc to yield the title compokdas a
colourless oil (62 mg, 35 "/gf

R = 0.60 (2:1/ Hexane: EtOAc).'H NMR (400 MHz,
CDCl) & 8.03 (2H, dJ = 8.1 Hz), 7.96 (1H, s), 7.93 (2H, &I
7.8 Hz), 7.82 (2H, dJ = 7.8 Hz), 7.56 (1H, t) = 7.3 Hz), 7.50
(1H, t,J = 7.8 Hz), 7.46-7.31 (7H, m), 5.71 (1H, ddds 12.2,
11.0, 6.6 Hz), 5.41 (1H, dd,= 10.0, 10.0 Hz), 4.81 (1H, d,=
13.7 Hz), 4.50 (1H, ddj = 14.0, 10.3 Hz), 4.27 (1H, dd,=
10.0, 10.0 Hz), 3.69 (1H, d,= 10.5 Hz), 3.27 (1H, d] = 10.5
Hz), 3.12 (1H, dJ = 10.8 Hz), 2.79 (1H, d) = 11.0 Hz), 2.67
(1H, dd,J = 12.7, 5.4 Hz), 2.03 (1H, dd,= 22.8, 10.8 Hz), 1.10
(3H, s), 0.38 (3H, s).*C NMR (100 MHz, CDCJ) 5 165.5,
147.6, 133.7, 133.2, 130.4, 130.0, 129.7, 129.8.912128.7,
128.6, 128.4, 128.2, 125.6, 121.7, 109.0, 71.83,710.6, 70.1,
68.8, 51.6, 38.8, 28.9, 22.6, 21.5. MRy (thin film) 3351, 3064,
2981, 2954, 2875, 2359, 2343, 1735, 1732, 1694316506,
1272, 1245, 1106 ¢ HRMS (ES) Calc. for GHaaN,O;S
[M+H]* Calc. 617.2064; Found 617.2064.

4.3.7.(8S,9S,10R)- vBenzoic acid 10-benzoyloxy-8-forndyl-3,
dimethyl-1,5,7-trioxa-spiro[5.5]undec-9-yl esi@r

To a stirred solution 06 (100 mg, 0.219 mmol) in Ci&l, (1
mL, 0.25 M) at room temperature under an atmospbefagon

7
=16.4 Hz), 5.67 (1H, ddd,= 10.3, 10.3, 5.4 Hz), 5.30 (1H, dd,
J=9.8,9.8 Hz), 4.42 (1H, ddd~= 9.8, 4.6, 2.0 Hz), 4.00 (1H, d,
J=10.8 Hz), 3.59 (1H, d] = 10.8 Hz), 3.41 (1H, dl = 8.3 Hz),
3.39 (1H, d,J = 8.0 Hz), 2.68 (1H, dd] = 13.0, 5.2 Hz), 2.02
(1H, dd,J = 12.5, 12.5 Hz), 1.24 (3H, s), 0.80 (3H, 5C NMR
(100 MHz, CDCJ) 5 165.6, 165.3, 148.3, 133.6, 133.2, 129.8,
129.7, 129.3, 128.5, 128.4, 116.5, 109.3, 101.8,72.6, 70.6,
70.1, 69.3, 38.7, 31.9, 29.3, 22.6, 21.94R, (thin film) 3445,
2918, 2247, 1652, 1460, 1388, 1366, 752. HRMSYERlc. for
C,7H,eNO; [M+H]* 478.1866; Found 478.1856.

4.3.9.(8S,9S,10R)- Benzoic acid 9-benzoyloxy-3,3-dimét(g-
o0xo-but-1-enyl)-1,5,7-trioxa-spiro[5.5]undec-10edter2m

To a stirred solution of dimethyl 2-oxopropylphosphte (8.0
pL, 58.1 umol, 1.2 equiv.) in MeCN (0.5 mL, 0.1 M) under an
atmosphere of Argon at room temperature was addel (Ri€
mg, 58.1umol, 1.2 equiv.), EN (6.8 uL, 48.5umol, 1 equiv.)
and8 (22.0 mg, 48.5umol) in MeCN (0.2 mL) and the resulting
solution stirred for 6 hours whereupon it was diluéth EtOAc
(30 mL) washed with Brine (20 mL), dried over MgsO
concentratedn vacuq and purified by flash chromatography
elution 10: 1 Hexane: EtOAc to yield the title compd@m as a
pale yellow oil (14.2 mg, 59 % frog).**

R = 0.54 (2:1/ Hexanes: EtOAGH NMR (400 MHz, CDCJ)
§7.94 (4H, tJ = 7.8 Hz), 7.57-7.44 (2H, m), 7.37 (4H,3F 7.6
Hz), 6.72 (1H, dd,) = 16.2, 5.6 Hz), 6.34 (1H, d,= 15.9 Hz),
5.71 (1H, dddJ = 11.0, 10.2, 5.4 Hz), 5.35 (1H, ddi= 10.0,
10.0 Hz), 4.42 (1H, dd) = 9.8, 5.6 Hz), 4.03 (1H, d, = 11.0
Hz), 3.63 (1H, dJ = 11.2 Hz), 3.39 (1H, dJ = 9.3 Hz), 3.38
(1H, d,J = 10.8 Hz), 2.69 (1H, dd] = 12.7, 5.1 Hz), 2.40 (3H,
s), 2.04 (1H, ddJ = 12.2, 12.2 Hz), 1.24 (3H, s), 0.80 (3H, ).
%C NMR (100 MHz, CDC)) § 198.1, 165.6, 140.5, 133.4, 133.1,
132.2, 129.7, 129.5, 128.5, 128.3, 109.2, 72.63,710.5, 70.2,
69.2, 38.8, 29.7, 29.4, 27.0, 22.6, 21.9, 14.1.vJR (thin film)

was added DMP (140 mg, 0.329 mmol, 1.5 equiv.) ared th3064, 2958, 2925, 2875, 2362, 2343, 1728, 16833,16554,

resulting suspension stirred for 2 hours, wheretpwaas poured
into a saturated solution of P&O; (25 mL and saturated

aqueous NaHC£X25 mL), stirred for a further hour whereupon

the organic layer was separated and the aqueous pktacted

with CH,Cl, (40 mL x 3). Combined organic layers were dried

over MgSQ and concentrateoh vacuoto afford8 which used
without further purificatiorf®

R = 0.24 (2:1/ Hexanes: EtOAGH NMR (300 MHz, CDCJ)

§9.72 (1H, dJ = 2.3 Hz), 8.01-7.87 (4H, m), 7.58-7.44 (2H, m),

7.43-7.33 (4H, m), 5.73 (1H, ddd,= 11.5, 9.4, 5.3 Hz), 5.55
(1H, dd,J = 9.8, 9.8 Hz), 4.15 (1H, dd,= 10.0, 2.3 Hz), 4.05
(1H, d,J = 10.9 Hz), 3.68 (1H, d] = 10.9 Hz), 3.45-3.36 (2H,
m), 2.69 (1H, ddJ = 12.6, 5.3 Hz), 2.06 (1H, dd,= 12.6, 11.7
Hz), 1.23 (3H, s), 0.81 (3H, s).

4.3.8. (8S,9S,10R)- Benzoic acid 10-benzoyloxy-8-(2-cyano
vinyl)-3,3-dimethyl-1,5,7-trioxa-spiro[5.5]undec-9gster2|

To a stirred solution of diethyl cyanomethyl phosphte
(30.4pL, 0.188 mmol, 1.2 equiv.) in acetonitrile (1.3 niL.1 M)
was added LiCl (8.0 mg, 0.188 mmol 1.2 equiv.3NE{L7.6 L,
0.126 mmol, 1 equiv.) and crude(57.0 mg, 0.126 mmol) in
MeCN (0.4 mL). The resulting orange solution wasesti for 3
hours, diluted with EtOAc (50 mL), washed with brine @Q),
dried over MgSQ@ concentratedn vacuoand purified by flash
chromatography elution 15: 1 Hexane: EtOAc to yield title
compound?l as a pale yellow oil (25.0 mg, 42 % fr@hn

R = 0.69 (2:1/ Hexanes: EtOAGH NMR (400 MHz, CDCJ)
§7.97 (2H, dJ = 7.8 Hz), 7.92 (2H, d] = 7.8 Hz), 7.55 (1H, 1]
= 7.6 Hz), 7.50 (1H, 1) = 7.8 Hz), 7.41 (2H, 1) = 7.6 Hz), 7.37
(2H, 1, = 8.0 Hz), 6.73 (1H, dd] = 15.9, 4.2 Hz), 5.79 (1H, d,

1457, 1366, 1313, 1279, 1120, 1071, 958, 714.HiRMS (ES)
Calc. for GgH3,0g [M+H] " 495.2019; Found 495.2012.

4.3.10.(8S,9S,10R)- 3-(9,10-Dibenzoyloxy-3,3-dimethyl-1,5,7-
trioxa-spiro[5.5]undec-8-yl)-acrylic acid ethyl est2n

To a stirred solution of Triethyl phosphonacete8&.4 L,
0.188 mmol, 1.2 equiv.) in MeCN (1.3 mL, 0.1 M) undm
atmosphere of Argon at room temperature was addet(8iG
mg, 0.188 mmol, 1.2 equiv.) and;Et(17.6uL, 0.126 mmol, 1
equiv.) and8 (57.0 mg, 0.126 mmol) and the resulting solution
stirred for a further 3 hours whereupon it was dduteth EtOAc
(50 mL), washed with Brine (40 mL), dried over MgSO
concentratedn vacuq and purified by flash chromatography
elution 20:1 Hexane: EtOAc to yield the title compo@mdas a
pale yellow oil (25.0 mg, 38 %).

R; = 0.71 (2:1/ Hexanes: EtOACH NMR (400 MHz, CDC))
87.96 (2H, d,J = 8.0 Hz), 7.93 (2H, d] = 8.1 Hz), 7.51 (2H, q]
= 7.8 Hz), 7.37 (4H, ¢) = 7.4 Hz), 6.92 (1H, dd] = 15.4, 5.2
Hz), 6.19 (1H, dJ = 15.6 Hz), 5.66 (1H, ddd,= 12.2, 10.5, 5.8
Hz), 5.34 (1H, ddJ = 9.8, 9.8 Hz), 4.44 (1H, dd,= 10.0, 5.2
Hz), 4.20 (1H, dJ = 7.3 Hz), 4.16 (1H, d] = 6.8 Hz), 4.06 (1H,
d,J = 10.8 Hz), 3.63 (1H, dl = 10.8), 3.39 (1H, dJ = 9.0 Hz),
3.37 (1H, d,J = 10.0 Hz), 2.68 (1H, dd] = 12.7, 5.4 Hz), 2.03
(1H, dd,J = 12.0, 12.0 Hz), 1.30-1.26 (3H, m), 1.24 (3H, 300.
(3H, s). °C NMR (100 MHz, CDGJ)) & 165.8, 165.6, 165.4,
141.5, 133.3, 133.1, 129.7, 129.7, 129.5, 129.8.412128.3,
123.3, 109.1, 72.5, 70.7, 70.5, 70.5, 69.2, 60867,329.4, 22.7,
22.0, 14.1. IRV, (thin film) 3065, 2958, 2924, 2871, 1727,
1602, 1453, 1308, 1274, 1179, 1122, 1069, 712.cARMS
(ES") CygH3304 [M+H] * 525.2125; Found 525.2135.
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4.4.General procedure for the Bi(OTf)3 Mediated Rf = 0.16 (2:1 Hexane: EtOAc)H NMR (400 MHz, CDC}))
Fragmentation-Ring Contration of ortholactor@sn. The 6 5.24-5.19 (1H, m), 5.10-5.05 (1H, m), 4.62 (1H, dd; 13.0,
formation ofy-lactones3a-n. 3.0 Hz), 4.42 (1H, ddd] = 13.0, 2.8, 1.2 Hz), 3.02 (1H, ddi=

To a stirred solution of ortholactone (1 equiv.)dhi,Cl, (0.1 %812 (gl?' ':)Z )13C2: IZI?/I(Rl?lg(()j cl?/lT—|zl SngJ)SS %’ggHZ)igélg (fg i')’
M) under an atmosphere of Argon at 0 °C was addedn® &7 7 "5 “65.8, 32.8, 20.8, 20.8.\R,, (thin film) 3396, 2918,

p°[.t|i°” Bi(ﬂfk t()o'STﬁ‘é”i"z') gmﬁ the res#';”‘g S”Spe".si‘r?t?] stiredy 795 1743, 1383, 1232, 1163, 1048'cHRMS (ES) Calc. for
until complete by TLC (2-6 hours). The suspensisrthen ;o \a (M+Na] 239.0532, Found 239.0525
guenched by pouring into a saturated agqueous goludif

NaHCQ, and extracted three times with @H,. The resulting 4.4.5.3,5-Di-O-acetoxy-L-Arabinono-1,4-lacto3e

organic layer is washed with saturated aqueous bdiieq over Title compound was prepared according to theneral
MgSQ,, concentrated in vacuo and purified by flash calum procedure 4.4from 2e (90.0 mg, 0.298 mmol), Bi(OTH)(97.8
chromatograpy. mg, 0.149 mmol, 0.5 equiv.) for 6 hours to affole ttitle
4.4.1.3,5,6-Tri-O-acetyl-D-glucono-1,4-lactorga compoundse as a colorless oil (46.3 mg, 72 %).

The title compound3a was prepared according general Rf = 0.24 (2:1 Hexane: EtOAc)H NMR (400 MHz, CDCJ))

procedure 4.4rom 2a (20.0 mg, 53.4umol), Bi(OTf); (17.5 mg, §5.28 (1H, ddd,J=7.4, 1.7, 1.7 Hz), 4.68 (1H, ddii= 3.4, 3.4,
26.8umol, 0.5 equiv.) for 4 hours to afford the titlengpound3a 1.7 Hz), 4.39 (1H, dd, 12.2, 3.4 Hz), 4.29 (1H, di&; 12.5, 3.6
as a colorless oil (12 mg, 80 %). Hz), 3.00 (1H, ddJ = 18.8, 7.6 Hz), 2.63 (1H, dd,= 18.6, 2.0

3
Ri = 0.20 (2:1 Hexane: EIOACH NMR (400MHz, DGl 5 2y 213 (3H, 8), 2.10 (3K, $)-C'NMR (100 MHz, CDG) 3

: Al 1737, 173.2, 170.3, 82.0, 71.1, 63.3, 34.8, 20(86. IR vy
5.65(1H,dd)=5.8,4.2 Hz), 5.36 (1H, dd,= 9.5, 4.5, 2.5 H2),  4nin film) 3439, 2925, 2851, 1788, 1742, 1374, 822160,
4.69 (1H, dd,) = 12.6, 4.3 Hz), 4.64 (1H, dd,= 12.6, 2.2 Hz),

1. . +
416 (1H. ddJ = 12.6. 4.3 H7) 2.91 (1H. dd.= 18.1 55 Hz) o4/, 938 cil. HRMS, (ES) Calc. for GHi,ONa [M+Nal

2.61 (1H, d,J = 18.3 Hz), 3.09 (3H, s), 2.07 (3H, 5), 2.04 (3H, s).ig’?rfsspgozﬁdeni%“xgh o032, | Characterisation  was in
*C NMR (100 MHz, CDCJ)  172.8, 170.4, 169.6, 169.4, 78.2, '

68.4, 67.1, 62.5, 36.6, 20.7, 20.7, 20.6.v|R, (thin film) 3462,  4.4.6.3,5,6-Tri-O-benzoyloxy-D-glucono-1,4-lactaBfe

2929, 1801, 1747, 1432, 1374, 1228, 1141, 1040. dHRMS Compound was prepared accordinggeneral procedure 4.4
(ES)) Calc. for G.H,d0sNa [M+Na] 311.0743, Found 311.0735. from 2f (30.0 mg, 53.6imol), Bi(OTf); (17.6 mg, 26.§imol, 0.5
4.4.2.3,5,6-Tri-O-acetoxy-D-galactono-1,4-lactoBle equiv.) for 4 hours to afford the title compouBfdas a colorless

I 0,
The title compound was prepared according general oil (23.0 mg, 91 %)

procedure 4.4rom 2b (20 mg, 53.4umol), Bi(OTf); (17.5 mg, R = 0.47 (2:1 Hexane: EtOAC)H NMR (400MHz, CDCY) &
26.8umol, 0.5 equiv.) for 4 hours to afford the titlengpound3b 8.16-7.95 (6H, m), 7.65-7.32 (9H, m), 5.77-5.65 (2H, M95-
as a colourless oil (12 mg, 80 %). 4.86 (1H, m), 4.75 (1H, dd, = 12.3, 3.5 Hz), 4.65 (1H, dd,=

12.3, 5.3 Hz), 3.33 (1H, dd,= 17.3, 4.8 Hz), 3.02 (1H, dd,=
17.0, 4.8 Hz). *C NMR (100 MHz, CDCJ) 5 167.1, 165.9,
165.1, 164.9, 134.0, 133.8, 133.4, 129.9, 129.9.812129.2,
128.6, 128.6, 128.4, 76.5, 69.2, 68.5, 63.1, 31y, (thin
film) 3060, 2925, 1764 1725, 1601, 1452,1315, 126177,

Ri = 0.20 (2:1 Hexane: EtOAc)H NMR (400 MHz, CDC))
§5.37 (1H, dddJ = 8.3, 5.5, 3.0 Hz), 5.18 (1H, ddil= 7.6, 2.3,
2.3 Hz), 4.68 (1H, ddd] = 9.3, 6.5, 1.8 Hz), 4.32 (1H, dd=
11.6, 5.5 Hz), 4.22 (1H, dd,= 11.6, 6.6 Hz), 2.91 (1H, dd,=
19.1, 7.5 Hz), 2.58 (1|I|3’ dd,= 18.6, 2.0 Hz), 2.12 (3H, s), 2.12 1107, 1070, 1027 cfa HRMS (ES) Calc. for GiHyOp [M+H]*
(3H, s), 2.08 (3H, 5)."C NMR (100 MHz, CDGJ) 6 173.4,  ,47c 1393 Found 475.1396
170.3, 170.1, 169.5, 82.5, 71.1, 70.0, 61.6, 32077, 20.6. IR ' ' '

Vmax (thin film) 3440, 2918, 2099, 1734, 1649, 1375432752, 4.4.7.6-lodo-3,5-Di-O-benzoyloxy-D-glucono-1,4-lactdsee

711. HRMS (E9 Calc. for G,H;OsNa [M+Na]" 311.0743, The title compound 2g was prepared accordingyeaeral
found 311.0736. Data is consistent with literatureies’® procedure 4.4rom 2g (25.0 mg, 44..umol), Bi(OTf); (14.5 mg,
22.1umol, 0.5 equiv.) for 5 hours to afford the titlengpound3g

4.4.3.3,5-Di-O-acetoxy-L-rh -1,4-lactoB )
o DL-aceioxy L TMamnonosey acjone as a pale yellow oil (20.6 mg, 97 %).

Title compound prepared accordinggeneral procedure 4.4

from 2c (45.0 mg, 142:mol), Bi(OTf); (46.7 mg, 71.2umol, 0.5 R = 0.37 (2:1 Hexane: EtOACH NMR (400MHz, CDC}) &
equiv.) for 4 hours to afford the title compouBalas a colourless 8.07-7.98 (4H, m), 7.66-7.55 (2H, m), 7.51-7.41 (4H, B66
oil (32.6 mg, 88 %). (1H, dd,J = 10.3, 5.2 Hz), 5.59 (1H, ddd,= 7.6, 5.3, 0.7 Hz),

4.51 (1H, ddd,) = 7.5, 5.5, 4.5 Hz), 3.61 (1H, dd= 11.3, 4.5
Hz), 3.50 (1H, ddJ = 11.3, 5.5 Hz), 3.28 (1H, dd,= 17.0, 5.0
Hz), 3.00 (1H, dddJ = 17.3, 5.3, 0.8 Hz)\*C NMR (100 MHz,
CDCl,) 6 166.7, 165.1, 164.9, 134.0, 133.8, 129.9, 12928,7,
128.6, 128.6, 128.4, 77.3, 71.7, 68.9, 34.1, R,y (thin film)
3429, 3055, 2925, 1726, 1601, 1451, 1264, 1095010027,

=1 +

3396, 2928, 1789, 1744, 1432, 1375, 1243, 1144910654, ;gﬁn%ﬂérggi (ES) Calc. for GoHifOsl [M+H] ™ 481.0148,
952 cm'. HRMS (ES) Calc. for GoH;.0sNa [M+Na] 253.0688, ' '
Found 253.0682. 4.4 .8.6-azido-3,5-Di-O-benzoyloxy-D-glucono-1,4-lact@te

PO s A The title compoun@h was prepared according to theneral
4.4.4.3,5-Di-O-acetoxy-D-xylono-1,4-lactorgel procedure 4.4rom 2h (21.0 mg, 43.7umol), Bi(OTf); (14.3 mg,
21.8umol, 0.5 equiv) for 3 hours to afford the title gpound3h
as a pale yellow oil (11.3 mg, 66 %).

R = 0.33 (2:1 Hexane: EtOAC)H NMR (400MHz, CDCY) &
5.64 (1H, dddJ) = 5.9, 3.9, 0.7 Hz), 5.21 (1H, dddi= 12.5, 8.8,
6.1 Hz), 4.43 (1H, ddj = 8.8, 3.9 Hz), 2.89 (1H, 18.4, 5.9 Hz),
2.59 (1H, ddJ = 18.1, 0.5 Hz), 2.07 (3H, s), 2.02 (3H, s), 1.41
(3H, d,J = 6.1 Hz)."*C NMR (100 MHz, CDCJ) 5 173.4, 169.6,
169.6, 83.0, 68.5, 66.4, 36.7, 21.5, 20.7, 17.8vR (thin film)

Title compound was prepared accordinggémeral procedure
4.4 from 2d (30 mg, 99.3umol), Bi(OTf); (32.6 mg, 49.1umol,
0.5 equiv.) for 6 hours to afford the title compdudd as a
colorless oil (15 mg, 71 %). Ri= 0.33 (2:1 Hexane: EtOAc)H NMR (400 MHz, CDCJ) &

8.12-8.05 (4H, m), 7.68-7.58 (2H, m), 7.54-7.42 (4H, @61



(1H, ddd, J= 10.5, 7.0, 2.8 Hz), 4.77 (1H, ddii= 6.8, 6.3, 2.0
Hz), 4.66 (1H, ddJ = 11.6, 6.0 Hz), 4.63 (1H, dd,= 11.6, 6.8
Hz), 4.45 (1H, ddd) = 2.8, 1.7, 0.7 Hz), 3.22 (1H, dddiz 18.0,
7.0, 0.8 Hz), 3.06 (1H, dd} = 17.8, 10.8 Hz)."*C NMR (100

9
4.412 (4R, 5S)-4-Benzoyloxy-5-[(1S,E)-1-Benzoyloxy-3-ayan
prop-2-ene]dihydrofuran-2(3H)ond@
Title compound was prepared accordingyémeral procedure
4.4 from2l (25.0 mg, 52.4umol), Bi(OTf); (17.2 mg, 26.2umol,

MHz, CDCl) 6 166.1, 166.0, 165.3, 134.1, 133.6, 130.0. 129.80.5 equiv.) for 4 hours to afford the title compdudl as a

129.0, 128.7, 128.6, 128.4, 74.8, 68.7, 63.0, 5722. IRVya

(thin film) 3445, 2923, 2104, 1720, 1597, 1449,8,26108, 711.
HRMS (ES) Calc. for GoHigN3;Og [M+H]* 396.1190; Found
396.1203.

4.4.9.6-Benzamido-3,5-Di-O-benzoyloxy-glucono-1,4-lacteine

Title compound was prepared accordinggémeral procedure
4.4 from 2i (14.0 mg, 25.Qumol), Bi(OTf); (8.2 mg, 12.5umol,
0.5 equiv.) and CKCl, (0.3 mL, 0.1 M) for 3 hours to afford the
titte compoundsi as a pale yellow oil (6.5 mg, 54 %)

Rf = 0.22 (2:1/ Hexanes: EtOACH NMR (400 MHz, CDC))
8 8.09-8.05 (2H, m), 8.01-7.96 (2H, m), 7.81-7.76 (&1, 7.65-
7.39 (9H, m), 6.70 (1H, bdd,= 6.5, 5.5 Hz), 5.66 (1H, ddd,=
5.5, 4.8, 4.8 Hz), 5.50 (1H, ddd= 8.5, 5.0, 0.8 Hz), 4.77 (1H,
ddd,J = 8.5, 7.5, 3.2 Hz), 4.21 (1H, dddi= 14.3, 7.0, 3.2 Hz),
3.76-3.58 (1H, m) 3.31 (1H, dd= 17.1, 5.5 Hz), 2.98 (1H, ddd,
J =17.3, 4.8, 0.8 Hz)."°C NMR (125 MHz, CDG)) 5 133.9,
133.7, 131.9, 130.0, 129.9, 128.7, 128.6, 127.00,680.6, 41.2,
34.3, 29.7, 27.5, 24.9. R (thin film) 3396, 2917, 1731, 1451,
1380, 1095 cm. HRMS (ES) Calc. for GH,NO; [M+H]*
474.1553 found 474.1549.

4.4.10.6-Benzenesulfonyl-3,5-Di-O-benzoyloxy-D-glucono-1,4-
lactone3j

Title compound prepared accordinggeneral procedure 4.4
2j (35.0 mg, 60.3umol), Bi(OTf); (19.8 mg, 30.2umol, 0.5
equiv.) for 4 hours to afford the title compousjdpale yellow oil
(21 mg, 72 %).

Rr = 0.34 (2:1/ Hexane: EtOAc)H NMR (500 MHz, CDC))
3 8.06-7.91 (6H, m), 7.69 (1H, dd,= 7.4, 7.4 Hz), 7.64 (1H,
ddd,J = 7.4, 7.4, 2.2 Hz), 7.58 (3H, dd,= 8.1, 8.1 Hz), 7.48
(2H, dd,J = 8.5, 8.5 Hz), 7.42 (2H, dd, = 8.1, 8.1 Hz), 5.63
(1H, dd,J = 8.8, 4.1 Hz), 5.45 (1H, dd, = 8.5, 4.4 Hz), 5.11
(1H, dd,J = 1H, ddd,J = 8.5, 8.5, 3.0 Hz), 3.71 (1H, dd,=
15.0, 8.4 Hz), 3.59 (1H, dd,= 15.0, 2.9 Hz), 3.28 (1H, dd,=
17.3, 5.5 Hz), 2.92 (1H, dd, = 17.3, 4.4 Hz)**C NMR (125

colorless oil (15.4 mg, 75 %).

Rf = 0.29 (2:1 Hexane: EtOAc)H NMR (400 MHz, CDC))
8 8.04 (2H, dJ = 7.8 Hz), 7.97 (2H, d] = 7.6 Hz), 7.66 (1H, 1)
= 7.8 Hz), 7.63 (1H, ) = 6.1 Hz), 7.51 (2H, tJ = 6.4 Hz), 7.49
(2H, t,J= 6.6 Hz), 6.84 (1H, dd] = 16.4, 3.9 Hz), 5.90 (1H, d,
=16.2 Hz), 5.67 (1H, dd] = 9.3, 4.4 Hz), 5.48 (1H, dd,= 4.9,
4.9 Hz), 5.33-5.26 (1H, m), 3.31 (1H, dbs 17.6, 5.2 Hz), 3.03
(1H, dd,J = 17.6, 4.2 Hz)"C NMR (100 MHz, CDGJ) & 165.5,
164.9, 164.9, 146.7, 134.3, 134.1, 129.9, 129.8.812128.8,
128.2, 115.7, 102.8, 77.6, 69.1, 68.1, 33. 2R, (thin film)
3407, 3049, 2923, 2225, 1725, 1597, 1454, 1317012677,
1093, 710 cm. HRMS (ES) Calc. for GHygNOg [M+H]*
292.1134; Found 292.1134.

4.4.13.(4R, 5S)-4-Benzoyloxy-5-[(1S,E)-1-Benzoyloxy-4-0xo-
but-2-ene]-dihydrofuran-2(3H)-on&m

Title compound was prepared accordinggémeral procedure
4.4 from 2m (14.2 mg, 28.7umol), Bi(OTf); (9.4 mg, 14.4
umol, 0.5 equiv.) and Ci&l, (0.6 mL, 0.1 M) for 2 hours to
afford the title compoun@m as a colorless oil (10.1 mg, 86 %).

R = 0.24 (2:1 Hexane: EtOAc)H NMR (400 MHz, CDC))
88.04 (2H, dJ = 7.8 Hz), 7.96 (2H, d] = 7.8 Hz), 7.64 (1H, t)
= 7.1 Hz), 7.60 (1H, t) = 8.6 Hz), 7.49 (2H, t) = 7.6 Hz), 7.45
(2H, t,J = 7.3 Hz), 6.84 (1H, dd] = 15.2, 4.2 Hz), 6.50 (1H, d,
J=15.9 Hz), 5.66 (1H, ddd), = 8.8, 8.8, 4.4 Hz), 5.55 (1H, dd,
= 1.9, 1.9 Hz), 5.32 (1H, dd, = 4.9, 4.9 Hz), 3.33 (1H, dd, =
17.9, 4.4 Hz), 3.02 (1H, dd,= 17.8, 3.7 Hz), 2.16 (3H, s)°C
NMR (100 MHz, CDCJ) & 196.7, 166.2, 165.0, 138.7, 134.2,
133.9, 131.5, 129.9, 128.8, 128.7, 78.4, 69.5, 68333, 29.7,
29.6, 27.9, 22.7. IR/ (thin film) 3396, 2923, 1726, 1451,
1383, 1262, 1095, 711 ¢émHRMS (ES) Calc. for GaH,,0;
[M+H] " 409.1287, Found 409.1283.

4.4.14.(4R, 5S)-4Benzoyloxy-5-[(1S, E)-1-Benzoyloxy-4-oxo-
4ethoxyprop-2-ene]-dihydrofuran-2(3H)-orén
Title compound was prepared accordinggémeral procedure

MHz, CDCL) 8 165.0, 164.9, 134.3, 134.2, 133.8, 130.0, 129.84.4from 2n (25.0 mg, 47.7umol), Bi(OTf); (15.6 mg, 23.&umol,

128.3, 73.3, 70.4, 69.4, 58.3, 33.9. Ry (thin film) 3434,
2923, 2868, 1726, 1443, 1305, 1260, 1147, 1108, Gii2.

HRMS (ES) Calc. for GeH,,ONa [M+Na] 517.0933 found
517.0926.

4.4.11.6-(sulphanyl-9-phenyl-9H-tetrazole)-3,5-Di-O-
benzoyloxy-D-glucono-1,4-lactok

Title compound was prepared accordinggémeral procedure
4.4from 2k (37.0 mg, 60.1umol), Bi(OTf); (19.7 mg, 30.umol,
0.5 equiv.) for 5 hours to afford the title compduBk as a
colorless oil (20.0 mg, 65 %).

Rr = 0.26 (2:1 Hexane: EtOACH NMR (400MHz, CDCY) &
.13-8.08 (2H, m), 8.03-7.98 (2H, m), 7.66-7.42 (11H, B67
(1H, ddd,J = 5.4, 4.6, 4.6 Hz), 5.54 (1H, ddd= 8.6, 4.9, 0.7
Hz), 5.05 (1H, dddJ = 8.3, 8.3, 3.4 Hz), 4.05 (1H, ddi= 14.4,
3.4 Hz), 3.70 (1H, ddj = 14.4, 8.3 Hz), 3.30 (1H, dd,= 17.4,
5.6 Hz), 2.98 (1H, ddd) = 17.1, 4.4, 0.7 Hz).*C NMR (100

0.5 equiv.) for 3 hours to afford the title compdudn as a
colorless oil (15.8 mg, 76 %).

R = 0.39 (2:1 Hexane: EtOAc)H NMR (400 MHz, CDC))
§8.04 (2H, dJ = 7.6 Hz), 7.97 (2H, dJ) = 7.8 Hz), 7.64 (1H, t,
J =7.4 Hz), 7.59 (1H, tJ = 7.8 Hz), 7.49 (2H, tJ = 7.3 Hz),
7.44 (2H, t,J = 7.3 Hz) 7.05 (1H, dd) = 15.6, 4.4 Hz), 6.28
(1H, d,J = 15.6 Hz), 5.64 (1H, dd] = 8.6, 4.2 Hz), 5.54 (1H,
dd,J = 4.4, 4.4 Hz), 5.34 (1H, dd,= 4.4, 4.4 Hz), 4.15 (2H, G,
= 6.8 Hz), 3.31 (1H, ddJ = 17.6, 4.9 Hz), 3.00 (1H, dd} =
17.8, 3.4 Hz), 1.24 (3H, t] = 7.1 Hz) ®*C NMR (100 MHz,
CDCly) & 166.2, 165.1, 165.0, 164.9, 140.4, 134.1, 13338,0,
129.9, 128.7, 128.6, 128.5, 128.4, 123.9, 78.34,668.3, 60.8,
33.2, 14.1. IRy (thin film) 3434, 2918, 1723, 1599, 1454,
1317, 1262, 1174, 1094, 710 ¢mHRMS (ES) Calc. for
C,H20sNa [M+Na] 461.1212, Found 461.1211.

4.5, 3,4,6-Tri-O-acetoxy-D-glucono-1,5-lactora

MHz, CDCk) 3 167.0, 165.5, 165.2, 165.0, 134.0, 133.8, 133.3,

130.4, 130.1, 129.9, 129.9, 128.7, 128.7, 128.6.412123.8,
76.2, 71.1, 69.6, 35.1, 34.3. HRMS (ESalc. for G/HpN,06S
[M+H]* 531.1333; Found 531.1331. KRy (thin film) 2916,
2362, 2339, 1727, 1075, 709 ¢m

To a stirred solution oa (50.0 mg, 0.134 mmol) in MeCN
(2.3 mL, 0.1 M), under argon at 0°C was added Bij@{3.0
mg, 66.8uL, 0.5 equiv) and the resulting solution stirred fo
hours whereupon it was quenched with NaHCé&xtracted with
CH,Cl,, combined organic layers dried over MgSO
concentratedn vacuq and purified by flash chromatography on
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SiO, elution 3:1 Hexanes: EtOAc to yield the title compdu
4a as a colorless oil (15.0 mg, 50 %) .

R = 0.40 (1:1 Hexane: EtOACH NMR (400MHz, CDC}) &
5.26 (1H, ddd) = 5.2, 4.6, 4.6 Hz), 5.14 (1H, ddd= 8.1, 4.9,
0.7 Hz), 4.49 (1H, ddd] = 8.3, 4.7, 3.7 Hz), 4.34 (1H, dd=
12.5, 4.9 Hz), 4.30 (1H, dd,= 12.5, 3.9 Hz), 3.05 (1H, dd,=
17.1, 5.4 Hz), 2.77 (1H, ddd,= 17.1, 4.7, 0.8 Hz), 2.13 (3H, s),
2.12 (3H, s), 2.10 (3H, s)°C NMR (100 MHz, CDGCJ) & 170.4,
169.5, 169.2, 167.0, 76.2, 68.6, 67.8, 62.1, 33078, 20.7. IR
Vmax (thin film) 2955, 2360, 2338, 1733, 1558, 127841&m".
HRMS (ES) Calc. for G,H;0sNa [M+Na] Calc. 311.0737;
Found 311.0737.

4.6.3,5,6-Trihydroxy-D-glucono-1,4-lactorée

To a stirred solution o8a (111 mg, 0.385 mmol) in MeOH
(2.4 mL, 0.16 M) under an atmosphere of Argon atntoo
temperature was added AcCl (4812 2% v/v) and the resulting
solution stirred for 20 hours whereupon it was cotreged in
vacuo and purified by flash chromatography elution 10: 1
CH,Cl,: MeOH to yield the title compounda as a colorless oil
(47.0 mg, 76 %).

R = 0.10 (10:1 CKCl; MeOH). 'H NMR (400 MHz,
CD:OD) § 4.59 (1H, dd,) = 5.4, 3.7 Hz), 4.33 (LH, dd,= 8.8,
3.4 Hz), 3.98 (1H, ddd, 8.3, 5.1, 2.9 Hz), 3.8 (1H, 3¢, 11.7,
2.9 Hz), 3.66 (1H, ddJ = 11.7, 5.4 Hz), 2.90 (1H, dd,= 17.4,
5.2 Hz), 2.42 (1H, dJ = 17.6 Hz).*C NMR (100 MHz, CROD)
8 178.5, 84.3, 70.1, 69.1, 65.0, 40.2. HRMS |Balc. for
CeHyOs [M-H] 161.0450, Found 161.0444 R, (thin film)
2962, 2928, 2569, 2362, 2339, 1653, 1558, 1457,10026 cm
! Characterization was in correspondence to titeeavalues’

4.7.(3R,4S,5R,6)-Tetraacetoxy-hexanoic acid 3-acetqy-2
dimethyl-propyl estet2

To a stirred solution ofa (20.5 mg, 54.umol) in CHCI,
(0.6 mL, 0.1 M) under argon at rt was added Bi(@Tf8 mg,
27.4umol, 0.5 equiv.) and A© (10puL, 0.109 mmol, 2 equiv.)
and the resulting solution stirred for a further 2urs
whereupon it was quenched with saturated aqueous NakKiDO
mL), extracted with CkCl, (3 x 10 mL) combined organic layers
dried over MgSQ@ concentratedn vacuq and purified by flash
column chromatography on Si@lution 5:1, hexanes: EtOAc to
yield the title compound?2 as a colourless oil (20.6 mg, 79 %).

R = 0.55 (2:1/ Hexanes: EtOACH NMR (400 MHz, CDC))
8 5.55 (1H, dddJ = 7.6, 6.4, 2.4 Hz), 5.37 (1H, dd= 9.1, 2.2
Hz), 5.14 (1H, dddJ = 9.0, 4.6, 2.7 Hz), 4.25 (1H, dd= 12.7,
2.7), 417 (1H, dd) = 12.5, 4.6 Hz), 3.96-3.83 (4H, m), 2.59
(1H, dd,J = 15.9, 7.6 Hz), 2.53 (1H, dd,= 16.1, 6.4 Hz), 2.15
(3H, s), 2.09 (3H, s), 2.07 (3H, s), 2.06 (3H, S)52&H, s), 0.98
(3H, s), 0.97 (3H, s).*C NMR (100 MHz, CDCJ) 5 171.0,
170.6, 169.8, 169.8, 169.3, 69.9, 69.8, 69.0, 687221, 61.8,
35.8, 34.5, 21.7, 21.7, 20.8, 20.8, 20.7, 20.7%.20.
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