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A Stereoselective Synthesis of an Imino Glycal: Application in the

Synthesis of (-)-1-epi-Adenophorine and a Homoiminosugar

Ande Chennaiah,® Amit Dahiya,” Sateesh Dubbu'® and Yashwant D. Vankar*®

Dedication ((optional))

Abstract: A concise stereoselective synthesis of an imino glycal is
described in 8 steps starting from 1,2-anhydro-3,4,6-tri-O-benzyl-D-
glucopyranose. The utility of the imino glycal has been demonstrated
in synthesis of (-)-1-epi-adenophorine and a homoiminosugar as a
glycosidase inhibitor. The important features of the developed route
include high yields, high stereoselectivity, and application in the
synthesis of other iminosugars. Additionally, a new synthon 2-nitro-
imino glycal has also been synthesized which could act as valuable
synthon in carbohydrate chemistry.

Introduction

Glycals are carbohydrate derived cyclic enol ethers having a
double bond between C-1 and C-2 carbons. They have been
recognized as excellent synthons in synthetic organic chemistry,
in general, and in carbohydrate chemistry, in particular. For
example, (i) 3,4,6-tri-O-benzyl D-glycals can act as glycosyl
donors and thus could be used in the synthesis of
oligosaccharides and other enantiomerically pure organic
molecules," (i) a variety of nucleophiles can be introduced at C-
1 position of a glycal through Sy1' reaction which possess a
good leaving group at C-3 carbon with migration of the double
bond in a reaction called the Ferrier reaction.” (iii) glycals allow
a variety of functionalizations at C-2 to lead to highly useful
synthons such as 2-nitro-,®! 2-halo,”! 2-formyl,” 2-sulfonyl-,®
and 2-acetoxy glycals. " These synthons have been widely used
in the synthesis of biologically active compounds like
iminosugars, C-, O-, and N-glycosides, and N-glycopeptides. ©
Therefore, it would be interesting to study the reactivity of imino
glycals which are molecules with the ring oxygen in glycals
replaced by nitrogen.

Iminosugars are of great interest because they are known
to act as glycosidase and glycosyl tansferase inhibitors
influencing many biological processes. ™ A number of important
iminosugars are piperidine derivatives (Figure 1) and they
exhibit enormous therapeutic potential in many diseases such as
diabetes, "” cancer!" and lysosomal storage disorders. " Thus,
for example,™ 1-deoxynojiimycin acts as a potent a-
glucosidase inhibitor'™ and its derivative N-hydroxyethyl-1-
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deoxynojirimycin™ (miglitol) is used against type Il diabetes,
and N-butyl-1-deoxynojirimycin!'® (miglustat) is useful against
Gaucher’s disease by inhibiting glucosyl ceramide synthase (a
glycosyltransferase). In this context, adenophorine and its
analogs are a group of structurally diverse iminosugar C-
glycosides which were isolated by Asano and co-workers in
2000." (-)-Adenophorine contains an ethyl group at the
anomeric centre and shows a-glucosidase inhibitor activity with
ICso value being 32 pM. As a result, a few reports have
appeared in the literature for the synthesis of adenophorine and
its analogs. ["®

Figure 1: Selected examples of biologically active iminosugars
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In view of the importance of iminosugars (vide supra), we
surmised that imino glycals, having an easily exploitable double
bond, could serve as good precursors for their preparation.
Despite their importance, it is surprising that only a few
synthesis of imino glycals have been reported in the literature.
The only notable work is due to Shipman and co-workers!'¥ who
reported the synthesis of a few imino glycals and their
derivatives such as 2-benzyloxy and 2-bromo-imino glycals and
showed their utility in the synthesis of (+)-fagomine,
deoxymannojirimycin analogues, and (+)-deoxoprosophylline.
They first synthesized tri-O-benzyl imino glucal in 8 steps and
later also synthesized tri-O-acetyl imino glucal in 11 steps in an
overall yields of 19% and 10% respectively from 2,4,6-tri-O-
benzyl glucal as a starting material. On the other hand, a non-
carbohydrate approach for the synthesis of imino glycals was
reported by Commins et al.”” starting from substituted pyridine
derivatives and utilized in the synthesis of 1-deoxynojirimycins
and (+)-deoxoprosopinine.

In continuation of our interest in synthesizing structurally
diverse sugar derivatives as glycosidase inhibitors,”?" we herein
wish to report a stereoselective synthesis of an imino glycal.
Further, we also report on the utility of the imino glycal in the
synthesis of (—)-1-epi-adenophorine, and a homoiminosugar and
report its glycosidase inhibition activity.
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Results and Discussion

It was envisaged that the synthesis of imino glycal 7 (Scheme 1)
could be achieved by simple elimination of the hydroxyl group in
compound 6, which could be prepared by the MOM
deprotection of the piperidine derivative 5 with TFA. This
piperidine derivative 5 was planned to be constructed from
compound 4 via an intramolecular Mitsunobu reaction. The
amino alcohol 4 could be procured from compound 2 by
reducing the anomeric azide moiety with LiAlH4, followed by
protection of the free amine with nosyl chloride. Compound 2, in
turn, can be easily derived by opening of the glucal derived
epoxide 1 with NaNs.

Scheme 1: Retrosynthesis of imino glycal 7
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Our synthesis emanated from 1,2-anhydro-3,4,6-tri-O-benzyl-D-
glucopyranose 1, which was converted into 2-hydroxy azide 2 by
reacting with sodium azide in the presence of ceric ammonium
nitrate (CAN) by following a protocol developed by our group.??
Protection of the hydroxyl group in compound 2 with MOM-CI in
presence of N,N-diisopropylethylamine (DIPEA) yielded
compound 3 in 85% yield. Reduction of the azide moiety along
with the ring opening of compound 3 was accomplished with
LiAlH, in THF to lead to the corresponding amino alcohol. The
resulting crude amino alcohol was reacted with nosyl chloride to
get the nosyl protected amine 4 whose spectral data (see the
supporting information)®® confirmed the structure. In order to
retain the N-nosyl group for synthetic manipulations, we carried
out an intramolecular Mitsunobu reaction with
triphenylphosphine and DIAD to get the cyclized product 5 in
78% yield. The structures of the products were confirmed by
spectral analysis.”® Appearance of [M + H]" peak at 663.2372
(calculated 663.2376) in its high resolution mass spectrum,
along with the other spectral data,?® confirmed that cyclization
had occurred.

It was expected that the synthon 5 could be easily
converted into imino glycal by elimination of the hydroxy group.
For this purpose, first deprotection of the MOM group was
carried out using trifluroacetic acid (TFA) to get the hydroxyl
compound 6 in 83% yield. The hydroxyl group was then reacted
with triflic anhydride and pyridine at 0 °C to form the
corresponding triflate which was used, without purification, for
the next step. The desired target molecule 7 was obtained by
elimination of the triflate group using DBU in THF at 60 °C. The
structure of the product 7 was confirmed by spectral analysis®!
including its high resolution mass spectrum which showed the
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appearance of [M + NH4]" peak at 618.2271 (calculated
618.2274). Further, for proving the stereochemistry at C-5,
COSY and NOE experiments were carried out. In NOE
experiments, upon irradiation of the signal for H-3 at & 4.12 no
enhancement of H-5 at & 4.24 was observed indicating that H-3
and H-5 protons are likely to be trans oriented.

Scheme 2: Stereoselective synthesis of imino glycal 7
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Additionally, the imino glycal 7 (Scheme 2) was obtained as a
crystalline compound, and its X-ray crystallographic analysis
(Figure 2, CCDC: 1849471) confirmed the stereochemistry.
Accordingly, the benzyloxymethyl group at C-5 carbon is o-
oriented and the absolute stereochemistry at this centre (i.e. C-
5) is 5S. Thus, the stereoselective synthesis of the imino glycal 7
was achieved successfully.

Figure 2: X-Ray structure of imino glycal 7
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Having developed a simple and efficient method for the
preparation of imino glycal 7, we wished to utilize it in the
synthesis of adenophorine analogue and an aminosugar. Initially,
we considered converting 7 into the corresponding 2-nitroglycal
8 on which the Michael addition of vinyl magnesium bromide
was envisaged to be easily carried out. This could be followed
by converting the nitro group into a carbonyl group whose
reduction to a hydroxyl group in either stereochemical
orientation could pave way to adenophorine analogues. In
addition, the nitro group could also be reduced to an amino
functionality and thus another iminosugar can be procured. We
have been actively involved in the synthesis as well as
functionalization of 2-nitroglycals® ¥ and thus we carried out
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the nitration of 7 to get the 2-nitro-imino glycal 8 (Scheme 3)
using standard nitration condition®® used for the conversion
glycals into 2-nitroglycals. Unfortunately, however, the reaction
of 8 with vinyl magnesium bromide under varying temperatures
was not clean and thus we could not proceed with compound 8.
However, we believe that compound 8 could serve as an
important synthon in organic chemistry, and in particular in
carbohydrate chemistry.

Scheme 3: Conversion of imino glycal into 2-nitro-imino glycal

(-)-1-epi-adenophorine is an analogue of adenophorine!'® and
shows o-L-fucosidase inhibitor activity (ICso = 208 puM).["®! we
considered that with the ‘S’ configuration at C-5, the imino glycal
7 is a perfectly suitable synthon for the synthesis of (-)-1-epi-
adenophorine. Introduction of an ethyl group onto imino glycals
has been reported by a Lewis acid mediated addition of diethyl
zinc!"® leading to a 2,3-unsaturated iminosugar via Ferrier
rearrangement. However, since (-)-1-epi-adenophorine is a 2-
hydroxy iminosugar we thought to perform epoxidation of imino
glycal 7, followed by its opening to introduce an ethyl group at
C1. Thus, imino glycal 7 was subjected to epoxidation under
known reaction conditions using Oxone® (Scheme 4).
However, the reaction was not successful and the starting
material was recovered. We envisaged that the imino glycal with
an electron-donating group on the ring nitrogen could be more
reactive than the one with an electron withdrawing nosyl group
and thus may undergo epoxidation. Accordingly, we changed

Scheme 4: Synthesis of (-)-1-epi-adenophorine 12
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the protecting group on the ring nitrogen from nosyl to p-
methoxy benzyl (PMB) group to obtain 9 which smoothly
underwent epoxidation to form the epoxide 10 which was rather
very unstable and could not be purified. Hence crude compound
9 was reacted with vinyl magenisum bromide to afford
compound 11 as a single diastereomer. The stereochemistry at
the newly generated centres of compound 11 was confirmed by
spectral analysis including COSY and NOE studies.” Further,
complete debenzylation as well as hydrogenation of the double
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bond using Pd(OH),/C (20%) under H, (1 atm) led to (-)-1-epi-
adenophorine 12 in 68% yield whose structure was confirmed by
spectral analysis.”®! The spectroscopic data of 12 were also in
good agreement with the reported data.!"®?

Recently, Blériot and co-workers reported the synthesis of
1,2-cis-homoiminosugars derived from GIcNAc and GalNAc by
employing skeletal rearrangement on an azepane precursor.”?”!
One of the 1,2-cis-homoiminosugars (a-D-GalNAc-configured)
showed glycosidase inhibitory activity with ICsq value being 1.1
uM against a-N-acetylgalactosaminidase (chicken liver). Thus,
we expected that functionalization of compound 11 could lead to
a similar type of homoiminosugar which could also act as a
glycosidase inhibitor. Therefore, in order to introduce an amino
group at C-2 position, compound 11 (Scheme 5) was subjected
to mesylation followed by replacement of a mesylate by an azido
group with NaNs to furnish the product 12 in 64% yield with
inversion of configuration. The azide group in compound 12 was
reduced directly to corresponding acetamido product 13 by
following a literature procedure.”® Further, the piperidine
derivative 13 was converted into compound 14 upon sequential
0s0O4/NMO mediated dihydroxylation, diol cleavage to the
corresponding aldehyde using NalO4 and reduction with NaBH4
in 71% overall yield in three steps. Treatment of compound 14
with 20% Pd(OH),/C in methanol under 1 atm of hydrogen for 20
h furnished the target product 15 in 62% yield.

Scheme 5: Synthesis of homoiminosugar 15
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The inhibitory activity (ICs in M) of compound 15 was checked
against commercially available a-galactosidase (coffee beans),
B-galactosidase (bovine liver), a-glucosidase (rice) and -
glucosidase (almonds).”® It was found that compound 15 was
active only against o-galactosidase (coffee beans) with 1Cso=
125 pM. It is expected that structural modifications of 15 could
lead to improved/or altered inhibition activity.

Conclusions

In conclusion, a new short and efficient route for the synthesis of
an imino glycal from 1,2-anhydro-3,4,6-tri-O-benzyl-D-
glucopyranose is described in 23% overall yield in eight steps.
The application of imino glycal is shown in a rapid synthesis of
(-)-1-epi-adenophorine, which is an a-L-fucosidase inhibitor.
Further, a homoiminosugar is also synthesized which shows
moderate selective glycosidase inhibitor activity against o-
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galactosidase (coffee beans). Imino glycal was also converted
into a 2-nitro-imino glycal, which may find application in
carbohydrate chemistry. Moreover, synthesized imino glycal
offers possible extensions to synthesize a large number of
biologically important iminosugars. Further work on exploring the
utility of imino glycal and related compounds is ongoing and will
be reported in due course.

Experimental Section

General procedures: All experiments were done in an oven-dried
apparatus and under N, atmosphere in dry solvents. Commercial grade
solvents were dried by known methods, and dry solvents were stored
over 4 A molecular sieves. IR spectra were recorded on FT-IR
spectrometer (KBr) and are expressed in cm™. High resolution mass
spectra were measured by Q-TOF using electrospray ionization (ESI)
method. "H (500 MHz or 400 MHz) and "*C (125 MHz or 100 MHz) NMR
spectra were recorded using CDCl; or D,O as solvents. Coupling
constants are reported and expressed in Hertz, splitting patterns are
designated as br (broad), s (singlet), d (doublet), dd (double doublet), q
(quartet), m (multiplet). Rotation values were recorded on AUTOPOL Il
polarimeter at 28 °C in DCM and D,O. Thin-layer chromatography (TLC)
plates were prepared by using silica gel on microscopic slides, and
visualization of spots was done by exposure to iodine or by spraying 10%
H2S0O4 and charring. Column chromatography was performed over silica
gel (100-200 Mesh) using hexane and ethyl acetate as eluents.

(2R,3R,4R,5R,6R)-2-azido-4,5-bis(benzyloxy)-6-((benzyloxy)methyl)
tetrahydro-2H-pyran-3-ol (2): Compound 2 was prepared from 1 (2 g,
4.62 mmol) using a known literature procedurel in 80% vyield (1.75 g) as
a white solid.?? '"H NMR (400 MHz, CDCls) & 7.38-7.23 (m, 13H), 7.19—
7.12 (m, 2H), 4.82 (dd, J = 20.0, 5.7 Hz, 3H), 4.61 (d, J = 12.2 Hz, 1H),
4.51 (ddd, J = 14.8, 11.2, 6.6 Hz, 3H), 3.71 (t, J = 2.6 Hz, 2H), 3.68-3.59
(m, 1H), 3.57-3.49 (m, 2H), 3.47-3.37 (m, 1H), 2.64 (s, 1H); *°C NMR
(100 MHz, CDCl3) d 138.3, 137.9, 137.8, 129.08, 129.02, 128.6, 128.4,
128.0, 127.9, 127.7, 90.2, 84.6, 77.2, 75.3, 75.0, 74.0, 73.6, 68.3; HRMS
calcd for Ca7H30N30s [M+ H]* 476.2185; found 476.2182.

(2R,3R,4S,5R,6R) -2-azido-4,5-bis(benzyloxy)-6-((benzyloxy) methyl)-
3 (methoxymethoxy) tetrahydro-2H-pyran (3): To a solution of
secondary hydroxyl compound 2 (1.35 g, 2.83 mmol) dissolved in CH,Cl,
(25 mL) was added N,N diisopropylethylamine (DIPEA) (0.74 mL, 4.24
mmol) and MOM-CI (0.26 mL, 3.39 mmol) at 0 °C followed by addition of
a catalytic amount of DMAP. The mixture was stirred at ambient
temperature for 24 h and then diluted with CH,Cl, (10 mL). The organic
layer was washed with saturated aqueous NaHCO;3; (10 mL), and brine
(10 mL), dried over Na,SO,, filtered and concentrated in vacuo. The
crude product was purified by column chromatography to afford 3 as a
Yellgyv oil in 85% (1.25 g) yield; Rf= 0.6 (hexane : ethyl acetate = 4:1);
alp - -32.2 (c = 0.3, CH.Cl,) ; IR (neat) vmax /cm-1: 3258, 2964, 2111,
1059; 'H NMR (400 MHz, CDCl3) & 7.37-7.23 (m, 13H), 7.17-7.10 (m,
2H), 4.84 (dd, J = 8.5, 6.0 Hz, 3H), 4.77 (dd, J = 8.5, 4.9 Hz, 2H), 4.62—
4.47 (m, 4H), 3.73 (t, J = 3.3 Hz, 2H), 3.66-3.57 (m, 2H), 3.57-3.45 (m,
2H), 3.41 (s, 3H); "*C NMR (100 MHz, CDCls) 5 138.27, 138.25, 138.21,
138.0, 137.99, 137.90, 128.5, 128.0, 127.94, 127.90, 127.87, 127.81,
97.7, 89.8, 84.9, 77.9, 77.4, 77.3, 75.74, 75.72, 75.1, 73.6, 68.4, 56.4;
HRMS calcd for CagH37N4Og [M + NHq4]® 537.2713; found 537.2710.

4-nitro-N-((2S,3R,4R,5R)-3,4,6-tris(benzyloxy)-5-hydroxy-2-(methoxy
methoxy) hexyl)benzenesulfonamide (4):To a suspension of LiAlH, (44
mg, 1.15 mmol) in THF (2 mL), was added a solution of compound 3
(300 mg, 0.57 mmol) in THF (3 mL) very slowly at 0 °C. Then the reaction
mixture was allowed to warm room temperature and refluxed for 3 h.
Upon completion of the reaction (TLC monitoring), it was then cooled to 0
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°C and quenched with EtOAc (5 mL) followed by 1N NaOH (5 mL)
solution. The resulting white precipitate was removed by filtration through
a celite® pad and the filtrate was extracted with EtOAc (3 x 10 mL). The
combined organic layers were washed with water (5 mL) followed by
brine (5 mL), dried over Na,SO, and concentrated under reduced
pressure to get the crude amino alcohol. To a stirred solution of the crude
amino alcohol (250 mg, 0.50 mmol) in CH,Cl, (7 mL) at 0 °C, was added
NEt; (105 pL 0.75 mmol), followed by addition of nosyl chloride (166 mg,
0.75 mmol). The reaction mixture was stirred for 2 h at room temperature.
Upon consumption of the starting material (TLC monitoring), it was
quenched with saturated solution of NH4CI (5 mL) and the mixture was
extracted with CH,Cl, (2 x 5 mL). The combined organic layers were
washed with water (1 x 5 mL), brine (1 x 5 mL) and dried over Na;SO,.
Solvent was evaporated and the crude product was purified by column
chromatography to give pure compound 4 as a colorless oil in 75% )j.ﬁld
(295 mg, over two steps); Ri= 0.3 (hexane : ethyl acetate = 4:1); lo =
-13.5 (c = 0.2, CHxCl,); IR (neat) vmax /cm™: 3293, 1536, 1361, 678; 'H
NMR (400 MHz, CDClg) 6 8.15 (d, J = 8.8 Hz, 2H), 7.80 (d, J = 8.8 Hz,
2H), 7.34-7.25 (m, 13H), 7.16 (dd, J = 6.5, 2.9 Hz, 2H), 5.61 (s, 1H), 4.63
(dd, J = 9.0, 5.2 Hz, 2H), 4.60-4.55 (m, 2H), 4.54-4.44 (m, 4H), 3.95 (s,
1H), 3.88-3.82 (m, 1H), 3.82-3.76 (m, 1H), 3.73 (dd, J = 7.1, 3.6 Hz, 1H),
3.62 (qd, J = 9.8, 4.4 Hz, 2H), 3.31 (s, 3H), 3.25 (d, J = 13.1 Hz, 1H),
2.94 (dd, J = 13.3, 7.1 Hz, 1H), 2.83 (s, 1H); "*C NMR (125 MHz, CDCl3)
0 149.8, 145.8, 137.8, 137.5, 128.59, 128.51, 128.17, 128.13, 127.99,
127.94, 127.8,127.7, 124.2,97.8, 78.9, 78.5, 77.4, 74.3, 73.5, 73.2, 71.0,
70.5, 55.9, 44.4; HRMS calcd for C3sHa1N2010S [M+H]" 681.2482; found
681.2481.

(2S,3R,4R,5S)-3,4-bis (benzyloxy)-2- ((benzyloxy)methyl)-5-(methoxy
methoxy)-1-((4-nitrophenyl) sulfonyl)piperidine (5):
Triphenylphosphine (578 mg, 2.20 mmol) and diisopropyl
azodicarboxylate (432 uL, 2.20 mmol) were added at room temperature
to a stirred solution of compound 4 (1 g, 1.47 mmol) in dry toluene (20
mL). The reaction mixture was stirred for a further 5 h and after
completion of reaction (TLC monitoring), solvent was evaporated and the
crude product was purified by column chromatography to give compound
5 as a yellow oil in 78% (760 mg) yield; Ry = 0.8 (hexane:ethyl acetate =
4:1); lalo - -15.2 (¢ = 0.1, CH,Cl,); IR (neat) vmax /cm™: 3251, 1532,
1091; 1H NMR (400 MHz, CDCl3) & 8.02 (d, J = 8.9 Hz, 2H), 7.86 (d, J =
8.9 Hz, 2H), 7.38-7.24 (m, 13H), 7.13 (dd, J = 6.5, 2.9 Hz, 2H), 4.83—
4.62 (m, 7H), 4.50-4.42 (m, 1H), 4.37 (d, J = 11.6 Hz, 1H), 4.28 (d, J =
11.6 Hz, 1H), 3.98 (dd, J = 13.4, 5.7 Hz, 1H), 3.71 (d, J = 5.9 Hz, 2H),
3.60 (t, J = 6.7 Hz, 2H), 3.35 (s, 3H), 2.98 (dd, J = 13.5, 10.7 Hz, 1H); "*C
NMR (100 MHz, CDCl;) & 149.7, 146.4, 138.6, 137.7, 137.4, 128.7,
128.5, 128.4, 128.2, 128.1, 128.0, 127.89, 127.80, 124.0, 97.5, 81.9,
79.2,75.8, 73.5, 65.5, 55.9, 55.1, 43.8; HRMS calcd for C3sH3gN20gS [M
+ H]" 663.2376; found 663.2372.

(3S,4R,5R,6S)-4,5-bis(benzyloxy)-6-((benzyloxy)methyl)-1-((4-nitro

phenyl) sulfonyl)piperidin-3-ol (6): To a solution of 5 (600 mg, 0.90
mmol) in CH,Cl, (10 mL), cooled to 0 °C, was added trifluroacetic acid
(139 pL, 1.81 mmol) and the mixture was stirred for 48 h at room
temperature. After completion of the reaction (TLC monitoring), it was
quenched by the addition of saturated aqueous solution of NaHCO3; (5
mL) and then extracted with CH,Cl, (2 x 5 mL). The combined organic
layers were washed with water (1 x 5 mL), brine (1 x 5 mL) and dried
over Na;SO4. The solvent was removed under reduced pressure to give
a crude product which was purified by column chromatography to afford
pure compound 6 as a coIourIefsiyguid in 83% (465 mg) yield; Ry = 0.7
(hexane : ethyl acetate = 4:1); Ao = +14 (c = 0.2, CH,Cl,); IR (neat)
vmax /fem™': 3431, 3036, 1527, 1032; 'H NMR (500 MHz, CDCl3) 5 8.01
(d, J = 8.9 Hz, 2H), 7.87 (d, J = 8.9 Hz, 2H), 7.40-7.24 (m, 13H), 7.11 (dd,
J =64, 2.8 Hz, 2H), 4.95 (d, J = 11.4 Hz, 1H), 4.69 (s, 2H), 4.62 (d, J =
11.5 Hz, 1H), 4.53 (dd, J = 11.8, 5.8 Hz, 1H), 4.34 (d, J = 11.5 Hz, 1H),
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4.26 (d, J = 11.5 Hz, 1H), 3.89 (dd, J = 13.5, 5.7 Hz, 1H), 3.73-3.65 (m
3H), 3.60 (dd, J = 15.1, 10.4 Hz, 1H), 3.51 (t, J = 9.2 Hz, 1H), 2.94 (dd, J
= 13.3, 10.9 Hz, 1H), 2.29 (s, 1H); *C NMR (100 MHz, CDCls) & 149.7,
146.2, 138.4, 137.5, 137.3, 128.77, 128.74, 128.5, 128.4, 128.2, 128.19,

128.12, 128.0, 127.9, 123.9, 82.6, 79.5, 76.8, 75.4, 73.5, 73.2, 70.1, 65.4,

55.2, 44.3; HRMS calcd for C33H3sN,0sS [M+H]
619.2113.

619.2114; found

(2S,3R,4R)-3,4-bis(benzyloxy)-2-((benzyloxy)methyl)-1-((4-
nitrophenyl) sulfonyl)-1,2,3,4-tetrahydropyridine (7): Compound 6
(100 mg, 0.16 mmol) was dissolved in anhydrous dichloromethane (3
mL) and cooled to 0 °C. Anhydrous pyridine (26 pL, 0.32 mmol) was
added to it followed by dropwise addition of trifluoromethanesulfonic
anhydride (54 pL, 0.32 mmol). The reaction mixture was stirred at 0 °C
for 15 min and after consumption of the starting material (TLC
monitoring), it was quenched with water (1 mL). The resulting mixture
was then extracted with CH,Cl, (2 x 5 mL). The organic phase was dried
with Na,SQ,, filtered and the solvent removed in vacuo to afford a
reddish crude compound. The crude triflate product (110 mg, 0.14 mmol)
was dissolved in dry THF (3 mL) and DBU (63 pL, 0.42 mmol) was added
to it, and the reaction mixture was refluxed for 1 h. After completion of
reaction (TLC monitoring), solvent was evaporated and the crude product
purified by column chromatography to give compound 7 as a solid in 71%
yield (69 mg, OVT t] o steps); m. p = 182-184 °C; Ry = 0.6 (hexane : ethyl
acetate = 4:1); %o = 4324 (c = 0.3, CH.Cly); IR (neat) vmax fem’™
3283, 1641, 1532, 816; 'H NMR (500 MHz, CDC3) 5 8.08 (d, J = 8.8 Hz,
2H), 7.79 (d, J = 8.7 Hz, 2H), 7.36-7.12 (m, 15H), 6.56 (d, J = 8.3 Hz,
1H), 5.05 (dd, J = 8.3, 2.1 Hz, 1H), 4.66—4.57 (m, 4H), 4.43 (d, J = 11.9
Hz, 1H), 4.36 (d, J = 12.0 Hz, 1H), 4.24 (dd, J = 9.7, 4.8 Hz, 1H), 4.16-
4.12 (m, 1H), 3.71 (d, J = 4.7 Hz, 2H), 3.36 (dd, J = 8.3, 5.5 Hz, 1H); "*C
NMR (100 MHz, CDCl;) & 149.9, 144.6, 138.1, 137.8, 137.6, 128.6,
128.5, 128.4, 128.17, 128.11, 127.9, 127.8, 127.7, 127.4, 124.3, 124 .1,
109.2, 754, 748, 73.3, 726, 72.2, 66.7, 56.4; HRMS calcd for
Ca3HasN307S [M + NH4]+ 618.2274; found 618.2271.

(2S,3R,4R)-3,4-bis(benzyloxy)-2-((benzyloxy)methyl)-5-nitro-1-((4-
nitro phenyl)sulfonyl)-1,2,3,4-tetrahydropyridine (8): To a stirred
solution of Ac,0O (1 mL) at 10 °C under nitrogen, was added conc. HNO3
(27 pL, 0.64 mmol) and allowed to stir at -10 °C for 15 min. The reaction
mixture was further cooled to -35 °C and compound 7 (110 mg, 0.18
mmol) in Ac,O (1 mL) was added to the reaction mixture and stirred at
same temperature for 45 min. After complete consumption of the starting
material (monitored by TLC), the mixture was poured into ice-water (2
mL) and extracted with Et,O (5 mL x 2). The combined organic layers
were dried over Na,SO4, concentrated in vacuo to give a crude product.
The crude product (106 mg, 0.15 mmol) was dissolved in CH,Cl, (2 mL),
cooled to 0 °C and to it was added NEt; (32 L, 0.22 mmol).** After 30
min of stirring at the same temperature, the reaction mixture was
quenched with water (2 mL) and extracted with CH2CI2 (5 mL x 2). The
combined organic layers were dried over Na,SO,, filtered, and
concentrated to give a crude product which was purified by column
chromatography to give pure product 8 in 68% (81 mg) yield (ove[
steps) as a colorless syrup; Rs = 0.5 (hexane ethyl acetate = 4:1)

= +5.6 (¢ = 0.1, CH,Cly); IR (neat) vmax /cm™": 2924, 1533, 1178, 742; 1H
NMR (400 MHz, CDClI3)  8.48 (s, 1H), 8.08 (d, J = 9.1 Hz, 2H), 7.76 (d,
J =9.1 Hz, 2H), 7.35-7.24 (m, 15H), 4.80 (d, J = 10.6 Hz, 1H), 4.71 (dd,
J =8.0, 4.9 Hz, 2H), 4.55 (d, J = 11.5 Hz, 1H), 4.44-4.34 (m, 3H), 3.98
(dd, J = 9.6, 4.4 Hz, 1H), 3.86-3.80 (m, 2H), 3.59-3.52 (m, 1H); *C NMR
(100 MHz, CDCl3) & 150.5, 143.2, 137.4, 137.1, 136.8, 135.6, 132.6,
128.7, 128.67, 128.63, 128.5, 128.4, 128.2, 127.8, 124.7, 74.9, 74.6,
73.6, 73.4, 70.7, 66.0, 56.7; HRMS calcd for C3sH32N3011S [M + HCO,]
690.1758; found 690.1755.
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(2S,3R,4R)-3,4-bis(benzyloxy)-2-((benzyloxy)methyl)-1-(4-methoxy
benzyl)-1,2,3,4-tetrahydropyridine (9): To a mixture of 7 (200 mg, 0.33
mmol) in dry CH3CN (5 mL) at room temperature, K,CO3 (137 mg, 0.99
mmol) and thiophenol (40 pL, 0.39 mmol) were added. The reaction
mixture was stirred for 10 h at same temperature, and after completion of
the reaction (TLC monitoring), the mixture was extracted with ethyl
acetate (2 x 5 mL). The organic phase was washed with water (1 x 5 mL)
and brine (1 x 5 mL), dried over anhydrous Na,SO, and concentrated
under reduced pressure to give the crude amino derivative. The crude
amino derivative was subjected to the next reaction without any further
purification. Thus, the -amino derivative (160 mg, 0.38 mmol) was
dissolved in THF (4 mL), to which was added K,CO; (106 mg, 0.77
mmol), Nal (85 mg, 0.57 mmol) and p-methoxybenzyl chloride (77 uL,
0.57 mmol) and stirred the same at room temperature for 2 h. Upon
consumption of the starting material (TLC monitoring), solvent was
concentrated, and then the residue was extracted with EtOAc (2 x 5 mL)
and washed with water (2 x 5 mL). Evaporation of the organic solvent
gave a crude product which was purified by column chromatography to
give compound 9 as a colorle[ss fil in 71% (127 mg) yield; Ry = 0.8
(hexane : ethyl acetate = 4:1); Io- = +46.1 (c = 0.4, CH.Cl); IR (neat)
vmax /cm™': 3021, 1618, 1236, 1086; 'H NMR (500 MHz, CDCl3) & 7.35—
7.19 (m, 17H), 6.87 (d, J = 8.6 Hz, 2H), 6.42 (d, J = 6.3 Hz, 1H), 4.89—
4.81 (m, 2H), 4.65 (d, J =4.5 Hz, 1H), 4.62 (d, J = 4.9 Hz, 1H), 4.55 (d, J
=11.0 Hz, 5H), 4.21 (dd, J = 4.2, 1.5 Hz, 1H), 4.06 (ddd, J =8.2, 5.0, 2.8
Hz, 1H), 3.86 (dd, J = 8.6, 6.2 Hz, 1H), 3.81-3.76 (m, 5H); *C NMR (125
MHz, CDCl;) & 159.8, 144.8, 138.4, 138.3, 138.1, 130.1, 129.8, 128.53,
128.51, 128.0, 127.9, 127.8, 127.7, 114.2, 100.0, 75.8, 74.5, 73.8, 73.6,
70.6, 68.6, 55.4, 46.4; HRMS calcd for C3sHagNO4 [M + H]* 536.2801;
found 536.2800.

(2R,3S,4R,5R,6S)-4,5-bis(benzyloxy)-6-((benzyloxy)methyl)-1-(4-
methoxybenzyl)-2-vinylpiperidin-3-ol (11): To a stirred solution of 9
(300 mg, 0.56 mmol) in CH.Cl, (4 mL), saturated aqueous NaHCO; (4
mL) solution and acetone (0.4 mL) were added and cooled to 0 °C. to it
was added a solution of Oxone® (689 mg, 1.12 mmol) in H,O (4 mL)
dropwise over 5 min.”® The reaction mixture was vigorously stirred at the
same temperature for 3 h. After completion of the reaction (TLC analysis),
the reaction mixture was diluted with 5 mL of CH,ClI, then extracted with
CH.CI; (2 x 5 mL) and washed with water (2 x 5 mL). The combined
organic layers were dried over anhydrous Na,SO, and the solvent was
removed under reduced pressure to give a crude product. The unstable
crude product obtained was used without purification. Thus, the crude
product (260 mg, 0.47 mmol) was dissolved in dry THF (5 mL) and
cooled to 0 °C, to which was added vinyl magnesium bromide (315 L,
2.35 mmol). The reaction mixture was allowed to stir at room temperature
for 6 h. After complete consumption of the starting material (TLC
analysis), the reaction mixture was cooled to 0 °C and quenched with
aqueous NH4CI solution (5 mL). The organic layer was separated and the
aqueous layer extracted with Et,O (2 x 5 mL). The combined organic
phase was dried over anhydrous Na,SO, and the solvent evaporated
under reduced pressure to give a crude product which was purified
chromatographically to afford pure compound 11 a[s ﬁzgyrup in 68% (221
mg) vield; R¢ = 0.6 (hexane : ethyI acetate = 4:1); D =+28.4 (c = 0.6,
CH,Cl,); IR (neat) vmax /cm™: 3394, 3019, 1641, 911; 'H NMR (500 MHz,
CDCl3) 6 7.34-7.19 (m, 17H), 6.80 (d, J = 8.6 Hz, 2H), 6.12-6.02 (m, 1H),
5.22 (dd, J = 9.9, 8.3 Hz, 2H), 4.70-4.59 (m, 4H), 4.51 (d, J = 11.7 Hz,
1H), 4.45 (m, 2H), 3.94 (d, J = 2.8 Hz, 1H), 3.90 (dd, J = 8.5, 5.3 Hz, 1H),
3.84 (d, J = 14.2 Hz, 1H), 3.80 (s, 3H), 3.78-3.75 (m, 1H), 3.72 (dd, J =
10.7, 3.5 Hz, 1H), 3.66-3.62 (m, 1H), 3.61-3.56 (m, 1H), 3.26 (d, J = 3.6
Hz, 1H), 2.52 (s, 1H); "*C NMR (125 MHz, CDCls) 5 158.5, 138.7, 138.6,
138.5, 132.2, 129.6, 128.5, 128.4, 128.3, 127.8, 127.76, 127.71, 127.63,
127.60, 113.7, 76.5, 73.3, 72.9, 72.52, 63.6, 55.3, 53.3; HRMS calcd for
Ca7H42NOs [M + H]* 580.3063; found 580.3061.
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(2R,3S,4R,5R,6S)-2-ethyl-6-(hydroxymethyl) piperidine-3,4,5-triol
(12): Compound 11 (100 mg, 0.17 mmol) was dissolved in CH3OH (3 mL)
and Pd(OH),/C (20% w/w, 20 mg) was added to it. The solution was
degassed and then stirred under 1 atm of H, (balloon) for 24 h. The
catalyst was filtered through a Celite® pad and the filtrate concentrated in
vacuo. The residue was purified by repeated washing with 50% CH,Cl—
hexane to get pure product 12 as a syrup in 68% (22 mg) yield. '"H NMR
(400 MHz, D,0) d 4.12 (t, J = 2.9 Hz, 1H), 4.02 (m, 2H), 3.92-3.79 (m

2H), 3.62-3.51 (m, 1H), 3.39 (dd, J = 9.8, 4.5 Hz, 1H), 1.88-1.69 (m, 2H),

0.95 (t, J = 7.4 Hz, 3H); "*C NMR (125 MHz, D,0) & 66.95, 66.92, 66.4,
59.1, 56.86, 56.84, 20.8, 8.6; HRMS calcd for CgHigNO4 [M + HJ*
192.1236; found 192.1234.

(2R,3R,4R,5R,6S)-3-azido-4,5-bis(benzyloxy)-6-((benzyloxy)methyl)-

1-(4-methoxybenzyl)-2-vinylpiperidine (13):To a well stirred solution of
11 (200 mg, 0.34 mmol) in CH,Cl, (5 mL) at 0 °C, was added mesyl
chloride (40 pL, 0.51 mmol) and EtsN (71 plL, 0.51 mmol) and the
reaction mixture was stirred for 2 h at room temperature. After completion
of the reaction (TLC monitoring), aqueous NaHCOj solution (5 mL) was
added to it. Extraction was done with CH,Cj; (3 x 5 mL), and the solvent
evaporated in vacuo to give crude mesylate. The crude mesylate product
was subjected to the next step without purification. Thus, the crude
mesylate (220 mg, 0.33 mmol) was dissolved in DMF (5 mL) and to this
NaNj3; (44 mg, 0.67 mmol) was added, and the reaction mixture stirred at
65 °C for 18h. On complete consumption of the starting material (TLC
monitoring), ice cold water (10 mL) was added to it. The desired
compound was extracted with EtOAc (2 x 10 mL), and the extracts were
dried over Nay,SO4. The solvent was evaporated using a rotary
evaporator and the residue purified by column chromatography to obtain
134 mg (64% yield over 2 steps) of crrn]qgund 13 as a colorless syrup. R¢
= 0.8 (hexane: ethyl acetate = 4:1); = +16.0 (c = 0.2, CH.Cl); IR
(neat) vmax /cm™: 2932, 2116, 1610, 1042; "H NMR (400 MHz, CDCl3) &
7.31-7.28 (m, 17H), 6.85 (d, J = 8.6 Hz, 2H), 6.07-6.01 (m, 2H), 5.59 (d,
J =17.0 Hz, 1H), 5.10 (d, J = 10.8 Hz, 1H), 4.87 (m, 2H), 4.65 (m, 4H),
4.47 (m, 3H), 4.24 (m, 2H), 3.97 (m, 3H), 3.78 (m, 3H); '*C NMR (100
MHz, CDCl3) & 159.7, 150.8, 138.54, 138.52, 138.2, 131.5, 130.1, 129.7,
128.4, 128.3, 128.2, 127.8, 127.71, 127.70, 127.6, 127.5, 127.3, 126.1,

120.3, 120.2, 115.1, 114.1, 101.2, 75.9, 73.4, 73.3, 71.8, 71.0, 70.9, 68.3,

55.3, 46.3; HRMS calcd for Ca7HaaNsOs [M + NH4]®
622.3391.

622.3393; found

N-((2R,3R,4R,5R,6S)-4,5-bis(benzyloxy)-6-((benzyloxy)methyl)-1-(4-

methoxybenzyl)-2-vinylpiperidin-3-yl)acetamide (14): To a stirred
solution of 13 (100 mg, 0.165 mmol) in acetic anhydride (2 mL) at 0 °C,
was added Zn dust (356 mg, 5.44 mmol) and acetic acid (849 uL, 14.85
mmol).”®! The reaction mixture was allowed to stir for 3 h at room
temperature. It was then filtered through Celite® and filtrate extracted
with EtOAc (2 X 5 mL) and washed with water (2 X 5 mL). The combined
organic layers were dried over Na,SO, and concentrated in vacuo. The
crude product was purified by silica gel column chromatography to get
pure compound 14 as a colorlesg oil in 78% (80 mg) yield; R = 0.4
(hexane: ethyl acetate = 4:2); %o = 1486 (c = 0.6, CH,CL,); IR (neat)
vmax /cm™: 3352, 2891, 1671, 1046; 'H NMR (400 MHz, CDCls) 5 7.32—

7.28 (m, 17H), 7.15 (bs, 1H), 6.88 (dd, J = 6.6, 4.9 Hz, 2H), 6.03-5.92 (m,

2H), 5.41-5.39 (m, 1H), 5.09-5.06 (m, 1H), 4.77 (dd, J = 10.2, 2.9 Hz,
4H), 4.67-4.61 (m, 3H), 4.54-4.49 (m, 4H), 3.83-3.80 (m, 3H), 3.72-3.69
(m, 3H), 1.97 (s, 3H); C NMR (100 MHz, CDCl3) & 170.0, 159.7, 138.5,
138.1, 138.0, 131.3, 130.1, 129.7, 128.5, 128.4, 128.1, 127.97, 127.90,
127.8, 127.79, 127.73, 120.6, 114.2, 80.6, 78.1, 75.2, 75.1, 75.0, 73.6,
73.3, 731, 72.5, 68.9, 55.4, 46.3, 21.0; HRMS calcd for CagHasN;0s [M+
H]* 621.3328; found 621.3325.

N-((2S,3R,4R,5R,6S)-4,5-bis(benzyloxy)-6-((benzyloxy)methyl)-2-
(hydroxymethyl)-1-(4-methoxybenzyl)piperidin-3-yl)acetamide  (15):
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To a stirred solution of 14 (70 mg, 0.11 mmol) in a mixture of tBuOH,
acetone, and H,O (1:5:1; 4 mL), was added N-methylmorpholine N-oxide
(20 mg, 0.17 mmol) and OsO4 (0.01 mmol). The reaction mixture was
allowed to stir for 24 h at room temperature. It was then quenched with
saturated aqueous Na,S,0s solution (5 mL), and allowed to stir for 1 h at
room temperature. Then the mixture was extracted with EtOAc (3 x 5
mL), and the combined extracts were dried over Na,SO4 and
concentrated to give a crude diol product. The crude diol (61 mg, 0.09
mmol) was dissolved in THF:H,O (2:1; 2 mL), cooled to 0 °C and to it
was added NalO4 (40 mg, 0.186 mmol) and allowed the mixture to stir at
room temperature for 5 h. Upon completion of staring material (monitored
by TLC), the reaction mixture was filtered, and extracted with CH,Cl, (2 x
5 mL). The combined organic phase was washed with brine (1 x 5 mL),
and the solvent evaporated to give the crude product aldehyde, which
was used for the next step without purification. Thus, to a cooled solution
of crude aldehyde (56 mg, 0.08 mmol) in MeOH (2 mL) at 0 °C was
added NaBH,4 (7 mg, 0.18 mmol), and the reaction mixture stirred at the
same temperature for 2 h. Upon consumption of the starting material
(TLC monitoring), it was quenched with saturated aqueous NH.CI
solution (3 mL). Methanol was evaporated and extraction was done with
CH.Cl; (2 x 5 mL) and washed with water (2 x 5mL). The combined
organic extracts were dried over Na,SO,. Evaporation of the solvent
followed by silica gel column chromatography of the crude residue
afforded 15 in 71% (50 mg) yield (over thigge steps) as a colorless syrup;
R¢ = 0.4 (hexane:ethyl acetate = 1:1); %o = 4627 (c = 0.4, CH.Clp); IR
(neat) vmax /cm™': 3542, 1668, 1272; 1034; 'H NMR (500 MHz, CDCl3) &
7.34-7.19 (m, 17H), 6.87 (d, J = 8.7 Hz, 2H), 4.56 (m, 5H), 4.53-4.50 (m,
1H), 4.49 (d, J = 3.6 Hz, 2H), 4.39 (d, J = 9.1 Hz, 1H), 4.16 (dd, J = 12.0,
5.5 Hz, 2H), 3.96 (br s, 1H), 3.84-3.77 (m, 7H), 3.69 (dd, J = 10.1, 6.2 Hz,
1H), 3.64 (dd, J = 6.7, 3.6 Hz, 2H), 2.05 (s, 3H); *C NMR (125 MHz,
CDCl3) 6 171.5, 159.8, 138.1, 137.7, 137.1, 130.1, 129.8, 128.6, 128.5,
128.2, 128.1, 128.0, 127.85, 127.80, 127.7, 127.6, 114.2, 75.4, 74.5,
73.7, 73.4, 72.8, 72.4, 69.4, 68.8, 67.7, 67.0, 66.5, 55.4, 46.4, 21.0;
HRMS calcd for C3gHasN206 [M + H]* 625.3278; found 625.3274.

N-((2S,3R,4R,5R,6S)-4,5-dihydroxy-2,6-bis(hydroxymethyl)piperidin-
3-yl)acetamide (16): Compound 15 (50 mg, 0.08 mmol) was dissolved in
CH3OH (2 mL), and Pd(OH),/C (10 mg, 20% w/w) was added to it. The
reaction mixture was allowed to stir under 1 atm of H, (balloon) at room
temperature for 20 h. When the reaction was complete, the mixture was
filtered through a pad of Celite® and washed with MeOH. The filtrate was
concentrated and the residue washed repeatedly Wltfl Tgxane to glve
pure product 16 as white syrup in 62% (19 mg) yield; a +12.7 (

0.1, D20); IR (neat) vmax /cm™: 3415, 2924, 1672, 1038; 'H NMR (500
MHz, D,0O) & 4.41 (ddd, J = 8.7, 5.7, 2.5 Hz, 1H), 4.36—4.33 (m, 1H), 4.23
(dd, J = 10.4, 4.8 Hz, 1H), 3.98 (dd, J = 5.3, 3.6 Hz, 1H), 3.87-3.81 (m,
2H), 3.74 (t, J = 6.1 Hz, 1H), 3.65-3.62 (m, 1H), 3.47 (t, J = 8.0 Hz, 1H),
2.14 (s, 3H); "3C NMR (125 MHz, D,0) & 174.3, 76.4, 73.3, 71.7, 71.0,
69.3, 67.2, 65.8, 60.6, 20.3; HRMS calcd for CgHigN2Os [M + H]
235.1294; found 235.1291.
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A simple and efficient stereoselective synthesis of an imino glycal is demonstrated
in 8 steps starting from 1,2-anhydro-3,4,6-tri-O-benzyl-D-glucopyranose. The utility
of the imino glycal has been shown in synthesis of (-)-1-epi-adenophorine and a
homoiminosugar as a glycosidase inhibitor.
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