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ABSTRACT: Dinosylated a-p-glucopyranoside was directly
transformed into a-p-altropyranosides via in situ formed N-4-
nosyl Hough—Richardson aziridine with nitrogen nucleophiles
under mild conditions in fair to excellent yields. The scope of
the aziridine ring-opening reaction was substantially broadened
contrary to the conventional methods introducing solely the
azide anion at high temperatures. If necessary, the N-4-nosyl
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Hough—Richardson aziridine can be isolated by filtration in a very good yield and high purity.

Hexopyranosides containing the 2,3-diamino functionality
are useful chiral synthetic intermediates in the synthesis
of highly functionalized compounds with interesting biological
or chemical properties. These intermediates were used directly
as chiral ligands in half-sandwich ruthenium, rhodium and
iridium complexes with antitumor activity,1 Palladium and
platinum complexes,” or molybdenum complexes to catalyze
asymmetric allylic alkylations.3 Further, 2,3-diaminohexopyr-
anosides also served as a key precursor in the synthesis of the
glycophospholipid ligand of lipopolysaccharide receptor,”
chimeric scaffolds with the benzodiazepine moiety,” and
Weinreb’s advanced intermediate for (—)-Agelastatin A formal
total synthesis.’

One of the frequently used methods leading to the
derivatives of 2,3-diaminohexapyranosides is the ring-opening
reaction of the Hough—Richardson aziridine,” which is
commonly synthesized from D-glucosamine. This valuable
chiral intermediate can be transformed by regioselective ring-
opening reaction of the strain-loaded three-membered ring into
the corresponding diastereoisomers with a@-p-altro or a-p-gluco
configurations.

The Hough—Richardson aziridine was first described by
Goodman® and, later on, the aziridine ring-formation and ring—
opening reaction conditions were particularly studied by
Guthrie,” ™" Hou$h,12 Meyer zu Reckendorf,"*™'° Richard-
son”'® and Baker.' >’

Formerly, some syntheses were based on precursors with the
altro configuration but these starting materials were difficult to
access.”””> Concurrently, as expected, the syntheses starting
from more readily available p-glucosamine derivatives prevailed.

The transformation sequence of aziridine into the corre-
sponding 2,3-diaminohexapyranosides is always predominantly
complicated at the ring-opening step with the azide anion by
the formation of a mixture of a-p-altro and a-p-gluco
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diastereoisomers, where the altro-configuration is markedly
preferred. A further complication can result from the formation
of side oxazoline products or N-deacylation of aziridine leading
to a relatively stable aziridine side-product with regard to the
ring-opening reaction.”'® Then, the aziridine ring-opening
reactivity must be recovered by additional N-benzoylation,"N-
alkoxycarbonylation,” or methylation resulting in a reactive
quaternary salt.'®

The ratio of diastereoisomers strongly depends on the N-
substitution of the aziridine ring and the presence of
ammonium chloride.'® For example, the methoxycarbonylated
aziridine undergoes the highly regioselective trans-diaxial ring-
opening reaction with the azide anion leading to the a-p-altro
configuration in a very good yield® Contrary, the N-
benzoylated aziridine usually provided a significant amount of
a-p-gluco isomer, which was attributed to the possible
formation of an oxazolinium ion intermediate."*

The side reactions associated with deacylation can be
eliminated by utilization of mesyl or tosyl group in the
sulfonamido-sulfonate system which undergoes cyclization to
aziridine under mild conditions.'® However, mesyl or tosyl
group is difficult to remove from the resulting sulfonamide
functionality after the ring-opening reaction.

Herein we present the first synthesis and the ring-opening
reactions of N-4-nosyl Hough—Richardson aziridine with
nitrogen nucleophiles. The electron-withdrawing effect of the
nitro group in this new valuable advanced intermediate brings
several significant practical advantages, especially (i) synthesis
of aziridine under mild conditions and, if necessary, this
intermediate can be isolated by a simple filtration in a very good
yield and high purity, (i) to perform the highly regioselective
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Scheme 1. Synthesis of N-4-Nosyl Hough—Richardson Aziridine 7
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aziridine ring-opening reactions in absence of ammonium
chloride resulting in products preferring the a-p-altro prior to
a-D-gluco configuration in a ratio no less than 90:10 under mild
reaction conditions utilizing more practical solvent and

temperature, (iii) the scope of applicable nitrogen nucleophiles
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for the ring-opening reaction is substantially broadened, (iv)
further modification of nosylamide functionality particularly by
N-alkylation under classical or Fukuyama protocols,” and (v)
potential mild deprotection conditions of nosyl group in
comparison to the mesyl or tosyl group.
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Scheme 2. Synthesis of Triazolopiperazine 10 and Denosylation of 8p Resulting in 11
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We chose commercially available N-acetyl p-glucosamine 1 as
a starting compound, which was transformed according to
known literature”*** to amino sugar 4 with small modifications
in isolation process and reaction conditions (Scheme 1).
Further, amine 4 on treatment with 4-nitrobenzenesulfonyl
chloride provided dinosylated glucosamine 5 in 77% on a
multigram scale.

Finally, aziridine 7 was isolated via filtration in good yield
and high purity after addition of DIPEA if 2-methoxyethanol
was used. Poor solubility of 7 in 2-methoxyethanol obstructed
the subsequent aziridine opening. However, this reaction was
possible in DMSO. Glucosamine S on reaction with nitrogen
nucleophile 6 in DIPEA/DMSO at 60 °C gave 2,3-
diaminoaltropyranoside 8 via in situ formation of aziridine 7
(Table 1).

The assumed mechanism of the aziridine formation involves
a transition state of nosylamide § in the boat conformation
directing the nosyl ester and nosyl amide groups in the trans-
diaxial relationship. Formation of nosylamide anion and
increased departing ability of the adjacent nosylate group was
accelerated by the nitro group which led to the fast aziridine
ring closure. The a-p-allo configuration of aziridine 7 was
confirmed by NMR spectra. Subsequent aziridine ring-opening
reaction with nitrogen nucleophile 6 resulted in the cleavage of
C2—N bond by the Fiirst—Plattner rule”® to provide trans-
diaxial products 8 in the preferred chair conformation with the
a-p-altro configuration. The high ring-opening regioselectivity
is enforced by the synergy of the conformation lock at C4 and
C6 through the benzylidene protection and a-O-methyl
configuration. Reckendorf observed at the similar Hough—
Richardson aziridines a dominant formation of the gluco
configuration when the C-4 and the C-6 position was acetylated
and a mixture of gluco, allo, and altro diastereoisomers when
the 3-O-methyl configuration was introduced.'”'" Additionally,
the a-p-altro configuration of 8a was unequivocally determined
by a single crystal X-ray structure analysis (see Supporting
Information).

To explore the aziridine ring-opening reactivity scope with
regard to the structure diversity of a nitrogen nucleophile we
started a set of reactions (Table 1). Since the aziridine ring
closure is much faster than potential nosyl ester substitution/
hydrolysis and subsequent ring-opening reaction, we utilized
the direct synthesis of a-p-altropyranosides 8 from dinosylated
pyranoside $ via in situ formed aziridine 7.

Dinosylated amine 5 on treatment with sodium azide 6a
provided altropyranoside 8a in good yield (Entry 1). In
comparison to the related N-substituted Hough—Richardson
aziridines, the ring-opening reaction was performed at 60 °C,
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not at conventional temperatures in the range of 120—150
°C.%'"*!"!* The increased ring-opening reactivity induced by
the nosyl group directly afforded amine 8b with aqueous
ammonia in the excellent yield (Entry 2). In comparison to the
classical protocols, involving the aziridine ring-opening reaction
with the azide anion and essential reduction step,® this
methodology allowed substantial simplification.

Monofunctional primary amines 6¢c—f provided 8c—f in fair
to good yields (Entry 3—6). The prolonged reaction time was
utilized in the reactions with 6c—e. Later on, the method was
extended to aminoalcohols 6g—j to yield 8g—j from fair to very
good yields as well (Entry 7—10). The reaction time was
necessary to extend to 48 h with amine 6j. Further increase of
steric hindrance of 6k necessitated an extension of reaction
time to 72 h to give 8k (Entry 11). The yield was
predominantly reduced by the isolation process. Preliminary
attempts to cyclize nosylamides 8g—j under Fukuyama—
Mitsunobu conditions”” failed. We assumed that prerequisite
change of the altropyranoside ring from the chair to boat
conformation did not occur and, consequently, both diaxially
oriented reacting groups were not redirected to the equatorial
conformation.

Other bifunctional nucleophiles, hydrazine 61 and ethyl-
enediamine 6m, provided fair yields (Entry 12 and 13). Besides
primary amines, the reactivity of secondary amines 6n—q was
also tested to give 8n—q from fair to good yields (Entry 14—
17). Preliminary attempts to carry out the ring-opening
reactions with anilines afforded unsatisfactory yields particularly
due to low reactivity and difficulties in the isolation process.
The exception was anthranilic acid 6r providing 8r in fair yield
(Entry 18). In connection with the good ring-opening reactivity
with hydrazine (Entry 12), we also tried benzohydrazide 6s to
obtain 8s in a poor yield which was predominantly caused by
problematic separation and decomposition during the reaction
(Entry 19).

To demonstrate further possible modification of nosylamide
group at C3 after the ring-opening reaction, azide 8a was
alkylated with propargyl alcohol under Fukuyama—Mitsunobu
conditions to give 9 (Scheme 2). Subsequent intramolecular
copper catalyzed 1,3-dipolar cycloaddition®® led to novel
interesting scaffold 10 containing the 1,2,3-triazolopiperazine
moiety. Similar scaffolds have been reported as glycosidase
inhibitors.”” The 1,3-dipolar cycloaddition was completed in 14
days at 60 °C. Higher temperature at 80 °C immensely reduced
the reaction time to 3 days. The rate of the cycloaddition step
was very likely associated with the conformation change of the
pyranoside ring from chair to twist-boat which redirects both
reacting groups into the equatorial conformation. The evidence
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of the twist-boat conformation was strongly supported by the
vicinal coupling constants of the hydrogen signals at C1, C2,
C3, and C4. These peaks were assigned by the COSY spectrum.
The observed coupling of the anomeric hydrogen was 7.3 Hz.
This value is typical for an axial—axial coupling. Furthermore,
the signal of the hydrogen at C2 was split into the double
doublet by 7.3 and 12.2 Hz and the hydrogen at C4 showed a
triplet with the coupling constant 8.9 Hz. The triplet of the
hydrogen at C3 was overlapped with the hydrogen signal at CS5.
If we consider the chair conformation with the altro
configuration the vicinal coupling constants should be lower
because all hydrogens at C1, C2, and C3 should be equatorially
oriented.

The second example illustrates denosylation conditions
applied on 8p to provide amine 11 under mild conditions.

In conclusion, the synthesis of new N-4-nosyl Hough—
Richardson aziridine has been described. We demonstrated that
this valuable advanced intermediate can be transformed by
highly regioselective trans-diaxial ring-opening reactions with
nitrogen nucleophiles into the corresponding a-p-altropyrano-
sides. The increased ring-opening reactivity induced by the
nosyl group allowed direct synthesis of the aminoaltropyrano-
side with aqueous ammonia in the excellent yield in comparison
to the conventional methods based on the ring-opening
reaction with azide anion and subsequent reduction of the
azide functionality. Sodium azide, primary and secondary
amines, hydrazine, and benzohydrazide provided altropyrano-
sides in fair to very good yield.

B EXPERIMENTAL METHODS

General Methods. All starting materials are commercially
available. Commercial reagents were used without any purification.
Melting points were determined with a Boetius stage apparatus and are
uncorrected. Flash column chromatography was performed on silica
gel (pore size 60 A, 40—63 um particle size). Purification of
compounds was performed with semipreparative HPLC, column
specifications: particle size S pm, inner diameter 20 mm, packing C18,
Length 100 mm. Mobile phase was A = CH;CN, B = water (gradient
elution, A = 60—90—90%, 0—5—10 min). Reactions were monitored
by LC—MS analyses with a UHPLC—MS system consisting of a
UHPLC chromatography with photodiode array detector and a triple
quadrupole mass spectrometer using a C18 column at 30 °C and flow
rate of 800 mL/min. The mobile phase was (A; 0.01 M ammonium
acetate in water) and (B; CH;CN), linearly programmed from 10 to
80% B over 2.5 min, kept for 1.5 min. The column was reequilibrated
with 10% B for 1 min. The APCI source operated at a discharge
current of S mA, a vaporizer temperature of 400 °C, and a capillary
temperature of 200 °C. High-resolution mass spectrometer based on
the orbitrap mass analyzer was equipped with Heated Electrospray
Ionization (HESI). The spectrometer was tuned to obtain a maximum
response for m/z 70—700. The source parameters were set to the
following values: HESI temperature 30 °C, spray voltage +3.5 kV, =3
kV; transfer capillary temperature 270 °C, sheath gas/aux gas
(nitrogen) flow rates 35/10. The HRMS spectra of target peaks
allowed evaluating their elemental composition with less than 3 ppm
difference between experimental and theoretically calculated value.
The 'H and "*C NMR spectra were measured in DMSO-dg, CDC, or
DMF-d, at 25 °C using 400 MHz spectrometer.

Single crystals of 8a suitable for X-ray diffraction analysis were
prepared by crystallisation from a mixture of MeOH/water (2:1). The
data were collected on a Bruker D8 QUEST diffractometer equipped
with a PHOTON 100 CMOS detector using Mo-Ka radiation (4 =
0.71073 A) at 120 K. The APEX3 software package® was used for data
collection and reduction. The molecular structure was solved by direct
methods (SHELXS) and refined by full-matrix least-squares procedure
SHELXL (version 2014/7),>" and using XShell software package.SO All
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hydrogen atoms were found in the difference Fourier maps and refined
usmg a rlgld model, with C—H = 0.95 (CH)ar, C—H = 1.00 (CH), C—

=099 A (CH,) and C—H = 098 (CH,), and with U, (H) =
1. 2U o(CH, CH,) and Uy (H) = 15U, (CH,). The molecular
structure of the compound is depicted in F1gures S$1,%* while parts
of crystal structures showing selected non-covalent interactions,
selected crystal data and structure refinement parameters, full set of
bond lengths and angles, and parameters of selected non-covalent
interactions are given in Supporting Information as Figures S2 and S3,
and Tables S1—S3.

N-((25,3R,4R,5S,6R)-4,5-Dihydroxy-6- (hydroxymethyl) -2-methox-
ytetrahydro-2H-pyran-3-yl)acetamide 2.°*?° " N-Acetyl p-glucos-
amine 1 (15.0 g, 67.8 mmol) was dissolved in dry methanol (150
mL) and ion-exchange resin Amberlite IR 120 hydrogen form (IR 120
H") (15.0 g, dried in 130 °C for 8 h) was added. The mixture was
refluxed for 10 h. Then the mixture was filtrated and the solvent was
removed under reduced pressure. The residue (13.2 g) was directly
used for the preparation of compound 3 without further purification.

N-((4aR,6S,7R,8R,8aS)-8-Hydroxy-6- metho>9/ -2-phenylhexa-
hydropyrano(3,2-d][1,3]dioxin-7-yl)acetamide 3. Pyranoside 2
(13.2 g) was dissolved in 1,4-dioxane (400 mL), then benzaldehyde
dimethyl acetal (BDA) (16.8 mL, 112.0 mmol) and TsOH-H,O
(2.142 g, 11.2 mmol) was added. The mixture was heated under
stirring at 60 °C for 5 h. After the reaction was finished, the solvent
was removed under reduced pressure and the crude product was
recrystallized from ethyl acetate (900 mL) to afford 3 in overall yield
50% (9.0 g) as a white solid. '"H NMR (400 MHz, DMSO-d,) & 1.85
(s, 3H),3.29 (s, 3H), 348 (t,] = 8.8 Hz, 1 H), 3.59 (dt, ] = 9.9, 4.9
Hz, 1 H), 3.65 (t, ] = 8.8 Hz, 1 H), 3.74 (t, ] = 9.9 Hz, 1 H), 3.80—3.87
(m, 1 H), 4.17 (dd, J = 10.1, 49 Hz, 1 H), 4.61 (d, ] = 3.6 Hz, 1 H),
5.12 (br. s, 1H), 5.61 (s, 1 H), 7.35—7.40 (m, 3 H), 7.43—7.48 (m, 2
H), 7.90 (d, ] = 8.3 Hz, 1 H); 3C NMR (101 MHz, DMSO-dy) § 22.6,
54.1,54.7, 62.5, 674, 68.0, 82.0, 98.7, 100.9, 126.4, 128.0, 128.9, 137.8,
169.5.

(4aR,65,7R,8R,8aS)-7-Amino-6 methoxy 2-phenylhexa-
hydropyrano[3,2-d][1,3]dioxin-8-ol 4.°*?° N-Acetylated sugar 3 (9.0
g, 27.9 mmol) was added to a solution of 4 M KOH (50.4 g, 900.0
mmol) in EtOH (225 mL) in one portion and mixture was refluxed for
4 h. After starting material was consumed, one-third of ethanol was
removed under reduced pressure. CH,Cl, (225 mL) was added and
the mixture was washed with water (2 X 350 mL) and brine (100 mL).
Organic layer was dried with MgSO, and concentrated under reduced
pressure. The crude product was purified on silica gel chromatography
(CHCI;/MeOH = 10/1) to give 4 in yield 84% (6.6 g) as a white
solid. '"H NMR (400 MHz, DMSO-d,) & 1.41 (br. s, 2 H), 2.52—2.56
(m, 1 H), 3.32 (s, 3 H), 3.36—3.38 (m, 1 H), 3.38—3.40 (m, 1 H),
3.5-3.64 (m, 1 H), 3.71 (t, ] = 10.1 Hz, 1 H), 4.16 (dd, ] = 9.9, 4.7 Hz,
1H),4.62 (d, ] =3.4Hz 1H), 523 (br.s, 1 H), 5.58 (s, 1 H), 7.35—
7.40 (m, 3 H), 7.42—7.48 (m, 2 H); *C NMR (101 MHz, DMSO-d;)
5 54.8, 57.1, 62.8, 682, 71.5, 81.6, 100.8, 100.9, 126.4, 128.0, 128.8,
137.9.

(4aR,6S,7R,8R,8aR)-6-Methoxy-7-(4-nitrophenylsulfonamido)-2-
phenylhexahydropyrano(3,2-d][1,3]dioxin-8-yl 4-nitrobenzenesul-
fonate 5. N-Deacylated sugar 4 (6.8 g, 24.2 mmol) was dissolved in
a mixture of CH,CL,/pyridine (320/160 mL) and the reaction flask
was cooled at 0 °C with an ice bath. Subsequently, 4-nosyl chloride (4-
NsCl) (4.2 equiv, 22.5 g, 101.6 mmol) was added and the mixture was
heated at 60 °C. After 3 days, the solvents were removed under
reduced pressure; the residue was dissolved in EtOAc (700 mL) and
washed with water (3 X 700 mL). The organic layer was washed with
brine (300 mL) and dried with MgSO,. The crude product was
purified on silica gel chromatography (CHCl;/MeOH = 100/1) to
give § in yield 77% (12.0 g) as a pale yellow solid, mp 149—151 °C.'H
NMR (400 MHz, DMSO-dg) & 3.17 (s, 3 H), 3.56—3.6 (m, 1 H),
3.62-3.69 (m, 1 H), 3.82—3.86 (m, 1 H), 3.87—3.91 (m, 1 H), 4.15
(dd,J=42,1.0Hz, 1 H), 437 (d,]J =3.6 Hz, 1 H), 4.78 (t, ] = 9.9 Hz,
1 H), 5.32 (s, 1 H), 7.10~7,16 (m, 2 H), 7.20—7.32 (m, 3 H), 7.87—
7.97 (m, 4 H), 8.09 (dt, J = 8.8, 2.6 Hz, 2 H), 8.35 (dt, ] = 8.8, 2.1 Hz,
2 H), 894 (d, J = 9.9 Hz, 1 H); 3C NMR (101 MHz, DMSO-dg) &
55.2,55.9, 62.3, 67.5, 77.9, 79.4, 99.1, 100.8, 124.0, 124.5, 126.1, 127.8,
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127.9, 128.7, 129.1, 136.6, 142.2, 147.4, 149.5, 149.6; HRMS
(Orbitrap) m/z [M — H]~ caled for C,sH,sN;0,3S, did not found;
we found m/z [M — SO,—C¢H,—NO,—H]~ calcd for C,;H,;N,0,S
465.0962, found 465.0967; [a]p?® + 18 (c 1.41, CH,CL,).

(4aR,6S,6aR,7as,7bS)-6-Methoxy-7-((4-nitrophenyl)sulfonyl)-2-
phenylhexahydro-4H-[1,3]dioxino[4',5':5,6]pyrano[3,4-bjazirine 7.
Compound § (400.0 mg, 0.62 mmol) was suspended in 2-
methoxyethanol (12 mL) and DIPEA (0.332 mL, 1.91 mmol) was
added. The mixture was heated to 60 °C and stirred for 24 h. Then the
precipitate was filtered off and washed with a small portion of 2-
methoxy ethanol. Compound 7 was obtained in 83% yield (229.0 mg)
as a yellow solid, mp 260—262 °C. 'H NMR (400 MHz, DMF-d,) §
3.37 (s, 3 H), 3.59 (dd, ] = 7.3, 2.6 Hz, 1 H), 3.75 (dd, J = 10.9, 9.3
Hz, 1 H), 3.77-3.84 (m, 1 H), 3.86 (dd, ] = 7.3, 42 Hz, 1 H), 4.08
(dd, J = 8.8,2.6 Hz, 1 H), 4.15 (dd, ] = 9.6, 44 Hz, 1 H), 5.15 (d, ] =
4.2 Hz, 1 H), 5.70 (s, 1 H), 7.24—7.42 (m, 5 H), 8.33—8.39 (m, 2 H),
8.50—8.56 (m, 2 H); 3C NMR (DMF-d,) § 40.1, 42.3, 55.3, 60.9,
68.5, 74.7, 94.2, 101.9, 124.9, 126.5, 128.2, 129.3, 129.9, 138.2, 143.9,
151.1; HRMS (Orbitrap) m/z [M + NH,]* caled for CyyH,,N;05S
466.1279, found 466.1279; [a]p> + 108 (c 0.56, CH,CL,).

General Procedure. Direct synthesis of altropyranosides 8 from $§
via in situ formed aziridine 7. The reaction was carried out at a 0.15
mmol scale unless otherwise noted. Compound 5 (0.15 mmol, 100.0
mg) was dissolved in DMSO (3 mL) and DIPEA (0.083 mL, 0.48
mmol) was added. The mixture was stirred for S min, then nucleophile
6 (2.1 equiv) was added and the mixture was heated to 60 °C. After
the reaction was finished, CH,Cl, (10 mL) and water (10 mL) was
added and the organic layer was washed with water (3 X 10 mL), brine
(10 mL), and dried with MgSO,. The crude product was purified by
silica gel chromatography using chloroform/methanol as solvents.

N-((4aR,6S5,75,8S,8aS)-7-Azido-6-methoxy-2-phenylhexa-
hydropyrano[3,2-d][1,3]dioxin-8-yl)-4-nitrobenzenesulfonamide
8a. Following the general procedure on a 0.6 mmol scale, the reaction
was heated with sodium azide 6a for 16 h to afford 8a in 72% yield
(212.0 mg) as a pale yellow solid (purification on silica gel
chromatography was not necessary), mp 190—191 °C. 'H NMR
(400 MHz, DMSO-d;) 6 3.35 (s, 3 H), 3.62 (t, ] = 10.1 Hz, 1 H), 3.81
(br.s, 1 H), 3.86 (dd, J = 9.9, 4.7 Hz, 1 H), 3.99 (dd, J = 2.6, 1.0 Hz, 1
H), 403—4.13 (m, 1 H), 4.17 (dd, ] = 9.9, 5.2 Hz, 1 H), 4.74 (s, 1 H),
5.50 (s, 1 H), 7.04—7.13 (m, 2 H), 7.17-7.30 (m, 3 H), 7.89—8.01
(m, 4 H), 8.40 (br. s, 1 H); 3*C NMR (101 MHz, DMSO-d;) & 51.8,
54.9, 582, 62.5, 68.1, 72.5, 97.9, 100.8, 123.7, 126.1, 127.6, 128.0,
128.7, 137.1, 146.8, 148.8; HRMS (Orbitrap) m/z [M + H]* calcd for
CyoHp,NOgS 492.1184, found 492.1182; [a]p® + 96 (¢ 0.67,
CH,CL,).

N-((4aR,6S,75,8S5,8aS)-7-Amino-6-methoxy-2-phenylhexa-
hydropyrano[3,2-d][1,3]dioxin-8-yl)-4-nitrobenzenesulfonamide
8b. Following the general procedure, the reaction was heated with
concentrated aqueous ammonia 6b (25% in water) for 16 h to afford
8b in 91% yield (65.0 mg) as a pale yellow solid (after purification on
silica gel chromatography, CHCl;/MeOH = 30/1), mp 132—134 °C.
'"H NMR (400 MHz, DMSO-dg) 6 1.95 (br. s, 2 H), 3.00 (d, ] = 1.6
Hz, 1 H), 3.29 (s, 3 H), 3.64 (t, ] = 9.9 Hz, 1 H), 3.67—3.73 (m, 1 H),
3.92—4.09 (m, 2 H), 4.15 (dd, J = 10.1, 49 Hz, 1 H), 445 (s, 1 H),
5.44 (s, 1 H),7.09 (dd, J = 8.3, 1.6 Hz, 2 H), 7.16—7.32 (m, 3 H), 7.95
(s, 4 H); ®C NMR (101 MHz, DMSO-dg) & 54.6, 54.6, 55.6, 58.5,
68.4,72.8, 100.8, 102.1, 123.6, 126.0, 127.5, 128.0, 128.6, 137.3, 147.4,
148.7; HRMS (Orbitrap) m/z [M + H]" caled for C,yH,,N;04S
466.1279, found 466.1280; [a]p™ + 56 (c 0.75, CH,CL,).

N-((4aR,6S,75,8S,8aS)-7-(Benzylamino)-6-methoxy-2-phenyl-
hexahydropyrano([3,2-d][1,3]dioxin-8-yl)-4-nitrobenzenesulfona-
mide 8c. Following the general procedure on a 0.3 mmol scale, the
reaction was heated with benzylamine 6c for 24 h to afford 8c in 59%
yield (100.0 mg) as a pale yellow solid (after purification on silica gel
chromatography, CHCl;/MeOH = 100/1), mp 175-177 °C. 'H
NMR (400 MHz, DMSO-dy) 6 2.56 (q, J = 6.1 Hz, 1 H,),2.73 (d,] =
4.2 Hz, 1 H), 3.26 (s, 3 H), 3.64 (t, ] = 10.1 Hz, 1 H), 3.76 (qd, ] =
14.4, 5.7 Hz, 2 H), 3.89 (br. s, 1 H), 3.97—4.05 (m, 1 H), 4.08 (dd, J =
9.9, 4.7 Hz, 1 H), 4.16 (dd, ] = 10.1, 4.9 Hz, 1 H), 4.59 (s, 1 H), 5.47
(s, 1 H), 7.09-7.15 (m, 2 H), 7.19-7.28 (m, 3 H), 7.28—7.36 (m, 5
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H), 7.86 (br. s, 1 H), 7.90—7.96 (m, 4 H); *C NMR (101 MHz,
DMSO-d,) & 50.7, 51.6, 54.5, 58.5, 60.5, 68.4, 732, 100.1, 100.9,
123.6, 126.1, 126.7, 127.6, 128.0, 128.1, 128.6, 137.4, 140.3, 140.3,
147.4, 148.7; HRMS (Orbitrap) m/z [M + H]* caled for
C,,H;oN;04S 556.1748, found 556.1750; [a]p™ + 47 (¢ 0.4, CH,CL,).
N-((4aR,6S,75,8S,8aS)-6-Methoxy-7-(methylamino)-2-phenyl-
hexahydropyrano[3,2-d][1,3]dioxin-8-yl)-4-nitrobenzenesulfona-
mide 8d. Following the general procedure, the reaction was heated
with methylamine 6d for 24 h to afford 8d in 55% yield (41.0 mg) as a
pale yellow solid (after purification on silica gel chromatography,
CHCl,/MeOH = 50/1), mp 187—189 °C. 'H NMR (400 MHz,
DMSO-dg) § 1.23 (br. s, 1 H), 2.32 (s, 3 H), 2.65 (d, ] = 2.1 Hz, 1 H),
3.30 (s, 3 H), 3.60 (t, ] = 9.6 Hz, 1 H), 3.82 (br. s, 1 H), 3.92—4.06
(m, 2 H), 4.14 (dd, J = 10.1, 4.4 Hz, 1 H), 4.57 (s, 1 H), 5.43 (s, 1 H),
7.04—7.14 (m, 2 H), 7.16—7.29 (m, 3 H), 7.89 (br. d, ] = 7.8 Hz, 1 H),
7.94—7.98 (m, 4 H); °C NMR (101 MHz, DMSO-d;) & 34.6, 51.1,
54.6, 58.5, 64.1, 68.4, 73.2, 99.8, 100.9, 123.7, 126.1, 127.6, 128.0,
128.6, 137.3, 147.3, 148.7; '"H NMR (400 MHz, CDCl,) & 2.58 (s, 3
H) 3.06 (d,J = 2.1 Hz, 1 H), 3.48 (s, 3 H), 3.73 (t, ] = 10.4 Hz, 1 H),
3.87 (td, ] =9.9,4.7 Hz, 1 H), 3.94 (dd, ] = 9.9, 42 Hz, 1 H), 4.11 (m,
1 H), 4.26 (dd, J = 10.4, 4.7 Hz, 1 H), 472 (s, 1 H), 5.43 (s, 1 H), 6.05
(d, J=9.3 Hz, 1 H), 7.12 (m, 2 H), 7.25 (m, 2 H), 7.33 (m, 1 H), 7.79
(m, 2 H), 7.89 (m, 2 H); *C NMR (101 MHz, CDCL,) § 34.7, 55.9,
59.6, 63.0, 68.9, 74.1, 77.2, 100.8, 101.8, 123.5, 125.8, 128.0, 1282,
129.3, 136.6, 146.6, 149.3; HRMS (Orbitrap) m/z [M + H]* calcd for
C, H,N;O¢S 480.1435, found 480.1436; [a]p® + 70 (c 0.69,
CH,CL).
N-((4aR,6S,75,8S,8aS)-6-Methoxy-7-(pentylamino)-2-phenyl-
hexahydropyrano[3,2-d][1,3]dioxin-8-yl)-4-nitrobenzenesulfona-
mide 8e. Following the general procedure, the reaction was heated
with pentylamine e for 24 h to afford 8e in 79% yield (65.0 mg) as an
amorphous yellow solid (after purification on silica gel chromatog-
raphy, CHClL;/MeOH = 80/1). '"H NMR (400 MHz, DMSO-dy) &
0.87 (t, J = 6.7 Hz, 3 H), 1.20—1.33 (m, 5 H), 1.33—1.42 (m, 2 H),
1.88 (br. s, 1 H), 2.53—2.59 (m, 1 H), 2.73 (br. s, 1 H), 3.30 (s, 3 H),
3.62 (t,J=9.6 Hz, 1 H), 3.78 (br. d, ] = 8.3 Hz, 1 H), 3.95—4.03 (m, 2
H), 4.14 (dd, ] = 9.3, 3.6 Hz, 1 H), 4.57 (s, 1 H), 5.45 (s, 1 H), 7.06—
7.15 (m, 2 H), 7.18—7.29 (m, 3 H), 7.89 (d, ] = 9.3 Hz, 1 H), 7.96 (s,
4 H); BC NMR (101 MHz, DMSO-dy) § 14.0, 22.1, 28.9, 29.2, 47.7,
51.7, 54.5, 58.4, 62.0, 68.4, 73.1, 100.2, 100.8, 123.6, 126.1, 127.6,
128.0, 128.6, 137.3, 147.3, 148.7; HRMS (Orbitrap) m/z [M + H]*
caled for CpsH3,N304S 536.2061, found 536.2064; [a]p® + 59 (c 0.73,
CH,CL).
N-((4aR,6S,7S,85,8aS)-7-(Cyclohexylamino)-6-methoxy-2-
phenylhexahydropyrano(3,2-d][1,3]dioxin-8-yl)-4-nitrobenzenesul-
fonamide 8f. Following the general procedure, the reaction was
heated with cyclohexylamine 6f for 16 h to afford 8f in 68% yield (57.0
mg) as a pale yellow solid (after purification on silica gel
chromatography, CHCl;/MeOH = 80/1), mp 176—178 °C. 'H
NMR (400 MHz, DMSO-d;) 6 0.87—1.04 (m, 2 H), 1.06—1.24 (m, 3
H), 1.49-1.59 (m, 1 H), 1.60—1.69 (m, 3 H), 1.69—1.82 (m, 2 H),
2.35—2.46 (m, 1 H), 2.84 (d, ] = 2.6 Hz, 1 H), 3.29 (s, 3 H), 3.64 (t, ]
=9.6 Hz, 1 H), 3.67—3.72 (m, 1 H), 3.92—4.05 (m, 2 H), 4.14 (dd, ] =
9.9, 4.2 Hz, 1 H), 452 (s, 1 H), 547 (s, 1 H), 7.05-7.18 (m, 2 H),
7.18—7.31 (m, 3 H), 7.89 (br. d, ] = 8.3 Hz, 1 H), 7.93—8.01 (m, 4 H);
BC NMR (101 MHz, DMSO-dg) 6 24.3, 25.7, 29.7, 32.5, 33.2, 52.6,
54.4, 54.5, 58.4, 58.4, 68.3, 73.1, 100.8, 101.0, 123.7, 126.1, 127.6,
128.1, 128.6, 137.4, 147.3, 148.7; HRMS (Orbitrap) m/z [M + H]*
caled for CpH3,N;04S 548.2061, found 548.2065; [alp> + 57 (c 0.4,
CH,CL).
N-((4aR,6S,75,8S,8aS)-7-((2-Hydroxyethyl)amino)-6-methoxy-2-
phenylhexahydropyrano(3,2-d][1,3]dioxin-8-yl)-4-nitrobenzenesul-
fonamide 8g. Following the general procedure on a 0.6 mmol scale,
the reaction was heated with 2-aminoethanol 6g for 16 h to afford 8g
in 87% yield (272.0 mg) as a pale yellow solid (after purification on
silica gel chromatography, CHCl;/MeOH = 30/1), mp 203—204 °C.
'"H NMR (400 MHz, DMSO-d) 6 1.93 (br. 5., 1 H), 2.57—2.72 (m, 2
H), 2.78 (d, ] = 1.6 Hz, 1 H), 3.30 (s, 3 H), 3.39—3.47 (m, 2 H), 3.62
(t, J =99 Hz, 1 H), 3.75-3.84 (m, 1 H), 3.92—4.07 (m, 2 H), 4.15
(dd, J = 10.1, 49 Hz, 1 H), 4.52 (t, ] = 5.2 Hz, 1 H), 4.59 (s, 1 H),
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5.45 (s, 1 H), 7.10 (dd, ] = 8.0, 1.3 Hz, 2 H), 7.15—7.31 (m, 3 H), 7.92
(s, 1 H), 7.94—7.97 (m, 4 H); *C NMR (101 MHz, DMSO-dy) 6
50.2, 51.8, 54.6, 58.4, 60.4, 62.1, 68.4, 73.2, 100.3, 100.8, 123.6, 126.1,
127.5, 128.0, 128.6, 137.3, 147.3, 148.7; HRMS (Orbitrap) m/z [M +
H]* caled for Cy,HygN30,S 510.1541, found 510.1543; [a]p® + 56 (¢
0.62, CH,CL,).
N-((4aR,6S,75,8S,8aS)-7-((3-Hydroxypropyl)Jamino)-6-methoxy-2-
phenylhexahydropyrano[3,2-d][1,3]dioxin-8-yl)-4-nitrobenzenesul-
fonamide 8h. Following the general procedure on a 0.6 mmol scale,
the reaction was heated with 3-aminopropanol 6h for 16 h affording
8h in 59% yield (188.0 mg) as a pale yellow solid (after purification on
silica gel chromatography, CHCl;/MeOH = 40/1), mp 171-173 °C.
"H NMR (400 MHz, DMSO-d;) & 1.54 (quin, J = 6.6 Hz, 2 H), 1.84—
1.98 (m, 1 H), 2.53—2.70 (m, 2 H), 2.74 (br. s, 1 H), 3.30 (s, 3 H),
3.45(dd, J=6.2,4.7 Hz, 2 H), 3.62 (t, ] = 9.6 Hz, 1 H), 3.75—3.84 (m,
1 H), 3.93—4.06 (m, 2 H), 4.15 (dd, ] = 9.6, 44 Hz, 1 H), 441 (t, ] =
49 Hz, 1 H), 457 (s, 1 H), 545 (s, 1 H), 7.10 (dd, J = 8.0, 1.3 Hz, 2
H), 7.17-7.28 (m, 3 H), 7.89 (d, ] = 8.8 Hz, 1 H), 7.96 (s, 4 H); °C
NMR (101 MHz, DMSO-d,) & 33.3, 45.6, 52.2, 55.1, 58.9, 59.6, 62.7,
68.9,73.7,100.8, 101.4, 124.2, 126.6, 128.1, 128.5, 129.1, 137.9, 147.9,
149.3; HRMS (Orbitrap) m/z [M + H]" caled for C,3H;(N;0,S
524.1697, found 524.1699; [a]p> + 60 (¢ 0.59, CH,CL).
N-(8-((2-(2-Hydroxyethoxy)ethyl)amino)-6-methoxy-2-phenyl-
hexahydropyrano(3,2-dj[1,3]dioxin-7-yl)-4-nitrobenzenesulfona-
mide 8i. Following the general procedure, the reaction was heated
with aminoalcohol 6i for 24 h to afford 8i in 80% yield (68.0 mg) as a
pale yellow solid (after purification on silica gel chromatography,
CHCl;/MeOH = 20/1), mp 68—70 °C. '"H NMR (400 MHz, DMSO-
ds) d ppm 1.98 (br. s, 1 H), 2.74 (d, ] = 4.7 Hz, 2 H), 2.79 (br. s,, 1
H), 3.30 (s, 3H), 343 (m, 4 H), 3.50 (q, ] = 52 Hz,2 H), 3.62 (t, ] =
9.9 Hz, 1 H), 3.80 (m, 1 H), 4.00 (m, 2 H), 4.15 (dd, J = 10.1, 4.4 Hz,
1H), 4.57 (t,] = 52 Hz, 1 H), 4.59 (s, 1 H), 5.46 (s, 1 H), 7.10 (m, 2
H), 7.24 (m, 3 H), 7.90 (d, ] = 9.3 Hz, 1 H), 7.96 (s, 4 H); *C NMR
(101 MHz, DMSO-ds) d ppm 47.2, 51.8, 54.5, 58.4, 60.2, 62.1, 68.3,
69.8, 72.1, 73.1, 100.2, 100.8, 123.6, 126.1, 127.5, 128.0, 128.5, 137.3,
147.3, 148.7; HRMS (Orbitrap) m/z [M + H]* caled for
C,H;,N;0,0S 554.1803, found 554.1806; [alp™ + SO (c 0.56,
CH,CL).
N-((4aR,6S,75,8S,8aS)-7-(((S)-1-Hydroxypropan-2-yl)Jamino)-6-
methoxy-2-phenylhexahydropyrano[3,2-dj[1,3]dioxin-8-yl)-4-nitro-
benzenesulfonamide 8j. Following the general procedure, the
reaction was heated with S-alaninol 6j for 48 h to afford 8j in 51%
yield (41.3 mg) as a pale yellow solid (after purification on silica gel
chromatography, CHCl;/MeOH = 40/1), mp 195—197 °C. 'H NMR
(400 MHz, DMSO-dg) 8 091 (d, J = 6.2 Hz, 3 H), 1.73—1.81 (m, 1
H), 2.69—2.78 (m, 1 H), 2.91 (br. d, J = 6.2 Hz, 1 H), 3.19—-3.27 (m, 2
H), 3.31 (s, 3 H), 3.62 (t, ] = 10.1 Hz, 1 H), 3.77 (br. s, 1 H), 3.88—
3.95 (m, 1 H), 3.99-4.07 (m, 1 H), 4.15 (dd, J = 10.1, 49 Hz, 1 H),
4.54 (s, 1 H), 4.60 (t, ] = 5.7 Hz, 1 H), 545 (s, 1 H), 7.09=7.15 (m, 2
H), 7.19—7.30 (m, 3 H), 7.94—7.95 (m, 1 H), 7.96 (s, 4 H); *C NMR
(101 MHz, DMSO-dg) 6 16.9, 51.2, 52.3, 54.5, 58.4, 58.6, 65.6, 68.4,
73.1, 1009, 101.5, 123.6, 126.1, 127.6, 128.0, 128.6, 137.3, 147.3,
148.7; HRMS (Orbitrap) m/z [M + H]" caled for C,3;H;(N;0,S
524.1697, found 524.1700; [a]p® + 79 (c 0.55, CH,CL,).
N-((4aR,6S,75,8S,8aS)-7-(((4aS,6R,7S,8S,8aR)-8-Hydroxy-6-me-
thoxy-2-phenylhexahydropyrano(3,2-d][1,3]dioxin-7-yl)amino)-6-
methoxy-2-phenylhexahydropyrano(3,2-d][1,3]dioxin-8-yl)-4-nitro-
benzenesulfonamide 8k. Following the general procedure on a 0.6
mmol scale, the reaction was heated with glucosamine 6k for 72 h to
afford 8k in 47% yield (212.0 mg) as a pale yellow solid (after
purification on silica gel chromatography, CHClL,/MeOH = 80/1), mp
130—132 °C. 'H NMR (400 MHz, DMSO-dg) 6 1.77 (t, ] = 6.7 Hz, 1
H), 2.56—2.64 (m, 1 H), 2.98 (dd, ] = 6.0, 2.3 Hz, 1 H), 3.32 (s, 3 H),
3.33 (s, 3H), 3.44—3.52 (m, 2 H), 3.53—3.68 (m, 2 H), 3.74 (t, ] = 9.9
Hz, 1 H), 3.95 (br. s, 1 H), 3.97—4.10 (m, 2 H), 4.12—4.22 (m, 2 H),
4.59 (s, 1 H),4.73 (d,J = 3.6 Hz, 1 H), 5.28 (d, J = 4.7 Hz, 1 H), 5.44
(s, 1 H), 5.63 (s, 1 H), 7.07-7.13 (m, 2 H), 7.18—7.27 (m, 3 H),
7.35—7.40 (m, 3 H), 7.43—7.48 (m, 2 H), 7.83 (br. s, 1 H), 7.99 (s, 4
H); °C NMR (101 MHz, DMSO-dy) 6 51.6, 54.6, 54.9, 58.5, 59.6,
61.3, 62.4, 68.1, 68.4, 68.6, 73.0, 79.2, 81.7, 98.9, 100.8, 100.9, 101.2,
123.6, 126.1, 126.4, 127.5, 128.0, 128.6, 128.8, 137.4, 137.8, 147.4,
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148.7; HRMS (Orbitrap) m/z [M + H]" caled for C3H,N;0,5S
7302276, found 730.2276; [a]p® + 83 (c 0.79, CH,CL,).
N-((4aR,6S,75,8S,8aS)-7-Hydrazinyl-6-methoxy-2-phenylhexa-
hydropyrano(3,2-d][1,3]dioxin-8-yl)-4-nitrobenzenesulfonamide 8l.
Following the general procedure, the reaction was heated with
hydrazine hydrate 6l for 24 h to afford 81 in 68% yield (50.0 mg) as a
pale yellow solid (after purification on silica gel chromatography,
CHCl;/MeOH = 40/1), mp 168—170 °C. 'H NMR (400 MHz,
DMSO-dg) 6 2.81 (d, J = 2.1 Hz, 1 H), 3.30 (s, 3 H), 3.59 (t, ] = 9.9
Hz, 1 H), 3.90 (dd, ] = 4.7 Hz, 2 H), 3.96—4.04 (m, 1 H), 4.05—4.11
(m, 1 H), 4.14 (dd, J = 10.1, 4.9 Hz, 1 H), 4.66 (s, 1 H), 5.43 (s, 1 H),
7.00—7.15 (m, 2 H), 7.16—7.29 (m, 3 H), 7.74 (br. s, 1 H), 7.96 (s, 4
H); °C NMR (101 MHz, DMSO-dy) 6 50.8, 55.2, 59.0, 67.0, 69.0,
74.0,99.0, 101.3, 124.1, 126.6, 128.1, 128.5, 129.1, 137.9, 148.0, 149.2;
HRMS (Orbitrap) m/z [M + H]" caled for C,0H,sN,O4S 481.1388,
found 481.1389; [a]p® + 65 (¢ 0.72, CH,CL,).
N-((4aR,6S,75,8S,8aS)-7-((2-Aminoethyl)amino)-6-methoxy-2-
phenylhexahydropyrano(3,2-dj[1,3]dioxin-8-yl)-4-nitrobenzenesul-
fonamide 8m. Following the general procedure except using
semipreparative HPLC for purification, the reaction was heated with
ethylene diamine 6m for 24 h to afford 8m in 47% yield (37.0 mg) as a
pale yellow solid, mp 152—154 °C. 'H NMR (400 MHz, DMSO-d;) &
2.59—2.74 (m, 4 H), 2.75 (d, ] = 1.6 Hz, 1 H), 3.30 (s, 3 H), 3.62 (t, ]
=99 Hz, 1 H), 3.80 (br. s, 1 H), 3.96—4.06 (m, 2 H), 4.12—4.19 (m,
1 H), 4.59 (s, 1 H), 5.44 (s, 1 H), 7.02—7.17 (m, 2 H), 7.18—7.31 (m,
3 H), 7.96 (s, 4 H); *C NMR (101 MHz, DMSO-d,) § 40.6, 48.9,
52.1, 55.1, 589, 62.5, 68.9, 73.6, 100.9, 101.4, 1242, 126.6, 128.1,
128.5, 129.1, 137.9, 147.9, 149.2; HRMS (Orbitrap) m/z [M + H]*
caled for Cp,H,oN,OgS 509.1701, found 509.1703; [a]p® + 59 (¢ 0.58,
CH,CL).
N-((4aR,6S,75,8S,8aS)-6-Methoxy-2-phenyl-7-(piperidin-1-yl)-
hexahydropyrano[3,2-d][1,3]dioxin-8-yl)-4-nitrobenzenesulfona-
mide 8n. Following the general procedure, the reaction was heated
with piperidine 6n for 24 h to afford 8n in 73% yield (60.0 mg) as a
pale yellow solid (purification on silica gel chromatography was not
necessary), mp 188—190 °C. 'H NMR (400 MHz, DMSO-d;)
1.34—1.44 (m, 2 H), 1.44—1.54 (m, 4 H), 2.44—2.49 (m, 2 H), 2.62—
2.69 (m, 2 H),2.70 (d, ] = 1.0 Hz, 1 H), 3.30 (s, 3 H), 3.59 (t, J = 10.1
Hz, 1 H), 3.78—3.90 (m, 2 H), 3.95—4.07 (m, 1 H), 4.16 (dd, ] = 9.9,
52 Hz, 1 H), 474 (s, 1 H), 549 (s, 1 H), 7.12 (dd, ] = 8.0, 1.3 Hz, 2
H), 7.17—7.31 (m, 3 H), 7.93 (d, ] = 2.1 Hz, 4 H), 8.07 (br. s,, 1 H);
BC NMR (101 MHz, DMSO-dg) § 23.9, 26.2, 49.6, 51.2, 54.4, 57.7,
68.5, 69.0, 74.3, 99.7, 100.9, 123.6, 126.2, 127.6, 128.0, 128.6, 137.4,
147.2, 148.7; HRMS (Orbitrap) m/z [M + H]* caled for
C,sH3,N;04S  534.1905, found 534.1906; [alp® + 72 (¢ 0.81,
CH,CL).
N-((4aR,6S,75,8S,8aS)-6-Methoxy-7-morpholino-2-phenylhexa-
hydropyrano[3,2-d][1,3]dioxin-8-yl)-4-nitrobenzenesulfonamide
80. Following the general procedure, the reaction was heated with
morpholine 60 for 24 h to afford 8o in 69% yield (57.0 mg) as a pale
yellow solid (after purification on silica gel chromatography, CHCl,/
MeOH = 60/1), mp 203—205 °C. '"H NMR (400 MHz, DMSO-d,) &
2.49-2.53 (m, 2 H), 2.56—2.66 (m, 3 H), 3.27 (s, 3 H), 3.50—3.60
(m, 5§ H), 3.76—3.83 (m, 1 H), 3.83—3.91 (m, 1 H), 3.92—4.03 (m, 1
H), 4.12 (dd, ] = 9.9, 5.2 Hz, 1 H), 4.77 (s, 1 H), 5.46 (s, 1 H), 7.02—
7.11 (m, 2 H), 7.13—7.26 (m, 3 H), 7.84—7.96 (m, 4 H), 8.02 (d,] =
7.8 Hz, 1 H); C NMR (101 MHz, DMSO-d) 6 50.1, 50.7, 54.5,
57.9, 66.6, 682, 68.4, 73.9, 98.4, 100.8, 123.6, 1262, 127.6, 128.0,
128.6, 137.3, 147.2, 148.7; HRMS (Orbitrap) m/z [M + H]* calcd for
CyH3 N0, 536.1697, found 536.1699; [alp® + 71 (¢ 0.77,
CH,CL).
N-((4aR,6S,75,8S,8aS)-7-((R)-2-(Hydroxymethyl)pyrrolidin-1-yl)-6-
methoxy-2-phenylhexahydropyrano(3,2-dj[1,3]dioxin-8-yl)-4-nitro-
benzenesulfonamide 8p. Following the general procedure on a 0.6
mmol scale, the reaction was heated with (R)-pyrrolidin-2-ylmethanol
6p for 16 h to afford 8p in 68% yield (230.0 mg) as a pale yellow
solid(after purification on silica gel chromatography, CHCl,/MeOH =
50/1), mp 106—108 °C. 'H NMR (400 MHz, DMSO-d;) § 1.56—1.81
(m, 4 H), 2.52—2.58 (m, 1 H), 2.83—2.95 (m, 2 H), 2.96—3.11 (m, 2
H), 3.21-3.31 (m, 1 H), 3.33 (s, 3 H), 3.61 (t, J = 10.1 Hz, 1 H),
3.86—4.05 (m, 3 H), 4.16 (dd, J = 10.1, 49 Hz, 1 H), 4.35 (t, ] = 54
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Hz, 1 H), 4.76 (s, 1 H), 5.50 (s, 1 H), 7.08 (dd, ] = 8.0, 1.3 Hz, 2 H),
7.15—7.28 (m, 3 H), 7.88 (d, J = 8.8 Hz, 1 H), 7.95 (s, 4 H); *C
NMR (101 MHz, DMSO-d,) § 23.8, 28.1, 51.3, 52.4, 55.2, 58.7, 61.9,
642, 67.1, 69.0, 74.0, 100.7, 101.4, 1242, 126.7, 128.1, 128.5, 129.1,
137.9, 147.9, 149.2; HRMS (Orbitrap) m/z [M + H]" caled for
C,sH;,N;0,S  550.1854, found 550.1853; [alp® + 43 (¢ 0.69,
CH,CL,).
N-((4aR,6S,75,8S,8aS)-7-((S)-2-(Hydroxymethyl)pyrrolidin-1-yl)-6-
methoxy-2-phenylhexahydropyrano(3,2-dj[1,3]dioxin-8-yl)-4-nitro-
benzenesulfonamide 8q. Following the general procedure on a 0.6
mmol scale, the reaction was heated with (S)-pyrrolidin-2-ylmethanol
6q for 16 h to afford 8q in 56% yield (186.0 mg) as a pale yellow solid
(after purification on silica gel chromatography, CHCl;/MeOH = 50/
1), mp 67—69 °C. "H NMR (400 MHz, DMSO-dy) & 1.58—1.74 (m, 4
H), 2.56—2.65 (m, 1 H), 2.83—2.95 (m, 3 H), 3.07-3.17 (m, 1 H),
3.31 (s, 3 H), 3.32—3.37 (m, 1 H), 3.63 (t, ] = 9.6 Hz, 1 H), 3.85 (br.
d, J=8.8 Hz, 1 H), 3.91-4.06 (m, 2 H), 4.15 (dd, J = 10.1, 44 Hz, 1
H),4.57 (t,J= 52 Hz, 1 H), 4.82 (s, 1 H), 549 (s, 1 H), 7.09 (dd, ] =
8.0, 1.8 Hz, 2 H), 7.16—7.30 (m, 3 H), 7.95 (br. s., 1 H), 7.96 (s, 4 H);
13C NMR (101 MHz, DMSO-dg) § 23.6, 27.4, 50.9, 53.7, 54.6, 58.0,
642, 642, 662, 684, 73.4, 98.4, 100.8, 123.6, 126.1, 127.5, 128.0,
128.6, 137.4, 147.2, 148.7; HRMS (Orbitrap) m/z [M + H]* calcd for
CysH3,N;0,S  550.1854, found 550.1856; [a]p® + 49 (c 0.61,
CH,CL).
2-(((4aR,6S,75,8S,8aS)-6-Methoxy-8-(4-nitrophenylsulfonamido)-
2-phenylhexahydropyrano(3,2-d][1,3]dioxin-7-yl)Jamino)benzoic
acid 8r. Following the general procedure on a 0.6 mmol scale, the
reaction was heated with anthranilic acid 6r for 24 h to afford 8r in
56% yield (200.0 mg) as a yellow solid (after purification on silica gel
chromatography, CHCl;/MeOH = 100/1), mp 119—121 °C. 'H
NMR (400 MHz, DMSO-dg) 6 3.37 (s, 3 H), 3.71 (t, ] = 9.6 Hz, 1 H),
3.93 (m, 1 H), 4.06 (dd, J = 9.7, 4.8 Hz, 1 H), 420 (m, 2 H), 4.71 (s, 1
H), 5.00 (dd, J = 2.6, 1.0 Hz, 1 H), 5.59 (s, 1 H), 6.56 (ddd, J = 8.0,
7.0, 1.0 Hz, 1 H), 6.72 (br. s, 2 H), 6.80 (dd, J = 8.6, 0.8 Hz, 1 H), 7.13
(m, 2 H), 7.26 (m, 4 H), 7.80 (dd, J = 8.0, 1.6 Hz, 1 H), 7.96 (dt, ] =
9.6, 2.3 Hz, 4 H), 842 (d, ] = 8.8 Hz, 1 H); *C NMR (101 MHz,
DMSO-d,) & 514, 549, 582, 68.2, 714, 73.1, 97.9, 100.8, 107.5,
114.8, 116.6, 123.6, 1262, 127.6, 1282, 128.7, 131.0, 1347, 137.2,
146.8, 148.8, 151.9, 165.6; HRMS (Orbitrap) m/z [M + H]* calcd for
CyH,N,0,0S 586.1490, found $86.1491; [alp™ + 56 (c 1.08,
CH,CL,).
N-((4aR,6S,75,8S,8aS)-7-(2-Benzoylhydrazinyl)-6-methoxy-2-
phenylhexahydropyrano(3,2-d][1,3]dioxin-8-yl)-4-nitrobenzenesul-
fonamide 8s. Following the general procedure, the reaction was
heated with benzohydrazide 6s for 72 h to afford 8s in 38% yield (34.0
mg) as an amorphous yellow solid (after purification on silica gel
chromatography, CHCl;/MeOH = 70/ 1). '"H NMR (400 MHz,
DMSO-dg) 6 3.20 (t, ] = 2.3 Hz, 1 H), 3.31-3.32 (s, 3H), 3.67 (t, ] =
9.9 Hz, 1 H), 4.01—4.16 (m, 3 H), 420 (dd, J = 10.1, 49 Hz, 1 H),
474 (s, 1 H), 5.44 (dd, J = 54, 3.4 Hz, 1 H), 5.52 (s, 1 H), 7.16 (dd, J
=78, 1.6 Hz, 2 H), 7.21-7.32 (m, 3 H), 7.45—7.61 (m, 3 H), 7.79—
7.86 (m, 2 H), 7.90~7.93 (m, 5 H), 10.12 (d, J = 5.7 Hz, 1 H); °C
NMR (101 MHz, DMSO-d;) & 50.3, 54.6, $8.5, 63.3, 68.4, 73.2, 98.4,
100.9, 123.6, 126.1, 127.2, 127.6, 127.9, 1284, 128.6, 131.5, 133.1,
137.4, 147.3, 148.7, 166.3; HRMS (Orbitrap) m/z [M + H]" calcd for
CyHoN,0,S 585.1650, found $85.1651; [alp® + S5 (c 0.79,
CH,CL).
N-((4aR,6S,75,8S,8aS)-7-Azido-6-methoxy-2-phenylhexahydro-
pyrano[3,2-d][1,3]dioxin-8-yl)-4-nitro-N-(prop-2-yn-1-yl)-
benzenesulfonamide 9. To a solution of triphenylphosphine (TPP)
(0.40 mmol, 104 mg) and DIAD (0.40 mmol, 79 L) in dry dioxane
(4 mL) compound 8a (0.20 mmol, 100 mg) was added. After S min,
propargyl alcohol (0.40 mmol, 24 L) was added in one portion. The
reaction mixture was stirred at room temperature for 18 h, then the
solvent was removed under reduced pressure and the residue was
purified by silica gel chromatography using CHCl;/MeOH (50/1) as a
mobile phase to afford 9 in 74% yield (80 mg) as a yellow solid, mp
99—102 °C. 'H NMR (400 MHz, DMSO-ds) 6 336 (t, ] = 2.3 Hz, 1
H), 3.43 (s, 3 H), 3.49 (m, 1 H), 3.86 (t, ] = 9.9 Hz, 1 H), 4.16 (m, 3
H), 432 (dd, J = 19.2, 2.1 Hz, 1 H), 442 (dd, ] = 104, 6.7 Hz, 1 H),
451 (t,J=9.9Hz, 1 H), 477 (d, ] = 6.7 Hz, 1 H), 5.15 (s, 1 H), 6.99
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(d,]=7.3Hz 2 H),7.18 (t, ] = 7.5 Hz, 2 H), 7.26 (m, 1 H), 7.97 (m,
4 H); ¥C NMR (101 MHz, DMSO-d;) § 54.2, 55.3, 60.0, 62.7, 66.3,
68.8, 73.7, 74.8, 80.5, 100.9, 101.2, 123.7, 125.9, 127.7, 128.6, 128.8,
136.6, 144.5, 149.0; HRMS (Orbitrap) m/z [M + H]* caled for
C,3H,,NO4S 530.1340, found 530.1341; [a]p2 + 1 (c 1.85, CH,CL,).

(4aS,5S,6aR,10as, 10bS)-5-Methoxy-11-((4-nitrophenyl)sulfonyl)-
9-phenyl-4a,5,6a,7,10a,10b,11,12-octahydro-[1,3]dioxino[4',5':5,6]-
pyrano[4,3-e][1,2,3]triazolo[1,5-a]pyrazine 10. Method A: Azide 9
(0.08 mmol, 40 mg) was dissolved in 1 mL of DMF and 0.3 mL of
water. Then a freshly prepared aqueous solution of sodium ascorbate
(NaAsc.) (1 M in water, 16 yL) and CuSO,.5H,0 (0.1 M, 16 uL) was
added and the reaction mixture was heated under stirring at 60 °C for
14 days. Caution: Sodium ascorbate must be properly stored and its
solution freshly prepared. When the reaction was completed, water (S
mL) was added and the mixture was extracted with chloroform (3 X 5
mL). Collected organic layers were dried with brine and MgSO,,
evaporated under reduced pressure, and the residue was purified by
silica gel chromatography using chloroform as a mobile phase to afford
10 in 90% yield (36 mg) as a yellow solid, mp 89—91 °C. Method B:
The reaction was carried out at 80 °C for 3 days in 20 mg scale.
Isolation process followed Method A and afforded 10 in 70% yield (14
mg) as a yellow solid. '"H NMR (400 MHz, DMSO-dy) 6 3.51 (s, 3 H,
OCH,;), 395 (t, ] = 9.6 Hz, 1 H, HC6,), 402—4.11 (m, 2 H,
HC3+HCS), 4.16 (t, ] = 8.9 Hz, 1 H, HC4), 4.38 (dd, ] = 9.3, 3.9 Hz,
1 H, HC6,,), 4.52 (d, ] = 16.6 Hz, 1 H, CH,~piperazine), 5.05 (d, ] =
16.6 Hz, 1 H, CH,—piperazine), 5.24 (dd, ] = 12.2, 7.3 Hz, 1 H, HC2),
5.60 (d, J = 7.3 Hz, 1 H, HC1), 5.72 (s, 1 H, CH-Ph), 7.34 (s, 1 H,
CH-triazole), 7.36—7.41 (m, 3 H, Ph), 7.41-7.47 (m, 2H, Ph), 8.05
(d,J=9.1 Hz, 2 H, Ns), 8.11 (d, ] = 9.1 Hz, 2H, Ns); 3C NMR (101
MHz, DMSO-d,) 6 40.3, 54.3, 56.0, 56.0, 65.7, 69.5, 76.8, 99.9, 102.3,
1247, 126.8, 128.5, 129.4, 129.5, 129.6, 133.0, 137.8, 143.1, 150.3;
HRMS (Orbitrap) m/z [M + H]* caled for C,3H,,NOgS 530.1340,
found 530.1341; [a]p*® —60 (c 0.6, CH,CL,).

((2R)-1-((4aR,6S,75,8S,8aS)-8-Amino-6-methoxy-2-phenylhexa-
hydropyrano(3,2-d][1,3]dioxin-7-yl)pyrrolidin-2-yl)methanol 11.
Sugar derivate 8p (0.09 mmol, S0 mg) was dissolved in acetonitrile
(2 mL), then K,COj; (0.36 mmol, 50 mg) and thiophenol (0.27 mmol,
28 uL) was added. The suspension was heated at 50 °C for 2 days and
the solvent was evaporated. The residue was dissolved in CHCl; (15
mL). The organic layer was washed with water (3 X 15 mL) and brine
(1S mL), dried with MgSO,, and concentrated under reduced
pressure. The purification on silica gel chromatography afforded 11 in
75% yield (25 mg) as a yellow solid, mp 52—54 °C. '"H NMR (400
MHz, DMSO-dg) & 7.50—7.43 (m, 2 H), 7.40—7.33 (m, 3 H), 7.29—
7.12 (m, 1 H), 5.73 (s, 1 H), 473 (s, 1 H), 440 (br. s, 1 H), 4.22 (dd,
J=4.7,99 Hz, 1 H), 400-3.82 (m, 2 H), 3.74 (t, ] = 9.6 Hz, 1 H),
3.31 (s, 3H), 3.29 (br.s, 2 H), 3.05 (t, ] = 8.3 Hz, 1 H), 2.94 (t, ] =
6.7 Hz, 1 H), 2.88—2.79 (m, 2 H), 1.87 (br. s.,, 2 H), 1.76—1.53 (m, 4
H); *C NMR (101 MHz, DMSO-dy) § = 128.8, 128.0, 126.4, 119.5,
101.3, 100.8, 76.7, 68.5, 65.6, 64.0, 61.8, 57.2, 54.7, 51.7, 48.3, 27.6,
23.3; HRMS (Orbitrap) m/z [M + H]" caled for C;4H,N,O;
365.2071, found 365.2071; [a]p*® + 40 (c 0.77, CH,CL,).

B ASSOCIATED CONTENT

© Supporting Information

The Supporting Information is available free of charge on the

ACS Publications website at DOI: 10.1021/acs.joc.6b01942.
Crystal data, structure refinement, selected bond lengths,
and non-covalent contacts for 8a, 'H and *C NMR
spectra for all compounds (PDF)
Crystallographic information file for compound 8a (CIF)

B AUTHOR INFORMATION

Corresponding Author
*E-mail: petr.cankar@upol.cz.
ORCID

Petr Cankaf: 0000-0002-7434-6069

DOI: 10.1021/acs.joc.6b01942
J. Org. Chem. 2017, 82, 723-730


http://pubs.acs.org
http://pubs.acs.org/doi/abs/10.1021/acs.joc.6b01942
http://pubs.acs.org/doi/suppl/10.1021/acs.joc.6b01942/suppl_file/jo6b01942_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.joc.6b01942/suppl_file/jo6b01942_si_002.cif
mailto:petr.cankar@upol.cz
http://orcid.org/0000-0002-7434-6069
http://dx.doi.org/10.1021/acs.joc.6b01942

The Journal of Organic Chemistry

Notes
The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

This work was supported by the Czech National Program for
Sustainability (project LO1304) (T.R.) and from internal
faculty project IGA (IGA_PrF 2016 020) (T.R, P.C.). The
financial support from institutional sources of Dept. of
Inorganic Chemistry (Z.T.) is also acknowledged.

B REFERENCES

(1) Boge, M.; Fowelin, C.; Bednarski, P.; Heck, ]J. Organometallics
20185, 34, 1507—1521.

(2) Boge, M.; Heck, J. Cryst. Growth Des. 2015, 1S, 5280—5287.

(3) Del Litto, R; Benessere, V.; Ruffo, F.; Moberg, C. Eur. J. Org.
Chem. 2009, 2009, 1352—1356.

(4) Charon, D.; Mondange, M.; Pons, J.-F.; Le Blay, K; Chaby, R.
Bioorg. Med. Chem. 1998, 6, 755—765.

(5) Abrous, L.; Jokiel, P. A; Friedrich, S. R.; Hynes, J., Jr.; Smith, A.
B., III; Hirschmann, R. J. Org. Chem. 2004, 69, 280—302.

(6) Hale, K. J,; Domostoj, M. M.; Tocher, D. A; Irving, E,;
Scheinmann, F. Org. Lett. 2003, 5, 2927-2930.

(7) Gibbs, C. F.; Hough, L.; Richardson, A. C. Carbohydr. Res. 1965,
1, 290—296.

(8) Christensen, J. E.; Goodman, L. J. Am. Chem. Soc. 1960, 82,
4738—4739.

(9) Zu Reckendorf, W. M.; Lenzen, H.-J. Tetrahedron Lett. 1979, 38,
3657—36S58.

(10) Zu Reckendorf, W. M.; Lenzen, H.-J. Liebigs Ann. Chem. 1982,
1982, 265—274.

(11) Zu Reckendorf, W. M.; Lenzen, H.-J. Liebigs Ann. Chem. 1985,
1985, 477—484.

(12) Guthrie, R. D.; Murphy, D. J. Chem. Soc. 1965, 3828—3834.

(13) Guthrie, R. D.; Liebmann, J. A. J. Chem. Soc, Perkin Trans. 1
1974, 6, 650—657.

(14) Guthrie, R. D.; Williams, G. J. . Chem. Soc, Perkin Trans. 1
1976, 7, 801—804.

(15) Gibbs, C. F.; Hough, L. Carbohydr. Res. 1971, 18, 363—371.

(16) Ali, Y.; Richardson, A. C.; Gibbs, C. F.; Hough, L. Carbohydr.
Res. 1968, 7, 255—271.

(17) Baker, B. R;; Neilson, T. J. Org. Chem. 1964, 29, 1047—1050.

(18) Baker, B. R;; Neilson, T. J. Org. Chem. 1964, 29, 1057—1062.

(19) Baker, B. R;; Neilson, T. J. Org. Chem. 1964, 29, 1063—1067.

(20) Baker, B. R;; Hullar, T. L. J. Org. Chem. 1965, 30, 4038—4044.

(21) Guthrie, R. D.; Murphy, D. J. Chem. Soc. 1963, 5288—5294.

(22) Buss, D. H,; Hough, L;; Richardson, A. C. J. Chem. Soc. 1963,
5295-5301.

(23) Toshiyuki Kana, T.; Fukayama, T. Chem. Commun. 2004, 353—
359.

(24) Bornaghi, L. F.,; Poulsen, S.-A. Tetrahedron Lett. 2005, 46,
3485—3488.

(25) Daniel, P. G.; Emmerson, D. P. G.; Hems, W. P; Davis, B. G.
Tetrahedron: Asymmetry 2005, 16, 213—221.

(26) Fiirst, A.; Plattner, P. A. Helv. Chim. Acta 1949, 32, 275—283.

(27) Fukuyama, T.; Jow, C.-K.; Cheung, M. Tetrahedron Lett. 1995,
36, 6373—6374.

(28) Rostovtsev, V. V.; Green, L. G.; Fokin, V. V.; Sharpless, K. B.
Angew. Chem,, Int. Ed. 2002, 41, 2596—2599.

(29) Reddy, Y. S.; Pal, A. P. J.; Gupta, P.; Ansari, A. A.; Vankar, Y. D.
J. Org. Chem. 2011, 76, 5972—5984.

(30) APEX3; Bruker AXS Inc.: Madison, WI, 2015.

(31) Sheldrick, G. M. Acta Crystallogr., Sect. C: Struct. Chem. 2015, 71,
3-8.

(32) Brandenburg, K. DIAMOND, Release 3.7; Crystal Impact GbR:
Bonn, Germany, 2004.

(33) Macrae, C. F,; Edgington, P. R; McCabe, P.; Pidcock, E;
Shields, G. P.; Taylor, R;; Towler, M; van de Streek, J. J. Appl
Crystallogr. 2006, 39, 453—457.

730

DOI: 10.1021/acs.joc.6b01942
J. Org. Chem. 2017, 82, 723-730


http://dx.doi.org/10.1021/acs.joc.6b01942

