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This article presents our work on the-Ferrier ring-expansn of carbohydrate deriv:
vinylcyclopropanes (VCPs) under electrophilic cdindis mediated by chloramire-and
phase-transfer catalyst. The present work servetheafirst example on the studies of

reactivity of carbohydrate VCPs towards the syrithexf densely functionalized oxepa
analogues. The work elaborates on asoeable mechanism for the product formation ant
observations on the diastereoselectivity based ontra experiments and gahas

2009 Elsevier Ltd. All rights reserved

1. Introduction

enol ethers as nucleophiles for ring expansion ti@as of
cyclopropanone¥’ ** The chemistry involving ring expansion of

Seven membered oxacycles have gained tremendoyg hohydrate derived dihalocyclopropanes, medidtgdbases

significance due to their increasing prominencenimmerous
naturally occurring biologically active compountds. The
increasing number of polyether natural productsnfrmarine
sources containing a seven membered oxacyclic dme
encouraged the development of new synthetic roatexhieve
highly functionalized oxepandd’ Seven-membered ring
systems such as polyhydroxylated azepanes andnssjgas
have received considerable attention as potentsi-rmatural
surrogates for pyranoses in a number of biocherpicalesse$”
%1 Glycosylation of septanosides and the kineticsyolfdlysis of
such linkage have been carried out extensivelyato gpsight on
the stability and reactivity of these polysacchesidcompared to
their pyranose counter-parts under physiologicaidémns??*
Various routes like intramolecular epoxide ring-opgn
reaction:> '* %72 pjtrone-alkene cycloaddition reactibft,”
skeletal rearrangemerfts> cyclization reactioff** and ring-
expansion chemistr¥; ***starting from both racemic and chiral
synthons have been developed. Pioneering effort$laierg
towards the synthesis of optically active oxepangévdgves by
the ring expansion of carbohydrate derived cyclppres
promoted by Lewis acids in the presence of an eatern
nucleophile are noteworti§** *> The reaction has been
proposed to proceed through a planar oxonium irgdrate
following a Ferrier type rearrangement of C—&-bond.
Recently, Sridharet al extended this methodology to the
synthesis of septano-oligosaccharides from cyclogmones with
glycans as nucleophiléS.Earlier, Sugitaet al employed silyl

was demonstrated by Nagarajan al’’ and Harveyet al**

Jayaraman and cowork&f8' further extended the methodology
towards a practical accessibility to septanosidesb respective
polysaccharides.

To the best of our knowledge, ring opening of caylolohte
derived cyclopropanes mediated by electrophiles yavied to a
ring-opening reaction through C1-C7 bond cleavaBag-
expansion by the cleavage of Cl-G2bond has not been
observed so far (path-a, Scheme 1). Conversely, 4 egid
catalysts are shown to be the best to effect ringuesions
(path-b, Scheme 1§:*" In the present study, we planned to install
an exocyclic methylene group, utilizing the elentrich
character of tharbond (in comparison to the cyclopropasie
bonds), to demonstrate an electrophile mediategtekpansion
by the rupture of C1-C2-bond, which is not a typical reactivity
pattern observed in the chemistry of carbohydratévdd
cyclopropanes (Scheme 1).

For several years, our group has been actively hedo in
exploring the reactivity of vinylcyclopropanes aasked donor—
acceptor systems, and synthetic methodologies dyolkgdrate
systems in parallel. Our earlier reports on the tedpbile
mediated ring—opening reaction of vinylcyclopropafie®led us
to believe that the reaction of carbohydrate dekrive
vinylcyclopropane6 in the presence of electrophiles would
possibly effect @-Ferrier type ring
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Scheme 1. General strategy of reactivity of carbloéig derived VCPs.

expansion through a tight-carbocation intermedtatedensely
functionalized oxepanes. We convincingly showed tha
overlap between thereorbital of vinyl group and the
cyclopropane C—-Q*—orbital facilitates the ring—opening to a

The galacto-VCP7 was also prepared following a similar
reaction sequence used farTo introduce rigidity and to study
the effect of steric bulk on the reaction, we plahteprotect the
C-4 and C-6 hydroxyl groups of both D-glucal and Dageal

great extent® In the present case, a minimum overlap iswith cyclic protecting groups so as to have the @y&roxyl

expected between the-bond and the C—@-bond due to their
orthogonality and restricted conformational freedorhe

group for
conditions. Accordingly the glucala

guided cyclopropanation under Simmon-Bmit
was converted to

reactivity of VCP6 could be interesting due to the orthogonalacetonide protected derivative2¢ and the galactallb was

orientation of therebond and the cyclopropane Cecbond of
interest.

2. Results and Discussion

To study these aspects we planned the synthesishef
carbohydrate derived vinylcyclopropar& starting from D-
glucal. Glucalla was first converted to C-@-benzylated glucal
2a using known procedure from the literatdtefollowed by
regioselective protection of the C-6 hydroxyl graagits TBS
ether3a using a standard protocol. The C-3 hydroxyl groass
used as a handle to carry out Simmons—Smith cyojpration
at the p—face with high stereoselectivity to géa exclusively.
The C-3 hydroxyl ida was later oxidized to the corresponding
1,2—cyclopropylketon®a using the Dess—Martin reagent, which
was then subjected to Wittig reaction to furnible desired
gluco-VCP6 in good yield (Scheme 2).

i 1a: Glucal ‘/7 2a,b

'HO O|i
| HO :

OH ;

! 1b: Galactal |

TBSO

protected as the silyl derivatiae.**** The protected glycalgc
and 2d were converted to the corresponding VGsnd 9
following a similar reaction sequence used for thtteesis ofo
and7 (Scheme 3).

VCP 6 was subjected to a ring—expansion reaction using
chloramine—T trihydrate10 and phenyltrimethylammonium
tribromide (PTAB,11) as catalyst in MeOH (rt, 4 h). After 4 h,
VCP 6 successfully underwent ring—opening to furnish ghlyi
functionalized oxepané2a in excellent yield as a mixture of
anomers (3:2) (Scheme 4). The configuration at ghemeric
position was established with help of -AIMR (NOESY
spectrum shown in Scheme 4) and by comparing thertexp
resonance frequency of the anomeric carigh.

HO © TBSO °© TBSO °©
| a | b
BnO BnO BnO
OH OH OH

3a: 80%
3b: 83%

4a: 85%
4b, 76%

lc

(0]
o 4 TBSO
—————————
BnO BnO
o
6: Glucal derived VCP, 87% 5a: 82%
7: Galactal derived VCP, 84% 5b: 90%

Reagents and Conditions: (a) TBSCI (1.05 equivid&mrole (2 equiv), DMF, 6C to rt, 3 h; (b) EZn (1.5 equiv), CH (2 equiv), DCM, C°C, 4 h; (c) DMP

(1.1 equiv), DCM, OC, 2 h; (d) [PBPCH;]"I", n-BuLi, THF, 0°C, 5 h
Scheme 2. Synthesis of gluco- and galacto-VE&asd7.
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Scheme 3. Synthesis of gluco- and galacto-V&Rsd9.

From the literature, it is known that teanomer resonate§'C) reaction ofgalacte-VCP 7 under standard reaction conditions in
generally at a higher frequency compared todtmomer®*  the presence of different alcohol nucleophiles wasmgsing
Unlike in the case of furanosides and pyranosidesrésonance which led to successful ring—opening to the corradpm
frequencies of the anomeric carbon wf and pB—anomer are oxepane derivative$3a-c We envisaged that the introduction of
indistinct. Forl12a the carbon-13 of the—anomer resonates at cyclic bifunctional protecting groups (like acetdeiand dit
100.2 ppm andB—anomer at 100.6 ppm. Quantum chemicalbutylsilyl protection) will impart more rigidity tdhe skeleton
predictions of the chemical shift of anomeric carlusing GIAO  and steric crowding, which in-turn will help in impiog the
method (at M06-2x/6-31+G* level) suggested thatffthanomer  selectivity at the anomeric center. However, in bbth VCPs 8
resonates at higher frequency when compared awvghomer ¢- and 9), no appreciable improvement in the selectivityswa
anomer: 104.0 ppnf-anomer: 106.0 ppm). observed in the productl4a-c and 15a-c, Table ). This
observation suggested the intermediacy of a plaranium

e ~O . Ph'\"(j%"‘mjgz')(") TBS0 \_0_-OMe intermediate as proposed by Hobé&tg.
+ —_— . . H B
BnO" TNl MeOH, rt BnO "\ _ Our present observation does not corroborate witheatrer
10 TsHN results with vinylcyclopropanes in support of théseence of an
6 12a, 80% intimate carbocation. Hence, we undertook an exetoisgplore
B =1.5:1 the possible intermeqlia}te t_hrough which the_ringgﬂzqix_)n can
occur. Geometry optimization of the bromenium intediate at
M06-2x/6-31+G* level showed the existence of a tight
carbocation as observed by us earlier but purelp asnsient
intermediate &), which spontaneously undergoes complete ring-
opening to the more
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Table 1. Ring-expansion of carbohydrate derived ¥CP
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Scheme 5. Plausible mechanism for ring expansiafGi's

stable (~4 kcal) planar oxonium idB (Figure 1). Since, the
conversion of the transient intermedidteto the oxonium iorB
is a barrierless transition, trapping Af via an {2 pathway
occurs to a negligible extent compared to the @rgansion
process. Hence, the reaction proceeds typicallyutira planar
oxonium ion intermediate, resulting in poor diasteselectivity.

Based on our earlier studies on the reactivity ofPgQvith
halogen electrophiles and DFT calculations a pldesihtalytic
cycle for ring expansion of carbohydrate derived ¥®Rs been
proposed (Scheme 5). In the first step, the reacta
chloramine-T with PTAB (catalyst, 10 mol%) enables th
formation of interhalogen compound® situ in catalytic
amounts. These interhalogen compounds undergo@uditross
the VCP’s double bond inducing the ring expansiomugh a
transient tight carbocation intermediate. This diant
intermediate spontaneously undergoes completeaj@ping to
give a planar oxonium intermediate. Subsequentlatibalcohol
(MeOH) nucleophiles and displacement of bromo groyNTs
results in the formation of the desired oxepandogoaies.

Further, we were interested in functionalizing thethyiene
carbon of the cyclopropane ring anticipating that teaction will
lead to a densely functionalized oxepane. Hence,ywthasized
the corresponding carboxylate derived cycloproph6a using
Rh,(OAc), catalyzed cyclopropanation of the fully protected
glucal with methyl diazoacetate. The resulting opocbpane
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Scheme 6. Reactivity of vinyl cyclopropane carbasg$l6 and17.
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Scheme 7. Ring expansion18to a densely functionalized oxepatie
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Scheme 8. Reactivity of VC®and7 in the presence of water

esterl6awas converted to the desired V@B using a standard
protocol. Reaction of16 under ring—expansion conditions
(chloramine-T, PTAB) led to a complex mixture of guats
(Scheme 6). This result was further confirmed byjexting VCP
esterl7 to similar reaction conditions, which led to a mnd of
products as well. We speculate that the possible sdctions
could be due to the activation of the ester carboamgler the
influence of an electrophile due to the inherenhateacceptor
nature of the carbohydrate derived VCP esters. ifige-opening
of such cyclopropane carboxylate systems undeinthesnce of
an electrophile have been explored extensivelyungooup>™ *°

To confirm our speculation, we decided to convergé th
cyclopropane carboxylate7ato the reduced derivativeBa The
desired VCP18 was obtained by the deprotection of the silyl
group followed by oxidation and the Wittig reactisaquence.
Reaction ofl8 under standard reaction conditions (chloramine-T,
PTAB) in methanol led to the ring- expanded oxepat@ in
good yield but with poor selectivity. (Scheme 7)

Interestingly, with water as the nucleophile, tiecoVCP 6
under similar conditions using moist acetonitriez] to the ring-
opened product followed by elimination of bromideyield an



6

open chain polyhydroxylated dien20a in excellent yield
(Scheme 8). Similar reactivity was observed in tlasec of

Tetrahedron

concentratedn vacuo The residue was then washed with water
and extracted with Ci€l, (2X200 mL). The organic layer was

galacto-VCP7 which resulted in the formation of epimeric diene dried over anhydrous N8O, and concentrateth vacuo Flash

20b. These polyhydroxylated dienes are potential symghfor
the synthesis of zaragozic acids and amphidinalides

0s0O,4, NMMO
‘BuOH, Pyridine
—_—

reflux, 2 h
92%
0 o._OMe 0s0,4, NMMO
Si_ 'BuOH, Pyridine
(@) . R
’7« reflux, 2 h
TsHN 83%
15a 22

Scheme 9. Synthesis of 2-deoxyseptanoside derdstiy
22,

The oxepane p-12a (separated by flash column
chromatography) andl5a were further dihydroxylated in a
diastereoselective fashion using Q&@IMO in t-butanol under
reflux to the corresponding 2-deoxyseptanosidévaives 21
(92%) and22 (83%) respectively (Scheme 9).

3. Conclusion

In summary, we have developed a novel route to acce

densely functionalized oxepanes and 2-deoxyseptig®s

through ac-Ferrier type ring-expansion of carbohydrate detive

VCPs. Attempts were made to improve the diasterectsety
at the anomeric position. Since the reaction prdsdbrough a
planar oxonium intermediate, controlling the diesteselectivity
at the anomeric position is challenging. Our effats being
continued to access the transient, tight-carbocatitermediate.

4. Experimental section

4.1 General Information

All  solvents for routine isolation of products
chromatography were laboratory grade and redidtille
Acetonitrile and DCM used for the reaction were driedler
reflux over CaH and stored over 3 A molecular sieves. Flas
chromatography was performed using silica gel (280-#hesh)
with indicated solvents. All reactions were monitoted thin-
layer chromatography on 0.25 mm silica plates (#25
visualizing with UV light and developed using
phosphomolybdate or vanillin solutiodH, *C-NMR spectra

chromatography of the crude product provided ttie
compoundn its pure form. Gummy = 0.58 (hexanes/EtOAc,
8 : 2): Yield: 14 g, 80%; o]*p= +27.6 (CHC}, ¢ = 1.7) (lit.
[0]*°>= +27.2 (CHC}, ¢ = 1.0)*" IR (neat): 3422, 2954, 2930,
2884, 2858, 1651, 1253, 1538, 1109, 837, 778;ciH-NMR
(400 MHz, CDC}J): 7.37-7.30 (5H, m, Ph), 6.36 (1H, @i= 6.0
Hz, O-CH=CH), 4.79 (2H, dd) = 12.4 Hz, O-CHPh), 4.71
(1H, dd,J = 2.8 Hz, 6.0 Hz, O-CH=CH), 4.29-4.28 (1H, m, CH-
0), 3.95 (2H, dJ = 2.0 Hz, CH-OTBS), 3.87-3.85 (1H, m, CH-
0), 3.68 (1H, ddJ = 6.4 Hz, 7.2 Hz, CH-0), 2.33 (1H, s, -OH),
0.92 (9H, s, SiBu)), 0.09 (6H, s, Si(Me); *C-NMR (100 MHz,
CDCly): 144.5, 138.4, 128.5, 127.9, 102.1, 77.5, 773%6,767.9,
62.4, 25.8, 18.3, -5.2, -5.5; HRMS m/z: calcd forHG,O,Si
[M+Na] *: 373.1811; found: 373.1811.

1,5-Anhydro-2-deoxy-4-O-benzyl-6-O-TB3;2-C-methylene-
D-arabino-hexitol 4a): To a stirred solution of diethyl zinc (1M
solution in toluene, 15 mL,15.0 mmol, 1.5 equiv)I&M (15
mL) at -15°C was added a solution of Gkl(4.6 g, 17 mmol, 1.7
equiv) in DCM (30 mL) drop wise under nitrogen atniose.
The solution was stirred for 20 min to form iodozimethyl
iodide as a yellowish white precipitate. To the rigactixture a
solution of glycal3a (3.5 g, 10 mmol, 1 equiv) in DCM (3X2
mL) was added at -18C. After the addition, the reaction mixture
was allowed to warm to room temperature .The progoéske
reaction was monitored by TLC. After complete constiompof
ghe starting material, the reaction mixture was pduinto ice-
cold sat. NHCI solution and then washed with water and
extracted with CHCI, (2X50 mL). The organic layer was dried
over anhydrous N8O, and concentratedn vacuo Flash
chromatography of the crude product providéal in its pure
form. Gummy,R; = 0.51 (hexanes /EtOAc, 8 : 2); Yield: 3.1 g,
85%; []% = +21.2 (CHCJ, ¢ = 1.3) IR (neat): 3442, 2952,
2928, 2856, 1107, 1076, 1054, 949, 836, 774;ci-NMR (400
MHz, CDCL): 7.35-7.25 (5H, m, Ph), 4.72 (2H, s, O-EPh),
4.26-4.25 (1H, m, CH-0), 3.81 (1H, 3= 11.6 Hz, CH-0), 3.73
(1H, d,J = 11.6 Hz, CH-0), 3.71-3.67 (1H, m,_CH-O), 3.29-3.27
(2H, m, CH-0), 2.18 (1H, s, -OH), 1.40-1.32 (1H, m, CH-CH-

and CH2), 0.90 (9H, s, SiBu)), 0.70-0.64 (2H, m, CH-CHCH), 0.08

(s, 3H), 0.07 (s, 3H)“C-NMR (100 MHz, CDCJ): 138.6, 128.5,
127.8, 127.8, 79.3, 78.8, 74.0, 70.7, 62.4, 53539,218.3, 17.9,

pll.1, -5.1, -5.4; HRMS m/z: calcd for,dls,0,Si [M+Na] i

387.1968; found: 387.1975.

1,5-Anhydro-2-deoxy-1,2-C-methylene-4-O-benzyl-6-O-dBS
D-erythro-hex-3-uloséba): To a stirred solution of cyclopropane
alcohol4a ( 1.82 g, 5 mmol, 1 equiv) in GBI, (15 mL) at 0°C
was added Dess—Martin periodinane (DMP) (2.3 g, 5.®imbnl

were recorded on a 400 MHz NMR spectrometer. Chemicadquiv). The progress of the reaction was monitorgdThC.

shifts in ppm, multiplicity (s, singlet; d, doubjet, triplet; g,
quartet; m, multiplet), coupling constant in Hertdz), and
number of protons. HRMS were measured with electeyspr
ionization (ESI) and quadrupolar mass analyzer. &ans09
program was used for energy minimization.

4.2 Experimental Procedure and Spectral Details

1,5-Anhydro-2-deoxy-4-O-benzyl-6-O-TBSwabino-hex-1-
enitol 3a): To a stirred solution of glyc&la (11.8 g, 50 mmol, 1
equiv) in DMF (150 mL) at -15C was added imidazole (6.8 g,
100 mmol, 2.0 equiv) and TBS-CI (7.8 g, 52 mmoQ5lequiv)
in parts under nitrogen atmosphere. After the aolditithe
reaction mixture was allowed to warm to room tempgeatThe
progress of the reaction was monitored by TLC. Af@mplete
consumption of the starting material, the reactioxture was

After complete consumption of the starting matetiag, reaction
was quenched by adding 10% aqueous solution ¢&a (20
mL)/ sat. solution of NaHCO (ag) (20 mL) with vigorous
stirring. The aqueous layer was extracted with, @ (3X50
mL). The combined organic layer was washed with satition
of NaHCGQ, (ag) and brine. The organic layer was dried over
anhydrous N0, and concentratedin vacuo Flash
chromatography of the crude product provided theesponding
cyclopropyl ketoneba in its pure form.Gummy, R = 0.51
(hexanes/EtOAc, 8 : 2); Yield: 1.48 g, 82%:;a]fp= +35.5
(CHCls, ¢ = 1.0); IR (neat): 2954, 2929, 2883, 2857, 17087,
1097, 836, 777 cth 'H-NMR (400 MHz, CDCY)): 7.40-7.26
(5H, m, Ph), 4.96 (1H, dl = 10.8 Hz, O-CHPh), 4.53 (1H, dJ
= 10.8 Hz, O-CHPh), 4.14 (1H, dd) = 4.4 Hz, 8.8 Hz, CH-O),
3.93 (1H, dJ = 10.0 Hz, CH-0O), 3.85 (2H, d,= 10.0 Hz, CH
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OTBS), 3.78 (1 H, dd] = 3.6 Hz, 1.6 Hz, CH-0), 1.92-1.87 (1H, mmol, 0.1 equiv). The reaction was monitored by TIAfter
m, O=C-CH-CH), 1.30-1.26 (2H, m, CH-C}HCH), 0.91 (9H, s, complete conversion of the starting material areitttermediate
Si(Bu)), 0.08 (3H, s, Si-Me), 0.08 (3H, s, Si-M&C-NMR (100  bromide, the reaction mixture was concentratedacug and
MHz, CDCk): 205.5, 137.7, 128.3, 128.1, 127.8, 82.7, 77453,7 then washed with water (10 mL) extracted with DCM (2 X 10
62.1,57.7,25.9, 25.8, 19.9, 18.3, -5.1, -5.5; HR#3: calcd for mL). The organic layer was dried over anhyd.,$@ and
C,H3500,Si [M+Na] *: 385.1811; found: 385.1814. concentratedin vacuo Flash chromatography of the crude

. product afforded the oxeparigb in its pure form.R; = 0.56
1,5-Anhydro-2,3-di-deoxy-1,2-C-methylene-4-O-benzZ9-6BS- (hexanes/EtOAc, 7 : 3): Yield: 0.089 g, 7496-NMR (400

a-D-erythro-hexityl-exo-3-methylené)(To a stirred suspension MHz, CDCh): 7.69 (1.2H. dJ = 7.2 Hz, Ph), 7.67 (2H, d.= 7.2
of phosphonium iodide (0.404 g, 1 mmol, 2 equiv)TiHF (6 Hz, Ish), 725-7‘.26((:‘L3H’, m, PH), 5.66 (%H,Idd;(4.01 FiZ, é.8

mL) at -15°C was addech-BuLi (1.6 M in hexanes, 0.57 mL, Hz, C=CH), 5.60 (1H, dd] = 3.6 Hz, 3.6 Hz, C=CH), 4.94-4.90

0.90 mmol, 1.8 equiv) under nitrogen atmosphereerAthe N _ e
addition, the reaction mixture was allowed to stir20 min. The gl-é l:n dﬁl,\-ll),: Aif; (|-l|:|'1d5d32 HS(SOH(;H?])E} rg7?1%%f234249

supernatant was cannulated into a solutiorb@f(0.18 g, 0.5

mmol, 1 equiv) in THF (3 mL). The progress of tleagtion was I(jﬁ_' Crlﬁ 83_1’?\15 13343?3(3'282’ én H_Cérl:(]) TC?I—?-,OC%ZO 2;23?2.6537?)(g?é|-|
monitored by TLC. After complete consumption of #tarting m (’ZH-’CI—E-_CH)l 2'50_2' 45 (1IH m C:’FIC;I-CH; 2'41 ('4 8H s '
material, the reaction mixture was concentrated/acuo The Mé) 233.2 25 (1' 6H m CI—i-(:ZlLCH)__l 57-1 50 @3 SH 'm
residue was then washed with water and extracted witjCIGH a"zs, 1'_39_1'_30 (3..2H,’ m, ,Cbl 0.93 (5.’4H,. s, ééu), O.ég (,9H,'

(2X15 mL). The organic layer was dried over anhydmidassSO, s, SIBU), 0.1 (1.8H, s, SiMe), 0.09 (1.8H, s, SiMe), 0GB, s,

and concentrateéh vacuo Flash chromatography of the crude . 3 .
. - M SiMe), 0.07 (3H, s, SiMe);"C-NMR (100 MHz, CDCJ): 143.2,
product provided the corresponding VCP in its pucem 14?1), 138.1(, 137.8, 136)31.9, 136.5? 138.1, 137&(%13136.5,

Gummy, R = 0.50 (hexanes/EtOAc, 8 : 2); Yield: 0.159 Mg, 13, 5" 159 1285 128.4, 127.8, 127.5, 127.7.112124.9,
87%; o= +30.6 (CHC, c = 0.5);"H-NMR (400 MHz, g9 4 958 797 7838, 72.3, 71.2, 69.8, 68.05684.4, 63.6,

CDCL): 7.37-7.28 (5H, m, Ph), 5.24 (1H, s, C=046.17 (IH, S, 505 484, 36.7, 31.6, 26.0, 25.8, 21.4, 19.32,198.5, 18.3,
C=CHp), 4.64 (IH, dJ =11.2 Hz, O-CHPh), 4.62 (IH, dJ = = 155" 53" 55 HRMS m/z: calcd forBl:NOLSSi [M+Na]
11.2 Hz, O-CHPh), 3.85 (1H, dJ = 8.8 Hz, CH-0), 3.76-3.71 50" 0 o\ coe oo e 3296 '
(3H, m, CH-OTBS, CH-0), 3.48-3.44 (1H, m, CH-0), 1.79-1.73 "~ ’ Y e '
(1H, m, CH-CH-CH2), 0.90 (9H, s, 'Bi), 0.88-0.83 (1H, m, (2R,3S)-3-(Benzyloxy)-2-(TBS-oxymethyl}/p¥isopropoxy-4-
CH-CH,-CH), 0.73-0.69 (1H, m, CH-CHCH), 0.08 (3H, s, (N-p-toluenesulfonamidomethyl)-2,3,6,7-tetrahydroaxeql12c)
SiMe), 0.07 (3H, s, SiMe);?C-NMR (100 MHz, CDCJ): 144.0,  To a stirred solution of VCB (0.072 g, 0.2 mmol, 1 equiv) in the
138.3, 128.3, 127.9, 127.6, 110.2, 80.7, 76.4,,6231, 25.9, chosen alcohol (1 mL) as nucleophile at rt was adsielcd
19.0, 18.3, 16.1, -5.0, -5.3; HRMS m/z: calcd fonHz,05Si chloramine-T (0.062 g, 0.22 mmol, 1.1 equiv) and
[M+Na] *: 383.2018; found: 383.2003. phenyltrimethylammonium tribromide (PTAB, 0.008 g,0®

mmol, 0.1 equiv). The reaction was monitored by TIAGter
f)%gﬁ?{:;ﬁgﬂ;ﬁ?gg)'Zr;gtﬁ%?zx )énée;hgﬁiﬁyﬂf;g%glg_z(; complete conversion of the starting material areditermediate

. - » bromide, the reaction mixture was concentraited/acug and
To a stirred solution of VCB (0.072 g, Q'Z mmol, 1 equiv) n the then washed with water (10 mL) extracted with DCM (2 X 10
chosen alcohol (1 mL) as nucleophile at rt was adsel

chloramine-T (0.062 g, 022 mmol, 1.1 equiv) anclmL). The organic layer was dried over anhyd.,$@ and

. . . . concentratedin vacuo Flash chromatography of the crude
phenyltrimethylammonium tribromide (PTAB, 0.008 ¢,0® product afforded the oxepar2c in its pure formR = 0.52

mmol, 0.1 equiv). The reaction was monitored by TIAGter (hexanes/EtOAC, 7 : 3): Yield: 0.093 g, 779-NMR (400
complete conversion of the starting material areititermediate MHz, CDCL): 7 ’70 (éH ,dJ _ 8'0 'Hz Ph’) 7.35-7.28 (7TH, m

bromide, the reaction mixture was concentrated/acuq and
! . . Ph), 5.67 (1H, dd) = 4.4 Hz, 9.2 Hz, C=CH), 5.07 (1H, diiz
then washed with water (10 mL) extracted with DCM (2 X 10g & Hz, 6.4 Hz, -NHTs), 4.75 (1H, ddl= 2.4 Hz, 9.2 Hz, O-CH-

mL). The organic layer was dried over anhyd.,$@, and 0), 4.50 (2H ddJ = 10.8 Hz, 21.2 Hz,0-CjRh), 4.19-4.12 (1H,
concentratedin vacuo Flash chromatography of the crudem CH-O), 4.08-4.01 (1H, m, CH-O), 3.87-3.75 (2H, m,,CH
product afforded the oxeparia in its pure form.R; = 0.33 O"I'Bg) 3,65.(2H m CHN,) 345 (1H’de:48 Hz 13 G_Llaz
(hexanes/EtOAc, 7 : 3); Yield: 0.090 g, 809-NMR (400 Me CH’-Oj 5 62-2 5&3_(iH ’m'CH-CZI-}CH) 241 (s’3H' Me)’
MHz, CDCL): 7.68 (2H, d,J = 8.0 Hz, Ph), 7.36-7.26 (7H, m, 2.226-519 '(1i_|' m., CH—C'§=|C’H), 118 (3,_’|, H,J _ 6.4J_Hz,’
50 o, 6.4 Ho, -NHTS), .85 (LH, dd S5, 7.6 Hz, 0-Cpt- MECH). 110 BH, 0 = 6.4 Hz, MeCH), 0.93 (9, 5, SBu),
OMe), 4.50 (2, dd) = 11.6 Hz, 13.6 Hz, O-CIRh), 4.08 (1H, 00 (BH: S, SiMe), 0.09 (3H, s, SIMEJC-NMR (100 MHz,
't y : v, = e ' CDCly): 143.3, 138.0, 136.9, 136.5, 129.6, 128.4, 128278,

d,J =28 Hz, CH-O), 3.81-3.75 (2H, m, -GBITBS), 3.64-3.56 1,71 "155 4 96.0, 71.3, 69.7, 67.7, 64.4, 48164,226.0, 23.4,
(3H, m, CH-O, CH-N), 3.39 (3H, s, -OMe), 2.50 (1H, d= 17.2 e _ :
21.4, 21.0, 18.5, -5.3, -5.4; HRMS m/z: calcd fagHG/NOSSi
Hz, CH-CH-CH), 2.41 (3H, s, Ph-Me), 2.33-2.25 (1H, m, CH- [M+Na]* 612.2791: found: 612.2799
CH,-CH), 0.90 (9H, s, $u), 0.09 (3H, s, SiMe), 0.08 (3H, s, Si- S ’ e '
Me); *C-NMR (100 MHz, CDCJ): 143.2, 137.7, 137.2, 134.3, 1,5-Anhydro-2-deoxy-4-O-benzyl-6-O-TB$#xo-hex-1-enitol
129.6, 128.5, 127.9, 127.1, 127.1, 100.6, 79.76,78.3, 63.6, (3b): To a stirred solution of glyca®?b (11.8 g, 50 mmol, 1
55.6, 50.4, 36.4, 29.6, 25.8, 21.4, 18.3, -5.3;-6IRMS m/z:  equiv) in DMF (150 mL) at -18C was added imidazole (6.8 g,
calcd for GgH4gNOGSSi [M+Na]": 584.2478; found: 584.2479. 100 mmol, 2.0 equiv) and TBS-CI (7.8 g, 52 mmoQ5lequiv)

(2R,3S)-3-(Benzyloxy)-2-(TBS-oxymethy JBbutoxy-4-(N-p- in parts under nitrogen atmosphere. After the aolditithe

) reaction mixture was allowed to warm to room tempeeatihe
toluenesulfonamidomethyl)-2,3,6,7-tetrahydrooxepiib) To a . .
stirred solution of VCPGy(()).O72 g, 0.2 m):nol 1 gqui\)/() in the Progress of the reaction was monitored by TLC. Af@mplete

h lcohol (1 mL leophile at rt dsialit] consumption of the starting material, the reactioxture was
chosen alcoho (1 mL) as nucleophile at rt was ad concentratedn vacuo The residue was then washed with water
chloramine-T (0.062 g, 0.22 mmol, 1.1 equiv) and

. . . . and extracted with C}€l, (2X300 mL). The organic layer was
phenyltrimethylammonium  tribromide (PTAB, 0.008 9,02 dried over anhydrous N8O, and concentrateth vacuo Flash
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chromatography of the crude product provided thie ti
compound in its pure fornR = 0.57 (hexanes/ EtOAc, 8 : 2);
Yield: 14.5 g, 83%; 4]*°>= -10.44 (CHCJ, ¢ = 1.7); IR (neat):
3422, 2955, 2930, 2885, 2858, 1647, 1252, 1233),1339, 778
cm’; 'H-NMR (400 MHz, CDCY)): 7.36-7.25 (5H, m, Ph), 6.31
(1H, d,J = 6.4 Hz, O-CH=), 4.76 (2H, s, O-GPh), 4.71 (1H,
dd,J = 2.8 Hz, 6.0 Hz, C=CH), 4.33-4.30 (1H, m, CH-O), 4.00
3.89 (3H, m, CH-O, CHOTBS), 3.80 (1H, dd) = 6.4 Hz, 10.4
Hz, CH-O), 2.68 (1H, dJ = 10.0 Hz, OH), 0.91 (9H, s, 'Bu),
0.08 (6H, s, SiMg; *C-NMR (100 MHz, CDC)): 144.2, 137.9,
128.5, 127.9, 102.9, 76.4, 74.1, 72.7, 62.6, 62508, 18.2, -5.4;
HRMS m/z: calcd for GH30,Si [M+Na] *: 373.1811; found:
373.1812.

1,5-Anhydro-2-deoxy-4-O-benzyl-6-O-TB3;2-C-methylene-
D-lyxo-hexitol @b) To a stirred solution of diethyl zinc (1M
solution in toluene, 7.5 mL, 7.5 mmol, 1.5 equir)DCM (15
mL) at -15°C was added a solution of @kl(2.3 g, 8.5 mmol,
1.7 equiv) in DCM (20 mL) drop wise under nitrogen
atmosphere. The solution was stirred for 20 mirotanfiodozinc
methyl iodide as a yellowish white precipitate. Te tleaction
mixture a solution of glycakb (1.75 g, 5 mmol, 1 equiv) in
DCM (3X2 mL) was added at -15C. After the addition, the
reaction mixture was allowed to warm to room tempeeatlihe
progress of the reaction was monitored by TLC. Af@mplete
consumption of the starting material, the reactioxture was
poured into ice-cold sat. NBI solution and then washed with
water and extracted with GBI, (2X100 mL) The organic layer
was dried over anhydrous MO, and concentrateth vacuo
Flash chromatography of the crude product providbdn its
pure form.R = 0.53 (hexanes/EtOAc, 8 : 2); Yield: 1.4 g, 76%;
[0]*°5= -39.31 (CHCJ, c = 1.0); IR (neat): 3454, 2954, 2929,
2857, 2884, 1254, 1108, 838, 777 tnmH-NMR (400 MHz,
CDCly): 7.35-7.26 (5H, m, Ph), 4.70 (1H, d,= 11.6 Hz, O-
CH,Ph), 4.64 (1H, dJ = 11.6 Hz, O-CKPh), 4.20-4.14 (1H, m,
CH-0), 3.87 (1H, dJ = 5.2 Hz, CH-0O), 3.77-3.70 (2H, m, GH
OTBS), 3.58 (1H, ddj = 8.8 Hz, 8.8Hz, CH-0), 3.38 (1H, dd,

= 5.6 Hz, 8.4 Hz, CH-0), 2.37 (1H, d,= 10.8 Hz, OH), 1.27-
1.21 (1H, m, CH-CH), 1.11-1.08 (1H, m, CH-CHCH), 0.90
(9H, s, SBu), 0.62-0.57 (1H, m, CH-CHCH ), 0.06 (3H, s,
SiMe), 0.05 (3H, s, SiMe)*C-NMR (100 MHz, CDCJ): 138.4,
128.4, 127.6, 127.4, 77.3, 76.0, 75.6, 65.4, 68410, 25.8, 18.1,
17.2, 11.2, -5.4, -5.5; HRMS m/z: calcd fo58,,0,Si [M+Na]

. 387.1968: found: 387.1969.

1,5-Anhydro-2-deoxy-1,2-C-methylene-4-O-benzyl-6-O4-BS
D-threo-hex-3-ulose5p): To a stirred solution of cyclopropane
alcohol4b (1.4 g, 3.85 mmol, 1 equiv) in GBI, (15 mL) at 0°C
was added Dess—Martin periodinane (DMP) (1.8 g, 4.8®In
1.1 equiv). The progress of the reaction was mositdry TLC.
After complete consumption of the starting matetiad, reaction
was quenched by adding 10% aqueous solution ¢&a (20
mL)/ sat. solution of NaHCO (ag) (10 mL) with vigorous
stirring. The aqueous layer was extracted with,@H (3X50
mL). The combined organic layer was washed with sattion

Tetrahedron

s, SiMe); *C-NMR (100 MHz, CDGJ): 202.4, 137.0, 128.3,
127.9,127.8, 81.8, 79.4, 71.8, 60.5, 58.1, 258,219.0, 18.1, -
5.5, -5.6; HRMS m/z: calcd for gH,0,Si [M+Na] *: 385.1811;

found: 385.1814.

1,5-Anhydro-2,3-di-deoxy-1,2-C-methylene-4-O-benz9-6BS-

f-D-threo-hexityl-3-exo-methylen&)(To a stirred suspension of

phosphonium iodide (0.404 g, 1 mmol, 2 equiv) inFT{ mL)
at -15°C was addeadh-BuLi (1.6 M in hexanes, 0.57 mL, 0.90
mmol, 1.8 equiv) under nitrogen atmosphere. After dddition,
the reaction mixture was allowed to stir for 20 mihhe
supernatant was cannulated into a solutiorblof(0.18 g, 0.5
mmol, 1 equiv) in THF (3 mL). The progress of tleacgtion was
monitored by TLC. After complete consumption of #tarting
material, the reaction mixture was concentratedracuo The
residue was then washed with water and extracted witjCizH
(2X15 mL). The organic layer was dried over anhydmidasSO,
and concentrateth vacuo Flash chromatography of the crude
product provided in its pure formR;= 0.57 (hexanes/EtOAc, 8
: 2): Yield: 0.152 g, 84%; df*»= -71.21 (CHCJ, ¢ = 3.0); IR
(neat): 2955, 2930, 2884, 2858, 1640, 1463, 109811836,
777 cm'; '"H-NMR (400 MHz, CDC})): 7.33-7.23 (5H, m, Ph),
5.29 (1H, s, C=C}h), 5.01 (1H, s, C=C}), 4.63 (1H, dJ =12.0
Hz,0-CHPh), 4.30 (1H, dJ = 12.0 Hz,0-CHPh), 3.84-3.81
(2H, m, CH-OTBS), 3.76-3.66 (2H, m, CH-0), 3.54 (1H, dds
6.0 Hz, 7.2 Hz, CH-O), 1.66-1.60 (1H, m, CH-§H1.21-1.17
(1H, m, CH-CH-CH), 0.89-0.82 (1H, m, CH-CHCH), 0.87
(9H, s, SBu), 0.04 (6H, s, SiMe)’C-NMR (100 MHz, CDCJ):
139.7, 138.3, 128.2, 127.7, 127.3, 115.1, 79.02,768.9, 61.8,
53.7, 25.9, 18.2, 17.5, 16.2, -5.4, -5.5; HRMS nwatcd for
C,1H3,0,Si [M+Na] : 383. 1820; found: 383.1835.

(2R,3R)-3-(Benzyloxy)-2-(TBS-oxymethyl/B\-methoxy-4-
(N-p-toluenesulfonamidomethyl)-2,3,6,7-tetrahydroimxefl3a)
To a stirred solution of VCP (0.072 g, 0.2 mmol, 1 equiv) in the
chosen alcohol (1 mL) as nucleophile at rt was adseli
chloramine-T (0.062 g, 0.22 mmol, 1.1 equiv) and
phenyltrimethylammonium tribromide (PTAB, 0.008 ¢,0®
mmol, 0.1 equiv). The reaction was monitored by TIAGter
complete conversion of the starting material araititermediate
bromide, the reaction mixture was concentrated/acug and
then washed with water (10 mL) extracted with DCM (2 X 10
mL). The organic layer was dried over anhyd.,$@, and
concentratedin vacuo Flash chromatography of the crude
product afforded the oxepari3a in its pure form.R; = 0.52
(hexanes/EtOAc, 8 : 2); Yield: 0.096 g, 86PENMR (400
MHz, CDCk): 7.69 (2H, dJ = 8.0 Hz, Ph), 7.65 (2H, d,= 8.0
Hz, Ph), 7.34-7.24 (15.4H, m, Ph), 5.73 (1H, &é;, 3.2 Hz, 9.2
Hz, C=CH), 5.63 (1.1H, dd] = 6.4 Hz, C=CH), 4.82 (1H, dd,

= 6.0 Hz, 6.0 Hz, NH), 4.74 (1H, dd,= 4.0 Hz, 6.4 Hz, O-CH-
0), 4.62-4.57 (4.2H, m, O-GRh), 4.44 (dJ = 12.0 Hz, 1H, CH-
0), 4.13-4.08 (2.1H, m, CH-O), 3.97-3.93 (2.1H, m,,CH
OTBS), 3.79 (1H, m, CHOTBS), 3.69-3.65 (1H, m, CH-0),
3.565-3.34 (5H, m, CKIN), 3.40 (3H, s, OMe), 3.34 (3H, s,
OMe), 2.73-2.67 (1H, m, CH-GHCH), 2.63-2.55 (1H, m, CH-

of NaHCG, (ag) and brine. The organic layer was dried overCH,-CH), 2.41 (3H, s, Me), 2.40 (3H, s, Me), 2.35-2.262H,

anhydrous N#£0O, and concentratedin vacuo Flash
chromatography of the crude product provided theesponding
cyclopropyl ketone in its pure form® = 0.55 (hexanes/EtOAc, 8
: 2); Yield: 1.26 g, 90%; o]*°»= -137.07 (CHG, ¢ = 3.0); IR
(neat): 2954, 2930, 2858, 2884, 1699, 1252, 1138,d@n"; 'H-
NMR (400 MHz, CDCY): 7.34-7.25 (5H, m, Ph), 4.62 (1H, 3=
11.6 Hz, O-CHPh), 4.43 (1H, dJ = 11.6 Hz, O-CHPh), 4.14
(1H, dd,J = 5.2 Hz, 8.8 Hz, CH-0), 3.88 (1H, dii= 6.8 Hz, 6.8
Hz, CH-0), 3.72 (s, 2H), 3.70 (1H, s, CH-0O), 1.89-1.85 (f&H,
CH-CH,), 1.79-1.74 (1H, m, CH-CHCH), 1.26-1.21 (1H, m,
CH-CH,-CH), 0.85 (9H, s, 8u), 0.03 (3H, s, SiMe), 0.02 (3H,

m, CH-CH-CH), 0.91 (9H, s, 8u), 0.90 (10H, s, 8u), 0.08
(3H, s, SiMe), 0.07 (3H, s, SiMe}iC-NMR (100 MHz, CDC)):
143.4, 143.2, 138.5, 138.3, 137.2, 137.0, 136.8.6,2128.5,
128.4, 128.2, 128.0, 127.7, 127.6, 127.4, 127.7,.012126.0,
104.2, 100.4, 79.4, 76.4, 75.1, 72.3, 71.5, 70279,662.5, 55.5,
55.1, 50.2, 48.9, 35.4, 32.3, 25.9, 25.8, 21.22,183.2, -5.4,-5.5;
HRMS m/z: calcd for GH,NOSSi [M+Na]": 584.2478; found:
584.2482.

(2R,3R)-3-(Benzyloxy)-2-(TBS-oxymethyl)x/iA-butoxy-4-(N-
p-toluenesulfonamidomethyl)-2,3,6,7-tetrahydrooxe|fii3g) To



a stirred solution of VCH (0.072 g, 0.2 mmol, 1 equiv) in the
chosen alcohol (1 mL) as nucleophile at rt was adseld
chloramine-T (0.062 g, 0.22 mmol, 1.1 equiv)

phenyltrimethylammonium tribromide (PTAB, 0.008 g,0®
mmol, 0.1 equiv). The reaction was monitored by TIAGter
complete conversion of the starting material araititermediate
bromide, the reaction mixture was concentratedzacug and

9
equiv) in DCM (50 mL) drop wise under nitrogen atnioese.
The solution was stirred for 20 min to form iodozimethyl

andiodide as a yellowish white precipitate. To the rigactnixture a

solution of glycal2c (1.86 g, 10 mmol, 1 equiv) in DCM (3X2
mL) was added at -18C. After the addition, the reaction mixture
was allowed to warm to room temperature .The progoéske
reaction was monitored by TLC. After complete constiompof

then washed with water (10 mL) extracted with DCM (2 X 10the starting material, the reaction mixture was pdunto ice-

mL). The organic layer was dried over anhyd.,$@, and

cold sat. NHCI solution and then washed with water and

concentratedin vacuo Flash chromatography of the crude extracted with CKCI, (2X150 mL). The organic layer was dried

product afforded the oxeparib in its pure form.R; = 0.52
(hexanes/EtOAc, 8 : 2); Yield: 0.091 g, 75%j-NMR (400
MHz, CDCL): 7.68 (1.5H, dJ = 8.0 Hz, 1.5 Hz, Ph), 7.64 (2H,
d, J = 8.0 Hz, Ph), 7.33-7.25 (13.5H, m, Ph), 5.75 (0dt{,J =
2.0 Hz, 8.4 Hz, C=CH), 5.62 (1H, dd,= 6.0 Hz, 6.0 Hz,
C=CH), 4.84 (1H, ddJ = 4.0 Hz, 6.8 Hz, NH), 4.64-4.57 (3.6H,
m, O-CH-O, O-CHPh), 4.45 (0.8H, dJ = 7.6 Hz, CH-O), 4.38
(1H, dd,J = 7.6 Hz, 6.4 Hz, CH-0), 4.33 (1H, di= 8.8 Hz, CH-
0), 3.98 (1H, ddJ = 7.6 Hz, 7.6 Hz, CH-O), 3.96 (0.8H, s, CH-
0), 3.87-3.63 (5.7H, m, CHOTBS), 3.53 (1H, ddJ = 7.2 Hz,
14.0 Hz, CH-0O), 3.44-3.30 (5H, m,_ GiN), 2.73 (0.7H, ddJ =
8.8 Hz, CH-CH-CH), 2.52 (1H, dddJ = 4.0 Hz, 6.8 Hz, 16Hz,
CH-CH,-CH), 2.42 (2H, s, Me), 2.41 (3H, s, Me), 2.38-2.2/A (
m, CH-CH-CH), 1.58-1.49 (3.7H, m, CH-GFCH,), 1.37-1.32
(3.6H, m, CH-CH,-CH,), 0.93-0.89 (22H, m, Bu, CH-Me),
0.08 (6H, s, SiMe), 0.07 (4H, s, SiIMEYC-NMR (100 MHz,
CDCly): 143.4, 143.2, 138.6, 138.3, 137.1, 137.0, 13629.6,
129.5, 128.4, 128.2, 128.1, 127.8, 127.7, 127.7,.4,2127.1,
127.1, 126.0, 103.2, 99.2, 79.5, 76.5, 75.2, 72163, 70.7, 67.9,
67.3, 63.0, 62.3, 50.3, 48.9, 35.7, 32.5, 31.65,325.9, 215,
19.4, 19.2, 18.2, 13.9, -5.4, -55; HRMS m/z: calfm
C5HigNOsSSi [M+Na]": 626.2948; found: 626.2944.

(2R,3R)-3-(Benzyloxy)-2-(TBS-oxymethylyfA-isopropoxy-4-
(N-p-toluenesulfonamidomethyl)-2,3,6,7-tetrahydroaxe13c)
To a stirred solution of VCP (0.072 g, 0.2 mmol, 1 equiv) in the
chosen alcohol (1 mL) as nucleophile at rt was adsel
chloramine-T (0.062 g, 0.22 mmol, 1.1 equiv)
phenyltrimethylammonium tribromide (PTAB, 0.008 ¢,0®
mmol, 0.1 equiv). The reaction was monitored by TIAGter
complete conversion of the starting material arititermediate
bromide, the reaction mixture was concentrated/acug and

and: 2); Yield: 1.36 g, 80%;

over anhydrous N8O, and concentratedn vacuo Flash
chromatography of the crude product providggin its pure
form. R = 0.53 (hexanes/EtOAc, 8 : 2); Yield: 1.72 g 86%4:
NMR (400 MHz, CDCJ): 4.19 (1H, dd,J = 7.6 Hz, CH-O), 3.86
(1H, dd,J = 5.6 Hz, 10.8 Hz, CH-0), 3.80-3.76 (1H, m, CH-O),
3.53 (1H, ddJ = 10.4 Hz, 21.2 Hz, CH-0), 3.35 (1H, d#i=
11.6 Hz, 18.0 Hz, CH-0), 3.26 (1H, til= 5.6 Hz, 10.0 Hz, CH-
0), 2.48 (1H, m, CH-CHCH), 1.47 (3H, s, Me), 1.46-1.40 (3H,
s, Me), 0.85-0.76 (2H, m, CH-GKCH); *C-NMR (100 MHz,
CDCly): 99.3, 74.6, 69.3, 68.6, 61.7, 54.6, 29.0, 1907, 11.7;
HRMS m/z: caled for @H.dO, [M+Na] *: 223.0946; found:
223.0946.

1,5-Anhydro-2-deoxy-4,6-O-isopropylidene-1,2-C-methgp-
D-erythro-hex-3-ulose4€) To a stirred solution of cyclopropane
alcohol4b (1.72 g, 8.6 mmol, 1 equiv) in GBI, (45 mL) at 0°C
was added Dess—Martin periodinane (DMP) (4.0 g, 9.®imbnl
equiv). The progress of the reaction was monitorgdThC.
After complete consumption of the starting matetiag, reaction
was quenched by adding 10% aqueous solution ¢&a (20
mL)/ sat. solution of NaHCO (ag) (20 mL) with vigorous
stirring. The aqueous layer was extracted with,CIH(3X100
mL). The combined organic layer was washed with satition
of NaHCGQ; (ag) and brine. The organic layer was dried over
anhydrous N0, and concentratedin vacuo Flash
chromatography of the crude product provided theesponding
cyclopropyl ketone in its pure forr = 0.56 (hexanes/EtOAc, 8
#,= -97.91 (CHCQJ, ¢ = 3.0);'H-
NMR (400 MHz, CDCJ): 4.21 (1H, dd, = 5.2 Hz, 9.2 Hz, CH-
0), 4.11 (d, 1HJ = 10.0 Hz, CH-0), 3.95 (1H, dd,= 5.2 Hz,
10.4 Hz, CH-0), 3.84 (1H, td,= 5.2 Hz, 10.0 Hz, CH-0O), 3.75-
3.70 (1H, m, CH-O), 1.97-1.91 (1H, m, CH-gH1.49 (3H, s,

then washed with water (10 mL) extracted with DCM (2 X 10Me), 1.48 (3H, s, Me), 1.44-1.36 (2H, m, CH-E€H); “*C-

mL). The organic layer was dried over anhyd.,$@, and

NMR (100 MHz, CDCJ): 200.2, 100.0, 74.3, 73.5, 61.8, 59.0,

concentratedin vacuo Flash chromatography of the crude 28.6, 25.4, 20.5, 18.5; HRMS m/z: calcd fogHd; .0, [M+Na] ™

product afforded the oxepari8c in its pure form.R; = 0.55
(hexanes/EtOAc, 8 : 2); Yield: 0.096 g, 819-NMR (400
MHz, CDCL): 7.68 (2H,dJ = 8.0 Hz, 1 Hz, Ph), 7.64 (2H d=
8.0 Hz, Ph), 7.35-7.25 (12H, m, Ph), 5.75 (0.6HJ &, 8.0 Hz,
C=CH), 5.63-5.58 (1H, m, C=CH), 4.97-4.94 (1H, m, NH}84.
4.57 (3H, m, NH, O-CkPh), 4.47-4.42 (0.7H, m, O-GFh),
4.36-4.31 (1H, m, O-C}Ph), 4.14-4.10 (1H, m, CH-O), 4.03-
3.91 (3H, m, CH-O, CHOTBS), 3.82-3.62 (3H, m, GHN),
3.56-3.51 (1H, m, CHIN), 3.45-3.40 (2H, m, O-CHM} 2.49-
2.22 (2H, m, CH-CHCH), 2.41 (5H, s, Me), 1.20-1.07 (10H, m,
Me,), 0.93 (9H, s, $Bu), 0.91 (6H, s, Bu), 0.09 (6H, s, SiMe),
0.07 (3.7H, s, SiMe)*C-NMR (100 MHz, CDC}J): 143.2, 138.6,
138.3, 137.1, 136.4, 129.6, 129.5, 128.4, 128.8.11,2127.7,
127.4, 127.1, 125.9, 100.7, 96.7, 79.7, 75.3, 72172, 70.7,
68.5, 67.9, 63.2, 62.2, 50.3, 48.9, 36.2, 32.99,283.4, 214,
21.1, 18.2, -5.5; HRMS m/z: calcd for8,,NOsSSi [M+Na]:
612.2791; found: 612.2790.

1,5-Anhydro-2-deoxy-4,6-O-isopropylidefid- 2-C-methylene-
D-arabino-hexitol 8c) To a stirred solution of diethyl zinc (1M
solution in toluene, 15 mL, 15.0 mmol, 1.5 equin)DCM (30
mL) at -15°C was added a solution of Gl(4.6 g, 17 mmol, 1.7

221.0790; found: 221.0791.

1,5-Anhydro-2,3-deoxy-4,6-O-isopropylidene-1,2-C-lyletre 5-
D-erythro-hexityl-exo-3-methylen8)(To a stirred suspension of
phosphonium iodide (0.404 g, 1 mmol, 2 equiv) inFT{ mL)
at -15°C was addeadh-BuLi (1.6 M in hexanes, 0.57 mL, 0.90
mmol, 1.8 equiv) under nitrogen atmosphere. After dddition,
the reaction mixture was allowed to stir for 20 mihhe
supernatant was cannulated into a solutiordof(0.1 g, 0.5
mmol, 1 equiv) in THF (3 mL). The progress of tleaction was
monitored by TLC. After complete consumption of #tarting
material, the reaction mixture was concentratedracuo The
residue was then washed with water and extracted witjCIGH
(2X15 mL). The organic layer was dried over anhydmidasSO,
and concentrateth vacuo Flash chromatography of the crude
product provided the corresponding V8Hn its pure formR; =
0.59 (hexanes/EtOAc, 8 : 2); Yield: 0.082 g, 84%}°%= -97.91
(CHCl,, ¢ = 3.0);'"H-NMR (400 MHz, CDC)): 5.11 (2H, dJ =
8.4 Hz, C=CH)), 3.93 (1H, dJ = 10.0 Hz, CH-0), 3.87 (1H, dd,
J=9.2 Hz, 10.8 Hz, CH-0), 3.81 (1H, td= 2.8 Hz, 6.4 Hz,
CH-0), 3.59 (1H, ddJ = 10.4 Hz, CH-O), 3.34 (1H, td,= 5.6
Hz, 10.0 Hz, CH-0), 1.84-1.78 (1H, m,_CH-gH1.49 (s, 3H),
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1.43 (s, 3H), 0.96-0.91 (m, 1H), 0.84-0.80 (m, 11¢-NMR

Tetrahedron

monitored by TLC. After complete conversion of tharsng

(100 MHz, CDC}): 141.6, 106.8, 99.2, 71.8, 70.2, 62.4, 54.2,material and the intermediate bromide, the reaatnxture was

29.0, 19.7, 18.9, 16.3; HRMS m/z: calcd fork;Os [M+Na] ™
219.0997; found: 219.1001.

(4aR,9aS)-6¢/p)-Methoxy-2,2-dimethyl-9-(N-p-toluenesulf
amidomethyl)-4a,6,7,9a-tetrahydro-4H-[1,3]dioxino[5,4
bJoxepine (4a) To a stirred solution of VCRB (0.039 g, 0.2
mmol, 1 equiv) in the chosen alcohol (1 mL) as eaphile at rt
was added solid chloramine-T (0.062 g, 0.22 mmdl, €quiv)
and phenyltrimethylammonium tribromide (PTAB, 0.0§80.02
mmol, 0.1 equiv). The reaction was monitored by TIAGter
complete conversion of the starting material araititermediate
bromide, the reaction mixture was concentratedzacug and

then washed with water (10 mL) extracted with DCM (2 X 10

mL). The organic layer was dried over anhyd.,$@, and

concentratedin vacuo Flash chromatography of the crude

product afforded the oxepariela in its pure form.R; = 0.54
(hexanes/EtOAc, 8 : 2); Yield: 0.066 g, 85%j-NMR (400
MHz, CDCk): 7.21 (2H, dJ = 8.0 Hz, Ph), 7.30 (2H, d,= 8.0
Hz, Ph), 5.55-5.54 (1H, m, C=CH), 4.97 (1H, dd; 6.0 Hz, 6.0
Hz, NH), 4.25 (1H, dJ = 8.8 Hz, O-CH-0O), 4.10 (1H, d,= 7.2
Hz, CH-0), 3.82 (1H, ddJ = 5.6 Hz, 11.6 Hz, CH-O), 3.73 (1H,
dd,J = 8.0 Hz, 14.0 Hz, CH-0O), 3.67-3.58 (2H, m, £M), 3.35
(3H, s, OMe), 3.20 (1H, td, 6.4 Hz, 9.2 Hz, CH-0), 2.43 (3H, s,
Me), 2.32-2.20 (2H, m, CH, 1.41 (3H, s, Me), 1.38 (3H, s, Me);

¥C-NMR (100 MHz, CDCJ): 143.1, 138.5, 138.0, 129.4, 127.2,

123.9, 102.8, 98.5, 73.6, 70.8, 62.3, 55.6, 47501,328.4, 21.4,
18.7; HRMS m/z: calcd for HyNOsS [M+Na] " 420.1457;
found: 420.1457.

(4aR,9aS)-6¢/p)-Butoxy-2,2-dimethyl-9-(N-p-
toluenesulfamidomethyl)-4a,6,7,9a-tetrahydro-4H-
[1,3]dioxino[5,4-b]oxepine 14b) To a stirred solution of VCB
(0.039 g, 0.2 mmol, 1 equiv) in the chosen alcofioinL) as
nucleophile at rt was added solid chloramine-T (R.@6 0.22
mmol, 1.1 equiv) and phenyltrimethylammonium trimide
(PTAB, 0.008 g, 0.02 mmol, 0.1 equiv). The reactizas
monitored by TLC. After complete conversion of thartng
material and the intermediate bromide, the reaatnixture was

concentratedn vacuq and then washed with water (10 mL)

extracted with DCM (2 X 10 mL). The organic layer waged
over anhyd. Ng£0O, and concentratedin vacuo Flash
chromatography of the crude product affordetb in its pure
form. R = 0.50 (hexanes/EtOAc, 8 : 2); Yield: 0.068 g, 78pb;
NMR (400 MHz, CDC})): 7.71 (2.6H, dJ = 8.0 Hz, Ph), 7.30

concentratedn vacuq and then washed with water (10 mL)
extracted with DCM (2 X 10 mL). The organic layer waged
over anhyd. Ng0O, and concentratedin vacuo Flash
chromatography of the crude product affordiett in its pure
form.R = 0.51 (hexanes/EtOAc, 8 : 2); Yield: 0.070 g 87%4:
NMR (400 MHz, CDC)): 7.71 (2H, dJ = 8.0 Hz, Ph), 7.30 (2H,
d, J = 8.0 Hz, Ph), 5.55-5.53 (1H, m, C=CH), 4.97 (1H, 3¢,
6.8 Hz, 6.8 Hz, NH), 4.28-4.23 (2H, m,_GBTBS), 3.87-3.58
(4H, m, CH-N, CH-0O), 3.14 (1H, td) = 6.0 Hz, 9.2 Hz, CH-0),
2.42 (3H, s, Me), 2.26-2.21 (2H, m, CH-gBH), 1.40 (3H, s,
Me), 1.38 (3H, s, Me), 1.17 (3H, d,= 6.4 Hz, MeCH), 1.10
(3H, d,J = 6.4 Hz, MeCH)>*C-NMR (100 MHz, CDCJ): 143.0,
138.5, 138.0, 129.4, 127.2, 124.3, 99.8, 98.4,,780/8, 69.6,
62.4, 48.0, 36.0, 28.5, 23.4, 21.4, 18.7; HRMS mé&lcd for
CxH3NOeS [M+Na]*: 448.1770; found: 448.1770.

1,5-Anhydro-2,3-deoxy-4,6-O-di-tert-butylsilyl-1,2r@thylene-
f- D-threo-hexityl-exo-3-methylen8)(To a stirred suspension of
phosphonium iodide (0.404 g, 1 mmol, 2 equiv) inFT{ mL)
at -15°C was addech-BuLi (1.6 M in hexanes, 0.57 mL, 0.90
mmol, 1.8 equiv) under nitrogen atmosphere. After dddition,
the reaction mixture was allowed to stir for 20 mihhe
supernatant was cannulated into a solutioMaf(0.15 g, 0.5
mmol, 1 equiv) in THF (3 mL). The progress of tleagtion was
monitored by TLC. After complete consumption of #tarting
material, the reaction mixture was concentrated/acuo The
residue was then washed with water and extracted witjCizH
(2X15 mL). The organic layer was dried over anhydmidasSO,
and concentrateéh vacuo Flash chromatography of the crude
product provided in its pure formR;= 0.52 (hexanes/EtOAc, 8
: 2); Yield: 0.122 g, 83%:; o] *p= -29.1F (CHCl, ¢ = 1.8);'H-
NMR (400 MHz, CDCJ): 5.22 (1H, s, C=C}, 5.15 (1H, s,
C=CH,), 4.56 (1H, s, CH-0), 4.23-4.15 (2H, m, €3S6i), 3.85
(1H, td,J = 2.8 Hz, 6.0 Hz, CH-0), 3.42 (1H, s, CH-0), 1.57
(1H, dt,J = 6.4 Hz, 10.4 Hz, CH-C}}, 1.32 (1H, td,J = 3.2 Hz,
6.4 Hz, CH-CH-CH), 1.06 (9H, s, 8u), 1.04 (9H, s, 8u),
0.95-0.88 (1H, m, CH-CHCH); *C-NMR (100 MHz, CDCJ):
142.7, 114.8, 75.1, 74.4, 67.6, 53.9, 27.7, 27353,220.5, 16.1,
15.6; HRMS m/z: calcd for H,0:Si [M+Na] *: 319.1705;
found: 319.1705.

(4aR,9aR)-2,2-Di-tert-butyl-6-methoxy-9-(N-p-
toluenesulfonamidomethyl)-4a,6,7,9a-tetrahydro-4H-
[1,3,2]dioxasilino[5,4-b]oxepine {5a) To a stirred solution of

(2.6H, d,J = 8.0 Hz, Ph), 5.56-5.53 (1.3H, m, C=CH), 4.94 (1H,VCP 9 (0.072 g, 0.2 mmol, 1 equiv) in the chosen alcdqhahlL)

dd,J = 6.0 Hz, 6.0 Hz, NH), 4.25 (1H, d,= 8.8 Hz, O-CH-0),
4.21 (1H, dJ) = 8.8 Hz, CH-0), 4.16 (1H, dd,= 4.8 Hz, 4.8 Hz,
CH-O), 3.82-3.77 (1.3H, m, CH-0), 3.75-3.68 (2.6H, m,,CH
OTBS), 3.67-3.58 (2.6H, m, GHN), 3.33-3.27 (1.3H, m, CH-O),

as nucleophile at rt was added solid chloramine-06@ g, 0.22
mmol, 1.1 equiv) and phenyltrimethylammonium trimide
(PTAB, 0.008 g, 0.02 mmol, 0.1 equiv). The reactiaas
monitored by TLC. After complete conversion of thartng

3.15 (1H, td,J = 6.0 Hz, 9.2 Hz, CH-0), 2.43 (4H, s, Me), 2.26 material and the intermediate bromide, the reaatiixture was

(2.2H, dd,J = 6.0 Hz, 6.0 Hz, CH-CHCH,), 1.55 (2H, m, Ci
CH,), 1.42-1.32 (11H, m, M@ 0.91 (4H, t.J = 7.2 Hz, Ch-
CHs); ®C-NMR (100 MHz, CDCJ): 143.1, 138.5, 138.0, 129.4,
127.2, 124.2, 123.9, 101.9, 98.7, 98.4, 74.0, 7307, 68.3,
67.6, 63.1, 62.4, 48.0, 47.5, 35.5, 33.0, 31.55,281.4, 19.2,
18.9, 18.7, 13.7; HRMS m/z: calcd fopH33NOS [M+Na]
462.1926; found: 462.1926.

(4aR,9aS)-6/p)-1sopropoxy-2,2-dimethyl-9-(N-p-

toluenesulfamidomethyl)-4a,6,7,9a-tetrahydro-4H-

[1,3]dioxino[5,4-b]oxepine 14c) To a stirred solution of VCB
(0.039 g, 0.2 mmol, 1 equiv) in the chosen alcofiomL) as
nucleophile at rt was added solid chloramine-T (R.@6 0.22
mmol, 1.1 equiv) and phenyltrimethylammonium triimide
(PTAB, 0.008 g, 0.02 mmol, 0.1 equiv). The reactimas

concentratedn vacuq and then washed with water (10 mL)
extracted with DCM (2 X 10 mL). The organic layer waged
over anhyd. Ng£0O, and concentratedin vacuo Flash
chromatography of the crude product afforded theparel5ain

its pure form.R; = 0.54 (hexanes/EtOAc, 8 : 2); Yield: 0.089¢g
92%; IR (neat): 3278, 2934, 2860, 1462, 1329, 116864, 898,
781 cm'; 'H-NMR (400 MHz, CDCJ): 7.75-7.72 (2.5H, m, Ph),
7.32-7.30 (2.5H, m, Ph), 5.53 (1H, dd,= 2.8 Hz, 8.4 Hz,
C=CH), 5.52-5.48 (0.3H, m, NH), 5.03 (0.3H, dds 4.0 Hz, 6.8
Hz, O-CH-0), 4.96-4.93 (1H, m, O-CH-O), 4.68 (0.3H, dd;
4.8 Hz, .4 Hz, CH-0), 4.64 (0.3H, s, CH-O), 4.56 (1H, s, G-
4.30 (1H, d,J = 8.4 Hz, CH-OTBS), 4.28 (0.3H dJ = 8.4 Hz,
CH-0), 4.24-4.10 (3H, m, OGH 3.75 (0.3H, ddJ = 8.0 Hz, 9.2
Hz, CH-0O), 3.66 (1H, dd] = 7.2 Hz, 13.2 Hz, CH-0O), 3.50 (1H,
dd,J = 4.0 Hz, 13.6 Hz,CH2-N), 3.39 (3H, s, OMe), 3.35 (0.9H,



s, OMe), 2.55 (1H, dd] = 8.8 Hz, 16.4 Hz, CH-CHCH), 2.43
(3.9H, s, Me), 2.30 (1.3H, dd= 8.0 Hz, 16.0 Hz, CH-CHCH),

1.04-1.01 (23H, m, 8u,); *C-NMR (100 MHz, CDCJ): 143.4,
136.8, 136.7, 129.6, 129.5, 127.2, 126.5, 104.7,31(5.0, 74.7,
68.9, 69.5, 67.4, 60.3, 55.3, 55.0, 50.9, 35.59,307.4, 27.1,
23.3, 21.4, 20.9, 14.1; HRMS m/z: calcd fopM3oNOsSSi

[M+Na] *: 520.2165; found: 520.2164.

(4aR,9aR)-2,2-Di-tert-butyl-6-butoxy-9-(N-p-
toluenesulfonamidomethyl)-4a,6,7,9a-tetrahydro-4H-
[1,3,2]dioxasilino[5,4-b]oxepine 1Bb) To a stirred solution of
VCP9 (0.072 g, 0.2 mmol, 1 equiv) in the chosen alcqthaohL)
as nucleophile at rt was added solid chloramine-U6@ g, 0.22
mmol, 1.1 equiv) and phenyltrimethylammonium trilnide
(PTAB, 0.008 g, 0.02 mmol, 0.1 equiv). The reactiaas
monitored by TLC. After complete conversion of tharsng
material and the intermediate bromide, the reaatnixture was
concentratedn vacuq and then washed with water (10 mL)
extracted with DCM (2 X 10 mL). The organic layer waied
over anhyd. N#£0O, and concentratedin vacuo Flash
chromatography of the crude product afforded thepaxel5b

in its pure formR;= 0.52 (hexanes/EtOAc, 8 : 2); Yield: 0.088 g,
84%; IR (neat): 3289, 2934, 2860, 1473, 1337, 11688, 904
cm®; 'H-NMR (400 MHz, CDC)): 7.75-7.72 (3.3H, m, Ph),
7.14-7.28 (3.3H, m, Ph), 5.53 (1H, dd,= 2.4 Hz, 8.0 Hz,
C=CH), 5.49 (0.7H, ddJ = 4.0 Hz, 8.8 Hz, C=CH), 5.04 (0.7H,

dd,J = 4.0 Hz, 6.4 Hz, NH), 4.98-4.90 (1H, m, NH), 4.77 (0.7H,
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CH), 1.20 (3H, dJ = 6.0 Hz, MeCH), 1.16 (1.5H, d,= 6.0
Hz, MeCH), 1.10 (4.5H, dJ = 6.0 Hz, MeCH), 1.05 (9H, s,
SiBu,), 1.04 (9H, s, BU,), 1.02 (4.5H, s, Bu,), 1.00 (4.5H, s,
SiBu,); “C-NMR (100 MHz, CDCJ): 143.4, 137.2, 136.9,
136.8, 136.5, 129.6, 129.5, 127.2, 127.2, 127.B.5,2101.6,
97.9, 75.0, 74.7, 69.2, 69.1, 68.5, 68.5, 67.21,548.7, 36.2,
31.4, 29.6, 27.5, 27.4, 27.2, 23.6, 23.4, 23.32,231.6, 21.5,
21.0, 20.6; HRMS m/z: calcd for ,1,5NOgSSi [M+Na] *:
548.2478; found: 548.2480.

1,5-Anhydro-2-deoxy-1,2-C-(exo-carbmethoxymethyl8r&-
di-TBS-4-O-benzyl- D-arabino-hexitol {(6a): To a stirred
solution of glucal (3.0 g, 6.4 mmol, 1 equiv) in G100 mL)
at room temperature was added,®#c), (0.141 g, 0.32 mmol,
0.05 equiv) and allowed to stir under nitrogen atphese. A
solution of methyldiazoacetate (0.96 g, 9.6 mmdb, dquiv) in
DCM (70 mL) was added drop wise using a dropping funne
under nitrogen atmosphere. After the addition, tleaction
mixture was allowed to stir for 6 h. The progresshaf reaction
was monitored by TLC. After complete consumption bé t
starting material, the reaction mixture was conegattin vacuo
Flash chromatography of the crude product providad
cyclopropyl estefl6ain its pure formR;= 0.53 (hexanes/EtOAc,
8 : 2); Yield: 1.98 g, 73%; o] *5= +31.95 (CHCJ, ¢ = 1.7) IR
(neat): 2954, 2930, 2858, 1729, 1257, 1122, 1098, 877 cril;
'"H-NMR (400 MHz, CDCJ): 7.35-7.28 (5H, m, Ph), 4.64 (2H,
dd,J = 11.6 Hz, 23.2 Hz, PhGB), 3.95 (1H, ddJ = 2.0 Hz, 5.6

dd, J = 4.4 Hz, 8.4 Hz, O-CH-0), 4.64 (0.7H, s, CH-O), 4.55Hz, CH-O), 3.90-3.85 (2H, m, CH-O), 3.68-3.60 (2H, m,,OH

(1H, s, CH-0), 4.37 (1H, dl = 8.4 Hz, CH-0), 4.26-4.15 (2.8H,

m, CH-OTBS), 4.07-4.04 (0.7H, m, CH-O), 3.93 (0.7H, s, CH-

0), 3.81-3.62 (3.5H, m, CHN), 3.53-3.49 (1.6H, m, CH-0),
3.40-3.33 (2.6H, m, Cj), 2.60-2.55 (1.6H, m, CH-CHCH),
2.43 (3H, s, Me), 2.42 (2.5H, s, Me), 2.31-2.22 (1.WH,CH-
CH,-CH), 1.57-1.48 (3.5H, m, CHCH,), 1.41-1.29 (4.3H, m,
CH2-CH,), 1.04-1.01 (30H, s, @g), 0.91 (5H, tJ = 7.2 Hz,
CH,-CHy); ¥C-NMR (100 MHz, CDCJ): 143.4, 143.2, 137.2,
136.9, 136.8, 129.6, 129.5, 127.2, 126.8, 123.8,41(®9.9, 76.8,
75.0, 74.7, 69.0, 68.5, 67.5, 60.3, 51.0, 48.77,381.6, 31.6,
31.1, 27.5, 27.4, 27.2, 23.3, 23.2, 21.5, 21.06,209.3, 14.1,
13.8, 13.7; HRMS m/z: calcd for ,@,;sNOSSi [M+Na] ™
562.2634; found: 562.2678.

(4aR,9aR)-2,2-Di-tert-butyl-6-isopropoxy-9-(N-p-tehesulfon
amidomethyl)-4a,6,7,9a-tetrahydro-4H-[1,3,2]dioxasilf5,4-
bJoxepine {5c) To a stirred solution of VCP® (0.072 g, 0.2
mmol, 1 equiv) in the chosen alcohol (1 mL) as aaphile at rt
was added solid chloramine-T (0.060 g, 0.22 mmdl, €quiv)
and phenyltrimethylammonium tribromide (PTAB, 0.0§80.02
mmol, 0.1 equiv). The reaction was monitored by TIAGter
complete conversion of the starting material arititermediate
bromide, the reaction mixture was concentratedzacug and

3.66 (3H, s, OMe), 3.40 (1H, dd= 5.6 Hz, 5.6 Hz, CH-0), 2.03
(1H, dd,J = 1.6 Hz, 6.0 Hz, CH), 1.68-1.65 (1H, m, CH), 0.90
(18H, s, SBu), 0.06 (12H, s, SiMe)**C-NMR (100 MHz,
CDCly): 172.2, 138.1, 128.3, 127.7, 127.6, 73.0, 69233,657.1,
51.7,28.1, 25.9, 25.3, 18.3, 17.8, -5.3, -5.4; HRNIS: calcd for
C,H4g06Sh, [M+Na] *: 559.2887; found: 559.2889.

1,5-Anhydro-2-deoxy-1,2-C-(exo-carbmethoxymethylés@)-
benzyle- D-arabino-hexitol {6b): To a stirred solution of
protected sugat6a(1.98 g, 3.5 mmol, 1 equiv) in THF (25 mL)
was added a 1 M solution of TBAF (5.2 mL, 5.2 mmbl5
equiv) in THF at 0°C. The reaction was monitored by TLC.
After complete conversion of the starting materibg reaction
mixture was washed with water (50 mL) and extracted with
DCM (2 X 80 mL). The organic layer was dried over yhh
NaSQ, and concentrateth vacuo Flash chromatography of the
crude product afforded the desired deprotectedymtad its pure
form. R = 0.54 (hexanes/EtOAc, 8 : 2); Yield: 1.37 g, 93%;
[a]®>= +28.15 (CHCJ, ¢ = 3.2) IR (neat): 3247, 3029, 2953,
1725, 1599, 1443, 1297, 1089, 748 crH-NMR (400 MHz,
CDCly): 7.34-7.21 (5H, m, Ph), 4.65 (2H, dii= 11.6 Hz, 16.0
Hz, PhCHO), 4.03 (1H, dJ = 5.2 Hz, CH-0), 3.97 (1H, dd,=
1.6 Hz, 7.2 Hz, CH-0), 3.80-3.72 (2H, m, @»H), 3.64 (3H, s,

then washed with water (10 mL) extracted with DCM (2 X 100Me), 3.54 (1H, ddJ = 5.2 Hz, 9.6 Hz, CH:O), 3.39 (1H, dd,

mL). The organic layer was dried over anhyd.,$@, and
concentratedin vacuo Flash chromatography of the crude
product afforded the oxepariébc in its pure form.R = 0.56
(hexanes/EtOAc, 8 : 2); Yield: 0.091 g, 87%; IR (ne&983,
2969, 2860, 1474, 1332, 1161, 1035, 902, 825, 88Q, cnm’;
'"H-NMR (400 MHz, CDCJ): 7.75-7.72 (3H, m, Ph), 7.32-7.28
(3H, m, Ph), 5.53 (1H, dd] = 4.4 Hz, 9.2 Hz, C=CH), 5.49
(0.5H, dd,J = 4.4 Hz, 9.2 Hz, C=CH), 5.05-4.82(2H, m, NH),
4.64 (0.5H, s, O-CH-0), 4.53 (1H, s, O-CH-0O), 4.47 (1H] d,
8.4 Hz, CH-0), 4.25-4.04 (3H, m_G#), 3.97-3.87 (2H, m, CH-
0), 3.73 (0.5H, dd) = 8.0Hz, 13.2 Hz, CH-0), 3.64 (1H, diiF
6.8 Hz, 13.2 Hz, CHN), 3.55-3.51 (1H, m, CHN), 3.51-3.44
(0.5H, s, CH-0), 3.36 (1H, s,_CH-0), 2.58 (1H, dds 9.6 Hz,
20 Hz, CH-CH-CH), 2.43 (3H, s, Me), 2.42 (2H, s, Me), 2.24
(1H, dd,J = 8.4 Hz, 16.8 Hz, CH-CHCH), 2.20-2.16 (0.5H, m,

= 5.6 Hz, CH-0), 2.12 (1H, dd} = 1.6 Hz, 6.4 Hz, CH), 1.75
(1H, dd,J = 6.4 Hz, 6.4 Hz, OH)**C-NMR (100 MHz, CDC)):
172.5, 137.8, 128.5, 127.9, 127.8, 77.4, 73.9,,78704, 62.2,
57.9,51.9, 26.5, 23.7; HR-MS m/z: calcd foghOg [M+Na] ™
331.1158; found: 331.1155.

1,5-Anhydro-2-deoxy-1,2-C-(exo-carbmethoxymethylé@)-
benzyl-6-O-TBS- D-arabino-hexitol {6c¢): To a stirred solution
of 16b (0.9 g, 2.9 mmol, 1 equiv) in DMF (10 mL) at -16 was
added imidazole (1 mmol, 5.8 equiv) and TBS-CI (&fhol,
1.05 equiv) in parts under nitrogen atmosphere.erAfthe
addition, the reaction mixture was allowed to warmraom
temperature .The progress of the reaction was nrexditoy TLC.
After complete consumption of the starting matetiag, reaction
mixture was concentrated vacuo The residue was then washed
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with water and extracted with GEI, (3X20 mL). The  2.37 (1H, ddJ = 6.4 Hz, 6.4 Hz, CH-CO), 0.82 (9H, s,‘EEi),
organic layer was dried over anhydrous®@, and concentrated 0.01 (3H, s, SiMe), 0.00 (3H, s, SiMe)*C-NMR (100 MHz,
in vacuo Flash chromatography of the crude product pralide CDClL): 172.0, 137.7, 133.4, 128.4, 127.8, 127.5, 119519,
the corresponding mon®-TBS protected compound in its pure 69.3, 61.5, 57.7, 51.8, 29.4, 27.9, 25.7, 18.(%,-5%.6; HRMS
form. R = 0.51 (hexanes/EtOAc, 8 : 2); Yield: 1.1 g, 91%; m/z: calcd for GH340sSi [M+Na] : 441.2073; found: 441.2073.

[0]*°>= -32.08 (CHCJ, ¢ = 0.6) IR (neat): 3451, 2954, 2930,
2858, 1726, 1120, 1095, 837 ¢mH-NMR (400 MHz, CDC)):
7.37-7.27 (5H, m, Ph), 4.65 (2H, d,= 12.4 Hz, 12.4 Hz,
PhCHO), 3.98 (1H, dJ = 4.8 Hz, CH-0), 3.94 (1H, & = 7.2
Hz, CH-0), 3.87-3.78 (3H, m, GB), 3.64 (3H, s, OMe), 3.59
(1H, d,J = 3.6 Hz, 7.6 Hz, CH-0), 3.50 (1H, dii= 5.2 Hz, 5.2
Hz, CH-0), 2.09 (1H, dd) = 1.2 Hz, 5.6 Hz, CH), 1.78 (1H, dd,
J = 6.8 Hz, 6.8 Hz, OH), 0.92 (9H, s/Mi), 0.12 (3H, s, SiMe),
0.10 (3H, s, SiMe)**C-NMR (100 MHz, CDCJ): 172.2, 137.9,
128.5, 127.8, 127.7, 78.1, 74.9, 72.7, 66.6, @379, 51.7, 26.9,
25.7, 24.9, 18.2, -5.3, -5.6; HRMS m/z: calcd fopHG,O6Si
[M+Na] *: 445.2022; found: 445.2021.

1,5-Anhydro-2-deoxy-1,2-C-(exo-carbmethoxymethylé@)-
benzyl-6-O-TBS3- D-erythro-hex-1-en-3-ulosel§d) To a stirred
solution of cyclopropane alcohabc (1.1 g, 2.6 mmol, 1 equiv)
in CH,Cl, (15 mL) at 0°C was added Dess—Martin periodinane
(DMP) (1.2 g, 2.86 mmol, 1.1 equiv). The progress tlo¢
reaction was monitored by TLC. After complete constiompof
the starting material, the reaction was quenchedduing 10%
aqueous solution of N§0; (8 mL)/ sat. solution of NaHCO
(ag) (8 mL) with vigorous stirring. The aqueous lay®as
extracted with CHCI, (3X50 mL). The combined organic layer
was washed with sat. solution of NaH£@q) and brine. The
organic layer was dried over anhydrous3@, and concentrated
in vacuo Flash chromatography of the crude product pralide
the corresponding cyclopropyl ketoéd in its pure form.R =
0.50 (hexanes/EtOAc, 8 : 2): Yield: 1.02 g, 93%]°}= +56.11
(CHCl;, ¢ = 1.4) IR (neat): 2955, 2931, 2860, 1725, 1188,
cm’; 'H-NMR (400 MHz, CDCY)): 7.35-7.29 (5H, m, Ph), 4.78
(1H, d, J = 13.2 Hz, PhCEKD), 4.51 (1H, d,J = 13.2 Hz,
PhCHO), 4.29 (1H, ddJ = 2.4 Hz, 6.4 Hz, CH-0O), 3.96 (1H, dd,
J = 4.0 Hz, 8.0 Hz, CH-0O), 3.78-3.75 (3H, m, £}, 3.69 (3H,
s, OMe), 2.99 (1H, dd] = 2.4 Hz, 5.2 Hz, CH-CO), 2.38 (1H,
dd,J = 6.0 Hz, 6.0 Hz, CH), 0.87 (9H, s,'Bi), 0.05 (3H, s,
SiMe), 0.04 (3H, s, SiMe)*C-NMR (100 MHz, CDCJ): 198.0,
169.9, 136.8, 128.4, 128.2, 128.0, 78.6, 78.0,,7@372, 61.2,
52.3, 31.8, 28.4, 25.7, 18.2, -5.6, -5.7; HRMS nuvztcd for
C,H3,06Si [M+Na] " 443.1866; found: 443.1861.

1,5-Anhydro-2-deoxy-1,2-C-(exo-carbmethoxymethylé@)-
benzyl-6-O-TBS-D-erythro-hexityl-exo-3-methylenel§) To a
stirred suspension of phosphonium iodide (0.404 gamol, 2
equiv) in THF (6 mL) at -15C was added-BuLi (1.6 M in
hexanes, 0.57 mL, 0.90 mmol, 1.8 equiv) under géro
atmosphere. After the addition, the reaction mixwes allowed
to stir for 20 min. The supernatant was cannulatéa & solution
of 16¢ (0.21 g, 0.5 mmol, 1 equiv) in THF (3 mL). The gress
of the reaction was monitored by TLC. After complete
consumption of the starting material, the reactioxture was
concentratedn vacuo The residue was then washed with water
and extracted with C}I, (2X15 mL). The organic layer was
dried over anhydrous N8O, and concentrateth vacuo Flash
chromatography of the crude product provided theesponding
VCP in its pure formR; = 0.55 (hexanes/EtOAc, 8 : 2); Yield:
0.17 g, 82%; ¢]*= +32.71 (CHCJ, ¢ = 1.2) IR (neat): 2953,
2928, 2857, 1725, 1444, 1117, 837, 777 £iH-NMR (400
MHz, CDCkL): 7.36-7.26 (5H, m, Ph), 5.47 (1H, s, §H5.13
(1H, s, CH), 4.65 (1H, dJ = 12.0 Hz, PhCHO), 4.38 (1H, dJ

= 12.0 Hz, PhCHO), 3.95-3.92 (2H, m, C}®TBS), 3.85 (1H, s,
CH), 3.70-3.66 (1H, m, CH-0), 3.67 (3H, s, OMe), 3.48 (iH
J = 10.0 Hz, 10.0 Hz, CH-0), 2.55-2.53 (1H, m, CH-&@),

1,5-Anhydro-2-deoxy-1,2-C-(exo-carbmethoxymethyl8r@)
TBS-4,6-O-isopropylidene-D-arabino-hexitol {7a) To a stirred
solution of glucal (1.50 g, 5 mmol, 1 equiv) in DQ¥O mL) at
room temperature was added,WAc), (0.11 g, 0.25 mmol, 0.05
equiv) and allowed to stir under nitrogen atmospharsolution
of methyldiazoacetate (0.75 g, 7.5 mmol, 1.5 eqiivp)CM (10
mL) was added drop wise using a dropping funnel undeogen
atmosphere. After the addition, the reaction mixwes allowed
to stir for 6 h. The progress of the reaction wasitoed by
TLC. After complete consumption of the starting miale the
reaction mixture was concentratedn vacuo Flash
chromatography of the crude product provided theopropyl
esterl7ain its pure form.R = 0.57 (hexanes/EtOAc, 8 : 2);
Yield: 1.19 g, 65%; ]*°>= +43.1 (CHC}, ¢ = 0.8) IR (neat):
2994, 2954, 2932, 2892, 2858, 1731, 1294, 12657,11102,
838, 779 cnt; '"H-NMR (400 MHz, CDCY)): 3.95 (1H, ddJ =
2.8 Hz, 7.6 Hz, CH-O), 3.83-3.78 (2H, m, &}, 3.69 (3H, s,
OMe), 3.63 (1H, ddJ = 10.4 Hz, 10.4 Hz, CH-0), 3.53 (1H, dd,
J = 8.4Hz, 10.0 Hz, CH-0), 3.09 (1H, td,= 5.6 Hz, 10.0 Hz,
CH-0), 2.03 (1H, ddJ = 2.4 Hz, 6.0 Hz, CHC/e), 1.64 (1H,
dd,J= 6.0 Hz, 6.0 Hz, CH), 1.46 (3H, s, Me), 1.36 (3HVI8),
0.90 (9H, s, $Bu), 0.1 (3H, s, SiMe), 0.08 (3H, s, SiMejC-
NMR (100 MHz, CDC)): 172.2, 99.4, 73.4, 69.7, 64.0, 62.2,
59.9, 51.9, 28.9, 26.8, 25.8, 20.6, 18.8, 18.4,-46.0; HRMS
m/z: calcd for GgH3,0.Si [M+Na] *: 395.1866; found: 395.1865.

1,5-Anhydro-2-deoxy-1,2-C-(exo-carbmethoxymethylérée -
isopropylidenax-D-arabino-hexitol {7b): To a stirred solution
of protected sugar (1.19 g, 3.1 mmol, 1 equiv) HFT(15 mL)
was added a 1 M solution of TBAF (4.6 mL, 4.6 mmbl5
equiv) in THF at 0°C. The reaction was monitored by TLC.
After complete conversion of the starting materiag reaction
mixture was washed with water (20 mL) and extracted with
DCM (2 X 50 mL). The organic layer was dried over yhh
N&aSQ, and concentrateth vacuo Flash chromatography of the
crude product afforded the desired deprotectedymtad its pure
form. R = 0.53 (hexanes/EtOAc, 8 : 2); Yield: 0.761 g, 95%;
[0])*°= +66.5 (CHCJ, c = 0.8) IR (neat): 3468, 2998, 2895, 1716,
1446, 1199, 1088, 1048, 868, 828 tmH-NMR (400 MHz,
CDCly): 3.98 (1H, ddJ = 2.4 Hz, 7.6 Hz, CH-O), 3.89-3.87 (1H,
m, CH0), 3.83 (1H, ddJ = 5.6 Hz, 10.8 Hz, C}D), 3.68 (3H,

s, OMe), 3.66 (1H, dd] = 10.8 Hz, 10.8 Hz, CH-0O), 3.57 (1H,
dd, J = 8.4 Hz, 10.0 Hz, CH-0O), 3.12 (1H, td= 5.6 Hz, 10.0
Hz, CH), 2.94-2.92 (1H, m, OH), 2.04 (1H, di= 2.8 Hz, 5.6
Hz, CH-CQMe), 1.71 (1H, ddJ = 6.8 Hz, 6.8 Hz, CH), 1.50
(3H, s, Me), 1.39 (3H, s, Me)*C-NMR (100 MHz, CDC)):
172.1, 99.8, 73.6, 68.9, 63.7, 62.0, 59.3, 51.93,285.1, 21.2,
18.9; HRMS m/z: calcd for GH,505 [M+Na] *: 281.1001; found:
281.1000.

1,5-Anhydro-2-deoxy-1,2-C-(exo-carbmethoxymethylérée -
isopropylidenex- D-erythro-hex-3-ulose 1{fc) To a stirred
solution of cyclopropane alcohdl7b (0.516 g, 2.0 mmol, 1
equiv) in CHCIl, (5 mL) at 0°C was added Dess—Martin
periodinane (DMP) (0.932 g, 2.2 mmol, 1.1 equiv)e Tinogress
of the reaction was monitored by TLC. After complete
consumption of the starting material, the reacti@s quenched
by adding 10% aqueous solution of,8#; (8 mL)/ sat. solution
of NaHCQ, (aq) (8 mL) with vigorous stirring. The aqueous
layer was extracted with GBI, (3X10 mL). The combined
organic layer was washed with sat. solution of Nak@©) and
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brine. The organic layer was dried over anhydrousSRaand  1,5-Anhydro-2-deoxy-1,2-C-(exo-

concentratedin vacuo Flash chromatography of the crude benzoxymethyloxymethylene)-3-O-TBS-4,6-O-isopropyhidene
product provided the corresponding cyclopropyl ketb7cin its D-arabino-hexitol 18b): To a stirred suspension of NaH (60%)
pure form.R = 0.59 (hexanes/EtOAc, 8 : 2); Yield: 0.456 g, 89%;(0.32 g, 8 mmol, 2 equiv) in DMF (30 mL) at°C was added
[a]®o= +74.94 (CHCJ, ¢ = 0.8) IR (neat): 3012, 2930, 1733, dropwise a solution of the cyclopropane methaféh (1.4 g, 4
1719, 1523, 1181, 868, 820 ¢mH-NMR (400 MHz, CDCJ):  mmol, 1 equiv) in DMF (10 mL). After the reaction riire was
4.27 (1H, ddJ = 2.8 Hz, 6.4 Hz, CHO), 4.23 (1H, dJ = 14.8 warmed to room temperature while stirring for 3 h,wias
Hz, CH-0O), 3.91 (dd) = 5.2 Hz, 10.8 Hz, 1H), 3.79 (dd=11.6  quenched by the addition of EtOAc at°Q, followed by the
Hz, 1H), 3.71 (s, 3H), 3.63 (1H, td,= 5.6 Hz, 10.4 Hz, CH-O), treatment of sat. citric acid solution. The mixtuvas extracted
2.80 (1H, ddJ = 2.8 Hz, 5.2 Hz, CH-CMe), 2.35 (1H, ddJ = with EtOAc (2 X 50 mL) and the organic layer was driagtro
5.6 Hz, 5.6 Hz, CH), 1.50 (3H, s, Me), 1.47 (3H, s, M&g- anhyd. NaSQ, and concentrateid vacuo Flash chromatography
NMR (100 MHz, CDC)): 169.9, 100.8, 74.5, 63.5, 62.2, 58.9, provided the benzyl ethet8b in its pure form.R = 0.57
52.5, 28.6, 28.5, 20.2, 18.4; HRMS m/z: calcd fopHzOs  (hexanes/EtOAc, 8 : 2): Yield: 1.67 g, 96%p]fo= +23.46
[M+Na] *: 279.0845; found: 279.0846. (CHCIs, ¢ = 1.0) IR (neat): 2930, 2888, 2857, 1265, 18E0,

11y . ,
1,5-Anhydro-2,3-deoxy-1,2-C-(exo-carbmethoxymethyiéste 838 cnm; "H-NMR (400 MHz, CDC): 7.36-7.25 (SH, m, Ph),

: : ; 4.49 (2H, ddJ = 18.0 Hz, 18.4 Hz, OCjfth), 3.82-3.77 (2H, m,
O-isopropylidenex-D-erythro-hexityl-exo-3-methylend&?) To a CH,-OTBS), 3.61 (1H, dd] = 9.8 Hz, 9.8 Hz, CH-O), 3.48-3.46

stirred suspension of phosphonium iodide (0.404 gamol, 2 2H, m, CH-0), 3.34 (1H, ddJ = 6.8 Hz, 10.4 Hz, CH-0), 3.26
equiv) in THF (6 mL) at -15C was added-BuLi (1.6 M in ng: dd'J—l_:i 6)8 Hz, 1(0_4’ Hz, CH-.O), 310 I(lH, tﬂi_= 5.6)’Hz.,

hexanes, 0.57 mL, 0.90 mmol, 1.8 equiv) under géro
" . ! 10.0 Hz, CH-0), 1.44 (3H, s, Me), 1.35 (3H, s, Me), @4, s,
atmosphere. After the addition, the reaction mixives allowed SiBu), 0.91-0.89 (1H, m, CH-CH-CH), 0.11 (3H, s, CH-CH-

to stir for 20 min. The supernatant was cannulatéa & solution PRV E .
ntv CH), 0.09 (6H, s, SiMe)*C-NMR (100 MHz, CDCJ): 138.2,
0f17¢(0.128 g, 0.5 mmol, 1 equiv) in THF (3 mL). Thegress 15531575 1975 992 73.9, 72.3, 70.7, 7865, 62.5, 57.0,

g{)ngl]ﬁnprt(ie:rftlgfnth\évistar;innognI:ggfgriatl)ythy-r%acﬁtrurgovr;r/];slete28'9’ 218, 18.9, 18.3, 182, -4.6, -4.9, HRMS ntfatcd for
concentratedn vacuo The residue was then washed with water "2 1360551 [M#Na] - 457.2386; found: 457.2387.
and extracted with C}l, (2X15 mL). The organic layer was 1,5-Anhydro-2-deoxy-1,2-C-(exo-benzoxymethyloxynesta)A
dried over anhydrous N8O, and concentrateth vacuo Flash  4,6-O-isopropylidene-D-arabino-hexitol 18c): To a stirred
chromatography of the crude product provided theesponding  solution of protected sugd8b (1.67g, 3.84 mmol, 1 equiv) in
VCP 17in its pure formR;= 0.56 (hexanes/EtOAc, 8 : 2); Yield: THF (25 mL) was added a 1 M solution of TBAF (5.8 ,n3.8
0.108 g, 85%; d]*°»= +13.95 (CHCJ, ¢ = 0.8) IR (neat): 2993, mmol, 1.5 equiv) in THF at 6C. The reaction was monitored by
2936, 2832, 1729, 1290, 1265, 1116, 1102, 866, critl H- TLC. After complete conversion of the starting mierthe
NMR (400 MHz, CDC)): 5.41 (1H, s, Ch), 5.27 (1H, s, Ch), reaction mixture was washed with water (20 mL) andaexéd
4.11 (1H, dJ = 10.4 Hz, CHO), 4.02 (1H, dd,J = 2.4 Hz, 7.2  with DCM (2 X 70 mL). The organic layer was dried ogahyd.
Hz, CHO0), 3.83 (1H, ddJ = 5.6 Hz, 11.2 Hz, CH-0O), 3.73-3.66 N&SQO, and concentrateh vacuo Flash chromatography of the
(1H, m, CH-0O), 3.69 (3H, s, OMe), 3.22 (1H, 3ds 5.2 Hz, 10.0  crude product afforded the desired deprotectedymtdBcin its
Hz, CH-0O), 2.35 (1H, dd] = 6.0 Hz, 6.4 Hz, CH-CDe), 2.26- pure form.R = 0.53 (hexanes/EtOAc, 8 : 2); Yield: 1.13 g, 92%;
2.24 (1H, m, CH), 1.50 (3H, s, Me), 1.43 (3H, s, M&-NMR  [0]* 5= +34.39 (CHCJ, ¢ = 2.0) IR (neat): 3430, 2993, 2942,
(100 MHz, CDC})): 172.1, 137.5, 112.9, 99.8, 68.9, 65.6, 62.6,2885, 1374, 1269, 1093, 1079, 870, 742, 521;c-NMR (400
59.3, 51.9, 29.6, 29.0, 23.5, 18.9; HRMS m/z: cétrdC,5H;05 MHz, CDCL): 7.35-7.26 (5H, m, Ph), 4.49 (2H, dbz 13.2 Hz,
[M+Na] ": 277.1052; found: 277.1065. 13.2 Hz, OCHPh), 3.80 (2H ddJ = 7.2 Hz, 12. 4 Hz, C}D),

1,5-Anhydro-2-deoxy-1,2-C-(exo-hydroxymethylmethyiare- ?26H5 3%9:%'_:3 ITZ %FH'%)) %ii %14H6 %H: rsné_%ﬂz Brl% 03 El(z)
TBS-4,6-O-isopropylideneD-arabino-hexitol 18a): To a CH-’O)’ 148.(3H 's _Me) ’1 3'8 (3H ’s Me) '1 20_’1 151 (in ’
stirred suspension of LIAIH0.2 g, 5 mmol, 1 equiv) in THF (30 Cﬁ-CI-,I-C.H) 0 Qi (’1H d’d,J.= 6.8 Il-lz, 6.8 ,Hz. CH-.CH,-CI-ll)'
mL) at 0°C was added dropwise a solution of the cyclopropanesg_,\”vlR (lbOIMHz, C,ZDCJ): 13é_0’ 1,28..4, 12,7.6, 99.6, 74"1,

esterl7a(1.86 g, 5 mmol, 1 equiv) in THF (10 mL). After the 72.5. 70.4, 69.9, 63.3, 62.3, 56.6, 29.0, 20.20,188.7: HRMS

reaction mixture was warmed to room temperature wgiiteing . T, . }
for 3 h, it was quenched by the addition of EtOAC atQ) m/z: calcd for GgH,4Os [M+Na] ™: 343.1521; found: 343.1522.

followed by the treatment of sat. citric acid saati The mixture  1,5-Anhydro-2-deoxy-1,2-C-(exo-benzoxymethyloxynesta)A
was extracted with EtOAc (2 X 50 mL) and the organietayas  4,6-O-isopropylidene- D-erythro-hex-3-ulosel@d) To a stirred
dried over anhyd. N&Q, and concentratedn vacuo Flash  solution of cyclopropane alcoh@Bc (0.8 g, 2.5 mmol, 1 equiv)
chromatography provided the alcotda in its pure formR = in CH,Cl, (15 mL) at 0°C was added Dess—Martin periodinane
0.52 (hexanes/EtOAc, 8 : 2); Yield: 1.445 g, 84%qy]*}= (DMP) (1.17 g, 2.75 mmol, 1.1 equiv). The progressthe
+25.23 (CHCJ, ¢ = 1.8) IR (neat): 3420, 2953, 2930, 2890, 2859 reaction was monitored by TLC. After complete conption of
1265, 1105, 1036, 838, 779 ¢mH-NMR (400 MHz, CDC})): the starting material, the reaction was quenchedduing 10%
3.71 (2H, ddJ = 5.2 Hz, 5.2 Hz, CHO), 3.54 (1H, ddJ = 10.4  aqueous solution of N&0O; (15 mL)/ sat. solution of NaHCO
Hz, 10.4 Hz, CH-O), 3.43-3.39 (2H, m,_g®), 3.29 (1H, ddJ = (ag) (15 mL) with vigorous stirring. The aqueous layeas
7.2 Hz, 11.2 Hz, CH-0), 3.03 (1H, td= 5.6 Hz, 10.0 Hz, CH- extracted with CECI, (3X20 mL). The combined organic layer
0), 2.08 (1H, s, OH), 1.37 (3H, s, Me), 1.28 (3H, s, Me20- was washed with sat. solution of NaH{@q) and brine. The
1.10 (1H, m, CH-CH-CH), 0.84 (9H, s,'Bi), 0.77 (1H, dd) = organic layer was dried over anhydrous3@, and concentrated
6.4 Hz, 6.4 Hz, CH-CH-CH), 0.03 (3H, s, SiMe), 0.02 (3, in vacuo Flash chromatography of the crude product pravide
SiMe); ®C-NMR (100 MHz, CDCJ): 99.3, 73.8, 63.9, 63.4, 62.4, the corresponding cyclopropyl keto&d in its pure formR; =
56.8, 28.9, 25.7, 21.4, 20.9, 18.8, 18.2, -4.8);-HRMS m/z:  0.56 (hexanes/EtOAc, 8 : 2); Yield: 92%oc]2[5D= -1.76 (CHC},
calcd for G/H3,0sSi [M+Na] *: 367.1917; found: 367.1915. ¢ = 2.0) IR (neat): 2994, 2924, 2868, 1725, 125M9] 1128,
1089, 869, 743, 699 ¢l 'H-NMR (400 MHz, CDC)): 7.36-
7.27 (5H, m, Ph), 4.49 (2H, s, Phg®), 4.10 (1H, dJ = 10.4
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Hz, CH-O), 3.97 (1H, ddJ = 3.6 Hz, 5.6 Hz, CH-O), 3.88
(1H, dd,J = 5.2 Hz, 10.8 Hz, CH-0), 3.75 (1H, d#i= 9.6 Hz,
9.6 Hz, CH-0), 3.68-3.57 (2H, m,_G#D), 3.35 (1H, ddJ = 5.6
Hz, 10.4 Hz, CH-0), 2.37-2.32 (1H, m, CH-CO), 1.76 (i, J
= 5.6 Hz, 5.6 Hz, CH-CH-CH), 1.48 (3H, s, Me), 1.47 (3H,
Me); **C-NMR (100 MHz, CDCJ): 197.8, 137.6, 128.4, 127.8,
127.6, 100.7, 74.7, 72.7, 68.0, 62.7, 62.5, 57837,225.4, 19.3,
18.4; HRMS m/z: calcd for H,,05 [M+Na] *: 341.1365; found:
341.1363.

1,5-Anhydro-2-deoxy-1,2-C-(exo-benzoxymethyloxynesta)
4,6-O-isopropylidene=- D-erythro-hexityl-exo-3-methylenel8)
To a stirred suspension of phosphonium iodide @giQL mmol,
2 equiv) in THF (6 mL) at -15C was addea-BuLi (1.6 M in
hexanes, 0.57 mL, 0.90 mmol, 1.8 equiv) under géro
atmosphere. After the addition, the reaction mixwes allowed
to stir for 20 min. The supernatant was cannulatéa & solution
of 18d (0.159 g, 0.5 mmol, 1 equiv) in THF (3 mL). Thegress

Tetrahedron

62.7, 55.6,55.3, 48.1, 43.4, 42.4, 29.6, 28.91,281.4, 19.0,
18.7; HRMS m/z: calcd for GH3sNO,S [M+Na] : 540.2032;
found: 540.2034.

(5S,6R)-5-(benzyloxy)-7-(TBS-oxy)-6-hydroxy-4-metteyl hept-
2-E-enal Q0a) To a stirred solution of VCHE (0.5 mmol, 1
equiv) in  moist MeCN (0.5 mL }#/ 5mL MeCN) (3 mL) as
nucleophile at rt was added solid chloramine-T (8.35 0.55
mmol, 1.1 equiv) and phenyltrimethylammonium trilnide
(PTAB, 0.019 g, 0.05 mmol, 0.1 equiv). The reactimas
monitored by TLC. After complete consumption of #tarting
material and the intermediate bromide, the reaatnixture was
concentratedn vacuq and then washed with water (10 mL)
extracted with DCM (2 X 20 mL). The organic layer waied
over anhyd. N#£0O, and concentratedin vacuo Flash
chromatography of the crude product afforded thepaxe in its
pure form.R = 0.56 (hexanes/EtOAc, 8 : 2); Yield: 0.154 g, 82%;
'H-NMR (400 MHz, CDCJ): 9.57 (1H, d,J = 7.6 Hz, CHO),

of the reaction was monitored by TLC. After complete7.29-7.26 (5H, m, Ph), 7.22 (1H, 37 16.0 Hz, CH-CHO), 6.53

consumption of the starting material, the reactioxture was

concentratedn vacuo The residue was then washed with waterC=CH,), 5.70 (1H, s, C=C}), 4.53 (1H d,J =

and extracted with C}I, (2X15 mL). The organic layer was
dried over anhydrous N8O, and concentrateth vacuo Flash
chromatography of the crude product provided theesponding
VCP 18in its pure formR;= 0.52 (hexanes/EtOAc, 8 : 2); Yield:
0.128 g, 81%; ]*°»= +39.74 (CHCJ, ¢ = 1.0) IR (neat): 2994,
2927, 2856, 1375, 1198, 1126, 1086, 866, 736, 688; CH-
NMR (400 MHz, CDC)): 7.34-7.25 (5H, m, Ph), 5.31 (1H, s,
C=CH,), 5.16 (1H, s, C=C}), 4.52 (2H, ddJ = 12.4 Hz, 16.8
Hz, CH0), 4.08 (1H, dJ = 9.6 Hz, CH-0), 3.82 (1H, dd,= 5.6
Hz, 11.2 Hz, CH-0), 3.67 (1H dd,= 10.8 Hz, 10.8 Hz, CH-O),
3.57 (1H, ddJ = 3.2 Hz, 7.2 Hz, CH-0), 3.39 (2H, di= 6.8 Hz,
CH-0), 3.26 (1H, dtJ = 5.6 Hz, 10.0 Hz, CH-0O), 2.32-2.36 (1H,
m, CH-C=), 1.74-1.72 (1H, m, CH-CH-CH), 1.50 (3H, se)M
1.43 (3H, s, Me)®C-NMR (100 MHz, CDGJ)): 140.0, 138.5,
128.5, 127.5, 110.7, 99.8, 72.5, 70.4, 69.8, 63219, 56.8, 29.9,
28.2, 21.0, 19.1, 18.8; HRMS m/z: calcd fogH;,0, [M+Na]
339.1572; found: 339.1574.

(4aR,7R,9aS)-7-(Benzyloxymethyl)-6-methoxy-2,2-ditr@t{y-
p-toluenesulfonamidomethyl)-4a,6,7,9a-tetrahydro-4H-

[1,3]dioxino [5,4-b]oxepine 19) To a stirred solution of VCR8
(0.063 g, 0.2 mmol, 1 equiv) in the chosen alcofioinL) as
nucleophile at rt was added solid chloramine-T (0.@6 0.22
mmol, 1.1 equiv) and phenyltrimethylammonium trilnide
(PTAB, 0.008 g, 0.02 mmol, 0.1 equiv). The reactiaas
monitored by TLC. After complete conversion of tharsing
material and the intermediate bromide, the reaatnixture was

(1H, dd, J = 8.0 Hz, 16.0 Hz, CH=CHCHO), 5.84 (1H,
11.6 Hz,
PhCHO), 4.29 (1H, dJ = 11.6 Hz, PhCED), 4.09 (1H, dJ =
7.6 Hz, CH-O), 3.80-3.71 (2H, m,_Gi®), 3.36-3.33 (1H, m,
CH-0), 2.47 (1H, dJ) = 4.4 Hz, QH), 0.89 (9H, s, 'Bu), 0.07
(3H, s, SiMe), 0.06 (3H, s, SiMe)iC-NMR (100 MHz, CDC)):
194.2, 151.5, 142.3, 137.4, 130.0, 128.4, 127.8,5,29.8, 72.3,
70.7, 63.5, 25.8, 18.2, -5.5; HRMS m/z: calcd fgiHz,0,Si
[M+Na] *: 399.1968; found: 399.1965.

(5R,6R)-5-(benzyloxy)-7-(TBS-oxy)-6-hydroxy-4-metig/l hept-
2-E-enal @QOb) To a stirred solution of VCH (0.5 mmol, 1
equiv) in  moist MeCN (0.5 mL 0/ 5mL MeCN) (3 mL) as
nucleophile at rt was added solid chloramine-T (8.35 0.55
mmol, 1.1 equiv) and phenyltrimethylammonium trilnide
(PTAB, 0.019 g, 0.05 mmol, 0.1 equiv). The reactimas
monitored by TLC. After complete consumption of #tarting
material and the intermediate bromide, the reaatnixture was
concentratedn vacuq and then washed with water (10 mL)
extracted with DCM (2 X 20 mL). The organic layer waied
over anhyd. N#£0O, and concentratedin vacuo Flash
chromatography of the crude product afforded thepaxe in its
pure form. R = 0.53 (hexanes/EtOAc, 8 : 2); Yield: 0.162 g,
87%; 'H-NMR (400 MHz, CDC}): 9.57 (1H, d,J = 7.6 Hz, ,
CHO), 7.37-7.29 (5H, m, Ph), 7.18 (1H, 8= 16.0 Hz, CH-
CHO), 6.42 (1H, dd)J = 7.6 Hz, 16.0 Hz, CH=CHCHO), 5.81
(1H, s, C=CH), 5.76 (1H, s, C=C}), 4.60 (1H, dJ = 11.6 Hz,
CH-O), 4.37-4.33 (2H, m, PhGHD), 3.71-3.56 (3H, m, C}HO,
CH-0), 2.52 (1H, dJ) = 5.6 Hz, OH), 0.88 (9H, s, 'Bi), 0.04

S,

concentratedn vacuq and then washed with water (10 mL) (6H, s, SiMe);*C-NMR (100 MHz, CDCJ): 193.8, 151.3, 141.7,

extracted with DCM (2 X 10 mL). The organic layer waied
over anhyd. N#£0O, and concentratedin vacuo Flash
chromatography of the crude product afforded theparel9 in

its pure form.R = 0.51 (hexanes/EtOAc, 8 : 2); Yield: 0.077 g,

74%; IR (neat): 3293, 2922, 2855, 1329, 1161, 11083, 1075,
814, 664 cnt; '"H-NMR (400 MHz, CDCJ): 7.71-7.68 (4H, m,
Ph), 7.36-7.23 (14H, m, Ph), 5.44 (1H,X= 3.6 Hz, C=CH),
5.29 (1H, s, C=CH), 4.91 (1H dd,= 3.6 Hz, 7.6 Hz, O-CH-0),
4.84 (1H, ddJ = 3.6 Hz, 7.6 Hz, O-CH-0), 4.59 (1H, di= 6.0
Hz, CH-O), 4.53-4.46 (5H, m, PhGE), 4.33 (1H, dd,) = 8.8
Hz, CH-O), 4.19 (1H dJ= 9.6 Hz, CH-0), 3.96-3.87 (1H, m,
CH-0), 3.84-3.52 (7H, m, Cid, CH-0), 3.51-3.37 (6H, m,

CH,-N), 3.31 (3H, s, OMe), 3.28 (3H, s, OMe), 2.74-2.72 (1H

m, CH-CHOBN), 2.67-2.65 (m, CH-C}»Bn), 2.41 (3H, s, Me),
2.39 (3H, s, Me), 1.42 (3H, s, MeC), 1.37 (6H, s, Me-
NMR (100 MHz, CDCJ): 143.1, 143.0, 137.9, 137.7, 137.3
135.9, 134.9, 129.5, 128.4, 127.7, 127.2, 127.7,.012103.0,
102.0, 99.0, 98.7, 73.7, 73.1, 72.7, 71.3, 69.76,683.4, 63.3,

137.3, 129.6, 128.5, 128.0, 126.0, 77.9, 73.2,,76332, 25.8,
18.2, -5.5; HRMS m/z: calcd for ,3,0,Si [M+Na] ™
399.1968; found: 399.1967.

Methyl-1,6-anhydro-2-deoxy-5-O-benzyl-6-O-TBS-4-(N-p-
toluene sulfonamidomethyl)¢ D-talo-septanoside2l): To a
stirred solution of unsaturated oxepane deriegtivi2a (0.056

g, 0.1 mmol, 1 equiv) in t-butyl alcohol (1.5 mL) svadded solid
NMMO (0.018 g, 0.15 mmol, 1.5 equiv) and a crystal ©sO
weighing 0.3 mg was added at rt. The reaction wasied at
the boiling point of t-butyl alcohol and monitoregt TLC. After
complete conversion of the starting material, #ection mixture
was washed with water (20 mL) and extracted with EtOAX (2

'20 mL). The organic layer was dried over anhyd,S9@ and

concentratedin vacuo Flash chromatography of the crude
product afforded the desired deprotected pro@uctin its pure

' form. R.= 0.57 (hexanes/ EtOAc, 8 : 2); Yield: 0.053 g, 89pk;

NMR (400 MHz, CDC)): 7.71 (2H, dJ = 8.0 Hz, Ph), 7.34-7.26



(7H, m, Ph), 4.86 (1H, dd, = 4.0 Hz, 10.4 Hz, NH), 4.75 (dd, 13.

= 2.4 Hz, 9.6 Hz, 1H, O-CH-OMe), 4.60 (2H, s, PhOW 4.31
(1H, s, CH-O), 4.08-4.05 (2H, m,_GEITBS), 3.59-3.56 (2H, m,

CH-0), 3.49 (1H, ddJ = 4.8 Hz, 10.4 Hz, CH-0), 3.36 (3H, s, 15,
OMe), 3.35 (1H, ddJ = 10.4 Hz, 18.8 Hz, CH-O), 2.89-2.85 16.

(2H, m, CHN), 2.41 (3H, s, Me), 2.31-2.24 (1H, m, CH-EH

CH), 2.08-2.02 (1H, m, CH-CHCH), 0.92 (9H, s, $u), 0.09 17-

18.
129.7, 128.4, 128.2, 127.9, 127.0, 99.1, 77.5,,7495, 73.6, 19

(6H, s, SiMe);*C-NMR (100 MHz, CDCJ): 143.5, 137.8, 136.4,

68.8, 65.8, 55.4, 47.1, 36.6, 25.9, 21.4, 18.3},-%.5; HRMS

m/z: calcd for GgH.sNOgSSi[M+Na] *: 618.2533; found: 20.
618.2535. 21
Methyl-1,6-anhydro-2-deoxy-5,6-O-(di-tert-butylsj-(N-p- 22.

toluenesulfonamidomethyl)- D-manno-septanoside?): To
a stirred solution of unsaturated oxepane devizdi5a (0.050

g, 0.1 mmol, 1 equiv) in t-butyl alcohol (1.5 mL) svadded solid 4.

NMMO (0.018 g, 0.15 mmol, 1.5 equiv) and a crystal ©sO

weighing 0.3 mg was added at rt. The reaction wasied at 25.

the boiling point of t-butyl alcohol and monitoregt TLC. After
complete conversion of the starting material, #ction mixture
was washed with water (20 mL) and extracted with EtOAX (2

20 mL). The organic layer was dried over anhyd,9@ and 27.

concentratedin vacuo Flash chromatography of the crude

product afforded the desired deprotected produitsipure form. 28.
29.

R: = 0.55 (hexanes/EtOAc, 8 : 2); Yield: 0.046 g, 868H:NMR
(400 MHz, CDCJ): 7.73 (2H, dJ = 8.0 Hz, Ph), 7.31 (2H, d,=

8.0 Hz, Ph), 5.40 (1H, dd,= 6.0 Hz, 6.0 Hz, NH), 4.64 (1H, dd, 30.

J = 4.4 Hz, 4.4 Hz, O-CH-0), 4.45-4.42 (1H, m, CH-0O), 4.19-

4.10 (3H, m, CB0Si), 3.70 (1H, s, CH-0), 3.40 (3H, s, OMe),31-
32.

3.37-3.18 (2H, m, CH-O), 2.64 (1H, s, OH), 2.43 (3H, &M
2.38-2.33 (1H, m, CH-CHCH), 2.04-1.98 (1H, m, CH-CH

CH), 1.02 (9H, s, $u), 1.00 (9H, s, Bu); *C-NMR (100 33,
MHz, CDCk): 143.7, 136.1, 129.8, 127.00, 101.9, 79.5, 76.84.
70.8, 68.6, 67.5, 55.8, 49.5, 38.3, 27.5, 27.31,231.5, 20.7; 35

HRMS m/z: calcd for GH,NOgSSi [M+Na]": 554.2220; found:

554.2221. >
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o—Ferrier Rearrangement of Carbohydrate Derived

Vinylcyclopropanes: A Facile Approach to Oxepane

Analogs.

Venkataraman Ganesh,” Taraknath Kundu® and Srinivasan
Chandrasekaran”*

Department of Organic Chemistry, Indian Institute of Science,
Bangalore — 560 012, India.

PhMe3N+ BI’3_
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BnO™ Ts” *Cl ,rt BnO*"\ — /R
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TBSO Ox

BnO*»*\ _ /R
Br

Intermediate - DFT calculations
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Experimental section

General Information: All solvents for routine isolation of products and chromatography were
reagent grade and redistilled. Acetonitrile and DCM used for the reaction were dried under reflux
over CaH, and stored over 3 A molecular sieves. Flash chromatography was performed using
silica gel (230—400 mesh) with indicated solvents. All reactions were monitored by thin-layer
chromatography on 0.25 mm silica plates (F-254) visualizing with UV light and developed using
phosphomolybdate or vanillin solution. 'H, ?C NMR spectra were recorded on a 400 MHz NMR
spectrometer. Chemical shifts, multiplicity (s, singlet; d, doublet; t, triplet; q, quartet; m,
multiplet), coupling constant in hertz (Hz), and number of protons. HRMS were measured with
electrospray ionization (ESI) and quadrupolar mass analyzer. Gaussian 09 program was used for

energy minimization.
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