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Abstract

We present a new strategy for the assembly of protected D-galactosamine synthons. Our route uses a
sulfamate-tethered aza-Wacker cyclization as a key step and commences from D-erythrono-1,4-lactone.
This stands in contrast to most literature syntheses of 2-amino-2-deoxyhexose derivatives, as these
generally employ glycals or hexoses as starting materials. This strategy may serve as a template for the
assembly of many other 2-amino-2-deoxyhexoses with protection patterns difficult to access by

conventional methods.
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Figure 1. D-galactosamine and N-acetyl-D-galactosamine
are available from hydrolysis of chondroitin sulfates, but
orthogonally protected derivatives require de novo syntheses.

D-galactosamine (Figure 1) is one of the 2-amino-2-deoxyhexose monosaccharides, which are
important components of polysaccharides and glycoproteins.! D-galactosamine itself is biologically active
and is a known hepatotoxin; for this reason, D-galactosamine is used as a reagent to induce hepatitis in
animal models.? N-acetyl-D-galactosamine is an essential component of chondroitin sulfate, a
glycosaminoglycan which is abundant in cartilage.® D-galactosamine derivatives are also found in blood

group antigens, antifreeze glycoproteins, and glycosphingolipids.t #

D-galactosamine and N-acetyl-D-galactosamine are obtainable from hydrolysis of chondroitin
sulfates,® but differentially protected derivatives require total syntheses. To date, almost all orthogonally
protected D-galactosamines have been prepared using “heterocycle=»heterocycle” approaches (Scheme
1A) with either glycals®® or other hexoses®** as starting materials.® Diverse alkene functionalization
reactions have been employed for the transformation of glycals into D-galactosamine derivatives.’o2® A
variety of nucleophilic substitution protocols have been developed for the conversion of D-glucosamines
into D-galactosamines.?*3® Kulkarni and Emmadi have employed D-mannose as a starting material for D-

galactosamine thioglycosides.®" %2

We envisioned an alternate strategy for the preparation of an orthogonally protected D-

galactosamine (Scheme 1B). Our laboratory has a programmatic focus on the development of tethered aza-



Wacker technology for complex molecule synthesis.***¢ In general, both classical*’*° and tethered aza-
Wacker cyclization reactions?> 4! have been underemployed as key steps in total syntheses. We thus
imagined preparing new, orthogonally-protected D-galactosamines using our laboratory’s sulfamate-
tethered aza-Wacker cyclization as a key step. Success with such a synthesis would allow access to
interesting D-galactosamine synthons, but, more importantly, could represent a unique and potentially

general strategy for the assembly of a variety of 2-amino-2-deoxyhexose monosaccharides.
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Scheme 1. (A) Historically, syntheses of D-galactosamine
and protected variants have commenced from glycals
or other pyranoses (select examples shown). (B) Our
approach uses a different chiron and a sulfamate-tethered
aza-Wacker cyclization strategy.
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Grignard addition

Our retrosynthetic analysis of an orthogonally protected D-galactosamine is shown in Scheme 2.
Late-stage hemiacetalization of B would form target A. Aldehyde B would be synthesized from
intermediate C by oxidative alkene cleavage and oxathiazinane ring-opening. Sulfamate D, obtained from
sulfamoylation of E, would be converted into oxathiazinane C using our laboratory’s sulfamate-tethered

aza-Wacker cyclization reaction. We envisioned that E would be accessible from intermediate F using a

Grignard addition/ketone reduction sequence.
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Scheme 3. Opening Sequence of Reactions.

Our synthesis commenced with ring-opening of D-erythrono-1,4-lactone (1) with morpholine
followed by ketalization with 2,2-dimethoxypropane and 10-CSA (Scheme 3).*? Protection of the secondary
alcohol into its corresponding TBS ether proceeded smoothly with TBSOTT/2,6-lutidine to furnish 3.
Subsequent addition of propenyl magnesium bromide (commercially available as a cis/trans mixture or
freshly prepared from 1-bromo-1-propene and magnesium) formed enone 4. While the reaction did not go
to completion even with 3 equivalents of the Grignard reagent, the overall mass balance was satisfactory,
and starting material 3 could be recovered and recycled. Luche reduction with NaBH4/CeCls*7H,0 formed
allylic alcohol 5 with excellent chemoselectivity and diastereocontrol. The allylic alcohol was transformed
into its corresponding benzoate ester 6 using benzoyl chloride/TMEDA. The TBS group was cleaved with
TBAF/THF, and the resulting alcohol was sulfamoylated with CISO.NH, (prepared in situ by addition of

HCO:H to CISO,NCO*) in a mixture of CH;CN/DMA.
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Scheme 4. Attempted sulfamate-tethered aza-Wacker cyclization with an allylic benzoate present
fails, presumably because of a Pd(ll)-catalyzed [3,3]-sigmatropic rearrangement.

Sulfamate 8 was then subjected to one of the protocols that our laboratory has previously developed
for aza-Wacker cyclizations® (Scheme 4). When 8 was heated to 55 °C with a mixture of Pd(OAc). and
Cu(OAC)2 under 1 atm of O, in CH3CN, the mass balance of the reaction was poor, and no desired product
was observed. Several investigators have established that Pd(I1) salts catalyze efficient [3,3]-sigmatropic
rearrangements of allylic esters.*4® We know from our own experience that allylic sulfamates are generally
very unstable; thus, we hypothesized that a Pd(l1)-catalyzed [3,3]-sigmatropic rearrangement was a likely

pathway leading to unproductive consumption of 8.
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Scheme 5. Optimization of the sulfamate-tethered aza-Wacker cyclization.

The benzoate ester was hydrolyzed using K.CO3/MeOH to form 9 (Scheme 5). We were pleased
to see that when 9 was heated with Pd(OAc). (15 mol%) and 1 equivalent of Cu(OAc), under 1 atm of O,
in CH3CN, cyclized product 10 formed in a 32% yield (Scheme 5, Entry 1). A crystal structure of 10
allowed us to assign product identity and stereochemistry unambiguously (CCDC 2204976). The reaction
yield was similar with 15 mol% of Pd(dba)s (Scheme 5, Entry 2), but we observed a much better result
upon switching to PdClIz(nbd) and Pd(PhCN).Cl; (Scheme 5, Entries 3-4). Switching solvents from CH;CN
to dioxane or to DMA (Scheme 5, Entries 5-6) was deleterious, but reaction performance was reasonable
in DMSO (Scheme 5, Entry 7). The Yu laboratory has shown that mono-protected amino acid (MPAA)
ligands are excellent in promoting Pd(Il) — Pd(0) catalytic cycles in C—H functionalization reactions.*-5!
Aza-Wacker cyclization reactions also proceed via a Pd(ll) — Pd(0) redox manifold, and we thus
hypothesized that an MPAA ligand may boost reaction performance. In line with this idea, we were pleased
to see a 15% boost in yield when 1 equivalent of Fmoc-Gly-OH and 4 A molecular sieves were added to

the reaction mixture (Scheme 5, Entry 9).
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Scheme 6. Completion of orthogonally protected D-galactosamines.

Moving forward, the secondary alcohol was transformed into the corresponding TBS ether using
TBSOTf/2,6-lutidine (Scheme 6). We* and others*® 52 53 have established that activated oxathiazinane
heterocycles are excellent synthons for ring-opening with a variety of nucleophiles. Accordingly, a Chz
group was appended to oxathiazinane 11 using benzyl chloroformate and TMEDA, and ring opening was
effected by heating 12 with KOAc in DMSO to form linear intermediate 13. Many biologically active
natural products contain carbamoylated hexose components.® Thus, in our D-galactosamine synthons, we
planned that one of the OH protecting groups would be a carbamate. Accordingly, the acetate of 13 was
hydrolyzed using K.COs in MeOH, and alcohol 14 was converted into benzyl carbamate 15 by heating with
benzyl isocyanate in toluene. Dihydroxylation of 15 proceeded smoothly with 10 mol% K,0sO4+2H-0 and
stoichiometric NMO. Cleavage with NalO, formed an aldehyde which was unstable to purification and thus
was immediately subjected to hemiacetalization with TSOH. Based on the coupling constant of the anomeric
proton (~2 Hz), we conclude that cyclization selectively furnished the alpha anomer. The free alcohols of

pyranose 17 were converted into their benzoate esters using benzoyl chloride and TMEDA. The anomeric



benzoate could be selectively deprotected using MeNH, in THF.>® Overall, 17, 18, and 19 represent new D-

galactosamine synthons.

In summary, we present a new strategy for the assembly of protected D-galactosamine molecules,
which we envision may be employed as synthetic intermediates for various applications. Our route uses a
sulfamate-tethered aza-Wacker cyclization as a key step and commences from D-erythrono-1,4-lactone.
This stands in contrast to most literature syntheses of 2-amino-2-deoxyhexose derivatives, which generally
employ glycals or hexoses as starting materials. While we have focused specifically on D-galactosamine
synthons, we hope that this strategy may be employed in the syntheses of many other 2-amino-2-

deoxyhexoses.

Experimental Section

General Considerations: All reagents were obtained commercially unless otherwise noted. Solvents were
purified by passage under 10 psi N, through activated alumina columns. Infrared (IR) spectra were recorded
on a Thermo Scientific™ Nicolet™ iST™5 FT-IR Spectrometer; data are reported in frequency of absorption
(cm™). *H NMR spectra were recorded at 400, 500, or 600 MHz. Data are recorded as: chemical shift in
ppm referenced internally using residual solvent peaks, multiplicity (s = singlet, d = doublet, t = triplet, q =
quartet, m = multiplet or overlap of nonequivalent resonances), integration, coupling constant (Hz). *3C
NMR spectra were recorded at 101 MHz or at 126 MHz. Exact mass spectra were recorded using an
electrospray ion source (ESI) either in positive mode or negative mode and with a time-of-flight (TOF)
analyzer on a Waters LCT PremierTM mass spectrometer and are given in m/z. TLC was performed on
pre-coated glass plates (Merck) and visualized either with a UV lamp (254 nm) or by dipping into a solution
of KMnO4,—K;COs3 in water followed by heating. Flash chromatography was performed on silica gel (230-

400 mesh) or Florisil (60-100 mesh).
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88% yield over two steps

A 250 mL round-bottom flask was charged with a stir bar, 1 (10 g, 84.7 mmol, 1 equiv.), and MeOH (100
mL). Subsequently, morpholine (8.0 mL, 8.08 g, 92.8 mmol, 1.1 equiv.) was added at room temperature,
and the reaction mixture was stirred for 14 hours. Following this time, the reaction was concentrated under
reduced pressure using toluene as an azeotrope (50 mL x 3) to remove excess morpholine. Then, CH.Cl,
(100 mL) and acetone (25 mL) were added to the crude product, and the mixture was cooled to 0 °C using
an ice-water bath. 2,2-dimethoxypropane (20.2 mL, 17.2 g, 165 mmol, 2 equiv.) and camphorsulfonic acid
(6.6 g, 28 mmol, 0.33 equiv.) were added sequentially. The reaction mixture was warmed to room
temperature over a period of 3 hours. Following this time, the reaction was quenched by addition of Et;N
(8.0 mL) and concentrated under reduced pressure. The resulting residue was purified using a gradient of 0

to 50% EtOAc/hexanes on silica gel to yield 2 (white solid, 18.2 g, 74.2 mmol, 88% yield).

Me

ONTY
OH K/o
(R)-2-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-2-hydroxy-1-morpholinoethan-1-one

Compound 2

IH NMR (400 MHz, CDCls) 8 4.31 (d, J = 7.9 Hz, 1H), 4.19 (dd, J = 8.5, 6.1 Hz, 1H), 4.06 — 3.95 (m, 2H),

3.95 3.88 (M, 1H), 3.80 — 3.61 (M, 5H), 3.53 — 3.41 (m, 2H), 1.41 (s, 3H), 1.32 (s, 3H).

BC{*H} NMR (101 MHz, CDCl3) 6 171.1, 110.0, 77.5, 69.0, 67.8, 66.8, 66.7, 46.2, 43.2, 26.3, 24.9.



IR (Vmax) 3500, 2986, 1644, 1373, 1270, 1067 cm'™.,
[0] 07 = -36.42 (C 0.98, CH:Cl).

HRMS (ESI) m/z = [M + Na*] calculated mass for C11H1oNOsNa* 268.1155 Found 268.1137 (6.7 ppm

error).
Me
. Me TBSOTf (2 equiv) e o o
e7L\O (0] 2,6-lutidine (3 equiv.)
CH,Cl,, 0°C, 30 min. 0

O\/l\:)J\N/\ 2Ll | » \/l\E)J\N/\
OH o) 94% yield OTBSK/O

2 3

A 250 mL round-bottom flask was charged with a stir bar, 2 (11.4 g, 46.5 mmol, 1 equiv.) and CH,Cl, (80
mL). The reaction flask was cooled to 0 °C using an ice-water bath. 2,6-lutidine (16.3 mL, 15.1 g, 140
mmol, 3 equiv.) and TBSOTf (21.4 mL, 24.6 g, 93.0 mmol, 2 equiv.) were sequentially added dropwise.
The reaction mixture was stirred at 0 °C for 30 minutes. The reaction was then quenched by addition of a
saturated aqueous solution of NaHCO; (100 mL), and the mixture was transferred to a separatory funnel.
The aqueous layer was extracted with CH,Cl; (2 x 80 mL). The organic layers were collected, dried over
Na,SOs, and concentrated under reduced pressure. The resulting residue was purified using a gradient of 0

to 20% EtOAc/hexanes on silica gel to yield 3 (colorless oil, 15.7 g, 43.7 mmol, 94% vyield).

Me

Me7Lo (o)

(R)-2-((tert-butyldimethylsilyl)oxy)-2-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-1-morpholinoethan-1-one

Compound 3



IH NMR (400 MHz, CDCls) § 4.38 (d, J = 7.0 Hz, 1H), 4.21 (dt, J = 7.0, 6.0 Hz, 1H), 4.06 (dd, J = 8.6, 6.2
Hz, 1H), 3.90 (dd, J = 8.6, 5.9 Hz, 1H), 3.80 — 3.50 (m, 8H), 1.39 (s, 3H), 1.30 (s, 3H), 0.86 (s, 9H), 0.06

(s, 3H), 0.05 (s, 3H).

B3C{*H} NMR (101 MHz, CDCls) 5 169.4, 109.9, 77.3, 73.6, 67.1, 67.0, 66.8, 46.1, 42.7, 26.6, 25.7, 25.2,

18.2, -4.4, -5.1.
IR (Vimax) 2929, 1658, 1253, 1116 cm™.
[0] 0?7 = +7.75 (¢ 0.92, CHsCI).

HRMS (ESI) m/z = [M + Na*] calculated mass for C17H33NOsSiNa*™ 382.2020 Found 382.1993 (7.1 ppm

error).

Me Me
Me7L\o 0O Me/(s\/l\_/lg)Br Me7L\o 0
equiv.
OMN/\ 9 . 0] 7 M
z THF, 0°Cto RT, 7 h : e
OTBSK/O 54% yield and 25% 4 OTBS
3 recovered SM

(72% brsm)

Note: Commercially available 1-propenylmagnesium bromide solution (sold as a cis/trans mixture) can
also be used for this reaction and gives a similar yield. Subsequent steps are also not affected by using

products which are mixtures of geometric isomers.

Preparation of trans-1-propenyl-magnesium bromide solution (This procedure can also be used for
preparation of cis-1-propenyl-magnesium bromide solution): A 500 mL two-neck oven dried round-bottom
flask was charged with a stir bar, Mg turnings (2.88 g, 118 mmol, 1.2 equiv.), I, (0.254 g, 1 mmol, 0.01
equiv.), and THF (200 mL). A reflux condenser was attached to one neck of the flask. Trans-1-bromo-1-
propene (8.5 mL, 12.0 g, 99 mmol, 1 equiv.) was added to the flask dropwise at room temperature, and the
heterogeneous mixture was heated to 60 °C for 3 hours using an oil bath. Following this time, the reaction

was cooled to room temperature and stirred for an additional 12 hours.



Note: The following reaction was performed in two separate batches of 6 g each. The yield is reported for

both batches combined.

A 250 mL round-bottom flask was charged with a stir bar, compound 3 (6 g, 16.7 mmol, 1 equiv.), THF
(40 mL), and cooled to 0 °C using an ice-water bath. Subsequently, the freshly prepared Grignard solution
(~0.5 M concentration, 100 mL, ~50 mmol, ~3 equiv.) was added dropwise. The reaction mixture was
warmed to room temperature over a period of 7 hours. Following this time, the reaction was cooled to 0 °C
using an ice-water bath and quenched by slow addition of a saturated aqueous solution of NH4CI (100 mL).
The mixture was transferred to a separatory funnel and further diluted with water (100 mL). The aqueous
layer was extracted with EtOAc (2 x 100 mL). The organic layers were collected, dried over Na,SOa, and
concentrated under reduced pressure. The resulting residue was purified using a gradient of 0 to 10%
EtOAc/hexanes on silica gel to yield 4. Over two batches: (colorless oil, 5.7 g, 18.1 mmol, 54% vyield) and

recovered starting material: 3 g (25%).

6TBS
(R,E)-1-((tert-butyldimethylsilyl)oxy)-1-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)pent-3-en-2-one

Compound 4

'H NMR (400 MHz, CDCls) & 7.03 (dq, J = 15.6, 6.9 Hz, 1H), 6.53 (dq, J = 15.6, 1.7 Hz, 1H), 4.24 —
4.15 (m, 2H), 3.94 (qdd, J = 8.3, 4.3, 1.5 Hz, 2H), 1.92 (dd, J = 6.9, 1.7 Hz, 3H), 1.42 (s, 3H), 1.32 (s,

3H), 0.91 (s, 9H), 0.08 (s, 3H), 0.03 (s, 3H).

BC{*H} NMR (101 MHz, CDCls) § 198.7, 144.8, 126.9, 109.8, 78.3, 77.3, 65.8, 26.6, 25.8, 25.5, 18.6,

18.3,-4.6, -4.7.

IR (Vmax) 2931, 1692, 1632, 1253, 1076 cm™.



HRMS (ESI) m/z = [M + Na'] calculated mass for C1sH3004SiNa* 337.1806 Found 337.1811 (1.5 ppm

error).

NaBH,4 (1.1 equiv.)
Me—7—o o CeClz+7H,0 (1.1 equiv.) Me—7—0o  OH
MeOH, -10 °C, 30 min.
78% yield

A 250 mL round-bottom flask was charged with a stir bar, 4 (5.6 g, 17.8 mmol, 1 equiv.), and MeOH (40
mL). The reaction flask was cooled to -10 °C using a NaCl/ice-water bath. CeClz+*7H;0 (7.3 g, 19.6 mmol,
1.1 equiv.) was added and, after 15 minutes, NaBH. (0.732 g, 19.3 mmol, 1.1 equiv.) was added portion-
wise. The reaction mixture was stirred at -10 °C for 30 minutes. Following this time, the reaction was
guenched with a saturated aqueous solution of NH4Cl (50 mL), and the MeOH was evaporated under
reduced pressure. The aqueous mixture was then transferred to a separatory funnel and extracted with
EtOAc (2 x50 mL). The organic layers were combined, dried over Na;SO4, and concentrated under reduced
pressure. The resulting residue was purified using a gradient of 0 to 20% EtOAc/hexanes on silica gel to

yield 5 (colorless oil, 4.4 g, 13.9 mmol, 78% vyield).

Me
Me#\o OH
O\)\MH

Y Me
OTBS
(1S,2R)-1-((tert-butyldimethylsilyl)oxy)-1-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)pent-3-en-2-ol

Compound 5

H NMR (400 MHz, CDCls) § 5.81 — 5.69 (m, 1H), 5.53 (ddg, J = 15.3, 5.4, 1.6 Hz, 1H), 4.17 — 4.04 (m,
2H), 4.01 (dd, J = 8.1, 6.2 Hz, 1H), 3.81 (dd, J = 8.1, 6.9 Hz, 1H), 3.75 (dd, J = 6.2, 3.3 Hz, 1H), 1.73 (d,

J=6.5, 1.4 Hz, 3H), 1.42 (s, 3H), 1.34 (s, 3H), 0.89 (s, 9H), 0.11 (s, 3H), 0.08 (s, 3H).



BC{*H} NMR (126 MHz, CDCls) § 130.9, 127.5, 109.1, 76.8, 75.0, 73.7, 66.8, 26.9, 26.1, 25.6, 18.4, 18.1,

-3.9, -4.0.
IR (vmax) 3500, 2931, 1473, 1253 cm™.

HRMS (ESI) m/z = [M + Na*] calculated mass for C1sH3204SiNa* 339.1962 Found 339.1985 (6.8 ppm

error).
Me Me
Me7é\o oH BzCl (1.6 equiv.) Me7L\O 0Bz
: TMEDA (1 equiv.) O\)\/:\/“
>
OW Me CH,Cl, : Me
5 OTBS 0 °C, 30 min. ¢ OTBS
94% yield

A 100 mL round-bottom flask was charged with a stir bar, 5 (4.3 g, 13.6 mmol, 1 equiv.), and CH:Cl, (30
mL). The reaction flask was cooled to 0 °C using an ice-water bath. TMEDA (2.0 mL, 1.55 g, 13.3 mmol,
1 equiv.) was added followed by dropwise addition of benzoyl chloride (2.6 mL, 3.15 g, 22.4 mmol, 1.6
equiv.). The reaction mixture was stirred at 0 °C for 0.5 hours. Following this time, the reaction was
guenched with a saturated aqueous solution of NH4Cl (50 mL), and the mixture was transferred to a
separatory funnel. The aqueous layer was extracted with CH,Cl, (2 x 30 mL). The organic layers were
collected, dried over Na,SQ., and concentrated under reduced pressure. The resulting residue was purified
using a gradient of 0 to 5% EtOAc/hexanes on silica gel to yield 6 (colorless oil, 5.4 g, 12.8 mmol, 94%

yield).



Me

Me7L\o

0]

Bz

nQ

§

Y Me
OTBS
(1S,2R)-1-((tert-butyldimethylsilyl)oxy)-1-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)pent-3-en-2-yl benzoate

Compound 6

IH NMR (400 MHz, CDCls) & 8.09 — 8.01 (m, 2H), 7.56 (ddt, J = 7.9, 6.9, 1.4 Hz, 1H), 7.49 — 7.40 (m,
2H), 5.82 (dqd, J = 15.2, 6.5, 0.9 Hz, 1H), 5.54 (ddq, J = 15.0, 6.6, 1.5 Hz, 1H), 5.47 (ddt, J = 6.5, 4.1,
1.0 Hz, 1H), 4.22 — 4.14 (m, 1H), 4.14 — 4.08 (m, 1H), 3.94 (t, J = 7.6 Hz, 1H), 3.87 (dd, J = 7.8, 6.4 Hz
1H), 1.72 (ddd, J = 6.5, 1.6, 1.0 Hz, 3H), 1.39 (s, 3H), 1.31 (s, 3H), 0.91 (s, 9H), 0.13 (s, 3H), 0.12 (s,

3H).

BC{*H} NMR (126 MHz, CDCls) § 165.5, 133.1, 130.4, 129.9, 129.8, 128.5, 126.0, 108.3, 76.3, 75.7,

73.2, 65.0, 26.6, 25.9, 25.3, 18.2, 18.0, 4.0, -4.1.
IR (Vmax) 2931, 1726, 1267 cm.

HRMS (ESI) m/z = [M + Na*] calculated mass for CasH3sOsSiNa™ 443.2224 Found 443.2214 (2.3 ppm

error).

Me TBAF (1.2 equiv.)

Me
THE
Me
g\/jlvigii/% 0°Cto RT, 3 h Me——o0 OBz
= > 0 =
. M
- ®  96% yield : Me
6 OTBS 7 6H

A 100 mL round-bottom flask was charged with a stir bar, 6 (5.3 g, 12.6 mmol, 1 equiv.), and THF (25
mL). The reaction flask was cooled to 0 °C using an ice-water bath, and TBAF (1M in THF, 15.2 mL, 15.2
mmol, 1.2 equiv.) was added dropwise. The reaction mixture was warmed to room temperature over a
period of 3 hours. Following this time, the reaction was quenched by addition of a saturated aqueous

solution of NH4ClI (30 mL) and water (20 mL). The mixture was transferred to a separatory funnel. The



aqueous layer was extracted with EtOAc (2 x 80 mL). The organic layers were collected, dried over Na,SOs.,
and concentrated under reduced pressure. The resulting residue was purified using a gradient of 0 to 5%

EtOAc/hexanes on silica gel to yield 7 (colorless oil, 3.7 g, 12.1 mmol, 96% yield).

OH
(1S,2R)-1-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-1-hydroxypent-3-en-2-yl benzoate

Compound 7

'H NMR (500 MHz, CDCls) & 8.08 — 8.01 (m, 2H), 7.57 (ddt, J = 7.9, 7.0, 1.3 Hz, 1H), 7.51 — 7.41 (m,
2H), 5.91 (dqd, J = 15.3, 6.5, 0.8 Hz, 1H), 5.65 (ddg, J = 15.1, 7.1, 1.6 Hz, 1H), 5.59 (ddt, J = 7.1, 3.9,
0.8 Hz, 1H), 4.12 (g, J = 6.1 Hz, 1H), 4.06 (dd, J = 8.3, 6.0 Hz, 1H), 3.99 (dd, J = 8.3, 6.3 Hz, 1H), 3.90

(dd, J =5.8, 3.8 Hz, 1H), 1.78 — 1.71 (m, 3H), 1.43 (s, 3H), 1.33 (s, 3H).

BC{*H} NMR (126 MHz, CDCls) § 165.6, 133.3, 131.5, 130.2, 129.8, 128.6, 125.9, 109.2, 75.9, 74.9,

73.5, 65.6, 26.8, 25.4, 18.0.
IR (vmax) 3471, 2929, 1715, 1270 cm™.

HRMS (ESI) m/z = [M + Na'] calculated mass for C17H220OsNa* 329.1359 Found 329.1368 (2.7 ppm

error).
Me Me
Me7é\o OBz CISO,NCO (2 equiv.) Me7é\o OBz
= HCO,H (2 equiv.) z
© x = Me CH3;CN/DMA (1:2 mixture) > © < = Me
OH 0°CtoRT, 2h OSO,NH,
7 75% yield 8

Preparation of CISO,NH,: A 50 mL oven-dried round-bottom flask was fitted with a balloon of N, gas and
charged with a stir bar. CISO;NCO (2.0 mL, 3.26 g, 23.0 mmol, 2 equiv.) was added, and the flask was

cooled to 0 °C using an ice-water bath. HCO.H (0.9 mL, 1.10 g, 23.9 mmol, 2 equiv.) was added dropwise



(Caution: vigorous gas evolution upon addition). The mixture solidified into a white solid within five
minutes of addition. CH3CN (12 mL) was added, and the reaction mixture was warmed to room temperature

over a period of 5 hours.

A separate 100 mL oven-dried round-bottom flask was fitted with a nitrogen balloon and charged with a
stir bar, 7 (3.6 g, 11.75 mmol, 1 equiv.), and DMA (25 mL). The reaction flask was cooled to 0 °C using
an ice-water bath, and freshly prepared CISO2NH; (in 12 mL of CH3;CN) was added dropwise. The reaction
mixture was warmed to room temperature over a period of 2 hours. Following this time, the reaction was
guenched by addition of saturated aqueous NaHCO3 solution (20 mL). The mixture was transferred to a
separatory funnel and further diluted with water (20 mL). The aqueous layer was extracted with EtOAc (3
x 30 mL). The organic layers were combined, dried over MgSO4, and concentrated under reduced pressure.
The resulting residue was purified using a gradient of 0 to 25% EtOAc/hexanes on silica gel to yield 8

(colorless oil, 3.4 g, 8.82 mmol, 75% yield).

Me
Me7l\o OBz
OW

OSO,NH,

Me

(1S,2R)-1-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-1-(sulfamoyloxy)pent-3-en-2-yl benzoate

Compound 8

'H NMR (400 MHz, CDCls) & 8.10 — 8.01 (m, 2H), 7.62 — 7.54 (m, 1H), 7.49 — 7.41 (m, 2H), 5.98 (dq, J
= 14.4, 6.6 Hz, 1H), 5.67 — 5.55 (m, 2H), 5.01 (dd, J = 4.7, 3.9 Hz, 1H), 4.97 (broad s, 2H), 4.31 (td, J =
6.8, 4.0 Hz, 1H), 4.06 (dd, J = 8.5, 7.0 Hz, 1H), 3.98 (dd, J = 8.5, 6.5 Hz, 1H), 1.76 (dd, J = 6.5, 1.4 Hz,

3H), 1.42 (s, 3H), 1.36 — 1.33 (m, 3H).

B3C{*H} NMR (101 MHz, CDCls) 4 165.4, 133.6, 133.3, 129.9, 129.6, 128.7, 124.4, 109.4, 81.9, 74.6,

73.5,64.8, 26.5, 25.2, 18.0.

IR (vmax) 3450, 2988, 1710, 1373, 1270 cm™.



HRMS (ESI) m/z: [M+Na'] calculated mass for C17H23NO;SNa* 408.1087 Found 408.1092 (1.2 ppm

error).

llo

K,CO3 (1.2 equiv.
Me7/—o /§O i ?\/feOH ) Me~—0  oH
OWMG 0°CtoRT.5h OWMe

SO,NH, 77% yield OSO,NH,

@ Qi

A 100 mL round-bottom flask was charged with a stir bar, 8 (3.4 g, 8.8 mmol, 1 equiv.), and MeOH (20
mL). The reaction flask was cooled to 0 °C using an ice-water bath, and K,COs (1.5 g, 10.9 mmol, 1.2
equiv.) was added in one bolus. The reaction mixture was warmed to room temperature over a period of 5
hours. Then, the reaction was quenched with a saturated aqueous solution of NH4CI (20 mL), and the
methanol was removed under reduced pressure. The mixture was transferred to a separatory funnel, further
diluted with water (20 mL), and the aqueous layer was extracted with EtOAc (2 x 20 mL). The organic
layers were collected, dried over MgSO4, and concentrated under reduced pressure. The resulting residue
was purified using a gradient of 0 to 35% EtOAc/hexanes on silica gel to yield 9 (colorless oil, 1.9 g, 6.8

mmol, 77% yield).

Me

Me7L\Q

(0]

nQ
T

é

Y Me
OSO,NH,

(1S,2R)-1-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-2-hydroxypent-3-en-1-yl sulfamate

Compound 9

'H NMR (400 MHz, CDCls) § 5.84 (dqd, J = 15.3, 6.5, 1.1 Hz, 1H), 5.57 (ddq, J = 15.3, 7.0, 1.6 Hz, 1H),
5.19 (s, 2H), 4.70 (dd, J = 5.3, 4.5 Hz, 1H), 4.29 (qd, J = 6.7, 2.8 Hz, 2H), 4.08 — 3.90 (m, 2H), 2.57 (broad

s, 1H), 1.76 (ddd, J = 6.5, 1.7, 0.8 Hz, 3H), 1.48 — 1.42 (s, 3H), 1.40 — 1.34 (s, 3H).



BC{*H} NMR (101 MHz, CDCl5) § 130.8, 128.3, 109.7, 83.8, 74.6, 72.4, 65.1, 26.4, 25.3, 17.9.
IR (Vmax) 3500, 2930, 1373, 1216 cm™.

HRMS (ESI) m/z = [M + Na*] calculated mass for C10H1sNOgSNa* 304.0825 Found 304.0845 (6.6 ppm

error).

Me Pd(PhCN),Cl, (0.15 equiv.) Me

Me——o ’ Cu(OAc); (1 equiv.) Me7g0 OH

IIO

H Fmoc-Gly-OH (1 equiv.) \)\/\/\
OM Me 4 A Mol Sieves > 0 - N
OSOzNHZ O (1 atm.) o\ ,NH
DMSO, 60 °C, 17 h 0“0
9 .
72% yield 10

A 250 mL round-bottom flask was charged with a stir bar, 9 (1.4 g, 4.98 mmol, 1 equiv.), Pd(PhCN).Cl;
(0.282 ¢, 0.73 mmol, 0.15 equiv.), Cu(OAc); (0.890 g, 4.9 mmol, 1 equiv.), Fmoc-Gly-OH (1.4 g, 4.7
mmol, 1 equiv.), molecular sieves (4A, 725 mg (5 mg/mL of solvent)), and DMSO (145 mL, final
concentration: 0.034 M). The reaction vessel was evacuated and backfilled with O, gas three times. Then,
it was submerged in an oil bath preheated to 60 °C and kept at this temperature under a balloon of O (~1

atm) for 17 hours. Following this time, the reaction mixture was filtered through a pad of silica gel. The

filter cake was further washed with EtOAc. The filtrate was diluted with H,O (500 mL), and the mixture

was transferred to a separatory funnel. The aqueous layer was extracted with EtOAc (3 x 200 mL). The

organic layers were collected, dried over Na;SOs, and concentrated under reduced pressure. The resulting
residue was purified using a gradient of 0 to 35% EtOAc/hexanes on silica gel to yield 10 (crystalline solid,

1.0 g, 3.58 mmol, 72% yield).



0”70
(4S,5R,65)-6-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-5-hydroxy-4-vinyl-1,2,3-oxathiazinane 2,2-dioxide

Compound 10

'H NMR (400 MHz, CDCl3) & 5.89 (ddd, J = 17.3, 10.7, 4.7 Hz, 1H), 5.46 (dd, J = 5.8, 1.8 Hz, 1H), 5.43
(d, J = 1.8 Hz, 1H), 4.80 (d, J = 11.3 Hz, 1H), 4.54 (dd, J = 7.9, 1.2 Hz, 1H), 4.46 — 4.38 (m, 2H), 4.18 (dd,

J=9.2,6.2 Hz, 1H), 4.05 (dd, J = 9.2, 4.3 Hz, 1H), 3.93 (dt, J = 4.6, 1.4 Hz, 1H), 2.71 (d, J = 4.6 Hz, 1H),

1.46 (s, 3H), 1.39 (s, 3H).
BC{*H} NMR (101 MHz, CDCls) § 132.2, 119.1, 110.5, 84.8, 72.9, 66.7, 62.7, 60.9, 26.9, 25.0.
IR (Vmax) 3548, 2937, 1370, 1190 cmL.

[0] 025 = -20.35 (c 0.48, CH:ClI).

HRMS (ESI) m/z = [M — H] calculated mass for C10H1sNOsS™ 278.0704 Found 278.0685 (6.8 ppm error).

Me Me
Me7L\o OH TBSOTf (4 equiv.) Me7L\o oTBS
= 2,6-lutidine (5 equiv. =
O\)\:/\:/\ ( g ) » o - - A
O NH CH,Cly, 0 °C, 30 min. O.g NH
0”7 o 81% yield 0”7 o
10 11

A 50 mL round-bottom flask was charged with a stir bar, 10 (0.824 g, 2.95 mmol, 1 equiv.), and CHCl,
(15 mL). The reaction flask was cooled to 0 °C using an ice-water bath. 2,6-lutidine (1.72 mL, 1.59 g, 14.8
mmol, 5 equiv.) and TBSOTTf (2.8 mL, 3.22 g, 12.2 mmol, 4 equiv.) were sequentially added dropwise. The
reaction mixture was stirred at 0 °C for 30 minutes. The reaction was then quenched by addition of a
saturated aqueous solution of NaHCO; (15 mL), and the mixture was transferred to a separatory funnel.

The aqueous layer was extracted with CH,Cl, (3 x 15 mL). The organic layer was collected, dried over



Na>SO4, and concentrated under reduced pressure. The resulting residue was purified using a gradient of 0

to 15% EtOAc/hexanes on silica gel to yield compound 11 (colorless oil, 0.937 g, 2.38 mmol, 81% vyield).

Me
Me7L\o OTBS
O\)\/\/\

X
H

QO
\\ /
w
/7 \

Zin
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o

(4S,5R,6R)-5-((tert-butyldimethylsilyl)oxy)-6-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-4-vinyl-1,2,3-
oxathiazinane 2,2-dioxide

Compound 11

'H NMR (400 MHz, CDCls) 8 5.76 (ddd, J = 17.2, 10.7, 4.1 Hz, 1H), 5.41 — 5.29 (m, 2H), 4.44 — 4.31 (m,

3H), 4.22 — 4.14 (m, 2H), 4.01 — 3.96 (m, 1H), 3.90 (t, J = 1.0 Hz, 1H), 1.42 (s, 3H), 1.35 (s, 3H), 0.90 (s,
9H), 0.18 (s, 3H), 0.09 (s, 3H).

13C{*H} NMR (126 MHz, CDCls) § 133.5, 118.2, 110.4, 86.5, 71.2, 67.3, 64.5, 61.9, 26.9, 26.3, 25.1, 18.6,
-3.6, -4.2.

IR (vmax) 3271, 2931, 1373, 1196 cm™.

[0] 589 = -20.55 (c 0.85, CHsCl).

HRMS (ESI) m/z = [M — H] calculated mass for C16H30NOSSi 392.1569 Found 392.1561 (2.0 ppm

error).
Me Me
Me— O OTBS CbzCl (3 equiv.) Me7L\o OTBS
J H TMEDA (2 equiv.) o -
z z \ > E E \
6. NH CHCl Os 0y °
0% 0 °C to RT, 40 h CXAAN©) o
70% yield 12

-

1

A 100 mL round-bottom flask was charged with a stir bar, 11 (920 mg, 2.33 mmol, 1 equiv.), and CHCl;

(25 mL). The reaction flask was cooled to 0 °C using an ice-water bath. Sequentially, TMEDA (0.7 mL,



0.55 g, 4.7 mmol, 2 equiv.) and CbzCI (1.0 mL, 1.2 g, 7.03 mmol, 3 equiv.) were added dropwise. The
reaction mixture was warmed to room temperature over a period of 40 hours. Subsequently, the reaction
was quenched with a saturated aqueous solution of NH4CI (20 mL), and the mixture was transferred to a
separatory funnel. The aqueous layer was extracted with CH.Cl, (2 x 30 mL). The organic layers were
collected, dried over Na,SQ., and concentrated under reduced pressure. The resulting residue was purified
using a gradient of 0 to 20% EtOAc/hexanes on silica gel to yield 12 (colorless oil, 860 mg, 1.63 mmol,

70% yield).

Me
Me#\o OTBS
O\)\/-\/\

X

benzyl (4S,5R,6R)-5-((tert-butyldimethylsilyl)oxy)-6-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-4-vinyl-1,2,3-
oxathiazinane-3-carboxylate 2,2-dioxide

Compound 12

'H NMR (400 MHz, CDCl3) & 7.47 — 7.29 (m, 5H), 6.15 (ddd, J = 17.1, 10.5, 7.8 Hz, 1H), 5.41 — 5.27 (m,
4H), 5.19 (tt, J = 7.6, 1.2 Hz, 1H), 4.80 (dd, J = 6.7, 5.8 Hz, 1H), 4.60 (dd, J = 7.4, 5.8 Hz, 1H), 4.43 (td, J
= 6.6, 5.6 Hz, 1H), 4.13 (dd, J = 9.1, 6.4 Hz, 1H), 4.02 (dd, J = 9.0, 5.7 Hz, 1H), 1.43 — 1.38 (m, 3H), 1.37

~1.31 (m, 3H), 0.90 (s, 9H), 0.11 (s, 3H), 0.08 (s, 3H).

3C{*H} NMR (101 MHz, CDCls) 4 151.7, 134.6, 131.8, 128.7, 128.6, 127.8, 121.2, 110.1, 85.3, 72.1,

69.8, 67.7, 66.1, 63.6, 26.6, 25.8, 25.3, 18.1, -4.4, -4.9.
IR (Vmax) 2971, 1704, 1284, 1190 cm*.
[0] 520 = -10.8 (c 1.30, CH4Cl)

HRMS (ESI) m/z = [M — H] calculated mass for C2:sH3sNOgSSi~ 526.1936 Found 526.1925 (2.1 ppm error).



Me
Me#\o OTBS Me#\o OTBS
O\)\/E\/\ KOAc (4 equiv)
\ \)\l/\:/\
7 DMSO,80_°C,4h AcO HN. O

_S< 84% vyield
s L

O O
Zn

o

12

A 50 mL round-bottom flask was charged with a stir bar, 12 (0.820 g, 1.55 mmol, 1 equiv.), DMSO (20
mL), and KOAc (0.610 g, 6.21 mmol, 4 equiv.). The reaction vessel was then submerged in an oil bath
preheated to 80 °C and kept at this temperature under a balloon of N, (~1 atm) for 4 hours. Following this
time, the reaction was cooled to room temperature, diluted with water (80 mL), and transferred to a
separatory funnel. The aqueous layer was extracted with EtOAc (2 x 50 mL). The organic layers were
collected, dried over Na,SO., and concentrated under reduced pressure. The resulting residue was purified

using a gradient of 0 to 20% EtOAc/hexanes on silica gel to yield 13 (colorless oil, 0.661 g, 1.30 mmol,

84% vield).

Mef\o OTBS
- \
AcO HN

(1S,2R,3S)-3-(((benzyloxy)carbonyl)amino)-2- ((tert—butyld|methyIS|IyI)oxy)-1-((R)-2,2-dimethy|-1 ,3-dioxolan-4-
yl)pent-4-en-1-yl acetate

Compound 13

'H NMR (400 MHz, CDCls) § 7.43 — 7.29 (m, 5H), 5.81 (ddd, J = 17.2, 10.4, 4.5 Hz, 1H), 5.28 — 5.17 (m,
2H), 5.08 (dd, J = 11.4, 7.1 Hz, 3H), 4.87 (dd, J = 8.6, 1.9 Hz, 1H), 4.44 (ddt, J = 10.8, 3.9, 1.8 Hz, 1H),
4.35 (td, J = 6.6, 1.9 Hz, 1H), 4.13 (dd, J = 8.6, 1.7 Hz, 1H), 3.98 (dd, J = 8.7, 6.8 Hz, 1H), 3.67 (dd, J =

8.7, 6.4 Hz, 1H), 2.10 (s, 3H), 1.41 (s, 3H), 1.34 (s, 3H), 0.87 (s, 9H), 0.14 (s, 3H), 0.08 (s, 3H).

BC{*H} NMR (101 MHz, CDCls) 5 170.6, 156.0, 136.7, 136.6, 128.6, 128.4, 128.2, 116.2, 109.4, 73.6,

72.9,71.5,67.0,65.7,54.2, 26.2, 25.6, 21.1, 18.3, -3.3, -4.4.



IR (vmax) 3448, 2954, 1747, 1730, 1504, 1224 cm'™.,
[0] 025 = -24.89 (C 1.30, CH:Cl).

HRMS (ESI) m/z = [M + Na*] calculated mass for C2sH41NO7SiNa* 530.2545 Found 530.2546 (0.2 ppm

error).

Me
Me#\o OTBS . Me#\o OTBS
O\M K2003 (1 eqUIV') O\M
- -

OAc NHCbz MeOH OH NHCbz

13 OOCtORT,3h 14
64% yield

A 100 mL round-bottom flask was charged with a stir bar, 13 (0.65 g, 1.28 mmol, 1 equiv.), and MeOH (6
mL). The reaction flask was cooled to 0 °C using an ice-water bath, and K,COs (0.177 g, 1.28 mmol, 1.0
equiv.) was added in one portion. The reaction mixture was warmed to room temperature over a period of
3 hours. Following this time, the reaction was quenched with a saturated aqueous solution of NH4CI (15
mL), further diluted with water (20 mL), and the mixture was transferred to a separatory funnel. The
aqueous layer was extracted with EtOAc (3 x 30 mL). The organic layers were collected, dried over Na,SOs,
and concentrated under reduced pressure. The resulting residue was purified using a gradient of 0 to 20%

EtOAc/hexanes on silica gel to yield 14 (colorless oil, 0.381 g, 0.818 mmol, 64% yield).

Me
Me#\o OTBS
O\)\l/-\/\

TN
OH NHCbz

benzyl ((3S,4R,5S)-4-((tert-butyldimethylsilyl)oxy)-5-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-5-hydroxypent-1-en-3-
yl)carbamate

Compound 14

'H NMR (400 MHz, CDCls) 8 7.44 — 7.28 (m, 5H), 5.94 (ddd, J = 17.3, 10.5, 4.4 Hz, 1H), 5.60 (d, J =9.8

Hz, 1H), 5.31 — 5.20 (m, 2H), 5.19 — 5.05 (m, 2H), 4.61 (dtd, J = 10.6, 6.2, 5.3, 3.1 Hz, 1H), 4.30 (td, J =



7.0, 2.2 Hz, 1H), 4.00 (dd, J = 8.0, 6.7 Hz, 1H), 3.87 (t, J = 7.6 Hz, 1H), 3.72 (dd, J = 9.1, 2.5 Hz, 1H), 3.38
(t, J = 7.6 Hz, 1H), 2.49 (d, J = 8.1 Hz, 1H), 1.44 (s, 3H), 1.35 (s, 3H), 0.90 (s, 9H), 0.15 (s, 3H), 0.12 (s,

3H).

B3C{*H} NMR (101 MHz, CDCl3) 5 156.2, 136.6, 135.2, 128.6, 128.3, 128.2, 116.0, 109.4, 74.3, 74.1, 70.9,

67.0, 66.2, 55.8, 26.5, 26.0, 25.2, 18.1, -3.8, -4.6.
IR (Vmax) 3434, 2931, 1724, 1504, 1258 cm.
[0] 0% = -58.15 (¢ 1.00, CHsCl).

HRMS (ESI) m/z = [M + Na'] calculated mass for C2sH3zsNOsSiNa* 488.2439 Found 488.2438 (0.2 ppm

error).

Me#\o OTBS Me#\o OTBS
- \ BnNCO (2 equiv.) v
S Toluene - BnHN ,ij o
OH HN
115 °C, 24 h \ﬂ/ \ﬂ/

64% yield 0 0
14 15

A 50 mL round-bottom flask was charged with a stir bar, 14 (0.370 g, 0.795 mmol, 1 equiv.), toluene (6
mL), and benzyl isocyanate (0.2 mL, 0.216 g, 1.62 mmol, 2 equiv.). The reaction vessel was then submerged
into an oil bath preheated to 115 °C and kept at this temperature under a balloon of N, (~1 atm) for 24
hours. Subsequently, the reaction was cooled to room temperature, and the solvent was removed under
reduced pressure. The resulting residue was purified using a gradient of 0 to 20% EtOAc/hexanes on silica

gel to yield 15 (colorless oil, 0.302 g, 0.504 mmol, 64% yield).



Me
Me O OTBS

0] 0]

(1S,2R,3S)-3-(((benzyloxy)carbonyl)amino)-2-((tert-butyldimethylsilyl)oxy)-1-((R)-2,2-dimethyl-1,3-
dioxolan-4-yl)pent-4-en-1-yl benzylcarbamate

Zin

Compound 15

'H NMR (400 MHz, Chloroform-d) & 7.47 — 7.27 (m, 10H), 5.85 (ddd, J = 17.2, 10.3, 4.6 Hz, 1H), 5.27 —
5.15 (m, 3H), 5.10 (s, 2H), 5.01 (t, J = 5.9 Hz, 1H), 4.89 — 4.79 (m, 1H), 4.50 (d, J = 8.1 Hz, 1H), 4.43 —
4.24 (m, 3H), 4.14 — 3.94 (m, 2H), 3.79 (dd, J = 8.6, 6.8 Hz, 1H), 1.39 (s, 3H), 1.33 (s, 3H), 0.88 (s, 9H),
0.14 (s, 3H), 0.10 (s, 3H).

13C{*H} NMR (101 MHz, CDCls) § 156.0, 155.9, 138.3, 136.8, 136.3, 128.7, 128.6, 128.3, 128.2, 127.6,

127.5, 116.2, 109.3, 74.1, 73.0, 72.5, 66.9, 65.7, 54.7, 45.4, 26.3, 26.1, 25.6, 18.3, -3.5, -4.5.
IR (Vmax) 3340, 2931, 1738, 1654, 1415 cm.
[0] 0% = -8.02 (c 1.40, CH:CI).

HRMS (ESI) m/z = [M + Na*] calculated mass for Cs,HsN2O7SiNa* 621.2966 Found 621.2987 (3.4 ppm

error).

NMO+H,0 (3.5 equiv.)

BnHN._O  NHCbz t-BuOH/H,0 (2:1) N. O HN. O
T I

hig 15 0°CtoRT, 14 h
O 69% yield o O

Me Me
Me7LO oTBS K,0s04+2H,0 (0.1 equiv.) Me7L\O OTBS o
o) - o) 2

A 50 mL round-bottom flask was charged with a stir bar, 15 (0.25 g, 0.417 mmol, 1 equiv.), and '‘BuOH/H,0O
(2:1 mixture, 4 mL total volume). The reaction flask was cooled to 0 °C using an ice-water bath.

K205042H,0 (16 mg, 0.043 mmol, 0.1 equiv.) and NMO*H,O (195 mg, 1.44 mmol, 3.5 equiv.) were



added sequentially. The reaction mixture was warmed to room temperature over a period of 14 hours.
Following this time, it was quenched with a saturated, aqueous solution of Na;SO3 (20 mL), and the mixture
was transferred to a separatory funnel. The aqueous layer was extracted with EtOAc (2 x 15 mL). The
organic layers were collected, dried over Na>SO4, and concentrated under reduced pressure. The resulting
residue was purified using a gradient of 0 to 60% EtOAc/hexanes on silica gel to yield 16 (colorless oil,

0.181 g, 0.286 mmol, 69% yield).

Me
Me7L\o OTBS OH
J :

QY0

O
(1S,2R,38)-3-(((benzyloxy)carbonyl)amino)-2-((tert-butyldimethylsilyl)oxy)-1-((R)-2,2-
dimethyl-1,3-dioxolan-4-yl)-4,5-dihydroxypentyl benzylcarbamate

Zin

Compound 16

'H NMR (500 MHz, CDs0D) 5 7.41 — 7.18 (m, 10H), 5.12 — 5.00 (m, 2H), 4.78 (ddd, J = 10.3, 7.4, 2.8
Hz, 1H), 4.51 (dd, J = 7.5, 1.2 Hz, 1H), 4.41 (td, J = 6.7, 2.7 Hz, 1H), 4.31 — 4.21 (m, 2H), 4.07 — 3.98
(m, 1H), 3.81 — 3.72 (m, 2H), 3.62 (dtd, J = 9.4, 4.6, 2.3 Hz, 1H), 3.57 — 3.49 (m, 2H), 1.38 (s, 3H), 1.34

(s, 3H), 0.92 (s, 9H), 0.22 (s, 3H), 0.20 (s, 3H).

B3C{*H} NMR (126 MHz, CDs0OD) & 158.7, 158.3, 140.4, 138.0, 129.5, 129.4, 129.2, 129.1, 128.2, 128.0,

110.6, 75.5, 74.1, 71.9, 70.3, 68.1, 66.5, 65.2, 53.7, 45.6, 26.7, 26.4, 25.9, 19.2, -4.0, -4.3.
IR (vmax) 3446, 2929, 1701, 1427, 1253 cm™.

HRMS (ESI) m/z = [M + Na*] calculated mass for CsHsN2O9SiNa* 655.3021 Found 655.3051 (4.6 ppm

error).



17. NalO4 (2 equiv.)

Me NaHCOj3; (3 equiv.) oH
CH3CN/H,0 (2:1)
Me7L\ 3 2
Q OTBS OH 0°CtoRT, 2h BRHN O._.OH
0 OH » BN
: 18.TsOH+H,,0 (0.2 equiv.) 0“0 " NHCby
B”HN\H/O NHCbz CH43CN/H,0 (50:1) LI,
o 16 0°CtoRT, 4h 17

56% yield over two steps

A 50 mL round-bottom flask was charged with a stir bar, 16 (0.170 g, 0.27 mmol, 1 equiv.), and
CH3CN/H20 (2:1 mixture; 6 mL total volume). The reaction flask was cooled to 0 °C using an ice-water
bath. NalO4 (0.115 g, 0.54 mmol, 2 equiv.) and NaHCO;3 (0.068 g, 0.81 mmol, 3 equiv.) were added
sequentially. The reaction mixture was warmed to room temperature over a period of 2 hours. Following
this time, the reaction mixture was filtered through a sintered glass funnel, and the filtrate was transferred
to a separatory funnel with 20 mL of H,O. The aqueous layer was extracted with EtOAc (3 x 15 mL). The
organic layers were collected, dried over Na,SQO., and concentrated under reduced pressure. The crude

product was used in the next step without further purification.

A 50 mL round-bottom flask was charged with a stir bar, aldehyde starting material, and CHsCN/H,0 (50:1
mixture, 4 mL total volume). The reaction flask was cooled to 0 °C using an ice-water bath, and p-
TsOH+H>O (10 mg, 0.053 mmol, 0.2 equiv.) was added. The reaction mixture was warmed to room
temperature over a period of 4 hours. Following this time, the reaction was quenched with saturated aqueous
NaHCOs solution (10 mL), and the mixture was transferred to a separatory funnel. The aqueous layer was
extracted with EtOAc (2 x 10 mL). The organic layers were collected, dried over Na,SQO,, and concentrated
under reduced pressure. The resulting residue was purified using a gradient of 50 to 100% EtOAc/hexanes

on silica gel to yield 17 (colorless oil, 0.084 g, 0.150 mmol, 56% yield over two steps).



OH

O._.OH
NH N
'y O
o~ O N
HY(
otBs O

(2R,3S,4R,5R,6S)-5-(((benzyloxy)carbonyl)amino)-4-((tert-butyldimethylsilyl)oxy)-6-hydroxy-2-
(hydroxymethyl)tetrahydro-2 H-pyran-3-yl benzylcarbamate

Compound 17

'H NMR (500 MHz, CDs0D) § 7.46 — 7.17 (m, 10H), 5.10 — 5.09 (m, 1H), 5.06 (broad s, 3H), 4.33 —
4.21 (m, 2H), 4.15 (t, J = 6.4 Hz, 1H), 4.04 — 3.98 (M, 2H), 3.59 — 3.50 (m, 2H), 0.80 (s, 9H), 0.07 (s,

3H), 0.03 (s, 3H).

BC{*H} NMR (126 MHz, CD;0D) & 159.1, 158.6, 140.4, 138.1, 129.46, 129.45, 129.1, 129.0, 128.4,

128.1,93.7,73.2, 71.1, 69.7, 67.6, 62.2, 54.1, 45.5, 26.2, 18.7, -4.5, -4.8.
IR (Vmax) 3412, 2951, 1715, 1521, 1253 cmL.

HRMS (ESI) m/z = [M + Na*] calculated mass for C2sHoN2OsSiNa* 583.2446 Found 583.2472 (4.8 ppm

error).
OH BzClI (2.1 equiv.) OBz
O .OH TMEDA (1 equiv.) o .OBz
BnHN \ » BnHN \
o)\o “'NHCbz CH.Cl, o)\o “'NHCbz
OTBS 0°C,4h OTBS
17 96% yield 18

A 25 mL round-bottom flask was charged with a stir bar, 17 (0.028 g, 0.050 mmol, 1 equiv.) and CHCl,
(2 mL). The reaction flask was cooled to 0 °C using an ice-water bath. Subsequently, TMEDA (7 pL, 6 mg,
0.049 mmol, 1 equiv.) followed by BzCI (13 pL, 15 mg, 0.107 mmol, 2.1 equiv.) were added dropwise.
The reaction mixture was stirred at 0 °C for 4 hours. Following this time, the reaction was quenched with

a saturated aqueous solution of NH4CI (10 mL), and the mixture was transferred to a separatory funnel. The



aqueous layer was extracted with CH2Cl, (3 x 5 mL). The organic layers were collected, dried over Na;SOs,
and concentrated under reduced pressure. The resulting residue was purified using a gradient of 0 to 5%

EtOAc/hexanes on silica gel to yield 18 (colorless oil, 0.037 g, 0.048 mmol, 96% vyield).

OBz
O .0Bz
BnHN '
0”0 “’NHCbz
OTBS

((2R,3S,4R,5R,6R)-6-(benzoyloxy)-3-((benzylcarbamoyl)oxy)-5-(((benzyloxy)carbonyl)amino)-4-((tert-
butyldimethylsilyl)oxy)tetrahydro-2H-pyran-2-yl)methyl benzoate

Compound 18

IH NMR (500 MHz, CDsOD) & 8.14 — 8.07 (m, 2H), 7.91 — 7.83 (m, 2H), 7.68 — 7.58 (m, 1H), 7.58 — 7.46
(m, 3H), 7.44 — 7.18 (m, 12H), 6.41 (d, J = 3.8 Hz, 1H), 5.35 (d, J = 3.5 Hz, 1H), 5.11 — 5.01 (m, 2H), 4.52
(dd, J = 7.4, 4.5 Hz, 1H), 4.43 — 4.32 (m, 3H), 4.26 (td, J = 5.7, 3.4 Hz, 3H), 0.82 (s, 9H), 0.16 (s, 3H), 0.10
(s, 3H).

BC{*H} NMR (126 MHz, CDs0D) § 164.6, 163.7, 156.0, 155.4, 137.3, 135.1, 131.8, 131.3, 128.1, 127.6,
126.7, 126.6, 126.5, 126.4, 126.1, 125.5, 125.4, 125.1, 91.1, 69.4, 68.5, 66.7, 64.9, 61.8, 50.1, 42.6, 23.2,
15.8,-7.3, -7.6.

IR (Vmax) 2929, 1724, 1453, 1260 cm.

HRMS (ESI) m/z = [M + Na*] calculated mass for C42HsN2010SiNa* 791.2970 Found 791.2997 (3.4 ppm

error).



OBz OBz

i O .OH
BnHN 0._.0Bz MeNH, (2 equw.)> BnHN “
o “'NHCbz THF o "’NHCbz
OTBS RT, 48 h OTBS
18 85% yield 19

A 25 mL round-bottom flask was charged with a stir bar, 18 (0.03 g, 0.039 mmol, 1 equiv.), and THF (6
mL). MeNH; (2.0 M solution in THF, 0.039 mL, 0.078 mmol, 2 equiv.) was added at room temperature.
The reaction mixture was stirred for 48 hours. Following this time, the solvent was removed under reduced
pressure. The resulting residue was purified using a gradient of 0 to 20% EtOAc/hexanes on silica gel to

yield 19 (colorless oil, 0.022 g, 0.033 mmol, 85% yield).

o._.OH
e’

©/\”/go oTBS

((2R,3S,4R,5R,6S)-3-((benzylcarbamoyl)oxy)-5-
(((benzyloxy)carbonyl)amino)-4-((tert-butyldimethylsilyl)oxy)-6-
hydroxytetrahydro-2H-pyran-2-yl)methyl benzoate

Compound 19

IH NMR (500 MHz, CDsOD) & 8.04 (dt, J = 8.1, 1.2 Hz, 2H), 7.59 (tq, J = 7.0, 1.3 Hz, 1H), 7.49 — 7.42
(m, 2H), 7.39 — 7.17 (m, 10H), 5.25 — 5.21 (m, 1H), 5.15 — 5.13 (M, 1H), 5.06 (s, 2H), 4.54 — 4.46 (m,
1H), 4.42 — 4.33 (m, 2H), 4.30 — 4.20 (m, 2H), 4.09 — 4.03 (m, 2H), 0.81 (s, 9H), 0.10 (s, 3H), 0.05 (s,

3H).

Z, 3 A, .0, 3, A, 2, Ly A D, 4a),
BC{*H} NMR (126 MHz, CD3;0D) & 167.7, 158.6, 140.3, 138.1, 134.2, 131.2, 130.7, 129.5, 129.45

129.40, 129.1, 129.0, 128.3, 128.0, 93.8, 73.1, 69.5, 68.4, 67.6, 64.9, 54.0, 45.5, 26.2, 18.6, -4.5, -4.7.



IR (vmax) 3348, 2929, 1730, 1267 cm™.

HRMS (ESI) m/z = [M + Na*] calculated mass for CssH14N2OgSiNa* 687.2708 Found 687.2711 (0.4 ppm

error).
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