Accepted Manuscript

Formation and selective rupture of 1,4-anhydroseptanoses

Raghu Vannam, Aditya R. Pote, Mark W. Peczuh

Pll: S0040-4020(16)31309-6
DOI: 10.1016/j.tet.2016.12.031
Reference: TET 28323

To appearin:  Tetrahedron

Received Date: 27 October 2016
Revised Date: 12 December 2016
Accepted Date: 14 December 2016

Please cite this article as: Vannam R, Pote AR, Peczuh MW, Formation and selective rupture of 1,4-
anhydroseptanoses, Tetrahedron (2017), doi: 10.1016/j.tet.2016.12.031.

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.



http://dx.doi.org/10.1016/j.tet.2016.12.031

Formation and Selective Rupture of 1,4-Anhydroseptanoses
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Formation 1,4-anhydroseptanose sugars via intranalale attack of a benzyl ether oxygen onto an
anomeric electrophile is reported. The regioseldgtiof the cyclization was confirmed by NMR
spectroscopy and an X-ray structure of a glucosetk 1,4-anhydroseptanose. The transformation is
relatively general and was applied to septanosggedefrom glucose, mannose, xylose, and galactose.
Regioselective opening of the 1,4-anhydro spectegjive septanose glycosides in preference to

furanoses is also demonstrated.
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1. Introduction

The continuing search for biological and therapeafpplications of seven membered ring —
septanose — carbohydrates requires the developmiennethods to synthesize these types of
compounds-'?**To date, methods used to prepare septanoses camobped into two general
categories’ In the first, 1,2-cyclopropanated sugars are espdrusing acidic or basic conditions. In
this approach, glycosylation is concomitant withgriexpansion. The alternative approach is where
glycosylation reactions utilize starting materiakin to those used in the synthesis of pyranose
glycoconjugate$,” Our group has been particularly interested in wdshin this second category. The
synthesis of carbohydrate based oxepines and ukikpration as precursors of 1,2-anhydroseptanoses,

which are intermediates in glycosylation reactiomsye been one thrust of the program. Another has
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been the preparation of septanosyl glycosides avittoiety on the anomeric carbon (e.g., -SPh, &) th
acts as a leaving group to create an electrop$yecies, which is attacked by nucleophiles to farm
new glycosidic bond. Further investigation and digwment of synthetic methods is required so that
more complex targets can be prepared.

We recently reported a strategy for the syntheispepO-acetyl oxepines such 4{Scheme 1.
In it, benzyl protected pyranoses (e.g).,were first converted into their corresponding-feacetyl
septanosedd and, from there, the oxepineg themselvesia halogenation and reductive elimination.
The per©O-acetyl septanoses, analogous to @aeetyl pyranoses, were key intermediate species in
those syntheses. We consider them, along with arsfib be useful starting materials for carbohydrate
and target molecule synthesis (e.g., conversioraradmeric halides likés and 6 into septanosyl
glycosides?). Conversion of a peD-acetyl septanose to an oxepine required formatfadhe anomeric
halide 6 followed by reductive elimination under FischereBaconditions. The possibility of
intercepting an earlier intermediate in the synthelike tetra©-benzyl diacetate specie¥ for the
preparation of benzyl protected oxepines did noags our attention. The idea was to con@etd its
anomeric halide) and then proceed to oxepines |k®ia reductive elimination. Septanose derivative
3 would potentially serve, therefore, as a commantisig material in the preparation of both oxepines

and septanosyl glycosides.

Scheme 1. Conversion of pyranose lactols to carbohydratedasepines and septanosyl glycosides
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When di©O-acetyl septanosg@was subjected to reaction conditions for formatban anomeric
halide (HBr/AcOH), no septanosyl bromide was obsdyvrather, analysis of the reaction mixture
revealed the formation of a different, unexpecteatipct. Here we report the discovery of the reactio
by characterization of the new product 1,4-anhypletenose by NMR spectroscopy and X-ray
crystallography. We further detail the scope of thelization reaction using other substrates and
provide insight into the possibility that the pratid,4-anhydroseptanoses to serve as glycosyl donor

the formation of septanose glycosides.

2. Resultsand discussion
2.1 Intramolecular cyclization and characterization of the 1,4-anhydro product

It was the attempted conversion of 1,2dacetyl-3,4,5,7-tetr®-benzylb-glycero-D-
idoseptanosé2, having C2 in th§ configuration as shown in Scheme 2, to its anceri@omide where
the 1,4-anhydro formation was first identified. Téynthesis ofl2 started with the addition of vinyl
magnesium bromide to 2,3,4,6-teabenzylD-glucose2 to give allylic alcohol® and10 (3:2 9:10).°
The major isomer), was treated with ozone at -78 °C, followed byuctthn of the ozoniden situ with

triphenyl phosphine at the same temperature toigedwdroxy aldehydél in 90% vyield. This hydroxy



aldehyde was in equilibrium with the septanoseolagtot shown) as we have noted previously for
related compounds'® Acetylation of the C1 and C2 hydroxyls sequestéhedcompound in its seven-
membered ring configuration, providing exclusivéaly-di-O-acetyl-3,4,5,7-tetr®-benzylD-glycero-
D-idoseptanosd?2 in 85% yield. Whenl2 was treated with HBr in AcOH, we expecteseptanosyl
bromide 13 to form. Rather,within 30 min, TLC analysis of the reaction mixtushowed the
disappearance of the starting material and the aappee of a new compound; itg, Rowever, was
lower than the starting material, which was incstesit with earlier reactions where septanosyl kalid
(higher R) were formed. ThéH NMR spectrum of the purified material (72% iselatyield) showed
that a benzyl group had been lost in the reactimhthe’*C NMR spectrum of the new compound was
inconsistent with the formation of an anomeric bigen Additional NMR spectra, especially the DEPT
spectrum and HRMS data, confirmed the loss of @mey group in going from starting material to the

product. Wherl2 was reacted with iodotrimethylsilane, the samemmmnd was isolated in 80% yield.

Scheme 2. Synthesis of d@-acetyl septanosk and 1,4-anhydro septanak@
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Figure 1. (a) HMBC data used in the structural assignmént6o Red circles show the presence of
HMBC crosspeaks consistent with the proposed 1o structure. The gray circle identifies where
an H4-carbonyl would have been present. (b) Stractd 1,4-anhydroseptanosks from the X-ray
crystallographic data.

Having obtained preliminary information about tt@mposition of the new compound, we set
about collecting more details on its structurethAs stage, the key hurdle was determining whiatzlge
group had been involved in the intramolecular @atibn reactiod®®*° Conclusive assignment of the
structure was not possible from the NMR spectrd®flue to coincidental overlap of several NMR
signals. Instead, to pinpoint the regiochemistry tbé cyclization and the associated anomeric
stereochemistry, we switched the protecting grodmmsn benzyl ethers to acetate esters via
hydrogenolysis and acetylation (92%, two stepd).and*C NMR spectra of the new, p&-acetyl
protected compound were tractable and allowed Her interpretation of each proton and carbon.
Analysis of the NMR data allowed the assignmenalbbf protons H1-H7 (carbohydrate numbering)
and their corresponding carbons C1-C7 of 2,3,8/a{@-acetyl-1,4-anhydr@-glycero-D-idoseptanose,

16. HMBC data (Fig. 1a) showed correlations betwemtyh carbonyl groups and hydrogens on C2, C3,



C5, and C7; no such correlations were observedh®hydrogens on C1, C4, or C6. Also, C1 had a
correlation with H4. All of these observations sogpd the loss of the C4 benzyl group. Hence, we
concluded that the compound was the 1,4-anhydrasepé. Furthermore, a crystal structur@®{Fig.

1b) unequivocally supported the NMR structural gmsient and absolute configurations at C1 and C2.
The connectivity of C4 and C1 via an oxygen in thieucture clearly proved that the 1,4-

anhydroseptanosks was the product of the original cyclization reaunti

2.2 Scope: additional examples of 1,4-anhydr oseptanose for mation

With the product of the reaction established,stisicture suggested that the cyclization was
dependent on the ring substituents and dto®nfiguration of the anomeric halide. We subsetjyen
expanded the investigation to other@acetyl starting materials to understand the scopéhe
cyclization. 1,2-DiO-acetyl-3,4,5,7-tetr®-benzylb-glycero-D-guloseptanosé?7 (Fig. 2 and Table 1),
the C2 epimer ofl2, was subjected to a sequence of three reactiormsneric halide formation
hydrogenolysis, and acetylation. This sequence omad the one we had just established in the
preparation ofl6 and facilitated product characterization. NMR s$pescopy of18 showed an HMBC
spectrum similar td6 and a®Ju1 12 Of 4.5 Hz, indicative of thanti relationship between the groups at

C1l and C2.
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Figure 2. 1,2-Di-O-acetyl septanoses and their corresponding 1,4eliobgptanse derivatives.



Using the same set of reactions, 1,2dacetyl septanose9, 22, and 24, derived frombD-
mannose, D-xylose, and D-galactose respectively, were converted to theirresponding 1,4-
anhydroseptanoses (Fig. 2). We resorted to usedotrimethyl silane exclusively for formation ofeth
anomeric halides to avoid side reactions duringdyization:** Mannose configured septanc@
epimeric at C3 relative td2 and17, was used as mixture of C1 and C2 isomers because they were
inseparable by chromatography. WHeénwas subjected to the three-step sequence of seac®,3,5,7-
tetraO-acetyl-1,4-anhydrm-glycero-D-altroseptanos0 and 1,2-di©-acetyl-3,4,5,7-tetr®-benzylb-
glycero-D-alloseptanos@1 were isolated in 3:2 ratio at 38% overall yieldn{ Grignard addition to
tetraO-benzyl xylose is selective and gives only primaohe C2 isomer that can be converted to
diacetate22. This diacetate species, which lacks an exocyalloxymethyl group, was cleanly
converted to 2,3,5-ti®-acetyl-1,4-anhydr@-idoseptanos@3 (45%, three steps). Galactose anddg
is distinct from the other derivatives becauseiveg insight into the strength of the nucleophijicof
the equatorial and axial benzyloxy groups (red bhet circles inFig. 2). Sequential halogenation,
debenzylation and per-acetylation a4 gave 2,3,5,7-tetr@-acetyl-1,4-anhydr@-glycero-L-
glucoseptanosgs (45%, three steps). Characterizatior2bfconfirmed that the benzyloxy group at C4
was the only one involved in the cyclization reawti These results were also consistent with the
literature that the equatorial benzyloxy group isrennucleophilic than axial benzyloxy grotiThe
structures of all the peD-acetyl 1,4-anhydroseptanos®® 21 and 25 were characterized by coupling
constant analysis. (See Table S1 in Supplementata)D Overall, the results indicated that the
configuration of other ring carbons did not afféoe cyclizations en route to the formation of thé-1

anhydroseptanoses.

Table 1. Yields for conversion of 1,2-di-O-acetyl-tetra-bghseptanoses to 1,4-anhydro-fg2acetyl
septanoses

Entry 1,2-di-acetyl 1,4- anhydro  Yield(%)?®




1 12 16 66°
2 12 16 74
3 17 18 40°
4 r 2 58°
5 19(2:1C2a:p) 20:21(3:2)  38°
6 22 23 45¢
7 24 25 45°

3 three step yield; ° via the anomeric bromide; °via the anomeric iodide

The cyclization reaction forming 1,4-anhydroseptas can be explained by a mechanism that
has become somewhat familiar to '@ Nucleophilic attack by a benzyl ether oxygen oato
septanosyl electrophile is a central feature ofmoposed mechanism. To start, conversion of tBe 1,
di-O-acetate to its anomeric halide should prefer féionaof the a-configured anomeric halides. The
oxygen of the C4 benzyloxy group then attacks theh@lide in an intramolecular fashion yielding a
benzyloxonium ion. Whether the attack ig2Sike on the anomeric halide or onto an oxocanmenion
is uncertain. It is of little consequence, thoudpecause the configuration of the developing C1
stereocenter is dictated by the attack of the mptide. The liberated halide then attacks the benzy
carbon to deliver the 1,4-anhydro product. Both thegioselectivity (formation of 1,4-
anhydroseptanoses) and stereoselectivity [fthenfiguration at C1) support the proposed meckmanis
Moreover, this isanother example of a transannular reaction that occurs with septanoses; a five
membered ring is formed in the reaction, which iisetically favored* These types of cyclizations
commonly appear in the literature when the two tirgcgroups are in 1,4-relationship’® A few
examples are debenzylative cycloetherificationgpoxides.’ allylic systems? and iodoetherification
reactions.’

The transannular cyclization we report here suggbsit septanosyl halide reactivity is different
than that of the corresponding pyranosyl halidds. particular, the relatively mild conditions usfet
the cyclization (halo-trimethylsilane, low tempena) to form 1,4-anhydroseptanoses is in conti@ast t

the formation of 1,4-anhydropyranoses from the esponding glycosidesOne contributing factor to



this difference may be lower barriers to the interersion of conformers for septano$ésihe
bifurcated reactivity (i.e. cyclization versus arer halide formation) is dependent on the natdithe
protecting groups on the ring because both septarmsd pyranoses form stable anomeric halidesin th
per-O-acetyl systems. It is worth noting that, similatlye efficiency of cyclization for formation of4t,
anhydrogalactopyranose was higher for a benzyleptetl glycoside compared to a benzoyl-protected

one?!

2.3 Selective opening of 1,4-anhydroseptanoses

Seeking to leverage the serendipitous formatiotihefl,4-anhydro species to our advantage, we
next endeavored to rupture the 1,4-anhydro linkagexpose an electrophile which could be trapped by
other nucleophiles. If so, the 1,4-anhydrosugarghimeventually be used as building blocks in the
synthesis of septanose glycosides. We have shoawiopssly that 1,2-anhydroseptanoses are donors in
the synthesis of septanose glycosides. These ddraatssimilar reactivities in comparison to the
corresponding 1,2-anhydropyranose analogs. In yn@npse series, 1,4-anhydrosugars are well known
to give furanose derivatives in ring-opening reatsi under acidic conditions with nucleophi&s®
Additionally access to 1,4-anhydroseptanoses afféhe opportunity to explore their fundamental
reactivity. For examplel5 can undergo ring opening via two different mam#l(Scheme 3). In one
case (patha), five-membered ring oxocarbeniug® forms; the other (patl) would give a seven-
membered ring oxocarbeiur7. Activation under acidic conditions would, thenefogive insight into
the relative stabilities of furanoses and septamdddoreover, inspection of the crystal structurel6f
lent support to the likelihood for selective ringeming. Forl6, the C1-O4 bond is 1.431 A whereas the
C1-06 bond is 1.406 A. It is probable that the btemjths/bond strengths for C1-O4 and C1-O6lfor
are also significantly different, favoring the rup of the weaker C1-O4 bond, which would g7

Reaction of 29-acetyl-3,5,7-tri©-benzyl-1,4-anhydrm-glycero-D-idoseptanosd5 with Ac,O

and catalytic SO, gave hexa-acetyla-D-glycero-D-idoseptanose28 exclusively in 41% yield.

9



Structural analysis 028 showed that, in addition to opening of the fivermbered ring, the benzyl
groups had been cleaved and subsequently acetylatstl. The a-selectivity of the reaction was
confirmed by &J41 14 coupling constant @&.8 Hz, a value akin to those observed fortias disposed
protons inseptanoses. Also,dC NMR chemical shift of 93.1 ppm for C1 is consigtaith othera-
disposed septanoses. Other conditions aimed attiselg openingl5 resulted in loss of the C2 acetyl
group or no observed reaction (Table S3 in the [eupgntary Data). Switching the C2 protecting group
from an acetyl to a benzyl group (i.&5 to 29, Scheme 3) allowed us to evaluate its donor cépeabi

We were delighted to find that catalytic$0, in methanol also selectively opened the five meawtbe
ring, leading to methyl 2,3,5,7-tetbenzyle-D-glycero-D-idoseptanoside80 and methyl 2,3,5,7-
tetraO-benzyl$-D-glycero-D-idoseptanoside3l in a combined yield of 50%, based on recovered
starting material. Formation of the seven membeiregl products was confirmed by acetylation of C4
on B-anomer3l (to give 32) and analysis of its HMBC spectrum. While thesgighreactions have
secured that the five-membered ring of 1,4-anhyptanoses ruptures selectively, considerable
challenges remain to be overcome in their use gsogyl donors. Mechanistic studies and more

efficient conditions for ring opening will be puesdiand reported in due course.

Scheme 3. Ring openings of 1,4-anhydroseptanoses
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3. Conclusions

In conclusion, we report the serendipitous fororabf 1,4-anhydroseptanoses via intramolecular
attack of a benzyloxy ether on an anomeric septamadide. The process is relatively general; weeha
demonstrated that 1,4-anhydroseptanoses ariseeigltitose, mannose, galactose, and xylose series.
Moreover, we provide preliminary results that iredec the 1,4-anhydro species can be selectively
opened to deliver septanosyl glycosides. This nmagately open the door to an iterative process for
oligomerizing septanose carbohydrates. As suchaidbgdro derivatives will be valuable intermediates

towards the synthesis of variety of septanosides.

4. Experimental

4.1. General All the reactions were performed under nitrogen) (@mosphere, unless otherwise noted.
All the bromination or iodination reactions wererread out in dark conditions. All commercially
available reagents and solvents were used witlequtrification. All reactions were monitored by TLC

(silica gel HL, w/UV254, 250m) and visualized either under UV lamp or by chegrivith 2.5%p-
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anisaldehyde in 50Oy, AcOH and EtOH solutions. Flash chromatography pe$ormed on silica gel
(60 A, 40-63um). Optical rotations were measured at 22+2 'MINMR spectra were collected at 400
and 500 MHz with chemical shift referenced to a8i (04 0.00 ppm) or the residual peak in CRCI
(84 7.24 ppm)-*C NMR spectra were collected at 100 MHz and refegdrio residual peak in CDCI

(6¢c 77.2 ppm).

4.2. General procedure for the ozonolysis and diacetylation of allylic alcohols. Preparation of
3,4,5,7-tetra-O-benzyl-1,2-di-O-acetyl septanoses. Ozonolysis. To a solution of 4,5,7,8-tetr@-benzyl-
oct-1-ene-3,6-di-itol (2.0 g, 3.5 mmol, 1 eq.) M (60 mL) cooled to -78 °C on a dry ice-acetone
bath was bubbled ozone gas by using a WELSBACH e@gemerator until a dark blue color persisted.
Upon the appearance of the blue color, ozone gkoera/as ceased and the reaction mixture was
purged with oxygen gas until the reaction mixtuexdme clear and colorless once again. With the
mixture still at -78 °C, a solution of triphenyl@mhine (PP$) (4.0 g, 15.3 mmol) in DCM (8 mL) was
added drop-wise to the reaction mixture. It wasvedld to stir as it warmed to rt over 14 h. Aftére t
solvents were concentrated under reduced pressode tle residue was purified by column
chromatography using hexanes: ethyl acetate advanscsystem to give the hydroxyaldehyde as a
colorless oil (75 - 91%)Diacetylation: To a solution of hydroxyaldehyde (3.0 g, 5.2 mpiokeq.) in
DCM (30 mL) was added pyridine (12 mL) and N,N-dimgaminopyridine (DMAP) (0.063 g, 0.52
mmol, 10 mol%). To this mixture acetic anhydridd (@&L) was added drop by drop at 0 °C. After
completion of the reaction (~12 h), ice-cold watasvadded into the flask and the reaction mixture wa
extracted with DCM (2 x 90 mL). The combined orgalaiyers were evaporated under reduced pressure
and purified by column chromatography using hexathgl acetate as a solvent system to give the
respective 3,4,5,7-teti@-benzyl-1,2-diO-acetylseptanoses (80 - 90%).

4.2.1. 1,2-di-O-acetyl-3,4,5,7-tetré®-benzylD-glycero-D-idoseptanosé?2

12



Obtained as colorless oil in 77% yield after twepst using® as starting material. (®.4 (5:1 Hex:
EtOAc); 'HNMR (400 MHz, CDCJ) & 7.30-7.16 (m, 20H), 5.99 (d,= 7.1 Hz, 1H), 5.38-5.34 (dd,=
9.5, 7.7 Hz, 1H), 4.96-4.73 (m, 4H), 4.66-4.55 @H), 4.49-4.42 (dd) = 14.5, 11.5 Hz, 2H), 4.02-3.98
(m, 1H), 3.83-3.72 (m, 2H), 3.67-3.59 (m, 2H), 33528 (d,J = 10.2, 6.6 Hz, 1H), 1.85 (s, 3H), 1.82 (s,
3H); *CNMR (100 MHz, CDCJ) § 169.9, 169.4, 138.4, 138.2, 138.0, 137.9, 1288,3, 128.2, 128.1,
128.0, 127.9, 127.7(2), 127.6, 127.5, 127.4, 12834, 87.9, 79.7, 78.6, 76.4, 75.8, 75.1, 73.53,72
71.4, 70.2, 20.8, 20.7; TOF HRMS (DART) m/z calat 3gH460oN (M+NH,)* 672.3173, found
672.3170.

4.2.2. 1,2-di-O-acetyl-3,4,5,7-tetr®-benzylb-glycero-D-guloseptanos&7

Obtained as colorless oil in 68% yield after twepst usinglO as starting material. {®.4 (5:1 Hex:
EtOAc); *HNMR (400 MHz, CDC}) §; 7.37- 7.19 (m, 40H), 6.07 (d,= 5 Hz, 1H), 5.99 (dJ = 8.1 Hz,
1H), 5.73 (dJ = 4.8 Hz, 1H), 5.46 (dd] = 8.1, 1.9 Hz, 1H), 5.03-4.32 (m, overlapping signa7H),
4.24-4.09 (m, 3H), 3.99 (m, 1H), 3.88 (m, 2H), 3362 (m, 5H), 2.23-2.06 (m, 10HYCNMR (100
MHz, CDCk) 6 169.8, 169.7, 169.7, 169.1, 138.8, 138.5, 13&883,11, 137.9, 137.8, 137.5, 128.6, 128.4
(2), 128.4, 128.2, 128.1, 128.0, 127.9, 127.9,8.2%¥27.7, 127.6, 127.6, 127.6,95.3, 89.6, 80.82,80.
78.2, 77.9, 76.6, 75.5, 73.7, 73.3, 73.3, 73.25,722.4, 72.1, 71.3, 70.5, 70.1, 60.5, 21.2, 22110,
20.9; TOF HRMS (DART) m/z calcd forsgH4600N (M+NH,4)* 672.3173, found 672.3170.

4.2.3. 1,2-di-O-acetyl-3,4,5,7-tetr®-benzylD-glycero-L-glucoseptanosg4

Obtained as colorless oil in 66% vyield after twepst using the galactose-derived oct-1-eneSéhs
starting material. F0.4 (5:1 Hex: EtOAC)*HNMR (400 MHz, CDC}) § 7.43-7.33 (m, 40H), 6.21 (d,

= 8.1 Hz, 1H), 5.78 (d) = 2 Hz, 1H), 5.37-5.26 (m, 2H), 5.10-5.06 (m, 2K)99-4.68 (overlapping
signals, 9H), 4.60-4.46 (m, 4H), 4.32 (dds 9.3, 4.2 Hz, 1H), 4.21-4.17 (m, 3H), 4.11-4.01, @Hl),
3.89-3.85 (m, 1H), 3.80-3.68 (m, 3H), 2.21-1.97 (&H); **CNMR (100 MHz, CDGJ) § 170.4, 169.5
(2), 169.2, 138.5, 138.3, 138.2, 138.1, 128.5,4,2828.3, 128.2, 128.1, 128.0, 127.9, 127.8, 127.7,

127.6, 127.5, 93.6, 90.2, 83.5, 83.1, 79.7, 7988,77/8.1, 77.8, 76.0, 75.0, 74.9, 74.8, 74.7, 72453,

13



74.2, 74.0, 73.4 (2), 68.4, 68.3, 21.0, 20.9, 208F HRMS (DART) m/z calcd for £gH4,O9Na

(M+Na)* 677.2727, found 677.2710.

4.3 General procedure for conversion of 3,4,5,7-tetra-O-benzyl-1,2-di-O-acetyl septanoses and to
1,4-anhydroseptanoses: Preparation of 2-O-acetyl-3,5,7-tri-O-benzyl-1,4-anhydr oseptanoses. Using

HBr in Acetic Acid: To a solution of di@-acetyl-tetra©-benzyl septanose (0.25 g, 0.38 mmol, 1 eq.)
containing 4 A molecular sieves in dry DCM (5 mLasvadded 33% HBr in AcOH (0.22 mL, 1.1
mmol, 5 eq.) dropwise at 0 °C. TLC was used to yasathe progress of the reaction. Upon complete
disappearance of starting materiak (R4 in 4.1 hexane:ethylacetate), the reaction mextuas then
filtered using frit to remove the molecular siew®l poured over ice (~30 g) in a beaker. The resulti
mixture was extracted with DCM (3 x 20 mL). The ang- layer was then washed with sat’d NaHCO
(2 x 30 mL), HO (1 x 30 mL), sat'd NaCl (1 x 30 mL) and dried wiNaSO,. The solvents were
removed under reduced pressure and the residuepwréfged by column chromatography using a
gradient elution with hexanes:ethyl acetate to gespective the 1,4-anhydroseptanoses (50 - 72%).
Using lodotrimethylsilane: To a solution of d©-acetyl-tetra©-benzyl-septanose (0.740 g, 1.13 mmol,
leq.) in DCM (18 mL) was added TMSI (0.161 mL, 1rh#ol, 1 eq.) at 0 °C. The reaction mixture
was stirred at rt for 0.5 h. The reaction mixturasvthen diluted with more DCM (20 mL) and the
organic layers were washed with 48g03; (2 x 15 mL), HO (1 x 15 mL), sat'd NaCl (1 x 15 mL) and
dried with NaSQ,. The solvents were removed under reduced pressuté¢he residue was purified by
column chromatography using a gradient solventesystvith hexane:ethyl acetate to give respective
1,4-anhydroseptanoses (60 - 80%).

4.3.1. 2-0O-acetyl-3,5,7-triO-benzyl-1,4-anhydrm-glycer o-D-idoseptanoséb

Obtained as colorless oil in 72% yield frdi using HBr in acetic acid. Using iodotrimethylsilagave

the same compound in 80% vyield frdi® R;0.3 (10:3 Hex: EtOAc);d]p +26.7 (c 10, CHG); *HNMR

(400 MHz, CDC}) & 7.26-7.17 (m, 15H), 5.24 (s, 1H), 5.04 (s, 1HB04.4.41 (m, 8H), 4.23-4.17 (m,
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2H), 3.85-3.82 (ddJ = 3.1 Hz, 1H), 3.67-3.60 (m, 2H), 2.00 (s, 3fHCNMR (100 MHz, CDGJ) &
170.0, 138.2, 138.0, 137.8, 128.5, 128.4, 128.1128.0, 127.8, 101.7, 84.6, 81.3, 74.8, 74.6,,73.7
73.3, 73.2, 72.6, 68.9, 21.1: TOF HRMS (DART) m#lcd for GoHss0; (M+H)* 505.2226, found

505.2209.

4.4 General procedure for debenzylation and per-O-acetylation of 2-O-acetyl-3,5,7-tri-O-benzyl-
1,4-anhydroseptanoses. Debenzylation: To a solution of tri-O-benzyl-1,4-anhydroseptangd.1 g, 0.2
mmol, 1 eq.)in THF (2 mL), was added 25 weight percent of 100#2d/C (0.025 g) and the mixture
was stirred for 12 h at rt under an atmosphereydfdgen gas. The mixture was then filtered through
celite and the filter was washed with additional®f€(~25 mL). The combined solvents were removed
under reduced pressure to give the 1,4-anhydrosagenlorless oil. This material was carried otht®
next step directlyPer-acetylation: The crude, deprotected 1,4-anhydrosugar was ldesson pyridine
(3.2 mL), and acetic anhydride (1.5 mL) was adde@l «C and stirred it for 12 h at rt. The mixturasv
concentrated under reduced pressure and purifie¢oymn chromatography using gradient Hex:
EtOAc as solvent system to give respective 1,4-drdiperO-acetyl septanoses (50 - 92%).

4.4.1. 2,3,5,7-tetrad@-acetyl-1,4-anhydr@-glycer o-D-idoseptanosé6

Obtained as white solid in 92% vyield frobb after two steps. m.p. 140.7-141.3 °G;0R} (1:1 Hex:
EtOAC); [a]p -16.2 (c 1.6, CHG); *HNMR (400 MHz, CDCJ) & 5.40 (d,J = 2 Hz, 1H), 5.17 (s, 1H),
5.06 (m, 1H), 5.00 (dd] = 10.1, 3.7 Hz, 1H), 4.90 (dd,= 6.3, 4.0 Hz, 1H), 4.25- 4.21 (m, 1H), 4.19-
4.11 (m, 2H), 2.10-2.08 (m, 9H), 1.97 (s, 3HHCNMR (100 MHz, CDGYJ) § 170.9, 170.5, 170.1, 169.1,
101.1, 79.6, 78.4, 73.5, 71.4, 65.0, 62.9, 20.9 2B)7, 20.6; TOF HRMS (DART) m/z calcd for
C15H21010 (M+H)* 361.1135, found 361.1151.

4.4.2. 2,3,5,7-tetrad@-acetyl-1,4-anhydrm-glycer o-D-guloseptanos&8

Obtained as colorless oil in 40% overall yield framafter three steps using HBr for formation of the

anomeric halide and 58% overall yield frdm using iodotrimethylsilane.{R.4 (1:1 Hex: EtOAc);d]p
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-47.9 (c 0.6, CHG); *HNMR (400 MHz, CDC}) § 5.41 (d,J = 4.5 Hz, 1H), 5.29-5.26 (dd,= 10.2, 6.7
Hz, 1H), 5.13-5.10 (dd] = 9.6, 4.6 Hz, 1H), 5.04-5.01 (ddi= 10.3, 3.8 Hz, 1H), 4.81-4.79 (d#i= 6.2,
3.9 Hz, 1H), 4.48-4.45 (ddd,= 10.3, 4.8, 2.1 Hz, 1H), 4.24-4.21 (dts 12.2, 2.2 Hz, 1H), 4.16-4.12
(dd, J = 12.2, 4.8 Hz, 1H), 2.18 (s, 3H), 2.11 (m, 6HPR2(s, 3H);"**CNMR (100 MHz, CDCJ) 5
171.0, 170.1, 169.7, 169.3, 96.2, 72.8, 70.8, 68734, 65.2, 63.0, 21.0, 20.7 (2), 20.6; TOF HRMS
(DART) m/z caled for GsHz1010 (M+H)" 361.1135, found 361.1106.

4.4.3. 2,3,5,7-tetra@-acetyl-1,4-anhydrm-glycer o-D-altroseptanos20

Obtained as colorless oil in 14% yield fralf after three steps using iodotrimethylsilane taxfdhe
anomeric halide. 9.4 (1:1 Hex: EtOAc);d]p +74.1 (c 4.5, CHG); *HNMR (400 MHz, CDC}) § 5.41
(m, 2H), 4.89-4.84 (dd] = 10.1, 4.5 Hz, 1H), 4.63 (d,= 4.4 Hz, 1H), 4.25-4.21(dd,= 12.0, 2.2 Hz,
1H), 4.14-4.10 (m, 1H), 3.79-3.74 (m, 1H), 2.138(n, 12H);"*CNMR (100 MHz, CDCJ) 5 170.8,
170.0, 169.7 (2), 102.0, 79.8, 74.6, 71.1, 70.59,6&@3.0, 20.9, 20.8, 20.6, 20.4 ; TOF HRMS (DART)
m/z calcd for GsH0010 (M+H)* 361.1135, found 361.1150

4.4.4. 2,3,5,7-tetrad@-acetyl-1,4-anhydrm-glycer o-D-alloseptanosgl

Obtained as colorless oil in 24% yield frd®@ after three steps using the iodotrimethylsilan®tm the
anomeric halide. F0.3 (1:1 Hex: EtOAc); d]p +100.2 (c 2.2, CHG); *HNMR (400 MHz, CDC}) &
5.58 (d,J = 4.4 Hz, 1H), 5.25 (d) = 2.4 Hz, 1H), 5.15-5.14 (m, 1H), 4.89-4.85 (dd; 10.1, 4.5 Hz,
1H), 4.48 (dJ = 4.4 Hz, 1H), 4.28-4.24 (dd,= 2.2, 11.9 Hz, 1H), 4.15-4.10 (d#i= 4.9, 11.9 Hz, 1H),
4.08-4.04 (m, 1H), 2.14-2.10 (m, 12HJCNMR (100 MHz, CDCJ) § 170.9, 170.7, 169.9, 168.8, 96.9,
78.7, 78.5, 75.6, 70.7, 64.4, 63.0, 21.0, 20.98,200.6; TOF HRMS (DART) m/z calcd for; 6121010
(M+H)* 361.1135, found 361.1152.

4.4.5. 2,3,5-tri-O-acetyl-1,4-anhydr@-idoseptanos23

Obtained as colorless oil in 45% yield fr&28 after three steps using iodotrimethylsilane taxfdhe
anomeric halide. 0.5 (1:1 Hex: EtOAc)’HNMR (400 MHz, CDCY) § 5.46 (d,J = 2.1 Hz, 1H), 5.21

(m, 1H), 5.17 (m, 2H), 4.94 (dd,= 4.8, 4.8Hz, 1H), 4.15 (m, 1H), 3.95 ( db= 10.7, 10.7 Hz, 1H),
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2.16 (s, 6H), 2.03 (s, 3H}*CNMR (100 MHz, CDCJ) & 170.5, 170.2, 169.2, 100.9, 79.9, 78.3, 73.3,
64.9, 62.8, 20.9, 20.7; TOF HRMS (DART) m/z calod €;,H;70s (M+H)" 289.0923, found 289.0905.
4.4.6. 2,3,5,7-tetra@-acetyl-1,4-anhydrm-glycer o-L-glucoseptanosgs

Obtained as colorless oil in 45% yield fr@# using iodotrimethylsilane to form the anomeric daliR

0.3 (1:1 Hex: EtOAc);d]p -12.3 (c 1.7, CHG); *HNMR (400 MHz, CDC}) § 5.40 (d,J = 1.7 Hz, 1H),
5.29 (m, 1H), 5.23 (s, 1H), 4.81 (m, 1H), 4.67 (dd& 6.8, 1.2 Hz, 1H), 4.42 (m, 1H), 4.21-4.08 (m,
2H), 2.16-2.06 (m, 12H}**CNMR (100 MHz, CDCJ) § 170.8, 170.4, 170.0, 169.7, 101.8, 79.4, 76.5
(2), 69.5, 65.5, 63.3, 21.0, 20.9(2), 20.8; TOF HRNDART) m/z calcd for GH2:010 (M+H)"

361.1135, found 361.1143.

4.5. Hexa-O-acetyl-a-D-glycer o-D-idoseptanose 28

To a solution of 1,4-Anhydroseptano$g (0.056 g, 0.111 mmol) in A® (1 mL) was added 130,
(0.062 mL, 1.11 mmol) at 0 °C. The reaction mixtweas stirred for 1.5h and allowed to warm to rtrove
that time; progress was monitored by TLC. After pbtetion of the reaction as determined by
disappearance of the SM, the mixture was diluteith WMICM (10 mL). The organic layer was washed
sequentially with HO (15 mL), sat'd. NaHC®(15mL), and sat'd. NaCl (15 mL), then dried with
NaSQy. The solvents were removed under reduced pressudethe crude material was purified by
column chromatography using 1:1 Hex: EtOAc as dltemive 41% of28 as a clear, colorless oils R
0.31 (1:1 Hex: EtOAc);d]o +39.4 (c 1.87, CHGJ; *HNMR (500 MHz, CDC}) & 6.03 (d,J = 6.7 Hz,
1H), 5.41 (m, 3H), 5.08 (dd} = 10.2, 8.0 Hz, 1H), 4.29 (ddd,= 9.9, 6.1, 2.5 Hz, 1H), 4.19 (dd=
11.9, 6.3 Hz, 1H), 3.98 (dd,= 11.9, 2.5 Hz, 1H), 2.09 (s, 3H), 2.03 (s, 3HD2(s, 3H), 2.00 (s, 3H),
1.99 (s, 3H), 1.99 (s, 3H*CNMR (125.7 MHz, CDGJ) § 170.6, 169.6, 169.4, 169.1, 168.8, 93.1, 74.4,
70.6, 69.5, 69.3, 67.7, 63.5, 21.1, 20.8, 20.86,2R0.5, 20.4. TOF HRMS (DART) m/z calcd. for

CioH26013 (M+NH,)* 480.1717, found 480.1713.
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4.6. 2,3,5,7-tetra-O-benzyl-1,4-anhydr o-D-glycer o-D-idoseptanose 29

To a solution of 1,4-anhydroseptanale (0.060 g, 0.119 mmol) in MeOH (1.2 mL) was added a
catalytic amount of NaOMe (0.004 g, 0.07 mmol). Pinegress of the reaction was monitored by TLC.
When the SM had been consumed, the solvent wa®ratad under vacuum and the crude material was
dissolved in dry DMF (3 mL). To this solution wadded NaH (0.007 g, 0.162 mmol) and benzyl
bromide (0.1 mL, 0.14 mmol) and TBAI (0.005 g, 0.6nol) at 0°C. The reaction mixture was
monitored by TLC and quenched with addition of emdd water (1 mL). The product was extracted
from the mixture with DCM (30 mL) and the organ&yér was then washed sequentially wit©OH20
mL) and sat’'d. NaCl (20 mL) and then dried with,8@&@,. The solvents were removed under reduced
pressure and the crude material was purified byctthemn chromatography using 7:3 Hex: EtOAc as
eluent to give 79% (2 steps) @9 as colorless oil. f0.73 (7:3 Hex: EtOAc);d]p +42.54 (c 0.65,
CHCL); *HNMR (300 MHz, CDC}) § 7.35-7.19 (m, 20H), 5.21 (m, 1H), 4.65-4.37 (m,).9#28 (m,
1H), 4.24-4.19 (m, 2H), 3.85-3.80 (dd, J = 9.6, B4 1H), 3.65 (m, 2H)**CNMR (75 MHz, CDC})
138.2, 137.9, 137.8, 137.5, 129.1, 128.7, 128.6123.5 (2), 128.4, 128.2, 128.1, 128 (2), 127)8 (2
127.1, 101.6, 86.5, 85.6, 74.6, 74.3, 73.6, 73B31,772.9, 69.4. TOF HRMS (DART) m/z fokdEi3¢06

(M+H)" calc. 553.2590, obs. 553.2565.

4.7. Methyl 2,3,5,7-tetr a-O-benzyl-a-D-glycero-D-idoseptanoside 30

To a solution of 1,4-anhydroseptan@89(0.032 g, 0.058 mmol) in MeOH (2 mL) was addeatakytic
amount of HSQOy (4-5 dropsyat RT. The reaction mixture was then refluxed at’@0for 48 h, with
monitoring by TLC. The reaction mixture was thelutid with 10 mL DCM and the organic layer was
washed with HO (20 mL), sat’'d. NaHC&(30mL), and sat'd. NaCl (20 mL), then dried with,S&.
The solvents were removed under reduced pressdréhancrude material was purified by the column
chromatography using 3:2 Hex: EtOAc as solventesysto give 51% (b.r.s.m.) &0 and 31, both as

colorless oils. R0.45 (3:2 Hex: EtOAc);d]p -37.63 (c 0.32, CHG); '"HNMR (400 MHz, CDCI3)5
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7.33-7.12 (m, 20 H), 4.79 (d, J = 11.7 Hz, 1HJ2 (d, J = 4.4 Hz, 1 H), 4.67-4.56 (m, 4 H), 451
2 H), 4.49 (dd, J = 7.7, 1.8 Hz, 1 H), 4.42-4.39 bnH), 4.20 (dd, J = 7.4, 4.4 Hz, 1 H), 3.94 (quin
H), 3.67 (dd, J = 7.0, 1.7 Hz, 1 H), 3.63 (m, 2 8184 (s, 3 H), 2.57 (d, J = 6.6 Hz, 1 EACNMR (100
MHz, CDCI3) § 138.5, 138.1, 137.9, 128.4, 128.4, 128.3, 1282811, 127.9, 127.8, 127.7, 127.4,
100.2, 82.6, 81.3, 77.1, 75.9, 73.3, 73.3, 73.2),710.3, 55.2. TOF HRMS (DART) m/z fors&l40

(M+NH,)* calc. 602.3118, obs. 602.3108.

4.8. Methyl 2,3,5,7-tetra-O-benzyl-p-D-glycero-D-idoseptanoside 31

Rf0.58 (3:2 Hex: EtOAC)*HNMR (500 MHz, CDC}) § 7.34-7.24 (m, 20H), 4.94 (d, J=1.9 Hz, 1H), 4.9
(d, J=11.4 Hz, 1H), 4.58-4.53 (m, 3H), 4.49-4.43 @), 4.38-4.36 (dd, J=5.3, 6.5Hz, 1H), 4.09-4.06
(m, 2H), 3.95 (app t, 1H) 3.86 (quint, 1H), 3.588.(m, 2H), 3.44 (s, 3H)!*CNMR (125.7 MHz,
CDCI3) 139.2, 138.3, 137.9, 137.8, 128.6 (2), 12828.3, 128.1, 128.0, 127.9 (2), 127.5, 108.66,85.
81.9, 81,5, 78.9, 74.4, 73.5, 74.4, 73.5, 72.1 12)1 (2), 56.3. TOF HRMS (DART) m/z calcd. for

C3gH4007 (I\/|‘|'N|‘|4)+ 602.3118, found 602.3159.

4.9. Methyl 4-O-acetyl-2,3,5,7-tetr a-O-benzyl-p-D-glycero-D-idoseptanoside 32

To a solution of31 (5mg, 0.01lmmol) was added pyridine (0.309 mmoRBriL) and AgO (0.206
mmol, 0.02 mL) at GC. The reaction mixture was allowed to warm to Rifl aeaction progress was
monitored by TLC. After the completion, the reantimixture was diluted with 5 mL DCM. The organic
layer was washed withJ @ (15 mL), sat'd. NaHCO3 (15mL), and sat'd. Na( ¢hL), then dried with
NaSOQy. The solvents were removed under reduced pressure¢he crude material was purified by the
preparative TLC using 7:3 Hex: EtOAc as solventaysto give 85% 082 as colorless 0ilR;0.62 (7:3
Hex: EtOAC); b]o -305.52 (¢ 0.25, CHG); *HNMR (400 MHz, CDC}) § 7.34 — 7.24 (m, 20 H), 5.24
(dd, J=9.2,5.0 Hz, 1 H), 4.91 (d, J=1.9 Hz, 1 H334(d, J=11.5 Hz, 1 H), 4.65 (d, J=11.6 Hz, 1458

— 4.46 (M, 4 H), 4.43-4.39 (dd, J=11.9,1.7 Hz, 2t85 (dd, J=6.2, 5.4 Hz, 1H), 4.05 — 4.01 (m, 3 H),
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3.82-3.79 (dd, J=10.4, 4.9 Hz, 1H), 3.66-3.62 (@l10.5, 5.5 Hz, 1H), 3.39 (s, 3 H), 1.99 (s, 3 H);
13CNMR (100 MHz, CDCI3)5 169.9, 139.1, 138.1, 137.7, 137.5, 128.4 (2), 32828.1, 127.8 (2),
127.7, 127.6 (2), 127.2, 108.3, 85.3, 81.0 (2)6784.3, 73.0, 72.6, 72.2, 71.9, 68.0, 55.9, 2917];

TOF HRMS (DART) m/z for GeH420s (M+NH,)" calc. 644.3223, obs. 644.3256.

Supplementary Data

Supplementary data associated with this article lsanfound in the online version at: URLXXX.
Materials are available in two files: 1 —additiordperimental details, physical characterizatiod an
NMR spectra of new compounds; 2 — a crystal information file (.cif) of 2,3,5,7-tatO-acetyl-1,4-
anhydro-Dglycero-D-idoseptanosel6.
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