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General Introduction

Introduction

Iminosugars, carbohydrate mimetics that feature a nitrogen atom substituting the
furanose/pyranose ring oxygen in the parent sugar they emulate (Figure 1), are widely spread
in nature.! Iminosugars are highly sought-after commodities because of their potential to
inhibit glycoprocessing enzymes, with potential application in buffering diet polysaccharide
degradation and in modulating glycoconjugate metabolism.2 Today, iminosugars are in clinical
use, or are considered as suitable leads for clinical development, for a range of human
disorders including lysosomal storage disorders, type 2 diabetes, cancer, bacterial infections

and viral infections.3
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Natural occurrence and biological activities

The naturally occurring iminosugars can be classified in several structural classes,
including pyrrolidines, piperidines, indolizidines, pyrrolizidines and nortropanes (Figure 1).
The first iminosugar discovered from natural sources is nojirimycin (NJ, 2), which was isolated
in 1966.* Nojirimycin is a close glucopyranose analogue that only differs from glucose in the
nature of the heteroatom within the ring: nitrogen instead of oxygen (Figure 1). Nojirimycin is
a potent inhibitor of various glucosidases, however the highly acid-labile hemi-aminal moiety
that characterizes nojirimycin also renders the compound relatively unstable in physiological
conditions. 1-Deoxynojirimycin (DN]J, 1) is a comparably much more stable compound that
however possesses very similar biological properties. DN]J was synthesized in 19685 and
isolated from plants in 1976,% and is a potent inhibitor of a large number of a-glucosidases as
well as [-glucosidases.”® 1,4-Dideoxy-1,4-imino-D-arabinitol (DAB, 3), and 2R,5R-
dihydroxymethyl-3R 4R-dihydroxy-pyrrolidine (DMDP, 4) are representative examples of
naturally occurring pyrrolidine iminosugars and have been isolated from tropical and
temperate plants.? Pyrrolidine 3 is a potent inhibitor of a-glucosidases, -glucosidases and a-

mannosidases,!0 and its close structural analogue 4 inhibits a wide range of glycosidases as

well.11
Figure 1: Structures of different classes of iminosugars
O._,.OH N_.R HO H
HO HO N_ R
HO'" “'OH HO' ‘OH
OH OH HO OH
1,R=H 3,R=H
glucose 2,R=OH 4, R = CH,OH
OH, oH OH
HOW 2 HO NH
HO
- N

HO' OH
5, castanospermine 6, swainsonine 7, australine 8, calystegine B,

Bicyclic iminosugars abound in nature as well and are also often quite potent glycosidase
inhibitors. The archetypal indolizidine iminosugar, castanospermine (5), isolated from
Leguminosae, is an inhibitor of both a-glucosidases and 3-glucosidases, thus resembling the
activity profile of DNJ 1.12-16 Swainsoine (6), isolated from leaves, stems and seeds of various

plants,17.18 is another widely studied indolizidine iminosugar and is a potent a-mannosidase
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inhibitor.1 A relevant pyrrolizidine iminosugar comprises australine (7), an inhibitor of both
a-glucosidases and (3-glucosidases that is found in Leguminosae seeds and leaves.2? Calystegine
B1 (8) is a tetra-hydroxyl nortropanes alkaloids isolated from Convolvulaceae, and found to be

a strong inhibitor of glucocerebrosidase.2!

Clinical relevance

Iminosugars have long been regarded as promising starting points for drug development
and today several iminosugars are in clinical use for the treatment of a number of human
diseases. One early example of the therapeutic use of iminosugar-containing material
comprises the application of mulberry leaves and bark, in Asia many years ago, for the
treatment of diabetes. Several decades ago, both N]J and DN]J were isolated from mulberry
leaves, and subsequently shown to inhibit of intestinal digestive glycosidases, thus affecting
the digestion and absorption of carbohydrates. On the basis of DN]J, the antidiabetic agent,
Miglitol (9), which has a better activity and selectivity compared with DN]J, was developed.

Today, Miglitol is in clinical use for the oral treatment of type II diabetes.

Figure 2: Structures of Miglitol and isofagomine

(" oH

N
N
- " HO
HO' ‘OH T “OH

OH OH
9, Miglitol 10, isofagomine

Another glycoprocessing enzyme associated with diabetes is hepatic glycogen
phosphorylase. Hepatic glucose levels are increased in type Il diabetes patients2?2? and it is
thought that buffering glucose levels can be effected through inhibition of hepatic glycogen
phosphorylase. DAB (3, Figure 1) proved to be a potent hepatic glycogen phosphorylase
inhibitor and by this virtue lowers gluconeogenesis from hepatic glycogen.23 [sofagomine (10)
is another potent hepatic glycogen phosphorylase inhibitor, and is also able to partially
prevent gluconeogenesis in animal models.24

Perhaps the most successful application of iminosugars in therapy is found in the area of
lysosomal storage disorders, in particular Gaucher disease. Lysosomal storage disorders (LSD)
comprise about 50 inherited diseases, each caused by inherited, genetic mutations in
particular lysosomal proteins, most commonly hydrolytic enzymes. Gaucher disease is a

relevant example both for the work described in this Thesis and for LSDs in general: it is
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perhaps the best studied member of the LSD family and several therapeutic intervention
strategies are in clinical practice or are in clinical development. Gaucher disease is
characterized by partial or complete (depending on the nature of the mutation) dysfunctional
lysosomal glucosylceramidase (GBA1). GBA1 hydrolyses the interglycosidic linkage in
glucosylceramide and (partial) deficiency in GBA1 leads to accumulation of this substrate as
well as the unusual lysolipid, glucosylsphingosine. Gaucher pathology likely is partially caused
by accumulation of these lipids. Gaucher patients (at least those suffering from relatively mild
Gaucher as the result of partial, but not complete, impairment in GBA1) can be treated
intravenously with recombinant GBA1 in what is termed enzyme replacement therapy (ERT).
Alternatively, the enzyme responsible for the synthesis of the primary storage material in
Gaucher disease, glucosylceramide synthase (GCS, producing glucosylceramide from UDP-
glucose and ceramide) can be partially inhibited by N-butyl-deoxynojirimycin (13, marketed as
Zavesca) in what has become known as substrate reduction therapy (SRT). Not clinical practice
yet but an approach receiving considerable attention from academia and pharmaceutical
industry alike is termed pharmacological chaperone therapy (PCT), which aims at stabilizing
genetically impaired GBA1 to such an extent that (close to) normal glucosylceramide levels are
reached. N-Nonyl-deoxynojirimycin (12) is a competitive GBA1l inhibitor that is under
investigation as a pharmacological chaperone.?> Its mode of action relies on its inhibitory
activity: by active site occupation the enzyme ‘folds’ around the inhibitor and thus retains its
active conformation. CMT has in fact reached the clinic for another LSD: Fabry disease
(characterized by genetic deficiency in lysosomal alpha-galactosidase). N-Butyl-
deoxygalactonojirimycin, or migalastat (11) is an a-galactosidase inhibitor and patients
suffering from Fabry disease2?6 can be treated with this compound, in combination with

recombinant a-galactosidase (thus, a combined ERT/PCT treatment regime).

Figure 3: Structures of migalastat, NN-DNJ and Zavesca

OH OH OH
11, migalastat 12, NN-DNJ 13, Zavesca

The anti-viral activity of iminosugars is generally thought to be related to their ability to
inhibit endoplasmic reticulum (ER) a-glucosidases. Blocking ER a-glucosidases affects the

folding and trafficking of viral envelops glycoproteins.2” Potent a-glucosidase inhibitors such

10
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as DNJ (1), NN-DNJ (12) and castanospermine (5) have been subjected to clinical studies in
relation to HIV infections, though no clinical drug has emerged from these studies.

In a recent publication, the anti-influenza activity of iminosugars was reported. In assays
on infected cells both NN-DN] and NB-DN]J were found to display antiviral activity against
human influenza A, with NN-DN]J being the more potent compound. This activity is also thought
to be related to ER a-glucosidase inhibition, since, upon treatment with 12 levels of viral
hemagglutinin and neuraminidase proteins were found to be reduced.?8 Related studies have
shown that iminosugars may block intracellular proliferation of yet another pathogenic virus:

hepatitis B virus (HBV).

Outline of the thesis:

The research executed in the context of this Thesis comprises the design and synthesis of
focused libraries of unprecedented iminosugars. Chapter 2 reviews one of the most effective
routes of synthesis towards deoxynojirimycin derivatives that is also central to parts of this
Thesis: double reductive amination on an appropriately functionalized 5-keto-aldehyde.
Application of this strategy in the synthesis of glycosylated DN] derivatives is presented in
Chapter 3. In Chapter 4, a series of N-alkyl iminosugars was designed and synthesized as
selective inhibitors of the neutral glucosylceramidase, GBA2. In Chapter 5, and based on the
dual GCS/GBAZ2 inhibitor described in the literature, biphenyl-L-ido-DN], a series of modified
biphenyl-L-ido DNJ iminosugars are designed and synthesized and evaluated on their activity
and selectivity on the three glucosylceramide processing enzymes, GCS, GBA1 and GBA2. In
Chapter 6, a focused library of iminosugars characterized by the presence of a geminal
bis(hydroxymethyl) motif is described, and Chapter 7 summarizes the results described in
this Thesis, presents plans for future research and details some initial steps that have been

taken in this direction.
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Synthesis of Deoxynojirimycin

and its Substituted Analogues:

Highlights from the Literature

Introduction

Following the first synthesis of nojirimycin (N]) and deoxynojirimycin (DN]) reported by
Paulsen and co-workers in 1967,! many studies on the synthesis of iminosugar derivatives have
emerged.?7 In the course of these studies, many conceptually different strategies have been
developed. Most of these synthesis strategies can be classified as being part of two overarching
strategies, namely, those starting from simple, often achiral starting materials (de novo
synthesis) and those starting from an abundant natural compound (chiral pool synthesis).
Perhaps not surprisingly, carbohydrates often feature as the chiral pool starting material: many

monosaccharides are abundant in nature, and a wealth of chemical transformations is known
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CHAPTER 2

by means of which the individual functional groups of a carbohydrate can be addressed
individually. Last but not least, many of these functional groups present in the target
iminosugar are also found in the parent sugar and therefore ‘just’ need to be retained in a
synthesis campaign. In this chapter, a literature survey of some of the most versatile de novo
synthesis and chiral pool-based synthesis strategies towards the archetypal iminosugar, 1-
deoxynojirimycin (DN]) will be given, with a focus on reductive amination chemistry as a key

step in the synthesis.

Synthesis from achiral compounds

Scheme 1: Synthesis of DNJ featuring consecutive Sharpless asymmetric dihydroxylation

and Sharpless asymmetric epoxidation steps
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The synthesis of DNJ, which has four consecutive chiral centers, from non-chiral starting
materials can be time-consuming and requires both the introduction (through for instance the
use of chiral auxiliaries or the application of asymmetric catalysis strategies) and the transfer of
chirality.> 813 One of the earliest examples of an asymmetric synthesis of DNJ was reported by
Somfai and co-workers in 1998 (Scheme 1).1* In the first step of this synthesis p-
methyloxybenzyl (PMB) protected diene 2 was subjected to a Sharpless asymmetric
dihydroxylation reaction (treatment with AD-a-mix), giving diol 3 in high enantiomeric excess.

Protection of the secondary alcohols in 3 was followed by reduction of the ethyl ester to
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generate allylic alcohol 4, which was converted to epoxide 5 by means of a Sharpless
asymmetric epoxidation. Swern oxidation of the primary alcohol 5 to the aldehyde was
followed by Wittig olefination, yielding vinyl epoxide 6 as a key intermediate bearing four
consecutive chiral carbon centers.

Oxidative removal of the PMB group in 6 was followed by reaction of the thus liberated
primary alcohol with methanesulfonyl chloride and diisopropylethyl amine to provide mesylate
7. Treatment of 7 with benzylamine gave regioselective opening of the epoxide to in situ form
compound 8, after which intramolecular substitution of the mesylate in 8 provided piperidine
9. Dihydroxylation of the vinyl moiety in 9 followed by oxidative cleavage and reduction of the
resulting aldehyde gave partially protected DN]J 10 and ensuing global deprotection finally
yielded DNJ 1.

Synthesis from amino acids

Compared with de novo synthesis strategies relying on the introduction of chirality during
chemical transformations and that start with achiral starting materials, routes starting with
chiral pool compounds are often more concise. Amino acids are sometimes used as starting
points in the synthesis of iminosugars, and several routes of synthesis starting from (S)-
isoserine,!s serinel6-21 and alanine?Z have been reported. A relevant example of such a strategy
is depicted in Scheme 2 and comprises the use of Garner’s aldehyde 12, itself easily prepared
from D-serine, in the preparation of a variety of protected and functionalized piperideines.*
These chiral piperideines (13 - 15) function as advanced intermediates in the preparation of
DN]J (1) and some configurational analogues. D-Fagomine and its isomers were generated from
methoxypiperideine 13,2324 DN] and its D-allo, D-altro and D-manno congeners are synthesized
via the dioxanyl piperideine intermediate 15,25 while D-gal, D-gulo, D-ido and D-talo isomers are

generated from 14.26

Scheme 2: Chiral building blocks from Garner’s aldehyde 12

o CHO

/,\\//ﬂ\ Ref. 4 — Ref. 23, 24 N
HO > YoH — O NH — > N OTBDPS
NH, x Boc

11 12 13

Ref. 26 / \ Ref. 25
OO ol
N o N 0

Boc Boc
14 15
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As an example of how piperideines can serve as advanced intermediates towards
iminosugars, the transformation of 15 to DNJ 1 is depicted in Scheme 3. Treatment of 15 with
oxone gave a near equimolar amount of the two epoxides 16 and 17 (44% and 45% yield,
respectively). Acid hydrolysis of 16 gave a mixture of DNJ (1) and its D-altro epimer (19), again
in a 1:1 ratio. Under the same conditions 17 was transformed to the D-altro epimer as the sole

product.

Scheme 3: Synthesis of DNJ from piperideine 15
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Takahata and co-workers revealed the use of the D-serine-derived piperideines in the
synthesis of both configurational DNJ isomers and configurational fagomine isomers
resembling naturally occurring D-configured monosaccharides. Moreover, by switching to the
Garner’s aldehyde derived from L-serine the corresponding enantiomeric isomers can be
prepared following the same sequence of reactions. A recent route reported by Singh et al.

describes such a synthesis of L-DN] starting from L-serine-derived Garner’s aldehyde.21.27

Synthesis from carbohydrates

Carbohydrates are often used as starting point for the chemical synthesis of iminosugar
derivatives. Mannitol,28 29 D-ribose,3° D-fructose3! as well as a number of other
monosaccharides all feature in iminosugar synthesis strategies, and a reductive amination
event (single or double) often is applied to create the piperidine core structure.32-48

Owing to the structural similarity of DNJ and glucose, the use of glucose and its derivatives
as chiral pool starting compounds is obvious, and many groups have devoted efforts to the
synthesis of DNJ using glucose as starting material. One popular approach that starts from D-
glucose is to prepare DN]J via a 5-azido intermediate.32-40 A representative example is given in
Scheme 4.3% The synthesis scheme starts with diacetone glucose, and after a series of standard
protective group and functional group transformations compound 21 featuring a mesylate at C-

5 is obtained. Sy2 substitution of the mesylate by sodium azide yielded 22, after which
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Staudinger reduction (22 to 23), Cbz protection of the amine in 23 followed by acidolysis
provided lactol 24. Compound 24 was subjected to catalytic hydrogenation, resulting in
deprotection of the amino group, intramolecular nucleophilic attack of the amine on the
aldehyde (masked in 24 as the hemi-acetal) and dehydration to in situ form the imine, which is
reduced in one pot to form DN]J (1). The last steps - imine formation followed by reduction, in

other words a reductive amination, is found in many DN]J synthesis schemes.

Scheme 4: Synthesis of DN] via C-5 azido intermediate
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Two closely related DN]J syntheses that start from perbenzylated D-gluconolactone was
reported independently by two groups about 25 years ago.*43 In a representative procedure
(see in Scheme 5), 2,3,4,6-tetra-O-benzyl-a-glucopyranose was oxidized to lactone 25.
Treatment of 25 with methanolic ammonia gave 5-hydroxylamide 26. The C-5 hydroxyl group
was then oxidized to the ketone (27), after which ring closure provided hydroxylactam 28.
Reduction of the hydroxylactam under acidic conditions (in situ formation of an N-acyliminium
ion, which is then reduced thanks to the presence in the reaction mixture of sodium
cyanoborohydride) provided lactam 29. Lithium aluminum hydride reduction of the lactam to
the piperidine followed by catalytic hydrogenation to remove the benzyl protective groups
yielded DNJ (1) in 29% yield over the 7 steps starting from 2,3,4,6-tetra-O-benzyl-a-

glucopyranose.
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Scheme 5: Synthesis of DNJ from gluco-6-lactone
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Synthesis via double reductive amination

Baxter and Reitz reported in 19904+ 45 the first synthesis of DNJ featuring as key step a
stereoselective intramolecular reductive amination of a 1,5-dicarbonyl derivative (33) (scheme
6). The synthesis of 33 started from acetone-D-glucose 31. In the first step, the free secondary
alcohol in 31 is oxidized with dibutyltin oxide and bromine, after which the isopropylidene
group was removed with acid resin to give dicarbonyl compound 33. This intermediate was
subjected to a double reductive amination procedure using sodium cyanoborohydride and the
appropriate primary amine to form N-substituted piperidines (34 and 35) with a high
stereoselectivity (34:35 = 96:4). The yield and stereoselectivity in the formation of the N-alkyl
DN] derivatives described in this report was found to depend on the primary amine used.**
Application of the double reductive amination protocol to either peracetylated or
perbenzylated 33 gave much lower yields.#S Due to the high stereoselectivity and because
hydroxyl protecting groups are not required, the double reductive amination procedure is very
attractive and is widely applied in the preparation of different iminosugars and iminosugar

derivatives.
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Scheme 6: Double reductive amination procedure towards DN]
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Different synthesis strategies have been developed to prepare hexos-5-uloses (33) for
ensuing application in double reductive amination protocols.*¢ For example, exo-glucal 38 can
be transformed into 1,5-dicarbonyl 33 as depicted in scheme 7.47 Compound 38 was generated
from fully protected 6-deoxy-6-iodoglucopyranose 37, which in turn was obtained in 2 steps
from o-methyl glucose following treatment with DBU and ensuing protective group
manipulations. Oxidation of 38 with 1,1,1-trifluoroacetone and oxone generated oxirane 39,
which was in situ hydrolyzed to give D-hexos-5-ulose 40, after which subsequent silylation gave
41. Removal of the protecting groups yielded 5-oxo-aldehyde 33, which was converted into DN]
following conditions essentially as described by Baxter and Reitz.45

This strategy - generation of an exo-glucal and conversion to the keto-aldehyde - can be
carried out on appropriately functionalized disaccharide derivatives as well. Steiner et al.
developed a route to synthesize glucosyl-4-£-DNJ from cellobiose via a 5,6-glucal intermediate
(Scheme 8).#8 In this synthesis, cellobiose was converted to its methyl cellobioside and the 4’, 6’
hydroxyl groups protected to give benzylidene acetal 42. Following treatment with PPhz and
iodine, the remaining free hydroxyl groups were acetylated to provide 43. Silver fluoride
mediated elimination of hydrogen iodide formed 5,6-enone 44, the alkene moiety of which was
epoxidized (treatment with mCPBA) after which in situ hydrolysis of the anomeric acetal

formed 45. Deacetylation (45 to 46) followed by double reductive amination yielded 47 (the
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benzylidene protective group is removed under the applied conditions as well). This

methodology can also be applied for the synthesis of glucosyl-4-a-DN]J from maltose.*8

Scheme 7: Synthesis of DN] via a 5,6-exo-glucal intermediate
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Scheme 8: Synthesis of gluco-4-3-DN] via 5,6-intermediate intermediate
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A related 5-ulose compound proved also to be a versatile intermediate in the synthesis of
galactyl-4-B-DNJ 51 as depicted in Scheme 9.#° Lactose was transformed into partially
protected disaccharide 48 in a series of standard transformations,5° after which 6-0-benzyl
protected ketone 49 was obtained through regioselective benzylation and oxidation of the

remaining secondary alcohol. Treatment of 49 with 90% aqueous TFA gave 1,5-di-carbonyl
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disaccharide 50, which was subjected to double reductive amination. Finally, catalytic

hydrogenation of the thus obtained partially protected aza-disaccharide gave target iminosugar

51.

Scheme 9: Synthesis of galacto-4-f-p-DNJ from lactose
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As a last example, returning to the synthesis of DNJ 1, a concise synthetic route with
perbenzylated 5-keto-aldehyde intermediate 54 as key intermediate is depicted in Scheme 10.
The synthesis starts from commercially available 2,3,4,6-tert-0-benzyl-glucose (52).51 Lactol 52
was reduced by lithium aluminum hydride to give 1,5-diol 53. Swern oxidation of both primary
and secondary alcohol in 53 and subsequent double reductive amination of crude 53 yielded
2,3,4,6-tetra-0-benzyl-DNJ 30. Palladium-catalyzed hydrogenolysis of the benzyl ethers in 30
yielded DNJ. The overall yield in this procedure is up to 65% starting from 52 and moreover the

procedure can be executed on a multi-gram scale.52

Scheme 10: Synthesis of DN] from 2,3,4,6-tert-0O-benzyl-glucose 52 via 1,5-diol

intermediate 53
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Summary

This chapter details some representative and versatile routes of synthesis to obtain DNJ 1
and some structural and configurational analogues. Amongst the routes presented, those
starting from carbohydrates, and in particular those featuring double reductive amination steps,
are arguably the most versatile for the construction of DNJ type iminosugars. Such routes
proceed through the synthesis of a 5-keto-aldehyde intermediate, and thus the stereocenter at
C-5 is lost during the synthesis. This stereocenter however is in almost all examples presented
close to completely recovered during reduction of the intermediate imine. Thus the strategy is
particularly suited for the construction of DNJ-configured iminosugars, although it should be
noted that the synthesis of differently configured iminosugars by means of a double reductive

amination step is likely to be less effective.
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Synthesis of Glycosylated

1-Deoxynojirimycin

Introduction

Iminosugars have received considerable interest in the past decades because of their
potential to inhibit glycosidases and glycosyl transferases. A relatively unexplored class of
iminosugars comprises the glycosylated deoxynojirimycin derivatives. =~ Whereas
monosaccharide analogues act as exoglycosidase inhibitors and sometimes also as glycosyl
transferase inhibitors, iminosugars functionalized with a monosaccharide or an oligosaccharide

may well act as inhibitors of another major class of glycoprocessing enzymes: endoglycosidases.
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The glycosylated iminosugar, MDL25637 (2), is a relevant example of the potential of this
class of compounds. It is a potent trehalase inhibitor (which is an established target for the
treatment of type 2 diabetes), in contrast to the corresponding monosaccharide iminosugar, o-

homonojirimycin (1), which does not inhibit this endoglycosidase activity.!

Figure 1: Structure of a-homonojirimycin and MDL25637
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Glycosylated iminosugars have been isolated from plants and microorganisms, often
organisms that also produce DN]J. However, their natural abundance is usually rather low. For
instance, in order to isolate 50 mg of a-glucosylated deoxynojirimycin 4 (Figure 2), 50 kg of
mulberry tree root bark is required.? The synthesis of glycosylated DNJ derivatives is therefore
an attractive alternative. Three conceptual approaches can be discerned by means of which
glycosylated DNJ have been prepared. These are 1) enzymatic glycosylation of DNJ derivatives,
2) chemical glycosylation of DN]J derivatives and 3) strategies based on disaccharide entities as

starting material.

Figure 2: Structure of DNJ and glucosylated DNJ derivatives
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The enzymatic glycosylation of DNJ] derivatives has been accomplished using
glycohydrolases as catalysts in transglycosylation events using an appropriate donor glycoside.

One of the earliest endeavors in this vein comprises the synthesis of compound 5 (Figure 2)
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using a-cyclodextrin as glucose donor and bacillus macerans amylase as transglycosylase.?
Following these studies, it was shown that a variety of alternative glycosides including p-
nitrophenyl-a-D-galactose,* UDP-glucose,5 and lactose® are effective donor glycosides as well,
expanding the methodology to yield a variety of glycosylated DNJ derivatives. Besides
glycosidases also glycosyl transferases have been recruited in the enzymatic synthesis of
glycosylated DN]J derivatives. Enzymatic approaches hold several advantages, including mild
reaction conditions, readily available starting material and short reaction sequences. However,
enzymatic synthesis also has its limitations, including structural diversity that can be obtained
in general and, in particular in the use of transglycosylations, the potential formation of
structural isomers. For example, when cellobiose was chosen as glycosyl donor and yeast f3-
glucosidase as the transglycosylase catalyst, 4, 6, 7 and 8 (Figure 2) as well as a number of
other oligosaccharides were formed as a mixture.” Because of their similar chemical and

physical properties, separation of such a mixture of glycosylated iminosugars can be a

challenge.
Scheme 1: Examples of chemical glycosylations of DNJ
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Chemical glycosylation forms an attractive alternative for enzymatic glycosylation of DN].
In chemical glycosylation approaches, part of the hydroxyl groups in the acceptor (in this case,
DN]J) are selectively protected, leaving the hydroxyl to be modified free for glycosylation using
an appropriate donor (1-trichloroacetimidate 9,8 1-thioglycoside 10° or 1-bromoglycoside
11,10 scheme 1) and activation strategy. Since the synthesis of a donor and acceptor may take
quite a few protection and deprotection steps, this strategy may be - compared to enzymatic

synthesis - somewhat lengthy and tedious.
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Scheme 2: Synthesis of DNJ11 and proposed synthesis of melibio-DN] via double reductive

amination.
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The third conceptual strategy towards glycosylated DNJ derivatives that has been studied
to some extent comprises the use of disaccharides as starting material. In this strategy
multistep preparation of the donor and acceptor moieties is avoided, but the caveat is that
appropriate disaccharide starting materials should be available. The transformation of
disaccharides into glycosylated DN] derivatives described in this chapter is rooted in the double
reductive amination strategy (Scheme 2, melibio-DN] as example) by means of which a partially
protected glucitol, in which the C-1 and C-5 alcohols are free for modification, can be
transformed into DN]J (see for details on this strategy also Chapter 2). In this strategy, the
anomeric center of a partially protected disaccharide is selectively exposed, and the hemi-acetal
reduced to generate the key 1,5-diol intermediate. This diol is oxidized to the keto-aldehyde,
which in a double reductive amination event to produce the target glycosylated DN]J derivative.
An important feature of this scheme is the recovery of the stereocenter at C-5 of the newly

formed iminosugar, which works well when the glucopyranose configuration is the desired one.

Results and discussion

Synthesis of 6-O-(a-D-galactopyranosyl)-1-deoxynojirimycin (24)

The synthesis of 6-0-(a-D-galactopyranosyl)-1-deoxynojirimycin 24 (melibio-DNJ)
commences from melibiose 16, which is commercially available. Treatment of 16 with sodium
acetate in refluxing acetic anhydride afforded peracetylated melibiose 17, which was reacted

with thiophenol and BF3-Et;0 to give thiophenyl melibioside 1812 in 74% yield over the two
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steps. Zémplen deacetylation followed by benzylation yielded perbenzylated thiomelibiose 20,
the thiolphenyl group in which could be removed using literature conditions!? (treatment with
N-iodosuccinimide and trifluoroacetic acid) to yield lactol 21 as the key intermediate in 39%

yield over the three steps.

Scheme 3: Syntheses of 24 from melibiose
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Reagents and conditions: [a] Ac20, NaOAc, reflux, 90%; [b] BF3-Et20, PhSH, DCM, 82%; [c] NaOMe,
MeOH; [d] BnBr, NaH, DMF, 50% 2 steps; [e] NIS, TFA, DCM, 77%; [f] LiAlHs, THF, 74%; [g] 1) (COCl)2,
DMSO; 2) HCOONH4, Na2S04, NaBH3CN, 71% 2 steps; [h] 10% Pd/C, DMF/MeOH, 1M HC, 75%.

In the next step, the hemiacetal moiety in 21 was reduced (lithium aluminum hydride) to
give diol 22, which was oxidized to the corresponding keto-aldehyde using Swern conditions.
Double reductive amination with concomitant regeneration of the chiral center at C-5 was
accomplished using ammonium formate and sodium cyanoborohydride to yield protected 1-
melibio-deoxynojirimycin 23 (52% yield, three steps). The chirality of carbon C-5 in 23 was
unambiguously established by proton NMR, revealing that, as expected, the iminosugar moiety
in 23 has the D-gluco-configuration (as in DNJ). The coupling constants between H-4 and H-5
(9.5 Hz) and between H-2 and H-3 (9.1 Hz) are in full agreement with the presented
stereochemistry of 23, and the stereochemical outcome of the double reductive amination step
is therefore as was observed previously for the synthesis of DNJ using the same sequence of
events (reduction of the hemi-acetal in 2,3,4,6-tetra-O-benzyl-glucopyranose, followed by
Swern oxidation of both primary and secondary alcohol and finally double reductive amination

of the intermediate 5-keto-aldehyde, Figure 3, inserted box).1! Removal of the benzyl groups in
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23 by palladium-catalyzed hydrogenation gave the target imino-disaccharide 24 in 11% overall
yield starting from 16.

Figure 3: Part of the 400 MHz proton NMR spectra of 23
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Synthesis of 4-O-(a-p-glucopyranosyl)-1-deoxynojirimycin (33)

Scheme 4: Synthesis of 33 from maltose
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Reagents and conditions: [a] Ac:0, NaOAc, reflux, 94%; [b] BF3Et2:0, PhSH, DCM, 61%; [c] NaOMe,
MeOH; [d] BnBr, NaH, DMF, 89%; [e] NIS, TFA, DCM, 93%; [f] LiAlHs, THF, 74%; [g] 1) (COCI)2, DMSO; 2)
CHOONH34, Na2S04, NaBH3CN, 44% 2 steps; [h] 10% Pd/C, DMF/MeOH, 1M HCI, 71%.
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The synthesis strategy applied for the assembly of 4-0-(a-D-glucopyranosyl)-1-
deoxynojirimycin 33 (malto-DN]) was identical as that described for the synthesis of 24
(melibio-DN], scheme 3), but now starting from maltose (25). Lactol 30 was uneventfully
obtained from maltose 25 in a yield of 47% over the five steps. Lithium aluminum hydride
reduction of 30 followed by Swern oxidation and double reductive amination produced fully
protected malto-DN] 32 (33% yield, three steps). The stereochemical outcome in synthesizing
32 was revealed by proton NMR spectroscopy (Figure 4). The benzyl groups were removed by
palladium-catalyzed hydrogenolysis to form target iminosugar 33 in 11% overall yield starting

from (25).
Figure 4: Part of the 400 MHz proton NMR spectra of 32
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Synthesis of 4-O-(B-D-galactopyranosyl)-1-deoxynojirimycin (34)

The synthesis of 4-0-(p-D-galactopyranosyl)-1-deoxynojirimycin 40 (lacto-DN]J) starts with
lactose, which is one of the cheapest disaccharide known and is a side product of the dairy
industry.!* Hepta-acetyl thiolactoside 34 was prepared following the sequence of events as
described for hepta-acetyl thiomelibioside 18, but starting from lactose. Compound 34
underwent deacetylation, benzyl protection and NIS/TFA thioglycoside hydrolysis as described
before to obtain lactol 37, and was reduced (lithium aluminum hydride), subjected to Swern
oxidation followed by double reductive amination to obtain protected imino-disaccharide 39.
Compound 39 was treated with palladium on carbon and hydrogen gas to give the desired

imino-disaccharide 40 in 14% overall yield starting from 34.
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Scheme 5: Synthesis of 34
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Reagents and conditions: [a] NaOMe, MeOH; [b] BnBr, NaH, DMF, 100% 2 steps; [c] NIS, TFA, DCM, 85%;
[d] LiAlHs, THF, 77%; [e] 1) (COCl)2, DMSO; 2) HCOONHs, NazSOs, NaBHsCN, 22%; [f] Pd/C, Ha,
DMF/MeOH, 64%.

The stereochemistry of carbon C-5 was established by NMR to be as in the parent
compound. For comparison, the J values between H-2 and H-3 (not changed during the
syntheses) and those of H-4 and H-5 (destroyed during Swern oxidation and recovered during
reductive amination) of a number of aza-disaccharides discussed in this chapter is given in

Table 1.

Table 1: 23 and J45 of DNJ moiety from different molecules

Molecule J2;3 (Hz) Ja5 (Hz)
1-Deoxynojirimycin (DN]), 3 9.1 9.1
Protected melibio-DNJ, 23 9.1 9.5
Protected malto-DNJ, 32 8.6 9.5
Lacto-DNJ, 40 8.6 9.5
Protected cellobio-DN]J, 48 8.8 9.7
Protected 2-0-(a-gal)-DNJ, 68 9.2 9.3

Synthesis of 4-O-(B-D-glucopyranosyl)-1-deoxynojirimycin (49)

Starting from disaccharide cellobiose (41), 4-0-(B-D-glucopyranosyl)-1-deoxynojirimycin
49 (cellobio-DN]) was obtained in 10% overall yield following the sequence of events as
described for the synthesis of 24 (melobio-DN]). The nature of the stereochemistry at C-5 of the
thus produced DNJ moiety in 48 was confirmed by NMR spectroscopy (table 1).
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Scheme 6: Synthesis of 49 from cellobiose
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Reagents and conditions: [a] Ac20, NaOAc, reflux, 98%; [b] BFsEt20, PhSH, DCM, 91%; [c] NaOMe,
MeOH; [d] BnBr, NaH, DMF, 89%; [e] NIS, TFA, DCM, 90%; [f] LiAlHs, THF, 74%; [g] 1) (COCl)2, DMSO; 2)
HCOONH4, Na2S04, NaBH3CN, 44% 2 steps; [h] 10% Pd/C, DMF/MeOH, 1M HCI, 65%.
Synthesis of 2-O-(a-galactopyranosyl)-1-deoxynojirimycin (69)

Scheme 7: Synthesis of acceptor 54
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Reagents and conditions: [a] BFs-Et20, PhSH, DCM, 91%; [b] NaOMe, MeOH; [c] PhCH(OMe)z, p-TsOH,
DMF, 59% 2 steps; [d] BuzSnO, TBAI, BnBr, 73%.

The examples described above comprise the use of cheap, readily available disaccharides
featuring a glucopyranose moiety at the reducing end as starting material. Obviously, many
other disaccharides other than the ones used can be envisaged as starting material and that
have a similar lay-out: a glycosylated glucopyranose. Besides making use of available
disaccharides of this nature, one can also synthesize these by chemical glycosylation of a
partially protected glucopyranose moiety. As an example, partially protected 1-phenylthio-
glucopyranoside 54, with O-2 free for chemical glycosyation, can be prepared following a
number of protective group manipulations starting from peracetylated glucopyranose 50

(scheme 7).
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Treatment of 50 with borontrifluoride diethyl etherate and thiophenol yielded
thiophenylglycoside 51, the acetyl groups in which were then removed using sodium
methoxide to give 52. The C-4 and C-6 hydroxyls in 52 were protected as the benzylidene
acetal, after which regioselective benzylation (dibutyltin oxide, tetrabutylammonion iodide,
benzyl bromide) gave 54 in 44% yield over the five steps.

Galactose donor 61 was selected as glycosylating species to functionalize O-2 in 54 prior to
its transformation into a DNJ derivative. The synthesis of 61 starts from D-galactose and was
accomplished in 7 steps. In the first step, all hydroxyl groups in D-galactose were transformed
into the acetates using acetic anhydride and sodium acetate, yielding peracetylated
galactopyranose 55. Treatment of 55 with thiophenol and Lewis acid yielded 56, which after
treatment with sodium methoxide gave thiogalactoside 57. The C-4 and C-6 hydroxyls in 57
were protected as the di-tert-butylsilylene acetal, to yield 58. The free hydroxyls in 58 were
protected as the benzyl ethers (treatment with benzyl bromide and sodium hydride) giving 59.
The thio-acetal linkage in 59 was cleaved (NIS/TFA, 59 to 60), after which treatment with
trifluoro-phenylacetimidoyl chloride gave donor galactoside 61 in an overall yield of 16%

starting from galactose.

Scheme 8: Synthesis of donor 61

Reagents and conditions: [a] BF3-Et20, PhSH, DCM, 100%; [b] NaOMe, MeOH; [c] tBuSi(0Tf)2, 53% 2 steps;
[d] BnBr, NaH, DMF, 56%; [e] NIS, TFA, DCM, 88%; [f] trifluoro-phenylacetimidoyl chloride,
Cs2CO0s3, acetone, 65%.

Glucose acceptor 54 was next coupled with donor galactoside 61 using trimethylsilyl
trifluoromethanesulfonate as the activating agent at 0 °C. Following this methodology,

compound 62 was obtained as the main product in good stereoselectivity (/1> = 4.0 Hz) in a
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yield of 69%. However, when the glycosylation was carried out at -78 °C, the main product
proved to be thiophenyl galactopyranoside 59 (yield more than 70%), with no formation of the
desired disaccharide 62 observed. When conducting this reaction at -20 °C, 62 was obtained in

ayield of 35%, together with a considerable amount of 59 (30%).

Scheme 9: Synthesis of 69
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Reagents and conditions: [a] TMSOTf, DCM, 0 °C, 69%; [b] TBAF, THF, 82%; [c] p-TsOH, DCM, 90%; [d]
BnBr, NaH, DMF, 92%; [e] NIS, TFA, DCM, 71%; [f] LiAlH4, THF, 88%; [f] (COCl)2, DMSO, HCOONH4,
Na,S04, NaBH3CN, 24%; [g] Pd/C, H2, EtOH, 1M HCl, 52%.

54

The generation of 59 at low temperature might be due to the side reaction mechanism
visualised in Figure 6. The sulfur and hydroxyl groups on the acceptor can both react with the
activated donor, and whether the reaction goes through pathway I or pathway Il depends on
the relative reactivity of the sulfur and the hydroxyl groups.!> There exists literature precedents
reporting that lowering the temperature favors reaction pathway II and thus avoids the aglycon
transfer product.16-18 However, this is inconsistent with the findings presented here. Arguably,

upon formation of oxycarbenium ion 70, S-glycosylation (pathway I) to give sulfonium ion 71
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proceeds easier (thus at lower temperature) than O-glycosylation (pathway II) to give
protonated disaccharide 73. Once 73 is formed, however, deprotonation yields the final
disaccharide as the thermodynamic end point. Assuming the occurrence of an equilibrium
between sulfonium ion 71 and in situ formed oxycarbenium ion 70 (and acceptor 54), and by
allowing the formation of 73 as well (by elevating the temperature) the reaction will then
proceed towards disaccharide 62. In case the temperature is insufficiently high to overcome the
barrier towards 73, and therefore allowing only pathway I to occur, eventually expulsion of
oxycarbenium ion 72 (which will deteriorate during work-up) may occur as the main

conclusive event, delivering phenylthiogalactoside 59.

Figure 6: Chemical glycosylation products at different temperatures
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With disaccharide 62 in hand, the corresponding aza-disaccharide was readily prepared
using the sequence of events also used for the preparation of the other aza-disaccharides
described in this chapter. In the first instance, the di-tert-butylsilylene ester in 62 was removed
using tetra-N-butylammoniumfluoride (TBAF) to afford 63. Removal (with p-toluenesulfonic
acid) of the benzylidene in 63 gave 64 as white crystals (90%) and the free hydroxyls in 64
were benzylated (sodium hydride and benzyl bromide) to give 65. NIS/TFA mediated
hydrolysis of the phenyltio acetal yielded hemi-acetal 66, which was subjected to LiAlH4
mediated reduction to give diol 67 in a yield of 88%. Subsequent oxidation of both alcohols in

67 followed by the double reductive amination procedure gave protected iminosugar 68.
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Proton NMR spectroscopy of 68 confirmed that the DNJ configuration was obtained also in this
instance (see table 1). The benzyl protecting groups in 68 were finally removed to give aza-

disaccharide 69 in an overall yield of 7% based on 62.

Conclusion

This Chapter reports on the synthesis of five glycosylated 1-deoxynojimycin derivatives.
Four of these, namely 6-0-(a-D-galactopyranosyl)-1-deoxynojirimycin (24), 4-0-(a-D-
glucopyranosyl)-1-deoxynojirimycin (33), 4-0-(B-D-glucopyranosyl)-1-deoxynojirimycin (49)
and 4-0-(B-D-galactopyranosyl)-1-deoxynojirimycin (40) were synthesized from their
commercially available disaccharide (melibiose, maltose, cellobiose and lactose, respectively)
as precursor. As a further example, 2-0-(a-galactopyranosyl)-1-deoxynojirimycin (69) was also
successfully synthesized via the same methodology from its corresponding disaccharide, and
the precursor disaccharide for this transformation was synthesized via chemical glycosylation.
Thus the methodology presented appears general and, though yields vary between the
individual examples, glycosylated DN] derivatives can be prepared without difficulties from

their glycosylated glucose counterparts, as long as the latter are synthetically tractable.

Experimental Section

General methods: All solvents and reagents were obtained commercially and used as received
unless stated otherwise. Reactions were executed at room temperature unless stated
otherwise. Moisture sensitive reactions were performed under argon atmosphere. Water was
removed from starting compounds by coevaporation with toluene. Solvents were removed by
evaporation under reduced pressure. DCM, DMF, and THF were dried over activated 4R
molecular sieves for at least 12 hours before use. Compounds were visualized during TLC
analyses by UV (254 nm), and with the following staining solutions: aqueous solution of KMnO4
(5 g/ L) and K»CO3 (25 g/ L). Visualization of hemiacetals and glycosides was achieved by
spraying with a solution of 20% H>SO4 in ethanol followed by charring at * 200 °C. Column
chromatography was performed on silica gel (40 - 63 pm). 'H and 13C-APT NMR spectra were
recorded on a Bruker AV 400 (400/100 MHz) or Bruker 600 (600/150 MHz) spectrometer in
CDCl3, MeOD or D,0. Chemical shifts are given in ppm (6) relative to TMS as internal standard
(*H NMR in CDCI3) or the signal of the deuterated solvent.1? Coupling constants (/) are given in
Hz. High resolution mass spectra were recorded by direct injection (2 pL of a 2 pM solution in
water/acetonitrile/tert-butanol 1:1:1 v/v) on a mass spectrometer (Thermo Finnigan LTQ
Orbitrap) equipped with an electrospray ion source with resolution R = 60000 at m/z 400
(mass range m/z = 150 - 2000). IR spectra were recorded on a Shimadzu FTIR-8300 and are
reported in cm1. Optical rotation were measured on an automatic polarimeter of sodium D-line,
at A = 589 nm. Size-exclusion purifications were performed on an AKTA-explorer provided by
GE-Healthcare polymere HW-40S from Toyopearl], column size d = 26 mm; | = 60 mm, mobile
phase NH4HCO3 (0.15 M) in H;0, flow 1.5 mL/min. Purification on HPLC were performed on a
Prep LCMS, Gemini from Phenomenex B.V. (C-18,110 4, 5 um, 19 x 150 mm column).
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Figure 7: Proton and carbon NMR numbering of iminosugars:
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Synthesis of 6-O-(a-D-galactopyranosyl)-1-deoxynojirimycin (24)

1,2,3,4-Tetra-O-acetyl-6-0-(2,3,4,6-tetra-O-acetyl-a-D-galactopyranosyl)-B-
glucopyranose (17):
A suspension of Ac;0 (59.0 mL, 0.625 mol) and NaOAc (4.21 g, 51.3

AcO PAC mmol) were heated to reflux. When refluxing began the heat source
AcO Q was removed and melibiose (10.0 g, 29.2 mmol), which was co-
AcO, evaporated with toluene (3 x), was added in small portions. The
ACO/&/OAC mixture was heated to reflux for 1 hour. TLC analysis confirmed
AcO AcCO complete consumption of the starting material 16 (1:1, PE:EtOAc, Rr =

0.39). The mixture was poured into ice water (400 mL) which was
vigorously stirred. DCM (150 mL) was added and the layers were separated. The organic layer
was washed with cold water (150 mL), sat. ag. NaHCO3 solution (2 x 150 mL) and brine (150
mL). After the organic layer was dried (Na2S04), filtered, and concentrated. The residue was
purified with silica gel column chromatography (2:1 — 1:1 = 1:2, PE:EtOAc) to give 17 in 90%
yield (17.8 g, 26.2 mmol). Rr = 0.39 (1:1, PE:EtOAc). 'H NMR (400 MHz, CDCl3) § 5.70 (d, / = 8.3
Hz, 1H, H-1), 5.45 (d, J = 2.9 Hz, 1H, H-4"), 5.34 (dd, J = 10.8, 3.3 Hz, 1H, H-3"), 5.27 (t,/ = 9.4 Hz,
1H, H-4), 5.16 (m, 1H, H-1), 5.07 (m, 2H, H-2, H-3), 4.21 (dd, / = 11.4, 5.0 Hz, 1H, H-5), 4.15 -
4.02 (m, 3H, H-2’, H»-6), 3.83 (ddd, ] = 9.9, 3.9, 2.6 Hz, 1H, H-5), 3.74 (dd, J = 11.7, 4.3 Hz, 1H, H-
6’a), 3.65 (dd, J = 11.8, 2.3 Hz, 1H, H-6’b), 2.24 - 1.96 (m, 24H, 8 x CH3).13C NMR (100 MHz,
CDCI3) 6 170.7 - 169.1 (C=0), 96.5 (C-1"), 91.7 (C-1), 73.6 (C-5), 70.3 (C-3), 68.4 (C-4), 68.2 (C-
4", 68.1 (C-2),67.6 (C-3), 66.6 (C-5'), 65.8 (C-6), 61.9 (C-6"), 20.9 - 20.7 (8 x CH3).

2,3,4-Tri-O-acetyl-6-0-(2,3,4,6-tetra-O-acetyl-a-D-galactopyranosyl)-1-thio-b-
glucopyranose (18):
PhSH (5.2 mL, 51.0 mmol) was added to a stirred solution of 17 (17.8 g,
26.2 mmol) in dry DCM (50 mL) and kept under argon atmosphere. After
AcO cooling the solution (0 °C), BF3-Et;0 (4.9 mL, 39.7 mmol) was added
Ao o dropwise, turning the solution to orange. The mixture was stirred for 4
ACA%&S% hours at r.t.,, after which TLC analysis showed complete consumption of
AcO the starting material. DCM (50 mL) was added to the reaction mixture
and the solution was washed with sat. ag. NaHCO3 solution (100 mL, 2 x). The organic layer was
dried (NazSO04). After filtering, concentrating and evaporating of the volatiles, the crude product
was purified with silica gel column chromatography (3:1 - 7:3 — 5:3 - 1:1, PE:EtOAc), to give
18 as a pure white solid product in 82% yield (15.6 g, 21.4 mmol), Rr = 0.43 (1:1, PE:EtOAc). H
NMR (400 MHz, CDCl3) 8 7.45 (dd, J = 8.0, 1.4 Hz, 2H, Har SPh), 7.40 - 7.30 (m, 3H, Har SPh), 5.35
(dd,j=3.5,1.2 Hz, 1H, H-4"), 5.32 (dd, / = 10.2, 3.4 Hz, 1H, H-3"), 5.24 (t,/ = 9.4 Hz, 1H, H-3), 5.14
(d,J=3.7 Hz, 1H, H-1"), 5.11 (dd, J = 10.2, 3.7 Hz, 1H, H-2"), 5.03 (t, / = 9.6 Hz, 1H, H-4), 4.96 (dd,
J=10.1,9.2 Hz, 1H, H-2), 4.78 (d, ]/ = 10.1 Hz, 1H, H-1), 4.21 (td, / = 6.6, 1.3 Hz, 1H, H-5"), 4.03 (d,
J=6.9 Hz, 2H, H,-6"), 3.77 (dd, J = 10.6, 5.8 Hz, 1H, H-6b), 3.71 (dd, J = 5.8, 2.0 Hz, 1H, H-5), 3.56
(dd,J=10.7, 1.9 Hz, 1H, H-6a), 2.15 - 1.99 (m, 21H, 7 x CHz). 13C NMR (100 MHz, CDCl3) 6 170.6
- 169.4 (C=0),132.2 (Car Ph), 132.1 (Cq SPh), 129.3, 128.4 (Car SPh), 96.4 (C-1'), 85.7 (C-1), 76.8
(C-5), 74.1 (C-3), 70.1 (C-2), 68.8 (C-4), 68.2 (C-2"), 68.2 (C-4"), 67.5 (C-3’), 66.9 (C-6), 66.6 (C-
57, 61.8 (C-6’), 21.0 - 20.7 (7 x CH3). [«]?% = +73.3 (c = 1.14, CHCl3). IR/cm: 1750, 1734, 1373,
1218,1037.

AcO OAc
Q
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2,3,4-Tri-O-benzyl-6-0-(2,3,4,6-tetra-O-benzyl-a-D-galactopyranosyl)-1-thio-bD-

glucopyranose (20):

Bno OBn 18 (15.0 g, 20.6 mmol) was co-evaporated with toluene (3 x), after
which it was dissolved in dry MeOH (100 mL). A catalytic amount of

BnO NaOMe was added and the reaction mixture was stirred for two hours.

BnO,
5 OO&&/ TLC-MS analysis showed complete conversion of the starting material
Bro SPh into a polar product. The mixture was diluted with MeOH after which

BnO amberlite H* was added until pH was adjusted to 7. After filtering and

concentrating the deprotected sugar (19) was co-evaporated with toluene (3 x). 19 was
dissolved in DMF (100 mL), BnBr (20.9 mL, 176 mmol) was added, the solution was cooled (0
°C). NaH (14.5 g, 360 mmol) was added in small portions, after which the solution was stirred
overnight under argon atmosphere. TLC analysis showed complete consumption of the starting
compound (1:1, PE:EtOAc). After cooled down to 0 °C, the reaction mixture was sequently
quenched by the addition of MeOH, the volatiles evaporated and EtOAc (200 mL) was added.
The mixture was washed with HCl solution (1M, 100 mL, 2 x). After being dried (NazS04),
filtered, and concentrated, the crude product was purified with silica gel column
chromatography (17:3 — 4:1 — 1:1, PE:EtOAc) to give 20 in 50% yield over the 2 steps (11.0 g,
10.3 mmol). Rr = 0.88 (1:1, PE:EtOAc). 'H NMR (400 MHz, CDCl3) & 7.54 - 7.12 (m, 40H, Ha,
SPh/Bn), 5.03 (d, J = 3.5 Hz, 1H, H-1"), 4.66 (d, /= 9.9 Hz, 1H, H-1), 4.97 - 4.37 (m, 14H, 7 x CH;
Bn), 4.05 (dd,/ =9.7, 3.5 Hz, 1H, H-2"), 3.99 (t, ] = 6.5 Hz, 1H, H-5), 3.89 (m, 1H, H-3"), 3.86 (d,] =
2.9 Hz, 1H, H-4"), 3.78 (qd, / = 11.7, 3.5 Hz, 2H, H»-6"), 3.68 - 3.59 (m, 2H, H-3, H-4), 3.54 (dd, ] =
9.3, 5.9 Hz, 1H, H-5"), 3.49 (dd, ] = 9.5, 6.5 Hz, 2H, H;-6), 3.26 (dd, J = 9.9, 8.5 Hz, 1H, H-2). 13C
NMR (100 MHz, CDCl3) 6 139.0 - 138.1 (Cq Bn), 134.2 (Cq4 SPh), 131.9 - 127.5 (CHarBn), 97.9
(C-17), 87.8 (C-1), 86.8 (C-3),81.2 (C-2), 79.0 (C-5), 78.5 (C-4"), 78.0 (C-4), 76.9 (C-2),75.8,75.6
(2 x CH2Bn), 75.3 (C-3"), 75.1, 74.9, 73.4, 73.2, 72.8 (5 x CH2Bn), 72.8, 69.3 (C-5), 69.1 (C-6),
66.4 (C-6").1IR/cm: 3088, 3063, 3030, 2905, 2866, 1454, 1352, 1094, 1040.

2,3,4-Tri-O-benzyl-6-0-(2,3,4,6-tetra-O-benzyl-a-D-galactopyranosyl)-a/B-
glucopyranose (21):

Bno OB NIS (22 mg, 97 umol) and 30 pL of TFA were added to a cooled solution
BnO O of 20 (94 mg, 88 umol) in 2 mL DCM at 0 °C. After an hour of stirring
BnO TLC, analysis (4:1, toluene:EtOAc) showed complete consumption of the

BnO%&N starting material. Sat. aq. Na,S;03 solution (7 mL) followed by sat. aq.
Bno OH  NaHCOs solution (7 mL) was added. The mixture was diluted with DCM,

after 30 minutes of stirring the layers were separated. The organic layer
was dried (MgS04) and after filtering and concentrating the crude product was purified on
silica gel column chromatography (9:1 = 7:3 — 6:4, PE:EtOAc) to give 21 in 77% yield (70 mg,
68 pmol). Rr = 0.30 and 0.40 (7:3, PE:EtOAc). For the major anomer: 'H NMR (400 MHz, CDCl3)
8 7.41 - 7.19 (m, 35H, Har Bn), 5.09 (d, J = 3.6 Hz, 1H, H-1"), 4.98 (d, ] = 3.5 Hz, 1H, H-1), 4.95 -
4.28 (m, 14H, 7 x CH2 Bn), 4.13 (dt, J = 14.3, 6.8 Hz, 1H, H-5’), 4.07 - 3.98 (m, 2H, H-4, H-5), 3.96
- 3.88 (m, 3H, H-2’, H-3, H-4"), 3.85 (d, J = 11.7 Hz, 1H, H-6’a), 3.72 (dd, J = 12.0, 5.5 Hz, 1H, H-
6’b), 3.64 - 3.43 (m, 3H, H-2, H»-6), 3.39 (dd,J = 9.4, 3.5 Hz, 1H, H-2), 3.26 (dd,/ = 8.6, 7.3 Hz, 1H,
H-3"). 13C NMR (100 MHz, CDCl3) & 138.9, 138.8, 138.4, 138.3, 138.1, 137.9, 137.8 (7 x Cq Bn),
128.6 - 127.6 (CHar Bn), 98.5 (C-17), 91.1 (C-1), 83.6 (C-3’), 81.9 (C-3), 80.4 (C-4), 78.6 (C-2),
78.2 (C-2’), 76.7 (C-4'), 75.8 - 72.7 (7 x CH2 Bn), 70.8 (C-5’), 69.6 (C-5), 69.6 (C-6), 67.8 (C-6).
[a]?0p = +38.1 (c = 1.03, CHCl3). IR/cm-t: 3030, 2920, 2868, 2247, 1497, 1454, 1357, 1090, 1026.
HRMS: found 995.43431 [C61H64011+Na]+, calculated for [C61H64011+Na]+ 995.43408.

BnO

2,3,4-Tri-O-benzyl-6-0-(2,3,4,6-tetra-O-benzyl-a-D-galactopyranosyl)-D-glucitol (22):
LiAlH4 in THF (6.0 mL, 2 M, 12.0 mmol) was slowly added to a cooled (0 °C) solution of 21 (3.91
g, 4.02 mmol, co-evaporated 3 x with toluene), in dry THF (40 mL) under argon atmosphere.
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Bno OBN The mixture was stirred overnight allowing the temperature to reach

0 r.t. TLC analysis showed absent of the starting compound (7:3,
B”O% PE:EtOAc). The mixture was cooled in an ice-bath, after which it was
"o OH slowly quenched by addition of H,0. Then NaOH solution (3M, 40 mL)
&/OH was added followed by Celite. The solution was stirred until a
homogenous mixture was formed and after which it was filtered and
the filter cake rinsed with Et;0. H20 (50 mL) and EtOAc (50 mL) was added and the organic
layer was dried (Na;SO4), filtered and concentrated, the residue was purified with silica gel
column chromatography (4:1 - 7:3 - 3:2, PE:EtOAc) to give 22 as an yellow oil in 74% yield
(2.88 g, 2.95 mmol). Rr = 0.22 (7:3, PE:EtOAc). 'H NMR (400 MHz, CDCl3) & 7.41 - 7.19 (m, 35H,
Har Bn), 4.88 (d, ] = 3.7 Hz, 1H, H-1"), 5.03 - 4.29 (m, 14H, 7 x CH; Bn), 4.06 (dd, J = 10.0, 3.6 Hz,
1H, H-2"), 4.02 - 3.93 (m, 3H, H-4’, H-5, H-5"), 3.92 - 3.86 (m, 2H, H-3, H-3’), 3.82 (dd, ] = 11.1,
5.3 Hz, 1H, H-6a), 3.73 (ddd, J = 20.7, 12.0, 4.8 Hz, 4H, H-4, H-1a, H-2, H-4’, H-6D), 3.55 (dd, J =
11.3, 4.3 Hz, 1H, H-1b), 3.49 (d, / = 6.5 Hz, 2H, H»-6"). 13C NMR (100 MHz, CDCl3) & 138.7 - 138.0
(CqBn), 128.6-127.5 (CHar Bn), 99.0 (C-1"), 79.6 (C-3), 79.4 (C-4), 79.2 (C-2), 78.5 (C-3’), 76.5 (C-
2"),74.9,74.9 (2 x CH; Bn), 74.8 (C-4"), 73.9 - 72.9 (5 x CHz Bn), 70.6 (C-6), 70.4 (C-5"), 69.8 (C-
5), 69.0 (C-67), 61.9 (C-1). [«]?°p = +34.4 (c = 1.02, CHCI3). IR/cm™: 3335, 2974, 2289, 1636,
1456, 1418, 1088, 1045. HRMS: found 997.44913 [Ce1HesO11+Na]*, calculated for
[Ce1He64011+Na]* 997.44973.

BnO
Bn

BnO

2,3,4-Tri-O-benzyl-6-0-(2,3,4,6-tetra-a-D-galactopyranosyl)-1-deoxynojirimycin (23):
Bno OBn A solution of (COCl); (1.2 mL, 14.0 mmol) in dry DCM (15 mL) under argon
BnO&OI atmosphere, was cooled to -78 °C. DMSO (1.2 mL, 16.9 mmol) dissolved in
BnOY, dry DCM (12 mL) was added dropwise. After 40 minutes 22 (4.28 g, 3.22
Bnow mmol), which was co-evaporated with toluene (3 x), in dry DCM (18 mL),
BnO Bno  Wwas added dropwise to the mixture. The reaction was stirred for 2 hours at -
70 °C, after which EtsN (5.4 mL, 38.7 mmol) was added dropwise. The
mixture was gradually warmed to -5 °C after which it was poured into a cooled (0 °C) MeOH
solution (200 mL) containing NaCNBH3 (0.813 g, 12.3 mmol), HCOONH,4 (4.07 g, 64.5 mmol),
and Na;S04 (1.37 g, 9.67 mmol). The mixture was stirred overnight allowing the reaction to
reach r.t. TLC analysis showed the formation of the product. After filtering, the solvents were
evaporated, after which the residue was dissolved in EtOAc (200 mL). The solution was washed
with sat. ag. NaHCO3 solution (200 mL). The organic layer was dried (Na;S0.), filtered and
concentrated, the crude product was purified with silica gel column chromatography (4:1 - 7:3
- 3:2 - 1:1, PE:EtOAc) to give the 23 in 71% yield (2.17 g, 2.27 mmol). 'H NMR (400 MHz,
CDCl3) 6 7.45 - 7.16 (m, 35H, Har Bn), 491 (d, J = 3.7 Hz, 1H, H-1"), 5.05 - 4.26 (m, 14H, 7 x CH>
Bn), 4.06 (dd, J = 10.0, 3.6 Hz, 1H H-2"), 3.97 (d, / = 2.7 Hz, 1H, H-4"), 3.94 - 3.87 (m, 2H, H-3’, H-
57, 3.86 (dd, J = 10.5, 5.3 Hz, 1H, H-6a), 3.64 (dd, J = 10.5, 2.6 Hz, 1H, H-6b), 3.54 (dd, /= 9.1, 2.5
Hz, 1H, H-6’a), 3.53 (t,J = 9.0 Hz, 1H, H-3), 3.49 (dd, ] = 9.3, 6.1 Hz, 1H, H-6'b), 3.32 (t,/ = 9.2 Hz,
1H, H-2), 3.31 (t,/ = 9.5, 1H, H-4), 2.95 (dd, J = 12.5, 5.1, 1H, H-1’a), 2.68 (ddd, J = 9.6, 5.2, 2.6,
1H, H-5), 2.37 (dd, J = 12.4, 10.7, 1H, H-1'b). 13C NMR (100 MHz, CDCl3) & 138.8 - 137.9 (Cq Bn),
128.4 - 127.4 (CHar Bn), 99.0 (C-1'), 87.2 (C-3), 80.9 (C-4), 80.0 (C-2), 78.8 (C-3"), 76.8 (C-2),
75.6,75.1, 74.7 (3 x CH2Bn), 74.7 (C-4"), 73.6, 73.4, 72.6, 72.6 (4 x CH2Bn), 69.6 (C-5"), 69.4 (C-
6), 68.8 (C-6), 59.5 (C-5), 47.7 (C-1). IR/cm1: 3032, 2899, 2872, 1497, 1453, 1354, 1208, 1093,
1059, 1027. [a]2% = +58.2 (¢ = 0.5, CHCl3). HRMS: found 956.47363 [Cs1HssNOo+H]*, calculated

for [Ce1HesNOo+H]* 956.47321.

6-O-(a-D-Galactopyranosyl)-1-deoxynojirimycin (24):

Ho OH A mixture of DMF/MeOH (1:1, 20 mL), HCI (2 mL, 1M) and 23 (2.00 g, 2.09
HO$O mmol) was flushed with argon (3 x). Then a catalytic amount of Pd/C (20%)
Ho was added, after which Hz was flushed through the mixture, and the solution
nH Sshaken overnight under H; atmosphere (4 bar). HPLC analyses showed

HQO&N

HO
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complete conversion of starting material into the desired product. Then the catalyst was
filtered and the solution was concentrated. The crude product was purified on size-exclusion
column (NH4HCO3 in water 0.15 M). After co-evaporating (3 x) with Milli-Q water, product 24
was obtained as a white solid in 75% yield (326 mg, 1.00 mmol). 1H NMR (400 MHz, MeOD) 6
4.84 (d, ] = 3.4 Hz, 1H, H-1"), 4.01 (dd, J = 10.5, 4.7 Hz, 1H, H-6a), 3.90 (dd, / = 3.0, 1.2 Hz, 1H, H-
4’),3.84 (td, J = 6.1, 1.1 Hz, 1H, H-5"), 3.80 (dd, J = 10.1, 3.4 Hz, 1H, H-2"), 3.76 (dd, J = 10.1, 3.0
Hz, 1H, H-3"), 3.70 (d, ] = 6.1 Hz, 2H, H,-6"), 3.59 (dd, J = 10.4, 2.5 Hz, 1H, H-6b), 3.52 (ddd, J =
11.0,9.1, 5.1 Hz, 1H, H-2), 3.38 (dd, / = 10.1, 9.0, 1H, H-4), 3.25 (t,/ = 9.0 Hz, 1H, H-3), 3.20 (dd, J
=12.3,5.1 Hz, 1H, H-1a), 2.82 (ddd, J = 10.0, 4.6, 2.6 Hz, 1H, H-5), 2.60 (dd, /= 12.3, 11.0 Hz, 1H,
H-1b). 13C NMR (100 MHz, MeOD) & 100.3 (C-1"), 79.9 (C-3), 72.4 (C-5’), 71.6 (C-4), 71.5 (C-2),
71.2 (C-3"), 70.9 (C-4"), 70.4 (C-2"), 66.8 (C-6), 62.6 (C-6"), 60.5 (C-5), 49.9 (C-1). [a]?%p = +92.8
(c = 1.0, MeOH). IR/cm: 3482, 2928, 2962, 1653, 1506, 1409, 1437, 1387, 1255, 1092, 1063.
HRMS: found 326.14465 [C12H23NOo+H]*, calculated for [C12H2sNOq+H]* 326.14456.

Synthesis of 4-O-a-D-glucopyranosyl-1-deoxynojirimycin (33)

1,2,3,6-Tetra-O-acetyl-4-0O-(2,3,4,6-tetra-O-acetyl-a-D-glucopyranosyl)-g-
glucopyranose (26):

OAc A suspension of Ac;0 (59.0 mL, 0.625 mol) and NaOAc (4.33 g, 52.8
ASOD O oA mmol) was heated to reflux in an oil bath. When refluxing began the
AcO o heat source was removed and maltose (9.94 g 29.0 mmol, co-
ACO OAc evaporated with toluene 3 x) was added in small portions. The
AcO

mixture was heated again to reflux and after an hour, TLC analysis
confirmed the formation of the product (1:1, PE:EtOAc, Rr = 0.36). The mixture was poured into
ice water (400 mL) which was vigorously stirred. DCM (150 mL) was added and the layers
were separated after which the organic layer was washed with water (200 mL), sat. aq. NaHCO3
solution (2 x 150 mL) and brine (200 mL). After the organic layer was dried (NazS04), filtered,
and concentrated, the residue was purified with silica gel column chromatography (1:1 - 1:2 —
0:1, PE:EtOACc) to give the pure 26 in 94% yield (18.5 g, 27.3 mmol). 'H NMR (400 MHz, CDCl3)
§5.74 (d,] =8.2 Hz, 1H, H-1), 5.42 (dd, / = 12.4, 4.0 Hz, 1H, H-1"), 5.36 (dd, / = 9.8, 2.3 Hz, 1H, H-
3),5.33-5.26 (m, 1H, H-3"), 5.11 - 4.94 (m, 2H, H-4’, H-2), 4.86 (ddd, ] = 10.5, 6.2, 4.0 Hz, 1H, H-
2"),4.45 (dd,J = 12.3, 2.4 Hz, 1H, H-6’a), 4.27 - 4.19 (m, 2H, H-6a, H-6’b), 4.14 - 4.08 (m, 1H, H-
6b), 4.04 (ddd, ] = 8.9, 5.8, 3.8 Hz, 1H, H-4), 3.96 - 3.91 (m, 1H, H-5"), 3.84 (ddd, = 9.6, 4.3, 2.5
Hz, 1H, H-5), 2.26 - 1.96 (m, 24H, 8 x CHz). 13C NMR (100 MHz, CDCl3) § 170.6 - 168.9 (8 x C=0),
95.8 (C-1"), 91.3 (C-1), 75.3 (C-3"), 73.0 (C-5), 72.4 (C-4), 71.0 (C-2), 70.1 (C-2"), 69.3 (C-3), 68.6
(C-5"), 68.0 (C-4'), 62.6 (C-6"), 61.5 (C-6),20.9 - 20.6 (8 x CH3).

2,3,6-Tri-O-acetyl-4-0-(2,3,4,6-tetra-O-acetyl-a-D-glucopyranosyl)-1-thio-b-
glucopyranose (27):

OAc 27 was synthesised from 26 (18.5 g, 27.3 mmol) according to the
AcAoc(/Jé% oA procedure described for the preparation for compound 18, to gain
AcO 27 (12.1 g, 16.5 mmol, 61% yield) as a colourless oil. Rr = 0.43 (1:1,
CA);&/SPh PE:EtOAc). 'H NMR (400 MHz, CDCl3) § 7.51 - 7.44 (m, 2H, Ha, SPh),

AcO 7.36 - 7.28 (m, 3H, Har SPh), 5.39 (d, ] = 4.0 Hz, 1H, H-1"), 5.34 (dd, ]

= 10.5, 9.6 Hz, 1H, H-3), 5.28 (t, ] = 8.9 Hz, 1H, H-3"), 5.04 (t, ] = 9.9 Hz, 1H, H-4'), 4.85 (dd, ] =
10.5, 4.0 Hz, 1H, H-2"), 4.79 (d, ] = 9.0 Hz, 1H, H-2), 4.73 (d, ] = 10.1 Hz, 1H, H-1), 4.54 (dd, ] =
12.1,2.5 Hz, 1H, H-6'a), 4.24 (dd, ] = 10.5, 4.5 Hz, 1H, H-6a), 4.21 (dd, ] = 10.2, 4.4 Hz, 1H, H-6'b),
4.04 (dd, ] = 10.2, 4.4 Hz, 1H, H-6b), 3.95 (dd, ] = 9.7, 9.0 Hz, 1H, H-4), 3.94 (ddd, ] = 10.4, 4.0, 2.4
Hz, 1H, H-5), 3.72 (ddd, ] = 9.8, 4.8, 2.6 Hz, 1H, H-5), 2.14 - 1.99 (m, 21H, 7 x CHs). 13C NMR
(100 MHz, CDCl3) 8 170.7 - 169.6 (C=0), 133.5 (Car SPh), 131.4 (Cq SPh), 129.0, 128.6 (Car SPh),
95.7 (C-1"), 85.2 (C-1), 76.6 (C-3"), 76.2 (C-5), 72.5 (C-4), 70.8 (C-2), 70.1 (C-2"), 69.4 (C-3), 68.6
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(C-5), 68.1 (C-4"), 62.9 (C-6), 61.6 (C-6), 21.1 - 20.7 (CHs). [a]®p = +30.6 (c = 1.0, CHCls).
IR/cml: 1746, 1368, 1223, 1038, 912.

2,3,6-Tri-O-benzyl-4-0-(2,3,4,6-tetra-O-benzyl-a-D-glucopyranosyl)-1-thio-bD-
glucopyranose (29):
29 was synthesised from 27 (11.9 g, 13.3 mmol) according to the

OB
B0 (; procedure described for the preparation for compound 19, to gain 29
BnO -~ OBn (15.4 g, 14.5 mmol, 89% yield) as a light yellow oil. Rr = 0.63 (4:1,
" Smsph PE:EtOAc). 'H NMR (400 MHz, CDCl3) § 7.60 (dd, J = 6.5, 3.0 Hz, 2H,
n

BnoO Har SPh), 7.33 - 7.16 (m, 32H, Har Bn, Har SPh), 7.13 - 7.08 (m, 6H, Har

Bn), 5.64 (d, ] = 3.6 Hz, 1H, H-1"), 492 - 4.76 (m, 6H, 3 x CH, Bn), 4.70
(d,] = 9.7 Hz, 1H, H-1), 4.62 - 4.41 (m, 7H, 7 x CHH Bn), 4.31 (d, ] = 12.1 Hz, 1H, CHH Bn), 4.12 (t,
J=9.2 Hz, 1H, H-4), 3.93 (dd, ] = 9.9, 8.9 Hz, 1H, H-3"), 3.89 (dd, ] = 11.3, 4.3 Hz, 1H, H-6'a), 3.83
(dd,] = 6.5, 4.3 Hz, 1H, H-6'b), 3.82 (t, ] = 8.8 Hz, 1H, H-3), 3.79 (dd, ] = 7.3, 2.7 Hz, 1H, H-5), 3.67
(dd,J = 17.1, 8.0 Hz, 1H, H-4), 3.60 (dd, J = 11.2, 1.8 Hz, 1H, H-6a), 3.59 (dd, ] = 10.5, 3.3 Hz, 1H,
H-5), 3.58 (t, ] = 10.2 Hz, 1H, H-2), 3.51 (dd, J = 9.9, 3.7 Hz, 1H, H-2"), 3.45 (dd, ] = 10.6, 1.8 Hz,
1H, H-6b). 13C NMR (100 MHz, CDCls) § 138.7 - 137.8 (7 x C4Bn), 133.7 (C4 SPh), 132.0 - 126.5
(CarSPh), 97.1 (C-1"), 87.2 (C-1), 86.7 (C-3), 82.0 (C-3"), 80.9 (C-2), 79.4 (C-2"), 78.8 (C-5), 77.7
(C-4"), 75.5 - 73.3 (7 x CH,Bn), 72.7 (C-4), 71.1 (C-5"), 69.2 (C-6"), 68.3 (C-6). [a]2%p = + 2.87 (c =
2.31, CHCls). IR/cm'!: 3063, 3030, 2904, 2864, 1452, 1360, 1207, 1140, 1084, 1055, 1026.

2,3,6-Tri-O-benzyl-4-0-(2,3,4,6-tetra-O-benzyl-a-dD-glucopyranosyl)-a/B-glucopyranose
(30):

OBn 30 was synthesised from 29 (14.5 g, 13.6 mmol) according to the
BnO 0 procedure described for the preparation for compound 21, to gain 30
O OB‘; (12.3 g, 12.3 mmol, 93% yield) as a light yellow oil. Rs = 0.40 and 0.30

o on  (7:3, PE:EtOAC). H NMR (400 MHz, CDCls) & 7.31 - 7.07 (m, 35H, Har
BnO Bn), 5.66 (dd, ] = 8.6, 3.6 Hz, 1H, H-1"), 5.21 (t, ] = 2.9 Hz, 1H, H-1),
5.02 - 4.26 (m, 14H, 7 x CHz Bn), 4.31 (dd, J = 12.2, 10.0 Hz, 1H, H-4), 4.13 (t, ] = 8.8 Hz, 1H, H-3),
4.03 - 3.82 (m, 2H, H-3, H-5), 3.80 - 3.58 (m, 5H, H-2, H-4', H-5’, H-6"), 3.55 - 3.45 (m, 2H, H-2’,
H-6a), 3.39 (ddd, J = 10.7, 3.6, 1.7 Hz, 1H, H-6b). 13C NMR (100 MHz, CDCls) & 138.9, 138.7,
138.4, 138.2, 138.0, 137.9, 137.7 (7 x Cq Bn), 128.4 - 127.1 (CHar Bn), 96.9 (C-1"), 90.7 (C-1),
82.0 (C-3"), 81.4 (C-4), 80.0 (C-2), 79.4 (C-2"), 77.7 (C-4), 75.6 - 72.9 (7 x CH2Bn), 72.9 (C-3),
71.1 (C-5), 69.6 (C-5), 69.2 (C-6"), 68.1 (C-6). [a]2 = +32.8 (c = 1.0, CHCl3). IR/cm1: 3418,
3063,3030,2903, 2864, 1497, 1452, 1362, 1265, 1207, 1146, 1088, 1043, 1026.

2,3,6-Tri-O-benzyl-4-0-(2,3,4,6-tetra-O-benzyl-a-dD-glucopyranosyl)-D-glucitol (31):
OBn 31 was synthesised from 30 (11.3 g, 11.6 mmol) according to the
BnO o) procedure described for the preparation for compound 22, to gain 31
BnOENS OBn (8.33 g, 8.55 mmol, 74% yield) as a light yellow oil. Rr = 0.31 (7:3,
20 OH oH PE:EtOAc). 'H NMR (400 MHz, CDCl3) 8 7.36 - 7.07 (m, 35H, Har Bn),
BnO 4.82 (d, ] = 3.1 Hz, 1H, H-1"), 4.96 - 4.35 (m, 14H, 7 x CHz Bn), 4.12
(dd,J=8.6,4.0 Hz, 1H, H-3"), 3.98 (ddd, J = 10.2, 3.2, 2.1 Hz, 1H, H-5), 3.96 - 3.90 (m, 4H, H-5’, H-
4, H-3’, H-4"), 3.71 (dt, J = 29.8, 6.9 Hz, 2H, H-1), 3.60 - 3.53 (m, 6H, H»-6, H»-6’, H-2, H-2").13C
NMR (100 MHz, CDCl3) 6 138.2 - 137.6 (Cq Bn), 129.1 - 125.4 (CHar Bn), 99.2 (C-1"), 82.0 (C-3),
79.9 (C-3'), 79.7 (C-4"), 79.4 (C-2), 78.8 (C-4), 77.8 (C-2"), 75.7 - 72.8 (7 x CH: Bn), 71.8 (C-3"),
71.6 (C-6), 71.2 (C-5), 68.3 (C-6"), 61.6 (C-1). [a]?%p = +38.1 (c = 1.03, CHCI3). IR/cm-1: 3420,
3063, 3030, 2862, 1454, 1207, 1086, 1070, 1028. HRMS: found 997.44970 [Cs1HesO11+Na]*,

calculated for [Cs1He4011+Na]* 997.44973.
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2,3,6-Tri-O-benzyl-4-0-(2,3,4,6-tetra-O-benzyl-a-D-glucopyranosyl)-1-deoxynojirimycin
(32):

OBn 32 was synthesised from 31 (0.998 g, 1.02 mmol) according to the

BnO 0 procedure described for the preparation for compound 23, to gain 32
BrORTl OB (0.428 g 0.448 mmol, 44% yield) as a light yellow oil. Ry = 0.38 (1:1,
%’M PE:EtOAc). 'H NMR (400 MHz, CDCls) & 7.49 - 7.26 (m, 35H, Ha Bn),

BnO 594 (d, ] = 3.6 Hz, 1H, H-1"), 5.30 - 4.46 (m, 14H, CH,Bn), 4.11 (dd, ] =
9.8, 8.5 Hz, 1H, H-3"), 3.98 (dd, ] = 9.5, 8.7 Hz, 1H, H-4), 3.93 - 3.87 (m, 2H, H-5’, H-6a), 3.88 (t, ]
= 8.7 Hz, 1H, H-3), 3.84 (dd, ] = 8.7, 1.3 Hz, 1H, H-4"), 3.81 (dd, ] = 8.7, 5.6 Hz, 1H, H-6b), 3.73 (dd,
] =10.6, 2.8 Hz, 1H, H-6"a), 3.73 - 3.70 (m, 1H, H-2), 3.67 (dd, ] = 9.8, 3.6 Hz, 1H, H-2"), 3.61 (dd, ]
=10.4, 1.3 Hz, 1H, H-6'b), 3.42 (dd, J = 12.3, 5.1 Hz, 1H, H-1a), 3.03 (ddd, / = 9.1, 5.8, 2.9, 1H, H-
5),2.70 (dd, J = 12.3, 10.6 Hz, 1H, H-1b). 3C NMR (100 MHz, CDCl3) & 139.1 - 137.9 (7 x Cq Bn),
128.3 - 126.5 (CHar Bn), 96.6 (C-1"), 87.0 (C-3), 82.0 (C-3"), 80.9 (C-2), 79.3 (C-2"), 77.7 (C-4),
75.5, 74.9 (2 x CHz Bn), 74.2 (C-4), 73.8 - 72.5 (5 x CH; Bn), 71.0 (C-5"), 70.5 (C-6), 68.1 (C-6"),
59.0 (C-5), 47.8 (C-1). [a]2% = +26.0 (c = 0.7, CHCl3). IR/cm!: 2918, 2866, 1454, 1362, 1740,
1090, 1072, 1047, 1026. HRMS: found 956.47311 [Ce1HesNOo+H]*, calculated for
[C61HesNOo+H]* 956.47321.

4-O-(a-D-Glucopyranosyl)-1-deoxynojirimycin (33):
OH 33 was synthesised from 32 (1.00 g, 1.04 mmol) according to the
HO 0 procedure described for the preparation for compound 24, to gain 33
HOR=R  °OH  (0.24 g 0.74 mmol, 71% yield) as a light yellow oil. 'H NMR (400 MHz,
%M MeOD) 6 5.21 (d, J = 3.7 Hz, 1H, H-1"), 4.00 (dd, J = 12.1, 4.8 Hz, 1H, H-
OH 6a),3.91 (dd, J = 12.0, 3.0 Hz, 1H, H-6b), 3.88 - 3.83 (m, 1H, H-6'a), 3.77
(ddd, J = 4.8, 8.9, 10.8 Hz, 1H, H-2). 3.81 - 3.66 (m, 4H, H-3’, H-4’, H-6’b, H-3), 3.62 (dd, ] = 9.7,
9.0 Hz, 1H, H-4) 3.49 (dd, ] = 9.7, 3.8 Hz, 1H, H-2"), 3.35 (dd, / = 12.5, 5.0 Hz, 1H, H-1a), 3.30 -
3.23 (m, 2H, H-5’, H-5), 2.91 (dd, J = 12.4, 10.9 Hz, 1H, H-1b). 13C NMR (100 MHz, MeOD) &
103.1 (C-17), 79.3 (C-3’), 77.7 (C-3), 75.1 (C-4"), 74.9 (C-4), 73.9 (C-2"), 71.4 (C-5"), 68.2 (C-2),
62.7 (C-6"), 60.5 (C-5), 58.8 (C-6), 47.1 (C-1). [a]?°p = +25.0 (c =0.2, MeOH). IR/cm-1: 3303, 2967,
1636, 1560, 1203, 1161, 1022. HRMS: found 326.14464 [Ci2H23NOo+H]*, calculated for

[C12H23NOg+H]* 326.14456.

Synthesis of B-p-galactopyranosyl-1-deoxynojirimycin (40)

2,3,6-Tri-O-benzyl-4-(2’,3’,4’,6’-tetra-O-benzyl-B-D-galactopyranosyl)-1-thio-b-
glucopyranose (36):
36 was synthesised from 34 (3.64 g, 5.00 mmol) according to the

BnO  OBn OBn procedure described for the preparation for compound 20, to gain
BnO o 0 36 (5.32 g, 5.00 mmol, 100% yield) as a light yellow oil. Rr = 0.67
Bno B0 SPh

OBn  (4:1, PE:EtOAc). H NMR (400 MHz, CDCls) & 7.61 - 7.04 (m, 40H,
Har Bn/SPh), 4.67 (d, ] = 10.5 Hz, 1H, H-1), 5.13 - 4.20 (m, 14H, 7 x CH Bn), 4.45 (d, ] = 7.7 Hz,
1H, H-1"), 4.00 - 3.91 (m, 2H, H-4’, H-5"), 3.82 (dd, ] = 11.0, 4.3 Hz, 1H, H-6a), 3.79 - 3.73 (m, 2H,
H-2’, H-6'b), 3.61 (t, ] = 8.9 Hz, 1H, H-3'), 3.52 (t, ] = 7.6 Hz, 1H, H-6a), 3.47 - 3.31 (m, 5H, H-2, H-
3, H-4, H-5 H-6b). 13C NMR (100 MHz, CDCl3) § 139.2 - 138.2 (7 x Cq Bn), 133.8 (Cq SPh), 132.2 -
127.3 (CHar Bn/SPh), 103.0 (C-1’), 87.5 (C-1), 85.1 (C-3"), 82.7 (C-4), 80.2 (C-2), 80.1 (C-2"), 79.5
(C-3), 76.6 (C-4"), 75.7, 75.6, 75.5, 74.5 (4 x CH, Bn), 73.7 (C-5), 73.5, 73.2 (2 x CH, Bn), 73.1 (C-
5), 72.2 (CHz Bn), 68.5 (C-6"), 68.2 (C-6). IR/cm1: 3030, 2920, 2862, 1497, 1454, 1362, 1209,
1088, 1076, 1028, 1001.
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2,3,6-Tri-O-benzyl-4-(2°,3’,4’,6’-tetra-O-benzyl-B-D-galactopyranosyl)-a/f-D-
glucopyranose (37):
BnO OBn OBn 37 was synthesised from 36 (0.12 g, 0.12 mmol) according to the
BhO (o} /ﬁ& procedure described for the preparation for compound 21, to gain
En0 Bho ™) OH 37 (96.0 mg, 98.7 umol, 85% yield) as a light yellow oil. 1TH NMR
(400 MHz, CDCl3) 6 7.61 - 7.04 (m, 40H, Har Bn/SPh), 5.16 (d, J = 3.7
Hz, 1H, H-1), 5.10 - 4.17 (m, 14H, 7 x CH2 Bn), 4.33 (d, / = 9.4 Hz, 1H, H-1"), 3.99 - 3.87 (m, 3H,
H-2’, H-3’, H-5), 3.87 - 3.80 (m, 2H, H-4, H-3), 3.74 (ddd, J = 10.0, 7.5, 2.4 Hz, 1H, H-6’a), 3.65
(dd, J = 10.5, 1.6 Hz, 1H, H-6’b), 3.52 (ddd, J = 12.7, 9.3, 6.7 Hz, 2H, H-2, H-6a), 3.42 - 3.29 (m,
4H, H-3, H-4’, H-5, H-6b). 13C NMR (100 MHz, CDCl3) 6 139.3 - 138.1 (Cq Bn), 128.5 - 127.2
(CHar Bn), 103.0 (C-17), 91.5 (C-1), 82.5 (C-3), 80.0 (C-2), 79.2 (C-2"), 76.6 (C-3’), 75.5,72.3 (2 x
CH; Bn), 75.1 (C-4"), 74.8 (CH2 Bn), 73.8 (C-4), 73.7, 73.6, 73.2 (3 x CH; Bn), 73.2 (C-5"), 72.7
(CH2 Bn), 70.5 (C-5), 68.3 (C-6'), 68.1 (C-6). [a]?% = +12.4 (c = 1.07, CHCl3). IR/cm-1: 2920, 2864,
1452, 1396, 1362, 1207, 1090. HRMS: found 995.43425 [Ce1HesO11+Na]*, calculated for
[Ce1He64011+Na]* 995.43408.

2,3,6-Tri-O-benzyl-4-0-(2,3,4,6-tetra-O-benzyl-B-D-galactopyranosyl)-b-glucitol (38):
BnO OBn o 38 was synthesi-sed from 37 (5.44 g,-5.59 mmol) according to t}.le
o procedure described for the preparation for compound 22, to gain
~ 0N oH 38 (4.17 g 4.28 mmol, 77% yield) as a light yellow oil. R = 0.20 (7:3,
BnO PE:EtOAc). 'H NMR (400 MHz, CDCl3) 6 7.36 - 7.18 (m, 35H, Har Bn),
4.97 - 4.22 (m, 14H, 7 x CH2Bn), 4.34 (dd, ] = 7.2, 5.4 Hz, 1H, H-1"), 4.03 (dd, J = 7.4, 2.4 Hz, 1H,
H-4),3.99 (dt,J = 7.9, 3.8 Hz, 2H, H-2, H-5), 3.95 (dd, J = 7.8, 2.4 Hz, 1H, H-3), 3.83 (d, /] = 2.9 Hz,
1H, H-4'), 3.77 (dd, /= 9.8, 7.7 Hz, 1H, H-2"), 3.71 (dd, ] = 6.9, 3.7, 2H, H-1), 3.66 (dd, ] = 9.9, 4.4
Hz, 1H, H-6’a), 3.55 (dd, J = 9.8, 3.0 Hz, 1H, H-6’b), 3.48 (dd, J = 6.3, 2.5 Hz, 2H, H»-6), 3.42 (dd, J
=10.0, 6.4 Hz, 1H, H-5), 3.40 (dd, J = 9.7, 3.0 Hz, 1H, H-3"). 13C NMR (100 MHz, CDCl3) 6 138.8 -
137.7 (C4Bn), 128.5 - 127.3 (CHarBn), 103.8 (C-1"), 82.42 (C-3"), 79.9 (C-4), 79.8 (C-2), 79.4 (C-
21,775 (C-3),75.4,74.9,74.7 (3 x CHz Bn), 73.8 (C-4’), 73.6, 73.3 (2 x CHz Bn), 73.3 (C-5), 73.2,
73.0 (2 x CH2 Bn), 70.8 (C-5’), 70.8 (C-6’), 68.9 (C-6), 62.3 (C-1). IR/cm: 3028, 2922, 2864,
1063, 1026, 1001. [a]?% = +6.6 (c = 1.0, CHCI3). HRMS: found 997.44976 [Cs1HesO11+Nal*,
calculated for [Ce1He6011+Na]* 997.44973.

BnO

2,3,6-Tri-O-benzyl-4-0-(2,3,4,6-tetra-O-benzyl-B-D-galactopyranosyl)-1-
deoxynojirimycin (39):
BnO OBn oBn 39 was synthes-ised from 38 (4.17 8 4.28 mmol) according tg the
o procedure described for the preparation for compound 23, to gain 39
BnoOA—~ 0N N' (0.90 g 0.94 mmol, 22% yield) as a light yellow oil. 1H NMR (400 MHz,
BnO  (CDCl3) 8 7.45 - 7.09 (m, 35H, Har Bn), 5.05 (d, J = 10.7 Hz, 1H, CHH Bn),
498 (d,J = 11.4 Hz, 1H), 4.85 (d, J = 11.4 Hz, 1H, CHH Bn), 4.83 (d, J = 2.6 Hz, 2H, CH; Bn), 4.75
(d,J=11.9 Hz, 1H, CHHBn), 4.71 (d, ] = 11.6 Hz, 2H, CH; Bn), 4.67 (d, / = 11.5 Hz, 1H, CHH Bn),
4.57 (d,J = 11.7 Hz, 1H, CHH Bn), 4.44 (d,J = 11.7 Hz, 1H, CHH Bn), 4.38 (d,/ = 11.8 Hz, 1H, CHH
Bn), 4.35 (d, J = 11.7 Hz, 1H, CHH Bn), 4.34 (d, J = 7.7 Hz, 1H, H-1"), 4.30 (d, /= 11.9 Hz, 1H, CHH
Bn), 3.92 (d,J = 3.0 Hz, 1H, H-4"), 3.78 (dd, J = 9.7, 7.7 Hz, 1H, H-2’), 3.70 (dd, J = 9.0, 2.8 Hz, 1H,
H-6a), 3.65 (dd, J = 9.4, 6.1 Hz, 1H, H-6b), 3.57 (dd, ] = 9.8, 5.0 Hz, 1H, H-2), 3.52 (dd, = 14.3, 7.4
Hz, 1H, H-6'a), 3.46 - 3.41 (m, 3H, H-5’, H-3, H-4). 3.42 (dd, ] = 9.8, 2.9 Hz, 1H, H-3"), 3.35 (dd, ] =
14.0, 7.3 Hz, 1H, H-6’b), 3.20 (dd,J = 12.2, 4.5 Hz, 1H, H-1a), 2.71 (ddd, J = 9.2, 5.6, 2.6 Hz, 1H, H-
5), 2.50 (dd, J = 12.2, 10.0 Hz, 1H, H-1b). 13C NMR (100 MHz, CDCl3) § 138.8 - 137.7 (Cq Bn),
128.6 - 127.6 (CHz Bn), 103.9 (C-1"), 82.5 (C-4’), 80.0 (C-57), 79.8 (C-2"), 79.4 (C-3’), 77.6 - 74.7
(3 x CHz Bn), 73.7 (C-3), 73.6 (CH2 Bn), 73.3 (C-5), 73.3 - 72.9 (3 x CH; Bn), 70.8 (C-2), 70.8 (C-
6), 68.9 (C-67), 62.3 (C-1). IR/cm™: 3060, 3029, 2916, 2866, 1497, 1453, 1361, 1208, 1097,

46



CHAPTER 3

1028. [a]?%p = +14.0 (c = 0.4, CHCl3). HRMS: found 956.47340 [Ce1HesO9N +Na]*, calculated for
[C61H6609N+H]+ 956.47321.

4-(B-p-Galactopyranosyl)-1-deoxynojirimycin (40):

OHOH oH 40 was synthesised from 39 (0.932 g, 0.975 mmol) according to the
0 NH procedure described for the preparation for compound 24, to gain 40
HOA—5 %6& (0.20 g, 0.621 mmol, 64% yield) as a light yellow oil. 1H NMR (400 MHz,
" MeOD) § 4.44 (d, ] = 7.6 Hz, 1H, H-1"), 3.92 (d, ] = 3.7 Hz, 2H, H;-6), 3.92
(d,J=3.2, Hz, 1H, H-4’), 3.87 (dd, ] = 11.4, 7.4 Hz, 1H, H-6’a), 3.79 (dd, ] = 11.4, 4.7 Hz, 1H, H-
6’b), 3.67 (ddd, J = 7.4, 4.7, 1.1 Hz, 1H, H-5"), 3.65 (dd, / = 9.8, 7.6 Hz, 1H, H-2"), 3.58 (dd, / = 9.7,
3.3 Hz, 1H, H-3"), 3.55 (ddd, /= 10.7, 9.1, 5.1 Hz, 1H, H-2), 3.50 (dd, ]/ = 9.5, 8.8 Hz, 1H, H-4), 3.44
(t,J=8.7 Hz, 1H, H-3), 3.17 (dd, J = 12.4, 5.1 Hz, 1H, H-1a), 2.71 (dt, ] = 9.6, 3.8 Hz, 1H, H-5), 2.54
(dd, J = 12.5, 10.7 Hz, 1H, H-1b). 13C NMR (100 MHz, MeOD) 6 106.1 (C-1"), 83.6 (C-4), 79.6 (C-
3),77.9 (C-5"), 75.7 (C-37), 73.5 (C-2), 73.3 (C-2’), 71.1 (C-4"), 63.3 (C-6'), 62.8 (C-6), 62.5 (C-5),
51.3 (C-1). [a]?% = +16.0 (c = 0.2, MeOH). IR/cm1: 3306, 2945, 2833, 1653, 1448, 1410, 1113,

1018. HRMS: found 326.14482 [C12H23NOo+H]*, calculated for [C12H23NOqo+H]* 326.14456.

Synthesis of 4-O-(B-p-glucopyranosyl)-1-deoxynojirimycin (49)

2,3,6-Tri-O-acetyl-4-0-(2,3,4,6-tetra-O-acetyl-B-D-glucopyranosyl)-1-thio-b-
glucopyranose (42):

OAc OAc 42 was synthesised from D-(+)-cellobiose (10.0 g, 29.2 mmol)
A%%&O/&OA according to the procedure described for the preparation for

AcO  AcO=TRS ¢ compound 17, to gain 42 (19.5 g, 28.8 mmol, 98% yield). Rr = 0.36

(1:1, PE:EtOAc). 'H NMR (400 MHz, CDCl3) 6 5.66 (d, / = 8.2 Hz, 1H,

H-1), 5.23 (t,/ = 9.2 Hz, 1H, H-3’), 5.18 - 4.99 (m, 3H, H-3, H-4, H-2), 4.97 - 4.87 (m, 1H, H-2"),
4.52 - 4.47 (m, 2H, H-6’a, H-1"), 4.37 (dd, J = 12.3, 4.4 Hz, 1H, H-6a), 4.12 (dd,] = 12.2, 4.6 Hz,
1H, H-6’b), 4.05 (dd, J = 12.5, 2.1 Hz, 1H, H-6b), 3.82 (dd, / = 15.6, 6.5 Hz, 1H, H-4"), 3.75 (ddd, ] =
9.8, 4.7, 1.8 Hz, 1H, H-5), 3.66 (ddd, J = 9.9, 4.4, 2.4 Hz, 1H, H-5’). 13C NMR (100 MHz, CDCl3)
8 170.6 - 169.0 (8 x C=0),100.8 (C-1"),91.7 (C-1), 76.0 (C-5’), 73.6 (C-4"), 73.0 (C-3"), 72.5 (C-3),
72.1 (C-5),71.6 (C-2"),70.5 (C-2), 67.9 (C-4), 61.7 (C-6"), 61.7 (C-6), 21.0 - 20.6 (8 x CH3).

2,3,6-Tri-O-acetyl-4-0-(2,3,4,6-tetra-O-acetyl-B-D-glucopyranosyl)-1-thio-D-
glucopyranose (43):
OAc OAc 43 was synthesised from 42 (0.68 g, 1.00 mmol) according to the
AcO 0 /ﬁ& procedure described for the preparation for compound 18, to gain
AcO S Re0 SPh 43 (0.67 g, 0.91 mmol, 91% yield) as a colourless oil. Rr = 0.53
(1:1, PE:EtOAc). 'H NMR (400 MHz, CDCl3) 6 5.20 (dd, J = 10.4, 8.0
Hz, 1H, H-3"), 5.15 (dd, J = 9.4, 7.2 Hz, 1H, H-3), 5.06 (t,/ = 9.7 Hz, 1H, H-4), 4.91 (ddd,J = 10.0,
8.6, 3.7 Hz, 2H, H-2, H-2"), 4.70 (d, J = 10.1 Hz, 1H, H-1"), 4.56 (dd, J = 11.9, 2.0 Hz, 1H, H-6a),
4.54 (d,J=7.9 Hz, 1H, H-1), 4.38 (dd, J = 12.5, 4.3 Hz, 1H, H-6a), 4.11 (td, / = 7.1, 1.9 Hz, 1H, H-
6’b), 4.03 (dd, ] = 12.4, 2.0 Hz, 1H, H-6b), 3.75 (m, 1H, H-4’), 3.69 (ddd, / = 8.9, 3.9, 1.8 Hz, 1H, H-
5), 3.65 (dd, J = 5.7, 2.0 Hz, 1H, H-5"). 13C NMR (100 MHz, CDCl3) 6 170.3 - 168.8 (7 x C=0),
132.8 (Car SPh), 131.7 (C4 SPh), 128.7, 128.1 (Car SPh), 100.5 (C-1"), 85.2 (C-1), 76.6 (C-5"), 76.2
(C-49, 73.4 (C-3), 72.8 (C-3), 71.7 (C-5), 71.4 (C-2"), 70.0 (C-2), 67.6 (C-4), 61.9 (C-6'), 61.4 (C-
6),20.9 - 20.3 (7 x CH3). [a]?% = +30.6 (c = 1.0, CHCl3). IR/cm1: 2958, 2872, 1743, 1440, 1368,
1216, 1168, 1038. HRMS: found 751.18783 [C32H40017S+Na]*, calculated for [C32H40017S+Na]*
751.18784.
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2,3,6-Tri-O-benzyl-4-0-(2,3,4,6-tetra-O-benzyl-a-D-glucopyranosyl)-1-thio-D-
glucopyranose (45):
OBn OBn 45 was synthesised from 43 (11.9 g, 13.3 mmol) according to the
BnO 0 /ﬁ& procedure described for the preparation for compound 19, to gain
BnOMEN0 8o - SPh 45 (15.4 g, 14.5 mmol, 89% yield) as a light yellow oil. Rr = 0.63
(4:1, PE:EtOAc). 'H NMR (400 MHz, CDCl3) 6 7.60 (dd, J = 6.5, 3.0
Hz, 2H, Har SPh), 7.33 - 7.16 (m, 32H, Har Bn, Har SPh), 7.13 - 7.08 (m, 6H, Har Bn), 5.64 (d, ] =
3.6 Hz, 1H, H-1"), 4.92 - 4.76 (m, 6H, 3 x CHz Bn), 4.70 (d, / = 9.7 Hz, 1H, H-1), 4.62 - 4.41 (m, 7H,
7 x CHH Bn), 4.31 (d, / = 12.1 Hz, 1H, CHH Bn), 4.12 (t,J = 9.2 Hz, 1H, H-4), 3.93 (dd, /] = 9.9, 8.9
Hz, 1H, H-3’), 3.89 (dd, / = 11.3, 4.3 Hz, 1H, H-6a"), 3.83 (dd, J = 6.5, 4.3 Hz, 1H, H-6b’), 3.82 (t,] =
8.8 Hz, 1H, H-3), 3.79 (dd, J = 7.3, 2.7 Hz, 1H, H-5’), 3.67 (dd, J = 17.1, 8.0 Hz, 1H, H-4"), 3.60 (dd, J
=11.2, 1.8 Hz, 1H, H-6a), 3.59 (dd, J = 10.5, 3.3 Hz, 1H, H-5), 3.58 (t,/ = 10.2 Hz, 1H, H-2), 3.51
(dd, J = 9.9, 3.7 Hz, 1H, H-2"), 3.45 (dd, J = 10.6, 1.8 Hz, 1H, H-6b). 13C NMR (100 MHz, CDCl3)
8 138.7 - 137.8 (7 x CqBn), 133.7 (Cq SPh), 132.0-126.5 (Car), 97.1 (C-17), 87.2 (C-1), 86.7 (C-3),
82.0 (C-37), 80.9 (C-2), 79.4 (C-2"), 78.8 (C-5), 77.7 (C-4"), 75.5 - 73.3 (7 x CH2Bn), 72.7 (C-4),
71.1 (C-5"), 69.2 (C-6"), 68.3 (C-6). [a]2% = + 2.87 (c = 2.31, CHCI3). IR/cm: 3063, 3030, 2904,
2864, 1452, 1360, 1207, 1140, 1084, 1055, 1026. HRMS: found 1087.44289 [Ce1He4011+Na]*,
calculated for [Cs1He4011+Na]* 1087.44254.

2,3,6-Tri-O-benzyl-4-0-(2,3,4,6-tetra-O-benzyl-a-dD-glucopyranosyl)-a/B-glucopyranose
(46):

OBn OBn 46 was synthesised from 45 (14.5 g, 13.6 mmol) according to the
BRO O N o) procedure described for the preparation for compound 21, to gain

BnO BnOZ S OH 46 (12.3 g, 12.3 mmol, 90% yield) as a light yellow oil. Rr = 0.40

and 0.30 (7:3, PE:EtOAc). For the major anomer: 'H NMR (400

MHz, CDCl3) 6 7.31 - 7.07 (m, 35H, Har Bn), 5.66 (dd, / = 8.6, 3.6 Hz, 1H, H-1"), 5.21 (t,/ = 2.9 Hz,
1H, H-1), 5.02 - 4.26 (m, 14H, 7 x CH2Bn), 4.31 (dd, /= 12.2, 10.0 Hz, 1H, H-4), 4.13 (t,/ = 8.8 Hz,
1H, H-3), 4.03 - 3.82 (m, 2H, H-3’, H-5), 3.80 - 3.58 (m, 5H, H-2, H-4’, H-5’, H2-6"), 3.55 - 3.45 (m,
2H, H-2’, H-6a), 3.39 (ddd, J = 10.7, 3.6, 1.7 Hz, 1H, H-6b). 13C NMR (100 MHz, CDCl3) 6 138.9 -
137.7 (7xCqBn), 128.4 - 127.1 (CHar Bn), 96.9 (C-1"), 90.7 (C-1), 82.0 (C-3"), 81.4 (C-4), 80.0 (C-
2),79.4 (C-2"), 77.7 (C-4"), 75.6 - 72.9 (7 x CH2Bn), 72.9 (C-3), 71.1 (C-5), 69.6 (C-5"), 69.2 (C-
6’), 68.1 (C-6). [a]?%p = +32.8 (c = 1.0, CHCl3). IR/cm: 3418, 3063, 3030, 2903, 2864, 1497,
1452, 1362, 1265, 1207, 1146, 1088, 1043, 1026. HRMS: found 995.43387 [Cs1Hes011+Na]*,
calculated for [Ce1Hs4011+Na]* 995.43408.

2,3,6-Tri-O-benzyl-4-0-(2,3,4,6-tetra-O-benzyl-a-D-glucopyranosyl)-b-glucitol (47):
OBn 47 was synthesised from 46 (11.2 g, 11.6 mmol) according to the
&/ OBO”H procedure described for the preparation for compound 22, to gain
~a 8@&, 47 (8.33 g, 8.55 mmol, 74% yield) as a light yellow oil. Rr= 0.31
(7:3 PE:EtOAc). 'H NMR (400 MHz, CDCls) § 7.36 - 7.07 (m, 35H,
Har Bn), 4.82 (d, J = 3.1 Hz, 1H, H-1"), 4.96 - 4.35 (m, 14H, 7 x CHz Bn), 4.12 (dd, J = 8.6, 4.0 Hz,
1H, H-3’),3.98 (ddd, j = 10.2, 3.2, 2.1 Hz, 1H, H-5), 3.96 - 3.90 (m, 4H, H-5’, H-4, H-3’, H-4"), 3.71
(dt, J = 29.8, 6.9 Hz, 2H, H»-1), 3.52 - 3.62 (m, 6H, H»-6, H»-6’, H-2, H-2").13C-NMR (100 MHz,
CDCl3) 6 138.2 - 137.6 (7 x Cq Bn), 129.1 - 125.4 (CHar Bn), 99.2 (C-17), 82.0 (C-3), 79.9 (C-3"),
79.7 (C-4’), 79.4 (C-2), 78.8 (C-4), 77.8 (C-2"), 75.7 - 72.8 (7 x CH2 Bn), 71.8 (C-3"), 71.6 (C-6),
71.2 (C-5), 68.3 (C-67), 61.6 (C-1). IR/cm: 3420, 3063, 3030, 2862, 1454, 1207, 1086, 1070,
1028. [a]?%p = +38.1 (c = 1.03, CHCI3). HRMS: found 997.44972 [Cs1Hes011+Na]*, calculated for

[C61H66011+Na]+ 997.44973.
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2,3,6-Tri-O-benzyl-4-0-(2,3,4,6-tetra-O-benzyl-B-D-glucopyranosyl)-1-deoxynojirimycin
(48):
OBn OBn 48 was synthesised from 47 (1.0 g, 1.02 mmo) according to the
B%%o O /w procedure described for the preparation for compound 23, to gain
BnO BnO oen 48 (0.43 g, 0.45 mmol, 44% yield) as a light yellow oil. Rr = 0.38 (1:1
PE, EtOAc). 'H NMR (400 MHz, CDCI3) & 7.49 - 7.26 (m, 35H, Har
Bn), 5.94 (d, ] = 3.6 Hz, 1H, H-1"), 5.30 - 4.46 (m, 14H, 7 x CH2Bn), 4.11 (dd, J = 9.8, 8.5 Hz, 1H,
H-3’), 3.98 (dd, / = 9.6, 8.7 Hz, 1H, H-4), 3.93 - 3.87 (m, 3H, H-5’, H-6a, H-3), 3.84 (dd,/=8.7, 1.3
Hz, 1H, H-4"), 3.81 (dd, J = 8.7, 5.6 Hz, 1H, H-6b), 3.73 (dd, J = 10.6, 2.8 Hz, 1H, H-6a"), 3.72 (td, J
= 5.3, 2.2 Hz, 1H, H-2), 3.67 (dd, J = 9.8, 3.6 Hz, 1H, H-2’), 3.61 (dd, /= 10.4, 1.3 Hz, 1H, H-6b’),
3.42 (dd,J =123, 5.1 Hz, 1H, H-1a), 3.03 (ddd, / = 9.0, 5.7, 2.8, 1H, H-5), 2.70 (dd, / = 12.3, 10.6
Hz, 1H, H-1b). 13C NMR (100 MHz, CDCl3) 6 139.1 - 137.9 (7 x Cq Bn), 128.3 - 126.5 (CHar Bn),
96.6 (C-1"), 87.0 (C-3), 82.0 (C-3"), 80.9 (C-2), 79.3 (C-2"), 77.7 (C-4"), 75.5, 74.9 (2 x CH: Bn),
74.2 (C-4), 73.8 - 72.5 (5 x CHz Bn), 71.0 (C-57), 70.5 (C-6), 68.1 (C-6’), 59.0 (C-5), 47.8 (C-1).
[a]2% = +26.0 (c = 0.7, CHCI3). IR/cm-t: 2918, 2866, 1454, 1362, 1740, 1090, 1072, 1047, 1026.
HRMS: found 956.47361 [Ce1HesNOo+Na]*, calculated for [Ce1HesNOo+Na]* 956.47321.

4-0O-(B-D-Glucopyranosyl)-1-deoxynojirimycin (49):

OH OH 49 was synthesised from 48 (1.00 g, 1.04 mmol) according to the
Hoﬁ/ /w procedure described for the preparation for compound 24, to gain 49
HO o Ho on  (0:22 g, 0.67 mmol, 65% yield) as a light yellow oil. 'H NMR (600 MHz,
D;0) 6 4.46 (d,J = 7.9 Hz, 1H, H-1"), 3.88 (dd, J = 12.3, 3.1 Hz, 1H, H-6a),
3.84 (dd, J =12.4, 2.2 Hz, 1H, H-6’a), 3.66 (dd, / = 12.4, 5.7 Hz, 1H, H-6’b), 3.66 - 3.62 (m, 1H, H-
2),3.62 (dd,J=10.4, 8.9 Hz, H-5"), 3.49 (t,]/ = 9.1 Hz, 1H, H-3), 3.42 (t,/ = 9.5 Hz, 1H, H-3"), 3.42 -
3.39 (m, 1H, H-5), 3.35 (dd, J = 9.8, 9.1 Hz, H-4"), 3.26 (dd, J = 12.7, 5.0 Hz, H-1a), 3.26 (dd, ] =
9.4, 7.9 Hz, H-2"), 3.02 (ddd, j = 10.3, 5.0, 2.9 Hz, 1H, H-5), 2.70 (dd, J = 12.5, 11.2 Hz, 1H, H-1b).
13C NMR (150 MHz, D,0) 6 102.6 (C-1), 78.5 (C-4), 76.0 (C-5"), 75.6 (C-3’), 75.5 (C-3), 73.2 (C-
2"), 69.4 (C-4"), 68.4 (C-2), 60.5 (C-6"), 59.2 (C-5), 58.4 (C-6), 46.6 (C-1). [a]2% = +25.3 (c = 1.0,
MeOH). IR/cm: 3302, 2966, 1636, 1558, 1203, 1161, 1022. HRMS: found 326.14464

[C12H23NO9+H]*, calculated for [C12H23NOo+H]* 326.14456.

Synthesis of 2-O-(a-p-galactopyranpsyl-)-1-deoxynojirimycin (69)

Phenyl-1-thio-2,3,4,6-tetra-(O-acetyl)-B-D-glucopyranoside (51):
o. .spn B-D-Glucose penta-acetate (0.996 g, 2.56 mmol) and PhSH (0.4 mL, 4 mmol)
AcO were dissolved in DCM (20 mL). The mixture was cooled to 0 °C and BF3-Et,0
AcO™ “oAc (0.46 mL, 3.7 mmol) was added dropwise. After 5 hours, TLC analysis
OAc showed complete consumption of the starting compound. The mixture was
washed with sat. ag. NaHCOs3, organic layer was dried (Na;S04), filtrated and concentrated. The
crude product was purified with silica gel column chromatography to gain 51 as white crystal
(1.02 g, 2.33 mmo], yield 91%). Rr= 0.7 (5:3, PE:EtOAc). 'H NMR (400 MHz, CDCl3) 8 7.55 - 7.49
(m, 2H, Har SPh), 7.36 - 7.32 (m, 3H, Har SPh), 5.24 (t, /] = 9.3 Hz, 1H, H-3), 5.06 (t,/ = 9.8 Hz, 1H,
H-4),4.99 (dd, J = 10.1, 9.2 Hz, 1H, H-2), 4.73 (d, / = 10.1 Hz, 1H, H-1), 4.24 (dd, J = 12.3, 5.0 Hz,
1H, H-6a), 4.20 (dd, J = 12.3, 2.7 Hz, 1H, H-6b), 3.75 (ddd, J = 10.1, 5.0, 2.7 Hz, 1H, H-5), 2.11 (s,
3H, CHs), 2.10 (s, 3H, CHz), 2.04 (s, 3H, CH3), 2.01 (s, 3H, CH3). 13C NMR (100 MHz, CDCl3) &
170.6, 170.2, 169.4, 169.3 (4 x C=0), 131.6 (C4SPh), 128.9 - 128.4 (CarSPh), 85.7 (C-1), 75.8 (C-
5), 74.0 (C-3), 69.9 (C-2), 68.2 (C-4), 62.1 (C-6), 20.7 - 20.6 (4 x CH3).

Phenyl-1-thio-B-D-glucopyranoside (52):
NaOMe (0.276 g, 5.12 mmol) was added to a solution of 51 (2.56 mmol) in

o SPh
HO MeOH (20 mL). After 24 hours, TLC analysis showed complete consumption
o “o4 of 51. The solution was neutralized with amberlite H* resin, filtrated and
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concentrated. The crude product was used for the next reaction step without further
purification. Rr = 0.6 (5:1, EtOAc:MeOH). H NMR (400 MHz, MeOD) &§ 7.60 - 7.57 (m, 2H, Ha,
SPh), 7.35 - 7.26 (m, 3H, Har SPh), 4.63 (d, /] = 9.6 Hz, 1H, H-1), 3.91 (dd, J = 12.4, 1.6 Hz, 1H, H-
6a),3.71 (dd,J = 12.0, 5.6, 1H, H-6b), 3.43 (t,/ = 8.8, 1H, H-4), 3.37 - 3.29 (m, 2H, H-3, H-5), 3.26
(dd, J = 9.6, 8.8, 1H, H-2). 13C NMR (100 MHz, MeOD) & 133.8 (CqSPh), 131.3, 128.5, 127.0 (Car
SPh), 88.0 (C-1), 80.7 (C-3), 78.3 (C-4), 72.4 (C-2), 70.0 (C-5), 61.5 (C-6).

Phenyl-4,6-O-benzylidene-1-thio-B-D-glucopyranoside (53):
o. ,sph PhCH(OMe); (5.7 mL, 38 mmol) was added to the solution of 52 (8.65 g,
j’\ 31.6 mmol) in DMF (20 mL). p-TsOH was added to adjust the pH to 4. The
Ph” 0" “OH mixture was heated to 60 °C and the pressure was reduced to 20 mbar.
OH After 4.5 hours, TLC analysis showed complete consumption of 52. The
mixture was neutralized with TEA, diluted with EtOAc, washed successively with distilled water
and brine, dried (NazS04), filtered, concentrated to get light yellow oil as crude product. The
crude product was recrystallized from warm ethanol to get pure 53 as a white solid (19 mmo],
yield 59% over two steps). Rr = 0.67 (2:1, EtOAc:PE). 'H NMR (400 MHz, CDCl3) § 7.58 - 7.55
(m, 2H, Har Ph), 7.59 - 7.57 (m, 3H, HarPh), 7.41 - 7.37 (m, 5H, Ha-Ph), 5.57 (s, 1H, CH-
benzylidene), 4.69 (d, ] = 9.6 Hz, 1H, H-1), 4.44 (dd, ] = 10.4, 4.4 Hz, 1H, H-6a) 3.91 (t,] = 8.8 Hz,
1H, H-3) 3.85 (dd, J = 7.2 Hz, 3.2 Hz, 1H, H-6b), 3.51 - 3.55 (m, 2H, H-4, H-5), 3.53 (dd, / = 11.8,
8.4 Hz, 1H, H-2). 13C NMR (100 MHz, CDCl3) 6 136.8, 134.2 (CqPh), 133.1 - 126.3 (CarPh), 102.0
(C-7), 88.7 (C-1), 80.2 (C-4), 74.6 (C-3), 72.6 (C-2), 70.6 (C-5), 68.6 (C-6).

Phenyl-3-O-benzyl-4,6-O-benzylidene-1-thio-B-D-glucopyranoside (54):
o. ,SPh BuzSnO (0.35 g, 1.40 mmol) was added to a solution of 53 (0.48 g, 1.33
i . . mmol) in toluene (17 mL), the reaction mixture was stirred overnight at
Ph” ~O" “OH 115 °C. Then toluene was evaporated, the residue was dissolved in DMF
OBn (10 mL), and CsF (0.31 g, 2.04 mmol), BnBr (0.3 mL, 2.5 mmol) was added.
The reaction mixture was stirred at 115 °C for 12 hours. After TLC analysis showed complete
consumption of 53, the reaction mixture was diluted with ethyl acetate, washed successively
with NaHCO3 solution and brine. The organic layer was dried (Na;S04), concentrated and the
residue was purified with a short column (8:1, PE:EtOAc) to gain 54 (0.44 g, yield 73.3%) as
light yellow crystal. Rr = 0.66 (4:1, PE:EtOAc). 'H NMR (400 MHz, CDCl3) 6 5.60 (s, 1H, CH-
benzylidene), 4.99 (d, J = 11.5 Hz, 1H, CHH Bn), 4.83 (d,/ = 11.6 Hz, 1H, CHH Bn), 4.67 (d,J =9.7
Hz, 1H, H-1), 4.42 (dd, J = 10.5, 5.0 Hz, 1H, H-6a), 3.83 (t,J = 10.3 Hz, 1H, H-6b), 3.76-3.63 (m,
2H, H-3, H-4), 3.58 - 3.53 (m, 2H, H-2, H-5). 13C NMR (100 MHz, CDCl3) 6 138.2, 137.2 (Cq Ph),
133.2 - 126.0 (CarPh), 101.3 (CH-benzylidene), 88.5 (C-1), 81.7 (C-3), 81.1 (C-4), 74.8 (CH: Bn),
72.3 (C-2),70.7 (C-5), 68.6 (C-6).

Phenyl-1-thio-2,3,4,6-tetra-O-acetyl-B-D-galactopyranoside (56):
OAc The title compound was synthesized from 55 (1.00 g, 2.56 mmol), thiophenol
sph (0.4 mL, 3.91 mmol) and BF3Et;0 (0.46 mL, 3.72 mmol) according to the
procedure described for the preparation of 51 to gain 56 (1.2 g, 2.5 mmo],
“0Ac  100%) as white crystal. Rs = 0.68 (5:3, PE:EtOAc). 'H NMR (400 MHz, CDCl3) &
OAc 7.52 - 7.52 (m, 2H, Ha), 7.34 - 7.32 (m, 3H, Ha,), 5.44 (d,] = 3.2, 1H, H-1), 5.28
(t,J =10 Hz, 1H, H-2), 5.08 (dd,J = 10, 3.6 Hz, 1H, H-3), 4.75 (d, / = 10.0 Hz, 1H, H-4), 4.23 (dd, J
=11.2,7.2 Hz, 1H, H-6a), 4.15 (dd, J = 11.6, 6 Hz, 1H, H-6b), 3.98 (t,] = 6.4 Hz, 1H, H-5), 2.14 (s,
3H, CH3), 2.11 (s, 3H, CH3), 2.06 (s, 3H, CH3), 1.99 (s, 3H, CH3). 13C NMR (100 MHz, CDCl3) &
170.4 - 169.5 (4 x C=0), 132.6 (Car), 132.5 (CqPh), 129.0, 128.2 (Car), 86.6 (C-1), 74.4 (C-5), 72.0
(C-3),67.3 (C-2),67.2 (C-4), 61.7 (C-6), 20.9 (CH3), 20.7 (CH3), 20.7 (CH3), 20.7 (CH3).

AcO
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Phenyl-1-thio-B-D-galactopyranoside (57):
OH The title compound was synthesized from 57 (59.00 g, 133.95 mmol),
sph thiophenol (0.4 mL, 3.91 mmol) and BF3-Et,0 (0.46 mL, 3.72 mmol) according
to the procedure described for the preparation of 52 to gain 57 as crude
"“OH product and used in next step without further purification. Ry = 0.5 (5:1,
OH EtOAc:MeOH). 'H NMR (400 MHz, MeOD) & 7.56 - 7.54 (m, 2H, Ha-SPh), 7.31 -
7.21 (m, 3H, HarSPh), 4.59 (d, J = 8.0 Hz, 1H, H-1), 3.90 (d, J = 4.0 Hz, 1H, H=4), 3.76 (dd, J = 12.0,
8.0 Hz, 1H, H-6a), 3.71 (dd, J = 12.0, 4 Hz, 1H, H-6b), 3.59 - 3.55 (m, 2H, H-5, H-2), 3.50 (dd, J =
12.0, 4 Hz, 1H, H-3). 3C NMR (100 MHz, CDCl3) & 130.1 (Cq SPh), 132.1 - 128.0 (Car SPh), 90.3
(C-1),80.6 (C-3), 76.3 (C-4), 71.0 (C-2), 70.4 (C-5), 62.6 (C-6).

HO

Phenyl-4,6-O-di-tert-butylsilylene-1-thio-B-D-galactopyranoside (58):
o_ ,sph 57 (3.12 g, 11.5 mmol) was co-evaporated with DMF. The mixture was
%\gw dissolved in pyridine (20 mL). The solution was cooled to -20 °C and
//\‘O OH  tBuSi(OTf)2 (3.5 mL, 9.9 mmol) was added. After 2 hours, TLC analysis
OH showed complete consumption of 57. Methanol was added to quench the
reaction. The volatiles were evaporated and the residue was diluted with EtOAc, washed with
HCl (1M) and sat. aq. NaHCO3. The organic layer was dried (Na2S04), filtrated and concentrated.
The residue was purified with silica gel column chromatography (1:4 — 1:3, EtOAc:PE) to gain
52 (2.49 g, 6.04 mmol, yield 53%) as light yellow oil. Rr = 0.34 (1:1, PE:EtOAc). 'H NMR (400
MHz, CDCl3) § 7.62 - 7.52 (m, 2H, HarSPh), 7.39 - 7.30 (m, 3H, Ha-SPh), 4.58 (d, / = 9.8 Hz, 1H,
H-1), 4.46 (dd, J = 3.5, 1.1 Hz, 1H, H-4), 4.29 (dd, J = 2.0, 1.1 Hz, 2H, H;-6), 3.77 (dd, / = 9.8, 8.9
Hz, 1H, H-2), 3.56 (dd, J = 8.9, 3.5 Hz, 1H, H-3), 3.50 (td, J = 2.0, 1.1 Hz, 1H, H-5), 1.08 (s, 9H, 3 x
CHj3, tert-Bu), 1.06 (s, 9H, 3 x CHs, tert-Bu). 13C NMR (100 MHz, CDCI3) 6 133.1 (Cq), 132.6 -
127.9 (CarSPh), 89.1 (C-1), 75.2 (C-5), 75.1 (C-3), 72.5 (C-4), 70.7 (C-2), 67.1 (C-6), 27.6 - 20.7
(6 x CHs, tert-Bu).

Phenyl-2,3-di-O-benzyl-4,6-O-di-tert-butylsilylene-1-thio-B-b-galactopyranoside (59):
o. ,sph 58 (15.74 g, 38.15 mmol) was dissolved in DMF (20 mL). BnBr (9 mL, 76

%\g mmol) and TBAI (16.75 g, 68.68 mmol) were added. The mixture was
7<‘O “0Bn  cooled to 0 °C and NaH (8.2 g, 0.21 mmol) was added in small potions.
OBn After an overnight reaction, TLC analysis showed complete consumption

of 58. The mixture was quenched by the addition of water, diluted with EtOAc and washed with
brine. The organic layer was dried (Na;SO4), filtrated and concentrated. The residue was
purified with silica gel column chromatography (20:1 — 10:1, PE:EtOAc) to gain 59 (12.66 g,
21.35 mmol, yield 56%) as thick oil. Rr = 0.4 (5:1, PE:EtOAc). 'H NMR (400 MHz, CDCl3) § 7.61 -
7.27 (m, 12H, Har Bn/SPh), 4.94 (s, 2H, CH2Bn), 4.80 (q, / = 12 Hz, 2H, CH2 Bn), 4.71 (d, / = 9.6
Hz, 1H, H-1), 4.53 (d, J = 2.8 Hz, 1H, H-4), 4.24 (m, 2H, H3-6), 3.89 (t, J = 9.6 Hz, 1H, H-2), 3.52
(dd,J=9.2, 3.2 Hz, 1H, H-3), 3.32 (s, 1H, H-5), 1.17 (s, 9H, 3 x CH3, tert-Bu), 1.12 (s, 9H, 3 x CH3,
tert-Bu). 13C NMR (100 MHz, CDCI3) & 138.4, 134.9 (CqBn), 132.1 - 127.3 (CHarBn/SPh), 88.7
(C-1), 82.8 (C-3), 77.0 (C-2), 76.0 (CH: Bn), 74.8 (C-5), 71.1 (CH: Bn), 70.0 (C-4), 67.4 (C-6),
27.7,27.7 (CH3, tert-Bu), 23.5 (C,, tert-Bu), 20.8 (Cq, tert-Bu).

2,3-Di-O-benzyl-4,6-O-di-tert-butylsilylene-b-galactopyranoside (60):
o_ .oH 59(0.61 g, 1.0 mmol) was co-evaporated with toluene (3 x) and dissolved
%gpf in DCM (50 mL). The solution was cooled to 0 °C. N-lodosuccinimide
7&‘0 ‘OBn  (0.227 g, 1.03 mmol) and TFA (77 uL, 1.0 mmol) were added to the
OBn solution. After 1 hour, TLC analysis showed complete consumption of 59.
The reaction was quenched by adding TEA, and sat. aq. Na;S;03 was added to the mixture. The

mixture was extracted with EtOAc, and the organic layer was dried (Na;SO4), filtrated and
concentrated. The resulting residue was purified with silica gel column chromatography (10:1
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- 2:1, PE:EtOACc) to gain 60 (0.451 g, 0.903 mmol, yield 88%). Rr = 0.28 (toluene). 1H NMR (400
MHz, CDCI3) § 7.37 - 7.29 (m, 10H, Har Bn), 5.23 (d, J = 3.6 Hz, 1H, H-1), 4.92 (d, / = 11.6 Hz, 2H,
CH2Bn), 4.81 - 4.72 (m, 2H, CH; Bn), 4.54 (d,] = 3.0 Hz, 1H, H-4), 4.21 - 4.12 (m, 2H, H»-6), 4.02
(dd,J =9.6, 3.6 Hz, 1H, H-2), 3.87 (d, ] = 3.2 Hz, 1H, H-5), 3.84 (d, ] = 2.8 Hz, 1H, H-3), 1.12 (s, 9H,
3 x CHs, tert-Bu), 1.08 (s, 9H, 3 x CH3, tert-Bu). 13C NMR (100 MHz, CDCl3) 6 138.9, 138.3 (Cq Bn),
128.4 - 127.6 (CHar Bn), 92.1 (C-1), 77.5 (C-3), 74.8 (C-2), 74.8 (CH; Bn), 71.0 (C-4), 71.0 (CH;
Bn), 67.4 (C-6), 67.3 (C-5), 27.7 (CHz3), 27.7 (CHz3), 27.6, 27.4 (CH3, tert-Bu), 23.5, 20.7 (Cq, tert-
Bu).

2,3-Di-O-benzoyl-4,6-O-di-tert-butylsilanediyl-D-galactopyranoside-N-phenyl-2,2,2-
trifluoroacetimidate (61):

o. _O_ N Cs2C03 (0.28 g, 0.85 mmol) and trifluoro-phenylacetimidoyl
%\;p/ \Cr; \© chloride (0.20 g, 0.96 mmol) was added to a solution of 60 (0.27

//\‘o “oBR * g, 0.54 mmol) in acetone (3 mL). The reaction mixture was kept at

OBn 0 °C under argon atmosphere. After 3 hours, the reaction mixture
was filtrated through a pad of Celite. The filtrate was concentrated and purified on a short
column (20:1 — 2:1, PE:EtOAc) to get 61 (0.22 g, 0.26 mmo], yield 65%) as anomeric mixture at
ratio 1:1. Rr = 0.56, 0.38 (10:1, PE:EtOAc). For the upper spot on TLC, 'H NMR (400 MHz, CDCls)
6 7.52 - 6.78 (m, 15H, HarBn/Ph), 6.55 (br s, 1H, H-1), 4.89 (d, / = 11.8 Hz, 1H, CHH Bn), 4.85 -
4.72 (m, 3H, 3 x CHH Bn ), 4.62 (br s, 1H, H-4), 4.33 - 4.18 (m, 3H, H3-6, H-2), 3.91 (d,/ = 10.1
Hz, 1H, H-3), 3.81 (br s, 1H, H-5), 1.10 (s, 9H, 3 x CHj3, tert-Bu), 1.02 (s, 9H, 3 x CHj3, tert-Bu). 13C
NMR (100 MHz, CDCI3) § 171.1 (C=N), 143.8, 138.6, 138.2 (C4Bn), 129.1 - 120.6 (CHarBn),
100.0 (CF3), 94.8 (H-1), 77.3 (C-3), 73.7 (CH2Bn), 73.6 (C-2), 71.1 (CH2Bn), 70.7 (C-4), 70.0 (C-
5), 66.8 (C-6), 27.6, 27.2 (CHs, tert-Bu), 23.5, 20.7 (Cq, tert-Bu).

3-Benzyl-4,6-O-benzylidene-2-0-(2,3-di-benzyl-4,6-O-di-tert-butylsilyl-
galactopyranpsyl)-1-thio-D-glucopyranose (62):
o 54 (0.405 g, 0.899 mmol) and 61 (1.201 g, 1.788 mmol) were co-

Ph
l:&k evaporated with toluene (3 x). The residue was dissolved in dried DCM
"0 (4 mL) and cooled to 0 °C, followed by dropwise addition of
Bno” > “gpp, trimethylsilyl trifluoromethanesulfonate (0.045 mL, 0.25 mmol). After
o_ .0 an overnight reaction, TLC analysis showed complete consumption of
%\gp 61. The reaction was quenched by the addition of TEA and
7&‘0 “OBn concentrated. The resulting residue was purified with silica gel column
OBn chromatography (40:1 — 10:1, PE:EtOAc). Yield 69% (0.56 g, 0. 61

mmol). Rr = 0.15 (10:1, PE:EtOAc). 'H NMR (400 MHz, CDCl3) § 7.70 - 7.04 (m, 25H, Ha), 5.89
(d,J = 4 Hz, 1H, H-1"), 5.65 (s, 1H, CH-benzylidene), 5.09 (d, J = 10 Hz, 1H, CHH Bn), 497 (d,] =
9.2 Hz, 1H, H-1), 4.89 (s, 2H, CHz Bn), 4.81 (q, J = 12 Hz, 2H, CH2Bn), 4.43 (dd, J = 10.8, 5.2 Hz,
1H, H-6a), 4.33 (d, / = 10.4 Hz, 1H, CHH Bn), 4.07 (dd, J = 10.0, 3.6 Hz, 1H, H-2"), 4.02 (d, / = 8.0
Hz, 1H, H-4"), 3.89 - 3.72 (m, 6H, H-3, H-2, H-5’, H-6b, H-3’, H-4), 3.56 (dd, J = 12.8, 1.6 Hz, 1H, H-
6’a), 3.60 - 3.53 (m, 1H, H-5), 3.02 (dd, j = 12.6, 2.2 Hz, 1H, H-6’b), 1.02 (s, 9H, CH3, tert-Bu), 0.99
(s, 9H, CHs, tert-Bu). 13C NMR (100 MHz, CDCI3) & 139.5 - 126.0 (Car), 101.1 (CH-benzylidene),
96.2 (C-1"), 87.6 (C-17), 82.2 (C-3), 81.0 (C-4), 77.0 (C-3"), 76.2 (CH2 Bn), 74.2 (C-2"), 73.7 (CH:
Bn), 72.7 (C-2), 71.2 (CH2 Bn), 71.0 (C-4"), 70.0 (C-5), 68.7 (C-6), 66.9 (C-3"), 66.5 (C-6"), 27.7,
27.3 (CHg, tert-Bu), 23.3 (Cq, tert-Bu), 20.6 (Cq, tert-Bu).

Phenyl-1-thio-2-0-(2,3-di-O-benzyl-a- galactopyranosyl)-3-benzyl-4,6-O-benzylidene-D-
glucopyranose (63):

TBAF (1M in THF, 1.2 mL, 1.2 mmol) was added dropwise to a solution of 62 (0.16 g, 0.17
mmol) in THF (2 mL) at 0 °C, and the yellow solution was stirred at room temperature
overnight. The reaction mixture was then diluted with EtOAc, washed with brine, dried
(NazS04), filtered and concentrated. The residue was purified with silica gel column
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Ph. O chromatography (5:2 = 1:1, PE:EtOAc) to get pure 63 (0.11 g, 0.14 mmol,

b yield 82%). Rr = 0.17 (5:2, PE:EtOAc). H NMR (400 MHz, CDCl3) § 7.52 -

On. o 7.17 (m, 25H, Ha,), 6.01 (d, J = 3.8 Hz, 1H, H-1"), 5.63 (s, 1H, CH-

Bno” " spPh benzylidene), 5.10 (d, / = 10.7 Hz, 1H, CHH Bn), 4.96 (d, / = 9.3 Hz, 1H, H-

o_ .0 1),4.87 (d,J = 11.7 Hz, 1H, CHH Bn), 4.84 (d, /= 11.6 Hz, 1H, CHH Bn), 4.77

HO ' (d, /= 11.7 Hz, 1H, CHH Bn), 4.71 (d, / = 11.6 Hz, 1H, CHH Bn), 4.48 (d, J =
HO “0Bn 10.7 Hz, 1H, CHH Bn), 4.41 (dd, J = 10.5, 5.0 Hz, 1H, H-6a), 4.06 (t,/ = 4.8
OBn Hz, 1H, H-5"), 3.96 - 3.90 (m, 3H, H-2, H-2’, H-3), 3.84 (d, / = 10.2 Hz, 1H, H-

6b), 3.81 - 3.78 (m, 1H, H-4), 3.75 (dd, J = 10.0, 3.2 Hz, 1H, H-3"), 3.59 (dd, / = 3.2, 1.5 Hz, 1H, H-
4%),3.55 (dt,J = 9.8, 4.8 Hz, 1H, H-5), 3.30 (dd, J = 11.8, 5.4 Hz, 1H, H-6'a), 3.23 (dd, / = 11.8, 4.3
Hz, 1H, H-6’b). 13C NMR (100 MHz, CDCI3) § 137.9 - 125.9 (Car), 101.1 (CH-benzylidene), 95.7
(C-1), 87.5 (C-1), 82.0 (C-4), 81.9 (C-3) 76.7 (C-3"), 76.0 (CH2 Bn), 75.4 (C-2’), 73.3 (CH; Bn),
73.2 (C-2), 72.8 (CH2 Bn), 70.0 (C-5), 69.9 (C-4'),68.6 (C-6), 68.4 (C-5’), 63.1 (C-6'). [a]2% =
+22.1 (¢ = 0.85, CHCI3). HRMS: found 815.28588 [CisHag010S+Na]*, calculated for
[C46Hag010S+Na]* 815.28604.

Phenyl-1-thio-2-0-(2,3-di-O-benzyl-a-galactopyranosyl)-3-benzyl-D-glucopyranose
(64):

HO p-Toluenesulfonic acid monohydrate (0.065 g, 0.34 mmol) was added to
/&CL a solution of 63 (0.10 g, 0.13 mmol) in methanol and DCM (10 mL, 1:1,

HO,,
' v/v), and the reaction mixture was kept stirred at room temperature
BnO” ™~ “sPh overnight. After quenching by the addition of TEA, the reaction mixture
HO 0.0 was concentrated and purified with silica gel column chromatography
p (1:1, pentane: EtOAc) to give 64 (0.08 g, yield 90%). Rr = 0.1 (1:1,
HO OBn OBn PE:EtOAc). 'H NMR (400 MHz, CDCl3) 6 7.53 - 7.16 (m, 15H, Ha,), 5.97 (d,

J=3.7Hz, 1H, H-1"), 5.06 (d, = 11.2 Hz, 1H, CHH Bn), 4.91 (d, / = 9.7 Hz,
1H, H-1), 4.87 (d, / = 11.7 Hz, 1H, CHH Bn), 4.82 (d, ] = 11.8 Hz, 1H, CHH Bn), 4.76 (d, ] = 11.8 Hz,
1H, CHH Bn), 4.71 (d, ] = 11.7 Hz, 1H, CHH Bn), 4.58 (d, ] = 11.2 Hz, 1H, CHH Bn), 4.05 (td, ] = 5.2,
4.7,2.3 Hz, 1H, H-5"), 3.93 (dd, J = 10.1, 3.9 Hz, 1H, H-2"), 3.90 - 3.79 (m, 4H, H-6a, H-2, H-6b, H-
3),3.76 (dd, J = 10.0, 3.2 Hz, 1H, H-3"), 3.66 (t, ] = 9.0 Hz, 1H, H-4), 3.54 (d, ] = 2.9 Hz, 1H, H-4),
3.42 - 3.34 (m, 2H, H-6'a, H-5), 3.26 (dd, ] = 11.8, 4.0 Hz, 1H, H-6'b). 13C NMR (100 MHz, CDCls) §
138.1 - 126.3 (Car), 95.5 (C-1°), 87.4 (C-1), 85.4 (C-4), 79.3 (C-5), 76.6 (C-3"), 76.2 (CH; Bn), 75.4
(C-2), 73.2 (CHz Bn), 73.1 (C-2), 72.7 (CHz Bn), 71.1 (C-3), 69.1 (C-4"), 68.6 (C-5"), 62.9 (C-6"),
62.0 (C-6). [a]?% = +16.3 (c = 2.45, CHCls). HRMS: found 727.25414 [C39Has010+Nal*, calculated
for [C39H44010+NZ:1]’r 727.25474.

Phenyl-1-thio-2-0-(2,3,4,6-tetra-O-benzyl-a-galactopyranosyl)-3,4,6-tri-benzyl-b-
glucopyranose (65):
BnO NaH (60% on mineral oil, 48.8 mg, 1.22mmol) was added to a solution of
B”O/(B\ 64 (0.08 g, 0.11 mmol) in DMF (1 mL) at 0 °C under argon atmosphere,
"o the suspension was stirred at 0 °C for 1 hour. Then BnBr (0.067 mL, 0.56

Bno” > “gpn, Mmmol) was added. The reaction mixture was kept stirred at room

o_ .0 temperature overnight. After quenched by the addition of water, the
Bno/p' reaction mixture was extracted with EtOAc, washed with water and
BnO “OBn brine, dried (Na:S04), filtered, concentrated and purified with silica gel
OBn column chromatography (20:1, pentane:EtOAc) to get pure 65 (0.11g,

0.10 mmol, yield 92%). Rr = 0.62 (5:1, PE:EtOAc). 'H NMR (400 MHz, CDCls) § 7.59 - 7.09 (m,
40H, Ha), 6.01 (d, ] = 3.7 Hz, 1H, H-1"), 4.98 (d, ] = 11.6 Hz, 1H, CHH Bn), 4.92 - 4.53 (m, 10H, 5 x
CH;Bn), 4.49 (d,] = 11.4 Hz, 1H, CHH Bn), 433 (t, ] = 6.5 Hz, 1H, H-5"), 4.30 (d, ] = 12.0 Hz, 1H,
CHH Bn), 4.22 (d,] = 11.8 Hz, 1H, CHH Bn), 4.12 (dd, ] = 10.2, 3.6 Hz, 1H, H-2’), 3.97 (t, ] = 9.1 Hz,
1H, H-2), 3.89 (dd, J = 10.2, 2.7 Hz, 1H, H-3"), 3.81 - 3.72 (m, 3H, Hz-6, H-4), 3.65 (t, ] = 9.3 Hz,
1H, H-3), 3.60 (dd, ] = 2.9, 1.3 Hz, 1H, H-4), 3.55 (ddd, J = 9.8, 4.5, 2.1 Hz, 1H, H-5), 3.44 (dd, J =

53



SYNTHESIS OF GLYCOSYLATED 1-DEOXYNOJIRIMYCIN

9.5, 6.4 Hz, 1H, H-6'a), 3.28 - 3.23 (m, 1H, H-6'b). 13C NMR (100 MHz, CDCls) § 138.9 - 127.1
(Car), 95.6 (C-1"), 87.1 (C-1), 85.2 (C-4), 79.0 (C-5), 78.5 (C-3), 78.3 (C-3"), 76.3 (C-2’), 75.5 (CH,
Bn), 75.2 (C-4), 74.9 (CH, Bn), 74.7 (CH, Bn), 73.5 (CH; Bn), 73.4 (C-2), 73.1 (CH; Bn), 73.0 (CHz
Bn), 69.3 (C-5), 69.1 (C-6), 68.9 (C-6).

2-0-(2,3,4,6-Tetra-O-benzyl-a-galactopyranpsyl)-3,4,6-tri-O-benzyl-D-glucopyranose
(66):

BnO NIS (0.13 g, 0.53 mmol) and TFA (35 pL) was added to a solution of 65
/&‘i (0.44 g, 0.41 mmol) in dried DCM (5 mL) at 0 °C under argon

BnO,,
' atmosphere. The reaction was stirred at room temperature for 2 hours.
BnO” ™~ "OH Piperidine was added to quench the reaction at 0 °C, after which sat. aq.
BRO 0.0 Na;S203 solution was added. The reaction mixture was extracted with
/p EtOAc, washed with HCI solution (1M) and brine. The organic layer was
BnO OBn O8Bn dried (Na;SO4), filtered and concentrated. The crude product was

purified with silica gel column chromatography (4:1 — 2:1, PE:EtOAc) to
gain pure 66 (0.28 g, 0.29 mmol, yield 71%) as a mixture of two isomers (2:5). Rr = 0.3 (4:1,
PE:EtOAc). For the major isomer: 'H NMR (400 MHz, CDCl3) 8§ 5.34 (d, J = 3.4 Hz, 1H, H-1"), 4.99
-4.50 (m, 13H, 6 x CHz Bn, H-1), 4.41 - 4.28 (m, 2H, CH; Bn), 4.15 (d, / = 7.2 Hz, 1H, H-5), 4.12 -
4.05 (m, 2H, H-5’, H-2), 4.00 - 3.89 (m, 3H, H-4, H-4’, H-3"), 3.85 (dd, J = 9.0, 3.4 Hz, 1H, H-2"),
3.83 - 3.70 (m, 3H, Hz-6’, H-3), 3.49 - 3.45 (m, 2H, H;-6). 13C NMR (100 MHz, CDCl3) 6 138.7 -
127.5 (Car), 96.5 (C-1), 90.3 (C-1"), 80.3 (C-4), 79.0 (C-4"), 77.5 (C-3), 77.3 (CH2 Bn), 75.4 (C-2'),
75.3 (CHz Bn), 74.8 (CHz Bn), 74.5 (C-2), 74.3, 73.6, 73.2, 72.5 (4 x CHz Bn), 70.9 (C-5"), 69.7 (C-
5), 68.6 (C-6), 68.5 (C-6).

2-0-(2,3,4,6-Tetra-O-benzyl-a-galactopyranosyl)-3,4,6-tri-O-benzyl-D-glucitol (67):
BnO LiAlH4 (0.5 mL, 2.4 M in THF, 1.2 mmol) was added dropwise into a
solution of 66 (0.25 g, 0.26 mmol) in THF (3 mL) at 0 °C under argon
B“O’;&T atmosphere. After stirred overnight, the reaction mixture was slowly
quenched by the addition of methanol, after which HCI (1M, 3 mL) was

Bng & on added. Then the mixture was diluted with ethyl acetate and washed with

BnO ’ brine, the water layer was reextracted with EtOAc. The organic layers
Bn/O\//Hj"’OBn were combined, dried (Na;S0.), filtered and concentrated. The crude
OBn product was purified with silica gel column chromatography (2:1 = 1:1,

PE:EtOAc) to gain 67 (0.22 g, 0.23 mmol, yield 88%). Rr = 0.58 (1:1, PE:EtOAc). 'H NMR (400
MHz, CDCl3) & 5.05 (d, J = 3.5 Hz, 1H, H-1"), 4.96 - 4.86 (m, 2H, CH; Bn), 4.79 - 4.51 (m, 6H, 3 x
CH2 Bn), 4.45 (d,J = 12.0 Hz, 1H, CHH Bn), 4.35 (d, /= 12.0 Hz, 1H, CHH Bn ), 4.14 - 4.04 (m, 2H,
H-2,H-5"),4.11 (dd,J = 10.1, 3.7 Hz, 1H, H-2"), 4.00 - 3.98 (m, 1H, H-5), 3.98 (dd, / = 10.1, 2.6 Hz,
1H, H-3") 3.92 - 3.82 (m, 3H, H-3, H-4’, H-4), 3.81 - 3.76 (m, 1H, H-6a), 3.76 - 3.71 (m, 2H, H;-
6, 3.69 - 3.64 (m, 1H, H-6b), 3.52 (dd, ] = 9.3, 6.7 Hz, 1H, H-1a), 3.38 (dd, ] = 9.4, 5.8 Hz, 1H, H-
1b). 13C NMR (100 MHz, CDCl3) § 138.5 - 127.5 (Car), 99.9 (C-1), 81.8 (C-5), 79.3 (C-3"), 79.2 (C-
41, 79.2 (C-3), 76.2 (C-2"), 74.7 (C-4), 74.6 - 72.6 (7 x CH; Bn), 71.2 (C-6"), 70.7 (C-5"), 70.4 (C-
2), 69.4 (C-1), 62.5 (C-6). [a]®% = +39.1 (c = 1.17, CHCl3). HRMS: found 997.44983
[C61H66011+Na]+, calculated for [C61H66011+Na]+ 997.44973.

2-0-(2,3,4,6-Tetra-O-benzyl-a-galactopyranpsyl)-3,4,6-tri-O-benzyl-1-deoxynojirimycin
(68):

BnO A solution of (COCI)2 (100 pL, 1.16 mmol) in dry DCM (1.5 mL) was cooled

Bno,, to -78 °C under argon atmosphere. DMSO (100 pL, 1.40 mmol) dissolved in

1 NH dry DCM (1.5 mL) was added dropwise. After 40 minutes 67 (0.32 g, 0.33

mmol, which was co-evaporated with toluene 3 x), in dry DCM (7.5 mL),

BnO OO was added dropwise to the mixture. The reaction was stirred for 2 hours at

noA’/HJ ’ -78 °C, after which EtsN (0.51 mL, 3.65 mmol) was added dropwise. The
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mixture was gradually warmed to -40 °C in more than 1 hour, after which it was poured into a
cooled (0 °C) MeOH solution (60 mL) containing NaCNBH3 (0.09 g, 1.44 mmol), HCOONH, (0.49
g, 7.76 mmol), and Na,S04 (0.19 g, 1.34 mmol). The mixture was stirred overnight allowing the
reaction to reach room temperature. TLC analysis showed the formation of the product (2:1,
PE:EtOAc, Rr = 0.37). After filtration, the volatiles were evaporated, as the residue was
dissolved in EtOAc (100 mL). The solution was washed with sat. aq. NaHCO3 solution, dried
(NazS04) filtered and concentrated. The residue was purified with silica gel column
chromatography (5:1 — 2:3, PE:EtOAc) to give 62 in 24% yield (0.07 g, 0.073 mmol). Rr = 0.37
(2:1, PE:EtOAc). 'H NMR (400 MHz, CDCl3) 6 4.95 - 4.80 (m, 7H, H-1’, 3 x CH2Bn), 4.72 (d, ] =
11.8 Hz, 1H, CHH Bn), 4.67 (d,] = 12.1 Hz, 1H, CHH Bn), 4.57 - 4.44 (m, 4H, 2 x CH2Bn), 4.31 (d, ]
= 6.2 Hz, 2H, CH2Bn), 4.20 (td, J = 6.5, 1.3 Hz, 1H, H-5"), 4.05 (dd, j = 10.1, 3.6 Hz, 1H, H-2’), 3.89
(dd, J =10.1, 2.9 Hz, 1H, H-3"), 3.75 (dd, ] = 9.2, 4.6 Hz, 1H, H-2), 3.72 - 3.69 (m, 2H, H-6a, H-4"),
3.65 - 3.59 (m, 1H, H-6b), 3.60 (t,/ = 9.2 Hz, 1H, H-3), 3.52 (dd, ] = 9.6, 6.4 Hz, 1H, H-6’a), 3.41 (t,
J=9.3 Hz, 1H, H-4), 3.32 (dd, J = 9.6, 6.6 Hz, 1H, H-6’b), 3.25 (dd, J = 12.5, 4.8 Hz, 1H, H-1a), 2.76
(ddd, J = 9.3, 5.0, 2.6 Hz, 1H, H-5), 2.56 (dd, J = 12.5, 10.4 Hz, 1H, H-1b). 13C NMR (100 MHz,
CDCl3) 6 138.8 - 127.5 (Car), 94.5 (C-1"), 85.9 (C-3), 80.4 (C-4), 78.7 (C-3"), 76.5 (C-2"), 75.6 (CH:
Bn), 75.2 (C-4’), 75.2 (CH2 Bn), 74.8 (CHz Bn), 74.8 (C-2), 73.7 (CH2 Bn), 73.5 - 72.9 (4 x CH2 Bn),
69.8 (C-6), 68.9 (C-6"), 68.8 (C-5"), 59.7 (C-5), 46.5 (C-1). [a]2% = +76.9 (c = 0.32, CHCI3). HRMS:
found 956.47350 [Ce1HesNOo+H]*, calculated for [Ce1HesNOg+H]* 956.47321.

2-O-(a-D-galactopyranpsyl-)-1-deoxynojirimycin (69):
OHOH  Ho 62 (0.2 g, 0.21 mmol) was dissolved in ethanol (6 mL), pH of the solution
A ﬁ\ was adjusted to 2 with 1M HCL. Pd/C (10%) was added, the mixture was
HOL on shaken under Hzatmosphere at 4 bar for 24 hours. The catalyst was filtered
NH through a pad of Celite and the filtrate was concentrated. The residue was
purified on size exclusion column chromatography (eluent: NH4Ac, 0.15 M, aq.) to get pure 69
(35 mg, 0.11 mmol, yield 52%). *H NMR (400 MHz, D,0) 6 4.93 (d, ] = 3.8 Hz, 1H, H-1"), 4.05 (t,]
= 6.4 Hz, 1H, H-5"), 3.85 (d, / = 3.2 Hz, 1H, H-4"), 3.80 (dd, J = 12.8, 3.1 Hz, 1H, H-6a), 3.77 - 3.70
(m, 3H, H-6b, H-2, H-3"), 3.68 (dd, J = 10.5, 3.7 Hz, 1H, H-2"), 3.58 (d, J = 6.2 Hz, 2H, H-6"), 3.54
(dd,J=12.6,5.0 Hz, 1H, H-1a), 3.52 - 3.49 (m, 2H, H-3, H-4), 3.06 (ddt, J = 8.0, 5.4, 3.1 Hz, 1H, H-
5),2.84 (dd,J =12.5,11.5 Hz, 1H, H-1b). 13C NMR (100 MHz, D,0) 6 100.0 (C-1"), 74.4 (C-3), 71.6
(C-3), 70.9 (C-57, 69.0 (C-2), 69.0 (C-4"), 67.8 (C-2"), 67.6 (C-4), 60.8 (C-6'), 59.8 (C-5), 57.6 (C-
6), 43.2 (C-1). HRMS: found 364.10099 [Ci2H23NO9+K]*, calculated for [Ci2H23NO¢+K]*

364.10044.
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Discovery of N-alkyl
Deoxynojirimycin Derivatives as
Potential GBAZ2 Inhibitors

Introduction

GBA2 (EC3.2.1.45, GH116) is a membrane-bound, non-lysosomal retaining (-glucosidase.
GBA2 was first described by Matern et al. who annotated the enzyme as a bile acid active
glycosidase,! but is now widely known to partake in the degradation of glucosylceramide
(GlcCer).2 GBA2 is associated with a number of physiological and pathological processes, such

as neuronal development, lysosomal storage diseases (LSD), tumorigenicity and inflammatory

diseases.3
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GlcCer is synthesized on the outer endoplasmic reticulum leaflet by glucosylceramide
synthase (GCS) from UDP-glucose and ceramide (Figure 1), and degraded in lysosomes by
lysosomal glucocerebrosidase (GBA1).* In Gaucher disease and Niemann-Pick type C disease
(caused by genetic deficiency of GBA1 and acid sphingomyelinase, respectively), GlcCer
accumulates in lysosomes, from where it spills over into the cytoplasm where it is degraded by
GBAZ2. This degradation leads to an increase of ceramide concentration in the cytoplasm, which
may be responsible for several symptoms observed in patients suffering from Gaucher and
Niemann-Pick type C.5 Mistry et al. reported® that genetic deletion of the GBA2 gene can relieve
clinical symptoms in Gaucher diseased mice, which indicates that GBA2 is a potential target for
Gaucher disease treatment. This finding is consistent with the hypothesis that compensatory

GBA2 overexpression in Gaucher disease has deleterious effects.”

Figure 1: Glucosylceramide metabolism
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HO o glucose + ceramide
HO
HO | TGBA1
“UDP
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(@] -
Hﬁ)o o\/Y\/C13H27
[e) OH o
HI}IJ\/CnHzn+1 glucosylceramide
Ho\/:\‘/\/cwH27
OH
ceramide j GBA2

glucose + ceramide

Although GBA2 has been identified to be present in various tissues,? its expression and
activity appears most abundant in the central nervous system.? This indicates that GBA2 may
play a role in neuronal development. Relevant evidence to support this observation was shown
by Martin et al. who demonstrated that the loss of GBA2 function is responsible for motor
neuron defects in hereditary spastic paraplegia.l® Also, mutations in the gene encoding for
GBA2 were found in patients suffering from cerebella ataxia, spastic paraplegia, thin corpus
callosum and cognitive impairment.!! These findings underscore the potential correlation
between GBA2 and neurodegenerative diseases. GBA2 activity has been connected with tumor
biology as well. Inducibly overexpressed GBAZ2 leads to a decreased anchorage-independent
human melanoma cell growth, and thus to the decrease of in vivo melanoma tumor growth.12 In
addition, GBA2 activity has also been associated with inflammatory responses. Mistry et al.

reported that GBAZ2-deficient mice produce significantly lower amounts of several pro-
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inflammatory cytokines, which indicates that GBA2 may be a relevant target for drugs aiming
for reducing inflammation.® For all these reasons, the identification of inhibitors selective for

GBAZ2 is a relevant research objective.

Figure 2: Structure and ICso values of the lead compounds.
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N-alkyl-deoxynojirimycin derivatives are potent GBAZ2 inhibitors that however display
inhibitory activity against the other GlcCer-metabolizing enzymes, GCS and GBA1, as well
(Figure 2). N-Butyl-deoxynojirimycin (N-butyl-DNJ, Zavesca, 1), a moderately potent GCS
inhibitor that at lower concentrations also blocks GBA2 activity, is in clinical use for the
treatment of non-neuronopathic Gaucher patients. Inspired by the clinical success of N-butyl-
DN]J (1), alarge number of N-alkyl-DN]J derivatives have appeared in the literature and that vary
in the nature of the N-alkyl group, in the configuration of the polyhydroxylated piperidine or a
combination thereof.13-15> Amongst these compounds, N-adamantanemethyloxypentyl-DN]J (2,
MZ-21) and its L-ido-configured isoster (3, MZ-31) were identified as very potent GCS inhibitors
(much more than the clinical compound, Zavesca 1) that also strongly inhibit GBA2 and to a
lesser extend GBA1. In the context of the studies that led to the identification of MZ-21 2 and
MZ-31 3, it was observed that N-neopentyloxypentyl-DN] 4 and N-neopentyloxypentyl-L-ido-
DN] 5, compounds with comparatively (in relation to 2 and 3) smaller N-alkyl substituents, are
potent GBA2 inhibitors with comparatively less activity against GCS and GBA1. Compared with
MZ-21 (ICsoccs / ICs06eaz = 235), compound 4 has a much better GBA2 selectivity (ICsoccs / ICso
¢eaz = 1020). Compounds 4 and 5 are nanomolar GBA2 inhibitors while inhibiting GCS and

GBA1 only in the micromole range, if at all.
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Figure 3: Structure of the lead N-neopentyloxypentyl-DN] derivatives 4 (D-glucose
configuration) and 5 (L-idose configuration)
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Taking compounds 4 and 5 as lead structures and with the aim to investigate whether
GBAZ2 selective inhibitors could be designed, a series D-gluco and L-ido-DN] derivatives bearing
a variety of aliphatic and aromatic N-alkyl substituents (Figure 4) were prepared and evaluated

on their potency and selectivity (as compared to GCS and GBA1) as GBAZ2 inhibitors.

Figure 4: p-Gluco and L-ido-DN] derivatives subject of the here presented studies

HO HO
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R = aliphatic / aromatic head group

Results and discussion

The synthesis of DNJ (9) was accomplished following the established procedure with as key
step a double reductive amination of a glucose-derived 5-keto-aldehyde (scheme 1).1¢ In the
first step, the commercially available 2,3,4,6-tetra-0-benzyl-D-glucopyranose (6) was reduced
to give partially protected glucitol 7. Swern oxidation of both the primary and secondary
alcohol in 7 followed by double reductive amination gave 2,3,4,6-tetra-O-benzyl-DN]J (8).
Catalytic hydrogenation gave DN] (9) in good yield and sufficient quantities for further
elaboration.

Treatment of glucitol 7 with excess methanesulfonyl chloride followed by treatment with
allyl amine gave, with inversion of configuration at the carbon bearing the secondary alcohol,
fully protected L-ido-DN] 10 in good overall yield. The allyl protecting group in 10 was removed

by potassium tert-butoxide induced isomerization and subsequent acid-catalysed hydrolysis of
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the obtained enamine to give 11 in excellent yield. Compound 11 was globally deprotected (H,
Pd/C) to give L-ido-DNJ 12 for ensuing N-alkylation.

Scheme 1: Synthesis of 1-deoxynojirimycin and L-ido-1-deoxynojirimycin

H
O ,OH OH _OH N
BnO a BnO b RO
BnO"" “OBn BnO"" “'OBn RO" "'OR

OBn OBn
6

Reagents and conditions: [a] LiAlH4, THF; [b] 1) (COCI)2, DMSO, DCM; 2) HCOONH4, Na2S04, NaBH3CN,
MeOH, 12% 2 steps; [c] MsC], pyridine, allyl amine, reflux, 78% 2 steps; [d] tBuOK, DMSO, HCl, 92%; [e]
Pd/C, Hz, 82% (9), 76% (12).

The synthesis of appropriately functionalized alkylating agents for preparation of the target
compounds was accomplished following established procedures. As an example, the synthesis
of tetrahydrofuran-3-ylmethyloxypentyl bromide and its use in the N-alkylation of DNJ 9 and L-
ido-DN]J 12 is depicted in Scheme 2. Thus, 1,5-pentanediol (13) was treated with one equivalent
of trityl chloride (TrtCl) and base, after which the remaining primary alcohol in 14 was
transformed into the sulfonate after reacting with p-toluenesulfonyl chloride (p-TsCl). The
tosylate in the thus produced compound 15 was substituted by tetrahydrofuran-3-ylmethyl
alcohol, yielding ether 22. The trityl group in 22 was removed and the resulting alcohol 33
subjected to Appel bromination (treatment with triphenylphosphine and tetrabromomethane)
to give bromide 44. In a similar fashion, all compounds listed in Figure 5 were prepared. Finally,
treatment of DNJ 9 with 44 and diisopropyl ethylamine in DMF gave N-alkyl-DN] derivative 55,
and in a similar vein L-ido-DN] derivative 62 was prepared (see experimental for details on the
alkyl bromide syntheses and ensuing N-alkylation of DNJ 9 and L-ido-DN]J 12).

In a similar way, and in yields varying from 10% up to 88%, N-alkyl-DN] derivatives 4, 49 -
59 and N-alkyl-L-ido-DN]J 5, 60 - 65 were synthesized (Figure 6).

61



DISCOVERY OF N-ALKYL DEOXYNOJIRIMYCIN DERIVATIVES AS POTENTIAL GBAZ INHIBITORS

Scheme 2: N-Alkylation strategy of DNJ 9 and L-ido-DNJ 12
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14, R'"=H,R?=Trt 33, R=0H
o[ o[,
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HO, 9] HO,
‘. NH f ’, N/\/\/\O o
+  Bho~~O
HO H HO Y
OH O
9 44 55
HO__ HO__
Ho,, f_ Ho, A
O, A . (@] O, N0 o
B~ ~.0
HO HO” ™
OH OH
12 44 62

Reagents and conditions: [a] TrtCl, TEA, EtOAc, 85 °C, 3h, 99%; [b] p-TsCl, TEA, DMAP, DCM, 0 °C to r.t,,
2h, 70%; [c] 1) THF-3-ylmethanol, NaH, DMF, r.t, 90 min; 2) 15, 75 °C, 1h, 56%; [d] BF3-OEtz,
toluene/MeOH (1:1), 1.5h, 72%; [e] 1) PPhs, DCM, r.t,, 0 °C; 2) CBr4, Ar, 2h, 91%; [f] DMF, K2COs3, 80 °C, 88%
(55),30% (62).

Figure 5: Yields of the syntheses of the alkylating agents and their precursors
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Figure 6: Isolated yields of the N-alkylated D-gluco and L-ido iminosugars

D-gluco-DNJ derivatives
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Table 1 shows the inhibitory results of lead structure 4 together with N-alkyl-DN]

derivatives (49 - 59) on the three enzymes involved in glycosylceramide metabolism: GCS,

GBA1 and GBA2. From the results on the series of branched alkyl analogues (49 - 51), it can be

observed that extending the neopentyl group in 4 with one carbon, as in 51, results in more

potent GCS inhibitory activity. The absence (49) or presence (50) of an additional methyl
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moiety gave no significant difference in inhibitory potency towards GCS, compared to 4. Within
the cycloalkyl series (52 - 54), the compound with the largest substituent proved to be the
most potent GCS inhibitor (inhibitory activity: 54 > 53 > 52), whereas the tetrahydrofuran- and
tetrahydropyran-modified DN]J derivatives 55 - 57 proved to be poor GCS inhibitors. The
thiophene containing iminosugars (58 and 59) inhibit GCS almost as potently as the literature
compound, MZ-21 (4). Amongst all the compounds, cyclopentyl-DN] derivative 54 appeared the
most potent GCS inhibitor (ICso = 0.12), whereas compounds 51, 53, 58 and 59 are also potent
GCS inhibitors with sub-micromolar ICso values. Altogether, these results indicate that a

sizeable hydrophobic nonpolar N-alkyl group is critical for GCS activity.

Table 1: GCS, GBA1 and GBAZ2 ICso values of the alkylated D-gluco iminosugars

Compound ICsp GCS (uM) ICso GBA1 (uM) ICs50 GBA2 (nM)
D-gluco-DN] series

4 5+0.9 6+0.4 5+0.07
49 4+0.1 171 7+1

50 6+0.9 3+£0.2 4+0.2
51 0.8+0.03 4 +0.009 5+0.3
52 7+1 51+2 18+0.2
53 0.6+0.03 12+0.2 9+09
54 0.1+0.06 6+0.4 4+0.2
55 >50 156+ 6 42 +5

56 >50 325+ 14 120+8
57 10+ 0.7 63+2 35+2

58 0.4 +0.06 11+£0.2 4+0.6
59 0.4 +0.05 6+0.2 2+0.1

With respect to GBA1 inhibitory activity, it was observed that with the exception of
compounds 50, 51, 54 and 59, most compounds are less potent than lead compound 4. This
may suggest that a nonpolar hydrophobic moiety of a certain size is essential for GBA1
inhibitory activity. Looking at the nature of the alkyloxy substituent, branched alkyl moieties
are favorable with respect to GBA1 inhibitory activity (inhibitory potency: 50 > 4 > 49). From
the cycloalkyl series, it can be concluded that the larger the substituent is, the more potent the
compound inhibits GBA1 (inhibitory potency: 54 > 53 > 52). As was observed for GCS
inhibition, the tetrahydrofuranyl/tetrahydropyranyl-DN] derivatives are poor GBA1 inhibitors

(compare, for instance, the GBA1 inhibition values measured for cyclopentanyl-DN] derivative
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54 with those obtained for tetrahydrofuranyl-DN] derivatives 55 and 56). Another observed
trend is that an extra methylene moiety (4 versus 51, 58 versus 59) is beneficial for GBA1
inhibitory activity. The most potent GBA1 inhibitor of this series finally appeared to be

compound 50.

Table 2: GCS, GBA1 and GBAZ ICso values of the alkylated L-ido iminosugars

Compound IC50 GCS (uM) ICs59 GBA1 (uM) ICs50 GBA2 (nM)
L-ido-DN] series
5 3+£0.1 >1000 10+£0.3
60 5+0.1 196 £ 15 7+05
61 0.12 £ 0.005 176 £ 16 3+£0.1
62 1+£0.2 >1000 25+0.7
63 25+04 >1000 21+4
64 0.05 £ 0.002 328+26 2+03
65 0.12 £ 0.008 205+0.4 11+0.04

Looking at GBA2 inhibitory activity, finally, it can be seen that all N-alkyl-DN] derivatives
tested are potent GBA2 inhibitors. Again, compounds 55, 56, and 57 featuring a
tetrahydrofuranyl/tetrahydropyranyl moiety are the weakest inhibitors of the series. However,
GBAZ2 inhibitory activity is less affected by the presence of an oxygen atom than GBA1 and GCS
inhibitory activities. When comparing tetrahydrofuranyl-DN] 55 with cyclopentyl-DN] 54, it
can be seen that substituting one of the cyclopentyl carbons (as in 54) for oxygen (as in 55) led
to a 500-fold decrease in GCS inhibitory activity, a 25-fold decrease in GBA1 inhibitory activity,
and a 10-fold decrease in GBA2 inhibitory activity. Thus, while compound 55 is less potent than
carbon analogue 54, it is the more selective GBA2 inhibitor. Amongst the cycloalkyl-DN]
derivatives, compound 54 featuring a cyclopentane moiety appeared to be the most potent
GBAZ inhibitor.

In summary on this part, DNJ derivative 55 appears to be the most GBA2 selective
compound (ICsoccs / ICsocraz= 1176, ICsocea1 / 1Cs0caz =3682), and while less active it is also
more selective than compound 4, which served as the starting point of the here-presented
studies (ICso ccs / ICso geaz = 1020, 1Cso gea1 / ICso gaz = 1252). At the same time, all DN]
derivatives follow the general trend that, in case GCS is inhibited, also GBA1 is inhibited with
considerable potency. As has been shown before, altering the configuration of the piperidine

moiety from D-glucose to L-idose can abolish GBA1 inhibition.
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Accordingly, a number of alkyl substituents were selected and the corresponding N-alkyl-L-
ido-DN] derivatives were prepared (Scheme 2) and evaluated (Table 2) as GCS/GBA1/GBA2
inhibitors. As N-alkyl moieties, the most effective substituents from the D-gluco-DN] series in
terms of activity and selectivity were selected, leading to compounds 60 - 65, the inhibitory
potency of which was compared with lead L-ido-DN] derivative 5. All L-ido derivatives tested
are more potent GCS inhibitors in comparison with their D-gluco congeners. This follows the
trend witnessed in earlier studies, and the same holds true for GBA1 inhibition (all L-ido-DN]J
derivatives tested are considerably weaker GBA1 inhibitors compared to the D-gluco-DN]
analogues). Finally and importantly, there is not much difference between GBA2 inhibitory
potency when going from a D-gluco-DN] derivative to its configurational L-ido-DN] derivative
(compare the GBA2 inhibitory potency of 60 with that of 50; 61 with 54; 62 with 55; 63 with
56; 64 with 58; and 65 with 59). Hence all L-ido-DN] derivatives tested are potent GCS/GBA2
inhibitors with a considerable therapeutic window towards GBA1 - the enzyme one would like
to avoid targeting when aiming for the development of new and improved substrate reduction
therapies for Gaucher patients. Amongst the compounds tested thiophene-DN] derivative 64
appears to be the most potent analogue and further testing of this compound in relevant

biological systems may be considered.

Conclusion

In this Chapter 17 new N-alkyl-DN] derivatives are described, the structures of which are
inspired by neopentyl-DN]J derivatives 4 and 5. From the compounds tested, DN] derivative 55
may well be the most selective, nanomolar GBA2 inhibitor reported to date. The most potent
GBAZ2 inhibitors in turn appear to be 59 and 64. These compounds, as well as thiophene-L-ido-
DN] derivative 58, which came out as the most most potent GCS inhibitor, deserves more in-
depth studies with respect to their in situ and even in vivo efficacy to modulate GlcCer

metabolism through inhibition of GCS and/or GBAZ2.

Experimental Section

Enzyme inhibition assays: The potencies (ICso values) of the N-alkyl-DN]J derivatives as GCS,
GBA1 and GBAZ2 inhibitors were determined by exposing cells or enzyme preparations to an
appropriated range of iminosugar concentrations.

GCS: 1Cso values for GCS activity were measured using living cells with NBD-ceramide as
substrate.l” Briefly, cells were incubated with 50 nmol C6-NBD-ceramide (6-[N-methyl-N-(7-
nitrobenz-2-oxa-1,3-diazol-4-yl)Jaminododecanoyl]sphingosine) in the presence of increasing
compound concentrations. The cells were harvested after 2h followed by lipid extraction. The
formed C6-NBD-glucosylceramide was quantified using a Molecular Dynamics Typhoon
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phosphor imaging device. ICso values were determined from the titration curves. The
experiment was performed twice.

GBA1: ICs values for lysosomal GBA1 were measured using 4-methylumbeliferyl-{-D-glucoside
as substrate.’® Briefly, recombinant GBA1 was incubated with increasing compound
concentrations for 30 min at 0 °C. Enzyme activity was determined with 3.7 mM 4-
methylumbelliferyl-B-D-glucopyranoside in Mcllvaine buffer (0.1 M citrate and 0.2 M phosphate
buffer), pH 5.2, 0.1% Triton X-100 (v/v) and sodium taurocholate (0.2%, w/v). Assays
performed in triplicate were incubated at 37 °C for 30 min and quenched by the addition of
glycine/NaOH (0.2 mL, pH 10.6). The amount of liberated 4-methylumbeliferyl was determined
with a PerkinElmer Life Sciences LS30 fluorimeter, excitation wavelength 366 nm, emission
wavelength 445 nm.

GBAZ2: ICso values for the non-lysosomal glucocerebrosidase (GBA2) were measured with 4-
methylumbeliferyl-B-D-glucoside as substrate.l® GBA2-rich membrane suspensions were
prepared from enzyme-overexpressing HEK cells by sonicating, and the suspension was pre-
incubated for 30 min at 37 °C with conduritol-B-epoxide (1 mM, CBE, Sigma) to inhibit the
lysosomal glucocerebrosidase (GBA1). The prepared GBA2-rich suspension was then incubated
with increasing compound concentrations for another 30 min, and then incubated with 3.7 mM
4-methylumbeliferyl-f-D-glucoside in Mcllvaine buffer (0.1 M citrate and 0.2 M phosphate
buffer), pH 5.8. Assays were incubated at 37 °C for 1 hour and quenched by the addition of
glycine/NaOH (0.2 mL, pH 10.6). The amount of liberated 4-methylumbeliferyl was determined
with a PerkinElmer Life Sciences LS30 fluorimeter, excitation wavelength 366 nm, emission
wavelength 445 nm. Assays were performed in triplicate.

General compound synthesis, purification and analysis methods: All solvents and reagents
were obtained commercially and used as received unless stated otherwise. Reactions were
executed at room temperature unless stated otherwise. Moisture sensitive reactions were
performed under argon atmosphere. Water was removed from starting compounds by
repetitive coevaporation with toluene. Solvents were removed by evaporation under reduced
pressure. DCM, DMF, and THF were dried over activated 4A molecular sieves for at least 12
hours before use. Compounds were visualized during TLC analyses by UV (254 nm), and with
the following staining solutions: aqueous solution of KMnO,s (5 g/L) and K,CO3z (25 g/L).
Visualization of hemiacetals and glycosides was achieved by spraying with a solution of 20%
H>SO4 in ethanol followed by charring at # 200 °C. Column chromatography purification was
performed on silica gel (40-63 pm). 'H and 13C-APT NMR spectra were recorded on a Bruker AV
400 (400/100 MHz) or Bruker 600 (600/150 MHz) spectrometer in CDCl3, MeOD or D-0.
Chemical shifts are given in ppm (8) relative to TMS as internal standard (*H NMR in CDCl3) or
the signal of the deuterated solvent.!® Coupling constants (J) are given in Hz. High resolution
mass spectra were recorded by direct injection (2 pL of a 2 pM solution in
water/acetonitrile/tert-butanol 1:1:1 v/v/v) on a mass spectrometer (Thermo Finnigan LTQ
Orbitrap) equipped with an electrospray ion source with resolution R = 60000 at m/z 400
(mass range m/z = 150-2000). IR spectra were recorded on a Shimadzu FTIR-8300 and are
reported in cm1. Optical rotation were measured on an automatic polarimeter of sodium D-line,
at A =589 nm. Size-exclusion purifications were performed on an AKTA-explorer, column size d
= 26 mm, | = 60 mm, mobile phase NH4HCO3; (0.15 M) in H0, flow 1.5 mL/min. HPLC
Purification were performed on a Prep LCMS, Gemini from Phenomenex B.V. (C-18, 110 A5 pm,
19 x 150 mm column).

General procedure A: Substitution of the tosyl group. A dry solution of alcohol (5 mmol) in

DMF (15 mL) was charged with NaH (10 mmol) and stirred for 90 min. Then a dry solution of
15 (4.5 mmol) in DMF (15 mL) was added. The reaction mixture was heated to 75 °C for 1 h.
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After complete consumption of the starting material (TLC monitored), the mixture was cooled
to room temperature, quenched by the addition of water (3 mL) and concentrated. The residue
was dissolved in a mixture of TEAA (0.1 M), EtOAc and sat. ag. NaHCO3 (80 mL, 2:3:3) and
extracted with EtOAc (3 x 30 mL). The organic phase was dried (MgSO,4), filtered and
concentrated. Purification by silica gel column chromatography (0 - 10% EtOAc in PE) gave the
target compound.

General Procedure B: Deprotection of the trityl-group. To a solution of alkyloxyl-1-
trityloxpentane (2.0 mmol) in toluene/MeOH (1:1, 20 mL, 0.1 M) was added BF3'Et;0 (3.0
mmol, 1.5 eq). This mixture was stirred for 1.5 h at r.t. After complete consumption of the
starting material (TLC monitored), the mixture was diluted with EtOAc (30 mL) and washed
with sat. aq. NaHCO3 (50 mL). The water layer was extracted with EtOAc (3 x 30 mL) and the
combined organic layers were dried (MgS04), filtered, concentrated and the residue purified by
silica gel column chromatography (1:9 — 1:4 — 1:1 — 1:0, EtOAc:PE) to give target alcohol
chain.

General Procedure C: Bromination. To a solution of alkyloxyl-1-pentanol (1 mmol) in DCM
(100 mL, 0.01 M) was added PPhz (0.40 g, 1.5 mmol, 1.5 eq) and cooled to 0 °C. Then CBr4 (0.5
g, 1.5 mmol, 1.5 eq) was added and the reaction mixture was stirred at 0 °C until TLC analysis
monitored the complete consumption of starting compound. After which Celite was added and
the volatiles were evaporated. The residue was purified with silica gel column chromatography
(0 - 100% toluene in heptane — 2 - 20% EtOAc in toluene) to give the bromide spacer.

General Procedure D: Alkylation of iminosugars. To a mixture of the 1-bromo-5-alkyloxy-
pentane (0.3 mmol, 1.5 eq) and di-isopropylethylamine (DiPEA, 0.1 mL, 0.6 mmol, 3 eq) was
added a solution of iminosugar (0.03 g, 0.2 mmol) in DMF (1 mL). The mixture was stirred
overnight at 70 °C. After cooling to r.t, the mixture was filtered and concentrated. The crude
product was purified using HPLC.

Synthesis of DNJ and L-ido-DNJ
2,3,4,6-Tetra-O-benzyl-1-deoxynojirimycin (8):

OBn |, A solution of (COCI); (0.70 mL, 8.16 mmol) in dry DCM (5 mL) under argon

N atmosphere, was cooled to -78 °C. DMSO (0.71 mL, 10.0 mmol) dissolved in

. . dry DCM (5 mL) was added dropwise. After 40 minutes, 7 (1.02 g, 1.88 mmol,
BnO" “OBn  co-evaporated with toluene 3 x) in dry DCM (3 mL), was added dropwise to
OBn the mixture. The reaction was stirred for 2 hours at -78 °C, after which EtsN

(3.40 mL, 24.4 mmol) was added dropwise. The mixture was gradually warmed to -5 °C after
which it was poured into a cooled (0 °C) MeOH solution (50 mL) containing NaCNBH3 (0.50 g,
8.00 mmol), HCOONH4 (2.53 g, 40.1 mmol), and NaSO4 (0.89 g, 6.24 mmol). The mixture was
stirred overnight during which the reaction mixture was allowed to warm up to r.t. TLC
analysis showed complete consumption of the starting material (1:1, PE:EtOAc, Rr = 0.36). After
filtration, the volatiles were evaporated, and the residue was dissolved in EtOAc (70 mL),
washed with sat. ag. NaHCO3 (70 mL). The organic layer was dried (Na,SO4) filtrated and
concentrated. The residue was purified with silica gel column chromatography (2:1 — 1:2,
PE:EtOAc) to give the pure product 8 in 12% overall yield (0.114 g, 0.218 mmol). Rr = 0.36 (1:1,
PE:EtOAc). 'H NMR (400 MHz, CDCl3) 8 7.41 - 7.13 (m, 20H, Har Bn), 5.00 - 4.38 (m, 8H, 4 x CH>
Bn), 3.66 (dd, J = 9.0, 2.5 Hz, 1H, H-6a), 3.58 - 3.44 (m, 3H, H-2, H-3, H-6b), 3.35 (t,/ = 9.2 Hz,
1H, H-4), 3.23 (dd, J = 12.3, 4.9 Hz, 1H, H-1a), 2.71 (ddd, ] = 9.7, 5.9, 2.6 Hz, 1H, H-5), 2.49 (dd, ] =
12.2,10.3 Hz, 1H, H-1b). 13C NMR (100 MHz, CDCl3) 4 138.9 - 138.0 (Cq Bn), 128.4 - 127.6 (CHar
Bn), 87.3 (C-3), 80.6 (C-2), 80.1 (C-4), 75.7, 75.2, 73.4, 72.8 (4 x CH;z Bn), 70.2 (C-6), 59.8 (C-5),
48.1 (C-1).
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1-Deoxynojirimycin (9):

OH |, 8 (2.00 g, 3.82 mmol) was dissolved in EtOH (120 mL) and pH was adjusted to
N 2 with HCI solution (1 M). The solution was flushed with argon (3 x), after
which two spatula tips of Pd/C (20%) was added. Then the mixture was

HO" “OH exposed to H; atmosphere (4 bar) for 24 hours. The catalyst was filtered
OH through a pad of Celite and the filtrate was concentrated. The residue was

purified on silica gel column chromatography (4:1, EtOAc:MeOH + 1% NH4OH - 6:4:1,
EtOH:H,0:NH4OH) to give 9 in 82% yield (511 mg, 3.13 mmol). *H NMR (400 MHz, MeOD) &
3.92 (dd,j=10.9, 3.1 Hz, 1H, H-6a), 3.67 (dd, J = 10.9, 6.5 Hz, 1H, H-6b), 3.49 (ddd, J = 10.6, 8.7,
5.1 Hz, 1H, H-2), 3.28 (t,/ = 8.1 Hz, 1H, H-3), 3.24 (t,/ = 9.1 Hz, 1H, H-4), 3.18 (dd, j = 12.1, 5.1
Hz, 1H, H-1a), 2.54 (ddd, J = 9.4, 6.4, 3.1 Hz, 1H, H-5), 2.52 (dd, J = 12.1, 10.7 Hz, 1H, H-1b).13C
NMR (100 MHz, MeOD) § 81.5 (C-3), 74.2 (C-4), 73.5 (C-2), 64.0 (C-6), 63.7 (C-5), 51.9 (C-1).

2,3,4,6-Tetra-O-benzyl-L-ido-N-allyl-1-deoxynojimycin (10):
OBn (\ MsCl (4.2 mL, 53.1 mmol) was added dropwise to a cooled mixture (0 °C) of

L, N pyridine (90 mL) and 7 (11.5 g, 21.2 mmol). The mixture was stirred for 3

' hours at r.t, after which TLC analysis (2:1, PE:EtOAc, Rr = 0.13) showed
BnO" “oBn complete consumption of the starting material. Water (60 mL) was added
OBn and the solution was concentrated. The residue was dissolved in EtOAc (130

mL), and successively washed with HCI (100 mL, 1M, 2 x), sat. aq. NaHCO3
(100 mL) and brine (100 mL). The organic layer was dried (NaSO4), filtered and concentrated.
The residue was co-evaporated with toluene (3 x). Allylamine (90 mL) was added to dissolve
the methanesulfonylated product, and the solution was heated to reflux for 14 hours, until TLC
analysis (2:1, PE:EtOAc) showed complete consumption of the starting material. After
concentration, the residue was dissolved with EtOAc (110 mL), washed with sat. ag. NaHCO3
(100 mL, 2 x) and brine (100 mL). The organic layer was dried (Na;SO.), filtered and
concentrated. The residue was purified on silica gel column chromatography (17:3, PE:EtOAc)
to give 10 in 78% yield (9.30 g, 16.5 mmol). Rr = 0.76 (2:1, PE:EtOAc). 'H NMR (400 MHz,
CDCl3) 6 7.42 - 7.27 (m, 20H, Har Bn), 5.77 (ddt, J = 16.8, 10.3, 6.3 Hz, 1H, H-2"), 5.12 (dd, J =
23.6, 6.2 Hz, 2H, H-3"), 4.90 - 4.46 (m, 8H, 4 x CH; Bn), 3.84 (dd, J = 10.2, 6.8 Hz, 1H, H-1a’), 3.72
(dd,J=10.2, 2.5 Hz, 1H, H-1b"), 3.69 (dd, J = 7.6, 4.2 Hz, 1H, H-4), 3.60 - 3.50 (m, 2H, H-2, H-3),
3.42 (ddd,J =10.1, 5.8, 1.6 Hz, 1H, H-5), 3.37 (dd, = 6.9, 2.0 Hz, 1H, H-6a), 3.18 (dd, ] = 14.1, 6.9
Hz, 1H. H-6b), 2.92 (dd, J = 11.9, 4.9 Hz, 1H, H-1a), 2.53 (dd, J = 11.8, 9.8 Hz, 1H, H-1b).13C NMR
(100 MHz, CDCl3) 6 139.3, 138.8,138.7, 138.6 (4 x CqBn), 136.3 (C-2"), 128.5 - 127.6 (CHar Bn),
117.2 (C-3"), 83.1 (C-4), 80.2 (C-3), 78.9 (C-2), 75.5, 73.4, 73.1 72.8 (4 x CH; Bn), 64.7 (C-1"),
60.1 (C-5),58.1 (C-6), 49.1 (C-1).

2,3,4,6-Tetra-O-benzyl-L-ido-1-deoxynojimycin (11):

OBn |, A mixture of DMSO (35 mL), tBuOK (1.00 g, 8.91 mmol) and 10 (9.30 g, 16.5
o, N mmol, co-evaporated with toluene 3 x) was heated to 100 °C and stirred

. . under argon atmosphere. After 1 hour stirring, HCI solution (30 mL, 1M) was
BnO" “0Bn  added and the heating resource was removed. After 30 minutes, the mixture
OBn was poured into a mixture of sat. ag. NaHCO3 (100 mL) and Et,0 (150 mL).

The organic layer was separated and the water layer was re-extracted with Et;0 (150 mL, 2 x).
The combined organic layers were dried (Na;SO4), filtered and concentrated. The residue was
purified with silica gel column chromatography (2:1 — 1:2 — 0:1, PE:EtOAc) to give the pure
product 11 with a yield of 92% (7.93 g, 15.1 mmol). Rr = 0.13 (1:1, PE:EtOAc). 'H NMR (400
MHz, CDCl3) § 7.38 - 7.22 (m, 20H, Har Bn), 4.68 - 4.49 (m, 8H, 4 x CH; Bn), 3.68 (t, / = 9.2 Hz,
1H, H-6a), 3.62 (t,J = 5.3 Hz, 1H, H-3), 3.55 (dd, J = 9.5, 5.2 Hz, 1H, H-6b), 3.45 (td, ] = 6.6, 4.1 Hz,
1H, H-2), 3.38 (ddd, = 8.7, 5.0, 3.6 Hz, 1H, H-5), 3.01 (dd, /= 12.9, 4.1 Hz, 1H, H-1a), 2.86 (dd, ] =
12.8, 6.7 Hz, 1H, H-1b). 13C NMR (100 MHz, CDCl3) § 138.7 - 138.4 (Cq Bn), 128.5 - 127.7 (CHar
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Bn), 77.3 (C-3), 77.0 (C-2), 74.2 (CH, Bn), 73.5 (CH, Bn), 72.7 (CHz Bn), 72.2 (CHz Bn), 67.3 (C-
6), 54.7 (C-5), 44.3 (C-1).

L-ldo-1-deoxynojimycin (12):

OH 11 (2.30 g, 4.39 mmol) was dissolved in EtOH (150 mL) and pH was adjusted to
l, “ 2 with HCI solution (1 M). The solution was flushed with argon for 3 times,

' after which two spatula tips of Pd/C (20%) was added. The suspension was
HO" “oH exposed to H, atmosphere (4 bar) and shaken for 24 hours. The catalyst was
OH filtered through a pad of Celite and the filtrate was concentrated. The residue

was purified with silica gel column chromatography (4:1 EtOAc:MeOH + 1%
NH4OH - 6:4:1, EtOH: H,0:NH40H) to give the 12 in 76% yield (840 mg, 3.32 mmol). 'H NMR
(400 MHz, MeOD) & 3.95 - 3.93 (m, 2H, H-2, H-3), 3.89 (dd, / = 5.7, 2.0 Hz, 1H, H-4), 3.85 (dd, ] =
11.0, 2.1 Hz, 1H, H-6a), 3.81 (dd, = 11.7, 5.1 Hz, 1H, H-6b), 3.47 (ddd, J = 8.9, 5.0, 1.9 Hz, 1H, H-
5), 3.36 (dd, J = 13.2, 2.0 Hz, 1H, H-1a), 3.24 (dd, J = 13.2, 1.7 Hz, 1H, H-1b). 13C NMR (100 MHz,
MeOD) 6 69.2 (C-4), 68.4 (C-3), 68.0 (C-2), 60.3 (C-6), 58.2 (C-5), 46.9 (C-1).

Synthesis of the bromide-spacers
Figure 7: Proton and carbon NMR numbering of the linker molecules (16- 48)

1 3 5 6 10

T“O/\Z/Y\O/\b .
8 O
5-Trityloxy-1-pentanol (14):
TrO_~_~_OH Trityl chloride (55.82 g, 200 mmol), 1,5-pentanediol (100 mL, 954 mmol),
EtOAc (500 mL) and TEA (56 mL, 396 mmol) were mixed. The mixture
was stirred for 3h at 85 °C. After complete conversion of the starting material (1:1, PE:EtOAc)
the mixture was washed successively with HCI (4 x 100 mL, 1M) and sat. aq. NaHCO3 (4 x 100
mL), dried (MgS04) and concentrated to give compound 22 (68.67 g, 198.20 mmol, 99% yield).
Rr = 0.70 (1:1, PE:EtOAc). 'H NMR (400 MHz, CDCl3) § 7.46 - 7.36 (m, 6H, Har Trt), 7.29 - 7.17
(m, 9H, Har Trt), 3.57 - 3.55 (m, 2H, H>-1), 3.07 - 3.05 (m, 2H, H»-5), 1.65 - 1.63 (m, 2H, Hz-4),
1.55 - 1.35 (m, 4H, H>-2, H;-3). 13C NMR (100 MHz, CDCl3) 6 144.4 (Cq Trt), 128.6 - 126.8 (CH
Trt), 86.3 (Cq Trt), 63.4 (C-1), 62.7 (C-5), 32.5 (C-4), 29.7 (C-2), 22.4 (C-3).

5-(Toluene-4-sulfonyl)-1-trityloxypentane (15):
TrO_~_~_-OTs p-Toluenesulfonyl chloride (8.83 g, 46.3 mmol) was added to a dry and
cooled (0 °C) mixture of 14 (10.72 g, 30.94 mmol), TEA (7 mL, 49.5 mmol)
and DMAP (0.19 g, 1.56 mmol) in DCM (93 mL). The mixture was stirred for 2h while warming
to r.t. The mixture was washed successively with HCl (100 mL, 1M), sat. aq. NaHCO3 (100 mL)
and sat. aq. NaCl (100 mL). The organic phase was dried (MgS04), filtered and concentrated.
Purification of the residue with silica gel column chromatography (10 - 16% EtOAc in PE) gave
compound 15 (10.9 g, 21.7 mmol, 70%) as a white solid. Rr = 0.78 (25% EtOAc in PE). tH NMR
(400 MHz, CDCl3) 6 7.75 (d, 2H, Har Ts), 7.42 (d, 6H, Har Trt), 7.24 - 7.19 (m, 10H, Har Trt/Ts),
7.16 - 7.13 (m, 3H, Har Trt), 3.94 (t, 2H, H-5), 3.00 (t, 2H, H2-1), 1.94 (s, 3H, CH3 Ts), 1.54 - 1.49
(m, 4H, H:-2, Hz-4), 1.35 - 1.33 (m, 2H, H:-3). 13C NMR (100 MHz, CDClz) § 144.8 (Cq Ts),
144.5(Cq Trt), 133.3(Cq Ts), 130.0 (CH, Ts), 128.9 - 127.1 (CH Trt), 86.5 (Cq Trt), 70.7 (C-5),
63.2(C-1), 29.4 (C-2), 28.7 (C-4), 22.4 (C-3),21.7 (CH3 Ts).

5-(2-Methyl-1-propyloxy)-1-trityloxypentane (16):

Compound 15 (4.60 mmol) was subjected to the general procedure A,
MO0 using 2-methyl-1-propanol (5.05 mmol) to provide 16 (0.77 g, 1.92
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mmol) in a yield of 42%, as thick oil, after silica gel column chromatography purification. Rr =
0.65 (10% EtOAc in PE).’H NMR (400 MHz, CDCl3) § 7.44 (m,] = 8.6, 2.2, 1.6 Hz, 6H, Ha, Trt),
7.32 - 7.14 (m, 9H, Ha, Trt), 3.37 (t,] = 6.5 Hz, 2H, H2-5), 3.14 (d,/ = 6.8 Hz, 2H, H>-6), 3.06 (t,] =
6.6 Hz, 2H, H»-1), 1.84 (dp,/ = 6.7 Hz, 1H, H-7), 1.71 - 1.60 (m, 2H, H>-2), 1.59 - 1.50 (m, 2H, H»-
4),1.50 - 1.37 (m, 2H, H2-3), 0.89 (d, J = 6.7 Hz, 6H, 2 x CH3). 13C NMR (100 MHz, CDCl3) & 144.6
(Cq Trt), 128.8 (CH Trt), 127.7 (CH Trt), 126.9 (CH Trt), 86,4 (Cq Trt), 77.9 (C-6), 71.0 (C-5), 63.6
(C-1), 30.0 (C-2), 29.7 (C-4), 28.5 (C-7), 23.1 (C-3), 19.5 (2 x CH3). IR/cm1: 3061, 2930, 2901,
2866, 1597, 1489, 1448, 1392, 1364, 1176, 1072.

5-(3,3-Dimethyl- 2 -butoxy)-1-trityloxypentane (17):

1 Compound 15 (4.43 mmol) was subjected to the general procedure
o3 s 6| 1 A using 3,3-dimethyl-2-butanol (5.06 mmol) to provide 17 (0.95 g,
THO/\Z/\‘t/\OJ\(/ 2.21 mmol) in a 50% yield, as thick oil, after silica gel column
° chromatography purification. Rr = 0.79 (5% EtOAc in PE). 'H NMR
(400 MHz, CDCl3) 6 7.48 - 7.36 (m, 6H, Har Trt), 7.28 - 7.11 (m,
12H, Har Trt), 3.53 (dt, / = 9.4, 5.8 Hz, 1H, H-5a), 3.21 (dd, / = 9.2, 6.2 Hz, 1H, H-5b), 3.06 (t, ] =
6.6 Hz, 2H, H>-1), 2.93 (q, / = 6.3 Hz, 1H, H-6), 1.74 - 1.35 (m, 6H, Hz-2, H>-3, H2-4), 1.01 (d, ] =
6.3 Hz, 3H, H3-7), 0.87 (s, 9H, H3-9, H3-10, H3-11). 13C NMR (100 MHz, CDCl3) & 144.7 (Cq Trt),
128.8 (CH Trt), 127.9 (CH Trt), 126.9 (CH Trt), 86.4 (Cq Trt), 83.4 (C-6), 69.8 (C-5), 63.7 (C-1),
35.3 (C-8), 30.3 (C-2), 30.1 (C-4), 26.2 (C-7), 23.3 (C-3), 14.1 (C-9, C-10, C-11). IR/cmL: 3059,

3022, 2936, 2866, 1597, 1489, 1448, 1389, 1362, 1219, 1090, 1072.

5-(3,3-Dimethyl-1-butoxy)-1-trityloxypentane (18):

Compound 15 (4.41 mmol) was subjected to the general procedure
T”O\/\/\/o\/ﬁ< A, using 3,3-dimethyl-1-butanol (5.07 mmol) to provide 18 (1.02 g,

2.36 mmol) in a 54% yield, as thick oil, after silica gel column
chromatography purification. Rr = 0.67 (5% EtOAc in PE).'H NMR (400 MHz, CDCl3) 6 7.44
(dt,J= 8.3, 2.2 Hz, 6H, Har Trt), 7.25 - 7.16 (m, 6H, Har Trt), 7.16 - 7.10 (m, 3H, Ha, Trt), 3.41
(t.J=7.4 Hz, 2H, H2-5), 3.34 (t, / = 6.4 Hz, 2H, H»-6), 3.06 (td, ] = 6.9, 3.0 Hz, 2H, H>-1), 1.63 (p, ] =
6.8 Hz, 2H, H>-2), 1.52 (m, 4H, Hz-4, H»-7), 1.48 - 1.38 (m, 2H, H:-3), 0.90 (s, 9H, H3-9, H3-10, Ha-
11). 13C NMR (100 MHz, CDCl3) & 144.5 (Cq Trt), 128.7 (Car Trt), 127.7 (CH Trt), 126.8 (CH Trt),
86.3 (Cq Trt), 70.8 (C-6), 68.1 (C-5), 63.5 (C-1), 43.0 (C-7), 29.8 (C-2), 29.7 (C-9,10,11), 29.6 (C-
4),29.6 (C-8), 23.1 (C-3).IR/cm1: 3057, 3022, 2936, 2864, 1597, 1489, 1448, 1364, 1219, 1111,
1072.

5-(Cyclopropylmethoxy)-1-trityloxypentane (19):

Compound 15 (4.41 mmol) was subjected to the general procedure A,
Tno\/\/\/o\/A using cyclopropylmethanol (5.02 mmol) to provide 19 (0.10 g, 2.49
mmol) in a 56% yield, as thick oil, after silica gel column chromatography purification. Rr = 0.63
(10% EtOAc in PE).'H NMR (400 MHz, CDCl3) § 7.48 - 7.41 (m, 6H, Trt), 7.28 - 7.19 (m, 6H, Ha,
Trt), 7.20 - 7.13 (m, 3H, Har Trt), 3.38 (t,/ = 6.6 Hz, 2H, H»-5), 3.20 (d, J = 6.9 Hz, 2H, H»-6), 3.06
(t,J= 6.6 Hz, 2H, H»-1), 1.65 (p,] = 6.8 Hz, ZH, H;-2), 1.51 - 1.59 (m, 2H, H2-4), 1.47 - 1.38 (m,
2H, H»-3), 1.08 - 0.97 (m, 1H, H-7), 0.52 - 0.45 (m, 2H, H»-8), 0.16 (dt, J = 6.0, 4.5 Hz, 2H, H»-9).
13C NMR (100 MHz, CDCl3) 6 144.6 (Cq Trt), 128.8 (CH Trt), 127.8 (CH Trt), 126.9 (CH Trt), 86.4
(Cq Trt), 75.7 (C-7), 70.7 (C-5), 63.7 (C-1), 30.1 (C-2), 29.8 (C-4), 23.1 (C-3), 10.8 (C-7), 3.2 (C-8,
C-9).IR/cm™: 3082, 3057, 3022, 2933, 2862, 1732,1597, 1489, 1448, 1382, 1219, 1087, 1074.

5-(Cyclobutylmethoxy)-1-trityloxypentane (20):

Compound 15 (4.40 mmol) was subjected to the general procedure
MO ~O A, using cyclobutylmethanol (5.01 mmol) to provide 20 (0.79 g, 1.91
mmol) in a 43% yield, as thick oil, after silica gel column chromatography purification. Ry = 0.74
(10% EtOAc in PE). 'H NMR (400 MHz, CDCl3) 6 7.45 - 7.43 (m, 6H, Ha, Trt) 7.22 - 7.17 (m, 6H,
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Har Trt), 7.14 - 7.10 (m, 3H, Har Trt), 3.37 - 3.32 (m, 4H, H,-5, H2-6), 3.07 (t, 2H, Hp-1), 2.56 -
2.49 (m, 1H, C-7), 2.04 - 1.97 (m, 2H, H,-10), 1.86 - 1.79 (m, 2H, H2-8), 1.75 - 1.40 (m, 8H, Hy-9.
Ha-2, Ha-4, H-3). 13C NMR (100 MHz, CDCls) & 144.6 (Cq Trt), 128.9 (CH Trt), 127.9 (CH Trt),
127.0 (CH Trt), 86.5 (Cq Trt), 75.6 (C-6), 71.1 (C-5), 63.7 (C-1), 35.4 (C-7), 29.9 (C-2), 29.8 (C-4),
25.4 (C-8, C-10), 23.2 (C-3), 18.9 (C-9). IR/cm-: 3084, 3059, 2934, 2862, 1597, 1489, 1448,
1363,1219, 1111, 1072.

5-(Cyclopentylmethoxy)-1-trityloxypentane (21):

Compound 15 (4.43 mmol) was subjected to the general procedure
O _~_~_0 A, using cyclopentylmethanol (5.09 mmol) to provide 21 (1.29 g,

3.02 mmol) in a 68% yield, as thick oil, after silica gel column
chromatography purification. Rr = 0.77 (10% EtOAc in PE). 1H NMR (400 MHz, CDCl3) 6 7.44 (m,
6H, Har Trt), 7.18 - 7.06 (m, 9H, Ha, Trt), 3.39 - 3.29 (m, 2H, Hy-5), 3.21 (dd, J = 7.0, 1.0 Hz, 2H,
H-6), 3.05 (dt,/ = 11.1, 6.5 Hz, 2H, Hz-1), 2.10 (q, J = 7.4 Hz, 1H, H,-7), 1.74 - 1.57 (m, 4H, H;-8,
H:-11), 1.57 - 1.36 (m, 8H, H2-2, H2-3, Hz-4, Hz-9), 1.31 - 1.17 (m, 2H, H>-10). 3C NMR (100
MHz, CDCl3) & 144.4 - 125.6 (CH Trt), 75.2 (C-6), 70.6 (C-5), 63.3 (C-1), 38.4 (C-7), 29.4 - 28.7
(C-8, C-9, C-10, C-11), 25.3, 25.1 (C-2, C-4), 22.8 (C-3). IR/cm™: 3084, 3057, 3022, 2939, 2864,
1597, 1489, 1448, 1367,1176, 1072.

5-(R/S-Tetrahydrofuran-3-ylmethoxy)-1-trityloxypentane (22):
Compound 15 (4.61 mmol) was subjected to the general procedure
o o A, using R/S tetrahydrofuran-3-ylmethanol (4.96 mmol) to provide
~TNTN 22 (1.11 g, 2.58 mmol) in a 56% yield, as an oil, after silica gel
column chromatography purification. Rr = 0.40 (15% EtOAc in PE).'H NMR (400 MHz, CDCl3) &
7.48 - 7.40 (m, 6H, Har Trt), 7.21 (dd,J = 8.5, 6.8 Hz, 6H, Har Trt), 7.16 - 7.10 (m, 3H, Har Trt),
3.75 (ddd,j = 12.1, 8.3, 6.2 Hz, 2H, H-8a, H-9a), 3.68 - 3.55 (m, 1H, H-8b), 3.53 (dd,/= 8.7, 5.4
Hz, 1H, H-9b), 3.40 - 3.18 (m, 4H, H»-5, H2-9), 3.07 (t,/ = 6.5 Hz, 2H, H»-1), 2.49 - 2.35 (m, 1H, H-
7), 1.87 (ddt,J = 13.9, 8.1, 4.0 Hz, 1H, H-10a), 1.62 (p, J = 6.8 Hz, 2H, H>-2), 1.51 (m, 3H, H»-4, H-
10b), 1.46 - 1.37 (m, 2H, H-3). 33C NMR (100 MHz, CDCl3) § 144.6 (Cq Trt), 128.8 (CH Trt),
127.0 (CH Trt), 86.4 (Cq Trt), 73.0 (C-8), 71.1 (C-5), 71.1 (C-9), 67.8 (C-7), 39.4 (C-1), 30.0 (C-
10), 29.6 (C-2), 29.2 (C-4), 23.1 (C-3). IR/cm't: 3445, 2934, 2866, 2347, 1716, 1489, 1448, 1339,
1163, 1074.

5-(R/S-Tetrahydrofuran-1-ylmethoxy)-1-trityloxypentane (23):
o Compound 15 (5.03 mmol) was subjected to the general procedure
TrO_~_~_O A, using R/S tetrahydrofuran-1-ylmethanol (5.73 mmol) to provide
23 (1.06 g, 2.46 mmol) in a yield of 49%, as an oil, after silica gel
column chromatography purification. Rr = 0.52 (15% EtOAc in PE). 'H NMR (400 MHz, CDCl3) &
7.48 - 7.37 (m, 6H, Har Trt), 7.32 - 7.23 (m, 6H, Har Trt), 7.23 - 7.16 (m, 3H, Har Trt), 4.02 (tt, ] =
7.3,5.3 Hz, 1H, H-7), 3.85 (ddd, J = 8.2, 6.9, 6.1 Hz, 1H, H-10a), 3.73 (ddd, J = 8.2, 7.2, 6.3 Hz, 1H,
H-10b), 3.53 - 3.37 (m, 4H, H»-5, Hz-6), 3.05 (t, / = 6.6 Hz, 2H, H»-1), 1.96 - 1.77 (m, 3H, H2-2, H-
9a), 1.69 - 1.60 (m, 2H, H;-2), 1.60 - 1.52 (m, 3H, Hz-4, H-9b), 1.47 - 1.37 (m, 2H, H2-3). 3C NMR
(100 MHz, CDCl3) & 144.5 (Cq Trt), 128.7 (CH Trt), 127.7 (CH Trt), 126.9 (CH Trt), 86.3 (Cq Trt),
77.9 (C-7), 73.6 (C-6), 71.6 (C-5), 68.4(C-10), 63.6 (C-1), 30.0 (C-9), 29.6 (C-4), 28.2 (C-8), 25.7
(C-2),22.9 (C-3). IR/cm: 3084, 3055, 3022, 2934, 2862, 1597, 1489, 1448, 1373, 1219, 1111,
1074.

5-(Tetrahydro-2H-pyran-4-ylmethoxy)-1-trityloxypentane (24):
\/@ Compound 15 (4.68 mmol) was subjected to the general procedure
A, using tetrahydro-2H-pyran-4-ylmethanol (4.34 mmol) to
TrO o g Yy py y
hinding provide 24 (0.79 g, 1.78 mmol) in a yield of 38%, as an oil, after
silica gel column chromatography purification. Rr = 0.48 (15% EtOAc in PE).'H NMR (400 MHz,
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CDCls) & 7.48 - 7.35 (m, 6H, Ha Trt), 7.32 - 7.21 (m, 6H, Har Trt), 7.25 - 7.13 (m, 3H, Ha, Trt),
3.99 - 3.89 (m, 2H, H,-10), 3.42 - 3.30 (m, 4H, Hz-5, H2-9), 3.21 (d,] = 6.6 Hz, 2H, Hz-1), 3.06
(t,] = 6.5 Hz, 2H, H2-6), 1.88 - 1.74 (m, 1H, H-7), 1.70 - 1.57 (m, 4H, H,-2, H2-8), 1.57 - 1.47 (m,
2H, Hy-4), 1.47 - 1.38 (m, 2H, H,-3), 1.35 - 1.25 (m, 2H, H,-11). 13C NMR (100 MHz, CDCls) &
144.5 (C4 Trt), 128.7 (CH Trt), 127.7 (CH Trt), 126.9 (CH Trt), 86.4 (Cq Trt), 75.9 (C-6), 71.1 (C-
1), 67.7 (C-9, C-10), 63.5 (C-5), 35.5 (C-7), 30.1 (C-8, C-11), 29.9 (C-2), 29.6 (C-4), 23.0 (C-3).
IR/cm-L: 3085, 3056, 3023, 2932, 2849, 1558, 1506, 1506, 1489, 1227, 1163, 1097.

5-(Thiophen-3-methoxy)-1-trityloxypentane (25):
s Compound 15 (4.56 mmol) was subjected to the general procedure
O o W A, using 3-thiophenmethanol (4.57 mmol) to provide 25 (0.73 g,
NN 2.13 mmol) in a 56% yield, as thick oil, after silica gel column
chromatography purification. Rr = 0.79 (15% EtOAc in PE). 'H NMR (400 MHz, CDCl3) & 7.48 -
7.38 (m, 6H, Har Trt), 7.28 - 7.20 (m, 6H, Har Trt), 7.20 - 7.14 (m, 3H, Ha, Trt), 7.12 (dq,J = 3.0,
1.0 Hz, 1H, H thio), 7.04 (dd, J = 4.9, 1.3 Hz, 1H, H thio), 7.02 (dd, J = 4.9, 1.3 Hz, 1H, H thio), 4.44
(d,J = 0.8 Hz, 2H, H2-6), 3.40 (t,] = 6.5 Hz, 2H, H»-5), 3.05 (t,/ = 6.6 Hz, 2H, Hz-1), 1.70 - 1.49 (m,
4H, H2-2, Hz-4), 1.51 - 1.36 (m, 2H, H>-3). 13C NMR (100 MHz, CDCl3) & 144.6 (Cq Trt),, 128.9
(CH Trt), 127.9 (CH Trt), 127.4 (CH thio), 127.0 (Cq Trt), 126.0 (CH thio), 122.6 (CH thio), 114.7
(Cq Thio), 86.5 (Cq Trt), 70.4 (C-5), 68.3 (C-6), 63.7 (C-1), 30.0 (C-2), 29.8 (C-4), 23.1 (C-3).
IR/cm: 3501, 3088, 3059, 3024, 2938, 2864, 2316, 1734, 1448, 1364, 1242, 1068, 1034.

5-(Thiophen-3-ethoxy)-1-trityloxypentane (26):
Compound 15 (4.56 mmol) was subjected to the general
T”O\/\/\/O\/\@S procedure A, using 3-thiophenethanol (4.57 mmol) to provide 26
= (0.97 g, 1.65 mmol) in a 47% yield, as an oil, after silica gel
column chromatography purification. Rr = 0.70 (10% EtOAc in PE).1H NMR (400 MHz, CDCl3) &
7.48 - 7.40 (m, 6H, Ha, Trt), 7.30 - 7.24 (m, 6H, Har Trt), 7.22 - 7.19 (m, 3H, Har Trt), 7.18 - 7.16
(m, 1H, H-thio), 6.97 (dq,J = 3.0, 1.0 Hz, 1H, H thio), 6.94 (dd, /= 4.9, 1.3 Hz, 1H, H thio), 3.59
(t.J= 7.0 Hz, 2H, Hz-2), 3.41 (t,] = 6.5 Hz, 2H, H2-5), 3.05 (t,/ = 6.6 Hz, 2H, Hz-1), 2.92 - 2.84 (m,
2H, Hz-1), 1.64 (p,] = 6.8 Hz, 2H, H»>-2), 1.55 (dq, /= 8.7, 6.5 Hz, 2H, H»-4), 1.47 - 1.36 (m, 2H, H»-
3). 13C NMR (100 MHz, CDCl3) & 144.5 (Cq Trt), 128.8 (CH Trt), 128.0 (CH thio), 127.8 (CH Trt),
126.9 (CH Trt), 125.2 (CH thio), 121.1 (CH thio), 114.6 (Cq thio), 86.4 (Cq Trt), 71.1 (C-2), 71.0
(C-5), 63.6 (C-1), 30.8 (C-1), 29.9 (C-2), 29.6 (C-4), 23.0 (C-3).IR/cm™1: 3524, 3086, 3057, 2934,
2862,1738,1717,1489, 1447, 1387, 1364, 1242, 1159, 1113, 1069, 1034.

5-(2-Methyl-1-propyloxy)-1-pentanol (27):

Compound 16 (3.56 mmol) was subjected to the general procedure B
HO\/\/\/O\/k to provide 27 (0.33 g, 2.07 mmol) in a yield of 73%, as an oil, after
silica gel column chromatography purification. Rr = 0.24 (20% EtOAc in PE). 1H NMR (400 MHz,
CDCl3) 6 3.49 (t,] = 6.6 Hz, 2H, H»-1), 3.31 (t, ] = 6.5 Hz, 2H, H»-5), 3.07 (d, ] = 6.8 Hz, 2H, H»-6),
1.78 - 1.72 (m, 1H, H-7), 1.53 - 1.43 (m, 4H, Hz-2, H2-4), 1.37 - 1.27 (m, 2H, H»-3), 0.81 (s, 3H,
Hs-8), 0.79 (s, 3H, H3-9). 13C NMR (100 MHz, CDCl3) 6 77.8 (C-6), 70.8 (C-5), 62.1 (C-1), 32.3 (C-
2), 29.3 (C-4), 28.2 (C-7), 22.3 (C-3), 19.3 (C-8, C-9). IR/cm™1: 3335, 2934, 2859, 1470, 1383,
1366,1115,1055,1007.

5-(3,3-Dimethyl-2-butoxy)-1-pentanol (28):
Compound 17(2.21 mmol) was subjected to the general procedure B
HO\/\/\/OTX to provide 28 (0.2089 g, 1.11 mmol) in a 50% yield, as an oil, after
silica gel column chromatography purification. Rr = 0.32 (20% EtOAc
in PE). 'H NMR (400 MHz, CDCl3) & 3.64 (t, ] = 6.6 Hz, 2H, H>-1), 3.57 (dt, ] = 9.2, 6.1 Hz, 1H, H-
5a), 3.26 (dt, /= 9.2, 6.6 Hz, 1H, H-5b), 2.95 (q,/ = 6.3 Hz, 1H, H-6), 1.64 - 1.51 (m, 4H, H»-2, H-
4), 1.50 - 1.36 (m, 2H, H»-3), 1.03 (d, J = 6.3 Hz, 3H, H3-7), 0.87 (s, 9H, H3-9, H3-10, H3-11). 13C
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NMR (100 MHz, CDCls) § 83.4 (C-6), 69.8 (C-5), 62.8 (C-1), 35.1 (C-8), 32.5 (C-2), 29.8 (C-4),
26.0 (C-9, C-10, C-11), 22.5 (C-3), 14.0 (C-7). IR/cm % 3296, 2938, 2866, 1474, 1456, 1388,
1371, 1339, 1209, 1099, 1057.

5-(3,3-Dimethyl-1-butoxy)-1-pentanol (29):

Compound 18 (2.36 mmol) was subjected to the general procedure B
to provide 29 (0.2142 g, 1.14 mmol) in a yield of 48%, as an oil, after
silica gel column chromatography purification. Rr = 0.22 (20% EtOAc
in PE).TH NMR (400 MHz, CDCl3) & 3.63 (t,] = 6.5 Hz, 2H, Hz-1), 3.51 - 3.36 (m, 4H, H>-5, Hz-2),
1.60 (dq, J = 14.6, 6.6 Hz, 4H, H»-2, H2-4), 1.54 - 1.49 (m, 2H, H>-1), 1.48 - 1.37 (m, 2H, H2-3),
0.92 (s, 9H, Hs-9, H3-10, H3-11). 13C NMR (100 MHz, CDCI3) 6 70.9 (C-6), 68.2 (C-5), 62.6 (C-1),
429 (C-1), 32.4 (C-2), 29.7 (C-9, C-10, C-11), 29.6 (C-8), 29.5 (C-4), 22.5 (C-3). [IR/cm™: 3345,
2938, 2864, 1472,1364, 1244, 1194, 1113, 1055.

HO _~_~_0

5-(Cyclopropylmethoxy)-1-pentanol (30):
Compound 19 (2.49 mmol) was subjected to the general procedure B
Ho\/\/\/o\/A to provide 30 (0.19 g, 1.19 mmol) in a yield of 48%, as an oil, after
silica gel column chromatography purification. Rr = 0.27 (30% EtOAc in PE). 1H NMR (400 MHz,
CDCl3) 6 3.63 (t, / = 6.5 Hz, 2H, H»-1), 3.45 (t, ] = 6.6 Hz, 2H, H»-5), 3.25 (d, J = 6.9 Hz, 2H, H»-6),
1.61 (m, 4H, H»-2, H2-4), 1.49 - 1.36 (m, 2H, H2-3), 1.12 - 0.98 (m, 1H, H-7), 0.59 - 0.47 (m, 4H,
H»-8, H2-9). 13C NMR (100 MHz, CDCl3) § 75.6 (C-6), 70.6 (C-5), 62.5 (C-1) 32.4 (C-2), 29.4 (C-4),
22.4 (C-3),10.6 (C-7),3.0 (C-8,C-9).IR/cm: 3348, 2934, 2858, 1456, 1382, 1339, 1107, 1051.

5-(Cyclobutylmethoxy)-1-pentanol (31):

Compound 20 (1.91 mmol) was subjected to the general procedure B
HO O to provide 31 (0.18 g, 1.02 mmol) in a yield of 53%, as an oil, after
silica gel column chromatography purification. Rr = 0.41 (30% EtOAc in PE). 1H NMR (400 MHz,
CDCl3) &6 3.61 (t,] = 6.6 Hz, 2H, H»-1), 3.42 (t, ] = 6.5 Hz, 2H, H»-5), 3.27 (d, ] = 7.2 Hz, 2H, H»-6),
2.17 - 2.13 (m, 1H, H-7), 1.81 - 1.68 (m, 1H, H-8a), 1.64 - 1.50 (m, 7H, H>-2, H»-4, H2-10, H-8b),
1.47 - 1.37 (m, 2H, H2-3), 1.26 - 1.15 (m, 2H, H2-9). 13C NMR (100 MHz, CDCl3) 6 75.6 (C-6), 70.9
(C-5), 62.4 (C-1), 39.3 (C-7), 32.4 (C-2), 29.6 (C-8, C-10), 29.3 (C-4), 25.4 (C-9), 22.4 (C-3).
IR/cm1: 3360, 2933, 2858, 1456, 1364, 1113, 1057.

5-(Cyclopentylmethoxy)-1-pentanol (32):

Compound 21 (3.02 mmol) was subjected to the general procedure B
to provide 32 (0.27 g, 1.43 mmol) in a yield of 47%, as an oil, after
silica gel column chromatography purification. Rr = 0.45 (30% EtOAc
in PE). 'H NMR (400 MHz, CDCl3) 6 3.63 (t,] = 6.5 Hz, 2H, H2-1), 3.45 - 3.37 (m, 4H, H»-5, H2-6),
2.56 (p,J=7.5 Hz, 1H, H-7), 2.11 - 2.00 (m, 2H, H2-8), 1.97 - 1.79 (m, 2H, H>-11), 1.77 - 1.65 (m,
2H, H2-9), 1.64 - 1.54 (m, 4H, H»-2, H»-4), 1.46 - 1.37 (m, 2H, H»-3). 13C NMR (100 MHz, CDCl3) §
75.7 (C-6), 70.9 (C-5), 62.6 (C-1), 35.1 (C-7), 32.4 (C-2), 29.7 (C-8, C-11)29.3 (C-4), 25.2 (C-9, C-
10), 22.4 (C-3).IR/cm1: 3333, 2939, 2862, 1456, 1373, 1361, 1115, 1057.

HO _~_~_0

5-(R/S-Tetrahydrofuran-3-ylmethoxy)-1-pentanol (33):

o Compound 22 (3.56 mmol) was subjected to the general procedure
B to provide 33 (0.48 g, 2.56 mmol) in a yield of 72%, as an oil, after
silica gel column chromatography purification. Rr = 0.33 (1:2,

PE:EtOAc). tH NMR (400 MHz, CDCl3) 6 3.88 - 3.78 (m, 2H, H-8a,H-9a), 3.72 (dt, ] = 8.4, 7.2 Hz,

1H, H-8b), 3.65 - 3.52 (m, 3H, Hz-1, H-9b), 3.47 - 3.27 (m, 4H, H»-5, H»-6), 2.58 - 2.45 (m, 1H, H-

7), 2.06 - 1.94 (m, 1H, H-10a), 1.66 - 1.51 (m, 5H, H»-2, Hz-4, H-10b), 1.47 - 1.35 (m, 2H, Hz-3).

13C NMR (100 MHz, CDCl3) 6 72.8 (C-6), 71.0 (C-5), 70.9 (C-8), 67.6 (C-9), 62.3 (C-1), 39.1 (C-7),

HO _~_~_°0
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32.4 (C-2), 29.3 (C-4), 29.0 (C-10), 22.4 (C-3). IR/cm-L: 3385, 2934, 2858, 1456, 1375, 1211,
1113, 1072, 1056.

5-(R/S-Tetrahydrofuran-1-ylmethoxy)-1-pentanol (34):
0 Compound 23 (2.46 mmol) was subjected to the general procedure B
Ho\/\/\/o\/o to provide 34 (0.35 g, 1.86 mmol) in a yield of 76%, as an oil, after
silica gel column chromatography purification. Rr = 0.28 (1:2,
PE:EtOAc). 'H NMR (400 MHz, CDCl3) & 4.04 (ddd, ] =12.4, 6.9, 5.2 Hz, 1H, H-7), 3.87 (dt, ] = 8.3,
6.6 Hz, 1H, H-10a), 3.81 - 3.71 (m, 1H, H-10b), 3.61 (t, J = 6.5 Hz, 2H, H»-1), 3.48 (td, ] = 6.6, 2.2
Hz, 2H, H2-5), 3.44 - 3.39 (m, 2H, H»-6), 2.02 - 1.79 (m, 3H, H2-9, H-8a), 1.66 - 1.54 (m, 5H, Hz-2,
Hz-4, H-8b), 1.48 - 1.36 (m, 2H, H2-3). 13C NMR (100 MHz, CDCl3) § 77.8 (C-7), 73.4 (C-6), 71.4
(C-5), 68.2 (C-10), 62.3 (C-1), 32.4 (C-2), 29.3 (C-4), 28.0 (C-9), 25.5 (C-8), 22.3 (C-3). [R/cm™™:
3410, 2934, 2858, 1645, 1454, 1375, 1109, 1072, 1055.

5-(Tetrahydro-2H-pyran-4-ylmethoxy)-1-pentanol (35):
o Compound 24 (1.78 mmol) was subjected to the general procedure
HO\/\/\/O\/O B to provide 35 (0.14 g, 0.697 mmol) in a yield of 39%, as an oil,
after silica gel column chromatography purification. Rr = 0.31 (1:2,
PE:EtOAc). 'H NMR (400 MHz, CDCl3) 6 3.96 (m, 2H, H-9a, 10a), 3.60 (t, ] = 6.6 Hz, 2H, H>-1),
3.45 - 3.34 (m, 4H, H-5, H-9b, H-10b), 3.25 (d, ] = 6.6 Hz, 2H, H»-6), 1.83 (t,] = 3.4 Hz, 1H, H-7),
1.70 - 1.51 (m, 6H, Hz-2,H,-4, H-8a, H-11a), 1.46 - 1.36 (m, 2H, H>-3), 1.36 - 1.21 (m, 2H, H-8D,
H-11b). 13C NMR (100 MHz, CDCl3) 6 75.9 (C-6), 71.0 (C-5), 67.6 (C-9, C-10), 62.3 (C-1), 35.3 (C-
7), 32.4 (C-2), 29.9 (C-8, C-11), 29.3 (C-4), 22.4 (C-3). IR/cm™: 3445, 2931, 2851, 1437, 1364,
1236,1117,1092,1012.

5-(Thiophen-3-methoxy)-1-pentanol (36):

s Compound 25 (2.13 mmol) was subjected to the general procedure B
to provide 36 (0.23 g, 1.15 mmol) in a yield of 69%, as an oil, after
silica gel column chromatography purification. Rr = 0.27 (30% EtOAc
in PE). 1H NMR (400 MHz, CDCl3) 6 7.28 (dd, J = 4.9, 3.0 Hz, 1H, H thio), 7.19 (ddt, /= 2.1, 1.5, 0.9
Hz, 1H, H thio), 7.06 (dd, J = 4.9, 1.3 Hz, 1H, H thio), 4.49 (s, 2H, H»-6), 3.57 (t, / = 6.6 Hz, 2H, H»-
1), 3.46 (t, ] = 6.5 Hz, 2H, H2-5), 1.66 - 1.57 (m, 2H, H2-4), 1.57 - 1.50 (m, 2H, Hz-2), 1.45 - 1.36
(m, 2H, H>-3). 13C NMR (100 MHz, CDCl3) & 139.6 (Cq thio), 127.3 (CH thio), 125.9 (CH thio),
122.7 (CH thio), 70.2 (C-5), 68.1 (C-6), 62.4 (C-1), 32.4 (C-2), 29.4 (C-4), 22.4 (C-3).

HO L~~~ © | /

5-(Thiophen-3-ethoxy)-1-pentanol (37):
Compound 26 (1.65 mmol) was subjected to the general
HO\/\/\/O\/\CS procedure B to provide 37 (0.3318 g, 1.55 mmol) in a 73% yield,
= as an oil, after silica gel column chromatography purification. Rr =
0.30 (30% EtOAc in PE). 1H NMR (400 MHz, CDCl3) 6 7.23 (dd, J = 4.9, 3.0 Hz, 1H, H thio), 7.01
(dq,J = 3.0, 1.0 Hz, 1H, H thio), 6.97 (dd, ] = 4.9, 1.3 Hz, 1H, H thio), 3.62 (m,4H, H»-6, H»-7), 3.45
(t,J = 6.5 Hz, 2H, H2-5), 2.90 (td, J = 7.0, 0.8 Hz, 2H, H>-1), 1.65 - 1.52 (m, 4H, H»-2, H»-4), 1.45 -
1.35 (m, 2H, H:-3). 13C NMR (100 MHz, CDCl3) § 139.28 (Cq thio), 128.5 (CH thio), 125.2 (CH
thio), 121.1 (CH thio), 71.0 (C-7), 70.9 (C-5), 62.6 (C-6), 32.4 (C-4), 30.7 (C-1), 29.4 (C-2), 22.4
(C-3).IR/cm: 3360, 2934, 2860, 1456, 1418, 1348, 1250, 1225, 1155, 1094, 1053.

1-Bromo-5-(2-methyl-1-propyloxy)pentane (38):

B o Alcohol 27 (2.07 mmol) was subjected to the general procedure C to
NN provide 38 (0.24 g, 1.08 mmol) in a yield of 52% after silica gel column

chromatography purification. Rr = 0.71 (100% toluene) H NMR (400 MHz, CDCl3) § 3.41 (t, ] =

6.9 Hz, 2H, H;-5). 3.40 (t, ] = 6.3 Hz, 2H, H»-1), 3.16 (d, ] = 6.7 Hz, 2H, H2-6), 1.90 - 1.85 (m, 3H,

H»-2, H-7), 1.65 - 1.56 (m, 2H, Hz-4), 1.56 - 1.47 (m, 2H, H»-3), 0.92 (s, 3H, H3-8), 0.89(s, 3H, Hs-
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9). 13C NMR (100 MHz, CDCls) 8 77.9 (C-6), 70.6 (C-5), 33.7 (C-1), 32.6 (C-2), 28.9 (C-4), 28.4 (C-
7),25.0 (C-3), 19.4 (C-8, C-9). IR/cm-L: 2940, 2863, 1473, 1363, 1332, 1100.

1-Bromo-5-(3,3-dimethyl-2-butoxy)pentane (39):

Alcohol 28 (1.11 mmol) was subjected to the general procedure C to
Br\/\/\/ow/k provide 39 (0.25 g, 0.99 mmol) in a yield of 89% after silica gel column

chromatography purification. Rr = 0.71 (1:1, PE:toluene). 'H NMR (400
MHz, CDCl3) 6 3.56 (dt, J = 9.5, 5.8 Hz, 1H, H-5a), 3.41 (t, ]/ = 6.9 Hz, 2H, H»-1), 3.24 (dt,J = 9.5, 6.1
Hz, 1H, H-5b), 2.94 (q,/ = 6.3 Hz, 1H, H-6), 1.88 (p,/ = 7.0 Hz, 2H, H2-2), 1.64 - 1.44 (m, 4H, Hz-3,
H:-4), 1.03 (d, / = 6.3 Hz, 3H, Hs-7), 0.87 (s, 9H, H3-9, H3-10, H3-11). 13C NMR (100 MHz, CDCl3) 6
83.3 (C-6), 69.3 (C-5), 35.1 (C-8), 33.8 (C-1), 32.7 (C-2), 29.3 (C-4), 26.0 (C-9, C-10, C-11), 25.1
(C-3),13.9 (C-7).IR/cm: 2938, 2866, 1477, 1369, 1335, 1099.

1-Bromo-5-(3,3-dimethyl-1-butoxy)pentane (40):

Alcohol 29 (1.14 mmol) was subjected to the general procedure C to
provide 40 (0.14 g, 0.54 mmol) in a yield of 48% after silica gel
column chromatography purification. Rr = 0.71 (100% toluene). 'H
NMR (400 MHz, CDCl3) & 3.50 - 3.38 (m, 6H, Hz-1, H2-5, H2-6), 1.96 - 1.84 (m, 2H, H2-7), 1.67 -
1.56 (m, 2H, H2-2), 1.59 - 1.40 (m, 4H, H:-3, Hz-4), 0.93 (s, 9H, Hs-9, H3-10, H3-11). 13C NMR
(100 MHz, CDCI3) & 70.6 (C-6), 68.2 (C-5), 43.0 (C-7), 33.7 (C-1), 32.7 (C-2), 29.8 (C-9, C-10, C-
11), 29.6 (C-8), 29.0 (C-4), 25.0 (C-3).IR/cm1: 2951, 2862, 1734, 1486, 1364, 1111.

Br\/\/\/o

1-Bromo-5-(cyclopropylmethoxy)pentane (41):

\/A Alcohol 30 (1.19 mmol) was subjected to the general procedure C to
B~ 0 provide 41 (0.12 g, 0.54 mmol) in a yield of 46% after silica gel column
chromatography purification. Rr = 0.52 (100% toluene). 1H NMR (400 MHz, CDCl3) 6 3.44 (t,] =
6.4 Hz, 2H, H»-5), 3.42 (t, ] = 6.8 Hz, 2H, H>-1), 3.25 (d, /] = 6.9 Hz, 2H, H»-6), 1.89 (dt, ] = 14.8, 7.0
Hz, 2H, H»-2), 1.67 - 1.56 (m, 2H, Hz-4), 1.58 - 1.47 (m, 2H, H;-3), 1.13 - 0.98 (m, 1H, H-7), 0.58
- 0.49 (m, 2H, H2-8), 0.20 (dt, / = 6.1, 4.5 Hz, 2H, H;-9). 13C NMR (100 MHz, CDCl3) 6 75.6 (C-6),
70.3 (C-5), 33.8 (C-1), 32.6 (C-2), 28.9 (C-4), 24.9 (C-3), 10.6 (C-7), 3.0 (C-8, C-9).IR/cm': 2934,
2857,1732,1456,1381,1337,1250, 1107, 1016.

1-Bromo-5-(cyclobutylmethoxy)pentane (42):

Alcohol 31 (1.02 mmol) was subjected to the general procedure C to
Br_~_~_O provide 42 (0.1276 g, 0.54 mmol) in a yield of 53% after silica gel

column chromatography purification. Rr = 0.67 (100% toluene). 'H
NMR (400 MHz, CDCl3) 6 3.41, (t, /= 6.7 Hz, 2H, H2-5), 3.41 (t, /] = 6.9 Hz, 2H, H>-1),3.38 (d, ] =
6.8 Hz, 2H, H»-6), 2.60 - 2.54 (m, 1H, H-7), 2.14 - 2.01 (m, 2H, H»-8), 1.97 - 1.81 (m, 4H, H»-2,
H»-10), 1.80 - 1.67 (m, 2H, H»-9), 1.66 - 1.56 (m, 2H, H»-4), 1.56 - 1.45 (m, 2H, H-3). 13C NMR
(100 MHz, CDCl3) 8 75.6 (C-6), 70.7 (C-5), 35.2 (C-7), 33.8 (C-1), 32.6 (C-2), 28.9 (C-4), 25.2 (C-
8, C-10), 24.9 (C-3), 18.6 (C-9). IR/cm1: 2932, 2855, 1732, 1456, 1364, 1246, 1111.

1-Bromo-5-(cyclopentylmethoxy)pentane (43):
Alcohol 32 (1.43 mmol) was subjected to the general procedure C to
Br\/\/\/o\/o provide 43 (0.25 g, 1.01 mmol) in a yield of 71% after silica gel
column chromatography purification. Rr = 0.71 (100% toluene). 'H
NMR (400 MHz, CDCl3) 6 3.43 (dd, J = 6.7, 6.0 Hz, 2H, H»-5), 3.43 (t,/ = 6.8 Hz, 1H, H»-1), 3.27 (d,
J=7.1Hz, 2H, Hz-6), 2.17 - 2.11 (m, 1H, H-7), 1.89 (dt, J = 14.1, 7.0 Hz, 2H, H»-2), 1.79 - 1.66 (m,
2H, H2-8), 1.64 - 1.45 (m, 8H, H:-3, Hz-4, H>-11, H2-9), 1.29 - 1.16 (m, 2H, H>-10).13C NMR (100
MHz, CDCI3) 6 75.6 (C-6), 70.6 (C-5), 39.5 (C-7), 33.8 (C-1), 32.6 (C-2), 29.6 (C-8, C-11), 28.9 (C-
4),25.4 (C-9, C-10), 25.0 (C-3). IR/cm: 2940, 2857, 1734, 1452, 1366, 1250, 1111.
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1-Bromo-5-(R/S-tetrahydrofuran-3-ylmethoxy)pentane (44):
o Alcohol 33 (1.86 mmol) was subjected to the general procedure C to
Bre_~_~_0 provide 44 (0.58 g, 2.32 mmol) in a yield of 91% after silica gel
column chromatography purification. Rr = 0.33 (5% EtOAc in PE). 1H
NMR (400 MHz, CDCI3) & 3.87 - 3.78 (m, 2H, H-8a, H-9a), 3.78 - 3.66 (m, 1H, H-8b), 3.56 (dd, ] =
8.7, 5.4 Hz, 1H, H-9b), 3.46 - 3.25 (m, 6H, H»-1, H2-5, H;-6), 2.54 - 2.48 (m, 1H, H-7), 2.06 - 1.94
(m, 1H, H-10a), 1.92 - 1.83 (m, 2H, H;-2), 1.65 - 1.54 (m, 3H, H2-4, H-10b), 1.54 - 1.45 (m, 2H,
H»-3). 13C NMR (100 MHz, CDCl3) & 73.0 (C-6), 71.0 (C-9), 70.8 (C-5), 67.7 (C-8), 39.2 (C-7), 33.7
(C-1), 32.6 (C-2), 29.1 (C-10), 28.8 (C-4), 24.9 (C-3). IR/cm: 2934, 2857, 1486, 1111, 1076.

1-Bromo-5-(R/S-tetrahydrofuran-1-ylmethoxy)pentane (45):
Alcohol 34 (1.86 mmol) was subjected to the general procedure C to
Br_~_~_O provide 45 (0.33 g, 1.30 mmol) in a yield of 70% after silica gel
column chromatography purification. Rr = 0.33 (5% EtOAc in PE). 1H
NMR (400 MHz, CDCl3) & 4.04 (m, 1H, H-7), 3.88 (m, 1H, H-10a), 3.75 (m, 1H, H-10b), 3.49 (m,
2H, H2-5), 3.47-3.39 (m, 4H, Hz-1, Hz-6), 1.99 - 1.83 (m, 5H, Hz-2. H-8a, H2-9), 1.66-1.62 (m, 3H,
H-8b, H2-4), 1.61-1.53 (m, 2H, H2-3). 13C NMR (400 MHz, CDCl3) § 77.9 (C-7), 73.6 (C-6), 71.2 (C-
5), 68.3 (C-10), 33.8 (C-1), 32.6 (C-2), 28.8 (C-4), 28.1 (C-8), 25.6 (C-9), 24.9 (C-3). [IR/cm™™:
2938, 2860, 1456, 1437,1117,1070.

1-Bromo-5-(tetrahydro-2H-pyran-4-ylmethoxy)pentane (46):
o Alcohol 35 (0.31 mmol) was subjected to the general procedure C to
Br\/\/\/o\/O provide 46 (0.061 g, 0.23 mmol) in a 33% yield after silica gel
column chromatography purification. Rr = 0.35 (5% EtOAc in PE).
H NMR (400 MHz, CDCl3) 6 4.00 - 3.94 (m, 2H, H-9a, H-10a), 3.45 - 3.35 (m, 6H, Hz-1, Hz-5, H-
9b, H-10b), 3.25 (d, ] = 6.6 Hz, 2H, H»-6), 1.93 - 1.77 (m, 3H, H»-2, H-7), 1.68 - 1.55 (m, 4H, H»-4,
H-8a, H-11a), 1.55 - 1.46 (m, 2H, H»-3), 1.42 - 1.19 (m, 2H, H-8b, H-11b). 13C NMR (100 MHz,
CDCl3) & 76.0 (C-6), 70.8 (C-5), 67.8 (C-9, C-10), 35.5 (C-7), 33.8 (C-1), 32.6 (C-2), 30.0 (C-8, C-
11), 28.9 (C-4), 24.9 (C-3). IR/cm't: 2924, 2845, 1734, 1384, 1115, 1092.

1-Bromo-5-(thiophen-3-methoxy)pentane (47):
s Alcohol 36 (1.15 mmol) was subjected to the general procedure C to
Br\/\/\/o\/@ provide 47 (0.19 g, 0.74 mmol) in a yield of 45% after silica gel
column chromatography purification. Rr = 0.67 (100% toluene). 'H
NMR (400 MHz, CDCl3) 6 7.33 (dd, J = 5.0, 3.0 Hz, 1H, H thio), 7.23 (dd, J = 2.9, 1.2 Hz, 1H, H
thio), 7.10 (dd, J = 5.0, 1.2 Hz, 1H, H thio), 4.56 - 4.51 (s, 2H, H2-6), 3.50 (t,J = 6.3 Hz, 2H, H»-5),
3.44 (t,] = 6.8 Hz, 2H, H2-1), 1.90 (p, / = 7.0 Hz, 2H, H2-2), 1.72 - 1.59 (m, 2H, H;-4), 1.62 - 1.48
(m, 2H, H2-3). 13C NMR (100 MHz, CDCI3) & 139.7 (Cq thio), 127.3 (CH thio), 126.0 (CH thio),
122.6 (CH thio), 70.0 (C-6), 68.2 (C-5), 33.8 (C-1), 32.6 (C-2), 28.9 (C-4), 25.0 (C-3). IR/cm:
3000, 2934, 2857,1732,1153,1096.

1-Bromo-5-(thiophen-3-ethoxy)pentane (48):
Br o Alcohol 37 (1.55 mmol) was subjected to the general procedure C
g \/\CS to provide 48 (0.28 g, 0.99 mmol) in a yield of 46% after silica gel
= column chromatography purification. Rr = 0.67 (100% toluene).
H NMR (400 MHz, CDCl3) 6 7.25 - 7.21 (m, 1H, H thio), 7.02 - 6.98 (m, 1H, H thio), 6.97 (dd, ] =
49, 1.3 Hz, 1H, H thio), 3.62 (t,] = 7.0 Hz, 2H, H2-6), 3.44 (t,/ = 6.3 Hz, 2H, H>-5),3.39 (t,/ = 6.8
Hz, 2H, Hz-1), 2.90 (td, /= 7.0, 0.8 Hz, 2H, H>-7), 1.92 - 1.79 (m, 2H, Hz-2), 1.64 - 1.54 (m, 2H, H»-
4),1.53 - 1.44 (m, 2H, H>-3). 13C NMR (100 MHz, CDCl3) § 139.4 (Cq thio), 128.5 (CH thio), 125.2
(CH thio), 121.1 (CH thio), 71.1 (C-6), 70.6 (C-5), 33.9 (C-1), 32.6 (C-2), 30.8 (C-7), 28.9 (C-4),
25.0 (C-3).IR/cm: 3102, 2934, 2857, 1734, 1109.
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1-Bromo-5-(2,2-dimethyl-1-propoxy) pentane (66):

Br/\/\/\o/\l< 68 (2.72 g, 11.46 mmol) was synthesized from corresponding alcohol
(2.70 g, 15.49 mmol) according to the general procedure C in a yield of

74%. H NMR (400 MHz, CDCI3) & 3.42 (t,/ = 6.8 Hz, 2H, H»-1), 3.41 (t,] = 6.2 Hz, 2H, H»-5), 3.04

(s, 2H, H2-6), 1.91 - 1.87 (m, 2H, H»-2), 1.67 - 1.42 (m, 4H, H»-4, H;-3), 0.90 (s, 9H, H3-8, H3-9,

H3-10). 13C NMR (100 MHz, CDCl3) & 81.6 (C-6), 71.3 (C-5), 34.1 (C-1), 32.8 (C-2), 28.9 (C-5),

26.9 (C-8, C-9, C-10), 25.1 (C-3).IR/cm1: 2941, 2863, 1473, 1363, 1331, 1102.

Synthesis of the alkylated iminosugars

Figure 8: Proton and carbon NMR numbering of iminosugars (4, 5, 49 - 65)

N-[5-(3,3-Dimethyl-1-propyloxy)pentyl]-1-deoxynojirimycin (4):
HO Bromide 66 (0.30 mmol) was subjected to the general procedure
HO D with 1-deoxynojirimycin (0.20 mmol) to provide 4 (30 mg,
N/\/\/\O/\|< 0.094 mmol, yield 77%). 'H NMR (400 MHz, MeOD) § 4.01 (dd, J
= 12.3, 2.0 Hz, 1H, H-6a), 3.89 (dd, J = 12.3, 3.0 Hz, 1H, H-6b),
3.62 (ddd,J =10.8,9.2, 4.9 Hz, 1H, H-2), 3.52 (t,] = 9.6 Hz, 1H, H-
4), 3.44 (t, ] = 6.2 Hz, 2H, H»-5"), 3.32 - 3.24 (m, 2H, H-3, H-1a),
3.17 (td, = 12.1, 11.5, 5.5 Hz, 1H, H-1"a), 3.08 (s, 2H, H:-6’), 3.00 (td, / = 12.7, 12.0, 5.4 Hz, 1H,
H-1'b), 2.78 - 2.70 (m, 1H, H-1b), 2.72 (t, ] = 11.4 Hz, 1H, H-5), 1.69 - 1.65 (m, 4H, H2-2’, H>-4"),
1.44 (ddd, J = 17.2, 9.0, 5.9 Hz, 2H, H2-3"), 0.91 (s, 9H, H3-8’, H3-9’, H3-10’). 13C NMR (100 MHz,
CDCl3) 6 82.5 (C-6'), 79.0 (C-3), 72.1 (C-5), 69.9 (C-4), 68.8 (C-2), 67.4 (C-5), 56.5 (C-6), 55.7 (C-
1), 54.0 (C-1), 32.9 (C-7), 30.4 (C-4), 27.1 (C-8, C-9’, C-10"), 24.8 (C-3"), 24.4 (C-2"). IR/cm™:
3284, 2347, 2326, 1018. HRMS: found 320.2431 [C16H33NOs+H]*, calculated for [Ci16H33NOs+H]*
320.2432.

HO” ™
OH

N-[5-(2-Methyl-1-propyloxy)pentyl]-1-deoxynojirimycin (49):
HO Bromide 38 (0.30 mmol) was subjected to the general procedure
D with 1-deoxynojirimycin (0.20 mmol) to provide 49 (28 mg,
HO,, N/\/\/\o/\r 0.092 mmol, yield 46%). 'H NMR (400 MHz, MeOD) & 4.07 (d, ] =
12.4 Hz, 1H, H-6a), 3.93 (dd, J = 12.5, 2.9 Hz, 1H, H-6b), 3.67 (td, ]
HO™ ™ =10.1,4.5 Hz, 1H, H-2), 3.58 (t,/ = 9.6 Hz, 1H, H-4), 3.47 (t,] = 6.3
OH Hz, 2H, H,-5"), 3.43 - 3.24 (m, 3H, H-1a, H-3, H-1a), 3.22 (d, ] =
6.6 Hz, 2H, H»-6"), 3.10 (br's, 1H, H-1'b), 2.92 - 2.74 (m, 2H, H-5, H-1b), 1.89 - 1.81 (m, 1H, H-7"),
1.80 - 1.72 (m, 2H, Hz-2"), 1.71 - 1.62 (m, 2H, H>-4"), 1.54 - 1.41 (m, 2H, H2-3"), 0.93 (d, ] = 6.7
Hz, 6H, H3-8’, H3-9’). 13C NMR (100 MHz, MeOD) & 77.6 (C-6’), 77.2 (C-3), 70.2 (C-5’), 68.1 (C-4),
67.0 (C-2), 66.1 (C-5), 55.5 (C-6), 54.0 (C-1), 52.6 (C-1'), 28.9 (C-4"), 28.2 (C-7"), 23.3 (C-3"), 22.9
(C-29, 18.3 (C-8', C-97). [a]?0p = -7.17 (c = 0.56, MeOH). IR/cm-1: 3333, 2871, 1670, 1432, 1383,
1201, 1131, 1031. HRMS: found 306.22757 [CisH31NOs+H]*, calculated for [CisH31NOs+H]*

306.22750.

N-[5-(3,3-Dimethyl-2-butoxy)pentyl]-1-deoxynojirimycin (50):

Bromide 39 (0.32 mmol) was subjected to the general procedure D with 1-deoxynojirimycin
(0.20 mmol) to provide 50 (31 mg, 0.094 mmo], yield 47%). 'H NMR (400 MHz, MeOD) 6 4.14
(d,J=12.4 Hz, 1H, H-6a), 3.93 (dd, / = 12.6, 2.7 Hz, 1H, H-6b), 3.72 (td, / = 10.4, 4.9 Hz, 1H, H-2),
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HO , 3.68 - 3.58 (m, 3H, H-3, H-4, H-5a), 3.48 (dd, ] = 12.0, 4.9 Hz,
v x s | 1H H-1a),3.43 - 3.35 (m, 3H, H-1'a, H-3, H-5'b), 3.22 (td, ] =
N/\./\./\OJ\\? 12.2,5.1 Hz, 1H, H-1'b), 3.07 (br d, ] = 9.8 Hz, 1H, H-5), 3.03 (d,
2 ¢ . J=6.3 Hz, 1H, H-6"), 3.01 (dd, J = 12.5, 10.9 Hz, 1H, H-1b), 1.81
: (dt,] = 11.1, 5.7 Hz, 2H, H,-2"), 1.65 (dt, ] = 8.8, 5.8 Hz, 2H, Ho-
OH 4),1.57 - 1.44 (m, 2H, H,-3), 1.07 (d, J = 6.3 Hz, 3H, Hs-7"),
0.90 (s, 9H, H3-9’, H3-10’, H3-11"). 13C NMR (100 MHz, MeOD) § 83.3 (C-6'), 76.7 (C-3), 68.9 (C-
5), 67.4 (C-4), 66.4 (C-2), 66.0 (C-5), 53.5 (C-6), 53.5 (C-1), 52.9 (C-1"), 34.6 (C-8"), 29.3 (C-4),
25.0 (C-9’, C-10’, C-11"), 23.2 (C-3"), 22.6 (C-2"), 12.8 (C-7"). [a]?% = -6.94 (c = 0.63, MeOH).
IR/cm: 3330, 2956, 2875, 1672, 1439, 1203, 1134, 1029. HRMS: found 334.25885
[C17H35NOs+H]*, calculated for [C17H3sNOs+H]+ 334.25880.

HO
HO

N-[5-(3,3-Dimethyl-1-butoxy)pentyl]-1-deoxynojirimycin (51):
HO Bromide 40 (0.299 mmol) was subjected to the general
/\)< procedure D with 1-deoxynojirimycin (0.20 mmol) to provide
N "0 51 (28 mg, 0.085 mmol, yield 43%). 'H NMR (400 MHz, MeOD)
8§ 4.12 (d,J = 12.5 Hz, 1H, H-6a), 3.93 (dd, ] = 12.3, 2.8 Hz, 1H,
HO™ ¥ H-6b), 3.71 (td, J = 10.4, 10.0, 4.4 Hz, 1H, H-2), 3.62 (t, ] = 9.7
OH Hz, 1H, H-4), 3.50 (t, ] = 7.3 Hz, 2H, H»-6"), 3.50 (dd, J = 9.0, 1.5
Hz, 1H, H-1a), 3.46 (t, ] = 6.3 Hz, 2H, H»-5), 3.43 - 3.36 (m, 2H, H-3,H-1’a ), 3.22 (td,J = 12.1, 5.2
Hz, 1H, H-1b), 3.07 (br d, J = 10.3 Hz, 1H, H-5), 3.00 (t,/ = 11.7 Hz, 1H, H-1b), 1.90 - 1.71 (m, 2H,
H»-2’), 1.65 (ddd, /= 13.7, 7.5, 6.0 Hz, 2H, H2-4"), 1.51 (t,/ = 7.4 Hz, 2H, H>-7’), 1.53 - 1.43 (m, 2H,
Hz-3’), 0.94 (s, 9H, H3-9’, H3-10’, H3-11"). 13C NMR (100 MHz, MeOD) 6 76.7 (C-3), 70.0 (C-5"),
67.9 (C-6"), 67.4 (C-4), 66.4 (C-2), 66.0 (C-5), 53.4 (C-6), 53.3 (C-1), 52.9 (C-1"), 42.6 (C-7"), 29.7
(C-4),28.7 (C-9’, C-10’, C-11"), 25.8 (C-3), 25.0 (C-2), 22.6 (C-8’). [a]?°p = +0.56 (¢ = 0.57, MeOH).
IR/cm1: 3343, 2954, 2870, 1673, 1433, 1203, 1134. HRMS: found 334.25886 [C17H3sNOs+H]*,

calculated for [C17H35sNOs+H]* 334.25880.

HO,,.

N-[5-(Cyclopropylmethoxy)pentyl]-1-deoxynojirimycin (52):
HO Bromide 41 (0.30 mmol) was subjected to the general
HO procedure D with 1-deoxynojirimycin (0.20 mmol) to provide
N/\/\/\O/W 52 (30 mg, 0.097 mmol, yield 49%). 1H NMR (400 MHz, MeOD)
64.13(d,J=12.6 Hz, 1H, H-6a), 3.94 (dd, J = 12.7, 3.1 Hz, 1H, H-
6b), 3.73 (td, J = 10.3, 4.7 Hz, 1H, H-2), 3.64 (t,/ = 9.8 Hz, 1H, H-
4),3.52 (t, ] = 6.3 Hz, 2H, H2-5’), 3.51 - 3.46 (m, 1H, H-1a), 3.40
(t,J=9.2 Hz, 1H, H-3), 3.40 - 3.36 (m, 1H, H-1’a), 3.30 (d, / = 6.9 Hz, 2H, H;-6"), 3.23 (td, /] = 12.3,
5.3 Hz, 1H, H-1'b), 3.08 (br d, / = 10.1 Hz, 1H, H-5), 3.01 (t,/ = 11.7 Hz, 1H, H-1b), 1.91 - 1.73 (m,
2H, H2-2"), 1.72 - 1.63 (m, 2H, Hz-4’), 1.55 - 1.45 (m, 2H, H»-3’), 1.10 - 1.00 (m, 1H, H-7"), 0.57 -
0.51 (m, 2H, H2-8"), 0.22 (dt, ] = 6.1, 4.4 Hz, 2H, H»-9’). 13C NMR (100 MHz, MeOD) § 76.7 (C-3),
75.3 (C-6"), 69.8 (C-5"), 67.4 (C-4), 66.4 (C-2), 66.0 (C-5), 53.6 (C-6), 53.4 (C-1), 52.9 (C-1"), 28.7
(C-49,23.1 (C-37), 22.5 (C-2"), 10.0 (C-77), 2.1 (C-8’, C-9"). [a]?%p = -6.08 (c = 0.59, MeOH). IR/cm-
1. 3346, 2866, 1672, 1430, 1202, 1134, 1032. HRMS: found 304.21194 [CisH29NOs+H]",

calculated for [C15H29NOs+H]* 304.21185.

HO” ™
OH

N-[5-(Cyclobutylmethoxy)pentyl]-1-deoxynojirimycin (53):
Bromide 42 (0.31 mmol) was subjected to the general
procedure D with 1-deoxynojirimycin (0.20 mmol) to provide
HO,, N/\/\/\O/m 53 (25 mg, 0.079 mmol, yield 39%). 'H NMR (400 MHz, MeOD)
§4.14 (d,J=12.5 Hz, 1H, H-6a), 3.93 (dd, = 12.7, 3.1 Hz, 1H, H-
HO™ 6b), 3.71 (td, J = 10.7, 10.2, 4.7 Hz, 1H, H-2), 3.63 (t, ] = 9.8 Hz,
OH 1H, H-4), 3.49 (t, ] = 6.2 Hz, 2H, H»-5), 3.48 (dd, /] = 11.8, 5.2 Hz,
1H, H-1a), 3.43 (d, ] = 6.8 Hz, 2H, H»-6"), 3.43 - 3.36 (m, 1H, H-1’a), 3.39 (t, / = 9.4 Hz, 1H, H-3),

HO
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3.22 (td,J = 12.3, 5.3 Hz, 1H, H-1'b), 3.06 (br d,J = 11.2 Hz, 1H, H-5), 3.01 (t,/ = 11.7 Hz, 1H, H-
1b), 2.63 - 2.53 (m, 1H, H-7’), 2.14 - 2.03 (m, 2H, H;-8"), 2.03 - 1.91 (m, 2H, H»-10’), 1.91 - 1.72
(m, 4H, Hz-2’, H2-9'), 1.67 (ddd, J = 13.7, 7.5, 5.9 Hz, 2H, H2-4"), 1.51 - 1.47 (m, 2H, H;-3"). 13C
NMR (100 MHz, MeOD) § 76.7 (C-3), 75.2 (C-6"), 70.2 (C-5’), 67.4 (C-4), 66.4 (C-2), 66.0 (C-5),
53.5 (C-6), 53.4 (C-1), 52.9 (C-1"), 35.1 (C-7"), 28.7 (C-4"), 24.6 (C-8, C-9), 23.1 (C-3"), 22.5 (C-
2"),18.0 (C-10"). [a]?% = -6.02 (c = 0.50, MeOH). IR/cm1: 3341, 2938, 2865, 1673, 1431, 1202,
1135, 1031. HRMS: found 318.22761 [Ci6H31NOs+H]*, calculated for [Ci¢H3:NOs+H]*
318.22750.

N-[5-(Cyclopentylmethoxy)pentyl]-1-deoxynojirimycin (54):

HO Bromide 43 (0.30 mmol) was subjected to the general
procedure D with 1-deoxynojirimycin (0.20 mmol) to provide
HO. AN ~0 54 (23 mg, 0.069 mmol, yield 35%). 'H NMR (400 MHz, MeOD)

6 4.13 (d, J = 12.5 Hz, 1H, H-6a), 3.93 (dd, J = 12.6, 3.1 Hz, 1H,
H-6b), 3.72 (dt, ] = 14.7, 4.6 Hz, 1H, H-2), 3.63 (t, ] = 9.7 Hz, 1H,
H-4), 3.52 - 3.44 (m, 1H, H-1a), 3.49 (t, ] = 6.2 Hz, 2H, Hy-5"),
3.43 - 3.35 (m, 2H, H-3, H-1"a), 3.33 (d, ] = 7.1 Hz, 2H, H,-6"), 3.22 (td, ] = 12.3, 5.3 Hz, 1H, H-1'b),
3.07 (d,J = 9.5 Hz, 1H, H-5), 3.00 (t, ] = 11.7 Hz, 1H, H-1b), 2.21 - 2.12 (m, 1H, H-7"), 1.88 - 1.71
(m, 4H, Hy-2', H,-8), 1.71 - 1.54 (m, 6H, H,-9", Hy-10’, Hp-4"), 1.51 - 1.48 (m, 2H, Hp-3"), 1.35 -
1.22 (m, 2H, H,-11"). 13C NMR (100 MHz, MeOD) & 76.7 (C-3), 75.3 (C-6"), 70.1 (C-5), 67.4 (C-4),
66.4 (C-2), 66.0 (C-5), 53.5 (C-6), 53.5 (C-1), 52.8 (C-1"), 39.3 (C-7"), 29.2 (C-8, C-11"), 28.7 (C-9",
C-10), 25.0 (C-4"), 23.1 (C-3"), 22.7 (C-2’). [a]?p = -4.76 (c = 0.46, MeOH). IR /cm!: 3346, 2950,
2867, 1673, 1433, 1203, 1133, 1032. HRMS: found 332.24323 [C17H33NOs+H]*, calculated for
[C17H33NOs+H]* 332.24315.

HO” ™
OH

N-[5-(R/S-Tetrahydrofuran-3-ylmethoxy)pentyl]-1-deoxynojirimycin (55):
HO Bromide 44 (0.29 mmol) was subjected to the general
procedure D with 1-deoxynojirimycin (0.20 mmol) to provide
HO.. N/\/\/\O/\CO 55 (58.5 mg, 0.17 mmol, yield 88%). H NMR (400 MHz,
MeOD) 6 4.14 (d, ] = 12.6 Hz, 1H, H-6a), 3.93 (dd, J = 12.4, 3.0
Hz, 1H, H-6b), 3.85 (dd, / = 8.3, 5.5 Hz, 1H, H-9’a), 3.83 (dd, ] =
8.7,7.2 Hz, 1H, H-10’a), 3.78 - 3.69 (m, 2H, H-9’b, H-2), 3.63 (t,
J=9.8 Hz, 1H, H-4), 3.58 (dd, J = 8.6, 5.5 Hz, 2H, H2-10’b), 3.52 - 3.47 (m,1H, H-1a), 3.50 (td, J =
6.3, 1.7 Hz, 2H, H-5"), 3.44 (dd, ] = 9.2, 6.3 Hz, 1H, H-6’a), 3.43 - 3.35 (m, 3H, H-1a, H-3, H-6'b),
3.20 - 3.18 (m, 1H, H-1'b), 3.07 (br d, ] = 9.9 Hz, 1H, H-5), 3.01 (t, J = 11.7 Hz, 1H, H-1b), 2.59 -
2.48 (m, 1H, H-7’), 2.02 - 1.98 (m, 1H, H-8a), 1.91 - 1.72 (m, 2H, H;-2"), 1.72 - 1.60 (m, 3H, H-
8'b, H2-4"), 1.53 - 1.47 (m, 2H, H2-3"). 13C NMR (100 MHz, MeOD) § 76.7 (C-3), 72.5 (C-6"), 70.5
(C-101, 70.3 (C-5"), 67.4 (C-4), 67.3 (C-9'), 66.4 (C-2), 66.0 (C-5), 53.5 (C-6), 53.5 (C-1), 52.9 (C-
1), 39.0 (C-7"), 28.7 (C-4’), 28.5 (C-8’), 23.1 (C-3’), 22.5 (C-2"). IR/cm1: 3346, 2970, 2942, 1738,
1070, 1430, 1366, 1199, 1132, 898. [a]?% = -1.89 (c = 1.17, MeOH). HRMS: found 334.22282
[C16H31N06+H]+, calculated for [C16H31N06+H]+ 334.22241.

HO” ™
OH

N-[5-(R/S-Tetrahydrofuran-1-ylmethoxy)pentyl]-1-deoxynojirimycin (56):
HO Bromide 45 (0.29 mmol) was subjected to the general
procedure D with 1-deoxynojirimycin (0.20 mmol) to provide
HO.. NWO/\EO> 56 (10 mg, 0.030 mmol, yield 15%). 1H NMR (600 MHz, MeOD)
§4.12 (d,J = 11.5 Hz, 1H, H-6a), 4.07 - 4.01 (m, 1H, H-7), 3.91
(dd, J = 12.5, 3.2 Hz, 1H, H-6b), 3.85 (dt, ] = 8.2, 6.7 Hz, 1H, H-
10’a), 3.76 (td, = 7.7, 6.1 Hz, 1H, H-10’b), 3.69 - 3.67 (m, 1H,
H-2), 3.60 (dd, J = 12.7, 6.6 Hz, 1H, H-4), 3.51 (td, J = 6.2, 3.8 Hz, 1H, H-5’), 3.47 - 3.34 (m, 5H,
H»-6’, H-1a, H-1'a, H-3), 3.20 (td,/ = 12.4, 5.0 Hz, 1H, H-1b), 3.04 (d,J = 9.9 Hz, 1H, H-5), 2.99 (t,]
=11.7 Hz, 1H, H-1'b), 2.01 - 1.95 (m, 1H, H-8a), 1.94 - 1.87 (m, 1H, H-9"), 1.87 - 1.71 (m, 2H,

HO” ™
OH
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Hz-2"), 1.66 (tt, ] = 7.5, 5.9 Hz, 2H, Hy-4"), 1.63 - 1.57 (m, 1H, H-8'b), 1.54 - 1.43 (m, 2H, H,-3").
13C NMR (150 MHz, MeOD) § 79.4 (C-7"), 78.2 (C-3), 74.6 (C-6"), 72.0 (C-5’), 69.2 (C-10"), 68.8
(C-5), 67.8 (C-4), 67.4 (C-2), 54.9 (C-1), 54.8 (C-6), 54.3 (C-1"), 29.9 (C-4"), 28.9 (C-8"), 26.6 (C-
9, 24.5 (C-3"), 23.9 (C-2’). IR/cm-!: 3367, 2964, 2902, 1674, 1396, 1066. [a]2p = -9.8 (c = 0.20,
MeOH). HRMS: found 334.22266 [C1sH31NOe+H]*, calculated for [C16H31NOg+H]* 334.22241.

N-[5-(Tetrahydro-2H-pyran-4-ylmethoxy)pentyl]-1-deoxynojirimycin (57):
HO Bromide 46 (0.29 mmol) was subjected to the general
procedure D with 1-deoxynojirimycin (0.20 mmol) to provide
HO... N "0 57 (35 mg, 0.10 mmol, yield 50%). H NMR (400 MHz, MeOD)
/\Q 6 4.14 (d,J = 12.5 Hz, 1H, H-6a), 3.92 (dd, J = 11.8, 2.6 Hz, 1H,
HO™ H-6b), 3.99 - 3.94 (m, 2H, H-9’a, H-10’a), 3.70 (ddd, J = 11.2,
OH 9.3, 4.9 Hz, 1H, H-2), 3.62 (dd, / = 10.4, 9.2 Hz, 1H, H-4), 3.49
(t, ] = 6.2 Hz, 2H, H»-5"), 3.48 - 3.35 (m, 5H, H-9’b, H-10’b, H-1a, H-1'a, H-3), 3.31 (d, ] = 6.4 Hz,
2H, Hy-6"), 3.23 (dd, J = 12.1, 5.3 Hz, 1H, H-1'b), 3.06 (dd, J = 10.3, 2.7 Hz, 1H, H-5), 3.01(t, ] =
11.7 Hz, 1H, H-1b), 1.92 - 1.84 (m, 1H, H-7), 1.84 - 1.72 (m, 2H, Hz-2"), 1.72 - 1.62 (m, 4H, H;-4’,
H-8a, H-11’a), 1.57 - 1.45 (m, 2H, H»-3’), 1.34 - 1.32 (m, 2H, H-8'b, H-11’b). 13C NMR (100 MHz,
MeOD) 6 76.8 (C-3), 75.5 (C-6"), 70.2 (C-5"), 67.3 (C-9’, C-10’), 67.3 (C-4), 66.4 (C-2), 66.0 (C-5),
53.5 (C-6), 53.4 (C-1), 52.8 (C-1"), 35.2 (C-7"), 29.6 (C-8’, C-11"), 28.7 (C-4"), 23.1 (C-3"), 22.5 (C-
2"). [a]?% = -4.01 (c = 0.70, MeOH). IR/cm-1: 3333, 2923, 2859, 1671, 1433, 1387, 1200, 1136,
1088, 1032. HRMS: found 348.23809 [Ci7H33NOe+H]*, calculated for [Ci7H33NOe+H]*

348.23806.

N-[5-(Thiophen-3-methoxy)pentyl]-1-deoxynojirimycin (58):

HO Bromide 47 (0.29 mmol) was subjected to the general
HO/& procedure D with 1-deoxynojirimycin (0.20 mmol) to provide
g N/W\O/\@S 58 (41 mg, 0.12 mmo], yield 59%). 'H NMR (400 MHz, MeOD)
HO = 6 7.41 (dd, J = 5.0, 3.0 Hz, 1H, H thio), 7.34 - 7.31 (m, 1H, H
éH thio), 7.10 (dd, J = 5.0, 1.2 Hz, 1H, H thio), 4.54 (s, 2H, Hz-6"),
412 (d,J=12.2 Hz, 1H, H-6a), 3.92 (dd, ] = 12.7, 3.1 Hz, 1H, H-
6b), 3.71 (td, = 10.1, 4.5 Hz, 1H, H-2), 3.62 (t, ] = 9.8 Hz, 1H, H-4), 3.54 (t, ] = 6.2 Hz, 2H, H;-5),
3.46 (dd,J=12.1,4.8 Hz, 1H, H-1a), 3.43 - 3.36 (m, 2H, H-1’a, H-3), 3.21 (td,J = 12.3, 5.2 Hz, 1H,
H-1'b), 3.11 - 3.02 (m, 1H, H-5), 2.99 (t,J = 11.7 Hz, 1H, H-1b), 1.89 - 1.74 (m, 2H, H2-2’), 1.69
(ddd, J = 13.6, 7.5, 6.0 Hz, 2H, H»-4"), 1.53 - 1.45 (m, 2H, H>-3"). 13C NMR (100 MHz, MeOD) 6
139.5, 127.1, 125.6, 122.6 (C-thio), 76.7 (C-3), 69.3 (C-5’), 67.6 (C-6"), 67.4 (C-4), 66.4 (C-2),
66.0 (C-5), 53.5 (C-6), 53.5 (C-1), 52.9 (C-1"), 28.6 (C-4"), 23.1 (C-3"), 22.5 (C-2"). [a]?%p =-3.16
(c = 0.82, MeOH). IR/cm: 3346, 2963, 2867, 1672, 1429, 1366, 1202, 1133, 1032. HRMS:

found 346.16843 [C16H27NOsS+H]*, calculated for [C16H27NOsS+H]* 346.16837.

N-[5-(Thiophen-3-ethoxy)pentyl]-1-deoxynojirimycin (59):
HO s Bromide 48 (0.29 mmol) was subjected to the general
HO, /\/[/) procedure D with 1-deoxynojirimycin (0.20 mmol) to
T ONTT"0 provide 59 (10 mg, 0.028 mmol, yield 14%). 'H NMR (400
MHz, MeOD) § 7.33 (dd, J = 5.0, 2.9 Hz, 1H, H thio), 7.11 (dd, /
éH = 3.0, 1.1 Hz, 1H, H thio), 7.02 (dd, J = 4.9, 1.3 Hz, 1H, H
thio), 4.12 (d, ] = 12.5 Hz, 1H, H-6a), 3.92 (d, = 12.3 Hz, 1H,
H-6b), 3.74 - 3.70 (m, 1H, H-2), 3.68 (t, ] = 6.7 Hz, 2H, H,-6"), 3.62 (t,] = 9.7 Hz, 1H, H-4), 3.52 (¢,
] = 6.2 Hz, 2H, H2-5’), 3.45 (dd, J = 12.1, 4.8 Hz, 1H, H-1a), 3.42 - 3.34 (m, 2H, H-3, H-1"a), 3.23 -
3.13 (m, 1H, H-1’b), 3.06 - 3.00 (m, 1H, H-5), 2.97 (t,] = 11.7 Hz, 1H, H-1b), 2.91 (dd, J = 7.1, 6.3
Hz, 2H, Hz-7"), 1.86 - 1.70 (m, 2H, Hz-2"), 1.70 - 1.62 (m, 2H, H,-4"), 1.52 - 1.40 (m, 2H, H,-3").
13C NMR (100 MHz, MeOD) & 139.3, 128.1, 124.7, 120.7 (C thio), 76.8 (C-3), 70.8 (C-6’), 69.9 (C-
5), 67.5 (C-4), 66.4 (C-2), 66.0 (C-5), 53.4 (C-1), 53.0 (C-1"), 30.2 (C-7’), 28.7 (C-4"), 24.0 (C-3"),
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23.1 (C-2"). [a]?%p =-9.09 (c = 0.20, MeOH). IR/cm1: 3358, 3018, 2943, 2870, 1736, 1677, 1439,
1366, 1205, 1134, 1031. HRMS: found 360.18495 [C17H290NOsS+H]*, calculated for
[C17H29NOsS+H]* 360.18392.

N-[5-(3,3-Dimethyl-1-propyloxy)pentyl]-1-L-ido-1-deoxynojirimycin (5):
Bromide 66 (0.30 mmol) was subjected to the general procedure
HO\: D with L-ido-1-deoxynojirimycin (0.20 mmol) to provide 5 (16

HO,, A o~~~ mg, 0.049 mmol, yield 40%). 'H NMR (400 MHz, MeOD) 6 4.05
O O/\|< (brs, 1H, H-3), 4.03 - 3.94 (m, 3H, Hz-6, H-2), 3.71 - 3.64 (m, 1H,
HO H-4),3.56 (t,/ = 7.0 Hz, 1H, H-5), 3.43 (t,/ = 6.3 Hz, 1H, H-2), 3.27
OH -3.18 (m, 2H, H-5), 3.07 (s, 2H, H2-6"), 3.10 - 2.87 (m, 4H, H»-1,

H,-1"), 1.82 - 1.53 (m, 4H, H>-2’, H>-4"), 1.51 - 1.37 (m, 2H, H»-3’),
0.90 (s, 9H, H3-8’, H3-9’, H3-10’). 13C NMR (100 MHz, MeOD) & 82.4 (C-6"), 72.4 (C-3), 72.3 (C-5"),
70.3 (C-4), 64.0 (C-2), 55.8 (C-6), 55.3 (C-1"), 53.3 (C-1), 32.9 (C-7"), 30.4 (C-4"), 26.7 (C-8’, C-9,
C-10"), 24.8 (C-2), 13.3 (C-3’). IR/cm™ 3369, 2935, 2860, 1066. HRMS: found 320.2431
[C16H33NOs+H]*, calculated for [C16H33NOs+H]*+ 320.2432.

N-[5-(3,3-Dimethyl-2-butoxy)pentyl]-L-ido-1-deoxynojirimycin (60):

HO Bromide 39 (0.32 mmol) was subjected to the general

3 v 3 s " i procedure D with L-ido-1-deoxynojirimycin (0.20 mmol) to

HO,, A e~ J{k“’ provide 60 (14 mg, 0.042 mmol, yield 21%). 'H NMR (400
/Q 2 4 MHz, MeOD) & 4.05 (brs, 1H, H-3), 4.03 - 3.95 (m, 3H, H»-6, H-
HO™ ™ v 2),3.93 - 3.86 (m, 1H, H-4), 3.64 (ddd, J = 8.9, 7.6, 4.7 Hz, 1H,
OH H-5'a), 3.58 - 3.47 (m, 2H, H-1a, H-5), 3.41 - 3.30 (m, 4H, H-14,

H:-1’, H-5’b), 3.04 (q, J = 6.3 Hz, 1H, H-6"), 1.95 - 1.72 (m, 2H, H>-2"), 1.66 (dt, ] = 12.9, 6.2 Hz,
2H, Hz-4"), 1.56 - 1.44 (m, 2H, H»-3"), 1.08 (d, / = 6.4 Hz, 3H, H3-7"), 0.91 (s, 9H, H3-9’, H3-10’, Ha-
11’). 13C NMR (100 MHz, MeOD) 6 83.3 (C-6’), 70.9 (C-3), 68.9 (C-5"), 67.5 (C-2), 66.6 (C-4), 62.4
(C-5), 60.0 (C-6), 53.7 (C-1"), 53.0 (C-1), 34.6 (C-8), 29.4 (C-4'), 25.0 (C-9’, C-10’, C-11"), 23.3 (C-
31,22.0 (C-27),12.8 (C-7’). IR/cm™: 3372, 2972, 1673, 1393, 1203, 1139, 1066. [a]2% = +1.44 (c
= 0.28, MeOH). HRMS: found 334.25937 [C17H35NOs+H]*, calculated for [Ci7H3sNOs+H]*
334.25880.

N-[5-(Cyclopentylmethoxy)pentyl]-L-ido-1-deoxynojirimycin (61):

HO._ Bromide 43 (0.30 mmol) was subjected to the general
HO, procedure D with L-ido-1-deoxynojirimycin (0.20 mmol) to
Owom provide 61 (23 mg, 0.069 mmol, yield 35%). 'H NMR (400
HO™ ™ MHz, MeOD) & 4.05 (br's, 1H, H-3), 4.03 - 3.94 (m, 3H, H,-6, H-
h 2),3.90 (brs, 1H, H-4), 3.60 - 3.51 (m, 2H, H-1a, H-5), 3.49 (t, ]
= 6.3 Hz, 2H, H,-5), 3.40 - 3.33 (m, 5H, H-1b, H,-1’, H,-6"), 2.17
(dt, ] = 14.9, 7.6 Hz, 1H, H-7"), 1.96 - 1.72 (m, 4H, Hz-2’, H-8’a, H-11"a), 1.71 - 1.54 (m, 6H, Hz-9’,
Hz-10, Hp-4"), 1.48 (p, J = 7.7 Hz, 2H, Hz-3’), 1.34 - 1.25 (m, 2H, Hz-11"). 13C NMR (100 MHz,
MeOD) & 75.3 (C-6"), 70.9 (C-3), 70.2 (C-5"), 67.5 (C-2), 66.6 (C-4), 62.4 (C-5), 60.0 (C-6), 53.6
(C-1), 53.0 (C-1), 39.3 (C-7"), 29.2 (C-8, C-11), 28.7 (C-9’, C-10"), 25.0 (C-4), 23.1 (C-3"), 21.9
(C-27). IR/cmt: 3374, 2953, 2873, 1678, 1440, 1205, 1136, 1072. [a]?*% = +4.33 (c = 0.46,

MeOH). HRMS: found 332.24355 [C17H33NOs+H]*, calculated for [C17H33NOs+H]* 332.24315.

N-[5-(R/S-Tetrahydrofuran-3-ylmethoxy)pentyl]-L-ido-1-deoxynojirimycin (62):
HO_ Bromide 44 (0.29 mmol) was subjected to the general
: procedure D with L-ido-1-deoxynojirimycin (0.20 mmol) to
HO. A0 o Provide 62 (20 mg, 0.060 mmol, yield 30%). 'H NMR (400
,Q r MHz, MeOD) & 4.08 - 3.95 (m, 4H, H,-6, H-3, H-2), 3.90 (t, ] =

éH 3.0 Hz, 1H, H-4), 3.88 - 3.80 (m, 2H. H-9’a, H-10’a), 3.77 - 3.70

HO
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(m, 1H, H-9'b), 3.58 (dd, ] = 8.6, 5.5 Hz, 1H, H-10'b), 3.56 - 3.52 (m, 2H, H-5, H-1a), 3.50 (td, ] =
6.3, 1.8 Hz, 2H, H»-5’), 3.44 (dd, ] = 9.3, 6.2 Hz, 1H, H-6’), 3.41 - 3.32 (m, 4H, H-1b, H2-1’, H-6'b),
2.59 - 2.49 (m, 1H, H-7"), 2.09 - 1.99 (m, 2H, H»-8’), 1.97 - 1.72 (m, 2H, H;-2’), 1.71 - 1.60 (m,
2H, H2-4"), 1.48 (p, J = 7.6 Hz, 2H, H2-3’). 13C NMR (100 MHz, MeOD) § 72.5 (C-6"), 70.9 (C-3),
70.5 (C-107, 70.3 (C-5"), 67.5 (C-2), 67.3 (C-9), 66.7 (C-4), 62.4 (C-5), 60.0 (C-6), 53.7 (C-1"),
53.0 (C-1), 39.0 (C-7"), 28.7 (C-4"), 28.5 (C-8’), 23.1 (C-3"), 21.9 (C-2"). IR/cm: 3355, 2971,
1674, 1201, 1132, 1066. [a]?%p = +10.50 (¢ = 0.40, MeOH). HRMS: found 334.22299
[C16H31N06+H]+, calculated for [C16H31NO6+H]+ 334.22241.

N-[5-(R/S-Tetrahydrofuran-1-ylmethoxy)pentyl]-L-ido-1-deoxynojirimycin (63):
HO._ Bromide 45 (0.29 mmol) was subjected to the general
E procedure D with L-ido-1-deoxynojirimycin (0.20 mmol) to
HO. A ™0 O_ provide 63 (23 mg, 0.069 mmol, yield 34%). 'H NMR (400
,Q /\17 MHz, MeOD) 6 4.12 - 3.94 (m, 5H, H-3, H-7’, H-2, H»-6), 3.93 -
HO™ 3.83 (m, 2H, H-4, H-10'a), 3.82 - 3.74 (m, 1H, H-10'b), 3.58 -
OH 3.48 (m, 5H, H-1a, H-5, H,-5’, H-6"a), 3.48 - 3.29 (m, 3H, H-1b,
Hz-1"), 2.08 - 1.85 (m, 4H, H-8a, H>-9’, H-2"a), 1.85 - 1.73 (m, 1H, H-2'b), 1.70 - 1.59 (m, 3H, Ha-
4’,H-8'b), 1.50 (q, ] = 7.5 Hz, 2H, H2-3). 13C NMR (100 MHz, MeOD) & 78.0 (C-3), 73.1 (C-6"), 70.9
(C-7"), 70.6 (C-5), 67.8(C-10"), 67.6 (C-2), 66.7 (C-4), 62.4 (C-5), 59.9 (C-6), 53.7 (C-1’), 53.0 (C-
1), 28.6 (C-4'), 27.5 (C-8), 25.2 (C-9), 23.1 (C-3"), 21.8 (C-2"). IR/cm1: 3346, 2871, 1673, 1432,
1200, 1132, 1071. [a]2% = +12.5 (¢ = 0.46, MeOH). HRMS: found 334.22280 [C16H31NOs+H]*,
calculated for [C16H31NOs+H]* 334.22241.

N-[5-(Thiophen-3-methoxy)pentyl]-L-ido-1-deoxynojirimycin (64):
HO._ Bromide 47 (0.29 mmol) was subjected to the general
Ho, - procedure D with L-ido-1-deoxynojirimycin (0.20 mmol) to
:O\l/\/\/\o/\@s provide 64 (14 mg, 0.042 mmol, yield 21%). 'H NMR (400
HO™ = MHz, MeOD) & 4.54 (d, ] = 0.7 Hz, 2H, H2-6"), 4.04 (br s, 1H, H-
&1 3), 4.01 - 3.93 (m, 3H, H2-6, H-2), 3.89 (t,] = 3.7 Hz, 1H, H-4),
3.54 (t, ] = 6.2 Hz, 2H, H»-5’), 3.55 - 3.44 (m, 2H, H-1a, H-5),
3.39 - 3.28 (m, 3H, H-1b, H2-1"), 1.98 - 1.72 (m, 2H, H»-2"), 1.69 (dt, J = 8.3, 6.3 Hz, 2H, H,-4"),
1.50 (q, J = 7.6 Hz, 2H, H2-3"). 13C NMR (100 MHz, MeOD) & 139.5(Cq thio), 127.1, 125.6, 122.6
(CH thio), 70.9 (C-3), 69.3 (C-5"), 67.6 (C-6"), 67.5 (C-2), 66.6 (C-4), 62.4 (C-5), 60.0 (C-6), 53.6
(C-19, 53.0 (C-1), 28.7 (C-4), 23.1 (C-2), 21.8 (C-3). IR/cm™: 3346, 2970, 1673, 1409, 1201,
1133, 1066. [a]?p = +8.28 (c = 0.29, MeOH). HRMS: found 346.16823 [C16H27NOsS +H]*,

calculated for [C16H27NOsS+H]* 346.16827.

N-[5-(Thiophen-3-ethoxy)pentyl]-L-ido-1-deoxynojirimycin (65):

HO_ g Bromide 48 (0.29 mmol) was subjected to the general
HO, : /\/[/) procedure D with L-ido-1-deoxynojirimycin (0.20 mmol) to
OWO provide 65 (36 mg, 0.099 mmol, yield 49%). 1H NMR (400
HO™ MHz, MeOD) § 7.33 (dd, J = 4.9, 3.0 Hz, 2H, H thio), 7.14 -
OH 7.09 (m, 1H, H thio), 7.02 (dd, J = 4.9, 1.3 Hz, 1H, H thio),

4.05 (brs, 1H, H-3), 4.01 - 3.95 (m, 3H, H-2, H-6), 3.90 (t, ] =
3.7 Hz, 1H, H-4), 3.68 (t, ] = 6.7 Hz, 2H, H2-6'), 3.56 - 3.47 (m, 2H, H-1a, H-5), 3.52 (t, ] = 6.2 Hz,
2H, Hy-5"), 3.38 - 3.28 (m, 3H, H-1b, H-1"), 2.94 - 2.88 (m, 2H, H2-7"), 1.93 - 1.70 (m, 2H, H2-2"),
1.70 - 1.64 (m, 2H, H,-4), 1.53 - 1.37 (m, 2H, Hz-3"). 13C NMR (100 MHz, MeOD) & 139.3 (C,
thio), 128.1, 124.7, 120.7 (CH thio), 70.9 (C-3), 70.8 (C-6’), 70.0 (C-5"), 67.5 (C-2), 66.6 (C-4),
62.4 (C-5), 60.0 (C-6), 53.7 (C-1"), 53.0 (C-1), 30.2 (C-7"), 28.7 (C-4"), 23.1 (C-3), 21.8 (C-2').
IR/cm: 3355, 2971, 1674, 1394, 1202, 1066. [a]2 = +2.52 (c = 0.71, MeOH). HRMS: found
360.18397 [C17H20NOsS +H]*, calculated for [C17H20NOsS+H]* 360.18392.
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Biphenyl-L-ido DNJ Derivatives
as Dual GCS/GBAZ2 Inhibitors

Introduction

N-alkyl-deoxynojiricin derivatives (N-alkyl iminosugars) are an important class of
biologically active molecules that are applied both in fundamental glycobiology studies and in
clinical settings.! N-alkyl-DN] derivatives are potent inhibitors of the glucosylceramide
metabolizing enzymes, glucosylceramide synthase (GCS) and neutral glucosylceramidase
(GBAZ2) as well as intestinal glucosidases. Literature reports suggest that this dual activity make
such N-modified DNJs promising leads for the development of type 2 diabetes. In these studies,
it was also shown that N-alkyl derivatives of the C-5 epimer of DN]J, the L-ido-configured
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iminosugars are at least equally potent GCS and GBA2 inhibitors as their DNJ counterparts, but
do not target intestinal glycosidases. Based on this comparative selectivity, L-ido-DN]
derivatives may be considered as starting point for the development of therapeutics for the
treatment of lysosomal storage disorders, in particular those in which GCS (and possibly also
GBAZ2) are involved, such as Gaucher disease.2

As is described in Chapter 4, GCS, the enzyme responsible for the biosynthesis of
glucosylceramide, is targeted in substrate reduction therapy for Gaucher disease.
Compensatory overexpression of GBA2 in the cytoplasm has however been associated with
LSDs symptoms as well.3 Therefore, dual GCS/GBA2 inhibitors that are otherwise clean with
respect to other glycoprocessing enzymes are thought to be promising compounds for the
development of new and more effective drugs for treatment of these LSDs. This in turn
indicates that further perusal of diverse, N-alkyl-L-ido-DN] derivatives is a worthy research

objective.

Figure 1: Various potent GCS and GBAZ inhibitors

|/\/\/O I/\/\/O
N 1, N
HO HO '
HOY “'OH HOY “’OH
OH

OH
1 ICso GCS 200 nM 2 IC5 GCS 100 nM
ICso GBA1 0.1 uM ICso GBA1 30 uM
ICso GBA2 2 nM ICso GBA2 1 nM

|/\/\/O I/\/\/o
N 1, N
HO O HO™ " ‘
HO™ "OH HO" "OH
OH

OH
3 1IC5 GCS 8NM O 4 |1C5, GCS 6nM O
ICso GBA1 0.4 uM ICso GBA1 15 uM

ICso GBA2 0.6 nM ICso GBA2 1 nM

From initial work on comparing the efficacy of DNJ and L-ido-DN]J derivatives as GCS/GBA2
inhibitors, N-AMP DNJ (MZ-21, 1) and N-AMP L-ido-DN] (MZ-31, 2) emerged as the most
effective compounds. Both are potent GCS/GBA2 inhibitors and, as outlined above, whereas
compound 1 has a considerable number of other glycosidases as off-targets, compound 2 is
much more selective. More recent studies on a series of N-alkyl and N-aryl derivatives revealed
N-penyloxymethylbiaryl DNJ (3) and its L-ido-DN]J derivative (4) as more potent inhibitors that
retain the selectivity profile of their parent compounds, 1 and 2, respectively.2 In these studies,

the impact on altering the nature of the nitrogen substituent has been studied in depth on DNJ,
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but less so on L-ido-DN]J, this while the latter class is considered more promising for the
discovery of new LSD therapeutics.? For this reason, it was decided to expand the number and
variety of N-substituted, L-idose configured iminosugars. The results on the design, synthesis
and evaluation of a set of such compounds as GCS/GBA1/GBAZ2 inhibitors in comparison with
relevant literature compounds, including their D-glucose configured counterparts, are

presented in this Chapter.

Results and discussion

Scheme 1: General approach to synthesize biphenyl substituted iminosugars

(0] (0]
> H (\/\/ ] (\/\/
HO ., Br < N
— HO
HO r OH o o
Br OH Br
5 6 7

MO
. N HO b W N
HO™ " + g \>—o — = HO " O
HO" "'OH HO o—) HO" "’OH
OH Br
9 e
o

Reagents and conditions: [a] K2CO3, DMF, 80 °C, 46%; [b] Pd(PPhs)s, NaOMe, EtOH, 65 °C, 18 h, 11%.

The synthetic strategy employed to obtain functionalized biphenyl substituents is
illustrated in Scheme 1 for the synthesis of protected catechol derivative 21. Following this
strategy, first a large batch of bromobenzyl-L-ido-DN] derivative (such as the para-bromobenzyl
derivative 7) is made, which is then diversified into compound families using Suzuki cross-
coupling methodology with a variety of commercially available phenylboronates as the cross-
coupling counterpart. Thus, and following conditions as described in previous chapters,* L-ido-
DN]J 5 is alkylated with bromide 6 to provide in acceptable yields and in a scalable fashion
compound 7. Treatment of bromide 7 with catechol 9, a catalytic amount of Pd(Phs3)s and
sodium methoxide in ethanol provided after HPLC purification compound 21 in 11% yield. This
yield is not impressive. Moreover, yields from the cross-coupling/purifications sequence
involving different phenylboronates, yielding other library entries (see Figure 3 for their

structure and in the experimental part for their synthesis) were sometimes, as low as 1%.
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Nonwithstanding these yields, which were not optimized, sufficient quantities of material in
excellent structural purity were obtained to perform enzyme inhibition assays, which was the
primary objective of the research in this Chapter: are L-ido-DN] derivatives more potent and
selective than their D-gluco-counterparts in inhibiting GCS and GBA2 irrespective of the nature

of the nitrogen substituent.

Figure 3: Substituents for external phenyl ring modifications

MO Mo
. N
Ho ™ HO
HO" ™y “OH HO" Y “OH
OH R OH R
S
F F
12 13 14 15 26
CF, —0
- )—CFs ?%<§ Ci: 2 3*t> ?4<:l
CF3
16 17 18 19 27
o
S R Hy R
o) O«) o\)
20 21 22 23

(] +C1
24 25
In order to obtain insight in what causes the low efficiency in the Suzuki reactions, HPLC
traces were perused for potential side products that were formed during the reaction. From
these studies it became apparent that compound 10 (Figure 4; when starting from DNJ) and 11
(from L-ido-DNJ), the dehalogenated starting materials, were formed as major products.
Dehalogenation of the aryl halide is a known side reaction in Suzuki cross couplings and can be

suppressed by the addition of tertiary amine bases such as trimethylamine.>

Figure 4: Dehalogenated side products
(\/\/ © (\/\/O

N N
HO HO™ "
HO" ™ "OH HO" Y “OH

OH OH
10 1
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In case needed (for instance when larger quantities of a given iminosugar are required)
optimization of the cross-coupling event including the addition of such amines may be
considered. Alternative literature procedures for the optimization of this key step includes
modulating the amount of potassium carbonate used and the temperature at which the reaction

is executed.®

Inhibition activity

As discussed above, an established trend is that L-idose configured iminosugars are more
potent GCS inhibitors than their D-glucose configured counterparts. As can be seen (Figure 5),
this trend in general also holds up after evaluation of the newly synthesized DN]J derivatives.
There are however some notable exceptions to this rule: compounds 12, 16 and 17 are less
potent GCS inhibitors than their corresponding DN] derivatives (28, 29 and 30). The
differences in potency are however too small to draw any structure-activity relationship
conclusions from this observation. It can be generally concluded that the compound series
contain many nanomolar GCS inhibitors and therefore many compounds that may be of interest
for further perusal as in vivo GCS inhibitors.

With the exception of 12 and 16 all compounds in the L-ido series inhibit GBA1 with ICsg
values ranging from 5 to 40 uM. These compounds are therefore rather potent inhibitors of
GBA1, however there is a considerable window between GCS and GBA1 (GCS: nanomolar, GBA1:
micromolar). This window is much more pronounced than the one in the D-gluco series,
containing many nanomolar inhibitors of GBA1 (an enzyme one does not wish to inhibit,
neither in relation to type 2 diabetes nor in relation to LSDs). Finally, all compounds inhibit
GBAZ2 in the nanomolar range (ICso 0.8 - 17 nM), with ortho-F substituted 15 (ICso =0.8 nM) as
the most potent compound of the series. Though less pronounced than seen for GCS, the L-ido-
compounds do seem to outperform their D-gluco counterparts in inhibition potency towards
GBAZ2. Returning to GCS inhibition potency, one striking observation is that para-fluoride 13
significantly more potent than para-chloride 12. This observation is opposite from what is
observed in the D-gluco series (compare 28 and 31).

Besides the construction of new L-ido-DN] derivatives bearing known (for DNJ) N-
substituents the compounds synthesised in the framework of this Chapter also include a new
functionality: thiophene derivatives 24-27 with the thiophene (appended through either of the
two optional carbons) replacing the terminal phenyl ring in 3 and 4. Following the trend L-ido
congeners 24 and 25 are 2 to 3 times more potent GCS inhibitors than the corresponding DN]
compounds 26 and 27, though overall GCS inhibitory potency has suffered from this phenyl-to-

tiophene substitution.
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Figure 5: Structures and GCS, GBA1 and GBAZ ICsovalues of the biphenyl analogue
containing iminosugars
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ICso GCS 10 nM

ICso GBAT 12 uM
ICso GBA2 2 nM

OH
D-gluco

=)
28

ICso GCS 25 nM
ICso GBA1 0.5 uM
ICso GBA2 2 nM

v

*31

ICs0 GCS 25 nM
ICso GBA1 0.4 uM
ICso GBA2 1 nM

*

ICso GCS 25 nM
ICso GBA1 2.5 uM
ICso GBA2 10 nM

Q 3
*37 o

ICso GCS 25 nM
ICso GBA1 0.5 uM
ICs0 GBA2 2 nM

+ ]
S

26

ICso GCS 38 nM

ICs0 GBA1 2 uM
ICso GBA2 2.5 nM

3

=)

ICs50 GCS 8 nM

R ICso GBA1 0.4 uM
ICso GBA2 0.6 nM

§—< >*CF3
29

ICs0 GCS 20 nM
ICso GBA1 0.8 uM
ICs0 GBA2 10 nM

*

3
ICso GCS 25 nM
ICso GBA1 0.25 uM
ICso GBA2 1nM

2

*,

35

ICs0 GCS 50 nM
ICso GBA1 0.6 uM
ICs0GBA2 3nM

E }
*38 0
ICso GCS 40 nM

ICso GBA1 0.25 uM
ICso GBA2 30 nM

~
1
27
ICso GCS 55 nM
ICso GBA1 3 uM

ICso GBA2 3.5 nM

/Oﬁé

CF3

*30 CF,
ICso GCS 20 nM

ICso GBA1 0.8 uM
ICso GBA2 15 nM

*33 F

ICso GCS  75nM
IC50 GBA1 0.6 uM
ICs50 GBA2 2 nM

*36
ICso GCS 25 nM

ICso GBA1 0.07 uM
ICso GBA2 0.5 nM

\o)
ICs0 GCS 25 nM

ICso GBA1 3 M
ICso GBA2 15 nM

*[Cso values of 29 - 40 are from the literature.?

Overall, the introduction of different substituents at the biphenyl external ring has not led
to inhibitors with significantly improved or decreased activity against GCS, GBA1 and GBAZ2,
compared to the lead structures. When looking at selectivity, however, para-CF3 substituted
compound 16 may be of interest, as it is the most selective GCS/GBA2 dual inhibitor when

taking into account GBA1 as an undesired off-target.
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Figure 6: Lipophilic ligand efficiency values (LipE) of p-gluco and L-ido series for

GCS inhibition
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To obtain some more insight into the potential relevance of the here-presented inhibitors
for potential future in vivo application, their lipophilic ligand efficiency (LipE) was calculated
(Figure 6). LipE is defined as pICso- LogP, which is a composite parameter often referred to
when correlating the potency of a molecule towards an isolated target (or gleaned from an in
vitro assay) to its potential druglikeness.” A high LipE indicates the affinity of the inhibitor with
the target enzyme tends to be driven by specific molecule-protein interaction, rather than a
non-specific entropy-driven binding.” It can be observed from Figure 6 that the L-ido series
exhibits better performance in this index when the LogP value is low, whereas the D-glu series
has a higher LipE value when the logP value is higher (see: 12/28, 16/29 and 17/30). From all
the iminosugars discussed in this Chapter, compounds 21 and 22 seem to perform better than
lead structure 4 in this evaluation. It should however be realized that this evaluation is not very
precise, as for instance chiral information is not included and furthermore that the lipophilicity

data is generated in silico, rather than by experimentation.

Conclusion

In this Chapter, 14 new L-ido-DN] derivatives were designed and synthesized, with as key
step a Suzuki-Miyaura cross coupling event. The results in this Chapter complement literature

studies, and while no spectacularly active and selective new inhibitors are identified, the list of
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compounds with D-gluco and L-ido configuration and bearing a large number of different N-
alkyl groups, alongside with GCS/GBA1/GBA2 inhibitory potencies obtained, now provide some
hints as to what would make a N-substituted iminosugar a potent and/or selective GCS/GBA2
inhibitor. For instance, as can be concluded from the inhibitors presented here, alteration of the
terminal phenyl ring in a biphenyl substituent does little for activity/selectivity (but is also not

detrimental).

Figure 7: Potent internal phenyl ring modified L-ido iminosugar derivatives
N(\/\/Ol
HO
HO™ "OH
OH
R FsC F CFs

401C5, GCS 5nM 41 |C,, GCS 3nM 42|C,, GCS 2.5nM 43 |C;, GCS 3nM
ICs0 GBA1 8 pM ICsog GBA1 5 uM ICso GBA1 6 pM ICso GBA1 6 uM
ICso GBA2 0.4 nM ICso GBA2 0.1 nM ICs50 GBA2 0.6 nM ICs50 GBA2 0.1 nM

This is in contrast to the literature report on related compounds, but in which focus has
been more on modulating the internal phenyl ring of the biphenyl moiety. For instance, L-ido-
DNJ derivatives 41 - 44 (Figure 7) turned out to be potent GCS/GBAZ inhibitors, more so than
lead compound 4 as well as noniminosugar GCS inhibitors reported in the literature.2 One
future direction may be to take those inner-ring substituents for potency/selectivity, and equip
these with the most optimal terminal rings in terms of logP values, leading to, for instance,

analogues 49-52 in (Figure 8) as potentially interesting targets for the future.

Figure 8: Low logP modified biphenyl L-ido iminosugars
e
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HO“'Q"’OH
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Experimental section

Enzyme inhibition assays: The potencies (ICso values) of the N-alkyl-DN] derivatives as GCS,
GBA1 and GBAZ2 inhibitors were determined by exposing cells or enzyme preparations to an
appropriated range of iminosugar concentrations.

GCS: ICso values for GCS activity were measured using living cells with NBD-ceramide as
substrate.? Briefly, cells were incubated with 50 nmol C6-NBD-ceramide (6-[N-methyl-N-(7-
nitrobenz-2-oxa-1,3-diazol-4-yl)aminododecanoyl]sphingosine) in the presence of increasing
compound concentrations. The cells were harvested after 2h followed by lipid extraction. The
formed C6-NBD-glucosylceramide was quantified using a Molecular Dynamics Typhoon
phosphor imaging device. ICso values were determined from the titration curves. The
experiment was performed twice.

GBA1: ICso values for lysosomal GBA1 were measured using 4-methylumbeliferyl-3-D-glucoside
as substrate.? Briefly, recombinant GBA1 was incubated with increasing compound
concentrations for 30 min at 0 °C. Enzyme activity was determined with 3.7 mM 4-
methylumbelliferyl-B-D-glucopyranoside in Mcllvaine buffer (0.1 M citrate and 0.2 M phosphate
buffer), pH 5.2, 0.1% Triton X-100 (v/v) and sodium taurocholate (0.2%, w/v). Assays were
incubated at 37 °C for 30 min and quenched by the addition of glycine/NaOH (0.2 mL, pH 10.6).
The amount of liberated 4-methylumbeliferyl was determined with a PerkinElmer Life Sciences
LS30 fluorimeter, excitation wavelength 366 nm, emission wavelength 445 nm. Assays were
performed in triplicate.

GBAZ2: ICso values for the non-lysosomal glucocerebrosidase (GBA2) were measured with 4-
methylumbeliferyl-B-D-glucoside as substrate® GBAZ2-rich membrane suspensions were
prepared from enzyme-overexpressing HEK cells by sonicating, and the suspension was pre-
incubated for 30 min at 37 °C with conduritol-B-epoxide (1 mM, CBE, Sigma) to inhibit the
lysosomal glucocerebrosidase (GBA1). The prepared GBA2-rich suspension was then incubated
with increasing compound concentrations for another 30 min, and then incubated with 3.7 mM
4-methylumbeliferyl-B-D-glucoside in Mcllvaine buffer (0.1 M citrate and 0.2 M phosphate
buffer), pH 5.8. Assays were incubated at 37 °C for 1 hour and quenched by the addition of
glycine/NaOH (0.2 mL, pH 10.6). The amount of liberated 4-methylumbeliferyl was determined
with a PerkinElmer Life Sciences LS30 fluorimeter, excitation wavelength 366 nm, emission
wavelength 445 nm. Assays were performed in triplicate.

General compound synthesis, purification and analysis methods: All solvents and reagents
were obtained commercially and used as received unless stated otherwise. Reactions were
executed at room temperature unless stated otherwise. Moisture sensitive reactions were
performed under argon atmosphere. Water was removed from starting compounds by
repetitive coevaporation with toluene. Solvents were removed by evaporation under reduced
pressure. DCM, DMF, and THF were dried over activated 4A molecular sieves for at least 12
hours before use. Compounds were visualized during TLC analyses by UV (254 nm), and with
the following staining solutions: aqueous solution of KMnOs (5 g/L) and K,CO3z (25 g/L).
Visualization of hemiacetals and glycosides was achieved by spraying with a solution of 20%
H>SO4 in ethanol followed by charring at * 200 °C. Column chromatography purification was
performed on silica gel (40-63 pm). 'H and 13C-APT NMR spectra were recorded on a Bruker AV
400 (400/100 MHz), Bruker 600 (600/150 MHz) or Bruker 600 (850/215 MHz) spectrometer
in CDCl3, MeOD or D;0. Chemical shifts are given in ppm (8) relative to TMS as internal
standard (*H NMR in CDCl3) or the signal of the deuterated solvent.1® Coupling constants (/) are
given in Hz. High resolution mass spectra were recorded by direct injection (2 pL of a 2 pM
solution in water/acetonitrile/tert-butanol 1:1:1 v/v/v) on a mass spectrometer (Thermo
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Finnigan LTQ Orbitrap) equipped with an electrospray ion source with resolution R = 60000 at
m/z 400 (mass range m/z = 150-2000). IR spectra were recorded on a Shimadzu FTIR-8300
and are reported in cml. Optical rotation were measured on an automatic polarimeter of
sodium D-line, at A = 589 nm. Size-exclusion purifications were performed on an AKTA-
explorer, column size d = 26 mm, | = 60 mm, mobile phase NH4HCO3 (0.15 M) in H-O, flow 1.5
mL/min. HPLC Purification were performed on a Prep LCMS, Gemini from Phenomenex B.V. (C-
18,110 A, 5 pm, 19 x 150 mm column).

General procedure: Suzuki-Miyaura cross coupling: Solutions and stock solutions used were
degassed with ultrasonic bath with an argon flow for at least 15 minutes. The reactions were
carried out under argon protection. A stock solution of N-[5-(4-bromobenzyloxy)pentyl]-1-
deoxynojirimycin (1.2 M) in ethanol, a stock solution of boronic acid (1.5 M) in ethanol and a
stock solution of Pd(PPhs)s (5%) in ethanol were made. NaOMe (0.180 gram, 3.3 mmol) was
added to the reaction vails containing an argon atmosphere, followed by the additions of the
stock solutions of N-[5-(4-bromobenzyloxy)pentyl]-1-deoxynojirimycin (1.2 M, 0.417 mL, 0.5
mmol), boronic acid (1.5 M, 0.500 mL, 0.75 mmol) and Pd(PPh3)s (2 mol%, 0.40mL). The
reaction mixture was stirred at 65 °C for 18 h. After HPLC analysis indicated the complete
consumption of starting material, the reaction mixture was diluted with ethanol filtered over
Cilite and the volatiles were evaporated. The residue was purified by HPLC purification. Yields
vary from 1% - 11%.

Figure 9: Proton and carbon NMR numbering of iminosugars:

2' 4'
1" 5
HO 1
- .12
HO" 4, “OH
OH

5-(4-Bromobenzyloxy)pentyl-1-bromide (6):

B N0 To a mixture of 5-(4-bromobenzyloxy)pentane-1-ol (4.00 g, 14.6
/\©\ mmol) and triphenyl phosphine (5.80 g, 22.2 mmol) in DCM (150
Br  mL) was added CBrs (7.35 g, 22.2 mmol) at 0 °C. The reaction
mixture was stirred for 2 hours. After which TLC analysis showed the complete consumption of
starting material, Celite was added and the volatiles were evaporated. The residue was purified
with silica gel column (4:1 — 0:1, PE:toluene) to give 6 (3.20 g, 7.03 mmol, 50%) as yellow oil.
Rr = 0.70 (toluene). 'H NMR (400 MHz, CDCI3) 6 7.57 - 7.38 (m, 2H, Har Bn), 7.24 - 7.11 (m, 2H,
Har Bn), 4.44 (s, 2H, H2-6), 3.46 (t, ] = 6.3 Hz, 2H, H2-5), 3.40 (t, / = 6.8 Hz, 2H, H2-1), 1.97 - 1.80
(m, 2H, Hz-2), 1.71 - 1.58 (m, 2H, H2-4), 1.58 - 1.43 (m, 2H, H>-3).13C NMR (100 MHz, CDCI3) &
137.6 (CqBn), 131.5 (CHar Bn), 129.3 (CHar Bn), 121.4 (C4Bn), 72.2 (C-6), 70.2 (C-5), 33.9 (C-1),

32.6 (C-2), 29.0 (C-4), 25.0 (C-3).IR/cm: 2935, 2856, 1487, 1356, 1093, 1010.

N-[5-(4-Bromobenzyloxy)-pentyl]-L-ido-1-deoxynojirimycin (7):
gr 10 a mixture of 6 (7.57g, 22.73 mmol) and K.CO3z (4.27, 30.90
Mv@ mmol) was added a solution of 5 (2.47g, 15.1 mmol) in DMF (75

., N o . . . .
HO™ " mL). This was stirred overnight at 80 °C. After cooling to room
HO" “OH temperature, the mixture was filtered and concentrated. The
OH crude compound was purified with silica gel column (4:1 EtOAc:

MeOH + 1% NH4OH — 6:4:1 EtOH:H,0:NH4OH) to give 7 in 46% yield (3.22g, 7.70 mmol). 1H
NMR (400 MHz, MeOD) & 7.47 (d, J = 8.1 Hz, 2H, Har Bn), 7.25 (dd, J = 8.2, 3.5 Hz, 2H, Har Bn),
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4.43 (s, 2H, Hp-6'), 3.84 (t, ] = 5.3 Hz, 2H, Hy-6), 3.77 - 3.66 (m, 1H, H-4), 3.59 - 3.53 (m, 1H, H-
2),3.47 (t,] = 6.4 Hz, 2H, H,-5'), 3.42 (t, ] = 8.5 Hz, 1H, H-3), 3.09 - 3.05 (m, 1H, H-5), 2.83 (dd, /
=12.3, 4.8 Hz, 1H, H-1a), 2.80 - 2.73 (m, 1H, H-1'a), 2.71 - 2.65 (m, 1H, H-1'b), 2.61 (dd, ] = 12.4,
9.7 Hz, 1H, H-1b), 1.80 - 1.47 (m, 4H, H,-2’, Hx-4), 1.38 (p, ] = 7.7 Hz, 2H, H,-3").13C NMR (100
MHz, MeOD) & 139.1 (CqBn), 132.4 (CHar Bn), 130.5 (CHar Bn), 122.2 (C4Bn), 75.5 (C-3), 72.9
(C-6"), 72.6 (C-4), 71.4 (C-5"), 71.0 (C-2), 64.1 (C-5), 57.6 (C-6), 55.4 (C-1"), 52.8 (C-1), 30.5 (C-
2, 28.1 (C-4), 24.9 (C-3"). [a]?%p = 10.4 (c = 1.00, MeOH). IR/cm !: 3339, 1670, 1433, 1200,
1134, 1070. HRMS: found 418.12236, 420.12032 [CisH20BrNOs+H]*, calculated for
[C1sH20BrNOs+H]* 418.12237, 420.12030.

N-[5-(4-Bromobenzyloxy)-pentyl]-1-deoxynojirimycin (8):
Br 8 (3.57 g, 8.57 mmol) was synthesized from 6 (2.00 g, 12.8 mmol)
M v©/ and DN]J (5.16 g, 15.4 mmol) according to the procedure described

N o
HO for the preparation of compound 8 as a white solid with 67% yield.
HO" "'OH Rr = 0.45 (30% MeOH in EtOAc, 1% NH4OH). 'H NMR (400 MHz,
OH MeOD) 6 7.55 - 7.47 (m, 2H, Har Bn), 7.33 - 7.27 (m, 2H, Har Bn),

4.50 (s, 2H, Hz-6"), 4.09 (dd, J = 12.3, 2.1 Hz, 1H, H-6a), 3.94 (dd, ] = 12.5, 3.0 Hz, 1H, H-6b), 3.76
-3.70 (m, 1H, H-2), 3.62 (t, ] = 9.5 Hz, 1H, H-4), 3.55 (t, ] = 6.2 Hz, 2H, H,-5’), 3.49 - 3.38 (m, 2H,
H-1a, H-3), 3.31 - 3.25 (m, 1H, H-1'a), 3.23 - 3.14 (m, 1H, H-1'b), 3.02 (dd, J = 11.7, 5.2 Hz, 1H,
H-5), 2.95 (t, ] = 11.5 Hz, 1H, H-1b), 1.88 - 1.75 (m, 2H, H-2), 1.73 - 1.69 (m, 2H, H2-4"), 1.55 -
1.47 (m, 2H, Hz-3"). 13C NMR (100 MHz, MeOD) & 137.8 (CqBn), 131.1 (CHar Bn), 129.3 (CHar
Bn), 120.9 (C4Bn), 76.9 (C-3), 71.6 (C-6"), 69.8 (C-5"), 67.9 (C-4), 66.8 (C-2), 66.0 (C-5), 54.4 (C-
6), 53.8 (C-1), 52.7 (C-1"), 28.8 (C-4'), 23.2 (C-3"), 22.8 (C-2"). [«]2% = -0.2 (¢ = 1.00, MeOH).
IR/cm't: 3273, 1670, 1433, 1274, 1200, 1132, 1030, 1012. HRMS: found 418.12236, 420.12032
[C1sH20BrNOs+H]*, calculated for [C1sH20BrNOs+H]+ 418.12237, 420.12030.

N-[5-((4’-Chloro[1,1’-biphenyl]-4-yl)-methoxy)-pentyl]-L-ido-1-deoxynojirimycin (12):

¢ 12 (4.0 mg, 0.009 mmol, 2% yield) was synthesized
O according to the Suzuki-Miyaura cross coupling general
M O procedure. 'H NMR (600 MHz, MeOD) 6 7.65 - 7.57 (m, 4H,

~u, N o

HO™ " Har Bn2), 7.44 (ddd, ] = 8.2, 4.5, 2.2 Hz, 4H, Ha: Bn1), 4.55 (s,
HO" N “OH 2H, H2-6"), 4.07 - 3.88 (m, 4H, H-4, H,-6, H-2), 3.84 (s, 1H, H-
OH 3),3.56 (t,] = 6.2 Hz, 2H, H,-5'), 3.54 - 3.39 (m, 2H, H-5. H-

1a), 3.35 - 3.23 (m, 3H, H-1b, H-1"), 1.98 - 1.66 (m, 4H, Hy-2’, Ho-4’), 1.54 - 1.43 (m, 2H, H2-3").
13C NMR (150 MHz, MeOD) & 140.7, 139.4, 134.4, (Cq BiPh), 130.0, 129.5, 127.9 (Ca: BiPh), 73.6
(C-6"), 72.3 (C-4), 71.0 (C-5), 69.0 (C-2), 68.2 (C-3), 63.8 (C-5), 62.4 (C-6), 55.0 (C-1"), 54.2 (C-
1), 30.2 (C-4'), 24.6 (C-3"), 24.1 (C-2’). [a]®p = +3.33 (c = 0.06, MeOH). IR/cm%: 3319, 2920,
2867, 1674, 1437, 1204, 1134, 1072. HRMS: found 450.20396 [C24H3,CINOs+H]*, calculated for
[C24H32CINOs+H]* 450.20418.

N-[5-((4’-Fluoro[1,1’-biphenyl]-4-yl)-methoxy)-pentyl]-L-ido-1-deoxynojirimycin (13):

F 13 (124 mg, 0.028 mmol, 6% yield) was synthesized
N O according to the Suzuki-Miyaura cross coupling general
o O procedure. 'H NMR (400 MHz, MeOD) & 7.72 - 7.53 (m, 4H,

n, N
HO™ Har Bn1), 7.46 - 7.37 (m, 2H, Har Bn2), 7.23 - 7.06 (m, 2H, Ha,
HO" ™Y “oH Bn2), 4.54 (s, 2H, H2-6"), 4.02 (s, 1H, H-4), 3.99 - 3.90 (m, 3H,
OH H:-6, H-2), 3.85 (t, ] = 4.0 Hz, H-3), 3.56 (t, / = 6.2 Hz, 2H, H»-

5%), 3.53 - 3.42 (m, 2H, H-5, H-1a), 3.35 - 3.30 (m, 3H, H-1b, Hy-1"), 1.96 - 1.81 (m, 1H, H-2"a),
1.73 - 1.69 (m, 3H, H-2'b, H-4"), 1.52 - 1.48 (m, 2H, Hz-3"). 13C NMR (100 MHz, MeOD) & 165.1,
162.7, 140.8, 138.9 (C4 BiPh), 129.8, 129.5, 127.9, 127.9, 116.6, 116.4, 116.4 (Ca BiPh), 73.6 (C-
6), 72.3 (C-4), 71.0 (C-5"), 68.9 (C-2), 68.0 (C-3), 63.8 (C-5), 61.4 (C-6), 55.0 (C-1’), 54.4 (C-1),
30.1 (C-4"), 24.6 (C-3"), 23.2 (C-2"). [a]20p = +5.45 (c = 0.22, MeOH). IR/cm ! 3362, 2924, 1676,
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1439, 1205, 1134, 1074. HRMS: found 434.23353 [C24H32FNOs+H]*, calculated for
[C24H3,FNOs+H]* 434.23373.

N-[5-((3’-Fluoro[1,1’-biphenyl]-4-yl)-methoxy)-pentyl]-L-ido-1-deoxynojirimycin (14):

O 14 (7.8 mg, 0.017 mmol, 3% yield) was synthesized according
T ¢ the Suzuki-Miyaura cross coupling general procedure. 'H
i, N o) O NMR (400 MHz, MeOD) & 8.16 - 7.41 (m, 8H, Ha BiPh), 4.58

HO L‘j (s, 2H, Hz-6"), 4.04 (br s, 1H, H-4), 4.00 - 3.96 (m, 3H, H,-6, H-
HO™ Y oH 2),3.89 (d, ] = 4.0 Hz, 1H, H-3), 3.59 (t, ] = 6.2 Hz, 2H, Hz-5"),
o 3.56 - 3.46 (m, 2H, H-5, H-1a), 3.41 - 3.32 (m, 3H, H-1b, H,-

17, 2.00 - 1.64 (m, 4H, Hz-2’, Hz>-4"), 1.55 - 1.51 (m, 2H, H>-3’).13C NMR (100 MHz, MeOD) 6
163.5, 143.2, 138.3 (Cq BiPh), 130.3 - 113.0 (Car BiPh), 72.1 (C-6"), 70.9 (C-4), 69.7 (C-5"), 67.6
(C-2), 66.6 (C-3), 62.4 (C-5), 60.0 (C-6), 53.7 (C-1"), 53.0 (C-1), 28.7 (C-4"), 23.2 (C-3"), 21.9 (C-
2"). [a]2% = +6.00 (c = 0.10, MeOH). IR/cm1: 3362, 2924, 1676, 1437, 1204, 1134, 1074. HRMS:
found 434.23349 [C24H32FNOs+H]*, calculated for [C24H32FNOs+H]*+ 434.23373.

N-[5-((2’-Fluoro[1,1’-biphenyl]-4-yl)-methoxy)-pentyl]-L-ido-1-deoxynojirimycin (15):
15 (9.1 mg, 0.021 mmol, 4% yield) was synthesized according to
M ” the Suzuki-Miyaura cross coupling general procedure. 'H NMR
o N 0 ‘ F (400 MHz, MeOD) & 7.59 - 7.16 (m, 8H, Ha, BiPh), 4.59 (s, 2H, Hy-
Q 6"), 4.04 (brs, 1H, H-4), 4.01 - 3.93 (m, 3H, H2-6, H-2), 3.89 (t,] =
HO OH 3.7 Hz, 1H, H-3), 3.60 (t,] = 6.2 Hz, 2H, H;-5"), 3.57 - 3.45 (m, 2H,
o H-5, H-1a), 3.39 - 3.32 (m, 3H, H-1b, H,-1’), 1.98 - 1.70 (m, 4H,
Hz-2’, Hz-4"), 1.56 - 1.52 (m, 2H, Hz-3"). 13C NMR (100 MHz, MeOD) & 162.3 - 131.8 (Cq BiPh),
130.4 - 116.9 (Car BiPh), 73.6 (C-6), 72.4 (C-4), 71.0 (C-5), 68.9 (C-2), 68.0 (C-3), 63.8 (C-5),
61.4 (C-6), 55.1 (C-1"), 54.4 (C-1), 30.2 (C-4’), 24.6 (C-3"), 23.3 (C-2"). [a]2%p = +3.64 (c = 0.22,
MeOH). IR/cm't: 3377, 2866, 2324, 1670, 1204, 1136, 1074. HRMS: found 434.23350

[C24H32FNOs+H]*, calculated for [C24H32FNOs+H]+ 434.23373.

N-[5-((4’-Trifluoromethyl[1,1’-biphenyl]-4-yl)-methoxy)-pentyl]-L-ido-1-
deoxynojirimycin (16):
16 (1.3 mg, 0.003 mmol, 1% yield) was synthesized

CF4

O according to the Suzuki-Miyaura cross coupling general

Y O procedure. 'H NMR (850 MHz, MeOD) & 7.82 (d, ] = 8.1 Hz,

Ho N ° 2H, Ha, BiPh), 7.74 (d, J = 8.2 Hz, 2H, Ha, BiPh), 7.70 - 7.59

Q"’OH (m, 2H, Har BiPh), 7.53 - 7.42 (m, 2H, Har BiPh), 4.57 (s, 2H,

OH H-6"), 4.10 - 3.63 (m, 5H, H-4, H2-6, H-2, H-3), 3.57 (t, ] =
6.3 Hz, 2H, H>-5"), 3.49 - 3.38 (m, 2H, H-5, H-1a), 3.35 - 3.23 (m, 3H, H2-1’, H-1b), 2.02 - 1.56
(m, 2H, H2-2"), 1.51 - 1.28 (m, 4H, H2-4’, H>-3"). 13C NMR (215 MHz, MeOD) 6 145.9 (C-7), 140.2,
130.3, 129.5 (Cq BiPh), 128.5 - 126.8 (Car BiPh), 73.5(C-6"), 72.3(C-4), 71.2(C-5"), 69.0(C-2),
66.3(C-3), 63.9 (C-5), 55.1 (C-6), 52.9 (C-1, 52.3 (C-1), 33.1 (C-4'), 30.3 (C-37), 24.7 (C-2").
[a]?%p = +20.00 (c = 0.01, MeOH). IR/cm1: 3402, 2930, 2349, 1683, 1506, 1203, 1130, 1070.
HRMS: found 484.23023 [C25H32F3NOs+H]*, calculated for [C2sH32F3NOs+H]* 484.23053.

HO"

N-[5-((3’,5’-Bis(trifluoromethyl)[1,1’-biphenyl]-4-yl)-methoxy)-pentyl]-L-ido-1-
deoxynojirimycin (17):
CF3 17 (24.5 mg, 0.04 mmol, 89% yield) was synthesized
O according to the Suzuki-Miyaura cross coupling general
CFs

N procedure. 'H NMR (400 MHz, MeOD) 6 8.19 (d, / = 1.6 Hz,
~u, N o) O 2H, Har BiPh), 7.95 (s, 1H, Har BiPh), 7.77 - 7.70 (m, 2H, H-
Ho Q BiPh), 7.52 (d, ] = 8.0 Hz, 2H, H-BiPh), 4.59 (s, 2H, H»-6"), 4.02

HO" OH (brs, 1H, H-4), 3.87 (t,J = 4.0 Hz, 1H, H-3), 3.58 (t,/ = 6.2 Hz,
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2H, Hp-5'), 3.53 - 3.47 (m, 2H, H-5, H-1a), 3.37 - 3.31 (m, 3H, H-1b, Hy-1"), 2.03 - 1.64 (m, 4H,
H2-2’, Hz-4"), 1.53 - 1.49 (m, 2H, H;-3’). 13C NMR (100 MHz, MeOD) & 144.7, 141.0, 138.5, 133.5,
133.2 (Cq BiPh, CFs), 129.7 - 121.8 (Car BiPh), 73.4 (C-6"), 72.4 (C-4), 71.2 (C-5"), 69.0 (C-2), 68.0
(C-3), 63.8 (C-5), 61.4 (C-6), 55.1 (C-1"), 54.4 (C-1), 30.2 (C-4"), 24.6 (C-3"), 23.3 (C-2"). [a]2°p =
+4.23 (c = 0.52, MeOH). IR/cm: 3331, 2930, 2862, 1674, 1456, 1383, 1278, 1132, 1057.
HRMS: found 552.21748 [C26H31F6N05+H]+, calculated for [C26H31F6NO5+H]+ 552.21792.

N-[5-((4’-Methoxy[1,1’-biphenyl]-4-yl)-methoxy)-pentyl]-L-ido-1-deoxynojirimycin (18):

o_. 18 (4.6 mg 0.01 mmol, 2% yield) was synthesized
O according to the Suzuki-Miyaura cross coupling general
M O procedure. 'H NMR (400 MHz, MeOD) & 7.59 - 7.51 (m, 4H,

1, N (@)

Ho™ Har BiPh), 7.41 - 7.35 (m, 2H, Ha: BiPh), 7.04 - 6.93 (m, 2H,
HO" ™ “OH Har BiPh), 4.53 (s, 2H, H2-6"), 4.01 (d, ] = 3.0 Hz, 1H, H-4),
OH 3.99 - 3.89 (m, 3H, H,-6, H-2), 3.86 (d, ] = 3.7 Hz, 1H, H-3),

3.83 (s, 3H, OMe), 3.56 (t, ] = 6.1 Hz, 2H, Hz-5"), 3.54 - 3.43 (m, 2H, H-5, H-1a), 3.32 - 3.26 (m,
3H, H-1b, Hz-1"), 1.98 - 1.65 (m, 4H, Ho-2', H2-4"), 1.53 - 1.49 (m, 2H, H,-3"). 13C NMR (100 MHz,
CDCl5) § 143.3 - 138.1 (Cq BiPh), 129.5, - 115.3 (Ca, BiPh), 73.7 (C-6"), 72.4 (C-4), 70.9 (C-5"),
68.9 (C-2), 68.0 (C-3), 63.8 (C-5), 61.3 (C-6), 55.7 (C-7), 55.1 (C-1’), 54.4 (C-1), 30.1 (C-4), 24.6
(C-3), 23.2 (C-2'). [a]?® = -5.71 (c = 0.07, MeOH). IR/cmi: 3449, 2957, 2345, 2620, 1682,
1506, 1204, 1186, 1134. HRMS: found 446.25320 [CzsH3sNOe+H]*, calculated for
[C2sH3sNOg+H]* 446.25371.

N-[5-((2’-Methoxy[1,1’-biphenyl]-4-yl)-methoxy)-pentyl]-L-ido-1-deoxynojirimycin (19):
19 (11.6 mg, 0.026 mmol, 5% yield) was synthesized according
O to the Suzuki-Miyaura cross coupling general procedure. !H

>N O NMR (400 MHz, MeOD) § 7.50 - 7.44 (m, 2H, Ha, BiPh), 7.35 (d, ]

Ho” N °© O\ =8.1Hz, 2H, Har BiPh), 7.34 - 6.94 (m, 4H, Ha, BiPh), 4.53 (s, 2H,
HOWQW,OH H,-6"), 4.02 (br's, 1H, H-4), 3.98 - 3.93 (m, 3H, H»-6, H-2), 3.86 (t,
OH J = 3.8 Hz, 1H, H-3), 3.78 (s, 3H, OMe), 3.56 (t, J = 6.2 Hz, 2H, Ho-

57, 3.54 - 3.44 (m, 2H, H-5, H-1a), 3.34 - 3.30 (m, 3H, H-1b, H»-
17, 1.99 - 1.63 (m, 4H, H2-2’, H>-4"), 1.53 - 1.49 (m, 2H, H>-3"). 13C NMR (100 MHz, MeOD) 6
157.9, 139.6, 138.2 (Cq BiPh), 131.6 - 112.6 (Car BiPh), 73.8 (C-6"), 72.3 (C-4), 71.0 (C-5’), 68.9
(C-2), 68.0 (C-3), 63.8 (C-5), 61.3 (C-6), 56.0 (C-7"), 55.0 (C-1"), 54.4 (C-1), 30.1 (C-4"), 24.6 (C-
3", 23.2 (C-2'). [a]?% = +3.33 (c = 0.24, MeOH). IR/cm1: 3323, 2943, 2857, 2311, 1674, 1487,
1202, 1134, 1074. HRMS: found 446.25351 [C2sH3sNOe+H]*, calculated for [CzsHzsNOe+H]*
446.25371.

N-[5-((3’,4’-0-Methylene-3’,4’-bishydroxy)[1,1’-biphenyl]-4-yl)-methoxy)-pentyl]-L-ido-
1-deoxynojirimycin (20):
20 (2.5 mg, 0.005 mmol, 1% yield) was synthesized

o
O > according to the Suzuki-Miyaura cross coupling general
hdh O ©  procedure. 'HNMR (400 MHz, MeOD) & 7.60 - 7.48 (m, 2H,

Ho N ° Har BiPh), 7.41 - 7.31 (m, 2H, Ha, BiPh), 7.14 - 7.06 (m, 2H,
HO\"[‘j"’OH Har BiPh), 6.88 (d, J = 8.7 Hz, 1H, Ha, BiPh), 5.98 (s, 2H, Hy-
OH 7°), 4.53 (s, 2H, H-6"), 4.03 - 4.01 (m, 1H, H-4), 3.98 - 3.90

(m, 3H, Ho-6, H-2), 3.86 (t, ] = 3.8 Hz, 1H, H-3), 3.55 (t, ] = 6.2
Hz, 2H, H,-5), 3.53 - 3.44 (m, 2H, H-5, H-1a), 3.34 - 3.30 (m, 2H, H,-1"), 2.02 - 1.74 (m, 1H, H-
2a), 1.74 - 1.65 (m, 3H, H-2’b, Hy-4"), 1.56 - 1.44 (m, 2H, H,-3). 3C NMR (100 MHz, MeOD) &
149.7, 141.7, 138.4, 136.4 (Cq BiPh), 129.4 - 102.5 (Ca: BiPh), 102.5 (C-7"), 73.6 (C-6"), 72.3 (C-
4),70.9 (C-5'), 68.9 (C-2), 68.1 (C-3), 63.8 (C-5), 61.4 (C-6), 55.1 (C-1"), 54.4 (C-1), 30.1 (C-4"),
24.6 (C-3"), 23.2 (C-2). [a]®p = -6.67 (c = 0.06, MeOH). IR/cm-: 3400, 2918, 1674, 1506, 1202,
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1184, 1070, 1040. HRMS: found 460.23277 [C2sH33NO7+H]*, calculated for [CzsH33NO7+H]*
460.23298.

N-[5-((3’,4’-O-Ethylene-3’,4’-bishydroxy)[1,1’-biphenyl]-4-yl)-methoxy)-pentyl]-L-ido-1-
deoxynojirimycin (21):

o. 21 (26.4 mg, 0.06 mmol, 11% yield) was synthesized
‘ j according to the Suzuki-Miyaura cross coupling general
o

> O procedure. 'H NMR (400 MHz, MeOD) & 7.55 - 7.47 (m,

Ho N © 2H, Har BiPh), 7.36 (d, ] = 7.9 Hz, 2H, Har BiPh), 7.08 (dd, J
Ho\\L‘jf,,OH = 7.8, 1.6 Hz, 2H, Har BiPh), 6.94 - 6.79 (m, 1H, Ha: BiPh),
OH 4.51 (s, 2H, Hy-6"), 4.26 (d, ] = 1.3 Hz, 4H, H,-7’, H-8"), 4.02

(brs, 1H, H-4), 3.99 - 3.91 (m, 3H, Hz-6, H-2), 3.87 (t, ] = 3.7 Hz, 1H, H-3), 3.54 (t,] = 6.2 Hz, 2H,
H,-5"), 3.51 - 3.41 (m, 2H, H-5, H-1a), 3.36 - 3.25 (m, 3H, H-1b, H-1’), 1.91 - 1.62 (m, 4H, H,-2’,
Hy-4'), 1.50 - 1.46 (m, 2H, H»-3’). 13C NMR (100 MHz, MeOD) § 145.2, 144.7, 141.3, 138.3, 135.4
(Cq BiPh), 129.4 - 116.5 (Car BiPh), 73.7 (C-6"), 72.4 (C-4), 70.9 (C-5"), 68.9 (C-2), 68.0 (C-3),
65.7 (C-7’, C-8"), 63.8 (C-5), 61.3 (C-6), 55.1 (C-1"), 54.4 (C-1), 30.1 (C-4), 24.6 (C-3"), 23.2 (C-2").
[a]20 = +5.20 (c = 0.50, MeOH). IR /cm-: 3306, 2932, 2870, 1674, 1497, 1435, 1037, 1202, 1130,
1069. HRMS: found 474.24832 [C26H3sNO7+H]*, calculated for [CoH3sNO,+H]* 474.24863.

N-[5-((3’,4’-O-Propylene-3’,4’-bishydroxy)[1,1’-biphenyl]-4-yl)-methoxy)-pentyl]-L-ido-
1-deoxynojirimycin (22):
o 22 (159 mg, 0.032 mmol, 6% yield) was synthesized
O > according to Suzuki-Miyamura cross coupling general
Y O o~ procedure. 'H NMR (400 MHz, MeOD) § 7.57 - 7.49 (m,
Ho” N ° 2H, Har BiPh), 7.38 (d, ] = 8.0 Hz, 2H, Har BiPh), 7.25 - 7.12
o Q o (m, 2H, Ha: BiPh), 7.01 (d, ] = 8.2 Hz, 1H, Ha, BiPh), 4.52 (s,
OH 2H, Hz-6"), 4.19 (q, ] = 5.3 Hz, 4H, H,-7’, H»-9"), 4.05 - 3.84
(m, 5H, H-4, H-6 H-2, H-3), 3.55 (t, / = 6.2 Hz, 2H, H,-5"),
3.53 - 3.42 (m, 3H, H;-5, H-1a), 3.36 - 3.29 (m, 3H, H-1b, H»-1"), 2.18 (p, / = 5.5 Hz, 2H, H2-8’),
1.95 - 1.80 (m, 1H, H-2a), 1.79 - 1.62 (m, 3H, H-2'b, H,-4'), 1.51 - 1.47 (m, 2H, H»-3").13C NMR
(100 MHz, MeOD) & 153.0 - 137.6 (Cq BiPh), 129.4 - 121.0 (Ca: BiPh), 73.6 (C-6"), 72.3 (C-4),
72.0 (C-7’, C-9"), 71.0 (C-5"), 68.9 (C-2), 68.0 (C-3), 63.8 (C-5), 61.3 (C-6), 55.1 (C-1"), 54.4 (C-1),
33.3 (C-8), 30.1 (C-4"), 24.6 (C-3"), 23.2 (C-2"). [a]2% = +3.13 (c = 0.32, MeOH). IR/cm: 3381,
2872, 2324, 1684, 1522, 1310, 1204, 1134, 1065. HRMS: found 488.26396 [C;;H37NO7+H]*,
calculated for [C27H37NO7+H]* 488.26428.

N-[5-((2’-Methyl[1,1’-biphenyl]-4-yl)-methoxy)-pentyl]-L-ido-1-deoxynojirimycin (23):
O 23 (20.4 mg, 0.05 mmol, 10% yield) was synthesized according
M to the Suzuki-Miyaura cross coupling general procedure. H
vo~ N o) O NMR (400 MHz, MeOD) & 7.43 - 7.09 (m, 8H, Ha, BiPh), 4.56 (s,
[‘J 2H, H2-6"), 4.03 (br s, 1H, H-4), 3.99 - 3.87 (m, 3H, H:-6, H-2),
HO' OH 3.89 - 3.85 (m, 1H, H-3), 3.58 (t, J = 6.2 Hz, 2H, Hz-5"), 3.54 -
oHt 3.45 (m, 2H, H-5, H-1a), 3.40 - 3.29 (m, 3H, H-1b, Hy-1"), 2.23 (s,
3H, Me), 2.00 - 1.65 (m, 4H, Hz-2’, Hz-4’), 1.53 - 1.49 (m, 2H, H»-3’). 13C NMR (100 MHz, MeOD)
6 142.9,142.9,138.4, 136.3 (Cq BiPh), 131.3 - 126.8 (Car BiPh), 73.8 (C-6"), 72.3 (C-4), 71.1 (C-
57, 68.9 (C-2), 68.0 (C-3), 63.8 (C-5), 61.3 (C-6), 55.1 (C-1), 54.4 (C-1), 30.1 (C-4"), 24.6 (C-3)),
23.3 (C-2"), 20.6 (C-7"). [a]?% = +6.25 (c = 0.45, MeOH). IR/cm1: 3318, 1670, 1437, 1277, 1204,

1074. HRMS: found 430.25863 [C25H35NOs+H]*, calculated for [C2sH3sNOs+H]+ 430.25880.

N-[5-((4-(Thiophen-2-yl)benzyl]-4-yl)-methoxy)-pentyl]-L-ido-1-deoxynojirimycin (24):

24 (2.2 mg, 0.005 mmol, 1% yield) was synthesized according to the Suzuki-Miyaura cross
coupling general procedure. 'H NMR (850 MHz, MeOD) & 7.66 - 7.58 (m, 2H, Ha: BiPh), 7.40 -
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7\ 7.32 (m, 4H, Har BiPh), 7.09 (dd, J = 5.1, 3.6 Hz, 1H, Ha: BiPh),

N s” 452 (s, 2H, Hy-6"), 4.02 (br s, 1H, H-4), 4.00 - 3.92 (m, 3H, Hy-6,
o N o H-2), 3.86 (br s, 1H, H-3), 3.55 (t, ] = 6.2 Hz, 2H, H,-5’), 3.53 -
HO\"Q"@H 3.44 (m, 2H, H-5, H-1a), 3.39 - 3.32 (m, 3H, H-1b, Hz-1"), 1.92 -
L 1.73 (m, 2H, Hp-2), 1.73 - 1.69 (m, 2H, Hp-4"), 1.52 - 1.48 (m,

2H, H2-3"). 13C NMR (215 MHz, MeOD) 6 145.1, 139.1, 135.3 (Cq
BiPh), 129.5 - 124.3 (Car BiPh), 73.6 (C-6"), 72.4 (C-4), 71.0 (C-5"), 69.0 (C-2), 68.1 (C-3), 63.8
(C-5), 61.4 (C-6), 55.1 (C-17), 54.5 (C-1), 30.1 (C-4'), 24.6 (C-3"), 23.3 (C-2'). [a]2% = -3.57 (c =
0.056, MeOH). IR/cm: 3366, 2924, 2326, 2872, 2326, 2207, 1684, 1506, 1202, 1134, 1101.
HRMS: found 422.19949 [C22H31NOsS+H]*, calculated for [C2;H31NOsS+H]*422.19957.

N-[5-((4-(Thiophen-3-yl)benzyl]-4-yl)-methoxy)-pentyl]-L-ido-1-deoxynojirimycin (25):
25 (10.0 mg, 0.024 mmol, 5% yield) was synthesized according

:s to Suzuki coupling general procedure. 'TH NMR (400 MHz,
! MeOD) & 7.69 - 7.59 (m, 3H, Ha BiPh), 7.48 - 7.44 (m, 2H, Har
-

Ho™ " BiPh), 7.37 (d, J = 8.0 Hz, 2H, Har BiPh), 4.51 (s, 2H, Hz-6"), 4.02
HO" ™ “OH (brs, 1H, H-4), 3.99 - 3.91 (m, 3H, Hz-6, H-2), 3.86 (t, ] = 3.7 Hz,
OH 1H, H-3), 3.55 (t, ] = 6.1 Hz, 2H, H,-5’), 3.53 - 3.41 (m, 2H, H-5,

H-1a), 3.31 - 3.15 (m, 3H, H-1b, Hz-1"), 1.96 - 1.64 (m, 4H, H,-2', Ho-4"), 1.51 - 1.47 (m, 2H, H,-
3).13C NMR (100 MHz, MeOD) § 141.8, 137.1, 135.3 (Cq BiPh), 128.1 - 119.9 (Ca: BiPh), 72.3 (C-
6), 70.9 (C-4), 69.5 (C-5), 67.5 (C-2), 66.6 (C-3), 62.4 (C-5), 60.0 (C-6), 53.6 (C-1"), 53.0 (C-1),
28.7 (C-4"), 23.2 (C-3"), 21.8 (C-2"). [a]2%p = +9.00 (c = 0.20, MeOH). IR/cm-: 3319, 2926, 2862,
1674, 1427, 1201, 1134, 1072. HRMS: found 422.19946 [C2H3;NOsS+H]*, calculated for
[C22H31NOsS+H]* 422.19957.

N-[5-((4-(Thiophen-2-yl)benzyl]-4-yl)-methoxy)-pentyl]-1-deoxynojirimycin (26):
26 (1.8 mg, 0.004 mmol, 1% yield) was synthesized according

N ’ S\ to the Suzuki-Miyaura cross coupling general procedure. 'H

N o NMR (600 MHz, MeOD) 6 7.55 - 7.44 (m, 2H, Har BiPh), 7.39 -

HO 7.17 (m, 5H, Har BiPh), 4.47 (s, 2H, H;-6’), 4.10 (d, ] = 12.4 Hz,
ISQ"’OH 1H, H-6a), 3.88 (dd, J = 12.5, 3.1 Hz, 1H, H-6b), 3.67 (ddd, J =
OH 11.5,9.2, 5.0 Hz, 1H. H-2), 3.59 (t,/ = 9.8 Hz, 1H, H-4),3.53 (t,/ =

6.2 Hz, 2H, Hy-5'), 3.44 (dd, J = 12.0, 4.9 Hz, 1H, H-1a), 3.39 - 3.35 (m, 1H, H-1"a), 3.36 (t, ] = 9.2
Hz, 1H, H-3), 3.22 - 3.14 (m, 1H, H-1'b), 3.02 (dd, J = 10.3, 2.9 Hz, 1H, H-5), 2.97 (t, ] = 11.7 Hz,
1H, H-1b), 1.89 - 1.73 (m, 2H, H,-2’), 1.72 - 1.66 (m, 2H, Hz-4"), 1.52 - 1.48 (m, 2H, H,-3). 13C
NMR (150 MHz, MeOD) & 140.1, 139.2 (C, BiPh), 132.5 - 122.3 (Car BiPh), 78.2 (C-3), 73.1 (C-
6"), 71.1 (C-5'), 68.8 (C-4), 67.8 (C-2), 67.4 (C-5), 54.9 (C-6), 54.8 (C-1), 54.3 (C-1"), 30.1 (C-4"),
24.5 (C-3'), 23.9 (C-2"). [a]2p = -4.00 (c = 0.20, MeOH). IR/cm: 3402, 2943, 2868, 2324, 2241,
1683, 1205, 1134. HRMS: found 422.19961 [C22H31NOsS+H]*, calculated for [C22H3NOsS+H]*
422.19957.

N-[5-((4-(Thiophen-3-yl)benzyl]-4-yl)-methoxy)-pentyl]-1-deoxynojirimycin (27):
=\ 27 (2.5 mg, 0.006 mmol, 1% yield) was synthesized according
MVG/Q to the Suzuki-Miyaura cross coupling general procedure. 'H
Ho N o NMR (850 MHz, MeOD) & 7.67 - 7.59 (m, 3H, Ha, BiPh), 7.50 -
/\Q 7.43 (m, 2H, Har BiPh), 7.40 - 7.35 (m, 2H, Har BiPh), 4.52 (s, 2H,
HO o H2-6"), 4.10 (d, ] = 12.4 Hz, 1H, H-6a), 3.88 (dd, = 12.5, 3.2 Hz,
1H, H-6b), 3.66 (ddd, Jj = 11.3, 9.3, 4.9 Hz, 1H, H-2), 3.59 - 3.57
(m, 1H, H-4), 3.56 (t, ] = 6.2 Hz, 2H, H;-5"), 3.43 (dd, = 12.1, 5.0 Hz, 1H, H-1a), 3.37 (dt, /] = 12.8,
4.9 Hz, 1H, H-1"a), 3.35 (t,/ = 9.3 Hz, 1H, H-3), 3.19 (td, J = 12.5, 5.0 Hz, 1H, H-1'b), 3.01 (dd, ] =
10.4, 3.0 Hz, 1H, H-5), 2.97 (t,J = 11.7 Hz, 1H, H-1b), 1.86 - 1.73 (m, 2H, H>-2’), 1.72 - 1.68 (m,
2H. H»-4"), 1.55 - 1.47 (m, 2H, H»-3’). 13C NMR (215 MHz, MeOD) & 143.2, 138.5 (Cq BiPh), 136.7

100



CHAPTER 5

- 121.3 (Car BiPh), 78.2 (C-3), 73.7 (C-6), 70.9 (C-5"), 68.8 (C-4), 67.8 (C-2), 67.4 (C-5), 54.9 (C-
6), 54.8 (C-1), 54.3 (C-1'), 30.1 (C-4"), 24.5 (C-3’), 23.9 (C-2"). [«]?%p = -15.00 (c = 0.20, MeOH).
IR/cm1: .3364, 2918, 2349, 1670, 1506, 1205, 1138. HRMS: found 422.19948 [C;2H31NOsS+H]*,
calculated for [C22H31NOsS+H]*422.19957.
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Synthesis and Biological

Evaluation of N-substituted

a-Geminal Bis-hydroxymethyl

Piperidine Iminosugars

Introduction

Deoxynojirimycin (DNJ) and its congeners are inhibitors of a wide variety of glycosidases
as well as some glycosyltransferases. N-alkyl DNJ derivatives have been identified as
compounds with considerable therapeutic potential for the treatment of various diseases
including diabetes and several lysosomal storage disorders (LSDs). Two characteristic
iminosugars often included in studies aimed for the design of glycoprocessing enzymes are the

natural product, DNJ, and its C-5 epimer, L-ido-DNJ.! N-butyl-DN] is a moderately potent
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glucosylceramide synthase (GCS) inhibitor and based on this virtue used in the clinic for the
treatment of Gaucher disease in what is termed substrate reduction therapy. Enlarging the
substituent on the DNJ nitrogen improves GCS inhibitory potency, but at the same time results
in more potent off-target inhibition. Similarly substituted, L-ido-configured iminosugars appear
to be much cleaner: they inhibit GCS with equal or (slightly) superior potency compared to
their DN] counterparts and are, with the exception of neutral glucosylceramidase (GBA2),
remarkably more selective. These observations invite the question, which underlies the work
described in this Chapter, whether hybrid piperidines bearing two a-geminal hydroxymethyl
moieties (thus featuring both DNJ and L-ido-DN] hydroxymethyls) would be valid GCS inhibitors,
and if so, would be (even) more selective than existing N-alkyl-iminosugars.

Figure 1 depicts the lead-iminosugars that led to the studies described here. N-AMP-DN]J (1,
MZ-21) is a potent GCS/GBA1/GBAZ2 inhibitor, and its L-ido congener (2, MZ-31), has (slightly)
improved GCS/GBA2 inhibitory potency offset by considerable loss in GBA1 inhibitory activity.
N-AMP D-galacto DN]J (3) and N-AMP L-altro DN]J (4) are the C-4 epimers of N-AMP DNJ and N-
AMP L-ido-DNJ, respectively. Compound 3 is a moderately potent GCS inhibitor and a potent
GBA2 inhibitor, and intestinal glycosidases are also inhibited by this compound. Epimer 4 in
contrast is only a moderate GBA2 inhibitor with low or no inhibition of intestinal glycosidases,

GCS and GBAL.

Figure 1: ICso values of N-AMP DN] isosteres for GlcCer metabolizing enzymes

N @ e
HO HO
l-;Q"’OH HO“'Q"’OH
OH

OH
1, MZ-21 IC5p GCS 200 nM 2, MZ-31 IC5) GCS 100 nM
ICso GBA1 0.1 uM ICso GBA1 30 uM
ICso GBA2 2 nM ICso GBA2 1nM
N .
HO "OH HO "'OH
OH OH
3 *ICso GCS 500 nM 4 *ICsp GCS  >100 uM
*ICs9 GBA1 0.2 uM *ICsp GBAT 30 uM
*ICsp GBA2 <1 nM *ICsp GBA2 500 nM

*ICso data from Wennekes el al.t
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These findings led to the design of a number of hybrid iminosugars bearing two geminal
hydroxymethyl substituents, as depicted in Figure 2. The list of target compounds encompasses
the configurational D-gluco-L-ido (6) and D-galacto-L-altro (7) pairs, but also a choice number of
compounds emulating in configuration other pyranosides and that may be of interest in their

own right (8, 9 and their N-alkyl derivatives).

Figure 2: Structures of N-AMP a-geminal bishydroxymethyl iminosugars

OH
5
— H — H — H — H
Ho_. H - K Ho H H
HO HO HO Ho/\LJ
HO' ‘OH HO “OH HO' OH HO" ™ “OH
OH OH
6 7 8 9

Results and discussion

Synthesis of 5-C-hydroxymethyl-DNJ (6)

Pawar et al. documented the synthesis of a-geminal bishydroxymethyl piperidines, which
was adopted in the synthesis of D-gluco-L-ido configured compounds 6 and its C-2 and C-3
epimers.? In the first instance, the synthesis of D-gluco-1-ido DN] (6) was undetaken following
the literature procedure (Scheme 1).2 Correspondingly, D-diacetone glucose (D-DAG) was
treated with sodium hydride and benzyl bromide to give 10. Protonolysis of 10 afforded diol
11. Regioselective benzylation under the agency of dibutyltin oxide, sodium hydride and benzyl
bromide afforded 12 in high yield. The secondary alcohol in 12 was oxidized using PCC to yield
ketone 13. In situ formation of dichloromethane carbanion, from dichloromethane and lithium
di-isopropyl amide, and subsequent addition to ketone 13 afforded methylene dichloride 14.
An a-azido group was introduced at C-5 in 14 via a Jocic Reeve reaction to give 15. Azido-
aldehyde 15 was reduced using sodium borohydride to afford azido alcohol 16. Demasking of
the isopropylidene protecting group, followed by hydrogenation and subsequent reductive

amination yielded the target a-geminal bishydroxymethyl DNJ 6 in an overall yield of 6%.
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Scheme 1: Synthesis of 5-C-hydroxymethyl-1-deoxynojirimycin (6)

HO o o
O, BnO
BnO 'I'O)( BnO IlO){
11; R=H 13
c[
— 12: R=Bn i e
N3, CHQ Cl,HC, PH
9 BnO 210 ¢ BnO 10
BnO o BnO S
15 14
OH
I'H
= N
1OH i HO )
E—
"OH HO™ “'OH
OH
17 6

Reagents and conditions: [a] NaH, BnBr, DMF, 97%; [b] AcOH, H20, 80%; [c] 1) Bu2SnO, toluene, 2) NaH,
BnBr, 90%; [d] PCC, DCM, 53%; [e] LDA, DCM, THF, 55%; [f] NaNs, DMF, TBAI, 115 °C, 69%; [g] NaBHa,
89%; [h] TFA, H20, 68%; [i] Hz, Pd/C, 5 bar, 74%.

Synthesis of 5-C-hydroxymethyl-1-deoxy-D-galactonojirimycin (7)

It was anticipated that the chemical transformation depicted in Scheme 1 could also be
applied on the C-4 epimer of diacetone glucose: diacetone galactose, which would give access to
D-galacto-L-altro-iminosugar 7. Tosylation of DAG?3 and subsequent (-elimination of tosylate 18
gave glycal 194 in high yield (Scheme 2). Hydroboration and subsequent diastereoselective
oxidation afforded the desired diacetone galactose 20 in good yield.> Compound 20 was
subjected to the transformations as outlined above for the synthesis of 6. The hydroxyl
functionality in 20 was protected using benzyl bromide to give 21. Isopropylidene demasking
of 21 with aqueous acidic acid afforded diol 22. Regioselective benzylation with the aid of
dibutyltin oxide afforded 23. Alcohol 23 was oxidized with PCC to give ketone 24. The key step
in this synthesis is the introduction of dichloromethylene onto the 5-ketone 24 to form 25, a
reaction that proceeded in an even better yield than that on glucose isomer 14. Compound 25
was next reacted with sodium azide in DMF at 115 °C to uneventfully give 26 in a yield of 93%.
Aldehyde 26 was reduced to give alcohol 27, which underwent a TFA-water hydrolysis to

remove the isopropyl protecting group after which the resulting intermediate 28 was exposed

105



SYNTHESIS AND BIOLOGICAL EVALUATION OF N-SUBSTITUTED A-GEMINAL BIS-HYDROXYMETHYL PIPERIDINE IMINOSUGARS

to 5 bar H, atmosphere and a catalytic amount of palladium on carbon to remove the benzyls,
reduce the azide to the amine and effect an ensuing intramolecular reductive amination to yield

target iminosugar 7 (12% over 12 steps).

Scheme 2: Synthesis of 5-C-hydroxymethyl-1-deoxy-D-galactonojirimycin (7)

I 44 4

(©) (0} O
RO "’O)( "’OX

‘o RO
o[ DAG: R=H 19 . 20: R=H
—> 18: R=Ts —> 21: R=Bn
le
ClHe, OH o} o HO o
Bnomo h BnO\)\;jO 9 RO\)\>"\—70
BnO 'OX BnO 'OX BnO 'OX
25 24 22: R=H
i
—> 23: R=Bn
|
;DH
Na, R o = K
Bnomo k BRO | HO N
Bnd "'OX HO “'OH
25 OH
_ : R=CHO 28
if_ 7

"> 27. R=CH,OH

Reagents and conditions: [a] p-TsCl, pyridine, DCM, 60 °C, 98%; [b] tBuOK, THF, 0 °C, 91%; [c] 1)
BH3-THF, THF; 2) NaOH, H202, 75%; [d] NaH, BnBr, DMF; [e] AcOH, H20, 86%, 2 steps; [f] 1) BuzSnO, tol,
2)TBABT, BnBr, 82%; [g] PCC, DCM, 92%; [h] LDA, DCM, -78 °C, 74%; [i] NaNs, TBAI, DMF, 115 °C, 93%; [j]
NaBHa4, MeOH, 0 °C, 82%; [K] TFA, H20, 0 °C, 63%; [1] Pd/C, Hz, EtOH, 5 bar, 91%.

Synthesis of 5-C-hydroxymethyl-1-deoxy-bD-mannonojirimycin (8) and 5-C-
hydroxymethyl-1-deoxy-D-allonojirimycin (9)

The D-manno-L-gulo iminosugar 8 and D-allo-L-talo iminosugar 9 were synthesized as
described by Pawar et al.2 The synthesis of 8 starts with TBATB catalyzed isopropylidenation of
D-mannose to give 29.6 Benzylation of 29 gained 30 and subsequent acidic hydrolysis of the
acetal protecting group afforded 31. Alcohol 31 underwent the 7-step transformation as
described above for the preparation of 6 and 7, which generated 8 in an overall yield of 9% (10

steps).
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Scheme 3: Synthesis of 5-C-hydroxymethyl-1-deoxy-D-mannonojirimycin (8)

L o

T e o\)\ﬁ.\OR RO\)\Q\OBn
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OH

< X
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b[ d[_
— 30: R=Bn — 32:R=Bn
¢e
N3, CHO cl,HC, PH
(0) (@)
BnO “1OBN BnO ~OBn BnO ~OBn
g f
> o O O
35 34 33
"
HO HO .
N N LK
3 o_ . i 3 (o} i N
BnO OBn BnO .OBn HO
HO™ OH
o__0O HO OH OH
36 37 8

Reagents and conditions: [a] TBATB, acetone, 64%; [b] 18-crown-6, BnBr, KOH, THF, 75%; [c] AcOH,
H20, r.t, 81%; [d] 1) BuzSnO, tol; 2) BnBr, TBABr, 76%; [e] PCC, DCM, 30 °C, 88%; [f] LDA, THF, -78 °C,
66%; [g] NaNs, TBAI, DMF, 115 °C, 87%; [h] NaBH4, MeOH, 0 °C, 80%; [i] TFA, Hz20, 0 °C, 45%; [j] Pd/C, Hz,
EtOH, 5 bar, 82%.

In a similar vein, diacetone allose 39, obtained via oxidation and stereoselective reduction
from D-DAG, was transformed to produce compound 9 (Scheme 4). The C-3 alcohol of D-DAG
was oxidized to form aldehyde 38, which was reduced by sodium borohydride to give diacetone
D-allose 39 in 74% yield over the 2 steps. Compound 9 was prepared from 39 as described
previously for the synthesis of 6 with an overall yield of 9% in 9 steps.

With the four a-geminal bis-(hydroxymethyl) piperidines (6, 7, 8 and 9) in hand, the target
hydrophobic iminosugars were prepared by treating 6 - 9 with bromides 48 - 55 (Scheme 5A;
see for the final structures Figures 4, 5, 6 and 7). As an example, the synthesis of N-AMP D-
gluco-L-ido DN]J (61) is depicted in Scheme 5B. Treatment of D-gluco-L-ido DNJ (6) with bromide
48 and potassium carbonate in DMF gave 61 in 11% yield (Scheme 5B). Yields of the N-alkyl
derivatives vary from 2% to 46% after HPLC purification (see the experimental section for

details).
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Scheme 4: 5-C-Hydroxymethyl-1-deoxy-D-allonojirimycin (9)

\FO o . \OFO o b \OFO o
ROES TG 5T €

HO RO
D-DAG o 39: R=H
— 40: R=Bn
| d
ciHe, OH e o e 5
BnO 'OX BnO "0)( BnO "O)(
44 43 o[ 41:R=H
> 42: R=Bn
i
) HO OHH
N3 O. j N3 o Kk HO N
BnO 3( — BnO wOH > Af\j
BnO O Bno OH HO 5 OH
45: R=CHO
i ﬁ a7 9

— 46: R=CH,OH
Reagents and conditions: [a] PCC, DCM, 81%; [b] NaBHas, EtOAc, H20, 92%; [c] NaH, BnBr, DMF, 90%; [d]
AcOH, H20, 46%; [e] 1) Buz2SnO, tol; 2) BnBr, TBABr, 76%; [f] PCC, DCM, 64%; [g] DCM, LDA, THF, -78 °C,
99%; [h] NaNs, DMF, 115 °C, 71%; [i] NaBHa, MeOH, 0 °C, 81%; [j] TFA, H20, 0 °C, 70%; [k] Pd/C, Hz, EtOH,
5 bar, 81%.

Scheme 5: N-alkylation of a-geminal hydroxymethyl iminosugars

A
BI’/\/\/\O Br/\/\/\o
48 52
M N ~_-0Bn O
Br Br
49 53
Br/\/\/\/\/ Br/\/\/\o/\/\/\
50 54
Br/\/\/\o Br/\/\/\o/\/\/\/\/
51 55
B
(e}
HO— H Ho [
Ho NN a Lo~
+ Br/\/\/\o —
HO"" “'OH HO™ "'OH
OH OH
6 48 61

Reagents and conditions: [a] K2CO3, DMF, 80 °C, 11%.
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Biological evaluation

D-Gluco-L-ido hybrid iminosugars

Figure 3: Enzyme inhibition assay results: ICso values, for b-gluco-L-ido DN] and its N-

alkyl derivatives as inhibitors of GCS, GBA1 and GBAZ2, in comparision with the

corresponding D-gluco-DNJ and L-ido-DNJ analogues
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The D-gluco-L-ido iminosugars (6, 56 - 62) were tested on their inhibitory potency against
the glucosylceramide metabolizing enzymes, GCS, GBA1 and GBA2. The corresponding D-gluco
(1, 63 - 69) and L-ido (2, 70 - 76) iminosugar derivatives were included as reference
compounds to determine the effect of the additional hydroxymethyl group on the C-5 position.
The results are tabulated in Figure 3. From the results it can be seen that the DNJ and L-ido-DN]
derivatives are without exception the more potent GCS inhibitors when compared with their D-
gluco-1-ido configured a-geminal bishydroxymethyl piperidine counterparts, irrespective of the
nature of the N-alkyl substituent. In line with what was reported previously the L-ido
iminosugars proved to be the more potent GCS inhibitor when compared with the D-gluco-
configured equivalent. Based on this result, it can be concluded that installment of an extra C-5
hydroxymethyl group at the carbon already bearing such a substituent is detrimental for GCS
inhibition.

When looking at GBA1 inhibition values, it is remarkable that, whereas the hybrid
iminosugars are all weaker inhibitors compared to the D-gluco configured molecules, they
sometimes outperform their L-ido counterparts. This may indicate that the D-gluco
configuration is preferred by GBA1, that an additional hydroxymethyl group may increase the
steric hindrance and thus affect the inhibitory activity, but that this may be less detrimental
than altering the configuration at C-5.

The effect of adding an extra hydroxymethyl at C-5 on GBAZ2 inhibition is as was noted for
GCS inhibitory activity: the D-gluco-L-ido hybrid iminosugars are still relatively potent GBA2

inhibitors, but much less so than the corresponding D-gluco and L-ido compounds.

D-Galacto-L-altro hybrid iminosugars

In Figure 4, the inhibitory potencies towards GCS, GBA and GBA2 of the D-galacto-L-altro
hybrid iminosugars (7, 77 - 83) as well as that of their and the parent compounds (D-galacto
isomers, 3, 84 - 90; L-altro isomers, 4, 91 - 97) are depicted. The D-galacto-L-altro hybrids do
inhibit GCS to some extend, however not at the concentrations at which the D-galacto and L-
altro iminosugars inhibit GCS. None of the compounds, with the exception of D-galacto AMP (3,
ICso GBA1 = 1 uM) inhibit GBA. In contrast, several of the D-galacto configured iminosugars
inhibit GBA2 in the nanomolar range and are even more potent than the corresponding DN]J (i.e.
64, 1 and 69) and L-ido-DN] derivatives (i.e. 71, 2 and 76). The D-galacto-L-altro hybrid
compounds, though, are only weak GBA2 inhibitors, if at all, and also here it appears that the

extra appendage at C-5 is detrimental for inhibition potency.
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Figure 4: Enzyme inhibition assay results: ICso values, for D-galacto-L-altro-DNJ and its N-

alkyl derivatives as inhibitors of GCS, GBA1 and GBAZ2, in comparision with the

corresponding D-galacto-DNJ and L-altro-DN] analogues
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ICso GBA2 N.D.
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3
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-Z

oy
91 H

ICso GCS  >50 uM
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ICso GBA2 0.4 uM
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ICso GBA1 >1000 uM

ICso GBA2 15 nM

T : Compound not synthesized; N.D.: Activity not determined

D-Manno-L-gulo iminosugars
As shown in Figure 5, none of the D-manno-L-gulo hybrid iminosugars potently inhibit GCS.
The most active GCS inhibitor in this series is the biphenyl derivative 104. Remarkably,

however, the hybrid molecules do sometimes outperform their b-manno and L-gulo configured
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counterparts, in terms of GCS inhibitory potency (compare, for instance the GCS inhibitory
potency of 102 with 110 and 118, and 103 with 111 and 109). The potency of this series as
GBA1 and GBAZ2 inhibitors is modest at most.

Figure 5: Enzyme inhibition assay results: ICso values, for D-manno-L-gulo-DNJ and its N-

alkyl derivatives as inhibitors of GCS, GBA1 and GBAZ2, in comparision with the

corresponding D-manno-DN] and L-gulo-DN] analogues
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ICso GBA2 >1000 uM

108 NC/\/\O/\/\/\

ICso GCS 8 puM
ICso GBA1 929 uM
ICso GBA2 3 uM

109 Nm/\»om
ICso GCS 50 uM

ICso GBAT 110 uM

ICso GBA2 31 uM

110 NT:/\/\OX

ICs0 GCS  >50 puM
ICso GBA1 >1000 uM
ICso GBA2 >1000 uM

111 MQ/\AO

IC50 GCS  >50 puM
ICso GBA1 62 puM
ICso GBA2 61 puM

112 NK/\/\O

ICso GCS 3 uM O
ICso GBA1 133 uM

ICso GBA2 N.D.

T Compound not synthesized; N.D.: Activity not determined

112

OH
HO\(‘j.\\OH
N -, ~OH
|
R
N
113 H
IC59 GCS >50 uM

ICso GBA1 >1000 puM
ICso GBA2 >1000 uM

114 J\Q/\

IC50 GCS >50 uM
ICsp GBA1 >1000 uM
ICso GBA2 >1000 uM

115 “C‘/\/\/\/

IC59 GCS  >50uM
ICsp GBA1 >1000 uM
ICso GBA2 7.5 uM

116 ’C‘/\/\O/\/\/\

ICsg GCS 21 uM
ICso GBAT >1000 uM
ICso GBA2 10 uM

ICso GCS 4 puM
ICso GBA1 972 uM
ICso GBA2 2 uM

i Tnmong

ICso GCS  >50 uM
ICso GBA1 >1000 uM
ICso GBA2 42 uM

119 Wo

ICso GCS  >50 uM
ICso GBA1 988 uM
ICso GBA2 3 uM

120*N1:/\”o
Ic

50 GCS N.D. O
ICso GBA1 N.D.

ICso GBA2 N.D.
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Figure 6: Enzyme inhibition assay results: IC50 values, for D-allo-L-talo-DN] and its N-

alkyl derivatives as inhibitors of GCS, GBA1 and GBAZ, in comparision with the

corresponding D-allo-DNJ and L-talo-DNJ analogues

OH

OH
y

& TOH

o

9 H
ICso GCS  >50 uM
ICso GBA1 898 uM
ICso GBA2 567 uM

121 N]:/\

ICso GCS  >50 uM
ICso GBA1 594 uM
ICso GBA2 31 M

122
ICso GCS  >50 uM
ICso GBA1 >200 uM
ICso GBA2 9.2 uM

123 N]:/\/\o/\/\/\

IC59 GCS  >50 uM
ICso GBA1 898uM
ICsp GBA2 10 uM

124 NC/\AON/\/:)
ICso GCS  >50 uM

ICsp GBA1 >1000 uM

ICso GBA2 15 puM

T
125 3m<

IC50 GCS >50
IC59 GBA1 >1000 uM
ICso GBA2 1 uM

126 Wo/@
ICso GCS  >50 uM

ICso GBA1 394 uM

ICso GBA2 3 uM

127 NK/\/\O

ICso GCS 36 uM
ICso GBA1 389 uM O

ICso GBA2 5 uM

OH

OH
N

R
o
128 H
IC50 GCS >50 uM
IC50 GBA1 >100 uM
IC59 GBA2 >1000 uM

129
ICso GCS  >50 uM
ICso GBA1 >1000 uM
ICso GBA2 351 puM

130

ICso GCS  >50 uM
ICso GBA1 306 puM
ICso GBA2 0.3 uM

131 N]:/\/\o/\/\/\

ICso GCS  N.D.
ICso GBAT N.D.
ICso GBA2 N.D.

132 NK/\AO«/\/:)
ICso GCS  >50 uM

ICso GBA1 48 uM

ICsg GBA2 23 uM

133 NK/\/\OKA\K

ICso GCS  >50
ICs50 GBA1 815 uM
ICso GBA2 17 pM

134 WO/@
ICso GCS 24 uM
ICso GBA1 65 uM
ICso GBA2 0.5 uM

135 NK/\/\O

ICso GCS 2.4 uM
ICso GBA1 49 uM O

ICso GBA2 0.4 uM

t. Compound not synthesized; N.D.: Activity not determined

o
136 H

ICso GCS  >50 uM
ICso GBA1 >1000 uM
ICsp GBA2 >100 uM

137
ICso GCS  >50 uM
ICsg GBA1 >1000 uM
ICso GBA2 18 uM

138

ICso GCS  >50 uM
ICso GBA1 >1000 uM
ICso GBA2 18 uM

139 Nm/\/\o/\/\/\

IC59 GCS >50 uM
ICsp GBA1 >1000 uM
ICso GBA2 >100 uM

140 R\no«/jo
ICso GCS 19 uM

ICso GBA1 >100 uM

ICsg GBA2 0.4 uM

141 NK/\/\O’\%

IC50 GCS >50 p
IC5qg GBA1 >1000 uM
ICso GBA2 >100 puM

142 uo@
ICsp GCS 21 uM

ICsp GBA1 >1000 uM
ICso GBA2 2 uM

143Mm/\/\

e
ICso GCS 8.5 uM

ICso GBA1 >1000 uM O
ICso GBA2 30 uM

The results of the biological assays of the D-allo-L-talo hybrid iminosugar series (9, 121 -

113

127), D-allo series (128 - 135) and L-talo series (136 - 143) are given in Figure 6. As can be
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seen, the series contains no GCS/GBA/GBA?2 inhibitors with remarkable potency. Obviously, the
rather drastic deviation of the glucose configuration is detrimental for inhibition of the three

glucose-processing enzymes, and addition of an extra hydroxymethyl does not help.

Conclusion

In this Chapter, iminosugars that encompass both the D-glucose and L-idose structural
properties in one molecule as well as its C-2, C-3 and C-4 epimers were synthesized. These four
sets of hybrid compounds (6, 7, 8 and 9) were N-alkylated with various hydrophobic
substitutes which produced a library of 28 N-alkylated derivatives. This set and their
corresponding DN]J congeners have been tested as inhibitors for the GlcCer metabolic enzymes

(GCS, GBA1 and GBAZ2).

Figure 7: Enzyme inhibition assay results: ICso values of the N-AMP iminosugar

derivatives

D-gluco D-galacto
L-ido L-altro
HO._ AMP HO—, AMP HO
HO ™ HO™ " HO "
HO™ “'OH HO “'OH HO" “'OH
OH OH OH
611C50GCS 1M 82 IC5 GCS 2.5uM 103 1C5, GCS 13 uM 126 IC5, GCS  >50 uM

ICso GBA1 8 uM
ICso GBA2 30 NM

;?\MP
N
HO
HO ‘OH
OH

1 ICs GCS 0.2 uM
ICs50 GBA1 0.5 uM
ICso GBA2 0.8 NM

AMP
7, N
HO™ "
HOY “'OH
OH

2 |C5 GCS 0.1 uM
ICso GBA1 34 uM
ICso GBA2 1 NM

ICso GBA1 218 uM
ICso GBA2 0.5 uM

Al\(lP

HO “'OH
OH
3 ICs GCS 0.14uM
ICs0 GBA1 1 uM
ICs9 GBA2 1nM

AMP
7 N
HO™ "
HO “'OH
OH

4 ICsuGCS 0.2 M

ICso GBA1 >1000 pM
ICso GBA2 0.1 uM

ICso GBA1 389 uM
ICso GBA2 3 puM

AMP
N
HO
HO™ OH
OH

111 IC50 GCS  >50 uM
ICs9 GBA1 62 uM
ICs9 GBA2 61 .M

AMP
7, N
Ho™ "
HOY OH
OH

119 IC5o GCS  >50 uM
ICso GBA1 988 uM
ICso GBA2 3 puM

ICso GBA1 394 uM
ICso GBA2 3 M

OH
1341C5, GCS 24 uM

ICso GBA1 65 uM

IC50 GBA2 0.5 uM

1421C5, GCS 21 uM
ICso GBA1 >1000 uM
ICso GBA2 2 uM

Generally, the hybrid compounds are weaker GCS inhibitors compared to both D-configured
and L-configured iminosugars (Figure 7), with the D-manno-L-gulo compound 103 being an

exception. Concerning GBA1 inhibitory activity, the bis-hydroxymethyl compounds are
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generally more potent than their corresponding L-compounds while less potent than the D-
compounds. This may indicate that the D-configuration at C-5 is more beneficial for the
iminosugar to bind to GBA1, and that an additional hydroxymethyl has a negative effect in
binding to the active site of the enzyme. There is no specific rule observed for how the extra
hydroxymethyl group affects GBA or GBA2 activity, and general trends appear the same as for
GCS activity. It should be noted that many of the compounds described here are of a
configuration that is rather far removed from that of glucopyranose. It may therefore well be
that the compound collections may contain inhibitors for glycoprocessing enzymes other than
those assayed here. It would therefore be of interest to screen the compound collections against
other glycosidases, including galactosidases and mannosidases that are of interest in their own

right in biological and biomedical research.

Experimental Section

Enzyme inhibition assays: The potencies (ICso values) of the N-alkyl-DNJ derivatives as GCS,
GBA1 and GBAZ2 inhibitors were determined by exposing cells or enzyme preparations to an
appropriated range of iminosugar concentrations.

GCS: ICso values for GCS activity were measured using living cells with NBD-ceramide as
substrate.” Briefly, cells were incubated with 50 nmol C6-NBD-ceramide (6-[N-methyl-N-(7-
nitrobenz-2-oxa-1,3-diazol-4-yl)Jaminododecanoyl]sphingosine) in the presence of increasing
compound concentrations. The cells were harvested after 2h followed by lipid extraction. The
formed C6-NBD-glucosylceramide was quantified using a Molecular Dynamics Typhoon
phosphor imaging device. ICso values were determined from the titration curves. The
experiment was performed twice.

GBA1: ICso values for lysosomal GBA1 were measured using 4-methylumbeliferyl-3-D-glucoside
as substrate® Briefly, recombinant GBA1 was incubated with increasing compound
concentrations for 30 min at 0 °C. Enzyme activity was determined with 3.7 mM 4-
methylumbelliferyl-B-D-glucopyranoside in Mcllvaine buffer (0.1 M citrate and 0.2 M phosphate
buffer), pH 5.2, 0.1% Triton X-100 (v/v) and sodium taurocholate (0.2%, w/v). Assays
performed in triplicate were incubated at 37 °C for 30 min and quenched by the addition of
glycine/NaOH (0.2 mL, pH 10.6). The amount of liberated 4-methylumbeliferyl was determined
with a PerkinElmer Life Sciences LS30 fluorimeter, excitation wavelength 366 nm, emission
wavelength 445 nm.

GBA2: ICs¢ values for the non-lysosomal glucocerebrosidase (GBA2) were measured with 4-
methylumbeliferyl-B-D-glucoside as substrate.? GBAZ2-rich membrane suspensions were
prepared from enzyme-overexpressing HEK cells by sonicating, and the suspension was pre-
incubated for 30 min at 37 °C with conduritol-B-epoxide (1 mM, CBE, Sigma) to inhibit the
lysosomal glucocerebrosidase (GBA1). The prepared GBA2-rich suspension was then incubated
with increasing compound concentrations for another 30 min, and then incubated with 3.7 mM
4-methylumbeliferyl-f-D-glucoside in Mcllvaine buffer (0.1 M citrate and 0.2 M phosphate
buffer), pH 5.8. Assays were incubated at 37 °C for 1 hour and quenched by the addition of
glycine/NaOH (0.2 mL, pH 10.6). The amount of liberated 4-methylumbeliferyl was determined
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with a PerkinElmer Life Sciences LS30 fluorimeter, excitation wavelength 366 nm, emission
wavelength 445 nm. Assays were performed in triplicate.

General compound synthesis, purification and analysis methods: All solvents and reagents
were obtained commercially and used as received unless stated otherwise. Reactions were
executed at room temperature unless stated otherwise. Moisture sensitive reactions were
performed under argon atmosphere. Water was removed from starting compounds by
repetitive coevaporation with toluene. Solvents were removed by evaporation under reduced
pressure. DCM, DMF, and THF were dried over activated 4A& molecular sieves for at least 12
hours before use. Compounds were visualized during TLC analyses by UV (254 nm), and with
the following staining solutions: aqueous solution of KMnO4 (5 g/L) and K,CO3z (25 g/L).
Visualization of hemiacetals and glycosides was achieved by spraying with a solution of 20%
H2S04 in ethanol followed by charring at = 200 °C. Column chromatography purification was
performed on silica gel (40-63 pm). 'H and 13C-APT NMR spectra were recorded on a Bruker AV
400 (400/100 MHz) or Bruker 600 (600/150 MHz) spectrometer in CDCl3, MeOD or D-O.
Chemical shifts are given in ppm (8) relative to TMS as internal standard (1H NMR in CDCl3) or
the signal of the deuterated solvent.® Coupling constants (J) are given in Hz. High resolution
mass spectra were recorded by direct injection (2 pL of a 2 pM solution in
water/acetonitrile/tert-butanol 1:1:1 v/v/v) on a mass spectrometer (Thermo Finnigan LTQ
Orbitrap) equipped with an electrospray ion source with resolution R = 60000 at m/z 400
(mass range m/z = 150-2000). IR spectra were recorded on a Shimadzu FTIR-8300 and are
reported in cm 1. Optical rotation were measured on an automatic polarimeter of sodium D-line,
at A = 589 nm. Size-exclusion purifications were performed on an AKTA-explorer, column size d
= 26 mm, | = 60 mm, mobile phase NH4HCOsz (0.15 M) in H;0, flow 1.5 mL/min. HPLC
Purification were performed on a Prep LCMS, Gemini from Phenomenex B.V. (C-18, 110 A5 um,
19 x 150 mm column).

General Procedure: Alkylation of iminosugars. To a mixture of the bromide chain (0.3 mmol],
see Scheme 5A) and K;CO3 (0.4 mmol) was added a solution of the 5-hydroxymethyl
nojirimycin derivative (0.2 mmol) in DMF (1 mL). The reaction suspension was stirred at 80 °C
overnight. After cooling to room temperature, the mixture was filtered and concentrated. The
crude compound was purified with HPLC.

Figure 8: Proton and carbon NMR numbering of N-alkylated iminosugars

Synthesis of 5-C-hydroxymethyl-1-deoxynojirimycin (6)

3-0-Benzyl-1,2:5,6-di-O-isopropylidene-a-D-gluco-furanoside (10):
BnBr (7.10 mL, 59.8 mmol) was added to a cooled (0 °C) and stirred
ﬁj_o mixture of diacetone-D-glucose (13.0 g, 49.9 mmol) and NaH (60% on

o o O mineral oil, 6.00 g, 150 mmol) in DMF (150 mL). After 18 h, TLC analysis
/ )< showed complete conversion of starting material. Methanol was added to
BnO 0

quench the excess NaH. The reaction mixture was diluted with water
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(250 mL) and extracted with Et;0 (3 x). The organic layers were combined and washed
successively with sat. ag. NaHCO3; and water, dried (NazS0.), filtered and concentrated. The
crude product was purified by silica gel column chromatography (4:1, PE:EtOAc) to give pure
10 (16.9 g, 48.2 mmol) in yield of 97% as light yellow oil. 1H NMR (400 MHz, CDCl3) § 7.40 -
7.25 (m, 5H, Har Bn), 5.90 (d, / = 3.7 Hz, 1H, H-1), 4.72 - 4.55 (m, 3H, 2 x CHH Bn, H-2), 4.37 (dt,J
=7.8,6.0 Hz, 1H, H-5), 4.16 - 4.10 (m, 2H, H-6a, H-4), 4.05 - 3.97 (m, 2H, H-6b, H-3), 1.50 (s, 3H,
CH3), 1.43 (s, 3H, CH3), 1.38 (s, 3H, CH3), 1.31 (s, 3H, CH3). 13C NMR (100 MHz, CDCl3) 6 137.7 (Cq
Bn), 128.5, 128.0, 127.8 (CHar Bn), 111.7, 108.9 (2 x Cq isopropyl), 105.2 (C-1), 82.6 (C-2), 81.6
(C-3),81.3 (C-4), 72.5 (C-5), 72.3 (CH2 Bn), 67.4 (C-6), 27.0, 26.9, 26.4, 25.6 (4 x CH3).

3-0-Benzyl-1,2-O-isopropylidene-a-dD-gluco-furanoside (11):
HO 10 (14.0 g, 40.0 mmol) was dissolved in a mixture of acetic acid (45 mL)
HO o 0 and water (20 mL), and the reaction mixture was stirred for 72 h at r.t.
After TLC analysis showed complete consumption of starting material,
BnO 0o ethyl acetate (100 mL) was added. The organic layer was washed
successively with sat. ag. NaHCO3, water and brine. The organic layer was dried (NazS04),
filtrated and concentrated. The crude product was purified by silica gel column
chromatography to gain 20 (9.92 g, 32.0 mmol) in 80% yield. H NMR (400 MHz, CDCl3) 6 7.40
- 7.27 (m, 5H, Har Bn), 5.91 (dd, J = 3.9, 1.5 Hz, 1H, H-1), 4.70 (dd, J = 11.8, 1.9 Hz, 1H, CHH Bn),
4.60 (dd,J=3.9, 1.5 Hz, 1H, H-2),4.56 (d,/ = 11.8 Hz, 1H, CHH Bn), 4.13 - 4.06 (m, 2H, H-3, H-4),
4.02 (dd, /=89, 4.8 Hz, 1H, H-5),3.79 (d,J = 11.0 Hz, 1H, H-6a), 3.67 (dd, /= 11.6, 5.5 Hz, 1H, H-
6b), 1.47 (s, 3H, CHs), 1.30 (s, 3H, CHz). 13C NMR (100 MHz, CDCl3) 6 137.3 (Cq Bn), 128.7, 128.2,
127.9 (CHar Bn), 111.9 (Cq isopropyl), 105.2 (C-1), 82.2 (C-2), 82.0 (C-3), 80.0 (C-4), 72.2 (C-5),

69.2 (CHz Bn), 64.7 (C-6), 26.8, 26.3 (2 x CH3).

3,6-Di-O-benzyl-1,2-O-isopropylidene-a-D-gluco-furanoside (12):
HO To a solution of 11 (8.29 g, 26.7 mmol) in toluene (250 mL) was added

B0 0o 0 dibutyl tin oxide (10.0 g, 40.0 mmol). The reaction mixture was heated
){ to reflux and stirred for 8 hours under Dean-Stark conditions. TBABr
BnO 0 (1.03 g, 4.04 mmol) and benzyl bromide (6.36 mL, 53.6 mmol) were

added to the solution. The reaction mixture was refluxed for another 18 h. The solvent was
evaporated, and the residue was purified by silica gel column chromatography (5:1 — 3:1,
PE:EtOAc) to give 12 (9.61 g, 24.0 mmol, yield 90%). 1H NMR (400 MHz, CDCl3) § 7.41 - 7.27
(m, 10H, Har Bn), 5.94 (d, / = 3.7 Hz, 1H, H-1), 4.68 (d, ] = 11.7 Hz, 1H, CHH Bn), 4.59 - 4.47 (m,
3H, 3 x CHH Bn), 4.61 (d, J = 3.6 Hz, 1H, H-2), 4.21 - 4.15 (m, 2H, H-3, H-5), 4.11 (d, J = 1.9 Hz,
1H, H-4), 3.75 (d, J = 9.2 Hz, 1H, H-6a), 3.61 (d, / = 9.9 Hz, 1H, H-6b), 1.49 (s, 3H, CH3), 1.32 (s,
3H, CH3). 13C NMR (100 MHz, CDCl3) § 138.0, 137.3 (Cq Bn), 128.6, 128.5, 128.1, 127.8 (CHa, Bn),
111.8 (Cqisopropyl), 105.1 (C-1), 82.3 (C-2), 82.1 (C-4), 79.8 (C-3), 73.5 (CH2 Bn), 72.4 (CH2 Bn),
72.1 (C-6), 68.1 (C-5),26.8, 26.3 (2 x CH3).

1,2-O-Isopropyl-3,6-di-O-benzyl-a-D-xylo-hexofuranoside-5-ulose (13):
0 12 (8.62 g, 21.5 mmol) dissolved in dry DCM (100 mL) was added to a
BnO © 0 suspension of pyridinium chlorochromate (PCC, 15.34 g, 71.1 mmol) and
, activated 4 A molecular sieves in dry DCM (300 mL). The reaction
BnQ mixture was stirred under argon atmosphere at 30 °C overnight. 2-
Propanol was then added to quench the reaction. Diethyl ether (200 mL) was added to dilute
the dark brown suspension and the mixture was filtered through a pad of Celite. The filtrate
was concentrated, and the residue was purified by silica gel column chromatography and to
give pure 13 (4.54 g, 11.40 mmol, yield 53%). 'H NMR (400 MHz, CDCl3) 6 7.46 - 7.22 (m, 10H,
Har Bn), 6.05 (d, J = 3.6 Hz, 1H, H-1), 4.82 (d, J = 3.7 Hz, 1H, H-4), 4.62 (d, ] = 3.6 Hz, 1H, H-2),
4.60 (d, J = 12.0, 1H, CHH Bn), 4.59 (d, / = 12.0 Hz, CHH Bn), 4.50 (d, J = 11.8 Hz, 1H, CHH Bn),
4.49 (d,J = 11.8 Hz, 1H, CHH Bn), 4.46 (d, / = 18.8 Hz, 1H, H-6a), 4.39 (d, ] = 18.8 Hz, 1H, H-6b),
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4.38 (d,] = 3.7 Hz, 1H, H-3), 1.49 (s, 3H, CHs), 1.34 (s, 3H, CHs). 3C NMR (100 MHz, CDCl3) &
204.6 (C=0), 137.4, 136.7 (Cq Bn), 128.6, 128.5, 128.2, 127.9 (CHa: Bn), 112.5 (Cq isopropyl),
105.9 (C-1), 84.9 (C-4), 83.6 (C-3), 82.1 (C-2), 74.4 (C-6), 73.2, 72.6 (CH; Bn), 26.9, 263 (2 x
CHs).

1,2-O-Isopropyl-3,6-di-O-benzyl-5-C-dichloromethyl-a-D-gluco/B-L-ido-furanoside (14):
clHC, OH o To a cooled (-78 °C) solution of LDA (36 mmol, 18 mL, 2 M in THF) in dry
BnO 0 THF (45 mL) was added DCM (18 mL). After 30 minutes, 13 (4.48 g, 11.3

\m )( mmol) dissolved in DCM (18 mL) was added. After another 30 minutes
BnO © temperature was allowed to rise to r.t. When TLC analysis indicated
complete conversion of starting material, sat. aq. NH4Cl was added. The mixture was extracted
with EtOAc (100 mL) and the organic layer was washed successively with water and brine,
dried (Na»SO4), filtered and concentrated. The residue was purified by silica gel column
chromatography (20:1 — 10:1, pentane:EtOAc) to gain 14 (3.00 g, 6.21 mmo], yield 55%), as a
mixture of two inseparable diastereo-isomers at a ratio of 3:2. NMR data of the major
diastereoisomer: 'TH NMR (400 MHz, CDCl3) § 7.33 - 7.00 (m, 10H, Har Bn), 6.11 (s, 1H, CHCL),
5.89 (d, / = 3.9 Hz, 1H, H-1), 4.58 (d, ] = 3.9 Hz, 1H, H-2), 4.56 - 4.43 (m, 5H, H-4, 2 x CH2Bn),
4.36 (d,J = 3.0 Hz, 1H, H-4), 3.94 (d, J = 10.0 Hz, 1H, H-6a), 3.85 (d, / = 10.0 Hz, 1H, H-6b), 1.41
(s, 3H, CH3), 1.25 (s, 3H, CHz). 13C NMR (100 MHz, CDCl3) 6 137.9, 135.9 (Cq Bn), 128.8 - 127.7
(CHar Bn), 112.0 (Cq isopropyl), 103.7 (C-1), 84.9 (C-3), 81.5 (C-2), 79.7 (C-5), 75.8 (C-4), 73.8,
72.2 (CHz Bn), 72.2 (C-6), 26.7, 26.3 (2 x CHa3).

5-Deoxy-5-azido-5-C-benzyloxymethyl-3-O-benzyl-1,2-O-isopropyl-a-D-gluco/B-L-ido-
furano-1,6-dialdose (15):

N, CHO A mixture of 14 (2.69 g, 5.58 mmol), TBAI (1.07 g, 2.89 mmol) and NaN3
BnO S (1.96 g, 30.0 mmol) in DMF (60 mL) was stirred at 115 °C for 18 h. After
5 TLCMS analysis showed complete consumption of 14, the reaction was

BnO O quenched by the addition of water (100 mL) and extracted with EtOAc

(75 mL x 3). The combined organic layers were washed with water (2 x) and brine (2 x), dried
(NazS04), filtered, and concentrated. The residue was purified by silica gel column
chromatography (10:1, pentane:EtOAc) to give 15 (1.74 g, 3.85 mmol, yield 69%). It is a
mixture of two inseparable diastereo-isomers at a ratio of 3:2. NMR data of the major
diastereoisomer: 1H NMR (400 MHz, CDCl3) 6 9.69 (s, 1H, CHO), 7.47 - 7.30 (m, 10H, Har Bn),
593 (d,J = 3.6 Hz, 1H, H-1), 4.67 - 4.41 (m, 5H, H-4, 2 x CH; Bn), 4.28 (d, J = 3.0 Hz, 1H, H-4),
4.08 (d, / = 10.2 Hz, 1H, H-6a), 4.05 (d, J = 3.0 Hz, 1H, H-3), 3.86 (d, J = 10.2 Hz, 1H, H-6b), 1.48
(s, 3H, CH3), 1.32 (s, 3H, CHz). 13C NMR (100 MHz, CDCl3) 8 195.3 (C=0), 137.2, 136.3 (Cq Bn),
128.6,128.6,128.3, 127.9, 127.6 (CHar Bn), 112.3 (C-5), 105.2 (C-1), 81.9 (C-2), 81.4 (C-4), 81.1
(C-3),73.7,72.8 (2 x CHz2 Bn), 70.3 (C-6), 26.8, 26.2 (2 x CH3).

5-Deoxy-5-azido-5-C-benzyloxymethyl-3-O-benzyl-1,2-O-isopropyl-a-D-gluco/B-L-ido-
furanoside (16):

NaBH4 (0.33 g, 1.85 mmol) was added to a solution of 15 (1.68 g, 3.85
mmol) in methanol (10 mL) at 0 °C. The reaction mixture was stirred for 2
hours at 0 °C, and quenched by the addition of sat. aq. NH4Cl. The volatiles
were evaporated. The residue was extracted with EtOAc (3 x). The organic
layer was washed with water and brine, dried (Na;SO4), filtered and
concentrated. The crude product was purified by silica gel column chromatography (20:1 =
10:1, pentane:EtOAc) to give 16 (1.56 g, 3.43 mmol, yield 89%), as a mixture of two inseparable
diastereo-isomers at a ratio of 3:2. NMR data of the major diastereoisomer: 1H NMR (400 MHz,
CDCl3) & 7.38 - 7.24 (m, 10H, Har Bn), 5.91 (d, J = 3.8 Hz, 1H, H-1), 4.63 (d,/ = 11.5 Hz, 1H, CHH
Bn), 4.56 (d,J = 3.5 Hz, 1H, H-2), 4.52 (d, J = 12.0 Hz, 1H, CHH Bn), 4.47 (d, /= 12.4 Hz, 1H, CHH
Bn), 4.30 (d, / = 3.2 Hz, 1H, CHH Bn), 4.02 (d,J = 3.2 Hz, 1H, H-3), 3.90 (d, / = 11.9 Hz, 1H, H-6a),
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3.87 (d, J = 11.5 Hz, 1H, H-6b), 3.75 (d, J = 10.0 Hz, 1H, CHHOH), 3.67 (d, J = 10.1 Hz, 1H,
CHHOH), 1.46 (s, 3H, CHs), 1.30 (s, 3H, CHs). 13C NMR (100 MHz, CDCls) § 137.6, 136.5 (Cq Bn),
128.6, 128.6, 128.5, 128.3, 127.9, 127.8, 127.7 (CHar Bn), 112.0 (Cq isopropyl), 104.4 (C-1), 82.2
(C-4), 81.7 (C-2), 80.0 (C-3), 73.6, 72.1 (CH; Bn), 71.2 (CH,0H), 66.0 (C-5), 63.6 (C-6), 26.8, 26.3
(2 x CHs).

5-Deoxy-5-azido-5-C-benzyloxymethyl-3-O-benzyl-D-gluco/B-L-ido-furanoside (17):

16 (1.50 g, 3.29 mmol) was dissolved in a mixture of H,0 (15 mL) and TFA

(15 mL) at 0 °C, the temperature was allowed to rise to r.t. and the mixture
104  was stirred for 18 h. After TLC analysis indicated complete conversion of
the starting material, TFA was removed by repetitive coevaporation with
toluene. The reaction mixture was diluted with water (20 mL), extracted
with EtOAc (90 mL) and washed with brine (2 x). The organic layer was dried (Na;S04), filtered
and concentrated. The crude product was purified by silica gel column chromatography to give
17 (0.93 g, 2.24 mmol, yield 68%). It is a mixture of two inseparable diastereo-isomers at a
ratio of 3:2. NMR data of the major diastereoisomer: 'H NMR (400 MHz, CDCl3) § 7.38 - 7.24 (m,
10H, Har Bn), 5.47 (d, ] = 4.6 Hz, 1H, H-1), 4.49 - 4.30 (m, 4H, 2 x CH; Bn), 4.21 (d, /= 2.8 Hz, 1H,
H-3),4.16 (dd, /= 4.0, 1.7 Hz, 1H, H-2), 3.99 (dd, / = 4.0, 1.6 Hz, 1H, H-4), 3.89 (d,/ = 11.9 Hz, 1H,
H-6a, 3.83 (d, / = 11.8 Hz, 1H, H-6b), 3.70 (d, J = 10.0 Hz, 1H, CHHOH), 3.67 (d, J = 10.2 Hz, 1H,
CHHOH). 13C NMR (100 MHz, CDCl3) 6 137.6, 137.0 (Cq Bn), 128.7, 128.5, 128.2, 127.9, 127.8,
127.8 (CHar Bn), 103.2 (C-1), 84.2 (C-4), 77.2 (C-3), 74.1 (C-2), 72.5, 71.9 (2 x CH2 Bn), 70.4
(CHz0H), 66.4 (C-5), 63.6 (C-6).

“OH

5-C-Hydroxymethyl-1-deoxynojirimycin (6):

OH Pd/C (10%, 0.28 g) was added to a solution of 17 (1.17 g, 2.82 mmol) in
/ H ethanol (50 mL) and pH of the solution was adjusted to 1 with 1M HCI. The
HO™ ™ reaction mixture was exposed to 5 bar of hydrogen and kept shaking for 24
", hours. The reaction mixture was filtered over a pad of Celite and the filtrate

HO OH . e o
was concentrated. The residue was purified by silica gel column

OH
chromatography (0% — 20% methanol in DCM + 1% NH4OH) to gain 6 as

light yellow oil (0.40 g, 2.09 mmo], yield 74%). 'H NMR (400 MHz, MeOD) 6 3.86 (d, /= 12.1 Hz,
1H, H-6*a), 3.81 (d, J = 11.1 Hz, 1H, H-6a), 3.68 (d, / = 12.0 Hz, 1H, H-6*b), 3.67 (d,J = 11.1 Hz,
1H, H-6b), 3.64 (d, ] = 9.6 Hz, 1H, H-4), 3.56 (dd, ] = 9.2, 8.8 Hz, 1H, H-3), 3.58 - 3.51 (m, 1H, H-
2),3.07 (dd, J = 12.6, 4.6 Hz, 1H, H-1a), 2.86 - 2.78 (m, 1H, H-1b). 13C NMR (100 MHz, MeOD) &
74.7 (C-3),71.3 (C-4), 70.1 (C-2), 62.0 (C-5), 61.8 (C-6), 57.3 (C-6*), 43.7 (C-1). [a]?°p =-0.3 (c =
0.54, MeOH). IR/cm™: 3277, 2926, 1612, 1450, 1406, 1259, 1076, 1039, 933. HRMS: found
194.10222 [C7H1sNOs+H]*, calculated for [C7H1sNOs+H]* 194.10230.

Synthesis of 5-C-Hydroxymethyl-1-deoxy-D-galactonojirimycin (7)

3-O-(p-Toluenesulfonyl)-1,2:5,6-di-O-isopropylidene-a-bD-gluco-furanoside (18):
p-Toluenesulfonyl chloride (3.60 g, 1.88 mmol) was added to a solution of
+O 0u..0 diacetone-D-glucose (2.50 g, 8.61 mmol) in pyridine (24 mL) and DCM (24
O\)\Sj mL). The reaction mixture was stirred overnight at a temperature of 60 °C.
e The volatiles were removed, and the residue was dissolved in DCM (30
mL), and the organic layer was washed with sat. aq. NaHCO3, dried
(NazS04), filtered, concentrated and purified by silica gel column chromatography to give 18
(3.50 g, 8.44 mmo], yield 98%). Rr = 0.41 (5:3, PE:EtOAc). 'H NMR (400 MHz, CDCl3) 6 7.84 (d, ]
= 8.3 Hz, 2H, Ha: Ts), 7.34 (d, ] = 8.1 Hz, 2H, Har Ts), 5.92 (d, /= 3.6 Hz, 1H, H-1), 4.83 (d,] = 3.7
Hz, 1H, H-2), 4.80 (d, J = 2.3 Hz, 1H, H-3), 4.07 - 3.96 (m, 3H, H-4, H-5, H-6a), 3.91 (dd, J = 8.2,
3.9 Hz, 1H, H-6b), 2.46 (s, 3H, CH3 Ts), 1.48 (s, 3H, CH3), 1.31 (s, 3H, CH3), 1.20 (s, 3H, CH3), 1.15
(s, 3H, CH3). 13C NMR (100 MHz, CDCl3) 6 145.1,132.7, 130.2, 129.7, 128.4, 128.0 (Car Ts), 112.5
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(Cq isopropyl), 109.1 (Cq isopropyl), 105.1 (C-1), 83.3 (C-2), 82.1 (C-3), 79.9 (C-4), 71.8 (C-5),
67.1 (C-6), 26.6, 26.2,24.9, 21.7 (4 x CH3), 14.2 (CH3 Ts).

1,2:5,6-Di-O-isopropylidene-3-a-D-glucal (19):

Potassium tert-butoxide (6.30 g, 10.1 mmol) was added to a solution of 18

+O o (2.73 g, 6.59 mmol) in dried THF (40 mL) at 0 °C, and the mixture was
O\)\@"'O stirred at 0 °C under argon atmosphere for 5 hours. Water (100 mL) was
"0 added and the reaction mixture was extracted with DCM (2 x 50 mL). The

combined organic layers were washed successively with water and brine,
dried (NaSO4), filtered, concentrated and the residue was purified by silica gel column
chromatography (5:1, PE:EtOAc) to give 19 (1.45 g, 5.99 mmol, yield 91%). Rr = 0.78 (5:1,
PE:EtOAc). 'H NMR (400 MHz, CDCl3) & 6.09 (d, J = 5.2 Hz, 1H, H-1), 5.31 (ddd, J = 5.3, 2.3, 1.5
Hz, 1H, H-2), 5.26 (dd, J = 2.4, 1.2 Hz, 1H, H-3), 4.60 (dd, J = 7.0, 5.6 Hz, 1H, H-5), 4.17 (d,] = 8.4
Hz, 1H, H-6a), 3.99 (d, / = 8.5 Hz, 1H, H-6b), 1.48 (s, 6H, 2 x CH3), 1.45 (s, 3H, CH3), 1.40 (s, 3H,
CH3z). 133C NMR (100 MHz, CDCl3) § 160.0 (C-4), 112.3 (Cq isopropyl), 110.3 (Cq isopropyl), 106.6
(C-1),99.0 (C-3),83.4 (C-2), 71.3 (C-5), 67.0 (C-6), 28.2, 27.9, 26.2, 25.5 (4 x CH3).

1,2:5,6-Di-O-isopropylidene-a-D-galacto-furanoside (20):
To a solution of 19 (0.49 g, 2.02 mmol) in THF (3 mL) was added
\/I_O o BHs-THF complex (1M, 2.5 mL, 2.5 mmol) at 0 °C under argon
O\)\Sj--'o atmosphere. After 4 hours a mixture of aq. NaOH (2M, 0.9 mL) and 30%
O)( H202 (0.4 mL) was added to the reaction mixture. The reaction was
HO stirred at r.t. for 1 hour, and the volatiles were evaporated. The residue
was diluted with water (5 mL), and the water layer extracted with EtOAc (4 x 50 mL). The
combined organic layers were dried (Na,;SO4), filtered and evaporated. The crude product was
crystallized from EtOAc and pentane to give 20 as a crystalline product (0.40 g, 1.53 mmol,
75%). Rr = 0.24 (5:1, PE:EtOAc). 'H NMR (400 MHz, CDCl3) 6 5.88 (d, J = 3.9 Hz, 1H, H-1), 4.55
(dd,J=3.9, 1.4 Hz, 1H, H-2), 4.37 (q, ] = 6.8 Hz, 1H, H-5), 4.13 (dd, J = 4.5, 1.3 Hz, 1H, H-3), 4.08
(dd, J = 8.4, 6.6 Hz, 1H, H-6a), 3.88 (d, /] = 6.8 Hz, 1H, H-4), 3.86 (dd, J = 8.0, 7.0 Hz, 1H, H-6b),
1.55 (s, 3H, CH3), 1.46 (s, 3H, CH3), 1.38 (s, 3H, CH3), 1.36 (s, 3H, CHz). 13C NMR (100 MHz,
CDCI3) 6 113.8,110.0 (2 x Cq isopropyl), 105.1 (C-1), 87.7 (C-2), 86.0 (C-4), 76.3 (C-3), 75.5 (C-

4), 65.8 (C-6), 27.6, 26.9, 26.7, 25.4 (4 x CH3).

3-0-Benzyl-1,2-O-isopropylidene-a-D-galacto-furanoside (22):

HO o To a solution of 20 (4.00 g, 15.4 mmol) in DMF (150 mL) at 0 °C under
HO Sl Kile) argon atmosphere, was added NaH (60% mineral oil, 1.85 g, 46.3 mmol).

\)\>—7 After 30 minutes, BnBr (40 mL, 33.7 mmol) was added. The reaction
mixture was stirred at r.t. overnight. The excess NaH was quenched by the
addition of methanol, and the volatiles were evaporated. The residue was dissolved in DCM,
washed with water and brine, dried (Na;S04), filtered and concentrated. The crude product 21
(Rr= 0.18, 5:3, PE:EtOAc) was dissolved in water (10 mL) and AcOH (60 mL). The reaction
mixture was stirred at r.t. overnight. The volatiles were evaporated, and the residue was
purified by silica gel column chromatography (3:2 — 1:1, PE:EtOAc) to give 22 (4.12 g, 13.2
mmol, 86% yield over the 2 steps). Rr = 0.82 (5:3, PE:EtOAc). 'H NMR (400 MHz, CDCl3) 6 7.40 -
7.30 (m, 5H, Har Bn), 5.92 (d, ] = 4.1 Hz, 1H, H-1), 4.69 (dd, J = 4.1, 1.1 Hz, 1H, H-2), 4.65 (d, ] =
11.8 Hz, 1H, CHHBn), 4.57 (d, ] = 11.8 Hz, 1H, CHHBn), 4.14 (dd, J = 6.7, 3.5 Hz, 1H, H-4), 4.01
(dd,j=3.5,1.1 Hz, 1H, H-3), 3.80 (ddd, / = 6.7, 4.8, 3.8 Hz, 1H, H-5), 3.70 (dd, /= 11.8, 3.8 Hz, 1H,
H-6a), 3.59 (dd, J = 11.7, 4.8 Hz, 1H, H-6b), 1.53 (s, 3H, CH3), 1.35 (s, 3H, CH3). 13C NMR (100
MHz, CDCl3) 6 137.1 (Cq Bn), 128.7, 128.3, 128.0 (CHar Bn), 113.3 (Cq isopropyl), 105.7 (C-1),
85.4 (C-2), 85.4 (C-4), 83.1 (C-3), 72.0 (CHz Bn), 70.9 (C-5), 63.9 (C-6), 27.2, 26.5 (2 x CH3).

BnO 0
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3,6-Di-O-Benzyl-1,2-O-isopropylidene-a-b-galacto-furanoside (23):

HO 23 was synthesized from 22 (3.30 g, 10.6 mmol) in a yield of 82% (3.49

BnO O 0 g, 8.72 mmol), as a thick yellow oil, as described for the synthesis of 12.
5 Rr = 0.80 (9:1, PE:EtOAc). 'H NMR (400 MHz, CDCl3) § 7.42 - 7.30 (m,

BnO © 10H, HarBn), 5.95 (d, J = 4.2 Hz, 1H, H-1), 4.71 (d, J = 3.9 Hz, 1H, H-2),

4.61 (d,] = 11.4 Hz, 1H, CHHBn), 4.57 (s, 2H, CH;Bn), 4.54 (d, J = 11.7 Hz, 1H, CHHBn)), 4.19
(dd,] = 6.5, 3.4 Hz, 1H, H-4), 4.12 (dd, ] = 3.4, 1.1 Hz, 1H, H-3), 3.98 (q, ] = 5.8 Hz, 1H, H-5), 3.59
(dd, J = 9.9, 5.7 Hz, 1H, H-6a), 3.55 (dd, ] = 9.9, 5.3 Hz, 1H, H-6b), 1.57 (s, 3H, CHs), 1.38 (s, 3H,
CHs). 13C NMR (100 MHz, CDCl3) & 137.9, 137.2 (C4 Bn), 128.6, 128.5, 128.4, 128.1, 128.0, 127.8,
127.8, 127.8 (CHar Bn), 113.0 (C, isopropyl), 105.5 (C-1), 85.6 (C-2), 85.2 (C-4), 83.1 (C-3), 73.6
(CH; Bn), 71.9 (CH; Bn), 71.4 (C-6), 69.7 (C-5), 27.1, 26.4 (2 x CHs).

3,6-Di-O-Benzyl-1,2-O-isopropylidene-a-b-arabino-hexofuranoside-5-ulose (24):

0 24 was synthesized from 23 (3.50 g, 8.74 mmol) in a yield 0f 92% (3.20 g,
o 8.04 mmol), as a thick yellow oil, as described for the synthesis of 13. Rr =
)( 0.67 (10:3, PE:EtOAc). 'H NMR (400 MHz, CDCl3) 6 7.39 - 7.27 (m, 10H,
o HarBn), 5.98 (d, / = 3.8 Hz, 1H, H-1), 4.70 (d, ] = 18.4 Hz, 1H, CHH Bn), 4.65
-4.61 (m, 3H, H-2, H-3, CHH Bn), 4.60 - 4.56 (m, 3H, H2-6, CHH Bn), 4.52
(d,J=1.0 Hz, 1H, H-4), 4.37 (d, ] = 18.4 Hz, 1H, CHH Bn), 1.31 (s, 3H, CH3), 1.25 (s, 3H, CHz3). 13C
NMR (100 MHz, CDCl3) & 205.0 (C-5), 137.2 - 127.8 (Car Bn), 112.3 (Cq isopropyl), 106.5 (C-1),

88.6 (C-2), 83.6 (C-4), 83.5 (C-3), 73.4 (CH2Bn), 73.1 (CH2 Bn), 72.0 (C-6), 25.7, 25.6 (2 x CH3).

1,2-O-Isopropyl-3,6-di-O-benzyl-5-C-dichloroemethyl-a-D-galacto/p-L-altro-furanoside
(25):
Cl,HC, OH 25 was synthesized from 24 (3.20 g, 8.03 mmol) in a yield of 74% (2.87
BnO .0 0 g, 5.94 mmol) as a thick yellow oil as described for the synthesis of 14. Rr
\}3—7 )( = 0.52 (9:1, PE:EtOAc). 'H NMR (400 MHz, CDCl3) 6 7.41 - 7.24 (m, 10H,
o HarBn), 5.95 - 5.93 (m, 1H, CHCl;), 5.80 (dd, J = 3.9, 1.6 Hz, 1H, H-1), 4.66
(d,J=11.6, 1H, CHH Bn), 4.63 (dd, J = 3.8, 1.4 Hz, 1H, H-2), 4.60 (d, / = 11.6, 1H, CHH Bn), 4.56
(d,J = 1.7 Hz, 2H, CH2Bn), 4.50 - 4.46 (m, 1H, H-3), 4.44 - 4.38 (m, 1H, H-4), 3.81 (m, 2H, H»-6),
1.51 (s, 3H, CH3), 1.35 (s, 3H, CH3).13C NMR (100 MHz, CDCl3) § 137.5 - 127.8 (Car Bn), 114.1 (Cq
isopropyl), 104.8 (C-1), 85.2 (C-2), 84.8 (C-4), 81.7 (C-3), 76.6 (C-5), 75.7 (CHCI), 73.8 (CH2 Bn),
72.3 (CH2 Bn), 70.1 [C-6), 27.2, 26.7 (2 X CH3). HRMS: found 50511521 [C24H23C1206+Na]+,
calculated for [C24H25Cl;06+Na]* 505.11552.

5-Deoxy-5-azido-5-C-benzyloxymethyl-3-O-benzyl-1,2-O-isopropyl-a-D-galacto/B-L-
altro-furano-1,6-dialdose (26):
26 was synthesized from 25 (2.90 g, 6.00 mmol) in a yield of 93% as a
N CH% thick yellow oil as described for the synthesis of 15. Rr = 0.52 (9:1,
Bnoﬁj PE:EtOAc). 'H NMR (400 MHz, CDCl3) &6 9.70 (s, 1H, CHO), 7.54 - 7.19
){ (m, 10H, HarBn), 5.75 (d, J = 4.0 Hz, 1H, H-1), 4.69 (d, J = 11.3 Hz, 1H,
BnO CHH Bn), 4.64 (dd, J = 4.0, 1.5 Hz, 1H, H-2), 4.54 (d, ] = 11.3 Hz, 1H, CHH
Bn), 4.52 (d, ] = 4.1 Hz, 2H, CH; Bn), 4.14 (dd, / = 6.3, 1.5 Hz, 1H, H-3), 4.11 (d, / = 6.3 Hz, 1H, H-
4),3.96 (d, J = 10.0 Hz, 1H, H-6a), 3.60 (d, J = 10.0 Hz, 1H, H-6b), 1.61 (s, 3H, CH3), 1.40 (s, 3H,
CH3).13C NMR (100 MHz, CDCl3) § 196.8 (CHO), 136.9, 136.7 (Cq Bn), 128.5, 128.2, 128.1, 128.0,
127.7 (CHar Bn), 115.1 (Cq isopropyl), 104.6 (C-1), 85.4 (C-2), 82.0 (C-3), 81.9 (C-4), 73.8 (CH:
Bn), 72.4 (CH; Bn), 70.8 (C-5), 70.5 (C-6), 27.5, 27.1 (2 x CHs3). HRMS: found 476.17913
[C24H27N306+Na]*, calculated for [C24H27N306+Na]*476.19721.
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5-Deoxy-5-azido-5-C-benzyloxymethyl-3-O-benzyl-1,2-O-isopropyl-a-D-galacto/B-L-
altro-furanoside (27):

27 was synthesized from 26 (2.50 g, 5.51 mmol) in a yield of 82% (2.06
g, 4.52 mmol), as thick yellow oil, as described for the synthesis of 16. Rr
= 0.22 (9:1, PE:EtOAc). 'H NMR (400 MHz, CDCl3) 6 7.47 - 7.18 (m, 10H,
Har Bn), 5.76 (d, J = 4.0 Hz, 1H, H-1), 4.67 (d, ] = 11.3 Hz, 1H, CHH Bn),
4.62 (dd, J = 4.1, 1.5 Hz, 1H, H-2), 4.50 (d, / = 12.0, 1H, CHH Bn), 4.49 (s,
2H, CH,0H), 4.22 (dd, ] = 6.4, 1.5 Hz, 1H, H-3), 3.99 (d, / = 12.0 Hz, 1H, H-6a), 3.95 (d, / = 6.4 Hz,
1H, H-4), 3.93 (d, / = 11.9 Hz, 1H, H-6b), 4.04 - 3.86 (m, 3H, H-4, Hz-6), 3.61 (d, J = 9.9 Hz, 1H,
CHH Bn), 3.52 (d, J = 10.0 Hz, 1H, CHH Bn), 1.60 (s, 3H, CH3), 1.39 (s, 3H, CH3).13C NMR (100
MHz, CDCl3) § 137.7 - 127.9 (Car Bn), 115.2 (Cq isopropyl), 104.7 (C-1), 86.1 (C-2), 83.4 (C-4),
82.4 (C-3), 74.0 (CH,0H), 72.7 (CHzBn), 71.4 (CH2Bn), 66.1 (C-5), 63.9 (C-6), 27.8, 27.4 (2 x
CHs). HRMS: found 478.19451 [C24H29N306+Na]*, calculated for [C24H29N306+Na]*478.19486.

5-Deoxy-5-azido-5-C-benzyloxymethyl-3-O-benzyl-a-p-galacto/f-L-altro-furanoside (28):
HO 28 was synthesized from 27 (2.08 g, 4.57 mmol) in a yield of 63% (1.31 g,
2.88 mmol), as a thick yellow oil, as described for the synthesis of 17. 28
.w0H Wwas obtained as an inseparable mixture of diastereo isomers (ratio 1:0.9).
5 NMR data of the major diastereoisomer: 1H NMR (400 MHz, CDCl3 ) & 5.20
BnO  ©OH (d,J=3.9 Hz, 1H, H-1), 4.61 (d, / = 11.8 Hz, 1H, CHH Bn), 4.45 (d,J = 11.8
Hz, 1H, CHH Bn), 4.43 (s, 2H, CH,0H), 4.07 (d, J = 3.8 Hz, 1H, H-3), 4.03 (t, / = 4.0 Hz, 1H, H-2),
3.93 (dd,J = 11.8, 4.7 Hz, 1H, H-6a), 3.89 (d, J = 5.3 Hz, 1H, H-4), 3.85 (d, / = 11.8 Hz, 1H, H-6b),
3.59 (d,/=10.1 Hz, 1H, CHH Bn), 3.42 (d, / = 10.0 Hz, 1H, CHH Bn). 13C NMR (100 MHz, CDCl3) §
137.6,137.4 (Cq Bn), 128.7, 128.7, 128.4, 128.4, 128.2, 128.2, 127.8, 127.8 (CHar Bn), 97.1 (C-1),
84.0 (C-3), 81.3 (C-4), 76.0 (C-2), 73.9 (CH.0H), 72.1 (CH2 Bn), 71.1 (CH; Bn), 66.5 (C-5), 62.4
(C-6). HRMS: found 438.16347 [M+Na]*, calculated for [+Na]*438.19486.

BnO

5-C-Hydroxymethyl-1-deoxy-D-galactonojirimycin (7):

OH 7 was synthesized from 28 (1.00 g, 2.42 mmol) in a yield 0of 91% (0.42 g, 2.20

) H mmol), as thick yellow oil, as described for the synthesis of 6. Rr = 0.26 (1%
HO™ 7 NH4OH in MeOH). 'H NMR (400 MHz, MeOD) 6 3.99 (d, J = 3.3 Hz, 1H, H-4),
HO “on 3.87 (d,J = 11.3 Hz, 1H, H-6a), 3.83 (td, ] = 7.8, 4.3 Hz, 1H, H-2), 3.75 (d, ] =
OH 11.4 Hz, 1H, H-6*a), 3.71 (dd, J = 7.6, 3.3 Hz, 1H, H-3), 3.68 (d,J = 11.2 Hz, 1H,

H-6b), 3.63 (d, /= 11.3 Hz, 1H, H-6*b), 3.13 (dd, / = 13.2, 4.3 Hz, 1H, H-1a), 2.71
(dd, J = 13.2, 7.9 Hz, 1H, H-1b). 13C NMR (100 MHz, MeOD) & 72.0 (C-3), 68.4 (C-4), 68.3 (C-2),
61.9 (C-6), 60.9 (C-5), 59.7 (C-6%), 43.6 (C-1). [a]?°p = +0.8 (c = 0.57, MeOH). IR/cm: 3275,
2922, 2497, 1608, 1049, 1338, 1247, 1114, 1056, 1024. HRMS: found [C;HisNOs+H]*
194.10221, calculated for [C7H1sNOs+H]* 194.10230.

Synthesis of 5-C-hydroxymethyl-1-deoxy-b-mannonojirimycin (8)

2,3:5,6-Di-O-isopropyl-a-D-manno-furanoside (29):
}L To a solution of D-mannose (36.0 g, 180 mmol) in dry acetone (1000 mL) at
g O r.t. was added tetrabutylammonium tribromide (TBATB, 1.97 g, 4.08 mmol).6
o The reaction was monitored by TLC analysis. After complete conversion of the
\/'IX 'OH  starting material, acetone was removed on a rotary evaporator. Title
o compound 29 was isolated by crystallization (3:1, pentane:EtOAc, 30.2 g, 116
)(O mmol, yield 64%). Rr = 0.40 (10:3, PE:EtOAc). 'H NMR (400 MHz, CDCl3) &
5.36 (d,J = 2.7 Hz, 1H, H-1), 4.80 (dd, J = 5.9, 3.7 Hz, 1H, H-3),4.60 (d,/ = 5.9
Hz, 1H, H-2), 4.40 (q, J = 4.0 Hz, 1H, H-5), 4.16 (dd, ] = 7.2, 3.6 Hz, 1H, H-4), 4.07 (d, /] = 5.9 Hz,
2H, H-6a, H-6b), 1.46 (s, 3H, CH3), 1.45 (s, 3H, CHz3), 1.38 (s, 3H, CH3), 1.33 (s, 3H, CHs). 13C NMR
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(100 MHz, CDCl3) & 112.3, 108.9 (2 x Cq isopropyl), 100.8 (C-1), 85.3 (C-2), 79.7 (C-4), 79.4 (C-
3), 73.1 (C-5), 66.2 (C-6), 26.5, 25.6, 24.9, 24.2 (4 x CH3).

Benzyl-2,3:5,6-di-O-isopropyl-a-D-manno-furanoside (30):

To a solution of 29 (1.28 g, 4.92 mmol) in THF (10 mL) was successively
%o added freshly powdered potassium hydroxide (0.48 g, 8.56 mmol), 18-
0 o crown-6 (0.055 g, 0.21 mmol) and benzyl bromide (0.67 mL, 0.96 g, 5.64
\/'j:XOBn mmol). The mixture was stirred at r.t. and the reaction was monitored by
g TLC analysis. After complete conversion of the starting material, the mixture
)(0 was diluted with DCM and washed with water (3 x). The organic layer was
dried (NazS04), filtered and concentrated, and the residue was purified by
silica gel column chromatography (9:1, PE:EtOAc) to gain 30 (1.29 g, 3.68 mmol, yield 75%), Rr
= 0.70 (6:1, PE:EtOAc). 'H NMR (400 MHz, CDCls) 6 7.43 - 7.27 (m, 5H, Ha-Bn), 5.08 (s, 1H, H-
1), 4.80 (dd, J = 5.9, 3.6 Hz, 1H, H-3), 4.67 (d, J = 5.9 Hz, 1H, H-2), 4.64 (d, / = 11.6 Hz, 1H, CHH
Bn), 4.49 (d, ] = 11.8 Hz, 1H, CHHBn), 4.11 (ddd, J = 7.9, 6.3, 4.3 Hz, 1H, H-5), 4.14 (dd, ] = 8.7,
6.3 Hz, 1H, H-6a), 4.02 (dd, J = 8.8, 4.4 Hz, 1H, H-6b), 4.00 (dd, J = 8.0, 3.6 Hz, 1H, H-4), 1.46 (s,
3H, CHz), 1.46 (s, 3H, CH3), 1.39 (s, 3H, CHas), 1.32 (s, 3H, CH3). 13C NMR (100 MHz, CDCl3) &
137.4 (Cq Bn), 128.6 - 127.9 (CHar Bn), 112.7, 109.4 (2 x Cq isopropyl), 105.7 (C-1), 85.2 (C-2),

80.5 (C-4), 79.7 (C-3), 73.2 (C-5), 69.3 (CH2 Bn), 67.1 (C-6), 27.1, 26.0, 25.3, 24.6 (4 x CH3).

Benzyl-2,3-O-isopropyl-a-D-manno-furanoside (31):

OH 31 was synthesized from 30 (15.00 g, 42.84 mmol) in a yield of 81% (10.8

HO o g, 34.8 mmol) as described for the synthesis of 11. Rr = 0.19 (5:3,
+OBn PE:EtOAc). 'H NMR (400 MHz, CDCl3) 6 7.37 - 7.26 (m, 5H, Ha,Bn), 5.10 (s,

o_ & 1H, H-1), 4.85 (dd,J = 5.9, 3.6 Hz, 1H, H-3), 4.65 (d, ] = 6.0 Hz, 1H, H-2), 4.62

(d,] = 11.9 Hz, 1H, CHH Bn), 4.48 (d, ] = 11.8 Hz, 1H, CHH Bn), 4.05 - 3.98

(m, 1H, H-5), 3.95 (dd, ] = 8.3, 3.6 Hz, 1H, H-4), 3.82 (dd, J = 11.5, 3.2 Hz, 1H,
H-6a), 3.65 (dd, ] = 11.5, 5.9 Hz, 1H, H-6b), 3.28 (s, 1H, OH), 2.96 (s, 1H, OH), 1.46 (s, 3H, CHs),
1.32 (s, 3H, CHs). 13C NMR (100 MHz, CDCls) § 137.2 (Cq Bn), 128.4, 128.0, 127.8 (CHar Bn),
112.6 (Cq isopropyl), 105.3 (C-1), 84.7 (C-2), 80.0 (C-3), 79.2 (C-4), 70.1 (C-5), 69.1 (CH; Bn),
64.3 (C-6), 28.8, 24.5 (2 x CHa).

Benzyl-2,3-O-isopropyl-6-O-benzyl-a-D-manno-furanoside (32):
OH 32 was synthesized from 31 (10.7 g, 34.4 mmol) in a yield of 76% (10.5 g,
BnO o 26.2 mmol) as thick yellow oil, as described for the synthesis of 12. Rr =
«0Bn  0.64 (5:3, PE:EtOAc). 'H NMR (400 MHz, CDCl3) 6 7.39 - 7.27 (m, 10H, 2 x
d Har Bn), 5.09 (s, 1H, H-1), 4.87 (dd, /] = 5.9, 3.7 Hz, 1H, H-3), 4.65 (d,/ = 5.9
XO Hz, 1H, H-2), 4.64 (d, ] = 11.9 Hz, 1H, CHH Bn), 4.62 (d, J = 11.7 Hz, 1H,
CHH Bn), 4.58 (d, J= 11.9 Hz 1H, CHH Bn), 4.44 (d, J= 11.7 Hz 1H, CHH Bn),
4.15 (ddd, J = 8.4, 5.8, 3.3 Hz, 1H, H-5), 4.03 (dd, J = 8.3, 3.6 Hz, 1H, H-4), 3.73 (dd, ] = 9.8, 3.3 Hz,
1H, H-6a), 3.63 (dd, J = 9.8, 5.7 Hz, 1H, H-6b), 1.47 (s, 3H, CH3), 1.33 (s, 3H, CH3). 13C NMR (100
MHz, CDCl3) § 138.1, 137.4 (2 x Cq Bn), 128.6 - 127.8 (CHar Bn), 112.7 (Cq isopropyl), 105.4 (C-
1), 85.0 (C-2), 80.2 (C-3), 79.1 (C-4), 73.6 (CHz Bn), 71.9 (C-6), 69.1 (CH: Bn), 69.0(C-5), 26.1,

24.7(2 x CH3).

Benzyl-2,3-O-isopropyl-6-O-benzyl-a-D-lyxo-hexofuranoside-5-ulose (33):
o] 33 (4.21 g, 10.5 mmol) was synthesized from 32 in a yield of 88% (3.66 g,
BnO o) 9.18 mmol), as described for the synthesis of 13. Rr = 0.63 (3:1,
0B PE:EtOAc). 'H NMR (400 MHz, CDCl3) 6 7.32 - 7.17 (m, 10H, Har Bn ), 5.23
o_ (s, 1H, H-1), 5.11 (dd, J = 5.8, 4.2 Hz, 1H, H-3), 4.73 (d, ] = 4.2 Hz, 1H, H-4),
X 4.67 (d, ] = 11.6 Hz, CHH Bn), 4.65 (d, ] = 11.6 Hz, CHH Bn), 4.64 (d, /= 5.8
Hz, 1H, H-2), 4.61 (d, J = 11.6 Hz, CHH Bn), 4.49 (d, J = 11.6 Hz, CHH Bn),
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4.35 (s, 2H, H,-6), 1.35 (s, 3H, CH3), 1.26 (s, 3H, CHs). 13C NMR (100 MHz, CDCls) § 203.0 (C=0),
137.2,136.8 (2 x Cq Bn), 128.6 - 128.0 (CHar Bn), 113.0 (C, isopropyl), 105.4 (C-1), 84.3 (C-2),
84.2 (C-4), 80.7 (C-3), 74.1, 73.4 (2 x CH; Bn), 69.3 (C-6), 25.7, 24.5 (2 x CHs).

Benzyl-2,3-O-isopropyl-6-O-benzyl-5-C-dichloromethyl-B-L-gulo-furanoside (34):
ClLHC, OH 34 was synthesized from 33 in a yield of 66% (3.90 g, 8.34 mmol) as
BnO._>X__0 described for the synthesis of 14. Ry = 0.53 (9:1, PE:EtOAc). 'H NMR (400
\)\Lg-"OBn MHz, CDCl3) § 7.43 - 7.15 (m, 10H, Har Bn), 6.19 (s, 1H, CHClz), 5.17 (s, 1H,
d H-1), 5.05 (dd, J = 5.9, 3.4 Hz, 1H, H-3), 4.87 (s, 1H, -OH), 4.71 - 4.57 (m,
)<° 4H, H-4, 3 x CHH Bn), 4.39 (d, J = 11.4 Hz, 1H, CHH Bn), 4.28 (d, ] = 3.4 Hz,
1H, H-2), 3.76 (d, ] = 9.8 Hz, 1H, H-6a), 3.61 (d, J = 9.8 Hz, 1H, H-6b), 1.51
(s, 3H, CH3), 1.34 (s, 3H, CHs). 13C NMR (100 MHz, CDCl3) 8 138.0 - 127.8 (Car Bn), 113.3 (C4
isopropyl), 105.0 (C-1), 85.0 (C-4), 81.7 (C-3), 77.9 (C-2), 73.9 (CHz Bn), 73.3 (CHCl,), 70.8 (C-5),

69.1 (C-6), 25.8, 24.2 (2 x CH3).

Benzyl-5-deoxy-5-azido-5-C-benzyloxymethyl-2,3-O-isopropylidene-a-D-manno-
furano-1,6-dialdose (35):
N5 cho 35 was synthesized from 34 (2.82 g, 5.84 mmol) in a yield of 87% (2.30
Bo. N o g, 5.07 mmol), as described for the synthesis of 15. Rr = 0.52 (9:1,
+0oBn PE:EtOAc).H NMR (400 MHz, CDCl3) 6 9.74 (s, 1H, CHO), 7.39 - 7.28 (m,
10H, Har Bn), 5.18 (s, 1H, H-1), 4.84 (dd, J = 5.9, 3.4 Hz, 1H, H-3), 4.70 -
O o 4.60 (m, 4H, H-4, 3 x CHH Bn), 4.51 (d, /= 11.7 Hz, 1H, CHH Bn), 4.29 (d,]
= 3.4 Hz, 1H, H-2), 3.90 (d, / = 10.2 Hz, 1H, H-6a), 3.82 (d,/ = 10.2 Hz, 1H,
H-6b), 1.45 (s, 3H, CH3), 1.32 (s, 3H, CHs). 13C NMR (100 MHz, CDCl3) § 195.8 (CHO), 137.2 (Cq
Bn), 128.6 - 127.7 (CHar Bn), 113.3 (Cq isopropyl), 105.6 (C-1), 84.6 (C-4), 80.4 (C-2), 79.2 (C-3),
73.9 (CH2 Bn), 70.5 (CqCN3), 69.9 (C-6), 69.5 (CHz Bn), 25.3, 24.2 (2 x CH3).

Benzyl-5-deoxy-5-azido-5-C-benzyloxymethyl-2,3-O-isopropyl-a-D-manno/B-L-gulo-
furanoside (36):
36 was synthesized from 35 (0.37 g, 0.82 mmol) in a yield of 80% (0.30

N3 " g, 0.65 mmol) as two inseparable diastereomers as described for the
BnO o synthesis of 16. Rr = 0.22 (9:1, PE:EtOAc). 'H NMR (400 MHz, CDCl3) 6
+OBn 740 - 7.27 (m, 10H, CHar Bn), 5.09 (s, 1H, H-1), 4.77 (dd, J = 5.8, 3.3 Hz,

3 1H, H-3), 4.64 (d, ] = 11.9 Hz, 1H, CHH Bn), 4.63 (d, / = 5.8 Hz, H-4), 4.62

XO (d,] = 11.6 Hz, 1H, CHH Bn), 4.55 (d, ] = 11.9 Hz, 1H, CHH Bn), 4.45 (d, ] =

11.7 Hz, 1H, CHH Bn), 4.23 (d, ] = 3.2 Hz, 1H, H-2), 3.91 (d, ] = 2.1 Hz, 2H,
CH,OH), 3.87 (d, ] = 10.1 Hz, 1H, H-6a), 3.78 (d, J = 10.1 Hz, 1H, H-6b), 1.45 (s, 3H, CHs), 1.29 (s,
3H, CH3). 13C NMR (100 MHz, CDCls) § 137.5, 137.4 (Cq Bn), 128.5 - 127.7 (CHar Bn), 112.9 (C,
isopropyl), 104.8 (C-1), 85.1(C-4), 79.8 (C-2), 79. 5 (C-3), 73.8 (CHz Bn), 70.9 (C-6), 69.3 (CH,
Bn), 66.6 (Cq N3), 63.7 (CH,0H), 25.7, 24.3 (2 x CHs).

Benzyl-5-deoxy-5-azido-5-C-benzyloxymethyl-a-D-manno/B-L-gulo-furanoside (37):
HO 36 (0.19 g, 0.43 mmol) was dissolved in a mixture of H,0 (0.6 mL) and
Ns TFA (1.8 mL) at 0 °C, the temperature was allowed to rise to r.t. and the
BnO o mixture was stirred for 18 h. After TLC analysis indicated complete
10BN conversion of the starting material, the reaction mixture was diluted
with water (5 mL), extracted with EtOAc (20 mL) and washed with brine
(2 x). The organic layer was dried (NazSO4), filtered and concentrated.
The crude product was purified by silica gel column chromatography to give 37 (0.08 g, 0.19
mmol, yield 45%). Rr = 0.16 (5:3, PE:EtOAc). 'H NMR (400 MHz, CDCl3) 6 7.43 - 7.27 (m, 10H,
CHar Bn), 5.09 (d, J = 2.2 Hz, 1H, H-1), 4.66 (d, ] = 11.6 Hz, 1H, CHH Bn), 4.60 (d, / = 11.7 Hz, 1H,
CHH Bn), 4.57 (d, ] = 11.7 Hz, 1H, CHH Bn), 4.55 (d, ] = 11.9 Hz, 1H, CHH Bn), 4.33 (ddd, / = 5.1,

HO  oH
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4.1,1.0 Hz, 1H, H-3), 4.14 (dd, ] = 2.3, 5.3 Hz, 1H, H-2), 4.13 (dd, ] = 4.0, 0.8 Hz, 1H, H-4), 3.94 (d,
J = 11.6 Hz, 1H, H-6a), 3.84 (dd, J = 11.7, 0.8 Hz, 1H, H-6b), 3.75 (s, 2H, CH,0H). 13C NMR (100
MHz, CDCl5) § 137.6, 136.8 (C4 Bn), 128.7 - 127.8 (CHar Bn), 107.2 (C-1), 79.7 (C-4), 77.1 (C-2),
74.0 (CH Bn), 71.6 (C-3), 70.4 (CH; Bn), 70.2 (CH,OH), 66.8 (C-5), 63.8 (C-6).

5-C-Hydroxymethyl-1-deoxy-D-mannonojirimycin (8):
8 was synthesized from 37 (0.83 g, 2.0 mmol) in a yield of 82% (0.32 g, 1.64
H mmol) as described for the synthesis of 6. 1H NMR (400 MHz, MeOD) 6 4.17
Ho SN (ddd,J = 1.5, 3.0, 3.7 Hz, 1H, H-2), 4.10 (d, / = 9.2 Hz, 1H, H-4), 3.95 (d,] = 11.6
n Hz, 1H, H-6a), 3.94 (d, ] = 12.6 Hz, 1H, H-6a"), 3.86 (dd, / = 9.2, 3.0 Hz, 1H, H-3),
o OH 3,77 (d,] = 11.6 Hz, 1H, H-6b), 3.71 (d, ] = 12.5 Hz, 1H, H-6Db"), 3.40 (dd, ] = 1.5,
OH 13.2 Hz, 1H, H-1a), 3.28 (dd, / = 3.7, 13.1 Hz, 1H, H-1b). 13C NMR (100 MHz,
MeOD) & 71.9 (C-3), 68.5 (C-4), 67.8 (C-2), 67.0 (C-5), 61.6 (C-6), 58.5 (C-6"), 45.7 (C-1). IR/cm-L:
3307, 1636, 1451, 1229, 1073. HRMS: found 194.10223 [C;Hi5NOs+H]*, calculated for
[C7H1sNOs+H]* 194.10230.

Synthesis of 5-C-hydroxymethyl-1-deoxy-D-allonojirimycin (9)

1,2:5,6-Di-O-isopropylidene-a-D-allo-furanoside-3-ulose (38):
To a mixture of diacetone-D-glucose (15.0 g, 57.7 mmol) in anhydrous
+O 0 DCM (350 mL) and activated 4A molecular sieves at 0 °C, was added
O\)\gj"'o pyridinium chlorochromate (PCC, 24.3 g, 112 mmol). The reaction
S "’O>< mixture was stirred at r.t. overnight under argon atmosphere. The dark
brown mixture was then filtered through a pad of silica gel, and the silica
gel pad was rinsed with EtOAc (2 x 200 mL). The filtrate was concentrated and the residue was
purified by silica gel column chromatography (5:1 = 2:1, PE:EtOAc) to gain 38 (12.1 g, 47.0
mmol, yield 81%), Rr = 0.2 (19:1, PE:EtOAc). 'H NMR (400 MHz, CDCl3) 6 6.16 (d, J = 4.5 Hz, 1H,
H-1),4.41 (d, ] = 4.6 Hz, 1H, H-2), 4.38 (d,] = 0.7 Hz, 1H, H-4), 4.37 (td, / = 2.5, 0.6 Hz, 1H, H-5),
4.06 (d,J = 0.7 Hz, 1H, H-6a), 4.05 - 4.03 (m, 1H, H-6b), 1.48 (s, 3H, CHa3), 1.45 (s, 3H, CH3), 1.36
(s, 6H, CH3z). 3C NMR (100 MHz, CDCl3) 6 208.9 (C=0), 114.3 (Cq isopropyl), 110.4 (Cq
isopropyl), 103.1 (C-1), 78.9 (C-4), 77.2 (C-2), 76.4 (C-5), 64.3 (C-6), 27.6, 27.2, 26.0, 25.3 (4 X

CHa).

1,2:5,6-Di-O-isopropylidene-a-pD-allo-furanoside (39):
+ 38 (12.1 g, 47.0 mmol) was dissolved in a mixture of water and ethanol
] 0 (72 mL, 4:5). In small portions NaBH4 (8.70 g, 230 mmol) was added.
\)\Q ‘0 After stirred for 7 hours, the reaction mixture was extracted with DCM (3
x). The combined organic layers were washed with water and brine, dried
(NazS0.), filtered, concentrated and the residue was purified by silica gel
column chromatography (5:1 — 3:2, PE:EtOAc), to give 39 (11.2 g, 43.1 mmo], yield 92%). Rr =
0.4 (1:1, PE:EtOAc). 'H NMR (400 MHz, CDCl3) 6 5.82 (d,/ = 3.8 Hz, 1H, H-1), 4.62 (dd, /= 5.2, 3.8
Hz, 1H, H-2), 4.31 (td, J = 6.6, 4.7 Hz, 1H, H-5), 4.09 (dd, J = 8.5, 6.6 Hz, 1H, H-6a), 4.02 (dd, J =
8.5, 6.6 Hz, 1H, H-6b), 3.82 (dd, J = 8.5, 4.7 Hz, 1H, H-4), 2.55 (br s, 1H, -OH), 1.58 (s, 3H, CH3),
1.47 (s, 3H, CH3), 1.38 (d, / = 5.2 Hz, 6H, 2 x CH3). 13C NMR (100 MHz, CDCl3) § 113.0 (Cq
isopropyl), 110.0 (Cq isopropyl), 104.1 (C-1), 79.9 (C-4), 79.1 (C-2), 75.7 (C-5), 72.7 (C-3), 66.0
(C-6),26.7,26.7,26.5, 25.4 (4 x CH3).

(@)

HO

3-0-Benzyl-1,2:5,6-di-O-isopropylidene-a-D-allo-furanoside (40):
{ NaH (60% on mineral oil, 0.042 g, 1.05 mmol) was added to a solution of

3 o 39 (0.14 g, 0.54 mmol) in DMF (2 mL) at 0 °C under argon atmosphere.
\)\Q ‘0 The mixture was stirred for 1 hour, subsequently, BnBr (0.1 mL, 0.84

mmol) was added. The suspension was stirred overnight at r.t. The
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reaction was quenched by the addition of methanol (3 mL), and volatiles were evaporated. The
residue was dissolved with EtOAc (10 mL), washed with brine (3 X), dried (NazS04), filtered,
concentrated and purified by silica gel column chromatography to give 40 (0.17 g, 0.48 mmo],
yield 90%). Ry = 0.8 (1:1, PE:EtOAc). 'H NMR (400 MHz, CDCl3) § 5.76 (d, J = 3.7 Hz, 1H, H-1),
4.78 (d,J = 11.7 Hz, 1H, CHH Bn), 4.60 (d, J = 11.7 Hz, 1H, CHH Bn), 4.59 (t, ] = 4.2 Hz, 1H, H-2),
4.37 (td, ] = 7.0, 3.2 Hz, 1H, H-5), 4.15 (dd, ] = 8.7, 3.2 Hz, 1H, H-4), 4.02 (dd, J = 8.3, 6.9 Hz, 1H,
H-6a), 3.97 (dd, ] = 8.3, 7.1 Hz, 1H, H-6b), 3.90 (d, / = 4.5 Hz, 1H, H-3), 1.60 (s, 3H, CH3), 1.40 (s,
3H, CH3), 1.38 (s, 3H, CH3), 1.37 (s, 4H, CHaz). 13C NMR (100 MHz, CDCl3) 6 137.5 (Cq Bn), 128.4,
128.2, 128.0 (CHar Bn), 112.9 (Cq isopropyl), 109.6 (Cq isopropyl), 103.9 (H-1), 78.0 (C-4), 77.8
(C-2),77.5 (C-3), 74.8 (C-5), 72.2 (CH2 Bn), 65.0 (C-6), 26.8, 26.6, 26.2, 25.1 (4 x CH3).

3-0-Benzyl-1,2-di-O-isopropylidene-a-D-allo-furanoside (41):

HO 41 was synthesized from 40 (9.0 g, 25.68 mmol) in a yield of 46% (3.67
oL, g, 11.8 mmol), as described for the synthesis of 11. Rr = 0.15 (1:1,
HO\)\Q ? PE:EtOAc). 'H NMR (400 MHz, CDCl3) § 7.44 - 7.31 (m, 5H, Har Bn), 5.79
BnO "OX (d,J =3.7 Hz, 1H, H-1), 4.81 (d, J = 11.3 Hz, 1H, CHH Bn), 4.63 (t, /] = 4.1

Hz, 1H, H-2), 4.58 (d, J = 11.3 Hz, 1H, CHH Bn), 4.13 (dd, ] = 8.9, 3.4 Hz,
1H, H-4), 4.07 - 4.00 (m, 1H, H-5), 3.96 (dd, ] = 8.9, 4.4 Hz, 1H, H-3), 3.77 - 3.64 (m, 2H, H-6),
1.62 (s, 3H, CHs), 1.39 (s, 3H, CHs). 13C NMR (100 MHz, CDCls) § 136.7 (CBn), 128.6, 128.4,
128.3 (CHar Bn), 113.2 (C, isopropyl), 104.2 (C-1), 79.1 (C-4), 77.4 (C-2), 76.8 (C-3), 72.2 (CHz
Bn), 70.1 (C-5), 63.1 (C-6), 26.8, 26.6 (2 x CH3).

3,6-Di-O-Benzyl-1,2-di-O-isopropylidene-a-D-allo-furanose (42):
HO 42 was synthesized from 41 (0.45 g, 1.45 mmol) in a yield of 76% (0.44
¢} g, 1.10 mmol), as thick yellow oil, as described for the synthesis of 12. Rr
B”O\)\Q"'O = 0.27 (10:3, PE:EtOAc). 'H NMR (400 MHz, CDCl3) § 7.45 - 7.30 (m,
"'OX 10H, HarBn), 5.75 (d, J = 3.7 Hz, 1H, H-1), 4.74 (d, ] = 11.6 Hz, 1H, CHH
Bn), 4.57 - 4.54 (m, 3H, 2 x CHH Bn, H-2), 4.56 (d, / = 11.7 Hz, 1H, CHH
Bn), 4.15 (m, 1H, H-5), 4.14 - 4.09 (m, 1H, H-4), 3.98 (dd, / = 8.7, 4.4 Hz, 1H, H-3), 3.60 - 3.55 (m,
2H, H2-6), 1.61 (s, 3H, CH3), 1.37 (s, 3H, CH3). 13C NMR (100 MHz, CDCl3) 6 138.0, 137.5 (Cq Bn),
128.5 - 127.6 (CHar Bn), 113.0 (Cq isopropyl), 104.2 (C-1), 78.5 (C-4), 77.7 (C-2), 77.1(C-3),

73.4,72.1 (CHz Bn), 70.7 (C-6), 70.1 (C-5), 26.9, 26.7 (2 x CHs).

BnO

1,2-O-Isopropyl-3,6-di-O-benzyl-a-D-ribo-hexofurano-5-ulose (43):
43 was synthesized from 42 (14.0 g, 35.0 mmol) in a yield of 64% (8.91
¢} g, 22.4 mmol), as described for the synthesis of 13. Rr = 0.4 (10:3,
B”OJX\Q"'O PE:EtOAc). 'H NMR (400 MHz, CDCls) & 7.47 - 7.21 (m, 10H, Ha, Bn),
8o O 5.77 (d,J = 3.5 Hz, 1H, H-1), 4.72 (d, ] = 12.0 Hz, 1H, CHH Bn), 4.63 - 4.55
(m, 4H, 2 x CHH Bn, H-6, H-4), 4.54 - 4.52 (m, 1H, H-2), 431 (d, / = 5.0
Hz, 2H, CH2 Bn), 3.82 (dd, J = 9.0, 4.3 Hz, 1H, H-3), 1.58 (s, 3H, CH3), 1.35 (s, 3H, CHz). 13C NMR
(100 MHz, CDCl3) & 203.8 (C=0), 137.1, 136.9 (C4Bn), 128.6 - 128.0 (CHa:Bn), 113.7 (C,), 104.6
(C-1), 80.4 (C-4), 79.3 (C-3), 77.7 (C-2), 73.3 (CH2Bn), 72.8 (C-6), 72.4 (CH>Bn), 26.9, 26.6 (2 x

CHs).

1,2-O-Isopropyl-3,6-di-O-benzyl-5-C-dichloroemethyl-a-D-allo/B-L-talo-furanoside (44):
CLHG. OH 44 was synthesized from 43 (10.0 g, 25.1 mmol) in a yield of 99% (12.0
2%@_, , 24.8 mmol) as two inseparable isomers (ratio 1:1) as described for

BnO o 8 p

\__/ the synthesis of 14. Rr = 0.63 (5:1, PE:EtOAc). 1H NMR (400 MHz, CDCl3)
BnO © §7.46 - 7.31 (m, 10H, Ha-Bn), 6.12 (s, 1H, CHCl), 5.78 (d,J = 3.6 Hz, 1H,
H-1), 4.70 (d, J = 11.5 Hz, 1H, CHH Bn), 4.58 - 4.52 (m, 3H, H-6, H-2),
4.49 (d,J = 11.6 Hz, 1H, CHH Bn), 4.41 (d, ] = 8.3 Hz, 1H, H-4), 4.12 (dd, J = 8.3, 4.4 Hz, 1H, H-3),
3.90 (d,/ = 10.2 Hz, 1H, CHH Bn), 3.74 (d,J = 10.2 Hz, 1H, CHH Bn), 1.60 (s, 3H, CH3), 1.38 (s, 3H,

126



CHAPTER 6

CH3). 13C NMR (100 MHz, CDCls) & 137.3, 137.3 (C4 Bn), 128.5, 128.4, 128.4, 128.2, 128.1, 128.1,
128.0, 127.9, 127.8, 127.8 (CHar Bn), 113.5 (Cq isopropyl), 104.1 (C-1), 78.9 (C-4), 77.9 (C-2),
77.8 (C-3), 76.1 (C-5), 75.8 (CHCl,), 73.8 (C-6), 72.1 (CH; Bn), 67.1 (CHz Bn), 27.1, 26.9 (2 x
CHs).

5-Deoxy-5-azido-5-C-benzyloxymethyl-3-O-benzyl-1,2-O-isopropyl-a-D-allo/B-L-talo-
furano-1,6-dialdose (45):
45 was synthesized from 44 (12.0 g, 24.8 mmol) in a yield of 71% (7.99

N3 CHOo g, 17.6 mmol), as described for the synthesis of 15. Rr = 0.25 (10:1,
B”O%Q"'o PE:EtOAc). 45 is an inseparable mixture of diastereomers (ratio = 5:3).
NMR data of the major diastereomer: *H NMR (400 MHz, CDCl3) § 9.52
(s, 1H, CHO), 7.50 - 7.20 (m, 10H, Har Bn), 5.73 (d, J = 3.5 Hz, 1H, H-1),
4.64 - 4.42 (m, 5H, 2 x CHH Bn, H2-6, H-2), 4.35 (d, / = 8.7 Hz, 1H, H-4), 4.12 (d, / = 10.0 Hz, 1H,
CHH Bn), 3.99 (d, / = 10.0 Hz, 1H, CHH Bn), 3.97 (dd, J = 8.7, 4.3 Hz, 1H, H-3), 1.59 (s, 3H, CH3),
1.35 (s, 3H, CH3). 13C NMR (100 MHz, CDCl3) § 195.7 (CHO), 137.0, 136.7 (Cq Bn), 128.6 - 127.7
(CHar Bn), 113.6 (Cqisopropyl), 104.6 (C-1), 77.8 C-4), 77.2 (C-3), 76.9 (C-2), 73.8 (C-6), 72.4,
71.0 (2 x CHz Bn), 69.5 (C-5), 26.9, 26.4 (2 x CH3).

BnOC o

5-Deoxy-5-azido-5-C-benzyloxymethyl-3-O-benzyl-1,2-O-isopropyl-a-D-allo/B-L-talo-
furanoside (46):
46 was synthesized from 45 (7.46 g, 16.5 mmol) in a yield of 81% (6.06

N3HO g, 13.3 mmol) as two inseparable diastereomers as described for the
BnO o 0 synthesis of 16. Rr = 0.23 (9:1, PE:EtOAc). NMR-data of the major
\/ diastereomer: 'H NMR (400 MHz, CDCl3) § 7.45 - 7.30 (m, 10H, Har Bn),

BnO (S 5.82 (d,J =3.7 Hz, 1H, H-1), 4.81 (d,/ = 11.0 Hz, 1H, CHH Bn), 4.67 - 4.60

(m, 3H, H,-6, H-2), 4.58 (d, ] = 11.0 Hz, 1H, CHH Bn), 4.22 (d, ] = 8.6 Hz, 1H, H-4), 4.11 - 4.08 (m,
1H, H-3), 3.93 (d, ] = 9.9 Hz, 1H, CHH Bn), 3.86 (d, ] = 9.9 Hz, 1H, CHH Bn), 3.86 (d, ] = 9.9 Hz, 1H,
CHHOH), 3.67 (dd, ] = 9.9, 3.7 Hz, 1H, CHHOH), 1.60 (s, 3H, CH3), 1.41 (s, 3H, CH3). 13C NMR (100
MHz, CDCl3) 8§ 137.7, 136.4 (CqBn), 128.7 - 127.7 (CHar Bn), 113.4 (C4 isopropyl), 104.3 (C-1),
79.5 (C-4), 77.8 (C-3), 77.2 (C-2), 73.7 (C-6), 72.3, 69.9 (CH; Bn), 66.6 (C-5), 62.3 (CH20H), 26.9,
26.7 (2 x CHa).

5-Deoxy-5-azido-5-C-benzyloxymethyl-3-O-benzyl-a-D-allo/B-L-talo-furanoside (47):
HO 47 was synthesized from 46 (1.40 g, 3.07 mmol) in a yield of 70% (0.89
% g, 2.15 mmol), as two inseparable diastereoisomer (ratio = 5:3) as
BnO «oH described for the synthesis of 17. Rr = 0.15 (5:3, PE:EtOAc). NMR data of
., the major diastereomer: 'H NMR (400 MHz, CDCl3) 6 7.40 - 7.31 (m,
BnO OH 10H, Har Bn), 5.29 (s, 1H, H-1), 4.71 - 4.38 (m, 5H, CH; Bn, H;-6, H-2),
4.30 - 4.23 (m, 1H, H-4), 4.08 - 4.03 (m, 1H, H-3), 3.81 - 3.73 (m, 2H, CH; Bn), 3.69 - 3.51 (m,
2H, CH,0H). 13C NMR (100 MHz, CDCl3) § 137.6 - 127.7 (CHar Bn), 96.9 (C-1), 81.5 (C-4), 77.9

(C-2),77.0 (C-3),73.8 (C-6), 72.9 (CH2 Bn), 69.5 (CH2 Bn), 66.6 (C-5), 62.9 (CH,0H).

5-C-Hydroxymethyl-1-deoxy-D-allonojirimycin (9):

OH 9 was synthesized from 47 (0.79 g, 1.90 mmol) in a yield of 81% (0.30 g, 1.54

—{ H mmol) as described for the synthesis of 6. 'TH NMR (400 MHz, MeOD) 6 4.02
HO/\KJ (d,J=11.5 Hz, 1H, H-6a), 3.98 (t,/ = 3.2 Hz, 1H, H-3), 3.81 (d, / = 3.2 Hz, 1H, H-

/ 4),3.75-3.71 (m, 1H, H-2), 3.73 (d, = 10.8Hz, 1H, H-6*a), 3.67 (d,/ = 11.6 Hz,
1H, H-6b), 3.59 (d, /= 11.1 Hz, 1H, H-6*b), 3.03 (dd, / = 13.1, 8.2 Hz, 1H, H-1a),
2.87 (dd, J = 13.1, 4.0 Hz, 1H, H-1b). 13C NMR (100 MHz, MeOD) & 70.0 (C-3),
69.5 (C-4), 68.3 (C-2), 61.3 (C-6), 60.8 (C-6*), 60.3 (C-5), 42.3 (C-1). [«]?°p = +0.23 (c =1.31,
MeOH). IR/cm™: 3263, 2900, 1607, 1450, 1413, 1257, 1033. HRMS: found 194.10218 [M+H]*,
calculated for [C7H1sNOs+H]*194.10230.

OH
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N-Alkylated final compounds:

5-C-Hydroxymethyl-N-butyl-1-deoxynojirimycin (56):

HO 6 (0.10 mmol) and butyl bromide (0.16 mmol) was subjected to general
/ (\/ alkylation procedure to provide 56 (0.5 mg, 0.002 mmol, yield 2%). 1H NMR
Ho NN (600 MHz, MeOD) 6 4.04 (d, J = 13.3 Hz, 1H, H-6a), 3.90 (d,J = 12.0 Hz, 1H, H-
/\Q 6*a), 3.87 (d, ] = 12.9 Hz, 1H, H-6b), 3.86 (t, /] = 9.6 Hz, 1H, H-3), 3.78 (d, ] =
© OH " 12.0 Hz, 1H, H-6*b), 3.76 - 3.72 (m, 1H, H-2), 3.68 (d, J = 10.0 Hz, 1H, H-4),
3.59 - 3.51 (m, 2H, H-1a, H-1'a), 3.47 - 3.43 (m, 1H, H-1b), 3.14 (td, /] = 12.3,
5.0 Hz, 1H, H-1'b), 1.93 - 1.83 (m, 1H, H-2’a), 1.78 - 1.68 (m, 1H, H-2’b), 1.53 - 1.41 (m, 2H, H»-
3"),1.04 (t, ] = 7.4 Hz, 3H, H3-4"). 3C NMR (150 MHz, MeOD) 6 74.1 (C-3), 72.9 (C-5), 70.0 (C-4),
67.9 (C-2), 56.8 (C-6%), 56.5 (C-6), 52.6 (C-1), 52.5 (C-1"), 27.9 (C-2), 20.7 (C-3"), 13.5 (C-4)).
IR/cm1: 3471, 2970, 1738, 1442, 1365, 1216, 1139. [a]2% = -2.00 (c = 0.01, MeOH). HRMS:

found 250.16502 [C11H23NOs+H]*, calculated for [C11H23NOs+H]*250.16490.

5-C-Hydroxymethyl-N-nonyl-1-deoxynojirimycin (57):
HO 6 (0.20 mmol) and nonyl bromide (0.31 mmol) was subjected to general
/ (Hg/ alkylation procedure to provide 57 (5.0 mg, 0.016 mmo], yield 8%). tH NMR
HO N (600 MHz, MeOD) & 4.04 (d, J = 13.3 Hz, 1H, H-6a), 3.90 (d,/ = 12.0 Hz, 1H, H-
6*a), 3.86 (d, / = 13.6 Hz, 1H, H-6b), 3.86 (t,/ = 10.0 Hz, 1H, H-3), 3.77 (d, ] =
?(A) OH ' 11.9 Hz, 1H, H-6*b), 3.78 - 3.71 (m, 1H, H-2), 3.68 (d, ] = 10.0 Hz, 1H, H-4),
OH 3.58 - 3.50 (m, 2H, H-1a, H-1’a), 3.44 (t, /] = 11.7 Hz, 1H, H-1b), 3.12 (td, ] =
12.3, 5.0 Hz, 1H, H-1'b), 1.96 - 1.83 (m, 1H, H-2’a), 1.80 - 1.70 (m, 1H, H-2'b), 1.47 - 1.25 (m,
12H, H»-3’, Hz-4', H2-5’, H2-6’, H2-7’, H»-8"), 0.93 (t, /] = 7.1 Hz, 3H, H3-9’). 13C NMR (150 MHz,
MeOD) & 74.0 (C-3), 72.9 (C-5), 70.0 (C-4), 67.9 (C-2), 56.8 (C-6*), 56.5 (C-6), 52.6 (C-1"), 52.6
(C-1),32.6,30.1,29.9,29.9, 27.4, 25.9, 23.3, 14.0 (C-2’ - C-9"). IR/cm’: 3675, 2988, 2901, 1677,
1394, 1226, 1056. [a]?%p = -0.1 (c = 0.10, MeOH). HRMS: found 320.24321 [C1sH33NOs+H]",

calculated for [C16H33NOs +H] +320.24315.

H

5-C-Hydroxymethyl-N-[5-(hexyloxy)pentyl]-1-deoxynojirimycin (58):
6 (0.20 mmol) and pentyloxyhexyl bromide (0.30 mmol) was subjected
H/O (H{O% to general alkylation procedure to provide 58 (3.0 mg, 0.008 mmol,
o NN yield 4%). 'H NMR (600 MHz, MeOD) 6 4.02 (d, J = 13.3 Hz, 1H, H-6a),
. . 3.88 (d, / = 12.0 Hz, 1H, H-6*a), 3.84 (t,/ = 9.6 Hz, 1H, H-3),3.84 (d, ] =
/O\\Q ‘OH 13.2 Hz, 1H, H-6b), 3.75 (d, J = 11.9 Hz, 1H, H-6*b), 3.75 - 3.69 (m, 1H,
OH H-2),3.66 (d,] = 10.0 Hz, 1H, H-4), 3.56 - 3.50 (m, 2H, H-1a, H-1’a), 3.44
-3.40 (m, 1H, H-1b), 3.46 (t, ] = 6.3 Hz, 2H, H;-5"), 3.43 (t,/ = 6.7 Hz, 2H, H;-6"), 3.12 (td, /] = 12.2,
5.0 Hz, 1H, H-1'b), 1.94 - 1.86 (m, 1H, H-2’a), 1.81 - 1.69 (m, 1H, H-2’b), 1.68 - 1.60 (m, 2H, H;-
4’),1.60 - 1.53 (m, 2H, H2-7"), 1.52 - 1.43 (m, 2H, H;-3’), 1.40 - 1.26 (m, 6H, H2-8’, Hz-9’, H>-10’),
0.91 (t, J = 6.9 Hz, 3H, H3-11"). 13C NMR (150 MHz, MeOD) § 74.4 (C-3), 73.3 (C-5), 72.1 (C-6"),
71.4 (C-5’), 70.4 (C-4), 68.2 (C-2),57.2 (C-6), 56.9 (C-6*), 53.0 (C-1), 52.9 (C-1"), 32.9 (C-9), 30.7
(C-7), 30.2 (C-4"), 27.0 (C-8), 26.1 (C-2), 24.6 (C-3"), 23.7 (C-10"), 14.4 (C-11"). IR/cm1: 3316,
2933, 1673, 1439, 1366, 1205, 1135. [a]2% = -1.00 (c = 0.06, MeOH). HRMS: found 364.26940

[C13H37N06+H]+, calculated for [C18H37N06+H]+ 364.26936.

H

5-C-Hydroxymethyl-N-[5-(nonyloxy)pentyl]-1-deoxynojirimycin (59):
HO K*/OM/ 6 (0.20 mmol) and pentyloxynonyl bromide (0.30 mmol) was
/ 3 8 subjected to general alkylation procedure to provide 59 (2.4 mg, 0.006
Ho NN mmol, yield 3%). 'H NMR (600 MHz, MeOD) & 4.02 (d, / = 13.3 Hz, 1H,
o o H-6a), 3.88 (d, J = 12.0 Hz, 1H, H-6*a), 3.84 (t,/ = 9.6 Hz, 1H, H-3), 3.84

H (d,] = 13.8 Hz, 1H, H-6b), 3.74 (d, ] = 12.0 Hz, 1H, H-6*b), 3.73 - 3.69

OH
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(m, 1H, H-2), 3.66 (d, ] = 10.0 Hz, 1H, H-4), 3.57 - 3.49 (m, 2H, H-1a, H-1’a), 3.46 (t, ] = 6.3 Hz,
2H, Hz-5"), 3.43 (t, ] = 6.6 Hz, 2H, H,-6"), 3.44 - 3.40 (m, 1H, H-1b), 3.12 (td, ] = 12.2, 5.0 Hz, 1H,
H-1'b), 1.90 (ddt, J = 20.9, 12.1, 5.8 Hz, 1H, H-2'a), 1.75 (dtt, ] = 22.4, 12.0, 5.1 Hz, 1H, H-2'b),
1.68 - 1.61 (m, 2H, Hz-4"), 1.59 - 1.53 (m, 2H, H,-7"), 1.53 - 1.42 (m, 2H, Hz-3"), 1.40 - 1.23 (m,
12H, Hy-8, H2-9’, H,-10", Hp-11", Hp-12", H,-13"), 0.90 (t, J = 7.0 Hz, 3H, Hs-14"). 13C NMR (150
MHz, MeOD) § 74.4 (C-3), 73.3 (C-5), 72.1 (C-6"), 71.4(C-5"), 70.4 (C-4), 68.2 (C-2), 57.2 (C-6),
56.9 (C-6%), 53.0 (C-1), 52.9 (C-1"), 33.1 (C-9"), 30.8 (C-7"), 30.7, 30.6 30.4 (C-10’, C-11’, C-12"),
30.2 (C-4"), 27.3 (C-8"), 26.1 (C-2’), 24.6 (C-3"), 23.7 (C-13"), 14.4 (C-14’). [a]2% = -0.63 (c = 0.05,
MeOH). IR/cm!: 3357, 2928, 1738, 1676, 1438, 1365, 1216, 1137, 801, 724, 527. HRMS: found
406.31624 [C21H43NOg+H]*, calculated for [Co1HysNOg+H]* 406.31631.

5-C-Hydroxymethyl-N-[5-(3,3-dimethyl-1-propyloxy)pentyl]-1-deoxynojirimycin (60):
\)< 6 (0.10 mmol) and 1-bromo-5-(2,2-dimethyl-1-propoxy) pentane
H/o WO (0.15 mmol) was subjected to general alkylation procedure to
N provide 60 (1.1 mg, 0.0032 mmol, yield 3%). 'H NMR (600 MHz,
HO MeOD) 6 4.02 (d, J = 13.3 Hz, 1H, H-6a), 3.88 (d, / = 12.0 Hz, 1H, H-
HOY “/OH 6*a), 3.84 (d, / = 13.3 Hz, 1H, H-6b), 3.75 (d, / = 12.0 Hz, 1H, H-6*b),
OH 3.86 - 3.81 (m, 1H, H-3), 3.75 - 3.69 (m, 1H, H-2), 3.65 (d,/ = 10.0 Hz,
1H, H-4), 3.56 - 3.50 (m, 2H, H-1a, H-1’a), 3.45 (t, ] = 6.3 Hz, 2H, H»-
57, 3.44 - 3.38 (m, 1H, H-1b), 3.12 (td, /= 12.2, 5.0 Hz, 1H, H-1'b), 3.08 (s, 2H, Hz-6'),1.94 - 1.89
(m, 1H, H-2’a), 1.77 - 1.73 (m, 1H, H-2’b), 1.69 - 1.65 (m, 2H, H>-3’), 1.61 - 1.42 (m, 2H, H»-4"),
0.91 (s, 9H, 3 x CH3). 13C NMR (150 MHz, MeOD) 6 82.6 (C-6"), 74.4 (C-3), 73.3 (C-5), 72.0 (C-5"),
70.4 (C-4), 68.2 (C-2), 57.2 (C-6), 56.9 (C-6*), 53.0 (C-1), 53.0 (C-1"), 32.9 (Cy), 30.3 (C-4), 271
(C-2"), 26.2 (C-3’), 24.6 (3 x CH3). [a]?%p = -1.36 (c = 0.02, MeOH). IR/cm-1: 3460, 3016, 2970,
1738, 1442, 1365, 1216, 1132. HRMS: found 350.25376 [C17H3sNOs+H]*, calculated for

[C17H3sNOg+H]*350.25371.

5-C-Hydroxymethyl-N-[5-(adamantan-1-yl-methoxy)-pentyl]-1-deoxynojirimycin (61):
6 (0.20 mmol) and 5-(adamantan-1-yl-methoxy)pentyl bromide
(0.29 mmol) was subjected to general alkylation procedure to
provide 61 (9.1 mg, 0.022 mmo], yield 11%). 'H NMR (600 MHz,
MeOD) 6 4.02 (d,/ = 13.4 Hz, 1H, H-6a), 3.88 (d, / = 12.2 Hz, 1H, H-
nd  oH 6b), 3.85 (d, J = 13.8 Hz, H-6*a), 3.86 - 3.82 (m, 1H, H-3), 3.76 (d,
J =12.2 Hz, 1H, H-6*b), 3.76 - 3.72 (m, 1H, H-2), 3.66 (d, /] = 10.0
Hz, 1H, H-4), 3.55 - 3.50 (m, 2H, H-1a, H-1'a), 3.42 (t, ] = 6.3 Hz, 2H, H>-5"), 3.43 - 3.39 (m, 1H,
H- 1b) 3.16 - 3.08 (m, 1H, H-1'b), 2.99 (s, 2H, H2-6"), 1.94 (p, J = 3.0 Hz, 3H, 3 x CH ada), 1.94 -
1.90 (m, 1H, H-2’a), 1.77 - 1.66 (m, 7H, 3 x CH2 ada, H-2’b), 1.63 (m, 2H, H;-4"), 1.56 (d, /] = 2.9
Hz, 6H, 3 x CHz ada), 1.53 - 1.41 (m, 2H, H;-3"). 13C NMR (150 MHz, MeOD) & 83.1 (C-6"), 74.4 (C-
3), 73.2 (C-5), 72.1 (C-5"), 70.4 (C-4), 68.2 (C-2), 57.2 (C-6), 56.9 (C-6%), 53.0 (C-1"), 52.9 (C-1),
40.8 (CH; ada), 38.3 (CHz ada), 35.1 (Cq ada), 30.1 (C-4"), 29.7 (CH ada), 26.1 (C-2"), 24.6 (C-3’).
[a]?0p = -0.77 (c = 0.18, MeOH). IR/cm1: 3346, 2902, 2848, 1738, 1673, 1448, 1365, 1205,
1136. HRMS: found 428.30048 [C23H41NOs+H]*, calculated for [C23H41NOg+H]* 428.30066.

5-C-Hydroxymethyl-N-[(biphenyl-4-yl-methoxy)-pentyl]-1-deoxynojirimycin (62):

6 (0.20 mmol) and (biphenyl-4-yl-methoxy)pentyl
bromide (0.30 mmol) was subjected to general alkylation
procedure to provide 62 (40.8 mg, 0.092 mmol, yield
46%). 'H NMR (600 MHz, MeOD) § 7.63 (dd, J = 8.3, 1.7
Hz, 4H, Har BiPh), 7.48 - 7.41 (m, 4H, Ha: BiPh), 7.39 - 7.32
(m, 1H, Har BiPh), 4.58 (s, 2H, H;-6"), 4.03 (d, J = 13.3 Hz,
1H, H-6a), 3.90 (d,J = 12.1 Hz, 1H, H-6*a), 3.86 (d, / = 10.1 Hz, 1H, H-3), 3.86 (d,J = 13.2 Hz, 1H,
H-6b), 3.77 (d, / = 12 Hz, 1H, H-6*b), 3.77 - 3.63 (m, 1H, H-2), 3.68 (d, J = 10.0 Hz, 1H, H-4), 3.59
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(t,J=6.2 Hz, 2H, H2-5"), 3.57 - 3.51 (m, 2H, H-1a, H-1'a), 3.44 (t,/ = 11.8 Hz, 1H, H-1b), 3.15 (td, J
=12.2, 5.0 Hz, 1H, H-1'b), 2.01 - 1.86 (m, 1H, H-2’a), 1.84 - 1.76 (m, 1H, H-2’b), 1.76 - 1.69 (m,
2H, H;-4"), 1.64 - 1.45 (m, 2H, Hz-3'a). 13C NMR (150 MHz, MeOD) 6 141.7, 141.5 (Cq BiPh),
138.5 - 127.5 (Car BiPh), 74.1 (C-3), 73.3 (C-6"), 72.9 (C-5), 70.6 (C-5’), 70.1 (C-4), 67.9 (C-2),
56.8 (C-6), 56.5 (C-6%), 52.6 (C-1), 52.6 (C-2), 29.8 (C-4"), 25.7 (C-2'), 24.3 (C-3’). [a]2%p =-0.1 (c
= 0.82, MeOH). IR/cm: 3361, 3016, 2970, 1738, 1675, 1440, 1365, 1205, 1134. HRMS: found
446.25357 [C25H35NOs+H]*, calculated for [C2sH3sNOe+H]*446.25371.

5-C-Hydroxymethyl-N-butyl-1-deoxy-D-galactonojirimycin (77):
HO 7 (0.20 mmol) and butyl bromide (0.30 mmol) was subjected to general
/ (\/ alkylation procedure to provide 77 (11.2 mg, 0.044 mmol, yield 22%). 1H
Ho NN NMR (600 MHz, MeOD) 6 4.27 (d,J = 3.4 Hz, 1H, H-4), 4.24 (d, / = 14.0 Hz, 1H,
/j/\‘), , H-6a), 4.00 (td, J = 4.8, 1.8 Hz, 1H, H-2), 3.98 (d, J = 11.4 Hz, 1H, H-6*a), 3.94
o OH (t,J=4.1Hz, 1H, H-3), 3.89 (d,/ = 12 Hz, 1H, H-6*b), 3.89 (d, J = 14.4 Hz, 1H,
OH H-6b), 3.76 (dd, J = 13.1, 1.6 Hz, 1H, H-1a), 3.62 (ddd, J = 13.1, 10.1, 6.6 Hz,
1H, 1’a), 3.42 (dd, J = 13.8, 3.6 Hz, 1H, H-1b), 3.24 - 3.17 (m, 1H, H-1'b), 1.89 - 1.79 (m, 1H, H-
2’a), 1.74 - 1.64 (m, 1H, H-2’b), 1.52 - 1.36 (m, 2H, H2-3"), 1.01 (t,J = 7.4 Hz, 3H, H3-4"). 3C NMR
(150 MHz, MeOD) & 73.6 (C-5), 70.2 (C-3), 66.8 (C-2), 65.1 (C-4), 56.9 (C-6*), 56.5 (C-6), 51.8 (C-
17, 49.5 (C-1), 28.5 (C-2"), 20.0 (C-3"), 13.5 (C-4"). [a]?%p = +0.04 (c = 0.22, MeOH). IR/cm™:
3271, 2968, 2879, 1674, 1435, 1201, 1134, 1082. HRMS: found 250.16488 [C11H,3NOs+H]*,

calculated for [C11H23NOs +H]*250.16490.

5-C-Hydroxymethyl-N-nonyl-1-deoxy-D-galactonojirimycin (78):
HO W 7 (0.20 mmol) and nonyl bromide (0.30 mmol) was subjected to general
BN 6 alkylation procedure to provide 78 (11.8 mg, 0.036 mmol, yield 18%). 'H
HO™ ™ NMR (400 MHz, MeOD) 6 4.30 (d,/ = 3.3 Hz, 1H, H-4), 4.27 (d, /] = 14.0 Hz, 1H,
/oj/\)' 'oH H-6a), 4.04 - 4.00 (m, 1H, H-2), 4.00 (d, / = 11.9 Hz, 1H, H-6*a), 3.98 - 3.95
(m, 1H, H-3), 3.91 (d, J = 11.5 Hz, 1H, H-6*b), 3.91 (d, J = 14.2 Hz, 1H, H-6b),
3.78 (dd, J = 13.0, 1.6 Hz, 1H, H-1a), 3.63 (ddd, J = 13.0, 10.0, 6.7 Hz, 1H, H-
1’a), 3.43 (dd, J = 13.1, 3.4 Hz, 1H, H-1b), 3.23 (ddd, J = 13.6, 9.6, 4.9 Hz, 1H, H-1'b), 1.96 - 1.82
(m, 1H, H-2'a), 1.80 - 1.66 (m, 1H, H-2'b), 1.51 - 1.28 (m, 12H, H;-3’, Hz-4’, H2-5’, H2-6", H2-7’, Hz-
8", 0.93 (t,/ = 7.1 Hz, 3H, H3-9’). 13C NMR (100 MHz, MeOD) 6 72.6 (C-5), 69.2 (C-3), 65.8 (C-2),
64.1 (C-4), 55.8 (C-6%), 55.4 (C-6), 51.0 (C-1'), 48.4 (C-1), 31.6, 29.1, 28.9, 28.8, 25.7, 25.4, 22.3
(C-2’-(C-8"),13.0 (C-9"). [«]?%p = +0.0 (c = 0.24, MeOH). IR/cm1: 3336, 2928, 1738, 1673, 1438,
1365, 1204, 1136, 1080. HRMS: found 320.24316 [C16H33NOs+H]*, calculated for [C16H33NOs

+H]*320.24315.

5-C-Hydroxymethyl-N-[5-(hexyloxy)pentyl]-1-deoxy-D-galactonojirimycin (79):
HO K*/OM/ 7 (0.20 mmol) an(.i pentyloxyhexyl bromi.de (0.30 mmol) was subjected
/ 3 s to general alkylation procedure to provide 79 (15.3 mg, 0.042 mmol,
Ho SN yield 21%). 'H NMR (400 MHz, MeOD) & 4.30 (d, J = 3.3 Hz, 1H, H-4),
, 4.26 (d, J = 14.0 Hz, 1H, H-6a), 4.05 - 4.02 (m, 1H, H-2), 4.00 (d, J = 12.0
/Oj/\l) ‘OH Hz, 1H, H-6*a), 3.98 - 3.95 (m, 1H, H-3), 3.92 (d, ] = 11.7 Hz, 1H, H-6*Db),
OH 3.91 (d,J = 14.1 Hz, 1H, H-6b), 3.79 (dd, J = 13.1, 1.3 Hz, 1H, H-1a), 3.64
(ddd,J=13.2,10.1, 6.6 Hz, 1H, H-1'a), 3.48 (t,] = 6.3 Hz, 2H, H»-5"), 3.45 (t, ] = 6.6 Hz, 2H, H»-6"),
3.43 (dd, J = 13.2, 3.5 Hz, 1H, H-1b), 3.24 (ddd, J = 13.0, 9.7, 4.4 Hz, 1H, H-1'b), 1.99 - 1.85 (m,
1H, H-2'a), 1.85 - 1.71 (m, 1H, H-2'b), 1.71 - 1.62 (m, 2H, H2-4"), 1.57 (dt, ] = 7.9, 6.6 Hz, 2H, H»-
7, 1.54 - 1.43 (m, 2H, H2-3’), 1.42 - 1.28 (m, 6H, H;-8’, H2-9’, H>-10"), 0.93 (t, ]/ = 7.1 Hz, 3H, Hs-
11’). 13C NMR (150 MHz, MeOD) § 71.8 (C-6"), 71.1 (C-5"), 70.5 (C-3), 66.8 (C-2), 65.3 (C-4), 58.4
(C-6%), 57.1(C-6), 52.2 (C-1"), 49.8 (C-1), 32.6 (C-10"), 30.5 (C-7"), 29.9 (C-4"), 26.7 (C-8’), 26.3
(C-27, 23.9 (C-3%), 23.5 (C-97), 14.2 (C-10"). [a]?%p = +0.1 (c = 0.31, MeOH). IR/cm-1: 3346, 2931,

H
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2860, 1670, 1458, 1431, 1201, 1132, 1082. HRMS: found 364.26934 [C1sH37NOs+H]*, calculated
for [C1sH37NOs +H]* 364.26936.

5-C-Hydroxymethyl-N-[5-(nonyloxy)pentyl]-1-deoxy-D-galactonojirimycin (80):
HO (WOM/ 7 (0.20 mmol) and pentyloxynonyl bromide (0.30 mmol) was subjected
4 N 3 5 to general alkylation procedure to provide 80 (11.5 mg, 0.028 mmo],
HO™ ™ yield 14%). 'H NMR (400 MHz, MeOD) & 4.29 (d, J = 3.3 Hz, 1H, H-4),
o “"oH 4.26 (d,J = 14.0 Hz, 1H, H-6a), 4.03 - 4.01 (m, 1H, H-2), 4.00 (d,/=11.8
Hz, 1H, H-6*a), 3.97 - 3.94 (m, 1H, H-3), 3.91 (d,J = 11.2 Hz, 1H, H-6*D),
3.91 (d,J = 14.2 Hz, 1H, H-6b), 3.79 (dd, / = 13.1, 1.6 Hz, 1H, H-1a), 3.69
-3.56 (m, 1H, H-1’a), 3.47 (t,] = 6.2 Hz, 2H, H>-5’), 3.44 (t, ] = 6.6 Hz, 2H, H;-6"), 3.45 - 3.42 (m,
1H, H-1b), 3.23 (ddd, J = 14.1, 9.8, 4.4 Hz, 1H, H-1'b), 1.99 - 1.85 (m, 1H, H-2’a), 1.80 - 1.72 (m,
1H, H-2'b), 1.65 (dt, J = 8.1, 6.1 Hz, 2H, H»-4"), 1.60 - 1.53 (m, 2H, H»-7"), 1.53 - 1.41 (m, 2H, H»-
37, 1.39 - 1.26 (m, 12H, H;-8’, Hz-9’, H2-10’, H2-11’, H2-12’, H»-13"), 0.93 (t, / = 6.8 Hz, 3H, Hs-
14’). 13C NMR (100 MHz, MeOD) & 72.6 (C-5), 70.7 (C-6"), 69.9 (C-5’), 69.2 (C-3), 65.8 (C-2), 64.2
(C-4), 55.9 (C-6%), 55.5 (C-6), 50.9 (C-1"), 48.6 (C-1), 31.6 (C-97), 29.4 (C-7’), 29.3, 29.2, 29.0 (C-
10, C-171, C-127), 28.7 (C-4’), 25.9 (C-8"), 25.2 (C-2"), 22.6 (C-3’), 22.3 (C-13"), 13.0 (C-14").
IR/cm: 3675, 3353, 2971, 2924, 1674, 1394, 1203, 1067. [a]2% = +0.1 (c = 0.23, MeOH).

HRMS: found 406.31615 [C21H43NOe+H]*, calculated for [C21H43NOs +H]*406.31631.

OH

5-C-Hydroxymethyl-N-[5-(3,3-dimethyl-1-propyloxy)pentyl]-1-deoxy-D-
galactonojirimycin (81):
7 (0.20 mmol) and 1-bromo-5-(2,2-dimethyl-1-propoxy) pentane
H/O (e\)g/o\k (0.30 mmol) was subjected to general alkylation procedure to
N provide 81 (14.3 mg, 0.04 mmol, yield 20%). 'H NMR (400 MHz,
MeOD) & 4.30 (d, J = 3.3 Hz, 1H, H-4), 4.27 (d, / = 14.1 Hz, 1H, H-6a),
HO “OH 4.02 (td, / = 3.6, 1.6 Hz, 1H, H-2), 4.00 (d, / = 11.6 Hz, 1H, H-6*a), 3.97
OH (t,J=3.6 Hz, 1H, H-3), 3.92 (d, /= 11.2 Hz, 1H, H-6*b), 3.91 (d,] = 14.0
Hz, 1H, H-6b), 3.79 (dd, / = 13.1, 1.7 Hz, 1H, H-1a), 3.64 (ddd, J = 13.1, 10.1, 6.7 Hz, 1H, H-1’a),
3.47 (t,/ = 6.1 Hz, 2H, Hz-5), 3.44 (dd, J = 13.2, 3.2 Hz, 1H, H-1b), 3.28 - 3.20 (m, 1H, H-1'b), 3.10
(s, 2H, H2-6’), 2.03 - 1.88 (m, 1H, H-2’a), 1.85 - 1.74 (m, 1H, H-2'b), 1.71 - 1.63 (m, 2H, Hz-4"),
1.61 - 1.42 (m, 2H, H>-3"), 0.93 (s, 9H, 3 x CH3). 13C NMR (100 MHz, MeOD) & 81.1 (C-6’), 72.6 (C-
5), 70.6 (C-5"), 69.2 (C-3), 65.8 (C-2), 64.1 (C-4), 55.9 (C-6*), 55.5 (C-6), 50.9 (C-1"), 48.5 (C-1),
31.5 (C-7"), 28.8 (C-4"), 25.7 (CH3), 25.3 (C-2"), 22.7 (C-3"). [¢]?%p = -0.1, (c = 0.29, MeOH). IR /cm-
1. 3675, 3327, 2971, 1673, 1393, 1202, 1066. HRMS: found 350.25364 [C17H35NOs+H]",
calculated for [C17H3sNOg+H]*350.25371.

HO

5-C-Hydroxymethyl-N-[5-(adamantan-1-yl-methoxy)-pentyl]-1-deoxy-D-
galactonojirimycin (82):

OH 7 (0.20 mmol) and 5-(adamantan-1-yl-methoxy)pentyl bromide
HO __/ /—;LX_ (0.30 mmol) was subjected to general alkylation procedure to
' provide 82 (36.5 mg, 0.09 mmol, yield 43%). 'H NMR (400 MHz,

MeOD) & 4.28 (d, ] = 3.0 Hz, 1H, H-4), 4.25 (d, J = 13.5 Hz, 1H, H-
6a), 4.02 - 3.98 (m, 1H, H-2), 3.99 (d, ] = 12.5 Hz, 1H, H-6*a), 3.95
(t,] = 3.9 Hz, 1H, H-3), 3.90 (d, ] = 11.8 Hz, 1H, H-6*b), 3.90 (d, ] =
13.7 Hz, 1H, H-6b), 3.77 (d, J = 12.9 Hz, 1H, H-1a), 3.62 (dt, ] = 17.4, 8.1 Hz, 1H, H-1"a), 3.53 -
3.44 (m, 1H, H-1b), 3.42 (t, ] = 6.1 Hz, 1H, H-5'), 3.28 - 3.16 (m, 1H, H-1'b), 2.98 (s, 2H, H2-6"),
1.95 (t, ] = 3.0 Hz, 3H, 3 x CH ada), 1.90 - 1.80 (m, 1H, H-2a), 1.82 - 1.65 (m, 6H, 3 x CH; ada),
1.72 - 1.61 (m, 1H, H-2'b), 1.68 - 1.61 (m, 2H, Hz-4"), 1.57 (d, ] = 2.8 Hz, 6H, 3 x CH; ada), 1.55 -
1.39 (m, 2H, H-3"). 3C NMR (100 MHz, MeOD) & 81.7 (C-6’), 72.6 (C-5), 70.7 (C-5), 69.2 (C-3),
65.4 (C-2), 64.1 (C-4), 55.8 (C-6%), 55.4 (C-6), 50.9 (C-1’), 47.7 (C-1), 39.4 (CH; ada), 36.9 (CH;
ada), 33.7 (Cqada), 28.7 (C-4’), 28.3 (CH ada), 25.3 (C-2"), 22.7 (C-3"). [a]®p = +0.2 (c = 0.73,

HO  ©OH
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MeOH). IR/cm: 3248, 2902, 2848, 1674, 1447, 1361, 1319, 1199, 1139, 1084, 1011. HRMS:
found 428.30025 [C23H41NOs+H]*, calculated for [C23H41NOe+H]*428.30066.

5-C-Hydroxymethyl-N-[(biphenyl-4-yl-methoxy)-pentyl]-1-deoxy-D-galactonojirimycin
(83):

7 (0.20 mmol) and (biphenyl-4-yl-methoxy)pentyl
bromide (0.30 mmol) was subjected to general alkylation
procedure to provide 83 (18.6 mg, 0.04 mmol, yield 20%).
H NMR (400 MHz, MeOD) & 7.68 - 7.60 (m, 4H, Ha: BiPh),
7.52 - 7.41 (m, 4H, Har BiPh), 7.39 - 7.32 (m, 1H, Ha,
BiPh), 4.57 (s, 2H, H2-6"), 4.31 (d, / = 3.3 Hz, 1H, H-4), 4.26
(d, J = 14.0 Hz, 1H, H-6a), 4.02 - 3.99 (m, 1H, H-2), 4.00 (d, / = 11.7 Hz, 1H, H-6%*a), 3.98 - 3.95
(m, 1H, H-3),3.92 (d,J = 11.9 Hz, 1H, H-6*b), 3.91 (d, J = 14.1 Hz, 1H, H-6b), 3.76 (d, / = 13.0 Hz,
1H, H-1a), 3.69 - 3.61 (m, 1H, H-1"a), 3.58 (t, = 6.1 Hz, 2H, H;-5"), 3.41 (dd, J = 13.0, 3.4 Hz, 1H,
H-1b), 3.28 - 3.20 (m, 1H, H-1'b), 1.99 - 1.84 (m, 1H, H-2’a), 1.83 - 1.75 (m, 1H, H-2’b), 1.73 (dt,
J=7.9, 6.1 Hz, 2H, Hz-4"), 1.65 - 1.43 (m, 2H, H»-3"). 13C NMR (100 MHz, MeOD) & 132.0 - 128.6
(Car BiPh), 74.9 (C-5), 74.5 (C-6), 71.7 (C-5’), 71.4 (C-3), 68.0 (C-2), 66.4 (C-4), 58.1 (C-6%),57.7
(C-6), 53.1 (C-17), 50.8 (C-1), 30.9 (C-4"), 27.4 (C-2'), 24.9 (C-3"). [a]?% = +0.8 (c = 0.37, MeOH).
IR/cm: 3675, 3313, 2971, 1671, 1407, 1278, 1200, 1077, 1132. HRMS: found 446.25342
[C25sH35NOe+H]*, calculated for [C25H3sNOg+H]* 446.25371.

5-C-Hydroxymethyl-N-butyl-1-deoxy-D-mannonojirimycin (98):
HO 8 (0.20 mmol) and butyl bromide (0.30 mmol) was subjected to general
/ (\/ alkylation procedure to provide 98 (12.6 mg, 0.05 mmol, yield 25%). 'H
HO N NMR (400 MHz, MeOD) 6 4.16 (td, ] = 3.6, 1.2 Hz, 1H, H-2), 4.15 (d, / = 10 Hz,
. 1H, H-4) 4.06 (d, J = 13.2 Hz, 1H, H-6a), 4.04 (dd, J = 9.6, 3.0 Hz, 1H, H-3),
/(:Q\OH 3.92 (dd,J = 12.8, 0.8 Hz, 1H, H-1a), 3.90 (d, / = 13.2 Hz, 1H, H-6b), 3.87 (d, ]
OH =12 Hz, 1H, H-6*a), 3.73 (d, / = 11.7 Hz, 1H, H-6*b), 3.61 (dd, J = 12.8, 3.6 Hz,
1H, H-1b), 3.60 - 3.53 (m, 1H, H-1'a), 3.23 (ddd, J = 13.3, 9.7, 4.6 Hz, 1H, H-1'b), 1.96 - 1.82 (m,
1H, H-2’a), 1.74 (m, 1H, H-2’b), 1.52 - 1.44 (m, 2H, H2-3"), 1.05 (t,/ = 7.3 Hz, 3H, H3-4’). 13C NMR
(100 MHz, MeOD) & 74.7 (C-5), 72.0 (C-3), 69.4 (C-4), 67.9 (C-2), 58.4 (C-6%), 58.1 (C-6), 55.1 (C-
1), 52.6 (C-17), 29.6 (C-2"), 21.3 (C-3"), 14.8 (C-4"). [a]?% =-19.8 (c = 0.25, MeOH). IR/cm-1: 3675,
3325, 2970, 1393, 1250, 1057. HRMS: found 250.16490 [Ci1H23NOs+H]*, calculated for

[C11H23NOs+H]*250.16490

5-C-Hydroxymethyl-N-nonyl-1-deoxy-D-mannonojirimycin (99):
HO 8 (0.20 mmol) and nonyl bromide (0.30 mmol) was subjected to general
/ W alkylation procedure to provide 99 (16.3 mg, 0.052 mmol, yield 26%). 'H
Ho NN NMR (400 MHz, MeOD) 6 4.14 (d, ] = 9.6 Hz, 1H, H-4), 4.13 (d, / = 3.6 Hz, 1H,
/\,Q\ H-2),4.05 (d, /= 13.2 Hz, 1H, H-6a), 4.04 (dd, J = 9.6, 3.2 Hz, 1H, H-3), 3.90 (d,
o OH " J=13.2 Hz, 1H, H-1a), 3.88 (d, ] = 13.2 Hz, 1H, H-6b), 3.87 (d, ] = 12 Hz, 1H,
OH H-6*a), 3.72 (d, J = 11.7 Hz, 1H, H-6*b), 3.59 (dd, J = 13.2, 3.6 Hz, 1H, H-1b),
3.58 - 3.52 (m, 1H, H-1’a), 3.27 - 3.16 (m, 1H, 1'b), 1.95 - 1.84 (m, 1H, H-2"a), 1.80 - 1.70 (m,
1H, H-2'b), 1.53 - 1.23 (m, 12H, H2-3’ - H2-8"), 0.90 (t, / = 7.0 Hz, 3H, H3-9"). 13C NMR (100 MHz,
MeOD) 6 72.4 (C-5), 69.7 (C-3), 67.1 (C-4), 65.7 (C-2), 56.2 (C-6), 55.8 (C-6*), 52.8 (C-1), 50.5 (C-
17, 31.6, 29.1, 28.9, 28.8, 25.7, 25.3, 22.3 (C-2’ - C-8'), 13.0 (C-9"). [a]?% = -15.9 (c = 0.33,
MeOH). IR/cm-1: 3352, 2928, 2859, 1670, 1435, 1200, 1134, 1038. HRMS: found 320.24306
[C16H33NOs+H]*, calculated for [C16H33NOs+H]*320.24315.

5-C-Hydroxymethyl-N-hexylpentyl-1-deoxy-D-mannonojirimycin (100):

8 (0.20 mmol) and pentyloxyhexyl bromide (0.31 mmol) was subjected to general alkylation
procedure to provide 100 (14.0 mg, 0.038 mmol, yield 19%). 'H NMR (400 MHz, MeOD) 6 4.14
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HO (H\/OW (d,] = 9,6 Hz, 1H, H-4), 4.14 (d, ] = 4.0 Hz, 1H, H-2), 4.05 (d, ] = 13.2 Hz,
/ 3 5 1H, H-6a), 4.04 (dd, ] = 9.6, 3.0 Hz, 1H, H-3), 3.91 (d, ] = 12 Hz, 1H, H-1a),
- _N

HO 3.89 (d,] = 13.2 Hz, 1H, H-6b), 3.87 (d, ] = 12 Hz, 1H, H-6*a), 3.72 (d, ] =
n 11.7 Hz, 1H, H-6*b), 3.60 (dd, J = 12.8, 3.2 Hz, 1H, H-1b), 3.60 - 3.51 (m,
HO' OH 1H, H-1"a), 3.48 (t, ] = 6.2 Hz, 2H, H,-5"), 3.45 (t, ] = 6.6 Hz, 2H, H,-6),

OH 3.26 - 3.19 (m, 1H, H-1b), 2.01 - 1.72 (m, 2H, H,-2), 1.72 - 1.63 (m, 2H,

Hy-4'), 1.63 - 1.53 (m, 2H, H2-7"), 1.56 - 1.44 (m, 2H, H5-3"), 1.43 - 1.29 (m, 6H, H,-8", H2.9", Ha-
10", 0.93 (t,] = 6.7 Hz, 3H, H3-11"). 13C NMR (100 MHz, MeOD) § 72.4 (C-5), 70.7 (C-6"), 69.9 (C-
5, 69.7 (C-3), 67.1 (C-4), 65.7 (C-2), 56.2 (C-6*), 55.8 (C-6), 52.9 (C-1), 50.4 (C-1"), 31.5 (C-9"),
29.4 (C-7), 28.7 (C-4"), 25.6 (C-8), 25.1 (C-2"), 22.6 (C-3"), 22.3 (C-10"), 13.0 (C-11"). [a]2p = -
15.0 (c = 0.28, MeOH). IR/cm-!: 3327, 2930, 2860, 1672, 1464, 1431, 1377, 1202, 1134, 1040.
HRMS: found 364.27001 [C15H3;NOg+H]*, calculated for [C1sH37NOe+H]* 364.26936.

5-C-Hydroxymethyl-N-nonylpentyl-1-deoxy-D-mannonojirimycin (101):
8 (0.20 mmol) pentyloxynonyl bromide (0.30 mmol) was subjected to

H[O fb}:?/o% general alkylation procedure to provide 101 (14.2 mg, 0.034 mmol,

Ho NN yield 17%). 'H NMR (400 MHz, MeOD) & 3.98 (d, / = 9.9 Hz, 1H, H-4),
. 3.97 (d, ] = 4.0 Hz, 1H, H-2), 3.93 - 3.87 (m, 1H, H-3), 3.91 (d, / = 12.5 Hz,
H/O\\RA)\OH 1H, H-6a), 3.86 (d, / = 12.4 Hz, 1H, H-6b), 3.84 (d, J = 11.4 Hz, 1H, H-6%*a),
OH 3.72 (d, ] = 11.3 Hz, 1H, H-6*b), 3.47 (t, ] = 6.6 Hz, 2H, H,-5), 3.45 (t,] =

6.7 Hz, 2H, H,-6), 3.53 - 3.42 (m, 1H, H-1a), 3.28 - 3.12 (m, 2H, H-1b, H-1"a), 2.82 - 2.58 (m, 1H,
H-1'b), 1.78 - 1.53 (m, 6H, Hy-2’, Ho-4', Hz-7"), 1.51 - 1.20 (m, 14H, Hz-3’, H2-8, Ho-9’, Hp-10’, Ha-
11, Hp-12', Hy-13"), 0.91 (t, ] = 6.9 Hz, 3H, H3-14’). 13C NMR (100 MHz, MeOD) & 72.9 (C-6’),72.8
(C-5), 72.5 (C-5'), 70.8 (C-3), 68.9 (C-2), 67.5 (C-4), 53.7 (C-1), 51.6 (C-1"), 33.9 (C-9"), 31.7, 31.6,
31.6, 31.5, 31.4, 31.3, 28.1, 25.5, 24.6 (C-2’, C-3, C-4, C-7’, C-8, C-10’, C-11’, C-12’, C-13"), 15.3
(C-14'). [a]2p = -15.5 (c = 0.28, MeOH). IR/cm%: 3357, 2928, 1738, 1676, 1438, 1365, 1216,
1137. HRMS: found 406.31603 [C21H43NOe+H]*, calculated for [C21HasNOg+H]*406.31631.

5-C-Hydroxymethyl-N-[5-(3,3-dimethyl-1-propyloxy)pentyl]-1-deoxy-D-
mannonojirimycin (102):

8 (0.20 mmol) and 1-bromo-5-(2,2-dimethyl-1-propoxy)pentane
H/O Wo\k (0.30 mmol) was subjected to general alkylation procedure to
N

provide 102 (11.7 mg, 0.034 mmol, yield 17%). 'H NMR (400 MHz,

HO MeOD) & 4.14 (d, / = 9.6 Hz, 1H, H-4), 4.14 (dd, J = 3.1, 1.1 Hz, 1H, H-
HO" OH 2), 4.05 (d, J = 13.6 Hz, 1H, H-6a), 4.04 (dd, J = 9.9, 3.1 Hz, 1H, H-3),
OH 3.92(d,J=12.8 Hz, 1H, H-1b), 3.89 (d,/ = 13.2 Hz, 1H, H-6b), 3.87 (d, ]

=11.2 Hz, 1H, H-6*a), 3.72 (d, / = 11.7 Hz, 1H, H-6*b), 3.61 (dd, J = 12.6, 3.5 Hz, 1H, H-1a), 3.58 -
3.53 (m, 2H, H;-1a), 3.48 (t, ] = 6.1 Hz, 2H, H>-5"), 3.29 - 3.19 (m, 1H, H-1'b), 3.11 (s, 2H, H2-6),
1.94 (m, 1H, H-2’a), 1.87 - 1.73 (m, 1H, H-2'b), 1.73 - 1.64 (m, 2H, H;-3"), 1.54 (m, 2H, H;-4"),
0.94 (s, 9H, 3 x CH3). 13C NMR (100 MHz, MeOD) & 83.4 (C-6"), 73.5 (C-5),)72.9 (C-5"), 72.0 (C-
3), 69.4 (C-4), 67.9 (C-2), 584, 58.1 (C-6, C-6%), 55.1 (C-1), 52.7 (C-17), 33.8 (C-7") 31.1 (C-3"),
28.0 (3 x CH3), 27.4 (C-2"), 25.0 (C-4"). [a]2% = -15.4 (c = 0.23, MeOH). IR/cm1: 3675, 2988,
2901, 1674, 1393, 1250, 1066. HRMS: found 350.25352 [Ci7H35NOe+H]*, calculated for
[C17H3sNOe+H]*350.25371.

5-C-Hydroxymethyl-N-[5-(adamantan-1-yl-methoxy)-pentyl]-1-deoxy-D-
mannonojirimycin (103):
OH 8 (0.20 mmol) and 5-(adamantan-1-yl-methoxy)pentyl bromide
HO _./ /—/‘><_ (0.30 mmol) was subjected to general alkylation procedure to
' 30 provide 103 (10.5 mg, 0.024 mmol, yield 12%). 'TH NMR (400
HOm \_ﬁ MHz, MeOD) & 4.14 (d, ] = 9.6, 1H, H-4), 4.15 - 4.14 (m, 1H, H-2),
HG OH 4.06 (d, J = 13.2, 1H, H-6a), 4.04 (dd, J = 9.6, 2.8, 1H, H-3), 3.92
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(dd,J=13.2, 1.2, 1H, H-1b), 3.89 (d, ] = 13.6, 1H, H-6b), 3.88 (d, ] = 11.6, 1H, H-6*a), 3.73 (d, ] =
11.7, 1H, H-6*b), 3.61 (dd, ] = 12.9, 3.4 Hz, 1H, H-1a), 3.62 - 3.52 (m, 1H, H-1"a), 3.45 (t, ] = 6.1
Hz, 2H, Hz-5"), 3.23 (ddd, ] = 13.4, 9.9, 4.6 Hz, 1H, H-1'b), 1.98 (brs, 3H, CH ada), 1.96 - 1.89 (m,
1H, H-2'a), 1.85 - 1.75 (m, 1H, H-2'b), 1.83 - 1.68 (m, 6H, 3 x CH, ada), 1.70 - 1.63 (m, 2H, Hy-
4),1.59 (d,] = 2.8 Hz, 6H, 3 x CHz ada), 1.57 - 1.48 (m, 2H, Hz-3"). 13C NMR (100 MHz, MeOD) &
84.0 (C-6"), 74.7 (C-5), 73.0 (C-5), 72.0 (C-3), 69.4 (C-4), 67.9 (C-2), 58.4 (C-6*), 58.1 (C-6), 53.8
(C-1), 52.7 (C-1), 41.7 (CHzada), 39.2 (CHzada), 36.0 (Cq ada), 31.0 (C-4"), 30.6 (CH ada), 27.5
(C-2"), 25.0 (C-3"). [a]2 = -13.3 (c = 0.21, MeOH). IR /cm%: 3675, 3330, 2901, 1673, 1450, 1203,
1134, 1077. HRMS: found 428.2999 [C23H41NOg+H]", calculated for [C23Ha1NOg+H]* 428.30066.

5-C-Hydroxymethyl-N-[(biphenyl-4-yl-methoxy)-pentyl]-1-deoxy-D-mannonojirimycin
(104):

8 (0.20 mmol) and (biphenyl-4-yl-methoxy)pentyl
bromide (0.32 mmol) was subjected to general alkylation
procedure to provide 104 (17.1 mg, 0.038 mmol, yield
19%). 'H NMR (400 MHz, MeOD) 6 7.64 (m, 4H, Har BiPh),
7.50 - 7.40 (m, 4H, Ha: BiPh), 7.40 - 7.29 (m, 1H, Ha, BiPh),
4.58 (s, 2H, H;-6"), 4.14 (d,] = 9.8 Hz, 1H, H-4), 4.15 - 4.11
(t, ] = 3.2 Hz, 1H, H-2), 4.04 (d, /= 13.2, 1H, H-6a), 4.03 (dd, J = 10.0, 2.8, 1H, H-3), 3.89 (d, ] =
13.2, 1H, H-6b), 3.87 (d, J = 12.0, 1H, H-6*a ), 3.87 (m, 1H, H-1a) 3.71 (d,/ = 11.6, 1H, H-6*b ),
3.65 - 3.54 (m, 1H, H-1’a), 3.59 (t,/ = 5.8 Hz, 2H, H>-5"), 3.64 - 3.55 (m, 1H, H-1b), 3.28 - 3.17 (m,
1H, H-1'b), 2.01 - 1.86 (m, 1H, H-2’a), 1.86 - 1.77 (m, 1H, H-2’b), 1.78 - 1.70 (m, 2H, H-4’), 1.68
- 1.46 (m, 2H, H-3"). 13C NMR (100 MHz, MeOD) § 140.5, 137.5 (Cq BiPh), 129.7, 128.7, 128.5,
128.1, 127.0, 126.6, 126.5 (Car BiPh), 72.4 (C-5), 72.2 (C-6), 69.7 (C-3), 69.5 (C-5"), 67.1 (C-4),
65.7 (C-2), 56.2 (C-6%), 55.8 (C-6), 52.8 (C-1), 50.4 (C-1"), 28.7 (C-2"), 25.0 (C-3"), 22.7 (C-4").
[a]?%p = -14.6 (c = 0.34, MeOH). IR/cm: 3675, 3323, 2971, 1674, 1407, 1202, 1133, 1076.
HRMS: found 446.25345 [C25H3sNOe+H]*, calculated for [C2sH3sNOg+H]* 446.25371.

5-C-Hydroxymethyl-N-butyl-1-deoxy-D-allonojirimycin (121):
HO (\/ 9 (0.20 mmol) and butyl bromide (0.30 mmol) was subjected to general

4 N alkylation procedure to provide 121 (6.2 mg, 0.025 mmol, yield 12%). 1H
Ho/\Lj NMR (600 MHz, MeOD) & 4.18 (d, / = 14.2 Hz, 1H, H-6a), 4.08 (t, / = 2.9 Hz,
Ho' oy 1H,H-3),3.97 (d,J=12.1 Hz, 1H, H-6%a), 3.94 - 3.90 (m, 1H, H-2),3.89 (d,] =
OH 12.6 Hz, 1H, H-6*b), 3.89 (d, J = 2.7 Hz, 1H, H-4), 3.87 (d, ] = 14.2 Hz, 1H, H-

6b), 3.61 (ddd, J =13.0,11.9, 5.0 Hz, 1H, H-1"), 3.36 - 3.34 (m, 2H, H»-1), 1.92
-1.80 (m, 1H, H-2’a), 1.76 - 1.59 (m, 1H, H-2’b), 1.54 - 1.33 (m, 2H, H»-3"), 1.01 (t, ]/ = 7.4 Hz, 3H,
H3z-4"). 13C NMR (150 MHz, MeOD) § 72.6 (C-5), 71.8 (C-3), 67.5 (C-4), 65.1 (C-2), 57.0 (C-6),
57.0 (C-6%*), 53.0 (C-1'), 49.0 (C-1), 28.4 (C-2"), 21.1 (C-3"), 13.9 (C-4"). [«]?%p = -0.2 (c = 0.12,
MeOH). IR/cm: 3352, 2970, 2879, 1674, 1430, 1201, 1136, 1056. HRMS: found 250.16502
[C11H23N05+H]+, calculated for [C11Hz3NOs+H]+ 250.16490.

5-C-Hydroxymethyl-N-nonyl-1-deoxy-D-allonojirimycin (122):
HO W 9 (0.20 mmol) and nonyl bromide (0.30 mmol) was subjected to general
!__ N 6 alkylation procedure with to provide 122 (8.3 mg, 0.026 mmol, yield 13%). 'H
HO/\LJ NMR (400 MHz, MeOD) 6 4.21 (d, / = 14.3 Hz, 1H, H-6a), 4.10 (t,J = 2.9 Hz, 1H,
Ho "oy H-3),3.99 (d,J=12.1 Hz, 1H, H-6*a), 3.95 (dd, ] = 6.5, 3.1 Hz, 1H, H-2), 3.92 (d,
OH J=12.4 Hz, 1H, H-6*b), 3.91 (d, ] = 2.4 Hz, 1H, H-4), 3.89 (d, J = 14 Hz, 1H, H-
6b), 3.63 (td, /= 12.4, 5.0 Hz, 1H, H-1"a), 3.42 - 3.35 (m, 2H, H»-1), 3.14 (dt, J =
12.5, 6.3 Hz, 1H, H-1'b), 1.98 - 1.66 (m, 2H, H;-2"), 1.46 - 1.33 (m, 12H, H2-3’ - H2-8"), 0.94 (t,] =
7.1 Hz, 3H, H3-9"). 13C NMR (100 MHz, MeOD) § 71.2 (C-5), 70.3 (C-3), 66.1 (C-4), 63.7 (C-2),
55.6 (C-6), 55.6 (C-6*), 51.8 (C-17), 47.5 (C-1), 31.6, 29.1, 28.9, 28.8, 26.4, 25.0, 22.3 (C-2’ - C-8"),
13.0 (C-9'). [a]?% = -0.2 (c = 0.17, MeOH). IR/cm-1: 3352, 2926, 2858, 1670, 1456, 1435, 1379,
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1201, 1134, 1056. HRMS: found 320.24328 [Ci16H33NOs+H]*, calculated for [Ci¢H33NOs+H]*
320.24315.

5-C-Hydroxymethyl-N-hexyloxypentyl-1-deoxy-D-allonojirimycin (123):

HO (WOW 9 (0.20 mmol) anq pentyloxyhexyl bromide (0.30 mmol) was subjected

/ 3 5 to general alkylation procedure to provide 123 (5.0 mg, 0.014 mmol,

Ho NN yield 7%). 'H NMR (600 MHz, MeOD) § 4.21 (d, J = 14.2 Hz, 1H, H-6a),
/\Lj 4.10 (t, J = 2.8 Hz, 1H, H-3), 3.99 (d, J = 12.1 Hz, 1H, H-6*a), 3.96 - 3.93
HO™ =~ "OH (m, 2H, H-2), 3.91 (d, ] = 12.4 Hz, 1H, H-6*b), 3.91 (d, ] = 2.7 Hz, 1H, H-
OH 4),3.89 (d, J = 14.3 Hz, 1H, H-6b), 3.68 - 3.59 (m, 1H, H-1’a), 3.48 (t, ] =

6.3 Hz, 2H, Hy-5"), 3.46 (t, ] = 6.6 Hz, 2H, H,-6’), 3.40 - 3.36 (m, 2H, Hz-1), 3.15 (td, ] = 12.4, 5.0
Hz, 1H, H-1'b), 1.96 - 1.90 (m, 1H, H-2'a), 1.80 - 1.71 (m, 1H, H-2'b), 1.68 - 1.66 (m, 2H, Hz-4"),
1.60 - 1.56 (m, 2H, H,-7"), 1.55 - 1.44 (m, 2H, H,-3"), 1.42 - 1.30 (m, 6H, H,-8, H-9", H-10"),
0.93 (t, ] = 6.9 Hz, 3H, Hs-11"). 13C NMR (150 MHz, MeOD) § 72.3 (C-5), 71.7 (C-6), 71.4 (C-3),
71.0 (C-5"), 67.1 (C-4), 64.7 (C-2), 56.6 (C-6), 56.6 (C-6*), 52.7 (C-1"), 48.5 (C-1), 31.9 (C-9"), 30.3
(C-7"),29.8 (C-4"), 26.6 (C-8'), 25.8 (C-2), 24.2 (C-3"), 23.3 (C-10"), 14.0 (C-11"). [a]2% = +0.0 (c =
0.10, MeOH). IR/cm: 3352, 2929, 2860, 1751, 1676, 1431, 1371, 1205, 1132, 1080. HRMS:
found 264.26942 [C15H3;NOs+H]*, calculated for [C1sHs7NOg+H]* 264.26936.

5-C-Hydroxymethyl-N-nonyloxypentyl-1-deoxy-D-allonojirimycin (124):
9 (0.20 mmol) and pentyloxynonyl bromide (0.30 mmol) was subjected
H/O WO% to general alkylation procedure to provide 124 (3.3 mg, 0.008 mmol,

o N yield 4%). 'H NMR (600 MHz, MeOD) & 4.21 (d, J = 14.3 Hz, 1H, H-6a),
/\L). 4.10 (t,] = 2.9 Hz, 1H, H-3), 3.99 (d, ] = 12.1 Hz, 1H, H-6*a), 3.96 - 3.93
HO" > "oH (m, 1H, H-2), 3.91 (d, ] = 12 Hz, 1H, H-6*b), 3.91 (d, ] = 2.4 Hz, 1H, H-4),

OH 3.89 (d, ] = 14.4 Hz, 1H, H-6b), 3.67 - 3.60 (m, 1H, H-1’a), 3.48 (t, ] = 6.3

Hz, 2H, H-5"), 3.46 (t, ] = 6.6 Hz, 2H, Hz-6"), 3.39 - 3.33 (m, 2H, Hz-1), 3.15 (td, ] = 12.5, 5.0 Hz,
1H, H-1'b), 1.99 - 1.88 (m, 1H, H-2"a), 1.84 - 1.72 (m, 1H, H-2'b), 1.68 - 1.66 (m, 2H, H,-4"), 1.58
(dt, ] = 8.0, 6.4 Hz, 2H, Hz-7"), 1.55 - 1.45 (m, 2H, H2-3"), 1.41 - 1.27 (m, 12H, Hp-8 - Hp-13"),
0.93 (t, / = 7.1 Hz, 3H, Hs-14"). 13C NMR (150 MHz, MeOD) § 72.3 (C-5), 71.7 (C-6"), 71.4 (C-3),
71.0 (C-5"), 67.1 (C-4), 64.7 (C-2), 56.6 (C-6), 56.6 (C-6%), 52.7 (C-1"), 49.5 (C-1), 32.7 (C-9"), 30.4
(C-7), 30.3, 30.2, 30.0 (C-10’, C-11', C-12"), 29.8 (C-4"), 26.9 (C-8), 25.8 (C-2"), 24.2 (C-3"), 23.3
(C-13"), 14.1 (C-14’). [a]% = -0.2 (c = 0.07, MeOH). IR/cm’: 3292, 2924, 2856, 1676, 1425,
1205, 1134, 1055. HRMS: found 406.31623 [C21H43N06+H]+, calculated for [C21H43N06+H]+
406.31631.

5-C-Hydroxymethyl-N-[5-(3,3-dimethyl-1-propyloxy)pentyl]-1-deoxy-D-allonojirimycin
(125):
9 (0.20 mmol) and 1-bromo-5-(2,2-dimethyl-1-propoxy)pentane

H/O WO (0.31 mmol) was subjected to general alkylation procedure with to
N provide 125 (13.8 mg, 0.04 mmol, yield 20%). 'H NMR (400 MHz,
HONLJ MeOD) & 4.21 (d, J = 14.3 Hz, 1H, H-6a), 4.11 (t, ] = 2.9 Hz, 1H, H-3),
HOY " 0N 4.00 (d, ] = 12.1 Hz, 1H, H-6*a), 3.98 - 3.94 (m, 1H. H-2), 3.92 (d, ] =
SH 12.4 Hz, 1H, H-6*b), 3.92 (d, ] = 3.2 Hz, 1H, H-4), 3.90 (d, ] = 14.8 Hz,

1H, H-6b), 3.65 (td, J = 12.4, 5.0 Hz, 1H, H-1'a), 3.47 (t, ] = 6.2 Hz, 2H,
H-5"), 3.42 - 3.38 (m, 2H, H:-1), 3.22 - 3.13 (m, 1H, H-1'b), 3.10 (s, 2H, H;-6"), 2.01 - 1.89 (m,
1H, H-2’a), 1.88 - 1.73 (m, 1H, H-2’b), 1.67 (dt, ] = 7.9, 6.4 Hz, 2H, H;-4"), 1.58 - 1.48 (m, 2H, H»-
3", 0.93 (s, 9H, 3 x CHz). 13C NMR (100 MHz, MeOD) 6 81.1 (C-6), 71.3 (C-5), 70.6 (C-5"), 70.3
(C-3),66.2 (C-4), 63.7 (C-2), 55.7, 55.7 (C-6, C-6*), 51.7 (C-1"), 47.2 (C-1), 31.5 (C-7"), 28.9 (C-4'),
25.8 (CHz3), 24.8 (C-2"), 23.3 (C-3"). [a]?% = -0.3 (c = 0.28, MeOH). IR/cm-t: 3675, 2971, 1672,
1393, 1202, 1066. HRMS: found 350.25347 [C17H35NOe+H]*, calculated for [Ci17H3sNOe+H]*
350.25371.
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5-C-Hydroxymethyl-N-[5-(adamantan-1-yl-methoxy)-pentyl]-1-deoxy-D-allonojirimycin
(126):
OH 9 (0.20 mmol) and 5-(adamantan-1-yl-methoxy)pentyl bromide
HO—\¢ /_’LX_ (0.29 mmol) was subjected to general alkylation procedure to
b 30 provide 126 (9.5 mg, 0.022 mmol, yield 11%). 1H NMR (400 MHz,
- MeOD) 6§ 4.21 (d, ] = 14.2 Hz, 1H, H-6a), 4.10 (t, ] = 2.9 Hz, 1H, H-
HG  OH 3),3.98 (d, ] = 12.4 Hz, 1H, H-6*a), 3.96 - 3.92 (m, 1H, H,-2), 3.91
(d,] = 12.4 Hz, 1H, H-6*b), 3.91 (d, J = 2.8 Hz, 1H, H-4), 3.90 (d, ] =
14 Hz, 1H, H-6b), 3.64 (td, ] = 12.3, 4.9 Hz, 1H, H-1’a), 3.44 (t, ] = 6.2 Hz, 2H, H»-5’), 3.41 - 3.35
(m, 2H, H-1), 3.22 - 3.10 (m, 1H, H-1'b), 1.97 (t, ] = 3.2 Hz, 3H, 3 x CH ada), 1.97 - 1.90 (m, 1H,
Hz-2'a), 1.80 - 1.68 (m, 6H, 3 x CH,ada), 1.74 - 1.69 (m, 1H, H-2'b), 1.70 - 1.62 (m, 2H, Hz-4"),
1.59 (d, ] = 2.9 Hz, 6H, 3 x CH; ada), 1.56 - 1.44 (m, 2H, H-3). 13C NMR (100 MHz, MeOD) & 81.7
(C-6"), 71.3 (C-5), 70.7 (C-5"), 70.3 (C-3), 66.1 (C-4), 63.7 (C-2), 55.6 (C-6), 55.6 (C-6*) 51.7 (C-
1), 48.3 (C-1), 39.4 (CH; ada), 36.9 (CH; ada), 33.8 (C, ada), 28.8 (C-4’), 28.3 (CH ada), 24.8 (C-
2’), 23.3 (C-3). [a]?%p = -0.1 (c = 0.19, MeOH). IR/cm1: 3675, 2988, 1673, 1394, 1205, 1131,
1066. HRMS: found 428.30043 [C23H41NOe+H]*, calculated for [C23H41NOe+H]*428.30066.

5-C-Hydroxymethyl-N-[(biphenyl-4-yl-methoxy)-pentyl]-1-deoxy-D-allonojirimycin
(127):
OH 9 (0.20 mmol) and (biphenyl-4-yl-methoxy)pentyl
HO—\ ¢ /_ILX— bromide (0.30 mmol) was subjected to general alkylation
?:N) 30 procedure to provide 127 (2.8 mg, 0.0062 mmol, yield
' 3%). 'H NMR (600 MHz, MeOD) 6§ 7.65 - 7.57 (m, 4H, Ha,
HO  oH BiPh), 7.43 (d, / = 8.0 Hz, 4H, Har BiPh), 7.34 (d, ] = 7.4 Hz,
1H, Har BiPh), 4.56 (s, 2H, H-6"), 4.17 (d, ] = 14.3 Hz, 1H, H-
6a), 4.07 (t,J = 2.9 Hz, 1H, H-3), 3.96 (d, / = 12.2 Hz, 1H, H-6b), 3.92 - 3.89 (m, 1H, H-2), 3.90 (d,
J=14.4 Hz, 1H, H-6*a), 3.88 (d, ] = 3 Hz, 1H, H-4), 3.86 (d, / = 13.8 Hz, 1H, H-6*Db), 3.64 - 3.59 (mm,
1H, H-1'a), 3.56 (t,J = 3.56, 2H, H2-5"), 3.37 - 3.32 (m, 2H, H2-1), 3.17 - 3.10 (m, 1H, H-1'b), 1.97
- 1.88 (m, 1H, H-2’a), 1.80 - 1.73 (m, 1H, H-2'b), 1.74 - 1.68 (m, 2H, Hz-4"), 1.59 - 1.46 (m, 2H,
H,-3"). 13C NMR (150 MHz, MeOD) & 142.1, 141.9 (Cq Bn), 138.8, 129.9, 129.4, 128.4, 128.0,
127.9 (Car BiPh), 73.7 (C-6"), 71.8 (C-3), 71.0 (C-57), 67.5 (C-4), 65.1 (C-2), 62.6 (C-5), 57.0 (C-6),
56.9 (C-6*), 53.1 (C-1'), 49.9 (C-1), 30.2 (C-4"), 26.2 (C-2’), 24.7 (C-3’). [a]?%p = +0.54 (c = 0.06,
MeOH). IR/cmt: 3337, 2928, 2863, 1738, 1673, 1442, 1365, 1205, 1130. HRMS: found
[C25H3sNOe+H]* 446.25357, calculated for [C2sH3sNOe+H]* 446.25371.
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Summary, Work in Progress

and Future Prospects

This Thesis describes the design, synthesis and evaluation as glycoprocessing enzyme
inhibitors of focused libraries of iminosugars. In the studies described, 1-deoxynojirimycin
(DNJ), the archetypal iminosugar, and its known N-alkylated derivatives, served as starting
points. DNJ modifications presented here include alteration of the substitution pattern of the
piperidine core structure; variation in the N substituent, or a combination of the two. Biological
evaluation of the synthesized compounds focused on the glycoprocessing enzymes involved in
glucosylceramide metabolism: glucosylceramide synthase (GCS), lysosomal glucosylceramidase
(GBA1) and neutral glucosylceramidase (GBA2), and in all examples presented the inhibitory

potency of newly synthesized compounds are compared with that of literature compounds.
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In Chapter 1 the current and potential applications of iminosugars in biomedicine are
introduced. Given the importance of this class of compounds, numerous synthetic strategies
have been reported over the decades, thus allowing the synthesis of natural compounds that
are hard to access in large quantities and/or purity from nature, but also to expand the
structural diversity. Chapter 2 reviews some particularly versatile synthetic strategies for the
construction of DNJ, including strategies involving a double reductive amination as a key step -
a key step that also features in several routes of synthesis as presented in this Thesis.

Glycosylated DNJs comprise a relatively less well explored class of iminosugars when
compared to monosaccharidic DNJs. In Chapter 3 an efficient method is described for the
synthesis of glycosylated DNJ derivatives starting from the corresponding disaccharides. Five
different glycosylated DN]J structures were successfully constructed (1 - 5, Figure 1) following a
route comprising selective liberation of the anomeric center of the reducing glucose in the
starting disaccharides followed by reduction to the diol, oxidation to the 5-keto aldehyde and

double reductive amination.

Figure 1: Glycosylated 1-deoxynojirimycin (1 - 5) constructed in Chapter 3
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N-alkyl derivatives of some of these glycosylated iminosugars (see for the synthesized
structures Table 1) were prepared as depicted in scheme 1. As an example, reductive amination
of the per-O-benzyl protected iminodisaccharide 6 with sodium cyanoborohydride as the
reducing agent and including the appropriate aldehyde provides, after global deprotection,
hydroxyethyl derivative 10 (Scheme 1A; see for experimental details the experimental section
at the end of this Chapter). Alternatively, fully deprotected iminodisaccharide 2 can be
subjected to butyl bromide and potassium carbonate in DMF to yield N-butyl-
iminodisaccharide 19 (Scheme 1B). A combination of both approaches should enable the

synthesis of the complete panel as depicted in Table 1.
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Scheme 1: N-Alkylation strategies of glycosylated DN] derivatives (9 - 28)
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Reagents and conditions: [a] AcOH, NaCHBH3, MeOH, DCM, 64%; [b] Pd/C, H2, DMF/MeOH, 91%; [c]

K2CO0s, DMF, 85 °C, 58%.

Table 1: Code of the synthesized N-alkyl glycosylated DNJ derivatives

Melibio DNJ (1) Malto DNJ (2) Lacto DNJ (3) Cellobio DNJ (4)

N-hydroxyethyl [a] 9,[b] 10 N.S. N.S. N.S.
N-butyl [a] 11, [b] N.S. [a] 18, [b] 19 N.S. [c] 23
N-nonyl [a] 12, [b] 13 [a] 20, [b] N.S. N.S. [c] 24
N-5-(hexyloxy)pentyl N.S. N.S. [c] 21 [c] 25
N-5-(nonyloxy)pentyl [c] 14 N.S. N.S. [c] 26
N-(biphenyl-4-yl- [c] 15 N.S. N.S. [c] 27
methoxy)pentyl

N-5-(adamantan-1-yl- [c]16 N.S. [c] 22 N.S.
methoxy)pentyl

N-5-(3,3-dimethyl-1- [c] 17 N.S. N.S. [c] 28

propyloxy)pentyl

*N.S.: not synthesized or purified.

*[a],[b],[c]: synthesized via conditions a, b or c described in scheme 1.

GBA2 selective inhibitors are desirable commodities both for fundamental biological

studies on the physiological role of GBA2 and as potential clinical candidates, in case GBA2

turns out to be a relevant drug target (as is currently considered in relation to the lysosomal

storage disorders, Gaucher disease and Niemann-Pick type C disease). Unfortunately, all GBA2
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inhibitors described in the literature have overlapping activities on either of the two other
GlcCer metabolism relating enzymes, GCS and GBA1l. Chapter 4 discusses the design and
synthesis of N-alkyl DNJ derivatives as potential GBA2 selective inhibitors. A focused library
composed of N-pentyloxy neopentyl isosteres iminosugars was built and evaluated, and
compound 29 (Figure 2) was found to be the most selective GBA2 inhibitor of the investigated

series.

Figure 2: Most promising GBAZ selective inhibitor from Chapter 4
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Studies on configurational iminosugars have revealed that D-ido-configured DN] derivatives
possess remarkable GBA2 selectivity. As depicted in Figure 3, D-ido-configured, N-alkyl
derivative 32 is a low nanomolar GBA2 inhibitor. The compound is even more potent than the
known GBAZ2 inhibitors 30 and 31, and is also more selective (32: ICsoccs/ICs0c68a2 1750, ICso
6Ba1/1Cs0 a2 92071; 30: ICs ces/1Cs0 geaz 1020, ICs0 ca1/1Cs0 geaz 1252).

Figure 3: Structure and inhibitory activity of D-gluco, L-ido and D-ido iminosugars

9.4 e

Ho“'(‘J “OH HO” ™ “OH
OH OH
30, p-gluco NEO 31, L-ido NEO 32, p-ido NEO
IC50GCS 5 pM ICs0GCS 1.6 uM ICso GCS 7 uM
ICs50 GBA1 6 UM ICso GBA1 >1000 uM ICso GBA1 387 uM
ICs50 GBA2 5nM ICso GBA2 10 nM ICso GBA2 4 nM

Hence, D-ido structural iminosugar is a promising starting point for further research on
GBAZ2 selective inhibitors, for instance by variation of the N-alkyl substituent as has been the

object of study in Chapter 4 (leading to, for instance, compound 33, Figure 4).

Figure 4: Structure of designed GBAZ selective inhibitor
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Iminosugars with dual GCS/GBA2 inhibitory activity are promising leads for drug
development for the treatment of several lysosomal storage disorders. In Chapter 5, 16 N-alkyl
D-glucose configured and L-idose configured DN]J derivatives were designed, synthesized and
evaluated on their efficacy as dual GCS/GBA2 inhibitors. Regrettably, no outstanding new
inhibitor was identified. Amongst the compounds evaluated, the one carrying a para-
trifluorometyl substituted N-biphenyl moiety (L-ido-DN] 34) proved to be the most GCS/GBA2
selective compound of the series (selectivity as set against GBA1 inhibitory activity), whereas
derivatives with a low logP value (such as 35) deserve future attention as well because of their

suspected improved (compared to 34) in vivo activity.

Figure 5: Most promising GCS/GBAZ inhibitors from Chapter 5
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As also highlighted in Chapter 5, future research might focus on modification of the inner
benzene moiety of the biphenyl substituent in the L-idose configured and D-glucose configured
DN] derivatives (for instance, 36 - 39, Figure 6), or even modification of both benzenes (for
instance, 40 - 47).

Chapter 6 discusses the design and synthesis of a focused library comprising four
configurational isomeric bis-hydroxymethyl iminosugars (48 - 51, Figure 7). These core
structures were decorated with different aliphatic chains and the complete library was
assessed on their inhibitory potential against GCS, GBA1 and GBA2. The additional (compared
to the parent iminosugars) hydroxymethyl group does not bring extra potency and neither
selectivity against the target enzymes.

Lack of potency towards the target enzymes may be due to steric factors, and one way to
overcome this, but that would keep the symmetrical carbon at C-5 intactly, would be to
condense the two hydroxyls to form an oxetane (as in 52 - 55, Figure 8). Oxetane groups are
common functional groups in medicinal chemistry and confer to drugs/drug candidates

desirable features including solubility and metabolic stability.
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Figure 6: Relevant p-gluco and L-idose configured DN] derivatives carrying a modified
biphenyl functional group
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Figure 7: 5-Bis-hydroxymethyl DNJ compounds (48 - 51) described in Chapter 6
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Figure 8: Structures of designed C-5 oxetane iminosugars
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Scheme 2: Designed synthesis route for 1,5-dideoxy-1,5-imino-5-oxetane-p-xylitol
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Reagents and conditions: [a] 1) TBSCI, TEA, DMAP, DCM; 2) PCC, DCM; 3) LDA, DCM, THF; 4) NaNs, DMF,
115 °C; [b] NaBH3; [¢] CBrs, PPhs, DCM; [d] TBAF, THF; [e] NaOH, H20, MeOH; [f] TFA, H20; [g] Hz, Pd/C.

A potential route of synthesis towards compound 52 is presented in Scheme 2. The
synthesis is based on diacetone-D-glucose (D-DAG), and standard protecting group
manipulations have yielded compound 56. The additional carbon and nitrogen could be
introduced following a strategy similar to that described in Chapter 6 (from D-DAG to 57). The
newly introduced hydroxylmethyl group (58) may be transformed to a bromide via an Appel
reaction, and the bromide substituted by the liberated (59 to 60) OH-6 to form oxetane (61).
The anomeric center in 61 is then to be exposed (to give 62) using the TFA/water system after
which reduction of the azide to the amine, reductive amination onto the anomeric aldehyde and
concomitant debenzylation should yield 52.

In previous studies, the inhibitory activity against GCS, GBA1 and GBA2 of a series of 1,2-
dideoxynojirimycin derivatives was tested (for example, compounds 67 - 70, Figure 9). As is
evident from the depicted (Figure 9) ICso values, the lack of a C-2 hydroxyl results in a loss of
GCS inhibitory activity (compare the GCS inhibitory activity of 63 and 67; 64 and 68; 65 and 69;
66 and 70, Figure 9), which implies that the existence of a C-2 OH is essential.l
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Figure 9: ICso values of N-AMP iminosugars
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66 IC5o GCS 0.2 uM
ICso GBA1 >1000 uM
ICso GBA2 0.1 uM

*70 1Cso GCS >10 uM
ICso GBA1 200 uM
ICso GBA2 100 uM

In order to investigate the importance of C-3 OH, 1,3-dideoxynojirimycin derivatives have

been synthesized and evaluated on their potency to inhibit GCS (e.g. 71 and 72, Figure 10). It

appears that removal of C-3 OH in DNJ (with the remaining chiral centers as in the parent

iminosugar, deoxynojirimycin) largely abolishes GCS inhibitory activity (compare GCS

inhibitory activity of 71 and 63, 72 and 89). It would be useful to have the full set of

configurational isomers of 71 (three stereocenters - 6 stereoisomers in total besides 71 and 72)

in hand to establish their inhibitory potency against GCS but also GBA1 and GBA2, and synthetic

methodology needs to be developed for this purpose.

Figure 10: ICsovalues of some 1,3-dideoxynojirmmycin derivatives as GCS inhibitors
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Figure 11: ICso values of AMP-alkylated DNJ congeners
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Looking closer at the ICso values obtained for GCS inhibition as described in Chapter 6, it
becomes apparent that D-glucose configured iminosugars (for instance, 63, Figure 11) and L-
idose configured iminosugars (for instance, 65) and their C-4 epimers (for instance, D-galactose
configured 64 and L-altrose configured 66) are all able to act as GCS inhibitors. It can thus be
concluded that all compounds tested and that display significant GCS inhibitory activity share
one common characteristic: the (25, 3R) configuration of the diol system (with both hydroxyls
present): all relevant GCS inhibitors are found in either the D-glucose, L-idose, D-galactose or L-
altrose iminosugar series.

In order to unambiguously confirm this structure-activity-relationship, the efficacy of all 16
DN]J congeners bearing the same N-alkyl substituent should be evaluated side-by-side on GCS,
GBA1 and GBAZ2. Initial results towards this goal are presented in Figure 11 and concern some
first inhibitory data on the complete set of 16 configurational isomers of N-
adamantanemethoxypentyl-deoxynojirimycin. It can be seen that D-gluco AMP (63), L-ido AMP
(65), b-galacto AMP (64) and L-altro AMP (66), which all have the (2S, 3R) configuration, but
none of the other configurational isomers, exhibit potent GCS inhibitory activity (0.1 pM - 0.2
uM). The synthesis details of compounds 73, 74, 76, 77, 79 and 84 can be found in the
experimental part.

Looking at the inhibition potency of GBA1 and GBA2 as exerted by the 12 configurational
isosters introduced in Figure 11, and comparing with the four lead isosteres, D-ido derivative
74 stands out as a promising GBAZ2 selective inhibitor. In order to fully capitalize on the
potential of configurational and functional DN] isosters as selective inhibitors for GCS, GBA or
GBA2 as well as for unrelated glycoprocessing enzymes, it would be advantageous to have
access to a focused and comprehensive library. Such a library should ideally contain all 16
configurational isomers as well as encompass all alkyl and aryl substituents found on individual
DN]J isomers in the literature and that are found to have a beneficial effect, whether on enzyme
inhibition potency/selectivity or on pharmacological behavior. Initial synthesis efforts have
been conducted towards this goal and the resulting configurational and functional DN]
derivatives - alongside with initial GCS/GBA1/GBAZ2 inhibitory properties such as have been
established yet - are presented in Figures 12 - 15 (see for synthesis details the experimental

section).
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Figure 12: ICso values of DNJ derivatives with 2S5, 3R configuration

OH
HO,, WOH

N OH
}‘? D-gluco
~npn
85 H
IC59 GCS
IC590 GBA1 754 uM
IC50 GBA2 20 uM

BGMC/\

ICso GCS 50 uM
ICsp GBA1 >1000 pM
ICso GBA2 0.3 uM

87NQ/\/\/\/

ICso GCS 1.5 uM
ICso GBA1 3 uM
ICso GBA2 2 nM

88 NQ/\/\O/\/\/\

ICso GCS  0.08uM
ICso GBA1 5 uM
ICso GBA2 2 nM

30 Nm/\/\o/\’<

ICso GCS 5 pM
ICso GBA1 6 uM
ICSOGBA2 5nM

|cso GCS 02 mvl@

ICso GBA1 0.5 uM
ICso GBA2 0.8 nM

89 NK/\/\O

ICso GCS  8nM
ICso GBA1 0.4 uM
ICso GBA2 0.7 nM

90 NK,OBn

ICsg GCS  >50 uM
ICso GBA1 37 uM
ICso GBA2 47 NM

ICso GCS  0.07 uM
ICso GBA1 0.4 uM
ICso GBA2 1.5nM

>50 pM

OH

HO,, E'j,\OH
N -, ~OH
ﬂ; L-ido
e
92 H
ICsp GCS  >50 uM
ICsp GBA1 >1000 uM
ICs0 GBA2 138 uM

93Wm/\

ICso GCS 1M
ICso GBA1 >1000 uM
ICso GBA2 0.2 uM

94N]:/\/\/\/

ICso GCS 0.1 uM
ICso GBA1 40 uM
ICso GBA2 1 nM

05 o
IC50 GCS 0.03 uM

ICso GBA1 102 uM
ICso GBA2 3 nM

1 Nm/\/\ox

ICso GCS 1.6 uM
ICso GBA1 >1000 uM
IC50GBA2 10 nM

|o50 GCS 0.1 ;,ll\;\@

ICso GBA1 34 uM
ICso GBA2 1 nM

96 NK/\/\O

ICso GCS 6 nM
ICso GBA1 15 uM
ICso GBA2 1 nM

97 NK,OBI’]

ICso GCS  >50 uM
ICso GBA1 >1000 uM
ICso GBA2 20 uM

T

ICso GCS  0.015 uM
ICso GBA1 9 uM
ICso GBA2 0.15nM

148

OH

HO,, OH

H
N O

|‘:< D-galacto
anpn
99 H
IC50 GCS  >50 uM
IC50 GBA1 237 uM
IC50GBA2 11 uM

100 Wm/\

|C50 GCS 5 ].LM
ICso GBA1 412 pM
ICso GBA2 30 pM

101 N]:/\/\/\/

ICso GCS 2 puM
ICso GBA1 >1000 uM
ICso GBA2 7.5nM

102 N‘C/\/\O/\/\/\

ICso GCS  0.3uM
ICso GBA1 >1000 pM
ICso GBA2 40 nM

103 Nm/\/\ox

ICso GCS 5 pM
ICso GBA1 >1000 uM
IC50GBA2 12 nM

64 “@
ICsp GCS  0.14 uM

ICs0 GBA1 1 uM
IC5o GBA2 1 nM

s o

ICso GCS  0.03 uM
ICsg GBA1 700 puM
ICso GBA2 1 nM

OH

-, ~OH

N
}‘? L-altro

e
105 H

IC50 GCS  >50 uM
IC50 GBA1 >1000 pM
ICs50 GBA2 --- uM

106 Nm/\

IC59 GCS >50 uM
ICsp GBA1 >1000 uM
ICso GBA2 1.5 uM

107 N]:/\/\/\/

ICso GCS 25 uM
ICso GBA1 >1000 uM
ICso GBA2 0.3 puM

108 Nm/\/\o/\/\/\

ICso GCS 0.5 uM
ICso GBA1 >1000 uM
ICso GBA2 0.4 uM

109 N]i/\/\ox

ICso GCS ~50 uM
ICso GBA1 >1000 uM
ICSOGBA2 0.7 uM

|050 GCS 0.2 uM/\@

ICso GBA1 >1000 uM
IC50 GBA2 0.1 uM

I A

ICso GCS 0.08 uM
ICsp GBA1 >1000 uM
ICso GBA2 15 nM

111 “Losn

IC50 GCS  >50 uM
ICsp GBA1 >1000 uM
ICso GBA2 108 uM

T

112

ICso GCS  0.1uM
ICso GBA1 >100 uM
ICso GBA2 9 nM



CHAPTER 7

Figure 13: ICso values of DNJ derivatives with 28, 3S configuration
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131 N‘C/\/\/\/

IC59 GCS  >50 uM
ICsp GBA1 >1000 uM
ICsp GBA2 4 uM

132 NC/\/\O/\/\/\

ICso GCS  >50 uM
ICso GBA1 >1000 uM
ICso GBA2 361 puM

133 NT:/\/‘O

ICso GCS  >50 uM
ICso GBA1 >1000 uM
ICSOGBA2 21.5 pM

84 “@
IC5o GCS  >50 uM

ICso GBA1 329 uM
ICso GBA2 55 uM

134 NK/\/\O

ICso GCS 40 uM
ICs) GBAT >1000 uM O

ICso GBA2 53 uM

135 L_oBn

ICso GBA1 >1000 pM
ICso GBA2 >1000 pM

T

ICso GCS  >50 uM
ICso GBA1 310 puM
ICso GBA2 16 uM

137 Lon

ICso GCS  >50 uM
ICso GBA1 29 uM
ICso GBA2 20 uM
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Figure 14: ICso values of DN] derivatives with 2R, 3R configuration

OH
HO \OH
H
N (6]
~pn & D-manno
138 H
ICsp GCS 50 uM
ICso GBA1 >1000 puM
ICs, GBA2 ~100 uM

130 L

ICso GCS  >50 uM
ICso GBA1 >1000 uM
ICso GBA2 >1000 uM

140 Nt/\/\/\/

|050 GCS >50 ].lM
ICsp GBA1 241 uM
ICso GBA2 >1000 pM

141 Nt/\/\o/\/\/\

ICso GCS 8 uM
ICso GBA1 929 uM
ICso GBA2 3 uM

2 N]:/\/\O«:O

ICso GCS  >50 uM
ICso GBA1 110 uM
ICso GBA2 31 uM

ICso GCS  >50 u
ICso GBA1 >1000 uM

ICs GBA2 >1000 pM

|050 GCS >50 u@

ICs0 GBA1 62 uM
ICso GBA2 61 uM

144 NC/WO

ICso GBA1 133 uM
|C50 GBA2 HM

145 "Coen

ICso GCS  >50 uM
ICso GBA1 >1000 uM
ICso GBA2 151 uM

OH

HO. wOH
N ~,, -OH
|'q L-gulo

opn
146 H
ICso GCS  >50 uM
ICso GBA1 >1000 uM
ICso GBA2 >1000 puM

147 T

ICso GCS  >50 uM
ICso GBA1 >1000 uM
ICso GBA2 >1000 uM

148 J\Q\/\/\/\/

|C50 GCS >50]J.M
ICs GBA1 >1000 uM
ICso GBA2 7.5 uM

149 ﬁ\/\ﬂo/\/\/\

ICso GBA1 >1000 puM
IC5o GBA2 10 pM

150 uo«n

ICso GCS 4 uM
ICso GBA1 972 uM
ICso GBA2 2 uM

151

|C50 GCS >50 ]J,M
ICs GBA1 >1000 uM
ICso GBA2 42 pM

79
ICso GCS  >50 uM @

ICso GBA1 988 uM
ICso GBA2 3 uM

152 o

ICso GCS 50 uM
ICso GBA1 19 uM
ICso GBA2 32 uM
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Figure 15: ICso values of DNJ derivatives with 2R, 3S configuration

R D-ido

~pn
153 H

ICso GCS  >50 uM
ICso GBA1 >100 uM
ICso GBA2 >1000 uM

154
ICso GCS  >50 uM
ICso GBA1 >1000 uM
ICso GBA2 4 uM

155A’K/\/\/\/

ICso GCS 4 uM
ICso GBA1 100 uM
ICso GBA2 10 nM

74 Nt/\/\o

ICso GCS 16 uM
ICso GBA1 88 uM
ICso GBA2 0.2 nM

156 o

ICso GCS 11 M O
ICso GBA1 2.3 uM
ICso GBA2 2 nM

157 N]:,OBn

ICs0 GCS  >50 uM
ICso GBA1 98 uM
ICso GBA2 143 uM

158 NK,OH

ICso GCS  >50 uM
ICso GBA1 ~100 uM
ICso GBA2 >1000 uM

159 N]:/\ﬂo«\/::l

IC50 GCS 10 pM
ICso GBA1 25 uM
ICso GBA2 0.7 uM

ICso GCS 50 pM
ICso GBA1 32 uM
ICso GBA2 11 uM

32 NK/\/‘O’\’<

ICso GCS 7 uM
ICso GBA1 387 uM
ICso GBA2 4 nM

R L-glu

~opn
161 H

ICso GCS  >50 uM
ICso GBA1 730uM
ICso GBA2 >1000 uM

162
ICso GCS  >50 uM
ICso GBA1 >1000 uM
ICso GBA2 >100 pM

163 NK/\/\/\/

ICso GCS  >50 uM
ICso GBA1 40 uM
ICso GBA2 50 uM

76 NC/\/\O

ICso GCS 12 uM
ICso GBA1 25.5 uM
ICso GBA2 12 uM

164 NK/\”o

ICso GCS 1.4 uM O
ICso GBA1 57 uM
ICso GBA2 3 M

165  L_0Bn

ICso GCS 50 uM
ICso GBA1 ~1000 uM
ICso GBA2 0.3 uM

166 (_OH

ICso GCS 50 uM
ICso GBA1 >1000 uM
ICso GBA2 22 uM

o1 Cmngn)

IC50 GCS 9 uM
ICso GBA1 24 uM
ICso GBA2 4 M

168 Nt/\/\o/\/\/\

ICso GCS 20 puM
ICso GBA1 429 uM
ICso GBA2 49 uM

169 NK/\/‘O’\’<

ICso GCS  >50 uM
ICso GBA1 198 uM
ICso GBA2 208 uM

OH

HO. ~__OH
Tl o
N

|‘q D-altro
R
170 H
IC50 GCS N.D.
IC59 GBA1 N.D.
IC50 GBA2 N.D.

171 NK/\

ICso GCS  >50 uM
ICso GBA1 >1000 uM
ICso GBA2 552 uM

172 NC/\/\/\/

ICso GCS  >50 uM
ICso GBA1 >1000 uM
ICso GBA2 8 uM

73 ‘\/\/\0/@
IC50 GCS 15 uM

IC50 GBA1 174 uM

IC50 GBA2 1 uM

173 NK/\”o

ICso GCS  >50 uM O
ICso GBA1 71 uM
ICso GBA2 6 uM

174 NT:/OBn

ICs0 GCS  >50 uM
ICso GBA1 >1000 pM
ICso GBA2 126 uM

One literature study, describes the synthesis and evaluation of 1,6-dideoxynojirimycin
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(175) and xylose-DN]J (176).! Compared to DNJ derivative 63 (Figure 16) both compounds
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proved to be less potent as GCS inhibitors, with the xylose-configured one less active than the
quinuvose-configured one. This result suggests that the functional group at C-6 contributes to
GCS inhibitory activity.

Figure 16: ICso values of DNJ-AMP, 6-deoxy-DN] AMP and 6-dehydroxy-DNJ-AMP

AMP AMP AMP
N N N
HO
HO" “'OH HO" “'OH HO™ “'OH
63 OH 175 OH 176 OH
ICs50 GCS 0.2 uM *IC50 GCS 0.8 uM *ICso GCS  >10 uM
ICso GBA1 0.5 uM *ICso GBA1 0.3 pM *ICso GBA1 2 M
ICso GBA2 0.8 nM *ICs5o GBA2 30 nM *IC5o GBA2 800 nM

*ICso data from the literature!

Based on the data above, substitution of the C6-OH in 63 with an electron-withdrawing
functional group may yield a conceptually new, potent and potentially selective GCS inhibitor.
Fluorine is a widely used hydroxyl isostere? that has about the same size and is comparatively
more electron-withdrawing, and substituting C6-OH in 63 with fluorine therefore appeared an

attractive strategy.
Figure 17: ICso values of DNJ and 6-deoxy-6-fluoro-DN] derivatives

OH OH

Ho, X .oH HO.,. ('jj'
H F
N © N
R D-glu R
86 N\C/\ 63 N]:/\/\O 177 N]:/\ 181 NC/\/\O
IC50 GCS 50 uM ICs0 GCS 0.2 uM ICs0 GCS 34 uM ICs0 GCS 1.5 uM
IC50 GBA1 >1000 uM ICs0 GBA1 0.5 uM ICs0 GBA1 298 uM ICs0 GBA1 1 uM
ICs9 GBA2 0.3 pM ICso GBA2 0.8 nM ICso GBA2 2 uM IC59 GBA2 4 nM
87 NK/\/\/\/ 89 Nt/\ﬂo 178 N]:/\/\/\/ 182 Nm/\/\o
IC50 GCS 1.5uM IC50 GCS 8nM IC590 GCS 13 uM ICso GCS 0.4 uM O
ICso GBA1 3 uM ICso GBA1 0.4 M O ICs0 GBA1 2 uM ICs0 GBA1 1 uM
ICs50 GBA2 2 nM ICs0 GBA2 0.7 nM ICs0 GBA2 16 nM ICs0 GBA2 5nM
88 "”1:/\/\0/\/\/\ 90 NK/OBF‘ 179 Nl:/\/\o/\/\/\ 183 NQOBn
IC50 GCS  0.08uM ICs0 GCS  >50 pM ICs0 GCS 1M IC50 GCS 34 pM
ICs50 GBA1 5 uM ICso GBA1 37 uM ICs0 GBA1 2.5 uM IC50 GBA1 298 uM
ICs50 GBA2 2 nM ICs50 GBA2 47 nM ICs50 GBA2 31 nM ICs0 GBA2 2 uM
30 N\C/\/\OX 91 NC/\/\O/\I:' 180 N\C/\/\O/\’< 184 NK/\/\O
IC50 GCS 5 uM IC50 GCS 0.07 uM IC590 GCS 9 uM ICs0 GCS 0.7 uM
IC50 GBA1 6 uM ICs0 GBA1 0.4 uM IC50 GBA1 10 uM ICso GBA1 0.8 M
IC50 GBA2 5nM ICs0 GBA2 1.5nM ICs0 GBA2 68 nM ICs0 GBA2 7 nM

However, 6-deoxy-6-fluoro-AMP-DN] (181, Figure 17) turned out to be a comparatively

poor GCS inhibitor. The same trend is reflected in some N-alkyl derivatives when looking at a
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side-by-side comparison (compare compounds 177 - 183 with their 6-hydroxy counterparts)
and GBA1/GBA2 inhibition potency appears affected by the OH-to-F substitution as well. A
tentative conclusion may be that the hydrogen-bond-donating properties of the C6-OH (and not
so much the hydrogen-bond accepting properties - though arguably a fluorine partakes in
neither) are what makes DN]J derivatives bearing this substituent more potent against the three
enzymes tested. Nevertheless, the developed methodology to introduce a fluorine at C-6 allows
for synthesis of C6-fluorine-modified, configurational DNJ isomers as well, and it may well be
that the 06-for-F substitution is beneficial for DN] derivatives targeting glycoprocessing

enzymes other than the ones subject of this Thesis.

Experimental Section

Enzyme inhibition assays: The inhibitory potencies (ICso values) of the final compounds for
GCS, GBA1 and GBA2 were determined by exposing cells or enzyme preparations to an
appropriated range of iminosugar concentrations.

GCS: ICso values for GCS activity were measured using living cells with NBD-ceramide as
substrate.3 Briefly, cells were incubated with 50 nmol C6-NBD-ceramide (6-[N-methyl-N-(7-
nitrobenz-2-oxa-1,3-diazol-4-yl)Jaminododecanoyl]sphingosine) in the presence of increasing
compound concentrations. The cells were harvested after 2h followed by lipid extraction. The
formed C6-NBD-glucosylceramide was quantified using a Molecular Dynamics Typhoon
phosphor imaging device. ICso values were determined from the titration curves. The
experiment was performed twice.

GBA1: ICso values for lysosomal GBA1 were measured using 4-methylumbeliferyl-3-D-glucoside
as substrate.* Briefly, recombinant GBA1 was incubated with increasing compound
concentrations for 30 min at 0 °C. Enzyme activity was determined with 3.7 mM 4-
methylumbelliferyl-f-D-glucopyranoside in Mcllvaine buffer (0.1 M citrate and 0.2 M phosphate
buffer), pH 5.2, 0.1% Triton X-100 (v/v) and 0.2% (w/v) sodium taurocholate. Assays
performed in triplicate were incubated at 37 °C for 30 min and quenched by the addition of
glycine/NaOH (0.2 mL, pH 10.6). The amount of liberated 4-methylumbeliferyl was determined
with a PerkinElmer Life Sciences LS30 fluorimeter, excitation wavelength 366 nm, emission
wavelength 445 nm.

GBAZ2: [Csg values for the non-lysosomal glucocerebrosidase (GBA2) were measured with the 4-
methylumbeliferyl-B-D-glucoside as substrate.# GBAZ2-rich membrane suspensions were
prepared from enzyme-overexpressing HEK cells by sonicating, and the suspension was pre-
incubated for 30 min at 37 °C with conduritol-B-epoxide (1 mM, CBE, Sigma) to inhibit the
lysosomal glucocerebrosidase (GBA1). The prepared GBA2-rich suspension was then incubated
with increasing compound concentrations for another 30 min, and then incubated with 3.7 mM
4-methylumbeliferyl-f-D-glucoside in Mcllvaine buffer (0.1 M citrate and 0.2 M phosphate
buffer), pH 5.8. Assays were incubated at 37 °C for 1 hour and quenched by the addition of
glycine/NaOH (0.2 mL, pH 10.6). The amount of liberated 4-methylumbeliferyl was determined
with a PerkinElmer Life Sciences LS30 fluorimeter, excitation wavelength 366 nm, emission
wavelength 445 nm. Assays were performed in triplicate.
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General methods: All solvents and reagents were obtained commercially and used as received
unless stated otherwise. Reactions were executed at room temperature unless stated
otherwise. Moisture sensitive reactions were performed under argon atmosphere. Water was
removed from starting compounds by repetitive coevaporation with toluene. Solvents were
removed by evaporation under reduced pressure. DCM, DMF, and THF were dried over
activated 4A molecular sieves for at least 12 hours before use. Compounds were visualized
during TLC analyses by UV (254 nm), and with the following staining solutions: aqueous
solution of KMnOy (5 g/L) and K,CO3 (25 g/L). Visualization of hemiacetals and glycosides was
achieved by spraying with a solution of 20% H>SO4 in ethanol followed by charring at =~ 200 °C.
Column chromatography purification was performed on silica gel (40-63 pm). 1H and 13C-APT
NMR spectra were recorded on a Bruker AV 400 (400/100 MHz) or Bruker 600 (600/150 MHz)
spectrometer in CDCl3, MeOD or D;0. Chemical shifts are given in ppm (&) relative to TMS as
internal standard (!H NMR in CDCI3) or the signal of the deuterated solvent.> Coupling
constants (J) are given in Hz. High resolution mass spectra were recorded by direct injection (2
uL of a 2 uM solution in water/acetonitrile/tert-butanol 1:1:1 v/v/v) on a mass spectrometer
(Thermo Finnigan LTQ Orbitrap) equipped with an electrospray ion source with resolution R =
60000 at m/z 400 (mass range m/z = 150-2000). IR spectra were recorded on a Shimadzu
FTIR-8300 and are reported in cm-l. Optical rotation were measured on an automatic
polarimeter of sodium D-line, at A =589 nm. Size-exclusion purifications were performed on an
AKTA-explorer provided by GE-Healthcare polymere HW-40S from Toyopearl, column size d =
26 mm; | = 60 mm, mobile phase NH4HCO3 (0.15 M) in H>0, flow 1.5 mL/min. HPLC Purification
were performed on a Prep LCMS, Gemini from Phenomenex B.V. (C-18, 110 A, 5 um, 19 x 150
mm column).

General Procedure A: Alkylation of iminosugars. To a mixture of the 1-bromo-5-alkyloxy-
pentane (1.5 eq) and di-isopropylethylamine (DiPEA, 3 eq) was added a solution of iminosugar
(1 eq) in DMF (0.2M). The reaction mixture was stirred overnight at 70 °C. After cooling to
room temperature, the mixture was filtered and concentrated. The crude compound was
purified using silica gel column chromatography (0% — 20% methanol in DCM + 1% NH4O0H).

General Procedure B: Alkylation of iminosugars. To a mixture of the bromide chain (1.5 eq)
and K,COs3 (3eq) was added a solution of the (glycosylated) iminosugar (1eq) in DMF (0.2 M).
The reaction suspension was stirred at 85 °C for 18 hours. After cooling to room temperature,
the mixture was filtered and concentrated. The crude compound was purified with HPLC.

General Procedure C: Alkylation of protected glycosylated iminosugars. Glycosylated
disaccharide iminosugar (0.2 mmol), aldehyde chain (0.3 mmol), AcOH (1.6 mmol), NaCNBH3
(0.8 mmol), Na;SO4 (desiccant) and MeOH (2 mL) was mixed at 0 °C and stirred overnight,
allowing the temperature to reach r.t. After TLC analysis showed the completely consumption
of starting material (4:1, PE:EtOAc), the mixture was filtered and concentrated. The residue
was dissolved in DCM (15 mL) and washed with aq. NaHCO3 (10%), dried (Na.S0,), filtered and
concentrated. The residue was purified using silica gel column chromatography (19:1 — 9:1—
17:3 — 4:1, PE:EtOAc).

General Procedure D: Catalytic Hydrogenation of protected glycosylated N-alkyl DN]J.
Protected glycosylated DNJ derivative (1eq) was dissolved in MeOH/DMF (1 mM, 2:1; v:v), and
the solution was flushed with argon (3 x). After which a catalytic amount of Pd/C (20%) was
added. The mixture was kept shaking under H, atmosphere (4 bar) overnight. After TLC
analysis showed the absent of benzyl groups, the crude product was purified on size-exclusion
column.
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Synthesis of alkylated glycosylated-1-deoxynojirimycin
Figure 18: Proton and carbon NMR numbering of N-alkylated glycosylated iminosugars:

HO OH

/\/\/\
ﬁ: 5 N (@)
ZOHHé& /\'<

20H

2,3,4-Tri-O-benzyl-6-0-(2,3,4,6-tetra-O-benzyl-a-D-galactopyranosyl)-N-ethan-2-
(benzyloxy)-1-deoxynojirimycin (9):

Bno OBN A mixture of DCM/MeOH (1:1, v:v, 15 mL) and melibio-DN]J (0.19 g,
Bnoﬁo 0.20 mmol) was cooled in an ice bath. AcOH (92 pL, 1.6 mmol, 8 eq
BnO in 1 mL MeOH), 2-(benzyloxy)acetaldehyde (48.1 mg, 0.32 mmo],

Bnoo N >~0B" 1.6 eqin 1 mL DCM) and NaCNBH3 (50.3 mg, 0.8 mmol, 4 eq) were
BnO Skn added in respective order. The mixture was stirred overnight
allowing warming up to r.t. After evaporating the volatiles, DCM (20
mL) was added to the residue and the organic layer was washed with sat. ag. NaHCO3 (15 mL),
dried (Na,SO0,) filtered and concentrated. The residue was purified on silica gel column (9:1 —
4:1, PE:EtOAc) to gain 9 in 64% yield (140 mg, 0.128 mmol). Rr = 0.54 (7:3, PE:EtOAc). 1H NMR
(400 MHz, CDCl3) 6 7.41 - 7.11 (m, 40H, Har Bn), 4.99 (d, J = 3.9 Hz, 1H, H-1"), 4.96 - 4.23 (m,
16H, 8 x CH2 Bn), 4.02 (dd, J = 9.3, 3.5 Hz, 1H, H-2"), 3.98 - 3.83 (m, 5H, H-3’, H-4, H-4, H;-6"),
3.61 - 3.47 (m, 6H, H-2, H»-2”, H-3, H-5’, H-6a), 3.43 (dd, ] = 9.0, 5.7 Hz, 1H, H-6b), 3.20 (dd, ] =
11.5, 4.5 Hz, 1H, H-1a), 3.03 (dt,/ = 11.0, 5.5 Hz, 1H, H-1"a), 2.89 (dt, J = 14.2, 5.2 Hz, 1H, H-1"b),
2.53 (d,J = 7.4 Hz, 1H, H-5), 2.32 (t,/ = 10.8 Hz, 1H, H-1b).13C NMR (100 MHz, CDCl3) 6 139.1 -
138.1 (C4Bn), 128.6 - 127.5 (CHar Bn), 98.3 (C-1"), 87.3 (C-3), 78.6 (C-2), 78.5 (C-4), 76.7 (C-27),
75.4,75.2 (2 x CHz Bn), 75.0 (C-3’), 74.9, 73.5, 73.1, 73.1, 72.9, 72.8 (6 x CH2 Bn), 69.9 (C-4’),
68.8 (C-6), 67.6 (C-2"), 65.7 (C-6"), 64.9 (C-5), 55.2 (C-1), 52.0 (C-1"). [w]?%p = +31.8 (c = 1.0,
CHCI3).IR/cm: 3029, 2911, 2852, 1496, 1453, 1321, 1207, 1093, 1061, 1027.

6-O-(a-D-Galactopyranosyl)-N-hydroxyethyl-1-deoxynojirimycin (10):
Ho OH 9 (0.13 g, 0.12 mmol) was subjected to the general procurer D to
o] generate 10 (40.1 mg, 0.109 mmol) in a yield of 91%. H NMR (400
HO&H MHz, CDCl3) 6 4.82 (d, ] = 3.6 Hz, 1H, H-1"), 4.30 (d, /] = 11.0 Hz, 1H, H-
O§&/\/OH 6a), 4.17 (dd, J = 10.9, 1.8 Hz, 1H, H-6b), 3.92 (d, ] = 2.7 Hz, 1H, H-4'),
3.85 (t,J = 6.1 Hz, 1H, H-5"), 3.78 (dd, J = 10.1, 3.0 Hz, 1H, H-2"), 3.75
(dd, J = 7.4, 3.6 Hz, 2H, H»-2"), 3.73 (dd, ] = 7.5, 4.0 Hz, 1H, H-3’), 3.70
(dd,J=6.0, 3.1 Hz, 2H, H»-6"), 3.64 (dd, j = 10.9, 2.2 Hz, 1H, H-6a), 3.52 (ddd, J = 10.6, 9.4, 4.9 Hz,
1H, H-2), 3.43 (t,/ = 9.4 Hz, 1H, H-4), 3.18 (t,/ = 9.1 Hz, 1H, H-3), 3.15 (dd, / = 11.5, 4.8 Hz, 1H, H-
1b), 2.96 (dt, ] = 13.7, 6.2 Hz, 1H, H-1b"), 2.78 (dt, ] = 13.9, 5.7 Hz, 1H, H-1a"), 2.46 (dd, ] = 9.7,
2.4 Hz, 1H, H-5), 2.43 (dd, J = 11.4, 10.7 Hz, 1H, H-1a).13C NMR (100 MHz, CDCl3) 6 100.3 (C-1'),
80.4 (C-3),72.4 (C-57), 71.7 (C-27), 71.4 (C-4), 70.9 (C-4"), 70.7 (C-3"), 70.6 (C-2), 66.1 (C-5), 63.6
(C-6), 62.5 (C-6"), 58.8 (C-2"), 58.3 (C-1), 55.0 (C-1"). [®]*°p = +68.4 (c = 0.5, MeOH). IR/cm™:
3256, 2894, 1558, 1409, 1343, 1151, 1081, 1038. HRMS: found 370.17082 [C14H2sNO10+H]*,

calculated for [C14H28NO10+H]* 370.17077.

"%
OH

2,3,4-Tri-O-benzyl-6-0-(2,3,4,6-tetra-O-benzyl-a-D-galactopyranosyl)-N-butyl-1-
deoxynojirimycin (11).

Bno OB Protected melibio-DN] (0.19 g, 0.2 mmol) was subjected to the
BnO 0 general procedure C to generate 11 (0.18 g, 0.18 mmol) in a yield of
BnO 90%. 'H NMR (400 MHz, CDCl3) & 7.40 - 7.14 (m, 35H, Har Bn), 5.03

Bno&/\/\ (d,] = 3.2 Hz, 1H H-1"), 4.99 - 4.27 (m, 14H, 7 x CH, Bn), 4.04 (dd, J =
BnO
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10.2, 2.8 Hz, 1H, H-2"), 4.00 - 3.92 (m, 3H, H-3’, H-4’, H-5"), 3.89 (dd, ]/ = 11.8, 3.4 Hz, 1H, H-6a),
3.83 (dd,J = 11.7, 1.5 Hz, 1H, H-6b), 3.62 - 3.42 (m, 5H, H-2, H-3, H-4, H»-6’), 3.08 (dd, j = 11.3,
4.6 Hz, 1H, H-1a), 2.78 (m, 1H, H-1"a), 2.55 (m, 1H, H-1"a), 2.39 (d, / = 9.3 Hz, 1H, H-5), 2.15 (t,J
=10.7, 1H, H-1"b), 1.32 - 1.42 (m, 2H, H2-2"), 1.15 - 1.25 (m, 2H, H2-3"), 0.85 (t, ]/ = 7.3 Hz, 3H,
Hz-4"). 13C NMR (100 MHz, CDCl3) & 139.2 - 138.1 (7 x Cq Bn), 128.5 - 127.5 (CHar Bn), 98.2 (C-
17, 87.4 (C-3), 78.8 (C-4), 78.8 (C-2), 78.7 (C-3"), 76.8 (C-2"), 75.3 (CHz Bn), 75.2 (C-4"), 74,9,
73.5,73.0, 72.8, (CH2 Bn), 69.9 (C-5"), 68.9 (C-6"), 65.0 (C-5), 65.0 (C-6), 54.4 (C-1), 52.8 (C-1"),
26.6 (C-2"), 20.8 (C-3"), 14.2 (C-4"). [a]*%p = +11.8 (c = 1.0, CHCI3). IR/cm-1: 3030, 2924, 2870,
1497, 1454, 1362, 1207, 1092, 1059, 1028. HRMS: found 1012.53571 [C21H41NOg+H]*,
calculated for [C21H41NOo+H]* 1012.53581.

2,3,4-Tri-O-benzyl-6-0-(2,3,4,6-tetra-O-benzyl-a-D-galactopyranosyl)-N-nonyl-1-
deoxynojirimycin (12):

OBn Protected melibio-DN]J (0.19 g, 0.2 mmol) was subjected to the general
Bno* f o procedure C to generate 12 (0.20 g, 0.19 mmol) in a yield of 93%. 1H-
BnO

BnO

NMR (400 MHz, CDCls) & 7.37 - 7.08 (m, 35H, Har Bn), 5.75 (d, J = 3.3
o rij Hz, 1H, H-1"), 5.03 - 4.23 (m, 14H, 7 x CH, Bn), 4.11 (t, ] = 8.2 Hz, 1H, H-
BB‘RM 4),3.99 (t,] = 9.2 Hz, 1H, H-4), 3.83 - 3.57 (m, 6H, H-2’, H-3, H-3’, H-5’,

OBn H-6a, H-6'a), 3.56 - 3.48 (m, 3H, H-2, H-6b, H-6'b), 3.08 (dd, ] = 11.1, 4.7
Hz, 1H, H-1'a), 2.58 - 2.48 (m, 3H, Hz-1", H-5), 2.33 (t, / = 10.7 Hz, 1H, H-1'b), 1.47 - 1.15 (m,
12H, Hz-2" - Hz-7"), 1.12 - 1.02 (m, 2H, H>-8"), 0.89 (t, ] = 6.9 Hz, 3H, H3-9”). 13C-NMR (100 MHz,
CDCl3) § 139.1 - 137.8 (Cq Bn), 128.4 - 126.8 (CHar Bn), 95.8 (C-1"), 86.3 (C-3), 82.1 (C-4), 79.7
(C-2), 78.6 (C-3"), 77.7 (C-2"), 75.6, 74.9, 73.6, 73.0, 72.9, 72.8, 72.4 (7 x CH; Bn), 72.1 (C-4),
70.9 (C-5’), 68.2 (C-6"), 65.8 (C-6), 63.0 (C-5), 53.4 (C-1), 52.6 (C-1"), 32.0, 29.6, 29.6, 29.3, 27.4,
24.1,22.8, 14.2 (C-2” - C-9”). [a]2% =+30.4 (c = 2.1, CHCls). IR/cm-': 3063, 3030, 2922, 2855,
1497, 1454, 1359, 1207, 1091, 1059, 1028.

6-O-(a-D-Galactopyranosyl)-N-nonyl-1-deoxynojirimycin (13):
Ho OH 12 was subjected to the general procedure D to generate 13 (25.4 mg,
o) 0.06 mmol) in a yield of 89%. 'H NMR (400 MHz, MeOD) & 4.92 (d, ] =
HO% 3.9 Hz, 1H, H-1"), 4.33 (d, ] = 11.7 Hz, 1H, H-6a), 3.91 (d, ] = 3.5 Hz, 1H,
o] ri) H-3"),3.89 (d,] = 3.8 Hz, 1H, H-2"), 3.81 (t,/ = 5.9 Hz, 1H, H-5"),3.74 (d, ]
H.S’M = 3.3 Hz, 1H, H-4"), 3.71 (d, ] = 6.0 Hz, 2H, H,-6’), 3.68 (dd, ] = 10.6, 5.8
OoH Hz, 1H, H-6b), 3.67 (t,/ = 11.6 Hz, 1H, H-2), 3.62 (t, / = 9.8 Hz, 1H, H-4),
3.54 (dd,j=12.1,4.8 Hz, 1H, H-1a), 3.37 (t,J = 9.2 Hz, 1H, H-3), 3.33 - 3.29 (m, 1H, H-1"a), 3.26
(d,J=10.0 Hz, 1H, H-5), 3.13 (td, = 12.5, 5.5 Hz, 1H, H-1"b), 3.03 (t, /= 11.7 Hz, 1H, H-1b), 1.77
- 1.71 (m, 2H, Hp-2"), 1.46 - 1.22 (m, 12H, Hz-3", Hz-4’, H2-5", H2-6", H2-7", H2-8"), 0.91 (t, ] =
7.0 Hz, 3H, H3-9”). 13C NMR (100 MHz, MeOD) & 100.0 (C-1"), 78.2 (C-3), 72.8 (C-5’), 71.3 (C-4),
70.8 (C-3"), 70.0 (C-2"), 69.0 (C-4), 68.0 (C-2), 66.2 (C-5), 62.5 (C-6"), 60.3 (C-6), 55.1 (C-1), 54.4
(C-17), 33.0, 30.5, 30.3, 30.3, 27.7, 24.2, 23.7 (C-2"- C-8"), 14.4 (C-9”). HRMS: found 452.28500

[C21H41N09+H]+, calculated for [Cz1H4.1NOQ+H]+ 452.28541.

6-O-(a-D-Galactopyranosyl)-N-[5-(nonyloxy)pentyl]-1-deoxynojirimycin (14):

Ho OH Melibio-DN]J (1, 32.0 mg, 0.1 mmol) was subjected to the general
o) ,i/\/\/\ procedure B to generate 14 (16.9 mg, 0.04 mmol) in a yield of 32%.
HO% o 1H-NMR (400 MHz, MeOD) 6 4.91 (d, ] = 4.6 Hz, 1H, H-1'), 4.30 (d, J
o NW = 11.4 Hz, 1H, H-6’a), 3.93 - 3.89 (m, 1H, H-4"), 3.91 - 3.83 (m, 1H,
Hgogﬂ H-4),3.82 (t, ] = 6.1 Hz, 1H, H-5'), 3.76 - 3.70 (m, 3H, Hz-6, H-6'b),
3.69 - 3.57 (m, 2H, H-2, H-3’), 3.52 - 3.40 (m, 6H, H2-1”, H2-6", Hz-

57),3.36 (d,/ = 9.1 Hz, 1H, H-3), 3.28 - 3.20 (m, 1H, H-1a), 3.19 - 3.04 (m, 2H, H-1b, H-5), 1.81 -
1.71 (m, 2H, Hz-2"), 1.68 - 1.60 (m, 2H, H2-4"), 1.60 - 1.52 (m, 2H, H>-7"), 1.50 - 1.40 (m, 2H, H»-
3”), 1.33 (m, 12H, H2-8”, H2-9”, H2-10”, H2-11", H2-12", H2-13"), 0.90 (t, ] = 6.8 Hz, 3H, H3-14").

OH
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13C NMR (100 MHz, MeOD) § 100.1 (C-1"), 78.3 (C-3), 72.7 (C-5"), 72.1 (C-6"), 71.5 (C-5"), 71.3
(C-27), 70.8 (C-4), 70.1 (C-4"), 69.3 (C-3"), 68.3 (C-2), 66.0 (C-5), 62.5 (C-6), 60.6 (C-6"), 55.3 (C-
1”), 54.3 (C-1), 33.1, 30.8, 30.7, 30.6, 30.4, 30.2, 27.3, 24.6, 23.9, 23.7 (C-2” - C-4”, C-7” - C-13"),
14.5 (C-14"). [0]?% = +48.2 (c = 0.34, MeOH). IRlcm™: 3350, 2926, 2855, 1672, 1458, 1431,
1366, 1204, 1134, 1080, 1042. HRMS: found 538.35812 [C26Hs1NO1o+H]*, calculated for
[C26Hs51NO1o+H]* 538.35857.

6-O-(a-D-Galactopyranosyl)-N-[(biphenyl-4-yl-methoxy)-pentyl]-1-deoxynojirimycin
(15):
OH Melibio-DN] (1) was subjected to the general procedure A to
o) generate 15 (7.5 mg, 0.01 mmol) in a yield of 13%. 'H NMR (600
HO&@ o MHz, MeOD) & 7.64 - 7.62 (m, 4H, Ha, BiPh), 7.48 - 7.43 (m, 4H, Ha,
0 N/\/\) BiPh), 7.38 - 7.33 (m, 1H, Ha: BiPh), 4.94 (d, ] = 4.0 Hz, 1H, H-1"),
& 457 (s, 2H, Hz-6"), 4.33 (d, / = 11.7 Hz, 1H, H-6'a), 3.93 (d, ] = 2.8
Hz, 1H, H-4), 3.91 (dd, J = 10.0, 3.9 Hz, 1H, H-4"), 3.83 (t,/ = 6.1 Hz,
1H, H-5"), 3.75 (dd, J = 10.1, 3.4 Hz, 1H, H-2"), 3.73 (d, ] = 6.0 Hz, 2H, H,-6), 3.69 (dd, J = 11.7, 2.8
Hz, 1H, H-6'b), 3.70 - 3.66 (m, 1H, H-2), 3.64 (dd, J = 10.3, 9.2 Hz, 1H, H-3"), 3.59 (t, ] = 6.2 Hz,
2H, H-5"), 3.55 (dd, ] = 12.1, 4.9 Hz, 1H, H-1a), 3.38 (t,/ = 9.2 Hz, 1H, H-3), 3.37 - 3.34 (m, 1H, H-
17a), 3.27 (d, J = 11.1 Hz, 1H, H-5), 3.17 (td, J = 12.5, 5.1 Hz, 1H, H-1"b), 3.05 (t, / = 11.8 Hz, 1H,
H-1b), 1.91 - 1.76 (m, 2H, H2-2"), 1.76 - 1.69 (m, 2H, Hz-4"), 1.58 - 1.49 (m, 2H, H2-3"). 13C NMR
(150 MHz, MeOD) & 140.6 - 126.4 (Car), 98.6 (C-1"), 76.8 (C-3), 72.3 (C-6"), 71.3 (C-5’), 69.8 (C-
2", 69.6 (C-5"), 69.3 (C-4), 68.6 (C-4"), 67.6 (C-3"), 66.5 (C-2), 64.7 (C-5), 61.1 (C-6), 58.9 (C-6"),
53.7 (C-1), 52.9 (C-1"), 28.7 (C-4"), 23.2 (C-3"), 22.5 (C-2"). [a]2%p = +41.4 (c = 0.5, MeOH);
IR/cm-: 3550, 3062, 2302, 1716, 1699, 1558, 1521, 1506, 1489, 1394, 1338, 1203, 1139, 1080,
1064, 1039. HRMS: found 578.29407 [C3oH43NO1o+H]*, calculated for [C3oH43NO1o+H]*
578.29597.

6-O-(a-D-Galactopyranosyl)-N-[5-(adamantan-1-yl-methoxy)-pentyl]-1-
deoxynojirimycin (16):
Melibio-DN]J (1) was subjected to the general procedure A
Ho OH to generate 16 (5.6 mg, 0.01 mmol) in a yield of 10%. 'H
ﬁg‘ NMR (600 MHz, MeOD) 6 4.95 (d, ] = 3.9 Hz, 1H, H-1), 4.35
J/\/\ /\@ (d,J=11.7 Hz, 1H, H-6'a), 3.94 (dd, / = 3.4, 1.0 Hz, 1H, H-4),
3.91 (dd, J = 10.0, 3.9 Hz, 1H, H-4"), 3.83 (t,J = 6.1 Hz, 1H,
H-5"), 3.76 (dd, J = 10.1, 3.3 Hz, 1H, H-2"), 3.73 (d, ] = 6.1
Hz, 2H, H»-6), 3.72 - 3.67 (m, 2H, H-6’b, H-2), 3.65 (t, ] =
9.9 Hz, 1H, H-3), 3.56 (dd, /= 12.1, 4.9 Hz, 1H, H-1a), 3.44 (t,] = 6.2 Hz, 2H, H>-5"), 3.39 (t,/=9.3
Hz, 1H, H-3), 3.36 - 3.34 (m, 1H, H-1"a), 3.28 (d, / = 10.5 Hz, 1H, H-5), 3.17 (td, /= 12.5, 5.0 Hz,
1H, H-1"b), 3.06 (t,] = 11.8 Hz, 1H, H-1b), 2.98 (s, 2H, H2-6"), 1.97 (t,] = 3.1 Hz, 3H, 3 x CH ada),
1.89 - 1.72 (m, 2H, H-2"), 1.81 -1.68 (m, 6H, CHz ada), 1.68 - 1.64 (m, 2H, H>-4"), 1.58 (d,/ = 2.9
Hz, 6H, 3 x CH; ada), 1.52 - 1.47 (m, 2H, H>-3"). 13C NMR (150 MHz, MeOD) § 100.2 (C-1"), 83.3
(C-6M), 78.3 (C-3), 72.9 (C-5"), 72.3 (C-5"), 71.4 (C-2’), 70.9 (C-4), 70.1 (C-4), 69.1 (C-3’), 68.1
(C-2), 66.2 (C-5), 62.6 (C-6), 60.4 (C-6"), 55.2 (C-1), 54.4 (C-1"), 41.0 (CH: ada), 38.4 (CH; ada),
35.2 (Cq ada), 30.3 (C-4"), 29.8 (CH ada), 24.7 (C-3"), 24.0 (C-2"). [@]?%p =+31.5 (c = 0.2, MeOH).
IR/cm1: 3385, 3161, 2374, 2349, 2320, 2063, 1683, 1558, 1506, 1436, 1207, 1138, 1082, 1039.
HRMS: found 560.34239 [C28H49NO10+H]*, calculated for [C2sHaoNO10+H]* 560.34292.

6-O-(a-D-Galactopyranosyl)-N-[5-(3,3-dimethyl-1-propyloxy)pentyl]-1-deoxynojirimycin
an:

Melibio-DN]J (1, 32.5 mg, 0.1 mmol) was subjected to the general procedure B to generate 17
(13.0 mg, 27.0 mmol) in a yield of 27%. 'H NMR (400 MHz, MeOD) & 4.93 (d, J = 3.8 Hz, 1H, H-
1), 4.33 (d,J = 11.6 Hz, 1H, H-6’a), 3.93 - 3.87 (m, 2H, H-4, H-4"), 3.81 (t, /] = 6.0 Hz, 1H, H-5),
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o 3.78 - 3.68 (m, 3H, H-2’, H,-6), 3.69 - 3.59 (m, 2H, H-2, H-3'), 3.55
HO (" o \k (dd, J = 12.0, 4.7 Hz, 1H, H-1a), 3.45 (t,] = 6.2 Hz, 2H, H2-5"), 3.40 -
Ho% o 3.32 (m, 2H, H-3, H-1"a), 3.26 (d, ] = 9.7 Hz, 1H, H-5), 3.15 (td, ] =
0 ~~_~) 125,51 Hz, 1H, H-1"b), 3.08 (s, 2H, H,-6"), 3.04 (t,] = 11.8 Hz, 1H,
Hoﬂ H-1b), 1.88 - 1.71 (m, 2H, H2-2"), 1.71 - 1.62 (m, 2H, H,-4"), 1.50 -
OH 1.43 (m, 2H, H2-3"), 0.91 (s, 9H, H3-8”, H3-9”, H3-10"). 13C NMR (100
MHz, MeOD) & 100.0 (C-1"), 82.6 (C-6"), 78.2 (C-3), 72.8 (C-5"), 72.1 (C-5"), 71.3 (C-2"), 70.8 (C-
4), 70.0 (C-4"), 69.0 (C-3"), 68.0 (C-2), 66.2 (C-5), 62.5 (C-6), 60.3 (C-6"), 55.1 (C-1), 54.4 (C-1"),
32.9 (C-7"), 30.2 (C-4"), 27.1 (C3-8”, C3-9”, C3-10"), 24.5 (C-3"), 24.0 (C-2"). [a]2% = +43.8 (c =
0.26, MeOH). IR/cm™: 3329, 2951, 2864, 1372, 1427, 1358, 1202, 1134, 1080, 1040. HRMS:
found 482.29552 [C22H43NO10+H]+, calculated for [sz1‘14.31\1010+I‘1]+ 482.29597.

HO

2,3,6-Tri-O-benzyl-4-0-(2,3,4,6-tetra-O-benzyl-a-dD-glucopyranosyl)-N-butyl-1-
deoxynojirimycin (18):

OBn Protected Malto-DN] (0.19 g, 0.2 mmol) was subjected to the
BnO’ﬁ&' general procedure C to generate 18 (0.12 g, 0.12 mmol) in a yield
BnOTEh0 OBS/\/\ of 66%. Re = 0.40 (4:1, PE:EtOAc). H NMR (400 MHz, CDCls)
oo 8 7.35 - 7.09 (m, 35H, Har Bn), 5.74 (d, ] = 3.4 Hz, 1H, H-1), 5.00 -

OBn 4.26 (m, 14H, 7 x CH; Bn), 4.10 (t, ] = 8.2 Hz, 1H, H-4), 3.98 (t, ] =

9.3 Hz, 1H, H-3), 3.80 (t, ] = 9.6 Hz, 1H, H-5’), 3.76 - 3.58 (m, 5H, H-2, H-3, H-4, H-6a, H-6'a),
3.55 - 3.50 (m, 3H, H-2’, H-6b, H-6'b), 3.08 (dd, ] = 11.1, 4.7 Hz, 1H, H-1a), 2.57 - 2.50 (m, 3H,
H,-1”, H-5), 2.33 (t, ] = 10.7 Hz, 1H, H-1b), 1.30 (m, 2H, H-2"), 1.15 - 1.05 (m, 2H, H,-3"), 0.82 (t,
J = 7.3 Hz, 3H, Hz-4"). 13C NMR (100 MHz, CDCl3) 5 139.1 - 137.8 (7 x Cq Bn), 128.4 - 126.8 (CHar
Bn), 95.9 (C-1"), 86.3 (C-3), 82.2 (C-3"), 79.7 (C-2’), 78.6 (C-2), 77.7 (C-4’), 75.6 - 72.4 (7 x CHz
Bn), 72.3 (C-4), 70.9 (C-5'), 68.2 (C-6), 65.9 (C-6"), 63.1 (C-5), 53.4 (C-1), 52.4 (C-1"), 26.4 (C-2"),
20.6 (C-3"), 14.1 (C-4"). [0]2% = +15.6 (c = 1.0, CHCl3). IR/cm-’: 3063, 3030, 2922, 2964, 1497,
1453, 1363, 1092, 1073, 1028. HRMS: found 1012.53472 [CesH7sNOo+H]*, calculated for
[CosH74NOo+H]* 1012.53581.

4-0O-(a-D-Glucopyranosyl)-N-butyl-1-deoxynojirimycin (19):

OH Malto-DNJ (18, 0.19 g, 0.2 mmol) was subjected to the general

HO 0 procedure C to generate 19 (26.1 mg, 0.07 mmol) as a white solid in
HO==15 OH ~ 58% yield. 'H-NMR (400 MHz, MeOD) 6 5.13 (d, / = 3.8 Hz, 1H, H-1"),
OHM 392 (dd,j=12.2, 2.4 Hz, 1H, H-6a), 3.88 (dd, J = 12.2, 2.1 Hz, 1H, H-

OH 6b), 3.84 (dd, J = 11.6, 2.1 Hz, 1H, H-6a"), 3.74 (ddd, J = 9.8, 5.9, 2.0

Hz, 1H, H-5"), 3.66 (dd, J = 11.6, 6.0 Hz, 1H, H-6b"), 3.63 (t,J = 9.3 Hz, 1H, H-3"), 3.52 (t,/ = 9.2 Hz,
1H, H-4), 3.51 (dd, / = 9.8, 4.9 Hz, 1H, H-2), 3.47 (dd, J = 9.7, 3.8 Hz, 1H, H-2"), 3.37 (t,/ =9.1 Hz,
1H, H-3), 3.27 (dd, J = 9.9, 9.0 Hz, 1H, H-4"), 2.97 (dd, j = 11.0, 4.7 Hz, 1H, H-1a), 2.79 (m, 1H, H-
1”a), 2.63 (m, 1H, H-1"b), 2.20 (dd, J = 11.3, 1.7 Hz, 1H, H-5), 2.19 (m, 1H, H-1b), 1.49 - 1.42 (m,
2H, Hz-2"), 1.35 - 1.29 (m, 2H, H2-3"), 0.95 (t, ] = 7.3 Hz, 3H, H3-4"). 13C NMR (100 MHz, MeOD)
6 103.5 (C-1'), 84.0 (C-2), 80.4 (C-3), 75.1 (C-3"), 74.8 (C-5"), 74.3 (C-2"), 71.6 (C-4"), 70.2 (C-4),
66.1 (C-5), 62.8 (C-6'), 58.5 (C-6), 57.5 (C-1), 53.4 (C-1"), 27.3 (C-2"), 21.8 (C-3"), 14.4 (C-4").
[@]2°p = +42.1 (c = 0.76, MeOH). IR/cm: 3309, 2961, 2932, 2479, 1636, 1456, 1373, 1146,
1076, 1034. HRMS: found 382.20730 [Ci6H31NOo+H]*, calculated for [CicH31NOo+H]*
382.20716.

2,3,6-Tri-O-benzyl-4-0O-(2,3,4,6-tetra-O-benzyl-a-D-glucosepyranosyl)-N-nonyl-1-
deoxynojirimycin (20).

OBn Protected malto-DNJ (0.19 g, 0.2 mmol) was subjected to the
BnO O general procedure C to generate 20 (0.13 g, 0.12 mmol) in a
BnO 50 OBn yield of 66% (0.133 g, 0.123 mmol). Rr = 0.66 (4:1,

Sl
BnO
OBn
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PE:EtOAc). 1H NMR (400 MHz, CDCl3) § 7.31 - 7.10 (m, 35H, Har Bn), 5.75 (d, J = 3.3 Hz, 1H, H-
1),5.01 - 4.26 (m, 14H, 7 x CH, Bn), 4.11 (t, ] = 8.2 Hz, 1H, H-4), 3.99 (t, ] = 9.2 Hz, 1H, H-3"), 3.80
(t,] = 9.2 Hz, 1H, H-5"), 3.76 - 3.58 (m, 5H, H-2, H-3, H-4, H-6a, H-6'a), 3.55 - 3.50 (m, 3H, H-2’,
H-6b, H-6'b), 3.08 (dd, J = 11.1, 4.7 Hz, 1H, H-1a), 2.57 - 2.50 (m, 3H, Hy-1”, H-5), 2.33 (t, ] = 10.7
Hz, 1H, H-1b), 1.47-1.13 (m, 12H, Hz-2" - H,-7"), 1.12 - 1.02 (m, 2H, H2-8"), 0.88 (t, ] = 8.1, Hz,
3H, H3-9”). 13C NMR (100 MHz, CDCls) & 139.1 - 137.8 (C4 Bn), 128.4 - 126.8 (CHar Bn), 95.8 (C-
1), 86.3 (C-3), 82.1 (C-3"), 79.7 (C-2"), 78.6 (C-2), 77.7 (C-4"), 75.6 - 72.4 (7 x CH, Bn), 72.1 (C-
4), 70 .9 (C-5"), 68.2 (C-6), 65.8 (C-6"), 63.0 (C-5), 53.4 (C-1), 32.0, 30.0, 29.6, 29.6, 29.3, 29.2,
27.4,24.1,22.8 (C-2" - C-8"), 14.2 (C-9"). [a]2% = +16.0 (c = 1.02, CHCl3). IR/cm': 2954, 2925,
2853, 1539, 1506, 1093, 1073, 1028.

4-O-(B-p-Galactopyranosyl)-N-[5-(hexyloxy)pentyl]-1-deoxynojirimycin (21):
Lacto-DN] was subjected to the general procedure A to

HQ OHO OH generate 21 (5.6 mg, 0.01 mmol) in a yield of 11%. 'H
HO&/OH o5 Noo 0 NMR (600 MHz, MeOD) § 4.54 (d, /= 7.7 Hz, 1H, H-1"), 4.42
OH (d, J = 13.0 Hz, 1H, H-6a), 3.99 (d, J = 13.0 Hz, 1H, H-6b),

3.92 (dd, ] = 3.3, 1.0 Hz, 1H, H-4"), 3.92 - 3.87 (m, 1H, H-4), 3.88 (dd, J = 11.5, 7.7 Hz, 1H, H-6"a),
3.86 - 3.83 (m, 1H, H-3), 3.81 (dd, ] = 11.4, 4.4 Hz, 1H, H-6'b), 3.70 (q, ] = 7.0 Hz, 1H, H-5’), 3.68
(dd,] = 12.3,7.7 Hz, 1H, H-2"), 3.64 (t,] = 9.2 Hz, 1H, H-2), 3.59 (dd, ] = 9.7, 3.3 Hz, 1H, H-3), 3.55
(t,] = 6.2 Hz, 2H, Hx-5"), 3.55 - 3.51 (m, 1H, H-1a), 3.52 (t, ] = 6.6 Hz, 2H, H2-6"), 3.49 - 3.45 (m,
1H, H-1"a). 3.36 (d, ] = 10.0 Hz, 1H, H-5), 3.33 - 3.26 (m, 1H, H-1"b), 3.13 (t, ] = 11.7 Hz, 1H, H-
1b), 1.95 - 1.80 (m, 2H, Hz-2"), 1.76 - 1.72 (m, 2H, Hz-4"), 1.68 - 1.62 (m, 2H, H-7"), 1.62 - 1.52
(m, 2H, Hz-3"), 1.49 - 1.36 (m, 6H, H,-8”, H»-9”, H2-10"), 1.00 (t, ] = 6.9 Hz, 3H, H3-11"). 13C NMR
(150 MHz, MeOD) & 106.1 (C-1"), 78.8 (C-4), 78.2 (C-5), 77.3 (C-2), 75.7 (C-3"), 73.4 (C-2’), 72.9
(C-6"), 72.2 (C-5”), 71.1 (C-4’), 68.4 (C-3), 67.1 (C-5), 63.4 (C-6"), 55.3 (C-1), 55.1 (C-1"), 55.1
(C-6), 33.7 (C-9"), 31.6 (C-7"), 31.0 (C-4"), 27.8 (C-8"), 25.3 (C-3"), 24.8 (C-2"), 24.5 (C-10"),
15.3 (C-11"). [0]2% = -4.0 (c = 0.2, MeOH). IR/cm-1: 3395, 2956, 2872, 1670, 1435, 1201, 1142,
1080, 1047. HRMS: found 496.31127 [C23HusNO1o+H]*, calculated for [C23HasNO1og+H]*
496.31162.

4-(B-D-Galactopyranosyl)-N-[5-(adamantan-1-yl-methoxy)-pentyl]-1-deoxynojirimycin
(22):
OH o Lacto-DN] (3) was subjected to the general procedure A to
HO&O OHN(\/\/ generate 22 (6.72 mg, 0.01 mmol) in a yield of 12%. H
HO—, 0,6& NMR (400 MHz, MeOD) & 4.54 (d, ] = 7.7 Hz, 1H, H-1"), 4.42
OH (d, ] = 12.9 Hz, 1H, H-6a), 3.99 (d, J = 12.3 Hz, 1H, H-6b),
391 (dd,J = 3.3, 1.1 Hz, 1H, H-4"), 3.90 - 3.82 (m, 2H, H-4, H-3), 3.88 (dd, J = 11.4, 7.7 Hz, 1H, H-
6’a), 3.80 (dd, j = 11.5, 4.4 Hz, 1H, H-6’b), 3.69 (ddd, J = 7.6, 4.3, 1.1 Hz, 1H, H-5"), 3.67 (dd, ] =
8.3, 7.6 Hz, 1H, H-2"), 3.64 - 3.59 (m, 1H, H-2), 3.58 (dd, J = 9.8, 3.3 Hz, 1H, H-3’), 3.57 - 3.51 (m,
1H, H-1a), 3.51 (t,/ = 6.1 Hz, 2H, H-5"), 3.49 - 3.45 (m, 1H, H-1"a), 3.37 - 3.26 (m, 2H, H-5, H-
1”b), 3.13 (t,J = 11.7 Hz, 1H, H-1b), 3.07 (s, 2H, Hz-6"), 2.06 - 2.02 (m, 3H, 3 x CH ada), 1.96 -
1.69 (m, 10H, H>-4”, 3 x CH; ada), 1.68 - 1.63 (m, 6H, 3 x CH; ada), 1.63 - 1.51 (m, 2H, H»-3").
13C NMR (100 MHz, MeOD) & 105.8 (C-1"), 84.0 (C-6"), 78.8 (C-4"), 78.2 (C-5"), 76.9 (C-2), 75.7
(C-3),73.4 (C-27),72.9 (C-5), 71.1 (C-4), 68.4 (C-3), 67.1 (C-5), 63.4 (C-6'), 54.8 (C-6), 54.9 (C-
1), 54.9 (C-1"), 41.7 (CHz-ada), 39.2 (CHz-ada), 36.0 (Cq-ada), 31.0 (C-2”), 30.6 (CH-ada), 27.3
(C-37),25.4 (C-4"). [a]?%) =-17.0 (c=0.2, MeOH). IR/cm1: 3391, 2903, 2849, 1674, 1435, 1204,
1136, 1082, 1053. HRMS: found 560.34253 [C2sH49NO1o+H]*, calculated for [C2sH49NO1o+H]*
560.34292.

4-0O-(B-D-glucopyranosyl)-N-butyl-1-deoxynojirimycin (23):
OH Cellibio-DN] (4) was subjected to the general procedure A to

HO N>\ generate 23 (6.5 mg, 0.02 mmol) in a yield of 17%. *H NMR (400
H% I-E)ﬁﬁ
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MHz, MeOD) & 4.59 (d, J = 7.8 Hz, 1H, H-1’), 4.37 (dd, ] = 12.9, 1.7 Hz, 1H, H-6a), 4.00 (dd, J =
12.9, 2.8 Hz, 1H, H-6b), 3.99 (dd, ] = 11.8, 2.1 Hz, 1H, H-6'a), 3.87 (dd, J = 10.0, 9.0 Hz, 1H, H-4),
3.83 (ddd, J = 11.0, 9.1, 4.9 Hz, 1H, H-2), 3.75 (dd, ] = 11.8, 6.0 Hz, 1H, H-6'b), 3.61 (t, ] = 9.0 Hz,
1H, H-3), 3.53 - 3.33 (m, 6H, H-1a, H-1"a, H-2", H-3, H-4’, H-5"), 3.30 - 3.18 (m, 2H, H-5, H-1"b),
3.03 (t,/ = 11.5 Hz, 1H, H-1b), 1.87 - 1.71 (m, 2H, H-2"), 1.57 - 1.45 (m, 2H, H2-3"), 1.10 (t,] =
7.4 Hz, 3H, Ha-4"). 13C NMR (100 MHz, MeOD) § 105.6 (C-1"), 79.6 (C-4), 79.2 (C-3"), 78.7 (C-5),
77.4 (C-3), 75.8 (C-27), 72.2 (C-4"), 68.8 (C-2), 67.1 (C-5), 63.3 (C-6'), 55.8 (C-6), 55.5 (C-1), 54.7
(C-17), 27.2 (C-2"), 21.9 (C-3"), 14.8 (C-4"). [a]?% = -17.0 (c = 0.2, MeOH). HRMS: found
382.20752 [C16H31NOo+H]*, calculated for [C16H3:NOg+H]* 382.20716.

4-O-(B-D-Glucopyranosyl)-N-nonyl-1-deoxynojirimycin (24):
OH oH Cellobio-DN] (4) was subjected to the general procedure
Hoﬂ ﬂ\/\/\/\/\ A to generate 24 (3.6 mg, 0.01 mmol) in a yield of 8%. 1H
HO OH Yo =H NMR (600 MHz, MeOD) 6 4.51 (d, / = 7.8 Hz, 1H, H-1"),
4.36 (d, ] = 12.9 Hz, 1H, H-6a), 3.92 (dd, ] = 11.8, 2.2 Hz,
1H, H-6'a), 3.90 (dd, J = 12.6, 2.4 Hz, 1H, H-6Db), 3.81 (t,/ = 9.7 Hz, 1H, H-4), 3.76 (td, /= 11.3,5.3
Hz, 1H, H-2), 3.68 (dd, J = 11.8, 6.2 Hz, 1H, H-6’b), 3.55 (t,/ = 9.1 Hz, 1H, H-3), 3.47 (dd,] = 12.2,
5.0 Hz, 1H, H-1a), 3.42 - 3.26 (m, 6H, H-1"a, H-2’, H-3’, H-4’, H-5’, H-5), 3.25 - 3.18 (m, 1H, H-
1”b), 3.05 (t,/ = 11.7 Hz, 1H, H-1b), 1.84 - 1.69 (m, 2H, Hz-2"), 1.50 - 1.26 (m, 12H, H»-3” - H»-
8”), 0.93 (t,/ = 7.0, 3H, H3-9”).13C NMR (150 MHz, MeOD) & 104.4 (C-1’), 78.0 (C-5"), 77.8 (C-4),
77.5 (C-37), 75.9 (C-3), 74.5 (C-2"), 70.9 (C-4), 67.2 (C-2), 65.8 (C-5), 62.0 (C-6"), 53.9 (C-1),
53.9 (C-1), 53.7 (C-6), 32.6, 30.1, 29.9, 29.8, 27.2, 23.7, 23.3 (C-2” - C-8”), 14.0 (C-9”). [a]?% =
+9.0 (c = 0.2, MeOH). IR/cm1: 3337, 2923, 1669, 1203, 1135, 1073. HRMS: found 452.28500

[C21H41NO9+H]*, calculated for [C21H41NOg+H]* 452.28541.

4-0O-(B-D-Glucopyranosyl)-N-[5-(hexyloxy)pentyl]-1-deoxynojirimycin (25):
OH OH Cellobio-DN] (4) was subjected to the general procedure
HO 0 A to generate 25 (5.5 mg, 0.01 mmol) in a yield of 11%.
Hoﬁﬁ"mﬁ%:\/\/oo 1H NMR (600 MHz, MeOD) & 4.58 (d, / = 7.8 Hz, 1H, H-1"),
442 (d, ] = 13.0 Hz, 1H, H-6a), 3.99 (dd, J = 11.8, 2.2 Hz,
1H, H-6’a), 3.98 (d, / = 12.1 Hz, 1H, H-6b), 3.87 (t,J = 9.7 Hz, 1H, H-4), 3.83 (ddd, J = 11.1, 10.6,
4.9 Hz, 1H, H-2), 3.75 (dd, J = 11.9, 6.2 Hz, 1H, H-6'b), 3.55 (t,J = 6.3 Hz, 2H, H;-6"), 3.55 - 3.51
(m, 1H, H-1a), 3.52 (t,/ = 6.6 Hz, 2H, H2-5"), 3.49 - 3.44 (m, 1H, H-1"a), 3.46 (t,/ = 9.0 Hz, 1H, H-
3,3.45 (ddd, J=9.1, 6.2, 2.3 Hz, 1H, H-5"), 3.39 (t, / = 9.4 Hz, 1H, H-4'), 3.36 (dd,J = 9.1, 7.9 Hz,
1H, H-2"), 3.35 - 3.26 (m, 2H, H-5, H-1"b), 3.11 (t,/ = 11.4 Hz, 1H, H-1b), 1.94 - 1.77 (m, 2H, H»-
2”),1.78 - 1.71 (m, 2H, H>-4"), 1.67 - 1.63 (m, 2H, Hz-7"), 1.60 - 1.53 (m, 2H, H>-3"), 1.48 - 1.34
(m, 6H, H2-8”, H»-9”, H»-10"), 1.00 (t,/ = 6.9 Hz, 3H, H3-11"). 13C NMR (150 MHz, MeOD) & 105.6
(C-19), 79.2 (C-5"), 78.8 (C-4, C-31), 77.2 (C-3), 75.8 (C-2’), 73.0 (C-5"), 72.2 (C-6"), 72.1(C-4"),
68.5(C-2),67.1 (C-5), 63.3 (C-6"), 55.3 (C-1), 55.0 (C-1"), 55.0 (C-6), 33.7 (C-9"), 31.6 (C-7"), 31.0
(C-4M), 27.8 (C-8M), 25.4 (C-3"), 24.8 (C-2"), 24.6 (C-10™), 15.3 (C-11). [a]?%p = +0.3 (c = 1.0,
MeOH). IR/cm™: 3298, 2874, 2511, 1635, 1456, 1317, 1015. HRMS: found 496.31124

[C23H45N010+H]+, calculated for [C23H45N010+H]+ 496.31162.

4-O-(B-D-Glucopyranosyl)-N-[5-(nonyloxy)pentyl]-1-deoxynojirimycin (26):
OH OH Cellobio-DN] (4) was subjected to the general procedure
Hg&oﬂ\/\/\/o A to generate 26 (4.8 mg, 0.01 mmol) in a yield of 9%. 1,H
OH HOM5}, /\/i:l NMR (600 MHz, MeOD) 6 4.51 (d, J = 7.8 Hz, 1H, H-1"),
4.34 (d, ] = 12.6 Hz, 1H, H-6a), 3.92 (dd, / = 11.8, 2.3 Hz,
1H, H-6’a), 3.84 - 3.73 (m, 2H, H-4, H-2), 3.68 (dd, J = 11.8, 6.2 Hz, 1H, H-6’b), 3.54 (t, / = 8.9 Hz,
1H, H-3), 3.48 (t, ] = 6.3 Hz, 2H, H;-5"), 3.45 (t, ] = 6.6 Hz, 2H, Hz-6"), 3.49 - 3.45 (m, 1H, H-1a),
3.40 - 3.18 (m, 7H, H-1"a, H-1"b, H-2’, H-3’, H-4’, H-5’, H-5), 1.85 - 1.73 (m, 2H, H»-2"), 1.71 -
1.63 (m, 2H, H;-4"), 1.61 - 1.55 (m, 2H, H;-7"), 1.54 - 1.44 (m, 2H, Hz-3"), 1.42 - 1.26 (m, 12H,
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H2-8” - H2-13"), 0.92 (t, J = 7.0 Hz, 3H, H3-14"). 13C NMR (150 MHz, MeOD) 6 103.4 (C-1"), 77.0
(C-4), 76.8 (C-57), 76.5 (C-3’), 75.2 (C-3), 73.5 (C-2’), 70.7 (C-6"), 70.0 (C-5"), 69.9 (C-4'), 61.0
(C-2),53.1 (C-6"), 52.9 (C-1), 52.7 (C-6), 48.0 (C-1), 31.6, 29.4, 29.3, 29.2, 29.0, 28.8, 25.9, 23.1,
22.5, 22.3, 13.0 (C-2” - 4”7, C-7” - C-14"). [a]?°p = -7.0 (c = 0.1, MeOH). IR/cm-*: 3383, 2933,
1705, 1203, 1142. HRMS: found 538.35812 [C26Hs51NO10+H]*, calculated for [Cz6Hs1NO1o+H]*
538.35857.

4-O-(B-D-Glucopyranosyl)-N-[(biphenyl-4-yl-methoxy)-pentyl]-1-deoxynojirimycin (27):
Cellobio-DN] (4) was subjected to the general

OH oH O proce;iure A and g;snerated 27 (8.7( mg, 0.02

o mmol) in a yield of 15%. 'H NMR (600 MHz,
ﬁ’oﬁﬁoﬁqﬁoﬁ&%o MeOD) 8 7.66 - 7.29 (m, 9H, Har BiPh), 4.57 (s,
OH 2H, Hp-6"), 4.50 (d, ] = 7.9 Hz, 1H, H-1"), 4.34 (d, ]

=12.9 Hz, 1H, H-6a), 3.91 (dd, J = 11.8, 2.2 Hz, 1H, H-6a), 3.90 (d, J = 13.5 Hz, 1H, H-6b), 3.82 -
3.73 (m, 2H, H-2, H-4), 3.68 (dd, / = 11.8, 6.2 Hz, 1H, H-6’b), 3.59 (t, / = 6.2 Hz, 2H, H,-5"), 3.56 -
3.51 (m, 1H, H-3), 3.49 - 3.43 (m, 1H, H-1a), 3.43 - 3.16 (m, 7H, H-1"a, H-1"b, H-2’, H-3’, H-4’, H-
5’, H-5), 3.02 (t, / = 11.7 Hz, 1H, H-1b), 1.86 - 1.77 (m, 2H, H»-2"), 1.76 - 1.70 (m, 2H, H2-3"),
1.60 - 1.48 (m, 2H, H;-4").13C NMR (150 MHz, MeOD) &§ 141.7 - 127.6 (Car BiPh), 104.3 (C-1"),
78.0 (C-4), 77.7 (C-5"), 77.5 (C-3"), 76.0 (C-3), 74.5 (C-2"), 73.3 (C-6"), 70.9 (C-4"), 70.5 (C-5"),
67.3 (C-2), 65.8 (C-5), 62.0 (C-6), 54.3 (C-1), 54.1 (C-6), 53.8 (C-1"), 29.7 (C-4"), 24.2 (C-3"),
23.5 (C-2"). [a]?% =+0.5 (c = 0.2, MeOH). IR/cm: 3368, 2318, 1674, 1205, 1134, 1080. HRMS:
found 578.29406 [C30H43NO10+H]*, calculated for [C30H43NO10+H]* 578.29597.

T

4-O-(B-D-Glucopyranosyl)-N-[5-(3,3-dimethyl-1-propyloxy)pentyl]-1-deoxynojirimycin
(28):
OH OH Cellobio-DN] (4) was subjected to the general procedure
Hgoﬁ&/oﬂ\/\/\/o\k A and generated 28 (4.8 mg, 0.01 mmol) in a yield of
OH HO OH 10%. 'H NMR (400 MHz, MeOD) 6 4.58 (d, / = 7.8 Hz, 1H,
H-1"), 4.30 (dd, J = 12.4, 1.7 Hz, 1H, H-6’a), 3.98 (dd, J =
12.1, 4.5 Hz, 1H, H-6a), 3.98 (d, J = 12.0 Hz, 1H, H-6'b), 3.81 (t,J = 9.6 Hz, 1H, H-4), 3.81 - 3.73
(m, 1H, H-2), 3.75 (dd, J = 11.9, 6.0 Hz, 1H, H-6b), 3.53 (t, ] = 9.6 Hz, 2H, H»-5"), 3.50 - 3.45 (m,
2H, H-3, H-5), 3.45 - 3.41 (m, 2H, H-4’, H-2"), 3.35 (dd, ] = 9.0, 7.8 Hz, 1H, H-1a), 3.29 - 3.19 (m,
1H, H-1"a), 3.17 (s, 2H, H»-6"), 3.14 - 3.03 (m, 1H, H-1"b), 3.00 (d,J = 9.3 Hz, 1H, H-5), 2.81 (t,]
= 11.5 Hz, 1H, H-1b), 1.86 - 1.68 (m, 4H, H>-2”, H,-3”), 1.63 - 1.48 (m, 2H, H»-4"), 1.00 (s, 9H,
H3-8”, H3-9”, H3-10""). 133C NMR (100 MHz, MeOD) 6 105.6 (C-1"), 83.4 (C-6"), 80.6 (C-4), 79.1 (C-
57, 78.8 (C-3), 78.0 (C-3"), 75.9 (C-2"), 73.0 (C-5"), 72.2 (C-4), 69.6 (C-2), 67.1 (C-5), 63.3 (C-6),
56.2 (C-6'), 54.7 (C-1), 54.1 (C-1"), 33.8 (C-7"), 31.2 (C-2"), 28.0 (C-8”,9”,10"), 25.7 (C-4"), 25.3
(C-37). [a]?% = +0.5 (c = 1.0, MeOH). IR/cm: 3308, 2980, 2875, 2349, 1635, 1080, 1031.
HRMS: found 482.29552 [C22H43NO10+H]*, calculated for [C22Ha3NO1o+H]* 482.29597.

Synthesis of N-Alkylated DNJ and DNJ congeners

Figure 19: Proton and carbon NMR numbering of iminosugars
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1-Deoxynojirimycin (85):
OH |, 1H NMR (400 MHz, MeOD) & 3.92 (dd, J = 10.9, 3.1 Hz, 1H, H-6a), 3.67 (dd, ] =
N 10.9, 6.5 Hz, 1H, H-6b), 3.49 (ddd, J = 10.6, 8.7, 5.1 Hz, 1H, H-2), 3.28 (t,/ = 8.1
; 5 Hz, 1H, H-3), 3.24 (t, / = 9.1 Hz, 1H, H-4), 3.18 (dd, J = 12.1, 5.1 Hz, 1H, H-1a),
HO' ‘OH 2,54 (ddd, J = 9.4, 6.4, 3.1 Hz, 1H, H-5), 2.52 (dd, = 12.1, 10.7 Hz, 1H, H-1b). 13C
OH NMR (100 MHz, MeOD) & 81.5 (C-3), 74.2 (C-4), 73.5 (C-2), 64.0 (C-6), 63.7 (C-
5),51.9 (C-1).

N-Benzyloxyethyl-1-deoxynojirimycin (90):

DNJ (85) was subjected to the general procedure A and generated 90
OH ﬁo“@ (12.4 mg, 0.04 mmol) in a yield of 38%. 'H NMR (400 MHz, MeOD) &
N 7.45 - 7.33 (m, 5H, Har Bn), 4.61 (s, 2H, CH; Bn), 4.02 (dd, J = 12.1, 2.7
Hz, 1H, H-6a), 3.92 (dd, / = 12.1, 2.8 Hz, 1H, H-6b), 3.73 - 3.69 (m, 2H,
Hz-2"), 3.55 (ddd, J = 10.5, 9.1, 4.8 Hz, 1H, H-2), 3.45 (t,] = 9.3 Hz, 1H, H-
4),3.23 (t,J = 9.1 Hz, 1H, H-3), 3.19 - 3.13 (m, 1H, H-1"a), 3.15 (dd, ] =
10.5, 5.1 Hz, 1H, H-1a), 2.84 (dt, J = 14.5, 4.6 Hz, 1H, H-1'b), 2.38 (dd, J = 11.3, 10.5 Hz, 1H, H-1b),
2.30 (dt, J = 9.5, 2.7 Hz, 1H, H-5). 13C NMR (100 MHz, MeOD) & 131.3 - 129.6 (Ca/), 81.3 (C-3),
75.0 (CHz Bn), 72.6 (C-4), 71.5 (C-2), 69.4 (C-2"), 68.5 (C-5), 60.2 (C-6), 59.3 (C-1), 53.4 (C-1").

HRMS: found 298.16505 [C15H23NOs+H]*, calculated for [C1sH23NOs+H]* 298.16490.

N-Hydroxyethyl-1-deoxynojirimycin (90a):
OH (\OH 90 (60 mg, 0.2 mmol) was dissolved in 5 mL ethanol and the pH of the solvent
N was adjusted to 2 with aqueous HCI (1M). After the solution was flushed with
argon (3 x), a catalytic amount of Pd/C (10%) was added. The reaction mixture
“OH was exposed to Hz atmosphere (3 bar) for 18 hours. TLC analysis showed

OH completely consumption of 90. The reaction mixture was filtered over a pad of
Celite and the filtrate was concentrated. The residue was purified by silica gel column
chromatography (0% — 20% methanol in DCM + 1% NH4OH) to give 90a as a colorless oil in a
of yield 65% (27 mg, 0.13 mmol). 1H NMR (400 MHz, MeOD) 6 4.21 (dd, J = 12.6, 0.9 Hz, 1H, H-
6a), 4.08 (dd,J = 12.6, 2.9 Hz, 1H, H-6b), 4.05 (t,/ = 5.1 Hz, 2H, H;-2"), 3.82 (ddd, /= 11.2,9.3, 4.9
Hz, 1H, H-2), 3.74 (dd, /] = 12.1, 4.9 Hz, 1H, H-1a), 3.71 (dd, / = 10.4, 9.2 Hz, 1H, H-4), 3.70 - 3.63
(m, 1H, H-1’a), 3.47 (t,] = 9.2 Hz, 1H, H-3), 3.46 - 3.41 (m, 1H, H-1’a), 3.26 (d,/ = 10.9 Hz, 1H, H-
5),3.20 (t,/ = 11.7 Hz, 1H, H-1b). 13C NMR (100 MHz, MeOD) & 79.0 (C-3), 69.7 (C-4), 69.3 (C-5),
68.6 (C-2), 57.7 (C-2"), 57.0 (C-17), 56.5 (C-1), 56.0 (C-6). [a]?°p = -42.0 (c = 0.2, MeOH). HRMS:
found 208.11795 [CgH17NOs+H]*, calculated for [CsH17NOs+H]*208.11795.

N-Benzyloxyethyl-L-ido-1-deoxynojimycin (97):
L-ido-DN] was subjected to the general procedure A and generated 97
OH ﬁ0“© (21 mg, 0.07 mmol) in a yield of 12%. 1H NMR (400 MHz, MeOD) & 7.50 -
. N 7.29 (m, 5H, HarBn), 4.62 (s, 2H, CH; Bn), 4.03 (d, J =11.2, 6.4 Hz, 1H, H-
6a), 3.87 (dd, ] = 10.8, 6.4 Hz, 1H, H-6b), 3.80 (dd, ] = 8.9, 5.3 Hz, 1H, H-4),
3.70 (t, ] = 5.6 Hz, 2H, H-2"), 3.63 (ddd, J = 12.7, 8.9, 5.1 Hz, 1H, H-2),
3.45 (t, ] = 8.5 Hz, 1H, H-3), 3.17 (m, ] = 5.6 Hz, 1H, H-5), 3.11 (t, ] = 5.6
Hz, 1H, H-1'a), 3.04 (t, ] = 5.6 Hz, 1H, H-1'b), 2.97 (dd, ] = 12.7, 4.9 Hz, 1H, H-1a), 2.75 (dd, ] =
12.6, 9.7 Hz, 1H, H-1b). 13C NMR (100 MHz, MeOD) § 140.5 - 129.0 (CHa:Bn), 76.7 (C-3), 75.0
(CH; Bn), 73.3 (C-4), 71.9 (C-2), 70.7 (C-2"), 65.7 (C-5), 58.8 (C-6), 56.2 (C-1"), 53.7 (C-1). [o]2%
= -18.0 (c = 0.5, MeOH). IR/cm-1: 3331, 2864, 1653, 1456, 1362, 1059, 1027. HRMS: found
298.16512 [C15sH23NOs+H]*, calculated for [C1sH23NOs+H]* 298.16490.

HO" “'OH
OH
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L-Manno-1-deoxynojimycin (129):

OH 2,3,4-Tri-O-benzyl-L-manno-1-deoxynojimycin (0.84 g 194 mmol) was
‘/,,, H dissolved in ethanol (100 mL) and pH of the solution was adjusted to 2 with
Lj aqueous HCl (1M). The solvent was flushed with argon (3 x), a catalytic amount

HO™ ™~ “OH of Pd/C (10%) was added, and the reaction mixture was exposed to H:

OH atmosphere (2 bar) for 18 hours. After TLC analysis showed completely
consumption of the starting compound, the reaction mixture was filtered over a pad of Celite
and the filtrate was concentrated. The residue was purified by silica gel column
chromatography (0% — 20% methanol in DCM + 1% NH.4OH) to give 129 (0.19 g, 1.14 mmol)
in a yield of 59%. 'H NMR (400 MHz, CDCl3) § 4.12 (s, 1H, H-2), 4.02 (d, / = 12.0 Hz, 1H, H-6a),
3.86 (d,/=12.4 Hz, 1H, H-6b), 3.84 (d,J = 10.8 Hz, 1H, H-4), 3.63 (d, / = 9.6 Hz, 1H, H-3), 3.36 (d,
J=13.2 Hz, 1H, H-1a), 3.25 (d, / = 13.6 Hz, 1H, H-1b), 3.12 - 3.07 (m, 1H, H-5). 13C NMR (100
MHz, CDCl3) 6 73.0 (C-3), 66.2 (C-4), 66.2 (C-2), 61.0 (C-5), 58.2 (C-6), 34.1 (C-1). [a]2%p = +4.3 (c
= 1.0, MeOH). IR/cm-1: 3348, 2924, 1653, 1448, 1144, 1081, 1047. HRMS: found 164.09167
[CeH13NO4+H]*, calculated for [CeH13NO4+H]+ 164.09173.

N- Butyl L-manno-1-deoxynojimycin (130):
(\/ 129 was subjected to the general procedure A and generated 130 (18 mg, 0.04
‘,,,, mmol) in a yield of 42%. 'H NMR (400 MHz, MeOD) 6 4.21 (ddd,J=3.9,3.2, 1.5
/O Hz, H-2), 4.17 (dd, J = 12.7, 2.9 Hz, 1H, H-6a), 4.05 (dd, J/ = 12.9, 2.8 Hz, 1H, H-
HO” ™~ “OH 6b), 4.04 (t,] = 9.5 Hz, 1H, H-4), 3.66 (dd, ] = 9.2, 3.0 Hz, 1H, H-3), 3.55 (dd, ] =
OH 12.9, 3.7 Hz, 1H, H-1a), 3.47 (d, ] = 13.0 Hz, 1H, H-1b), 3.44 - 3.35 (m, 2H, Hz-1"),
3.14 (dt, ] = 9.9, 3.0 Hz, 1H, H-5), 1.94 - 1.72 (m, 2H, H>-2’), 1.54 - 1.50 (m, 2H, H>-3"), 1.10 (t,] =
7.4 Hz, 3H, H3-4’).13C NMR (100 MHz, MeOD) 6 75.0 (C-3), 68.6 (C-5), 68.0 (C-2), 67.8 (C-4),
56.9 (C-6), 56.9 (C-1), 55.2 (C-1'), 26.6 (C-2’), 21.8 (C-3’), 14.8 (C-4). [a]?p = -7.2 (c = 1.0,
MeOH). IR/cm-l: 3244, 2954, 2872, 2619, 1635, 1435, 1259, 1076, 1020. HRMS: found
220.15434 [C10H21NO4+H]*, calculated for [C1o0H21NO4+H]* 220.15433.

N-Nonyl- L-manno-1-deoxynojimycin (131):
K*/ 129 was subjected to the general procedure A and generated 131 (10 mg,
6 0.03 mmol) in a yield of 17%. 'H NMR (400 MHz, MeOD) & 4.00 (dd, J = 11.8,
Ho™ e N 2.6 Hz, 1H, H-6a), 3.96 - 3.92 (m, 1H, H-2), 3.95 (dd, J = 11.7, 2.9 Hz, 1H, H-
J/\) oH 6b), 3.78 (t,/ = 9.1 Hz, 1H, H-4), 3.42 (dd, / = 9.0, 3.4 Hz, 1H, H-3), 3.11 (dd, J
= 12.3, 3.9 Hz, 1H, H-1a), 2.95 - 2.83 (m, 1H, H-1’a), 2.80 - 2.70 (m, 1H, H-
1'b), 2.66 (d, ] = 12.3 Hz, 1H, H-1b), 2.32 - 2.28 (m, 1H, H-5), 1.65 - 1.51 (m,
2H, H2-2"), 1.47 - 1.32 (m, 12H, Hz-3’ - H2-8"), 0.94 (t, ] = 7.1 Hz, 3H, H3-9").13C NMR (100 MHz,
MeOD) 6 77.2 (C-3), 70.2 (C-4), 70.2 (C-2), 67.9 (C-5), 59.7 (C-6), 57.3 (C-1), 54.8 (C-1'), 33.9,
31.6, 31.5, 31.3, 29.4, 26.0, 24.6 (C-2’ - C-8’), 15.3 (C-9). [a]?%p = +6.0 (c = 1.0, MeOH). IR/cm*%:
3392, 2924, 2857, 2503, 1635, 1435, 1273, 1082. HRMS: found 290.23291 [C15sH31NO4+H]",

calculated for [C15H31NO4+H]* 290.23258.

HO” ™
OH

N-[5-(Hexyloxy)pentyl]- L-manno-1-deoxynojimycin (132)
oy 129 was subjected to the general procedure A and generated 132 (27
(W mg, 0.08 mmol) in a yield of 41%. 'H NMR (400 MHz, MeOD) & 3.92 (dd,
Ho N ] =4.7,2.7 Hz, 2H, H2-6), 3.90 - 3.86 (m, 1H, H-2), 3.72 (t,/ = 9.1 Hz, 1H,
J/\J H-4), 3.36 (dd, ] = 8.8, 3.1 Hz, 1H, H-3), 3.06 (dd, J = 12.4, 3.9 Hz, 1H, H-
o OoH 1a), 2.92 - 2.78 (m, 1H, H-1"a), 2.75 - 2.65 (m, 1H, H-1'b), 2.61 (d, ] =
12.4 Hz, 1H, H-1b), 2.25 (d, ] = 9.0 Hz, 1H, H-5), 1.74 - 1.27 (m, 14H, H,-
2', Hy-3', Ho-4', H2-7’, Hy-8', Ha-9, H2-10"), 0.93 (t, / = 7.1 Hz, 3H, H3-11). 3C NMR (100 MHz,
MeOD) & 77.2 (C-3), 72.8 (C-6"), 72.6 (C-5), 70.2 (C-2), 70.2 (C-4), 67.9 (C-5), 59.7 (C-6), 57.2
(C-1), 54.7 (C-1), 33.7, 31.6, 31.4, 27.8, 26.0, 25.8, 24.6 (C-2’ - C-4’, C-7’ - C-10"), 15.3 (C-11").

H -
OH
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[a]2%p = +31.5 (c = 1.0, MeOH). IR/cm™: 3392, 2932, 2867, 1684, 1456, 1373, 1099. HRMS:
found 334.25936 [C17H35NOs+H]*, calculated for [C17H3sNOs+H]* 334.25880.

N-[5-(3,3-Dimethyl-1-propyloxy)pentyl]- L-manno-1-deoxynojimycin (133):
129 was subjected to the general procedure A and generated 133 (15

rHBVO mg, 0.05 mmol) in a yield of 24%. 1H NMR (400 MHz, MeOD) & 4.00

N (dd, J = 11.9, 2.8 Hz, 1H, H-6a), 3.96 (dd, J = 11.7, 2.9 Hz, 1H, H-6b),
HO Lj 3.95 - 3.92 (m, 1H, H-2), 3.78 (t, ] = 9.1 Hz, 1H, H-4), 3.51 (t,] = 6.4 Hz,
HO” > "OH 2H, H-5'), 3.42 (dd, ] = 8.5, 3.4 Hz, 1H, H-3), 3.16 (s, 2H, H»-6"), 3.11
OH (dd, ] = 12.4, 3.9 Hz, 1H, H-1a), 2.98 - 2.81 (m, 1H, H-1'a), 2.81 - 2.69

(m, 1H, H-1'b), 2.65 (d, J = 12.3 Hz, 1H, H-1b), 2.29 (d,J = 8.9 Hz, 1H,
H-5), 1.73 - 1.66 (m, 2H, Hz-4"), 1.65 - 1.56 (m, 2H, H>-2"), 1.51 - 1.37 (m, 2H, H»-3"), 0.99 (s, 9H,
Hs-8’, H3-9’, H3-10’).13C NMR (100 MHz, MeOD) 6 81.1 (C-6'), 75.0 (C-3), 71.0 (C-5"), 68.0 (C-2),
68.0 (C-4), 65.6 (C-5), 57.5 (C-6), 55.0 (C-1), 52.5 (C-1"), 31.5 (C-4), 29.2 (C-7), 25.7 (C-
89,107, 23.8 (C-3), 23.5 (C-2). [a]?% = +34.0 (c = 0.2, MeOH). IR/cm1: 3390, 2955, 2507,
1645, 1435, 1273, 1089. HRMS: found 320.24339 [Ci6¢H33NOs+H]*, calculated for
[C16H33NOs+H]* 320.24315.

N-[5-(Adamantan-1-yl-methoxy)pentyl]- L-manno-1-deoxynojimycin (84):
HO—. 129 was subjected to the general procedure A and generated 84
g N/_’LE:LO (14 mg, 0.04 mmol) in a yield of 18%. 'H NMR (600 MHz, MeOD)
HO’Q \_ﬁ § 4.22 - 419 (m, 1H, H-2), 4.16 (dd, / = 12.7, 3.3 Hz, 1H, H-6a),
(S 4.05 (dd, J = 12.7, 2.9 Hz, 1H, H-6b), 4.02 (t, ] = 9.3 Hz, 1H, H-4),
HO  ©OH 3.69 - 3.62 (m, 1H, H-3), 3.60 (t, ] = 7.3 Hz, 2H, H,-5"), 3.57 (s, 2H,
Hz-6"), 3.53 (dd, ] = 12.8, 4.0 Hz, 1H, H-1a), 3.47 - 3.41 (m, 3H, H,-1’, H-1b), 3.12 (br s, 1H, H-5),
2.07 - 1.98 (m, 3H, 3 x CH ada), 1.95 - 1.91 (m, 2H, H-2"), 1.87 - 1.80 (m, 3H, 3 x CH; ada), 1.80
-1.70 (m, 7H, 3 x CH, ada, C-4"), 1.65 (d, J = 2.8 Hz, 6H, 3 x CH; ada), 1.46 (t, ] = 7.4 Hz, 2H, H,-
3). 13C NMR (150 MHz, MeOD) § 75.1 (C-3), 71.7 (C-6), 68.8 (C-5"), 68.6 (C-5), 68.0 (C-2), 68.0
(C-4), 56.7 (C-6), 56.6 (C-1), 55.0 (C-1"), 45.7 (C-3"), 44.7 (CH; ada), 39.0 (CH; ada), 33.6 (Cq
ada), 31.0 (CH ada), 28.7 (C-2"). IR/cm-: 3393, 2901, 2830, 1684, 1506, 1456, 1418, 1396,
1373, 1078. [a]20p = +13.8 (c = 0.5, MeOH). HRMS: found 398.28949 [C,,H39NOs+H]*, calculated
for [C22H3oNOs+H]* 398.29010.

N-[(Biphenyl-4-yl-methoxy)pentyl]- L-manno-1-deoxynojimycin (134):
HO—, /_'LX_ 129 was subjected to the genera}l prgcedure A and
~—N  3—0 generated 134 (15 mg, 0.04 mmol) in a yield of 18%. 1H
HO>Q NMR (400 MHz, MeOD) 8 7.66 - 7.30 (m, 9H, Har BiPh),
4.45 (s, 2H, H-6"), 3.97 (dd, J = 11.7, 2.7 Hz, 1H, H-6a),
HO  OH 3.94 (dd, J = 11.7, 2.9 Hz, 1H, H-6b), 3.91 (dd, ] = 3.7, 2.0
Hz, 1H, H-2), 3.75 (t,] = 9.1 Hz, 1H, H-4), 3.48 (t, ] = 6.4 Hz, 2H, H,-5"), 3.38 (d, ] = 3.4 Hz, 1H, H-
3),3.05 (dd, J = 12.3, 3.9 Hz, 1H, H-1a), 2.84 (dt, ] = 13.4, 8.5 Hz, 1H, H-1’a), 2.68 (dt, ] = 13.4, 8.2
Hz, 1H, H-1’b), 2.57 (dd, ] = 12.3, 1.8 Hz, 1H, H-1b), 2.22 (dt, ] = 9.3, 2.7 Hz, 1H, H-5), 1.67 - 1.63
(m, 2H, Hz-4), 1.57 - 1.54 (m, 2H, H-2"), 1.45 - 1.34 (m, 2H, H,-3"). 13C NMR (100 MHz, MeOD) &
144.4 - 129.1 (CarBiPh), 77.4 (C-3), 72.7 (C-6"), 72.3 (C-5"), 70.4 (C-2), 70.4 (C-4), 67.8 (C-5),
59.9 (C-6), 57.3 (C-1), 54.6 (C-1"), 31.4 (C-4"), 26.1 (C-3"), 25.9 (C-2"). [a]2% = +17.4 (c = 0.5,
MeOH). IR/cm-1: 3321, 2941, 2866, 2349, 2326, 1636, 1558, 1506, 1456, 1202, 1088, 744.
HRMS: found 416.24303 [C24H33NOs+H]*, calculated for [C24H33NOs+H]* 416.24315.

N-Benzyloxyethyl- L-manno-1-deoxynojimycin (135):
oH (\O 129 was subjected to the general procedure A and generated 135 (30
LN /\© mg, 0.10 mmol) in a yield of 17%. 1H NMR (400 MHz, MeOD) & 7.58 -
- 7.28 (m, 5H, Har Bn), 4.68 - 4.60 (m, 1H, H-2'a), 4.62 (s, 2H, CH; Bn),

HO” ™ "OH

OH
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4.09 (dd, J=12.7, 2.9 Hz, 1H, H-6a), 4.03 (dd, / = 12.7, 3.0 Hz, 1H, H-6b), 4.01 - 3.97 (m, 1H, H-
2’b), 4.12 (dd, J = 3.8, 1.4 Hz, 1H, H-2), 3.94 (t,] = 9.2, 1H, H-4), 3.69 - 3.61 (m, 1H, 1H, H-1'a),
3.60 (dd, J = 9.1, 3.0 Hz, 1H, H-3), 3.34 - 3.29 (m, 1H, H-1'b), 3.18 (dd, / = 12.9, 4.0 Hz, H-1a),
3.09 (d,J = 9.6 Hz, 1H, H-5), 2.93 (d, / = 12.7 Hz, 1H, H-1b).13C NMR (100 MHz, MeOD) 6 137.5 -
127.7 (Car Bn), 72.9 (CH: Bn), 72.2 (C-3), 66.6 (C-5), 66.2 (C-4), 66.1 (C-2), 56.0 (C-2"), 55.0 (C-
6), 53.2 (C-1), 52.1 (C-1"). [a]?% = +8.8 (c = 1.0, MeOH). IR/cm™1: 3381, 2913, 1653, 1212, 1101,
1079, 1027. HRMS: found 298.16505 [CisH23NOs+H]*, calculated for [CisH23NOs+H]*
298.16490.

N-[5-(Nonyloxy)pentyl]- L-manno-1-deoxynojimycin (136):
o 129 was subjected to the general procedure A and generated 136 (22
&/ % mg, 0.06 mmol) in a yield 29%. 'H NMR (400 MHz, MeOD) 6 4.16 (s, 1H,
N

s H-2), 4.11 (dd, ] = 12.8, 2.8 Hz, 1H, H-6a), 3.99 (dd, ] = 12.6, 2.7 Hz, 1H,
LJ, H-6b), 3.97 (t,] = 9.5 Hz, 1H, H-4), 3.61 (dd, ] = 9.3, 3.0 Hz, 1H, H-3), 3.51

HO” ™~ “OH -3.36 (m, 2H, Hz-1), 3.35 - 3.31 (m, 2H, H,-1"), 3.48 (t, ] = 6.4 Hz, 2H, Ha-
OH 5’), 3.46 (t,] = 6.6 Hz, 2H, H-6’), 3.13 - 3.06 (m, 1H, H-5), 1.89 - 1.73 (m,

2H, Hz-2"), 1.70 - 1.66 (m, 2H, H»-4"), 1.61 - 1.58 (m, 2H, H»-7’), 1.52 - 1.48 (m, 2H, H-3"), 1.43
-1.27 (m, 12H, H»-8’ - H»-13"), 0.93 (t,/ = 7.0 Hz, 3H, H3-14’).13C NMR (100 MHz, MeOD) 6 75.0
(C-3), 72.9 (C-6"), 72.2 (C-5"), 68.6 (C-5), 68.0 (C-2), 67.8 (C-4), 56.9 (C-1), 56.9 (C-6), 55.3 (C-
1), 33.9,31.6,31.6,31.5, 31.3, 31.0, 28.1, 25.3, 24.6 (C-2’ - C-4’, C-7' - C-13"), 15.3 (C-14"). [a] 2%
=+9.8 (c = 1.0, MeOH). IR/cm"1: 3200, 2870, 2509, 1456, 1398, 1317, 1246, 1101. HRMS: found
376.30575 [C20H41NOs+H]*, calculated for [C20H41NOs+H]* 376.30575.

N-Hydroxyethyl- L-manno-1-deoxynojimycin (137)
137 (4 mg, 0.02 mmol) was synthesized as described for the preparation of
o (" oH compound for 90a in a yield of 40%. 'H NMR (400 MHz, MeOD) & 3.93 (td, J =
v, N 3.8, 1.8 Hz, 1H, H-2), 3.89 (dd, J = 11.1, 4.5 Hz, 1H, H-6a), 3.82 (dd, J = 11.1, 3.1
.. Hz, 1H, H-6b), 3.79 (dd, ] = 11.5, 4.5 Hz, 1H, H-2"a), 3.72 (t, ] = 9.8 Hz, 1H, H-4)
HO™ T "OH 369 (dd,J=11.7, 4.8 Hz, 1H, H-2'b), 3.50 (dd, J = 9.3, 3.2 Hz, 1H, H-3), 3.15 (dd,
OH J = 12.6, 4.0 Hz, 1H, H-1a), 3.10 (dd, / = 13.9, 2.8 Hz, 1H, H-1"a), 2.85 (dd, J =
13.9, 1.6 Hz, 1H, H-1'b), 2.63 - 2.56 (m, 1H, H-1b), 2.49 (ddd, J = 9.9, 4.5, 3.1 Hz, 1H, H-5). 13C
NMR (100 MHz, MeOD) & 77.5 (C-3), 70.7 (C-2), 70.3 (C-4), 63.6 (C-5), 62.8 (C-6), 60.8 (C-2),
56.3 (C-1), 51.2 (C-1’). HRMS: found 208.11791 [CsH17NOs+H]*, calculated for [CsH17NOs+H]*

208.11795

2,3,4-Tri-O-benzyl- b-manno-1-deoxynojimycin (138a):
H 2,3,4-Tri-O-benzyl-5-tert-butyldimethylsilyl-O-D-manno-1-deoxynojimycin
HO (0.84 g, 1.25 mmol) was dissolved in THF (8 mL) at r.t. TBAF (1M in THF,
B;;E‘)\OBn 3.6 mL) was added to the solution under argon protection. The reaction
OBn mixture was stirred overnight, diluted with DCM, washed with water and
brine, dried (Na;SO4) filtered and concentrated. The residual syrup was
purified with silica gel column chromatography (20:1, DCM:MeOH) to give the protected 138a
(0.39 g, 0.9 mmol) with 72% yield. Rr = 0.45 (10:1, DCM:MeOH). 'H NMR (600 MHz, CDCl3) 6
7.47 - 7.27 (m, 15H, HarBn), 4.95 (d, / = 11.0 Hz, 1H, CHH Bn), 4.70 (d, J = 3.6 Hz, 2H, CH; Bn),
4.66 - 4.58 (m, 3H, 3 x CHH Bn), 3.82 (dd, J = 11.0, 3.4 Hz, 1H, H-6a), 3.80 (dd, J = 3.1, 1.3 Hz, 1H,
H-2),3.74 (t, ] = 9.4 Hz, 1H, H-4), 3.62 (dd, J = 11.0, 5.9 Hz, 1H, H-6b), 3.53 (dd, J = 9.1, 2.9 Hz,
1H, H-3), 3.16 (dd, J = 14.2, 3.1 Hz, 1H, H-1a), 2.59 (ddd, ] = 9.4, 5.8, 3.4 Hz, 1H, H-5), 2.51 (dd, ] =
14.3, 1.4 Hz, 1H, H-1b), 2.41 (s, 1H, -OH).13C NMR (150 MHz, CDCl3) § 139.5 - 128.6 (Car Bn),
85.0 (C-3), 78.0 (C-4), 76.2 (CHzBn), 74.6 (C-2), 72.9 (CH2Bn), 72.6 (CH2Bn), 63.5 (C-6), 62.4

(C-5),47.7 (C-1).
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D-Manno-1-deoxynojimycin (138):

H 138a (0.39 g, 0.9 mmol) was dissolved in ethanol (50 mL), and pH of the
HO solution was adjusted to 2 with aqueous HCI (1M). After the solvent flushed
/(:Q\OH with argon (3 x), a catalyst amount of Pd/C (10%) was added. The reaction
mixture was exposed to H, atmosphere (2 bar) for 18 hours. After TLC
analysis showed completely consumption 138a, the reaction mixture was
filtered over a pad of Celite and the filtrate was concentrated. The residue was purified by silica
gel column chromatography (0% — 20% methanol in DCM + 1% NH4OH) to give 138 in a yield
of 60% (0.09 g, 0.54 mmol). *H NMR (400 MHz, MeOD) 6 4.16 (td, / = 3.1, 1.6 Hz, 1H, H-2), 4.02
(dd,J=11.8, 3.3 Hz, 1H, H-6a), 3.84 (dd, J = 10.3, 9.3 Hz, 1H, H-4), 3.83 (dd,J = 11.9, 7.0 Hz, 1H,
H-1b), 3.61 (dd, J = 9.2, 3.0 Hz, 1H, H-3), 3.35 (dd, / = 13.5, 3.2 Hz, 1H, H-1a), 3.24 (dd, J = 13.2,
1.6 Hz, 1H, H-1b), 3.08 (ddd, j = 10.3, 7.0, 3.3 Hz, 1H, H-5). 13C NMR (100 MHz, MeOD) § 75.3 (C-

3), 68.4 (C-4), 68.4 (C-2), 63.3 (C-5), 60.5 (C-6), 49.8 (C-1).

N-[5-(Hexyloxy)pentyl]-D-manno-1-deoxynojimycin (142):
KWOM/ 138 was subjected to the general procedure A and generated 142 (6.4
N 3 5 mg, 0.02 mmol) in a yield of 7%. 'H NMR (400 MHz, MeOD) § 4.05 - 4.03
HO (m, 1H, H-2), 4.03 (dd, J = 12.2, 3.1 Hz, 1H, H-6a), 3.95 (dd, J = 12.3, 2.9
,_;Q\OH Hz, 1H, H-6b), 3.86 (t, / = 9.2 Hz, 1H, H-4), 3.55 - 3.49 (m, 1H, H-3), 3.48
OH (t, ] = 6.4 Hz, 2H, H,-5"), 3.46 (t, ] = 6.6 Hz, 2H, H»-6"), 3.33 - 3.27 (m, 2H,
Hz-1"), 3.18 - 2.99 (m, 2H, H;-1), 1.78 - 1.27 (m, 14H, H2-2’, H2-3’, H,-4’,
H2-7’, Hz-8’, H2-9’, H2-10’), 0.93 (t, / = 7.0 Hz, 3H, H3-11"). 13C NMR (100 MHz, MeOD) & 75.8 (C-
3), 72.9 (C-6"), 72.4 (C-5"), 68.3 (C-4), 68.3 (C-2), 58.0 (C-6), 56.6 (C-1'), 54.9 (C-1), 33.7, 31.6,
31.2, 27.8, 25.6, 25.2, 24.6 (C-2’ - C-4’, C-7’ - C-10"), 15.2 (C-11). IR/cm: 3302, 2930, 2858,
2046, 1684, 1456, 1269, 1105. HRMS: found 334.25890 [Ci7H3sNOs+H]*, calculated for

[C17H35NOs+H]* 334.25880.

N-Benzyloxyethyl-D-manno-1-deoxynojimycin (145):

138 was subjected to the general procedure A and generated 145 (4.8
OH (\O“Q mg, 0.015 mmol) in a yield of 5%. 'H NMR (400 MHz, MeOD) & 7.48 -
N 7.31 (m, 5H, Har Bn), 4.53 (s, 2H, CH2 Bn) 4.33 (d, / = 13.2 Hz, 1H, H-2a),
4.18 (dd, J = 11.8, 2.9 Hz, 1H). 4.03 (dd, J = 11.9, 2.8 Hz, 1H, H-6a), 3.97
(dd,J=11.9, 2.7 Hz, 1H, H-6b), 3.90 (td,J = 3.7, 1.7 Hz, 1H, H-2), 3.75 (t,]
=9.1 Hz, 1H, H-4), 3.45 - 3.41 (m, 2H, H-2'b, H-3), 3.15 (dd, J = 12.5, 3.8
Hz, 1H, H-1a), 3.23 - 3.14 (m, 1H, H-1'a), 2.97 - 2.90 (m, 1H, H-1'b), 2.72 (dd, / = 12.4, 1.6 Hz,
1H, H-1b), 2.37 (dt, J = 9.0, 2.7 Hz, 1H, H-5). 13C NMR (100 MHz, MeOD) & 140.4 - 129.6 (Car Bn),
77.3 (C-3), 75.1 (CH:2 Bn), 70.3 (C-2), 70.2 (C-4), 68.3 (C-5), 60.3 (C-6), 59.1 (C-27), 57.9 (C-1),
53.7 (C-1").IR/cm: 3360, 2504, 1636, 1558, 1506, 1456, 1435, 1271, 1207, 1082, 1051. HRMS:

found 298.16504 [C15H23NOs+H]*, calculated for [C15H23NOs+H]* 298.16490.

L-Gulo-1-deoxynojimycin (146):

OH |, 146 (0.15 g, 0.90 mmol) was synthesized as described for the preparation of
L, N compound 138 in a yield of 59%. 'H NMR (400 MHz, MeOD) & 4.22 (ddd, J =

_ 11.5,5.1, 2.7 Hz, 1H, H-2), 4.02 (dd, j = 4.6, 1.6 Hz, 1H, H-4), 3.99 (dd,J = 4.5, 2.8
HO™ OH  Hgz, 1H, H-3), 3.85 (dd, J = 11.8, 5.5 Hz, 1H, H-6a), 3.81 (dd, J = 11.8, 8.2 Hz, 1H,
OH H-6b), 3.47 (ddd, J = 7.6, 5.5, 1.6 Hz, 1H, H-5), 3.18 (dd, / = 11.8, 5.1 Hz, 1H, H-

1a), 3.08 (t, ] = 11.7 Hz, 1H, H-1b). 13C NMR (100 MHz, MeOD) § 69.0 (C-3), 67.4 (C-4), 62.6 (C-
2),59.2 (C-6), 55.6 (C-5), 42.7 (C-1). [a]?p = -24.8 (c = 1.0, MeOH). IR /cm™: 3350, 3034, 1634,
1436, 1126, 1078, 1051, 1015. HRMS: found 164.09164 [CsH13NO4+H]*, calculated for
[C6H13N04+H]+ 164.09173.
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N-Butyl-L-gulo-1-deoxynojimycin (147):

OH (\/ 146 was subjected to the general procedure A and generated 147 (7 mg, 0.03
LN mmol) in a yield of 35%. 'H NMR (600 MHz, MeOD) 6§ 4.16 - 4.12 (m, 1H, H-2),
i 4.06 (dd,J=4.9, 2.4 Hz, 1H, H-4),3.97 (dd,/ = 11.9, 5.0 Hz, 1H, H-6a), 3.94 (d, ] =
HO" oH 5.0 Hz, 1H, H-6b), 3.89 (dd, J = 4.7, 3.1 Hz, 1H, H-3), 3.15 - 2.81 (m, 5H, H-5, H»-
OH 1’, Hz-1), 1.76 - 1.60 (m, 2H, H>-2"), 1.46 - 1.42 (m, 2H, H»-3"), 1.06 (t, ] = 7.4 Hz,
3H, H3-4"). 13C NMR (150 MHz, MeOD) 6 73.5 (C-4), 72.4 (C-3), 66.9 (C-2), 62.1 (C-6), 62.0 (C-5),
55.5 (C-1"), 53.3 (C-1), 26.3 (C-2"), 22.4 (C-3’), 15.1 (C-4"). [a]?%p = +55.0 (c = 0.1, MeOH). IR/cm"
1: 3335, 2974, 2928, 2900, 2349, 1636, 1456, 1379, 1271, 1083, 1043. HRMS: found 220.15440

[C10H21N04+H]+, calculated for [(:1()1'1211\104+I‘I]+ 220.15433.

N-Nonyl-L-gulo-1-deoxynojimycin (148):
W 146 was subjected to the general procedure A and generated 148 (8 mg,
6 0.03 mmol) in a yield of 31%. 'H NMR (400 MHz, MeOD) 6 4.22 (ddd, J = 9.0,
Ho e N 6.3, 2.9 Hz, 1H, H-2), 4.11 (dd, J = 4.7, 2.1 Hz, 1H, H-4), 4.01 (dd, ] = 12.0, 4.7
Hz, 1H, H-6a), 3.97 (dd, / =12.0, 5.0 Hz, 1H, H-6b), 3.93 (dd, J = 4.6, 2.9 Hz,
1H, H-3), 3.34 (td, / = 4.8, 2.2 Hz, 1H, H-5), 3.18 (ddd, J = 9.5, 6.7, 2.3 Hz, 2H,
Hz-1"), 3.15 - 3.10 (m, 2H, H2-1), 1.93 - 1.69 (m, 2H, H>-2"), 1.54 - 1.33 (m,
12H, H,-3’ - H2-8"), 0.93 (t,J = 7.0 Hz, 3H, H3-9’). 13C NMR (100 MHz, MeOD) § 72.6 (C-4), 71.2
(C-3), 65.3 (C-2), 62.0 (C-5), 61.3 (C-6), 55.0 (C-17), 52.0 (C-1), 33.4, 30.8, 30.8, 28.3, 28.3, 24.3
(C-2’ - C-8"), 14.9 (C-9"). [a]?%) = +14.4 (c = 0.5, MeOH). IR/cm: 3336, 2925, 2854, 1653, 1468,
1378, 1145, 1064, 979, 667. HRMS: found 290.23272 [Ci5H31NO4+H]*, calculated for
[C1sH31NO4+H]* 290.23258.

HO" OH
OH

N-[5-(Hexyloxy)pentyl]-L-gulo-1-deoxynojimycin (149):
OW 146 was subjected to the general procedure A and generated 149 (9 mg,
W 5 0.03 mmol) in a yield of 30%. 'H NMR (400 MHz, MeOD) § 4.14 (ddd, J =
.. _N

Ho 10.2, 4.5, 3.0 Hz, 1H, H-2), 4.06 (dd, J = 4.8, 2.3 Hz, 1H, H-4), 3.98 (dd, J =
11.7, 4.7 Hz, 1H, H-6a), 3.94 (d, ] = 12.0, 4.5 Hz, 1H), 3.89 (dd, ] = 4.7, 3.1
HO OH Hz, 1H, H-3), 3.53 (t, ] = 6.5 Hz, 2H, H,-5"), 3.51 (t, ] = 6.6 Hz, 2H, H,-6"),

OH 3.23 - 2.85 (m, 5H, H-5, H,-1’, Hz-1), 1.90 - 1.31 (m, 14H, H,-2’, Hz-3’,
Hz-4', Hz-7’, H2-8', H2-9", H»-10%), 0.94 (t, / = 7.0 Hz, 3H, H3-11"). 13C NMR (100 MHz, MeOD) &
73.0 (C-4), 72.8 (C-6"), 72.4 (C-5"), 72.1 (C-3), 66.8 (C-2), 62.0 (C-6), 62.0 (C-5), 55.5 (C-1"), 53.1
(C-1), 33.4,31.2,31.1, 27.6, 25.4, 25.2, 24.3 (C-2' - C-4', C-7’ - C-10"), 15.0 (C-11"). [a]20p = +27.0
(c = 0.1, MeOH). IR/cm-’: 3380, 2987, 2872, 2376, 1635, 1506, 1456, 1394, 1229, 1076. HRMS:
found 334.25886 [C17H35NOs+H]*, calculated for [C17H35sNOs+H]* 334.25880.

N-[5-(Nonyloxy)pentyl]-L-gulo-1-deoxynojimycin (150):
OW 146 was subjected to the general procedure A and generated 150 (8 mg,
W g8 0.02 mmol) in a yield of 24%. 'H NMR (400 MHz, MeOD) 6 4.28 (ddd, J =

Ho™ 11.1,5.2, 2.8 Hz, 1H, H-2), 4.17 (dd, ] = 4.4, 1.7 Hz, 1H, H-4), 4.06 (dd, ] =
12.9, 4.1 Hz, 1H, H-6a), 4.01 (dd, J = 12.9, 4.8 Hz, 1H, H-6b), 3.97 (dd, ] =
HO OH 4.1, 3.0 Hz, 1H, H-3), 3.58 - 3.55 (m, 1H, H-5), 3.55 (t, ] = 5.5 Hz, 2H, H,-

OH 5,3.52 (t, ] = 6.3 Hz, 2H, H2-6"), 3.39 - 3.30 (m, 2H, H-1), 3.31 - 3.20
(m, 2H, Ha-1), 3.71 - 3.64 (m, 2H, H-2"), 2.01 - 1.81 (m, 2H, Hx-7), 1.77 - 1.70 (m, 2H, H,-4"),
1.71 - 1.62 (m, 2H, H5-3"), 1.63 - 1.48 (m, 12H, Hx-8’, H2-9", Ho-10’, Ho-11’, Hy-12’, H-13"), 0.94
(t,] = 7.0 Hz, 3H, Hs-14). 13C NMR (100 MHz, MeOD) & 73.2 (C-4), 72.9 (C-6"), 72.3 (C-5"), 70.9
(C-3), 65.0 (C-2), 62.6 (C-5), 62.0 (C-6), 55.8 (C-1"), 52.1 (C-1), 33.9, 31.9, 31.6, 31.6, 31.5, 31.3,
31.0, 28.1, 25.4, 23.9 (C-2’ -C-4, C-7' - C-13), 15.2 (C-14). IR/cm™%: 3308, 2927, 2872, 2313,
1636, 1456, 1394, 1204, 1057. [a]20p = +6.5 (c = 0.2, MeOH). HRMS: found 376.30576
[C20H41N05+H]+, calculated for [C2()H4.1N()5+H]+ 376.30575.
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N-[5-(3,3-Dimethyl-1-propyloxy)pentyl]-L-gulo-1-deoxynojimycin (151):

(Q*/O 146 was subjected to the general procedure A and generated 151 (8 mg,
N 3 q\ 0.03 mmol) in a yield of 28%. 'H NMR (600 MHz, MeOD) 6 4.09 (dd, ] =
- 9.0, 4.8 Hz, 1H, H-2), 4.03 (td, / = 4.4, 2.1 Hz, 1H, H-4), 3.94 (dd, /= 11.7,
OH 5.2 Hz, 1H, H-6a), 3.90 (dd, J = 11.6, 4.8 Hz, 1H, H-6Db), 3.86 (dd, ] = 4.8,
3.2 Hz, 1H, H-3), 3.51 (t, J = 6.4 Hz, 2H, H»-5), 3.16 (s, 2H, H2-6"), 2.99 -
2.75 (m, 5H, H-5, Hz-1’, Hz-1), 1.79 - 1.62 (m, 4H, Hz-4’, H»-2"), 1.50 -
1.41 (m, 2H, Hz-3’), 0.99 (s, 9H, H3-8’, H3-9’, H3-10"). 13C NMR (150 MHz, MeOD) & 83.4 (C-6'),
73.6 (C-4), 73.2 (C-5"), 72.7 (C-3), 67.9 (C-2), 62.4 (C-6), 61.8 (C-5), 55.7 (C-1'), 53.6 (C-1), 33.8
(C-7), 31.4 (C-4"), 28.0 (C-8', C-9’, C-10’), 26.1 (C-27), 25.4 (C-3"). [a]?%p = +29.0 (c = 0.1, MeOH).
IR/cm-1: 3422, 2953, 2900, 2866, 2374, 2349, 2312, 1683, 1506, 1394, 1373, 1317, 1074.
HRMS: found 320.24327 [C16H33NOs+H]*, calculated for [C16H33NOs+H]*+ 320.24315.

HO™’

HO
OH

N-Benzyloxyethyl-L-gulo-1-deoxynojimycin (152a):

OH (\O 146 was subjected to the general procedure A and generated 152a (13
LN mg, 0.04 mmol) in a yield of 22%. 'H NMR (400 MHz, MeOD) & 7.52 -
’ 7.29 (m, 5H, HarBn), 4.63 (s, 2H, CHz Bn), 4.01 - 3.99 (m, 1H, H-2), 3.95
HOY OH (dd,J =11.7, 4.9 Hz, 1H, H-6a), 3.90 (dd, / = 11.7, 5.4 Hz, 1H, H-6b), 3.84
OH (td,J=5.0, 2.6 Hz, 1H, H-3), 3.76 (dd, J = 5.2, 3.5 Hz, 1H, H-4),3.59 (d, ] =
13.5 Hz, 1H, H-2’a), 3.24 - 3.12 (m, 1H, H-1"a), 3.07 - 3.00 (m, 2H, H-1'b,
H-2'b), 2.91 (t,/ = 5.3 Hz, 1H, H-5), 2.76 (dd, J = 11.4, 4.3 Hz, 1H, H-1a), 2.46 (dd, /= 11.1, 9.6 Hz,
1H, H-1b). 13C NMR (100 MHz, MeOD) 6 131.9 - 129.6 (CHarBn), 75.1 (CHz Bn), 73.5 (C-3), 69.0
(C-4), 68.4 (C-2), 63.1 (C-5), 62.2 (C-6), 60.0 (C-2’), 54.4 (C-1"), 53.4 (C-1). [a]?%p = +35.2 (c = 0.5,
MeOH). IR/cmt: 3345, 2924, 1653, 1506, 1457, 1201, 1074, 1037. HRMS: found 298.16500

[C15H23N05+H]+, calculated for [(:151'1231\105+H]+ 298.16490.

N-[5-(Adamantan-1-yl-methoxy)pentyl]-L-gulo-1-deoxynojimycin (79):
HO—. /_’LX_ 146 was subjected to the general procedure A and generated 79
—N 3 o\_ﬁ (7 mg, 0.02 mmol) in a yield of 19%. 'H NMR (400 MHz, MeOD) &

HO' - 4.16 (ddd, ] = 10.1, 4.8, 3.0 Hz, 1H, H-2), 4.07 (dd, ] = 4.7, 2.3 Hz,
1H, H-4), 3.90 (dd, ] = 4.7, 3.1 Hz, 1H, H-3), 3.99 (dd, ] = 12.0, 4.9

HO  OH Hz, 1H,), 3.94 (dd, ] = 12.0, 4.8 Hz, 1H), 3.59 (t, ] = 7.3 Hz, 2H, Ho-
5),3.54 (t,] = 6.2 Hz, 2H, Hy-6’), 3.14 (td, ] = 4.7, 2.0 Hz, 1H, H-5), 3.11 - 3.02 (m, 2H, H-1"), 3.00
(dd, J = 11.2, 4.9 Hz, 1H, H-1a), 2.93 (t, ] = 10.7 Hz, 1H, H-1b), 2.04 - 2.02 (m, 3H, 3 x CH ada),
1.89 - 1.72 (m, 8H, 3 x CH; ada, H»-2"), 1.72 - 1.61 (m, 8H, 3 x CH; ada, H,-3"), 1.46 (td, ] = 7.3,
3.4 Hz, 2H, H-4").13C NMR (100 MHz, MeOD) § 73.4 (C-4), 72.2 (C-3), 72.2 (C-6'), 68.7 (C-5),
66.5 (C-2), 62.0 (C-5), 61.6 (C-6), 55.4 (C-1"), 53.1 (C-1), 45.6 (C-4"), 44.7 (CH, ada), 39.1 (CH;
ada), 33.7 (Cq ada), 31.0 (CH ada), 29.2 (C-3"), 20.5 (C-2'). [a]2p = +18.0 (c = 0.1, MeOH). IR /cm-
1; 3300, 2978, 2901, 2349, 1635, 1489, 1259, 1082, 1045, 878. HRMS: found 398.29004
[C22H39N05+H]+, calculated for [szH39NOs+H]+ 398.29010.

N-Benzyloxyethyl-D-ido-1-deoxynojimycin (157):
D-ido-DN]J was subjected to the general procedure A and generated 157
OH ﬁ0“© (44.8 mg, 0.15 mmol) in a yield of 25%. 'H NMR (400 MHz, MeOD) &
N 7.47 - 7.30 (m, 5H, Har Bn), 4.62 (s, 2H, CHz Bn), 4.00 (dd, J = 11.6, 9.6
Hz, 1H, H-6a), 3.92 (dd, ] = 11.6, 8.8 Hz, 1H, H-6b), 3.81 (dd, /= 8.9, 5.3
HO™ ~~ "OH Hz, 1H, H-4), 3.69 (t, ] = 5.7 Hz, 2H, H;-2"), 3.67 - 3.61 (m, 1H, H-2), 3.45
OH (t,] = 8.5 Hz, 1H, H-3), 3.17 (q, ] = 5.5 Hz, 1H, H-5), 3.11 (t,/ = 5.6 Hz, 1H,
H-1a), 3.03 (t, ] = 5.6 Hz, 1H, H-1'b), 2.97 (dd, J = 13.0, 5.1 Hz, 1H, H-1a), 2.74 (dd, J = 11.9, 9.1
Hz, 1H, H-1b). 13C NMR (100 MHz, MeOD) & 140.4 - 128.9 (Ca,Bn), 76.7 (C-3), 75.0 (CHz Bn),
73.3 (C-4), 71.9 (C-2), 70.7 (C-2"), 65.9 (C-5), 58.8 (C-6), 56.1 (C-1"), 53.7 (C-1). IR/cm-L: 3330,
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2950, 1653, 1456, 1362, 1272, 1209, 1058, 1027, 735. [a]2% = +18.0 (c = 1.0, MeOH). HRMS:
found 298.16501 [C15H23NOs+H]*, calculated for [C15H23NOs+H]* 298.16490.

N-Hydroxyethyl-D-ido-1-deoxynojimycin (158):
OH (\OH 158 (12.1 mg, 0.06 mmol) was synthesized as described for the preparation of

N compound 90a in a yield of 30%. H NMR (400 MHz, MeOD) § 4.15 (br s, 1H, H-

3), 413 - 3.95 (m, 5H, H2-6 H-2’a, H-2, H-4), 391 (dd, / = 11.9, 5.1 Hz, 1H, H-

HO™ ™~ "OH 2'b), 3.78 (t,/ = 5.0 Hz, 1H, H-5), 3.72 (d, / = 13.5 Hz, 1H, H-1a), 3.58 - 3.49 (m,
OH 1H, H-1b), 3.46 (d, J = 13.3 Hz, 1H, H-1'a), 3.34 (dd, J = 13.4, 2.4 Hz, 1H, H-1'b).

13C NMR (100 MHz, MeOD) § 72.8 (C-3), 69.9 (C-4), 68.7 (C-2), 65.5 (C-5), 61.4 (C-2), 57.4 (C-6),
57.4 (C-1), 47.7 (C-1"). [a]®°p = -6.0 (c = 0.2, MeOH). IRlcm™: 3421, 2987, 2901, 2374, 1684, 1558,
1506, 1456, 1317, 1074. HRMS: found 208.11790 [CsH17NOs+H]*, calculated for [CsH17NOs+H]*
208.11795.

N-[5-(Nonyloxy)pentyl]-D-ido-1-deoxynojimycin (159):
OW D-ido-DN] (153) was subjected to the general procedure A and
W g generated 159 (36.2 mg, 0.10 mmol) in a yield of 20%. H NMR (400

HO N MHz, MeOD) & 3.94 (dd, ] = 11.5, 4.8 Hz, 1H, H-6a), 3.90 (dd, J = 11.4, 6.4
m Hz, 1H, H-6b), 3.78 (dd, ] = 8.8, 5.2 Hz, 1H, H-4), 3.62 (ddd, J = 9.4, 8.0,
HO™ =~ "OH 4.9 Hz, 1H, H-2), 3.52 (t, ] = 6.5 Hz, 2H, H2-5"), 3.51 (t, ] = 6.6 Hz, 2H, Hy-

OH 6"), 3.46 (t, | = 8.4 Hz, 1H, H-3), 3.15 - 3.08 (m, 1H, H-5), 2.89 (dd, J =

12.4, 4.8 Hz, 1H, H-1a), 2.86 - 2.83 (m, 1H, H-1'a), 2.79 - 2.70 (m, 1H, H-1'b), 2.67 (dd, ] = 12.4,
9.5 Hz, 1H, H-1b), 1.75 - 1.54 (m, 6H, H»-2’, H2-4’, H,-7"), 1.53 - 1.26 (m, 14H, H;-3’, H>-8’, H>-9,
Hz-10’, Ho-11’, H-12’, H2-13"), 0.93 (t, ] = 7.0 Hz, 3H, H3-14). 13C NMR (100 MHz, MeOD) & 76.7
(C-3), 73.6 (C-4), 72.8 (C-6"), 72.7 (C-5"), 72.1 (C-2), 65.2 (C-5), 58.5 (C-6), 56.4 (C-1"), 53.7 (C-
1), 33.9, 31.6, 31.6, 31.5, 31.3, 29.3, 28.1, 25.8, 24.6 (C-2’ - C-4’, C-7' - C-13"), 15.3 (C-14").
[a]?°p = +24.9 (c = 1.0, MeOH). HRMS: found 376.30605 [C20H41NOs+H]*, calculated for
[C20H41NOs+H]* 376.30575.

N-[5-(Hexyloxy)pentyl]-D-ido-1-deoxynojimycin (160):

Oy D-ido-DNJ (153) was subjected to the general procedure A and
I/W 5 generated 160 (40.8 mg, 0.12 mmol) in a yield of 20%. 'H NMR (400
HO N MHz, MeOD) 6 4.20 - 3.86 (m, 5H, H-2, Hz-6, H-4, H-3), 3.64 (brs, 1H, H-
HO oH 5),3.57 - 3.53 (m, 1H, H-1a), 3.55 (t,/ = 6.3 Hz, 1H, H-5"), 3.52 (t, /= 6.6
6H Hz, 2H, H;-6"), 3.49 - 3.40 (m, 3H, H2-1’, H-1b), 2.07 - 1.78 (m, 2H, Ho-
2"),1.78 - 1.69 (m, 2H, Hz-4"), 1.66 - 1.64 (m, 2H, H>-7"), 1.60 - 1.51 (m,
2H, H2-3"), 1.50 - 1.28 (m, 6H, H:-8’, H2-9’, H2-10"), 0.93 (t, / = 7.0 Hz, 3H, H3-11"). 13C NMR (100
MHz, MeOD) & 73.0 (C-2), 72.9 (C-6"), 72.3 (C-5"), 69.7 (C-4), 68.9 (C-3), 64.7 (C-5), 62.2 (C-6),
56.2 (C-1"), 55.9 (C-1), 33.7, 31.6, 31.0, 27.8, 25.3, 25.3, 24.5 (C-2’ - C-4’, C-7’ - C-10’), 15.3 (C-
117). [a]?%p = -4.2 (c = 1.0, MeOH). IR/cm-1: 3385, 2932, 2859, 1628, 1435, 1269, 1096, 1067.

HRMS: found 334.25887 [C17H35N05+H]+, calculated for [C17H35N05+H]+ 334.25880.

L-Gluco-1-deoxynojimycin (161):
OH 1H NMR (400 MHz, MeOD) 6 3.93 (dd, / = 11.8, 3.3 Hz, 1H, H-6a), 3.85 (dd, J =
l, § 11.8, 5.5 Hz, 1H, H-6b), 3.69 (ddd, J = 11.4, 9.1, 5.1 Hz, 1H, H-2), 3.51 (dd, J =
/'Q 10.4, 9.0 Hz, 1H, H-4), 3.38 (t,/ = 9.1 Hz, 1H, H-3), 3.34 (dd, / = 12.4, 5.1 Hz, H-
HO” > ~oH 1a), 3.06 (ddd, J = 10.4, 5.5, 3.3 Hz, 1H, H-5), 2.87 (dd, ] = 12.4, 11.4 Hz, 1H, H-
OH 1b).13C NMR (100 MHz, MeOD) § 77.1 (C-3), 68.3 (C-4), 67.5(C-2), 60.5 (C-5),
57.9 (C-6), 46.4 (C-1). [a]?°p = -34.8 (c = 1.0, MeOH). IR/cm!: 3315, 2945, 2497, 1616, 1417,
1093, 1043, 1022. HRMS: found 164.09172 [CsH13NO4+H]*, calculated for [CeH13NO4+H]*
164.09173.
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N-Butyl-L-gluco-1-deoxynojimycin (162):
OH (\’ 161 was subjected to the general procedure A and generated 162 (53.9 mg, 0.25
L. N mmol) in a yield of 40%. 'H NMR (400 MHz, MeOD) & 4.12 (dd, J = 12.5, 1.9 Hz,
L)\ 1H, H-6a), 3.94 (dd, J = 12.5, 3.1 Hz, 1H, H-6b), 3.73 (ddd, = 11.2, 9.2, 4.9 Hz, 1H,
HO” " YoH H-2),3.62(dd,J=10.3,9.2 Hz, 1H, H-4), 3.47 (dd, J = 12.1, 4.9 Hz, 1H, H-1), 3.40
OH (t,J = 9.3 Hz, 1H, H-3), 3.33 (m, 1H, H-1’a), 3.22 (dt, / = 12.7, 6.5 Hz, 1H, H-1'b),
3.06 (d,J = 10.2 Hz, 1H, H-5), 2.99 (t,J = 11.7 Hz, 1H, H-1b), 1.78 - 17.4 (m, 2H, H;-2"), 1.47 -
1.45 (m, 2H, H;-3’), 1.04 (t, ] = 7.4 Hz, 3H, H3-4"). 13C NMR (100 MHz, MeOD) & 76.8 (C-3), 66.5
(C-4), 67.6 (C-2), 66.1 (C-5), 53.7 (C-6), 52.4 (C-1), 52.7 (C-1'), 24.9 (C-2"), 19.6 (C-3"), 12.6 (C-
4"). IR/cm™: 3320, 3038, 2962, 2873, 1653, 1398, 1099, 1086, 1050, 1028, 936, 886. [a]?%p =
+1.2 (c = 1.0, MeOH). HRMS: found 220.15428 [C190H21NO4+H]*, calculated for [C10H21NO4+H]*
220.15433.

N-Nonyl-L-gluco-1-deoxynojimycin (163):

161 was subjected to the general procedure A and generated 163 (63.5
LN 6 mmol, 0.22 mmol) in a yield of 37%. 'H NMR (400 MHz, MeOD) & 4.10 (d,J =
HO™ J/\J\ 12.5 Hz, 1H, H-6a), 3.92 (dd, j = 12.4, 3.0 Hz, 1H, H-6b), 3.69 (td, ] = 10.3, 4.7
on Hz 1H, H-2),3.59 (t,/ = 9.7 Hz, 1H, H-4), 3.42 (dd, ] = 12.1, 4.7 Hz, 1H, H-1a),
3.37 (t,/=9.2 Hz, 1H, H-3), 3.32 - 3.24 (m, 1H, H-1"a), 3.20 - 3.10 (m, 1H, H-
1'b), 3.02 - 2.84 (m, 2H, H-5, H-1b), 1.88 - 1.61 (m, 2H, Hz-2"), 1.51 - 1.24 (m,
12H, H»-3’, H2-4’, H2-5’, Hz-6', H2-7’, H2-8"), 0.93 (t, / = 7.0 Hz, 3H, H3-9"). 13C NMR (100 MHz,
MeOD) 77.0 (C-3), 67.7 (C-4), 66.7 (C-2), 66.0 (C-5), 54.0 (C-6), 53.7 (C-1), 52.8 (C-1"), 31.6,
29.1, 289, 28.9, 26.4, 22.9, 22.3 (C-2’- C-8'), 13.0 (C-9'). [«]?% = +4.3 (c = 1.0, MeOH). IR/cm"%:
3333, 2924, 2855, 1456, 1374, 1085, 1026, 952, 886, 721. HRMS: found 290.23260

[C1sH31NO4+H]*, calculated for [C1sH31NO4+H]* 290.23258.

HO” ™
OH

N-[5-(adamantan-1-yl-methoxy)pentyl]-L-gluco-1-deoxynojimycin (76):

HO—. /—,LX_ 161 was subjected to the general procedure A and generated 76
N 30 (11 mg, 0.03 mmol) in a yield of 14%. 'H NMR (400 MHz, MeOD)
HO §3.96 (d, ] = 2.7 Hz, 2H, H;-6), 3.58 (ddd, J = 10.6, 9.1, 4.9 Hz, 1H,

H-2), 3.48 (t, ] = 6.4 Hz, 2H, Hz-5"), 3.40 (t, ] = 9.2 Hz, 1H, H-4),
3.24 (t,/ = 9.1 Hz, 1H, H-3), 3.12 (dd, J = 11.3, 4.9 Hz, 1H, H-1a),
2.94 (ddd, J = 13.4, 9.6, 6.7 Hz, 1H, H-1’a), 2.74 (ddd, J = 13.3, 9.4, 6.1 Hz, 1H, H-1'b), 2.35 (t, ] =
11.0 Hz, 1H, H-1b), 2.30 (dt, / = 9.6, 2.8 Hz, 1H, H-5), 2.05 - 2.03 (m, 3H, 3 x CH ada), 1.89 - 1.74
(m, 6H, 3 x CHz ada), 1.65 (d, / = 2.8 Hz, 6H, 3 x CHz ada ), 1.72 - 1.59 (m, 4H, H»-2’, Hz-4’), 1.54 -
1.37 (m, 2H, H2-3"). 13C NMR (100 MHz, MeOD) 6 83.9 (C-6'), 81.2 (C-3), 73.3 (C-5'), 72.6 (C-4),
71.3 (C-2), 68.2 (C-5), 59.8 (C-6), 58.3 (C-1), 54.7 (C-1"), 41.7 (CH2 ada), 39.2 (CH: ada), 36.0 (Cq
ada), 31.4 (C-4"), 30.6 (CH ada), 26.1 (C-2"), 25.8 (C-3"). [a]?% = +6.4 (c = 0.5, MeOH). HRMS:
found 398.28980 [C22H39NOs+H]*, calculated for [C22H39NOs+H]* 398.29010

HO  OH

N-[(Biphenyl-4-yl-methoxy)pentyl]-L-gluco-1-deoxynojimycin (164):
HO—, /_,4><— 161 was subjected to the general procedure A and
—N  3—0 generated 164 (28 mg, 0.07 mmol) in a yield of 22%. 1H
HO‘Q NMR (400 MHz, MeOD) & 7.64 - 7.29 (m, 9H, Ha BiPh),
W b 3.95 (dd, J = 12.0, 2.6 Hz, 1H, H-6a), 3.91 (dd, / = 12.0, 2.8
Hz, 1H, H-6b), 3.57 (ddd, J = 10.5, 9.1, 4.8 Hz, 1H, H-2),
3.48 - 3.43 (m, 2H, H»-5’), 3.45 (t, / = 9.3 Hz, 1H, H-4), 3.23 (t,/ = 9.1 Hz, 1H, H-3), 3.07 (dd, ] =
11.2,4.9 Hz, 1H, H-1a), 2.86 (dt, ] = 13.4, 7.5 Hz, 1H, H-1’a), 2.65 (dt, /] = 15.4, 6.9 Hz, 1H, H-1'b),
2.26 (t, ] = 10.8 Hz, 1H, H-1b), 2.19 (dt, / = 9.5, 2.8 Hz, 1H, H-5), 1.64 (p, J = 7.0 Hz, 2H, Hz-4"),
1.56 (p, J = 7.8 Hz, 2H, H2-2’), 1.41 - 1.37 (m, 2H, H,-3").13C NMR (100 MHz, MeOD) & 144.4 -
129.1 (CarBiPh), 81.4 (C-3), 72.8 (C-4), 72.6 (C-6"), 72.3 (C-5"), 71.6 (C-2), 68.1 (C-5), 60.3 (C-6),
58.5 (C-1), 54.5 (C-1"), 31.4 (C-4"), 26.1 (C-3’), 25.8 (C-2'). IR/cmt: 3322, 2933, 2861, 1646,
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1479, 1456, 1362, 1268, 1198, 1156, 1085, 1034, 1009. [a]2% = -31.7 (c = 1, MeOH). HRMS:
found 416.24299 [C24H33NOs+H]*, calculated for [C24H33NOs+H]* 416.24315.

N-Benzyloxyethyl -L-gluco-1-deoxynojimycin (165):

OH (\O 161 was subjected to the general procedure A and generated 165 (13
ln,, N mg, 0.04 mmol) in a yield of 15%. 'H NMR (400 MHz, MeOD) & 7.51 -

L)\ 7.26 (m, 5H, Har Bn), 4.62 (s, 2H, CHz Bn), 3.99 (dd, J = 11.5, 9.9 Hz, 1H,
HO” > “OH H-6a), 3.91 (t, ] = 11.4 Hz, 1H, H-6b), 3.81 (dd, J = 8.9, 5.3 Hz, 1H, H-4),
oH 3.70 (t, ] = 5.7 Hz, 2H, H-2"), 3.66 - 3.58 (m, 1H, H-2), 3.46 (t,] = 8.5 Hz,

1H, H-3), 3.18 (dd, J = 11.7, 5.3 Hz, 1H, H-5), 3.13 (dd, ] = 13.8, 5.6 Hz, H-
1'a), 3.03 (dd, ] = 13.7, 5.6 Hz, H-1'b), 2.98 (dd, ] = 12.7, 4.9 Hz, 1H, H-1a), (dd, ] = 12.5, 9.7 Hz,
1H, H-1b). 13C NMR (100 MHz, MeOD) § 140.4 - 129.6 (CarBn), 76.6 (C-3), 75.0 (CH, Bn), 73.3
(C-4), 71.9 (C-2), 70.4 (C-2"), 65.7 (C-5), 58.8 (C-6), 56.1 (C-1"), 52.7 (C-1). IR/cm-1: 3328, 2878,
1670, 1456, 1362, 1261, 1203, 1136, 1059, 1027. [«]2% = -9.3 (c = 1.0, MeOH). HRMS: found
298.16502 [C15H23NOs+H]*, calculated for [C1sH2sNOs+H]+ 298.16490.

N-Hydroxyethyl-L-gluco-1-deoxynojimycin (166):
OH (\OH 166 (14 mg, 0.07 mmol) was synthesized as described for the preparation of
LN compound 90a in a yield of 47%. 'H NMR (400 MHz, MeOD) 6 4.17 - 4.11 (m,
' 1H, H-3), 4.11 - 3.98 (m, 3H, H2-6, H-2’a), 4.07 (ddd, J = 10.4, 6.7, 3.6 Hz, 1H, H-
HO” "YoH 2),3.99-3.93 (m, 1H, H-4), 3.88 (dd,J=11.7, 4.8 Hz, 1H, H-2’b), 3.75 - 3.66 (m,
OH 1H, H-1a), 3.58 - 3.48 (m, 2H, H-5, H-1b), 3.45 (dd, J = 13.1, 2.1 Hz, 1H, H-1'a),
3.32 (dd, J = 13.4, 3.3 Hz, 1H, H-1’b). 13C NMR (100 MHz, MeOD) 6 73.1 (C-3),
70.1 (C-4), 69.3 (C-2), 61.6 (C-2"), 59.2 (C-5), 57.5 (C-6), 57.4 (C-1), 47.8 (C-1'). IR/cm™: 3272,
1646, 1318, 1060. HRMS: found 208.11797 [CsH17NOs+H]*, calculated for [CsHi7NOs+H]*

208.11795.

N-[5-(Nonyloxy)pentyl]-L-gluco-1-deoxynojimycin (167):
o 161 was subjected to the general procedure A and generated 167 (31
W % mg, 0.08 mmol) in a yield of 26%. 1H NMR (400 MHz, MeOD) 6 4.21 (d, ]
vo N = 12.5 Hz, 1H, H-6a), 4.00 (dd, ] = 12.5, 3.2 Hz, 1H, H-6b), 3.80 (ddd, J =
J/\)\ 11.2,9.3,4.9 Hz, 1H, H-2), 3.70 (dd, J = 10.5 Hz, 1H, H-4), 3.54 (t,J = 12.7
HO™ ~ "OH Hz, 2H, H-5"), 3.53 (t, ] = 12.6 Hz, 2H, H,-6"), 3.60 - 3.43 (m, 3H, H-1a, H-
OH 1'a, H-3), 3.31 (td, ] = 12.6, 5.3 Hz, 1H, H-1'b), 3.17 (dd, ] = 10.3, 2.8 Hz,
H-5, 1H), 3.10 (dd, J = 12.2, 11.2 Hz, 1H, H-1b), 1.96 - 1.81 (m, 2H, Hz-2’), 1.79 - 1.69 (m, 2H, Ho-
77, 1.69 - 1.61 (m, 2H, Hz-4"), 1.59 - 1.50 (m, 2H, Hz-3’), 1.50 - 1.30 (m, 12H, Hz-8’ - Hx-13"),
0.94 (t, ] = 7.0 Hz, 3H, H3-14").13C NMR (100 MHz, MeOD) § 78.9 (C-3), 72.9 (C-6'), 72.2 (C-5),
69.7 (C-4), 68.7 (C-2), 68.3 (C-5), 55.7 (C-6), 55.7 (C-1), 55.2 (C-1"), 49.9, 33.9, 31.6, 31.6, 31.5,
313, 31.0, 28.1, 25.4, 24.8, 24.6 (C-2’ - C-4’, C-7' - C-13), 15.3 (C-14’). [a]2% = +1.6 (c = 1,
MeOH). IR/cm-1:3327, 2955, 2854, 1628, 1456, 1101, 1028. HRMS: found 376.30587

[C20H41NOs+H]*, calculated for [C20H41NOs+H]* 376.30575.

N-[5-(Hexyloxy)pentyl]-L-gluco-1-deoxynojimycin (168):
oLy 161 was subjected to the general procedure A and generated 168 (12
K\é/ 5 mg, 0.04 mmol) in a yield of 10%. 'H NMR (400 MHz, MeOD) 6 4.02 (dd,
Ho™ N J =122, 2.5 Hz, 1H, H-6a), 3.97 (dd, J = 12.1, 2.8 Hz, 1H, H-6b), 3.64
J/\)\OH (ddd,J=10.7, 7.6, 4.6 Hz, 1H, H-2), 3.52 (t,] = 6.4 Hz, 2H, H-5"), 3.51 (t,]
= 6.6 Hz, 2H, H;-6’), 3.56 - 3.52 (m, 1H, H-4), 3.31 (t,/ = 9.1 Hz, 1H, H-3),
3.23 (dd, J = 11.6, 4.9 Hz, 1H, H-1a), 3.14 - 3.00 (m, 1H, H-1’a), 2.96 -
2.82 (m, 1H, H-1'b), 2.61 - 2.45 (m, 2H, H-1b, H-5), 1.77 - 1.59 (m, 6H, H»-2’, H»>-7’, H»-4"), 1.54 -
1.34 (m, 8H, Hz-3’, H2-8’, H>-9’, H»-10’), 0.94 (t, J = 7.0 Hz, 3H, H3-11"). 13C NMR (100 MHz,
MeOD) 6 80.6 (C-3), 72.8 (C-6"), 72.5 (C-57), 71.7 (C-4), 70.6 (C-2), 68.2 (C-5), 58.9 (C-6), 57.6

HO” ™
OH
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(C-1), 54.7 (C-17), 33.7, 31.6, 31.3, 27.8, 25.8, 25.5, 24.5 (C-2’ - C-4’, C-7’ - 10’), 15.3 (C-11").
[a]2% = +9.0 (c = 0.2, MeOH). IR/cm-t: 3361, 2933, 2860, 1670, 1456, 1375, 1202, 1101, 1034.
HRMS: found 334.25897 [C17H35NOs+H]*, calculated for [C17H3sNOs+H]* 334.25880.

N-[5-(3,3-Dimethyl-1-propyloxy)pentyl]-L-gluco-1-deoxynojimycin (169):
\)< 161 was subjected to the general procedure A and generated 169
(HSVO (63 mg, 0.19 mmol) in a yield of 33%. 'H NMR (400 MHz, MeOD) &
N 4.06 (dd,J =12.2, 2.2 Hz, 1H, H-6a), 3.98 (dd, J = 12.2, 3.0 Hz, 1H, H-

el

HO Ll 6b), 3.67 (td, ] = 10.5, 9.9, 4.8 Hz, 1H, H-2), 3.56 (t, ] = 9.7 Hz, 1H, H-
HO” >"~0H 4),3.53 (t,] = 6.3 Hz, 2H, Hx-5"), 3.34 (t, ] = 9.1 Hz, 1H, H-3), 3.38 -
OH 3.27 (m, 1H, H-1a), 3.16 (s, 2H, H2-6"), 3.16 (br's, 1H, H-1a), 2.67 (br

s, 2H, H-1b, H-5), 1.85 - 1.66 (m, 4H, H2-2’, H;-4’), 1.59 - 1.43 (m, 2H,
H»-3"), 0.93 (s, 9H, H3-8’, H3-9’, H3-10’).13C NMR (100 MHz, MeOD) 6 83.4 (C-6"), 80.3 (C-3), 73.1
(C-5), 71.3 (C-4), 70.2 (C-2), 68.2 (C-5), 58.6 (C-6), 56.3 (C-1), 54.8 (C-1"), 33.8 (C-7"), 31.3 (C-
4’), 28.0 (C-8’,C-9’,C-10"), 25.8 (C-3’), 25.4 (C-2"). [a]?%p = +7.2 (c = 1, MeOH). IR/cm1: 3280,
2951, 2862, 1734, 1637, 1458, 1387, 1362, 1113, 1032. HRMS: found 320.24339
[C16H33NOs+H]*, calculated for [C16H33NOs+H]* 320.24315.

C-6 fluorinated DNJ derivatives

N-Butyl-1,6-dideoxy-6-fluoro-1,5-imino-D-glucitol (177):
(\/ 1-Bromobutane (0.375 mmol) was subjected to general procedure A with
N 1,5,6-trideoxy-6-fluoro-1,5-imino-D-glucitol (0.25 mmol) to provide 177. H

F NMR (400 MHz, MeOD) & 5.04 (qd, J = 12.0, 2.4 Hz, 1H, H-6a), 4.92 - 4.88 (m,
HO" ™ “oH 1H, H-6b), 3.74 (td, ] = 10.6, 10.1, 4.7 Hz, 1H, H-2), 3.65 - 3.56 (m, 1H, H-4),
OH 3.54 (dd, ] = 12.2, 4.8 Hz, 1H, H-1a), 3.44 (t, ] = 9.2 Hz, 1H, H-3), 3.41 - 3.32

(m, 2H, H-1’a, H-5), 3.23 (td, J = 12.2, 5.2 Hz, 1H, H-1'b), 3.04 (t, / = 11.6 Hz, 1H, H-1b), 1.81 -
1.66 (m, 2H, Hz-2"), 1.48 - 1.40 (m, 2H, H»-3"), 1.00 (t,J = 7.4 Hz, 3H, H3-4"). 13C NMR (100 MHz,
MeOD) 6 78.6 (d, Jcr = 170.0 Hz, C-6), 77.0 (C-3), 68.5 (C-4), 67.7 (C-2), 66.4 (d, Jcr = 17.7 Hz, C-
5), 55.1 (C-1), 54.6 (C-1), 26.2 (C-2’), 20.8 (C-3’), 13.8 (C-4’). IR/cm™1: 3208, 2909, 1663, 1437,
1184, 1132, 1055, 1024. HRMS: found 222.14995 [Ci0H20FNOs+H]*, calculated for
[C10H20FNO3+H]* 222.15000.

N-Nonyl-1,6-dideoxy-6-fluoro-1,5-imino-D-glucitol (178):
1-Bromononane (0.375 mmol) was subjected to general procedure A with
W 1,5,6-trideoxy-6-fluoro-1,5-imino-D-glucitol (0.25 mmol) to provide 178. 1H
F N NMR (400 MHz, MeOD) & 5.05 (ddd, ] = 12.8, 12.3, 2.4 Hz, 1H, H-6a), 4.97 -
p 4.90 (m, 1H, H-6b), 3.72 (ddd, ] = 10.5, 10.0, 4.7 Hz, 1H, H-2), 3.59 (t, ] = 9.5 Hz,
© OH " 1H, H-4), 3.52 (dd, ] = 12.2, 4.8 Hz, 1H, H-1a), 3.43 (t, ] = 8.9 Hz, 1H, H-3), 3.40
- 3.34 (m, 2H, H-1'a, H-5), 3.21 (td, ] = 12.4, 5.4 Hz, 1H, H-1'b), 3.03 (t, ]/ = 11.6
Hz, 1H, H-1b), 1.80 - 1.70 (m, 2H, H2-2’), 1.47 - 1.19 (m, 12H, Hz-3’, Hy-4, Hy-5’, Ho-6', Ha-7", Ho-
8", 0.90 (t, J = 6.6 Hz, 3H, H3-9’). 13C NMR (100 MHz, MeOD) 6 78.6 (d, Jcr = 168.8 Hz, C-6), 77.1
(C-3), 68.6, 68.5 (C-4), 67.8 (C-2), 66.4 (d, Jcr = 17.8 Hz, C-5), 54.8 (C-1), 54.4 (C-1"), 32.9, 30.4,
30.2, 30.2, 27.6, 24.3, 23.6 (C-2’ - C-8’), 14.4 (C-9’). IR/cm'1: 3244, 2926, 2857, 1666, 1456,
1435, 1200, 1184, 1086, 1022. HRMS: found 292.22803 [C1sH30FNOsz+H]*, calculated for

[C1sH30FNOs+H]* 292.22825.

N-[5-(Hexyloxy)pentyl]-1,6-dideoxy-6-fluoro-1,5-imino-D-glucitol (179):
(WOM/ Pentyloxyhexyl bromide (0.375 mmol) was subjected to general
N 3 5 procedure A with 1,5,6-trideoxy-6-fluoro-1,5-imino-D-glucitol (0.25
F mmol) to provide 179. 'H NMR (400 MHz, MeOD) & 5.11 - 4.89 (m, 2H,
F;(‘)- ‘oH H;-6), 3.70 (ddd, J = 14.4, 8.6, 4.4 Hz, 1H, H-2), 3.58 (t,J = 9.9 Hz, 1H, H-

OH
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4),3.50 (dd, J = 12.2, 4.8 Hz, 1H, H-1a), 3.46 (t, ] = 6.2 Hz, 2H, Ho-5"), 3.43 (t, ] = 6.6 Hz, 2H, Ha-
6), 3.41 - 3.29 (m, 3H, H-3, H-1'a, H-5), 3.21 (td, ] = 12.2, 5.1 Hz, 1H, H-1'b), 3.00 (t, J = 11.5 Hz,
1H, H-1b), 1.84 - 1.74 (m, 2H, H2-2"), 1.69 - 1.60 (m, 2H, H,-4"), 1.58 - 1.53 (m, 2H, H-7), 1.48 -
1.45 (m, 2H, Hz-3"), 1.40 - 1.23 (m, 6H, H2-8’, H2-9’, H,-10"), 0.93 (t, ] = 7.0 Hz, 3H, H3-11"). 13C
NMR (100 MHz, MeOD) & 78.6 (d, Jor = 174.4 Hz, C-6), 72.1 (C-6"), 71.4 (C-5’), 68.7 (C-4), 67.9
(C-2), 66.4 (d, Jer = 17.7 Hz, C-5), 54.7 (C-1), 54.6 (C-17), 32.8, 30.7, 30.1, 26.9, 24.4, 24.2, 23.6 (C-
2’ - C-4, C-7’ - C-10"), 14.4 (C-11"). IR/em-1: 3310, 2934, 2860, 2800, 1670, 1456, 1435, 1377,
1204, 1134, 1022, 839, 800, 723. HRMS: found 336.25416 [Ci;H34FNO,+H]", calculated for
[C17H34FNO,+H]* 336.25446.

N-[5-(3,3-Dimethyl-1-propyloxy)pentyl]-1,6-dideoxy-6-fluoro-1,5-imino-b-glucitol (180):
1-Bromo-5-(2,2-dimethyl-1-propoxy) pentane (0.375 mmol) was

(%/o subjected to general procedure A with 1,5,6-trideoxy-6-fluoro-1,5-
N imino-D-glucitol (0.25 mmol) to provide 180. H NMR (400 MHz,
F MeOD) & 5.11 - 4.86 (m, 2H, H»-6), 3.71 (td, J = 10.5, 4.7 Hz, 1H, H-2),
HO" “'OH 3.59 (t,J=9.2 Hz, 1H, H-4), 3.52 (dd, J = 12.2, 4.8 Hz, 1H, H-1a), 3.45 (t,
OH J=6.2 Hz, 2H, H2-5’), 3.43 - 3.34 (m, 3H, H-1'a, H-3, H-5), 3.23 (ddd, J =

12.7,12.3, 5.2 Hz, 1H, H-1b), 3.08 (s, 2H, H;-6"), 3.03 (t, / = 11.6 Hz, 1H, H-1b), 1.90 - 1.70 (m,
2H, H»-2"), 1.65 (dt, J = 8.0, 6.4 Hz, 2H, H»-4"), 1.54 - 1.36 (m, 2H, H>-3"), 0.90 (s, 9H, H3-8’, H3-9’,
H3-10’). 13C NMR (100 MHz, MeOD) 6 82.5 (C-6"), 78.48 (d, Jcr = 174.2 Hz, C-6) 78.1 (C-3), 72.0
(C-5"), 68.6 (C-4),67.8 (C-2), 66.38 (d, Jcr = 17.8 Hz, C-5), 54.8 (C-1), 54.7 (C-1"), 32.9 (C-7"), 30.1
(C-4),27.1 (C-8, 9, 10"), 24.9 (C-3’), 24.4 (C-2"). IR/cm1: 3302, 2955, 2866, 1670, 1435, 1387,
1364, 1204, 1136, 1026. HRMS: found 322.23860 [Ci¢H32FNO4+H]*, calculated for
[C16H32FNO4+H]* 322.23881.

N-[5-(Adamantan-1-yl-methoxy)pentyl]-6-fluoro-1,5-imino-D-glucitol (181):

F 5-(Adamantan-1-yl-methoxy)pentyl bromide (0.375 mmol) was
subjected to general procedure A with 1,5,6-trideoxy-6-fluoro-
1,5-imino-D-glucitol (0.25 mmol) to provide 181. 'H NMR (400
MHz, MeOD) 6 3.70 (td, J = 10.5, 4.7 Hz, 1H, H-2), 3.54 (t,] = 9.5
Hz, 1H, H-4), 3.44 (dd, J = 12.4, 5.0 Hz, 1H, H-1a), 3.39 (t,/ = 9.1
Hz, 1H, H-3), 3.31 (t, / = 6.2 Hz, 2H, H>-5), 3.33 - 3.20 (m, 2H, H-5, H-1’a), 3.13 (ddd, J = 12.8,
12.3,5.3 Hz, 1H, H-1'b), 2.93 (t,/ = 11.6 Hz, 1H, H-1b), 2.88 (s, 2H, Hz-6"), 1.85 (t,/ = 3.4 Hz, 3H, 3
x CHada), 1.76 - 1.63 (m, 2H, H>-2’), 1.65 - 1.52 (m, 8H, 3 x CH; ada, Hz-4’), 1.44 (d, ] = 3.0 Hz,
6H, 3 x CHyada), 1.41 - 1.23 (m, 2H, H»-3’). 13C NMR (100 MHz, MeOD) & 82.7 (C-6’), 78.6 (d, Jcr
=170.7 Hz, C-6), 77.0 (C-3), 71.7 (C-5"), 68.1 (C-4), 67.1 (C-2), 65.97 (d, Jcr = 17.8 Hz, C-5), 54.5
(C-1), 54.5 (C-1'), 40.4 (CH ada), 37.9 (CH: ada), 34.8 (Cq ada), 29.6 (C-4’), 29.2 (CH ada), 24.0
(C-3), 23.6 (C-2"). IR/cmt: 3354, 2901, 2847, 2590, 1651, 1446, 1205, 1184, 1140, 1018.
HRMS: found 400.28468 [C22H3sFNO4+H]*, calculated for [C22H3sFNO4+H]* 400.28576.

HO! -

HO ©OH

N-[(Biphenyl-4-yl-methoxy)pentyl]-6-fluoro-1,5-imino-D-glucitol (182):
(Biphenyl-4-yl-methoxy)-pentyl bromide (0.375 mmol)
/_,égﬁ_o was subjected to general procedure A with 1,5,6-trideoxy-
6-fluoro-1,5-imino-D-glucitol (0.25 mmol) to provide 182.
5 'H NMR (400 MHz, MeOD) & 7.61 (d, / = 7.9 Hz, 4H, Ha,
HO  OH BiPh), 7.47 - 7.31 (m, 5H, Ha,BiPh), 5.12 - 4.75 (m, 2H, H,-
6), 4.55 (s, 2H, H»-6"), 3.70 (td, J = 10.0, 4.5 Hz, 1H, H-2), 3.57 (t,] = 6.2 Hz, 2H, H>-5’), 3.51 (dd, J
=12.2, 4.9 Hz, 1H, H-4), 3.45 - 3.30 (m, 3H, H-14a, H-3, H-1’a), 3.23 (ddd, J = 13.1, 12.5, 5.7 Hz,
1H, H-1'b), 3.02 (t,J = 11.6 Hz, 1H, H-1b), 1.89 - 1.75 (m, 2H, H»-2"), 1.76 - 1.66 (m, 2H, Hz-4'),
1.61 - 1.44 (m, 2H, H»-3"). 13C NMR (100 MHz, MeOD) & 142.0, 138.7 (Cq BiPh), 129.9 - 127.9
(Car BiPh), 78.4 (d, Jcr = 169.5 Hz, C-6), 77.9 (C-3), 73.7 (C-6’), 71.0 (C-5’), 68.5 (C-4), 67.8 (C-2),
66.3 (d, Jcr = 17.7 Hz, C-5), 54.9 (C-1), 54.7 (C-1"), 30.0 (C-4’), 24.5 (C-3’), 24.0 (C-2"). IR/cm™™:

F

HO"
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3304, 2918, 2864, 1672, 1487, 1435, 1364, 1203, 1134, 1022, 841. HRMS: found 418.23818
[C24H32FN04+H]+, calculated for [Cz4H32FNO4+H]+ 418.23881.

N-(Benzyloxy)ethyl-1,6-dideoxy-6-fluoro-1,5-imino-D-glucitol (183):
(2-Benzyloxy)ethyl bromide (0.375 mmol) was subjected to general
(\o/\© procedure A with 1,5,6-trideoxy-6-fluoro-1,5-imino-D-glucitol (0.25
F N mmol) to provide 183. 'H NMR (400 MHz, MeOD) 6 7.38 - 7.25 (m, 5H,
H/OTQ.,,OH HarBn), 5.25 - 4.90 (m, 2H, H»2-6), 4.59 (s, 2H, CH; Bn), 3.85 (t,/ = 4.9 Hz,
2H, Hz-2"), 3.78 - 3.61 (m, 2H, H-2, H-1"a), 3.60 - 3.55 (m, 2H, H-4, H-
1a), 3.49 (dt,/ = 14.1, 4.9 Hz, 1H, H-1'b), 3.39 (t,] = 9.0 Hz, 1H, H-3), 3.05
(t, /= 11.6 Hz, 1H, H-1b). 13C NMR (100 MHz, MeOD) & 138.5 (C4Bn), 129.6 - 129.2 (CHar Bn),
78.8 (d, Jcr = 169.1 Hz, C-6), 74.4 (C-3’), 68.5 (C-4), 67.8 (C-2), 66.2 (d, Jcr = 17.6 Hz, C-5), 64.6
(C-27, 55.6 (C-1), 54.2 (C-1"). IR/cm1: 3235, 2874, 1670, 1456, 1437, 1364, 1202, 1134, 1026.
HRMS: found 300.16042 [C15H22FNO4+H]*, calculated for [C1sH22FNO4+H]* 300.16056.

OH

N-(Nonyloxy)pentyl-1,6-dideoxy-6-fluoro-1,5-imino-D-glucitol (184):
OM/ Pentyloxynonyl bromide was subjected to general procedure A with
W 8 1,5,6-trideoxy-6-fluoro-1,5-imino-D-glucitol (0.25 mmol) to provide 184.
F N 'H NMR (400 MHz, Methanol-d,) 6 5.05 (ddd, J = 11.0, 10.2, 2.3 Hz, 1H, H-
/\Q 6a), 499 - 492 (m, 1H, H-6b), 3.71 (ddd, J = 10.9, 9.0, 4.8 Hz, 1H, H-2),
© OH OH 3.59 (t,/=9.6 Hz, 1H, H-4), 3.52 (dd, /= 12.2, 4.8 Hz, 1H, H-1a), 3.46 (t,/ =
6.1 Hz, 2H, H>-5"), 3.43 (t,] = 6.5 Hz, 2H, H»-6"), 3.40 - 3.30 (m, 3H, H-3, H-
1’a, H-5), 3.22 (ddd, j = 12.7, 12.3, 5.2 Hz, 1H, H-1'b), 3.02 (t,/ = 11.6 Hz, 1H, H-1b), 1.89 - 1.69
(m, 2H, H2-2"), 1.73 - 1.62 (m, 2H, Hz-4"), 1.63 - 1.53 (m, 2H, H>-7’), 1.53 - 1.42 (m, 2H, H:-3"),
1.38 - 1.23 (m, 12H, H»-8’, H2-9’, H2-10’, H2-11’, H2-12’, H,-13"), 0.90 (t, / = 6.8 Hz, 3H, H»-14").
13C NMR (100 MHz, MeOD) 6 78.6 (d, / = 168.3 Hz, C-6), 72.1 (C-6"), 71.4 (C-5"), 77.2 (C-3), 68.6
(C-4), 67.8 (C-2), 66.4 (d, ] = 17.7 Hz, C-5), 55.1 (C-1), 54.7 (C-1"), 33.0, 30.7, 30.6, 30.4, 30.1,
27.2, 244, 24.1, 23.7 (C-2’ - C-4’, C-7’ - C-13"), 14.4 (C-14’). IR/cm: 3294, 2926, 2855, 1670,
1458, 1437, 1202, 1132, 1022. HRMS: found 378.30158 [C20H40FNO4+H]*, calculated for

[C20H40FNO4+H]* 378.30141.

H
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Chinese Summary H3C/Ng5

AP ERE (iminosugar) A HATAA G YA U REACHTH S B 0 )50 B0 e it . A RleS
VNN AT T i 7S . E IR 1-IAEF B R (1-deoxynojirimycin, DNJ) K CLANH)
N-Fe AL AT AR, WP IIRIEIR T (3 N ugUARIEREAT 7B s i . SR 5 15 46 1 ol
22 W% (glucosylceramide) ARHHH S XS A1 o L e B 7 A= W0 AL s PR BEAT 1P Ao s
HIBEMP 2 BENE (glucosylceramide) A AH I Bl 0 45 5 % 4 2 Bt % & M (glucosylceramide
synthase, GCS~ VAR B0 BEZBF (lysosomal glucosylceramidase, GBA1) Al o4 4 4 b
4k (neutral glucosylceramidase, GBA2. #ixJi, XA Hiib &5 Bt &4 i
ROIHEAT T LS VRO .

B 1 BENG T WRHEE AR A H AT N SN

ST WA EERAEYIETER Y7, HORIREEAR, LU AR RIS,
FERE 22 U4, WFFEN GO0 ML W (AN 6] & SR EAT TR S RkiE . 28 2 B[ L
DNJ 4> FHI& BURNS, FHEITE T SUEERAL (double reductive amination) 1£& BT FE A Kk
FER SRR o A1 ST 2 T LA & it 2 8 A LAE Dy b b B

5% DNJ AL, H AT EBESRAAT A MR Z B W O, B8 3 BRIEIA 1 AR — BT
U6 OB REAL DNJ AT BRI RS, TR & BT M RIS SEAL DNJ RT4EP. &Rk
FEAG I AL T - R PRk I 5% B JEORE W AL SR A A A ) Sk bl R LR SR Oy TR,
Ay 5-HARE, SR A HEAT ROE R IEAL .

GBA2 EFEVEMEBIFIACZA T GBAZ AW TIRe M EAR TR A1, R TE MG IR %L
25, WEFINA GBA2 SEEEANFUE (lysosomal storage disorders, @35 [KJi (Gaucher
disease) 1 C %) 2 [KJi (Niemann-Pick type C disease) HVJtH%. % 4 THIE T N-kidk
& DNJ TR AN A R, AR 1 N- ST 3 e b A s AL B I A S e, JFXS
FAEJy GBAZ etk 4l 77 ) AE W P HEAT T VRO
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CHINESE SUMMARY

HA GCS/GBAZ XU )i {1k (4 0 e W A DA s g A U RS UAE ) 24 T A Ak 73 T LK
71, 55 Bk 7 16 M N-LeEAE R DN A L- SRR RER AL DNJ T4, RN T
HAFy GCS/GBAZ XUEAMMHIFIIBOR . BARHIRZ, AL G YR IR AU H T
7o

56 FEUCTE 1 VUMK R ) 0 00 PP R U W F) o plade A o S P 07 A [ FRD T 0 e
FFOR LG AT B, AR 7 G 36 ASET R S IRIL &P . b AL &P i)
A3 AR 2 BERL AR (GCS, GBA1 F1 GBA2) FIHMEIfER RIL, HAMGEEHFRE (5
AR SCRTIR I BT SE R DN SR ARAR B AR RAR R (M 24775 %k A [ ) S e
BOABE NI FEE

B 7 BRAPMEEL T ARSI SR, FERARIIBE T TAEREAT TS . 2 T H
WHEHERTAD) C-5 AT e ML HE (5 itk 2. WP VRO 1 L IHE C-2 Al C-3 S5#exS T H:
YE9 GCS HMHIFIEERMEENE:  (25,3R) SRR ATREZ WM A GCS HHIH 14 0 2
k. SeAh, @ A HTEUR FEUR 6 SO EXT DNJ ETERIREm, 45 BRI g N B Uk
(s T I AR S e DNJ B3 -
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