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ABSTRACT

Amino sugars are important constituents of a nurobéromacromolecules and products of
microbial secondary metabolism, including antilwstiFor most of them, the amino group is
located at the positions C1, C2 or C3 of the hexwg®entose ring. In biological systems,
amino sugars are formed due to the catalytic agtofispecific aminotransferases or
amidotransferases by introducing an amino funefionderived fromL-glutamate ot -
glutamine to the keto forms of sugar phosphatesigar nucleotides. The synthetic
introduction of amino functionalities in a regigidastereoselective manner onto sugar
scaffolds represents a substantial challenge. bfaste modern methods of for the
preparation of 1-, 2- and 3-amino sugars are tetaéing from “an active ester” of
carbohydrate derivatives, glycals, alcohols, cayboampounds and amino acids. A
substantial progress in the development of regamia- stereoselective methods of amino sugar
synthesis has been made in the recent years, dioe &pplication of metal-based catalysts
and tethered approaches. A comprehensive revieiweocurrent state of knowledge on
biosynthesis and chemical synthesis of amino suggnesented.
Keywords
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1. Introduction

Amino sugars are sugar derivatives in which at least one of the hydroxyl functionalities is
substituted with an amino group. Introduction of an amino group into hexose or pentose
structures significantly changes physicochemical properties of these molecules and in
consequence, may also strongly affect their biological activity. Amino sugars can be obtained
by a total synthesis or from sugars by site-specific introduction of the amino functionality.
Some of these aspects were addressed in reviews published in the 1963-201C (@tied.
review publications, aimed at the biochemistry of amino sugars and their derivatives, were
presented in the previous centifyin this work, we summarize the present knowledge on
chemistry and biochemistry of amino sugars.

2. Amino sugars of natural origin — structures and functions

A number of amino sugars are components of the living matter. More than 60 have been
described and the most important ones are listed in Table 1. The only amino sugar of natural
origin synthesized in an intact, unbound form is an antibiotic kanosamine, i.e. 3-amino-3-
deoxyb-glucose, although it is also a constituent of another antibiotic, kanamycin A. The
majority of amino sugars are the components of more complex molecules, mainly antibiotics
or biomacromolecules such as chitin, glycoproteins, lipopolysaccharides, or
mucopolysaccharides.

[Table 1]

The most abundant amino sugars which are the products of a primary metabolizm, are
glucosamine (GlcN)»-mannosamine (ManNR-galactosamine (GalN) and theirddetyl
derivatives, GIcNAc, GalNAc and ManNAc. Chitin, the second most abundant
polysaccharide after cellulose, i§d.,4-linked homopolymer of GIcNAc. Specific

rheological properties of glycosaminoglycans (mucopolysaccharides) and proteoglycans are
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in part due to the presence of amino sugar deviestiGIcNAc or GalNA&:® GIcNAc,
GalNAc and ManNAc are components of numerous glyateins and structural
polysaccharides present in the microbial cell wallsh as peptidoglycan and
lipopolysaccharides in bacteria and chitin and negnateins in fungi. Other amino sugars of
natural origin are most often constituents of défe products of secondary metabolism,
including antibiotics. Mycosamine is present inyaole macrolide antifungal antibiotics,
amphotericin B and nystatffi** Ribosamine is a component of puromycin, desosaisine
present in erythromycin, daunosamine occurs iratiteeancer anthracycline daunomycin and
different amino sugars and its derivatives are bum aminoglycoside antibacterial
antibiotics. In each case, the amino sugar mogetyportant for biological activity of these
antimicrobials:?

3. Methods of amino sugar synthesis

A number of amino sugars are derived from biosysithevhere the conversion of a
monosaccharide, usually in the form of sugar phasgpbr sugar nucleotide, to the
corresponding amino sugar derivative is catalyzed bpecific aminotransferase or an
amidotransferase. On the other hand, the chemiephpation of amino sugars is possible by
a total synthesis from precursors, such as alcphtulehydes, carboxylic acids, esters and
lactones or amino acids or by the regio- and sggredfic introduction of an amino
functionality into appropriate sugar or sugar-ded\substrate by nucleophilic substitution or
addition.

3.1. Amino sugar biosynthesis

3.1.1. Amino sugars derived from primary metabolism

A biosynthetic route from sugar to amino sugar lags transfer of the amino group from an
amino acid donor (usually-glutamate ot-glutamine) to the keto function of a ketose

derivative in the open form or to the keto carbtomagenerated in the preceding reaction
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upon oxidation of a C-OH of the closed form of &toae derivative. The amino transfer is
catalyzed by the specific enzyme, namely eithektR-8ependent aminotransferase or a PLP-
independent amidotransferase, in a stereospec#imer. The acceptor substrate is usually a
sugar phosphate or a sugar nucleotide. The ontyiogeof this type in the primary
metabolism gives rise -glucosamine-6-phosphate formed fronfructose-6-phosphate
andL-glutamine. The reaction is catalyzedibyglutamine:D-fructose-6-phosphate
amidotransferase (hexose isomerizing), EC. 2.6, kid@&vn under a trivial name of
glucosamine-6-phosphate (GIcN-6-P) synthase. Thgnea is widely distributed in Nature
and is present in almost all living organisms. ©hthe very few exceptions to this rule is the
protozoarGiardia lamblia, lacking GIcN-6-P synthase, where GIcN-6-P is fadrfrem Fru-
6-P and ammonia in the reaction catalyzed by GldNdiaminasé a catabolic enzyme in

all other organisms.

GIcN-6-P synthase does not require any coenzymeatadlyzes a complex, irreversible
reaction that involves transfer from the amide grotiL-glutamine tad-Fru-6-P and
subsequent ketose-aldose isomerization of thedseanine intermediate as shown in Scheme
1. More information about the enzyme may be founthe review paperts:*®

[Scheme 1]

GIcN-6-P formed in the reaction catalyzed by GlciR-8ynthase is subsequently converted
into UDP-GIcNACc in a series of the three conse@it®actions, known as the Leloir
pathway**° This sugar nucleotide serves as a GIcNAc donbidaynthesis of structural
polysaccharides, such as chitin, peptidoglycarcaggminoglycans and glycoproteins. UDP-
GIcNAc gives also rise to the respective sugarentades of ManNAc and GalNAc formed
in the reaction catalyzed by uridine diphosphstacetylglucosamine-2-epimerase and
uridine diphosphatéacetylglucosamine-4-epimerase, respectiveifManNAc is a

precursor of sialic (neuraminic) acid (Neu5Ac),nied upon aldolase-catalyzed condensation
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of ManNAc and pyruvate (Scheme 2). Neu5Ac is imtam important common component of
glycoproteins involved in intercellular communieatiand recognition. Chemistry and
biochemistry of Neu5Ac and its derivatives thabuigside the scope of this review, have been
extensively studied and the reader is referretieaécent reviews on this subjétt*N-
Acetyl-L-fucosamine present in lipolysaccharides of sonoteni@, including®?seudomonas
aeruginosa is derived from UDP-GIcNAG> while origin ofD-fucosamine participating in
formation of teichuronic acids &acilli is unknown.

[Scheme 2]

3.1.2. Amino sugars derived from secondary metaboli

[Figure 1]

Biosynthesis of amino sugars deriving from the sdaoy metabolism routes (Table 1 and
Figure 1) involves introduction of the amino fulctality by a PLP-dependent
aminotransferase. The best characterized is thevenparticipating in the biosynthesis of 3-
amino-3-deoxyp-glucose (kanosamine). The biosynthetic pathwagitepfrom glucose-6-
phosphate to kanosamineBacillus subtillis*® is shown in Scheme 3. Amination of 3-ome-
glucose-6-phosphate in this pathway is catalyzethéftdA aminotransferase. This enzyme
was isolated and its structure was determiied.

[Scheme 3]

Kanosamine is produced Bacillus subtilis, Bacillus circulans andBacillus
aminoglucosidicus and exhibits growth inhibitory effect against sobagteria, including.
aureus andK. pneumonia,®® and yeastsS cerevisiae andC. albicans.®® Mechanism of its
antimicrobial action involves transport by the hex@ermease, phosphorylation to
kanosamine-6-phosphate (K6P) and inhibition of G&R synthase by K6P:%° Another
biosynthetic route for kanosamine formation operatecurs irtreptomyces spp. producing

kanamycin A, in which kanosamine is one of the congmts. Kanosamine and UDP-
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kanosamine are also the specific intermediatesarbtosynthesis of 3-amino-5-
hydroxybenzoate, a precursor of the mitomycin arghmycin antibiotics, including

rifamycin B® Biosynthesis of kanosamine Sireptomyces involves phosphorylation of
glucose to glucose-1-phosphate, followed by pyrgphorylation to UDP-glucose. The sugar
nucleotide is subsequently oxidized to UDP-3-axglucose. Transamination of UDP-3-oxo-
D-glucose yields UDP-kanosamine, which is finallgtolyzed to form kanosamirfé®*

Other amino sugars derived from microbial seconpdagtabolism are components of
more complex molecules, mostly antibiotics. Desasan8-(dimethylamino)-3,4,6-trideoxy-
D-glucose present in erythromycin is formed fromcgke in a six-step pathway involving
amination of TDP-3-0x0-6-deoxy-glucose byDesV aminotransferage followed by

dimethylation catalyzed by,N-dimethyltransferasBesVI.%°

Perosamine (4-amino-4,6-
dideoxyb-mannose) invibrio cholerae is formed as a GDP-linked derivative from GDP-4-
keto-6-deoxyp-mannose, in reaction catalyzed by perosamine agathAmination of
GDP-3-keto-6-deoxyp-mannose by GDP-3-keto-6-deokymannose 3-aminotransferase
NysDII affords GDP-mycosamine (GDP-3-amino-3,6-dide@ynannose), a precursor of the
D-mycosamine moiety, present in an antifungal aotibinystatin produced b$treptomyces
noursei.®® TDP-daunosamine, a precursor of the daunosamiietyrio an anticancer
antibiotic daunorubicin, is derived from 3,4-diké&taleoxyb-rhamnose, which is aminated at
C3 by the product of thenmJ gené’? Other 3-amino-2,3,6-trideoxy-hexoses present in
anthracyclines or vancomycins, includingistosaminel.-acosamine and-vancosamine, are
formed from respective 3-keto-2,6-dideoxy-hexoses similar mannef b-Gulosamine (2-
amino-2-deoxyd-gulose) present in atypical aminoglycosides, cofras the epimerization
and deacetylation df-acetylD-galactosamin&: UDP-N-methyl-D-glucosamine-6-phosphate

was identified as a precursor for biosynthesisl-ohethyli -glucosamine, a component of

streptomycin'?
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3.2. Synthesis of aminosaccharides
Synthetic strategies that have been employedeisyhthesis of amino sugars include
substitution reaction on various carbon atoms énstingar core, cleavage of an epoxide ring
with amines, reduction of oxime and azide derivedjvaddition to double bonds in glycal
substrates, asymmetric and total synthesis.

3.2.1. Methods involving the {2 reaction

Some aminosaccharides are easily accessible fromogaccharides through the
bimolecular nucleophilic substitution8). The most common strategy involves the
formation of an “active ester” sugar derivativd|dwed by replacement of the -OX leaving
group by ammonia, hydrazine or an azide aniorenctassical & reaction. The hydrazides
and azides thus obtained are finally reduced wytlrdgen to give the expected amino sugars
(Scheme 4).

[Scheme 4]

The sugar derivatives most often used are sulfoesters, namely tosyf,mesyl’*
trifluoromethan& or imidazolyl sulfonaté® Such derivatives are easily formed upon
treatment of an appropriately protected sugar sulfonyl chlorides or anhydrides. This
method was used for the synthesis of several asugars, including amino derivatives of

78,79

e’ ribose!

glucose’ galactos® and allos® and in the synthesis of perosamif&’ The
choice of an aminating reagent in this reactiomasobvious. Although liquid ammonia is a
reactive nucleophile and a good solvent, its appba not always leads to the expected
products. While in the reaction with 2,3- and 4iisapropylidene 1-tosyl-sorbofuranosé
as a substrate, a dimeric prodRetas obtained, presence of sodium amide led to the

unequivocal formation of the expected amino sugaivdtive3. A dimeric product was not

formed in the reaction of 2,3-isopropylidene 1-tasygorbofuranose4( R;=OH) and a 1,6-
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diamino derivative was obtained with 2,3-isoprogghe 1,6-ditosyl-sorbofuranose4(
R;=0OTs) (Scheme 5¥
[Scheme 5]

Undoubtedly, use of azides or hydrazine leads teeranequivocal results. However, one
must bear in mind that aminations involving azidak for longer reaction times and higher
temperatures. Sodium azide is the most often us@aaéing reagent in these reactions and a
number of amino sugar derivatives were obtainedunyeophilic substitution and subsequent
reduction (Scheme 6) but use of trimethylsilyl @zidstead of Napimay result in higher
reaction yields (Scheme 7).

[Scheme 6]

Using this method, 3-amino-3-deoryxylosel??33-amino-3-deoxyp-glucopyranose
derivatives->®*®perosamin&®® p-fucosaminé*® amino derivatives of ribos&p-
daunosamin&’®® methyl-3-amino-4,8-benzylidene-2,3-dideoxy-L-arabino-
hexapyranoside and methyl-3-amino-@&enzylidene-2,3-dideoxy-L-ribo-
hexapyranosid& 3-amino-3-deoxyp-allose?® benzyl 2,4-diacetamido-B-acetyl-2,4,6-
trideoxy-u-D-glucopyranosidé! 2,4-diacetamido-2,4,6-trideoxy-galactose’ methyl 2-
acetamido-4-amino-2,4,6-trideoxyb-galactopyranosid& 4-amino-4,6-dideoxy-2, 8-
isopropylidenes-L-talopyranosid€> b-mannosamin&**° b-gulosamind’ derivatives and 2-
acetamido-4,5,6-trf®-acetyl-3-(ert-butoxycarbonyl)amino-2,3-dideoxy-mannopyranosé
were obtained. Derivatives of 4-azido-4-deaxgrabinosé’ 3-azidoe-D-glucopyranose, 3-
azidoe-D-mannopyranos&? 2-azidoe-D-mannopyranose 5-azido-5,6-dideoxy- and 2,3-
O-isopropylidenes-L-talofuranosidé’? as convenient substrates to obtain aminosacclsaride

were also synthesized in the same manner.

[Scheme 7]
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Another leaving group in the nucleophilic substdntcan be a halogen atom. Using this
strategy derivatives of 2-amino-2-dedxX§3-amino-3-deoxy’® 6-amino-6-deoxyp-
glucopyranosé® 2-azidop-altropyranose and 3-azidp-arabino-hexapyranosg® were
obtained.

Wolfrom and collaborators compared application@fla and hydrazine in the displacement
reaction of seconda-tosyl groups in different sugar rind$>*°® The reactions with an
azide ion afforded lower yields compared to thasgined with hydrazine, especially if the
leaving group was located in the more hinderechitizi The authors explained this
phenomenon by an electrostatic repulsion betwaegatively charged azide anion and
electron pairs present on the oxygen atom connéctdte C1 or C2 atoms in the sugar
molecule. On the contrary, hydrazine bears no negaharge and exhibits comparable
strong nucleophilic properties. The hydrazine aniddeaderivatives can be reduced with
hydrogen to the desired amino derivatives. 5-An8m®-anhydro-5-deoxy-1,0-
izopropylidenop-L-idofuranose §) was obtained from the respectiv®5osyl substrat®
treated with hydrazine and after subsequent resluct the hydrazine formed. 3,5-Diamino-
3,5-dideoxy-1,20-izopropylidenoe-D-ribofuranose §) was synthesized in course of the
reduction of a dihydrazine derivativeo diaminosacharide (Scheme'&)'%

[Scheme 8]

Obviously, any amination according to thg$nechanism results in inversion of
configuration of an asymmetric carbon atom, soapplication of this approach in synthesis
of amino sugar derivatives is limited by availalyilof appropriate sugar substrates in which
the configuration of the secondary C-OX reactionteeis opposite to that required.

3.2.2. Synthesisia epoxide intermediates

Another synthetic strategy used in the preparatfcamino sugars is ring opening in

epoxysaccharides upon attack of ammonia or an anmrkis approach, there is no need for

10
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the creation of an intermediate with a good leagraup but formation of a mixture of
products should be expected, as a consequenc® @assible directions of the nucleophilic
attack. Relative ratio of these products dependbestereo structure of an epoxy substrate.
For example treatment of methyl 4,6-dimethyl-2,Byadrof3-mannosid® with ammonia
leads to the formation of methyl 3-amino-3-de@xgtrosidel0 and methyl 2-amino-2-
deoxy$-glucosidel, with 9:1 ratio (Scheme 9§/ Ammonolysis of 2,3-anhydro ring of
allose, mannose and gulose derivatives leads tarame isomers.’® By using this strategy,

109,110,
al

the amino derivatives of hexoses, such as glucasgHi ltrosaming?’1%

&71%mannosaminé! idosaming?’ 19911415 erosaminE®t’and pentoses,

galactosamin
such as xylosamine and arabinosartifwere obtained. A modification of this reaction was
the use of an azide for the epoxide ring openinghis wayD-daunosaminé'® and methyl 2-

acetamido-4-amino-2,4,6-trideoxyb-gulopyranosid& were obtained and derivatives of 4-

azidob-glucosé?’, 3-azidobp-mannoseé?! 3-azidop-altrose**! 3-azidop-idose** 3-azido-

20,121 21,122
é é

D-glucos and 2-azida-altros were synthesized, as convenient substrates for the
subsequent reduction leading to amino sugars. Agpdin of diethylamine as a nucleophilic
agent allowed to obtain mycaminose, 3,6-dideoxy-3-(dimethylamind}-D-
glucopyranosé&
[Scheme 9]

The epoxy derivatives can be used for the syntledsmino dideoxysugars (Scheme 10).
Reduction of the epoxide ring &2 with lithium aluminum hydride leads to derivati{a.
Further oxidation of the hydroxyl group, oxirié formation and its subsequent reduction
results in formation of a mannosamine derivafigdScheme 10). The advantages of this
strategy are mild reaction conditions and inexpansasily available starting materials.

Based on the oxime formation a number of derivativeve been obtained including methyl

2-amino-2,3-dideoxy+-D-mannopyranosidel ) (Scheme 10)% Modifications of this

11
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method were applied for the synthesis of otheragtsugars. After reduction of the epoxide
ring with LAH, respective azidohexose derivativesrgvobtained, including those of
acosamine and-daunosaminé’ N-Acetyl-L-ristosamine was prepared using a @3-
benzylidene ring as an intermediate to form thpeetve ketoné?*
[Scheme 10]

3.2.3. Synthesisia oximino intermediates

This synthetic strategy involves the stereoseleatixidation of a hydroxyl group to
carbonyl functionality which is then converted imto oximino intermediate and subsequently
stereoselectively reduced to obtain an amino g{&gpeme 11). A disadvantage of this
method is the formation of a mixture of productsposition of which depends on a type of
reducing agent and sugar derivative used. This adegfiows to introduce an amino group at
appropriately selected carbon atbfmThe following amino sugars have been prepareHign t
way: 5-amino-5-deoxy-glucose, 4-amino-4-deoxXy-galactose, 4-amino-4-deoxy-

arabinosé?® 3-amino-3-deoxyp-allose’?**?'p-glucosaminé?® 3-amino-3-deoxyp-

xylosel? p-galactosaminé®>*?*13%_amino-2-deoxyp-mannose?> 24129 _amino-2-deoxy-
D-talose?***'kanosaminé® %L -vancosaminé®****_-fucosaminé?>® L-acosaminé3* 37| -
daunosaminé®’ 2-amino-2,6-dideoxy-talose***

[Scheme 11]

The oxime intermediates can be also formed frorhatardrate halide$7 via the
cobaloxime saltd8 subjected to photolysis in the presence of nitmude to form an oxime
19 which can be easily reduced to amine (Scheme Isthguhis strategy a derivative of 2-
amino-2-deoxyp-mannopyranos20 was obtained®

[Scheme 12]

3.2.4. Addition to the double bond

12
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Substrates used in these reactions are appropratekected glycals®***%i.e. sugar analogs
containing an internal double bond. Addition of aqgiate reagent(s) to this bond should
result finally in the formation creation of C-Nldnd C-OH bonds at the two neighboring
carbon atoms, originally connected by a double bond

3.2.4.1. Azide addition

The crucial point of this strategy is the additafran azide to the double bond present in the
O-protected glycal substrates. This method can eemntially used for the preparation of
2-amino-2-deoxy derivatives but also allows attaehtvof an amino group to other carbon
atoms. An exemplary synthesistecosamine is shown in Scheme 13. Heatingidfamnal
21in the presence of water gave hex-2-enopyra@@sehich treated with sodium azide
afforded23. Refluxing of the23 intermediate with an inexpensive catalys{yK
montmorillonite) led to the methyl acosaminide dative 24. Transformation of the ©-
acetyl-3-azido-2,3,6-trideoxg-L-arabino-hexapyranoside®4) into the methyl acosaminide
(26) was achieved in nearly quantitative yield in tsteps, by transesterification 24 with
MeONa/MeOH giving25, followed by the catalytic hydrogenation in MeOHtlre presence
of 10% palladium-charcoal and triethylamitféL-arabino-, L-lyxo- andL-ribo-
hexapyranosidé® derivatives and daunosamin&*®were obtained using this approach. Use
of nitro glycals as substrates gives rise to dianderivatives. 2,3-Diamino-2,3-dideoxy-
glucose was synthesized using this methodotdgy.

[Scheme 13]

In the method described by Bovin and coworkersattition of chloroazide to tB-acetyl-
D-glucal was promoted by UV irradiation, to give g@meric mixture of 1-chloro-2-
azidoderivatives, which treated with glacial aceied and mercuric acetate afforded mixture
of tetraO-acetyl-2-azido-2-deoxp-glucose and tetr@-acetyl-2-azido-2-deoxp-mannose

(molar ratio 71:11) that could be easily conveited D-glucosamine and-mannosaminé?®

13
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An alternative method of formation of chloroazideidatives from glycals by addition of
sodium azide in the presence of ferric chlorideaigxirate and hydrogen peroxide has been
proposed more recently. This method was used &pgration of 2-azido-2-deoxy derivatives
of D-glucose ana-galactose and in consequemeglucosamine and-galactosamine,
respectively:*°

Lemieux and Ratcliffe reported the synthesis ohfirm-2-deoxyp-galactose&8 from D-
galactose, where the crucial step was azidonitratfdhe glycal intermediat27 with sodium
azide and (NB)-.Ce(NQy)s (Scheme 14)*° By using the analogous azidonitration,
glucosaminé?! D-fucosaminé&? andL-fucosamin&®***derivatives were also obtained.

[Scheme 14]

3.2.4.2. Photoinduced aziridination

A convenient method for the preparation of amirseediysugars is a photoinduced
aziridination. Synthetic route leadingitedaunosamine involving this method is shown in
Scheme 15. As a starting material for this synthestihreo-hex-2-enopyranosided was
used. The acyl azide intermedi&@upon irradiation with UV light was converted into
aziridine derivative81. The regioselective aziridine ring opening uponrogeénation over
Pd/C catalyst, followed by treatment with bariundfoxide afforded -daunosamin82. L-
Ristosamine was obtained using the same méttiod.

[Scheme 15]

3.2.4.3. [3,3]-Sigmatropic rearrangement

Another method applying glycals as starting substres the [3,3]-sigmatropic
rearrangement. A key step in this approach isdhmdtion of 2-enopyranoside with
trichloroacetimidyloxy group in an allylic positiohe imine group in compourg8, upon
heating in xylene, attacks the C2 atom, formingdic intermediate (not shown), which is

subsequently opened, towards formatioB4fDespite the possibility of attack on the double

14
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bond from the bottom side of the ring an alterreapvoduct is not formed. Stereoselectivity
of this reaction is probably due to the steric hamte at C1. Using this method, derivatives of
mannosamin&5,'*° idosaminé;® altrosamin&®**and talosaming®**"were obtained.
[Scheme 16]
3.2.4.4. [4+2] Cycloaddition
[4+2] Cycloaddition of azodicarboxylat&3 to glycols36 affords the dihydrooxadiazine
ring, which can be opened with methanol, and sulb=®ccatalytic hydrogenation gives the
amino sugar derivativ@8 (Scheme 17). Methyl teti@-acetyl-2-amino-2-deoxg-D-
galactopyranoside, methi-acetylO-trisilyl- D-glucopyranosidé>® methyl 2-amino-2-
deoxya-D-idofuranosid&™ and derivatives of 2-amino-2-deofyp-galactopyranoside and
2-amino-2-deoks-L-glucopyranosid&@®***were obtained using this approach.
[Scheme 17]
3.2.4.5. [1,3]-Dipolar cycloaddition
An example of this method for the preparation ofremsugars is shown in Scheme 18.
Treatment of glycal89 with benzyl azides in triethylorthoformate as aveot gives rise to
the formation of triazoline intermediaté8, which upon irradiation form thie-benzyl
aziridine rings 41). Further treatment with a strong base affordaramoglycoside
derivative. Such dipolar cycloaddition can be usedbtain 2-amino-2-deoxyglycosides
42.162,163
[Scheme 18]
3.2.4.6. Tethered aminohydroxylation
Another method of introduction of an amino funcaébty to glycals is the osmium-
catalyzed tethered aminohydroxylation. Oxazolide®formed as intermediates are
subsequently hydrolyzed in an aqueous solutiorttotim hydroxide. Preparation of methyl

3-amino-3-deoxyx-D-talopyranoside3 involving this method is shown in Scheme$9An

15
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alternative catalyst for tethered aminohydroxyaii® rhodium(11)*°>**’ The use of
manganese nitrido complex facilitated synthesidesivatives of the following amino sugars:
D-glucosamine, 6-deoxg-glucosaminep-galactosamine, 2-amino-2-deoryaltrose'®!1°®
Application of the iodo-oxazoline intermediate atkd to obtain.-daunosamine and related
amino sugars, includingrisostamine®®
[Scheme 19]

3.2.4.7. Sulfonamidoglycosylation

In this reaction, iodine and sulfonamide are addetie two neighboring carbon atoms
connected by a double bond in the glycal substB&aibsequent formation of the aziridine
intermediate, followed by hydrolysis, results inewentual shift of the sulfonamide
functionality to the carbon atom originally conrexttvith iodine, with concomitant inversion
of configuration (Scheme 20). The reaction witkttrylamine in HO/THF results in
migration of nitrogen from C1 to C2 and introduatiof a hydroxyl group at the anomeric
position in45. TheN-sulfonated derivatives a-mannose and-glucose (82% yield) were
obtained in this way’**"?An inspiration for this synthesis was a previousdscribed
method based on the treatment of glybalith iodine azide (M) and trimethylphosphite.
That reaction was not stereoselective and ledetiddimation of two stereoisomers:*’

[Scheme 20]

3.2.4.8. Acetamidoglycosylation

Acetamidoglycosylation of glycal#6 as shown in Scheme 21 results in an oxazoline
intermediatel7, giving rise to an amino sugar derivatd4@'’ The reaction proceedes with
good stereoselectivity in 45-73% vyield. Replacenudithe sulfoxide reagent with
dibenzothiophene-5-oxide (DBTO) or its 2,8-dimettiglivative (DMDBTO) further

improves the diastereoselectivity of this reacfrmm gluco- to mannopyranosid&.

[Scheme 21]
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3.2.4.9. Selective tandem hydroamination

This stereospecific synthesis allows to obtain aglycosides or aminosaccharides in one-
pot reaction. An appropriately protected glycateated with O and N nucleophiles in the
presence of BFELO (Scheme 22). Tertiary, secondary or primary at®hre used &3-
nucleophilic reagents. The best yieldB@%) were obtained using sterically non-hindered
alcohols. TheN-nucleophile has been usually an aromatic or aliplsallfonamide. This
methodology was used for the preparation-oktosamine and-epi-daunosamine
derivatives.’’

[Scheme 22]

3.2.4.10. Epoxidation and aziridination

Sugai and coworkers proposed a method-ofannosamine formation, in which two
intermediates containing three-membered rings, ide®0 and aziridinéd2, were formed, as
shown in Scheme 23. The starting substrate, hexepyganosidé9, was oxidized with UHP
to the epoxide derivative0, as thesyn/anti- mixture (molar ratio 87:13). Theyn-50 isomer
was subsequently opened with sodium azide, totheenixture of regioisomeric azide
derivativesslab (molar ratio 74:28), which were converted undeuginger conditions to
aziridine and acetylated to gi®2. Treatment of aziridine2 with sodium azide resulted in
opening of the three-membered ring and in consemguehthe intramolecular substitution,
formation of an oxazolinB3. Hydrolysis and subsequent deprotection afforded2tamino-
2-deoxy sugar witimanno configuration’®

[Scheme 23]
3.2.5. Addition to the carbonyl group
Addition of a nitrile group to the carbonyl moiefgllowed by nitrile reduction may result

in formation of spiro-aziridines intermediates. Sedpuent catalytic hydrogenation in the

17


http://mostwiedzy.pl

presence of Raney nickel leads to formation of ansumgars (Scheme 24). Using this
reaction, derivatives of vancosamifie®°and glucosamirt&* were obtained
[Scheme 24]

3.2.6. Synthesis of aminohexoses from pentoses

The amino group can be introduced into a sugarioaaceurse of a sequence of reactions
leading from pentose to 2-aminohexose. Nitromethsnsed in this scheme for chain
elongation and an amino group derived from amminilatroduced at C2 upon addition to
the double bond, present in the unsaturated nédrivative. The route frord-arabinosé5s to
D-mannosamin&6is shown in Scheme 287'%2p-Gulosamine was obtained frapaxylose
in similar reactions/%*#3In this way, desosamifie'®*acosamin®®, methyl 3-amino-3-
deoxy«-D-mannopyranosid®® 3-amino-3,6-dideoxy-glucose and 3-amino-3,6-dideoky-
talosé® were obtained.

[Scheme 25]

3.2.7.De novo synthesis of amino sugars

The stereoselective synthesis is an important alsgem preparative chemistry of amino
carbohydrates. Amino sugars are also interestiggtanolecules for the total synthesis. The
main problem in this strategy is to plan the mastvenient route for the synthesis of
structurally complex aminosaccharides from comna¢roon-sugar sources.

3.2.7.1. From alcohols

Unsaturated alcohols are convenient substratatdéaotal synthesis of amino
trideoxycarbohydrates. Stereoselective synthesBistoéhloroacetyl derivatives of racemic
3-amino-2,3,6-trideoxyhexoses, namely daunosamstesamine and vancosamine, from
unsaturated alcohols were proposed by Hagts#r'®® Daunosamine was obtained from a
sorbyl alcohob7in a sequence of reactions shown in Scheme 26elfirst step, an amino

group was introduced into the hydrocarbon chaithieyOverman reaction, with a good vyield.
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The aldehyde functionality was generated from agetalfide in water in the presence of
CuChb. Hydroxylation of the olefinic moiety with a cagic amount of osmium tetraoxide and
TMNO finally gave a mixture of two products: a dasamine derivative58a) and itsxylo
isomer 68b) in 6:4 ratio.

[Scheme 26]

The vancosamine derivative was obtained as ongeatdmponents necessary for the total
synthesis of vancomycin, with appropriately prodelctinsaturated amino alcohol as a starting
substrate, as shown in Scheme"?For the purpose of incorporation into the vancaimyc
core, the 10-acetyl residue was substituted with fluorine.

[Scheme 27]

Commercially available mannitol derivati®® was used as a substrate for the total synthesis
of kanosamin®4, as shown in Scheme #8This substrate was converted into an
appropriately protected glyceraldehy@@® which was subsequently subjected to the cross-
aldol condensation with an amino ketdifein the presence of the Sn(OF €atalyst.
Subsequently, a stereoselective reduction of thenkefunctionality ir62 with the
borane:dimethylsulfide complex afforded intermeel&8. The use of cerium(lV) ammonium
nitrate (CAN) allowed release of a diene from thetahcomplex. Ozonolysis, aldehyde
reduction with dimethylsulfide and deprotection tedhe final formation of kanosamiGd.

A similar approach was used for the synthesis af®i0-3,6-dideoxyglucose and
mycosaminé®® Acosamine and ristosamine were obtained by theyHemction of 2-
benzyloxypropanal with 1,®-isopropylidene-4-nitro-1,2-butaneditl: Kanosamine and 3-
amino-3-deoxyp-altrose were prepared by the cross-aldol condemsat the multiprotected

D-glyceraldehyde obtained from mannitol and the léntin enol ether of racemid-Boc-
a-aminodienonetricarbonyl iron complé¥

[Scheme 28]
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An enantioselective preparation of the diasterea@amino-2,3,6-trideoxy-hexoses was
proposed by Ginest al.'*® The starting substrate, E2hexa-2,5-dien-1-ol, was subjected to
Sharpless catalytic asymmetric epoxidation. Théssdective ring opening with titanium
diazidodiisopropoxide, followed by convenient funol group transformations, afforded the
key aldehydesis- ortrans-66 in any configuration. The diastereoselective addiof
methylmetal reagents to these aldehydes followeolzoyolysis, gave access to derivatives of
epi-daunosamine, acosamine, daunosamine and ristosaimiaa completely stereocontrolled
manner. A route leading tbdaunosaminé? is shown in Scheme 29.

[Scheme 29]

A vinyl epoxide68was used by Tro&t al. as a starting substrate in the total synthesis of
branched amino sugars, as shown in Schent&&0the first step, the epoxide ring was
opened witlp-methoxybenzylamine in the palladium-catalyzedoegnd enantioselective
ring opening reaction, in the presence of a chigahdL1. Oxidation with osmium tetraoxide
afforded a mixture of diasteroisomeric triéi@that were separated by column
chromatography. The isolated proper diastereois@®eras oxidized to aldehydé&lwith
Dess-Martin periodinane. A vancosamine derivafi2evas obtained as the final product. The
epi-vancosamine may be obtained in the same way, &hether diastereoisomer is isolated
and subjected to the Dess-Martin oxidation.

[Scheme 30]

Weinsteinet al. described synthesis of (-)-acosamine in whicktachable, tethered
nitrogen nucleophile was used to generate the rhjdaoxygenation pattern from the
bromovinyl alcohol73 by the palladium-catalyzed aza-Wacker cyclizatresylting in the
formation of the five-membered oxazolidine prodidtwith a high level of
diastereoselectivity. In the final step, the oxatink ring was opened under acidic conditions

with concomitant formation of the methyl-protec®alic acetal75 (Scheme 313%°
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[Scheme 31]

3.2.7.2. From aldehydes or ketones

Aldehydes and ketones, especialipydroxyaldehydes, are convenient substrateddor
novo synthesis of amino sugars. The amino group isllysa&roduced as a component of one
of the substrates condensed with another aldehgtier& substrat®-Acetyl-L-acosamine
andN-benzoylt -ristostamine were obtained starting from coupbhghe O-protected. -
lactaldehyd&’6 with methyl propiolate in the presence of LDA. Tresulting alkyne&r7
underwent reaction with chlorosulfonyl isocyan&dpwed by hydrogenation in the
presence of the Lindlar catalyst. The oléfBthus formed, was cyclized to oxazolidinone.
Hydrolysis of both the carbamate and the esterggoevaporation of the volatiles, and
lactonization with acetic anhydride, followed byluetion with an excess of DIBAL-H
afforded the amino sugar derivative. The routeilgatb N-acetyl+-acosaming9is shown
in Scheme 32%

[Scheme 32]

Thea,B-unsaturated ketones can undergo a hetero DielsrAddiction with an activated
alkene, as shown in Scheme 33. Heating an eBomath activated alken81in toluene gave
two different glycals in ratio 1:8Rab). Desosamin@3 was obtained from the glycal
intermediate82b.’

[Scheme 33]

Thea,B-unsaturated aldehyde was used as a starting atéostrthe_-acosamine synthesis
described by Menzel and othéP8 The key point in this strategy as shown in Schamds
the Henry reaction of a nitroald86 obtained from acrylaldehydb with the O-protectech-
hydroxyaldehyd&4.

[Scheme 34]
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Ermolenko and coworkers proposed an universal ndelbgy for an asymmetric synthesis
of 2-amino-2-deoxy sugars, starting from readilgifable chiral building blocks, 2,3-
isopropylidene-glyceraldehyde and dilithiats the Julia olefination and subsequent
dihydroxylation as the key steps. This method wsesddor the preparation bfglucosamine,
L-mannosamine andtalosamine derivatives>?*°The pathway leading tomannosamine is
shown in Scheme 35.

[Scheme 35]

lodoxybenzoic acid (IBX) was proposed as a convemnmigaction mediator in a synthetic
pathway leading ta-vancosamin@&9 as shown in Scheme 36. The first step in this payhw
was an intermolecular Kishi-Nozaki coupling of vilmydide 87 and lactaldehyd88. IBX
acted at subsequent steps as an oxidative reaugat gyclization induce™*

[Scheme 36]

Another example of a total synthesis starting fanmaldehyde substrate is a two-step
synthesis ob-mannosamine shown in Scheme 37. Enantioseleativerization ofO-TIPS
a-hydroxyacetaldehyd®0 afforded a produc®1that was condensed with appropriately
protected enamin@2 in the presence of Lewis - Tiglto give a mixture of derivatives of
mannosamin®3 andD-allosamine (10:1 ratidf?

[Scheme 37]

In a similar approach applied for the synthesidefosamine (Scheme 38), couplingrof
hydroxyaldehyd®4 with an alkyne derivative was catalyzed by Zn(QTThe tungsten-
catalyzed alkynol cycloisomerization led to a glygawhich was subsequently
dihydroxylated, to give the final product

[Scheme 38]
Aldehydes can also undergo condensation with nikeog@s which are useful reagentsien

novo synthesis of aminosaccharides, due to their hegltivity with different nucleophiles.
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An exemplary synthesis of tlleglucosamine derivative is shown in Scheme 39. An
important advantage of such approach is that thiterdoes not require isolation and
purification of intermediates after each reactitep$>***

[Scheme 39]

Seeberger and Leonori described a total synthésieveral amino sugars using a
commercially available L-Garner aldehy@@as a starting substrét®. This compound was
transformed into intermedia®y. Dihydroxylation of aldehyd87 under Upjohn conditions
gave, after peracetylation with acetic anhydriddeavative ofb-fucosamineé98in 81%
yield, with 5:1 diastereoselectivity (C3—@#ti/syn). Dihydroxylation of aldehyd87 and
further selective anomeric acetylation, gave inttrate99. After activation of the C4
hydroxyl group, compounél9 was finally converted to precursormbacillosaminel00
(Scheme 403%?°®The 2,4-diacetamido-2,4,6-trideo®ygalactose was synthesized using a
similar protocol, in which the Garner aldehyde \wespared from.-threonine?”’

[Scheme 40]

A method of synthesis of 3-amino-3,6-dideoxyamingass starting from highly
stereoselective titanium-mediated aldol additioa chirala-bromo ketond01to
crotonaldehyde was presented by Nebot &&urther transformations of functional groups
including a regioselective Staudinger—aza-Wittigcteon of an azidodiacetate, afford in a few
steps and high yield the desired carbohydratesheanaed intermediates capable of
participating in subsequent glycosylation reactidrige route leading to the ultimate
formation ofN-benzyloxycarbonyl--mycosaminel02is shown in Scheme 41.

[Scheme 41]
3.2.7.3. From acids, esters or lactones
Carboxylic acids, their esters and lactones haea lbieed as starting substrates in several

methods of amino sugar synthesis. Racemic desosamas prepared from methyl hexa-2,5-
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dienoatel03 which treated with polyphosphoric acid underweydlization to the parasorbic

acid lactonel04 Epoxidation, treatment of the epoxide with dinyimine and the final

reduction of the lacton®05with DIBAL-H afforded therac-desosamin&06 (Scheme 425%°
[Scheme 42]

The stereoselective synthesis elaunosamine was accomplished from diethf#)-
tartratel07 as a starting substrate, as shown in Schent&43e key step in the total
sequence was a stereoselective additiarlihio N,N-dimethylacetamide to the imine of
2,3-0-cyclohexylidene-4-deoxy-threosel08 in the presence of zinc halide.

[Scheme 43]

Reaction of §-lactatel09 with vinyl ether and subsequent reactions of $eeceduction
and oxidation gave an intermedidtEOwhich was involved in the nitrile-acetate coupling
reaction. In consequence of the condensatidril dfwvith the Grignard reagent, the derivative
112was formed. The reduction of a double bond andemient acidic hydrolysis, afforded a
lactone derivativd 13 which was finally reduced to theacosamine derivativél4(Scheme
44)#1

[Scheme 44]

An appropriately protected amino lactdliEs, obtained froni-lactate, was a starting
substrate for the stereoselective synthesis\vaincosamine (Scheme 45). Methylation of a
carboanion prepared from the substds proceeded with high stereoselectivity. The Wittig
reaction afforded an unstable methylene di@which under acidic conditions cyclized to
the vancosamine derivative 7.2*2

[Scheme 45]

Another method of a total synthesisLeflaunosamine was proposed by Jurczai. The

whole sequence of reactions is shown in Schenfé&®4Be-aminolactonel 18 obtained

from L-aspartic acid was converted iigO-dibenzylN-tert-butoxycarbonyle-homoserinal

24


http://mostwiedzy.pl

119 Reaction of this compound with vinylmagnesiuntoakde was highly stereoselective.
Subsequent epoxidation, reductive ring openingayetization resulted in the formation of
theL-daunosamine derivativiE20,

[Scheme 46]

In another method of synthesis of 3-amino-2,3 @etxyhexoses, starting from ethyl
sorbatel21l, thecis- ortrans-oxazoline intermediates were assembled by anntiecular
conjugate addition of-trichloroacetimidoyloxys,B-unsaturated esters in an acyclic
systen?** A route leading t@-daunosamine and &i-D-daunosamine is shown in Scheme
47.

[Scheme 47]

In another method of -acosamine synthesis, sorbic ac&? Wvas converted in the first step
to methyl ester and next treated with lithi&N-benzylIN-(a-methylbenzyl)amideThe
single diastereoisomer offaaminoestef23was formed in 72% yield. Oxidation of this
intermediate allowed to obtain an unstable epokR¥ethat was immediately converted into
lactonel25 A sequence of four subsequent reactions leldetb-acosamine derivativie26,
as shown in Scheme 48,

[Scheme 48]

3.2.7.4. From amino acids

The use of amino acids as starting substratedefoovo synthesis of amino sugars is
advantageous because of the possible choice dffadls) optically active compound. Several
amino acids, including alanine, serine, threonime aspartic acid, have been used for this
purpose.

L-Alanine127was a starting material for the total synthesibldf-dimethyl+-mycosamine,
as shown in Scheme 48 The initial deamination afforded 2-acetoxypropwatid, with

96% retention of configuration. An anomeric mixtofenethyl 2,3,6-trideoxy-L- andp-L-
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hex-2-enopyranosid-4-ulos&g8 obtained could be separated by column chromatbgrap
Reduction of the keto group, followed by epoxidatand ring opening with dimethyl amine,
gave the expectadmycosamine derivativé29.

[Scheme 49]

N-Benzoyli-daunosamine can be obtained frorthreonineD-130in a sequence of
reactions shown in Scheme $0The amino acid after deamination was convertesant
dioxolane aldehyde derivativd&1 which was then subjected to the reaction with igrzrd
reagent, leading to the inseparable mixture of epitralcohols, converted subsequently into
azide derivatived32 The five further reactions afforded finally thelaunosamine derivative
133

[Scheme 50]

N-Benzoyl-3p-epi-daunosamine was synthesized by the reactions sim&cheme 532
N-Benzyloxycarbonyl--aspartic acid 34, used as an initial substrate, was converted into
lactonel35 Reduction of the lactor85with DIBAL-H led to a lactol which was opened
with 1,2-ethanethiol in acidic medium to give a hydithiolane. Oxidation with S£afforded
a protectedi-aminoaldehydd 36. The key step of this pathway was a cross-pinecopling
of a-aminoaldehydd 36 with an excess of acetaldehyde, in the presenaevahadium
reagent. Theyn,syn-3-amino-1,2-diol derivativd37 obtained as the major isomer was
subsequently converted intmeB3-epi-daunosamine derivativiE38

[Scheme 51]

N-Methyl-D-fucosamine was synthesized frarserine139 (Scheme 525*° The amino acid
was first converted into the corresponding Schaid140, with an appropriate protection of
hydroxyl and carboxyl groups. After catalytic retdan of the ester functionality to aldehyde,
addition of an alkenyllithium compound afforded #®l derivativel41, with high

diastereoselectivity (>20:1). The osmium-catalyddgydroxylation led to a mixture of
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aminotriols which was resolved by column chromaapdyy. The isolated proper isoniet2
was subjected to several further reactions, wighetventual formation dfi-methylD-
fucosaminel43in 13% overall yield.
[Scheme 52]
Three amino acids were used in the total syntlesifucosamine as shown in Scheme 53.
L-ThreonineL-130was converted into &-trans-2,2,5-trimethyl-1,3-dioxolane-4-
carboxaldehydé@442?° while L-valine 145and glycinel46were used for preparation of33

2,5-diethoxy-3-isopropyl-3,6-dihydropyrazind7.2%*

Reaction of these two cyclic substrates
gave the key intermediafgl8 After a selective hydrolysis of the pyrazine ntpiand
cyclization in acidic media, the fully protectedtanel49was formed. Its reduction and
deprotection led to-fucosaminel 50.%%? Intermediatel 47 was used also for the synthelsis
methylD-fucosaminé” andb-galactosamine derivativés>#%*

[Scheme 53]

Another amino acid-based total synthesis of an arsugar used-threonineL-130as a
starting substrate. The amino acid was first fpligtected and subsequently reduced to
aldehyde. The aldehyde was converted into erdzt@inder Horner-Wadsworth-Emmons
type olefination reaction. Under conditions indezhin Scheme 54 the Z/E ratio of the
products was 17:1. The aminal deprotection wasteddy performed in neat acetic acid with
concomitant lactonization. Oxidation with osmiurtré&ide produced stereoselectively the
diol lactonel52 The 4-amino-4,6-dideoxygulose derivati&3 was finally formed after
reduction with DIBAL-H followed by acidic methandaiig?*° Using a similar strategy, &
epi-daunosamine derivative was obtaiféd.

[Scheme 54]

3.2.7.5. From other substrates
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Acosamine and ristosamine derivatives were prepaeestereoselective reductive cleavage
reactions of a benzylidenated dihydroisoxazolyl di6. The diol was prepared from 3-nitro-
4,5-dihydroisoxazold54via sequential propynylation, Lindlar reduction armdatytic
hydroxylation as shown in Scheme 55. Reaction @hilrodihydrooxazole with excess of
propynyllithium followed by alkyne hydrogenatiordiéo the formation of an inseparable
mixture of isomeric alkenekbs (Z/E ratio 9:1). Subsequent conversions led to thenali
formation ofL-acosamind 57.%’

[Scheme 55]

2,3-O-isopropylidened-ribose mercaptal was a substrateLfgistosamine (Scheme 5&),
acosamine and,L-daunosamine synthesis. Oxidative cleavage of uegted hydroxyl
groups in the substrab8led to aldehyde which was subsequently subjectetiam
elongation and azide addition. Separation of issmes performed after formation of a
dimethyl acetal intermediafis9. The amino group was obtained in consequenceetdizide
reduction. Reductive desulfurization, deprotecaon cyclization afforded finally-
ristosaminel 602 In the same way,-acosamin&® andp,L-daunosamine derivatives were
obtained.

[Scheme 56]

An interesting approach seems to be the use o&aatidinone derivativd61as a chiral
auxiliary. The initial first deprotonation and attement of the 3-carbomethoxypropionyl
function derived from 3-carbomethoxypropionyl clidier allows to obtaii62as a convenient
substrate for aldol condensation. Application ofMIBIS favors deprotonation of ancarbon
of the imide carbonyl instead of that of the e4®&3 thus ensuring high regioselectivity of
reaction. After lactonization, an amino group wasaduced to the lactone ring by DPPA.
The carbamate formed was converted in a few sistplas into a ristosamine derivatii/@4

Using this strategy, a daunosamine derivative Wss @btained>

28


http://mostwiedzy.pl

[Scheme 57]

A total synthesis oN-acetylneuraminic aci@i67was accomplished with a sulfamate ester
165as a substrate (Scheme 58). The initial reactidhe sequence leading to the formation
of intermediatel66 was the C-C coupling in the sequential rhodiumigae aziridination
and the Barbier allylation at the anomeric positidp-glycal, catalyzed by
trifluoroacetamide rhodium (1) (Rftfacam}) and the metal-allyl reagents. Among different
metals tested in the Barbier allylation, the besuits were obtained with indium, so that the
optimal conditions for this reaction were In/KI/THE Recently, a similar synthesis was
proposed by Murakami and co-workers, however tagisty substrate was glucal, which in a
single-step, namely a rhodium anion-catalyzed agiytosylation, was converted inte
glucosaminé®?

[Scheme 58]

4. Protection of an amino group in amino sugars

Synthesis of amino sugar derivatives, particuléstynation of amino sugar conjugates with
other compounds, often calls for appropriate stetabotection of the amino functionality. A
number of different protective groups have beenleysa for this purpose. Most of them are
the same that are used for the protection-amino functionality in peptide chemistry but a
few specific reagents providing amino protectiommino sugars are also known.

The “classical” protective groups are: acetyl (Amnzyloxycarbonyl (Z, Cbz) and
fluorenylmethyloxycarbonyl (Fmoc) and exampleshs tespectivél-protected amino sugar
derivatives includé-acetylb-galactosaminé®® N-acetyl, and\-benzyloxycarbonyb-
glucosaminé®* N-acetylD-kanosaminé® N-acetylb-fucosaming>° 3-acetamido-3-deoxy-
D-allopyranosé? andN-acetylD-mannosaminé®’ N-Fmocb-galactosaminé®® N-Fmocd-

mannosaminé®® N-FmocD-glucosamin&® andN-Fmocb-mycosaminé™®
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A list of other protective groups used in aminoaughemistry, especially in the synthesis
of glycosides is broad. These include: phthaf83tichlorophthaloyl and

tetrachlorophtaloyf?* allyloxycarbonyl2*? dimethylpyrrole?*® N,N-diacetyl**

249 4. 250,251
T di-,

dimethylmaleoyf*° 2,2, 2-trichloroethoxycarbonyf®?**mono- trichloro-?

1253254 3nd dithiasuccino$?® functionalities. The phtaloyl protection can be

trifluoroacety
easily introduced but its removal is difficult. Rbws purpose, much more convenient are
dichlorophthaloyl and tetrachlorophtaloyl functitities that may be removed by the action of
ethylenediamine under mild conditié:**

One of the specific reagents for amino protectioamino sugars is 1,3-dimethyl-2,4,6-
(1H,3H,5H)-trioxopyrimidine-5-ylidene)methyl (DTPM). The D MPgroup is stable in an
acidic environment and its removal is possible \agldrazine, primary amines and agueous
ammonia?>® %>

A particular type of amino-protecting groups in amsugars are those containing the
photosensitive fragments. These are the nitro aioro@ampounds containing benzylic
hydrogens, ortho- to the nitro group. Such systaradight sensitive and their removal can be
easily achieved by exposition to light. Exampleswth protective groups include the 2-
nitrobenzyloxycarbonyl and 6-nitroveratryloxycabbfunctionalities*®°

An useful and convenient strategy for the simultauseprotection of C2 amiramd C3
hydroxy group in 2-amino-2-deoxy sugars is formaind a cyclic carbamate. This strategy
has been applied for the preparation of glucosangimesamine, galactosamine and
allosamine derivative®!2%

5. Conclusions

The growing interest in synthesis and modificatiohamino sugars is stimulated by the
important role of some of these compounds as coemsrof a number of biologically active

substances, especially antibiotics. An amino sufjpresent in the antibiotic structure, is
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usually important for activity and its removal aea slight modification may substantially
alter biological properties of the drug. A good mxde is an antifungal antibiotic
amphotericin B (AmB). Removal of the mycosamineadas from the AmB molecule makes
the latter inactive as an antifungal ag&fityhile the 2'deoxy-AmB demonstrates
substantially better selective toxicity than thetheo antibiotic?® It is not surprising,
therefore, that there is a constant need for caemgnnexpensive but efficient methods of
amino sugar synthesis and/or conversion.

Obviously, there is no single, universal and simpéthod of amino sugar synthesis. Some
of the reported strategies are complicated beaafube inherent challenges associated with
carbohydrate chemistry, especially stereochemibstany of these procedures do not provide
access to amino sugars with complete regio- amdagelectivity, thus difficult separations of
the mixtures formed are required and in consequtreeverall yields of final products are
often low.

The earliest methods of amino sugar synthesis based on easily available
monosaccharides as precursors having defined gemaocentres. This approach is still
attractive but an unequivocal conversion of a hefmeEntose into particular amino sugar is in
many cases impossible because of lack of the apptesubstrate or calls for a multi-step,
laborious procedures. Most of the modern methogsegaration of 1-, 2- and 3-amino
sugars are those starting from glycals, which lager¢latively cheap and commercially
available starting substrates. Presence of stengogentres on the glycal skeleton can be
exploited to introduce new functionalities in arsteselective manner.

A substantial progress has been made in the rgeand due to the development of synthetic
methodologies involving metal-based catalysts pinamote the introduction of new
functionalities with concomitant strict regio- asiéreo control. On the other hand, the recent

tethered approaches provide target compounds witiplete stereo control proceeding
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through the formation afis-fused cyclic intermediates but usually require bemsome
procedures for the preparation of the startingsabes.
What may be expected is the future developmentesrger, metal-free and atom

economical methods that maintain appropriate regid stereo control.
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Figure 1. Amino sugars derived from secondary nedisin.

Scheme 1. Mechanism of amino transfer and sugaspbiabe isomerization catalyzed By
coli GIcN-6-P synthas& Thecis-enamine intermediate is shown in parentheses.

Scheme 2. Biosynthesis of sialic acid (Neu5Ac).

Scheme 3. Biosynthesis of kanosamin8auillus subtilis.®

Scheme 4. Strategy for the formation of amino ssigaf,2 reaction.

Scheme 5. Preparation of amino sugar derivativies) lisiuid ammonia?

Scheme 6. A synthetic route to 6-amino-6-deoxyQ;Bopropylidenes-D-allofuranose.

Scheme 7. Bimolecular nucleophilic substitutiomgsirimethylsilylazide’®

Scheme 8. Synthesis of 5-amino-3,6-anhydro-5-ddo2yd-izopropylidenop-L-
idofuranoses and 3,5-diamino-3,5-dideoxy-1Q@-izopropylidenoe.-D-
ribofuranoses.'%>1%

Scheme 9. Opening of the epoxide ring in an epaasmolecule with ammonia.

Scheme 10. Synthesis of methyl 2-amino-2,3-didesymannopyranosidel), with
oxime 15 reduction’?

Scheme 11. Formation of an oximino intermediatmannosamine synthesfs.

Scheme 12. Cobalooxime intermediate as a convesudastrate to introduce an amino
group*®

Scheme 13. Addition of an azide to the double Harsynthesis of -acosaminé?*

Scheme 14. Azidonitration in synthesis of 2-amirdedxyD-galactos€8 from D-
galactose™®

Scheme 15. Synthesis ioidaunosamine involving formation of the aziridifmegr™>°

Scheme 16. [3,3]-Sigmatropic rearrangement in petjma of a mannosamine derivative
35.

Scheme 17. Addition of an azodicarboxylafto glycals*®
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Scheme 18. Transformation of a triazoline interratto amino sugars.

Scheme 19. Osmium catalyzed tethered aminohydrieul&*

Scheme 20. Sulfonamidoglycosylation of glycafs.

Scheme 21. Preparation of amino sugar derivatiyecbtamidoglycosylation of glycals.

Scheme 22. Tandem hydroamination leads to formatighycosides of amino sugars.

Scheme 23. Synthesis Dfmannosamingia epoxide, aziridine and oxazoline intermediates.

Scheme 24. Addition of a nitrile from KCN to therlwanyl group.

Scheme 25. Synthesis bfmannosamine from-arabinose®

Scheme 26. Synthesis Nftrichloroacetyl (x)-daunosamine, with dienol astarting
substrate.

Scheme 27. Vancosamine synthesis using an amiobdlas a starting substrate.

Scheme 28. Synthesis of kanosamine by the cros$-@ddensation.

Scheme 29-Daunosamine synthesis from an epoxy alc@®ol

Scheme 30. Regio- and enantioselective epoxideopeging in synthesis of vancosamine

derivative starting from vinyl epoxide.

Scheme 31. A protected allylic alcohol as a subsfia acosamine synthesis.

Scheme 32. Synthesis Nfacetyl+-acosamineia theo-hydroxy aldehyde.

Scheme 33. A route to desosamine starting fronbthks-Alder reaction.

Scheme 34L-Acosamine synthesis involving the Henry reaction.

Scheme 35. The use of chiral aldehydes in syntioésisino sugars.

Scheme 36. Application of IBX in synthesisteffancosamine.

Scheme 37. Synthesis Dfmannosamine derivative starting fremhydroxyacetaldehyd&?

Scheme 38. Tungsten-catalyzed alkynol cycloisoratois in synthesis dfi-Boc-
desosamine.

Scheme 39. A total synthesis of amino sugars frisrnaiefins2%*
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Scheme 40. A total synthesismfucosamine and a precursoropbacillosamine with.-
Garner aldehyde as a starting substrate.

Scheme 41. Synthesis of 2,4@Hacetyl-3-azido-3,6-dideoxy-mannopyranose, a precursor
of L-mycosamine, starting from a chikabromoketone.

Scheme 42De novo synthesis of (x)-desosamine.

Scheme 43De novo synthesis of-daunosamine from-(+)-tartrate.

Scheme 44. A nitryl acetate coupling reaction mpheparation af-acosamine.

Scheme 45. Synthesis lolvancosamine from an amino lactone.

Scheme 46De novo synthesis of -daunosamine from thfgaminolactone derivative.

Scheme 47. Ethyl sorbate as a precursor of 3-a@\Bé-trideoxyhexoses.

Scheme 48.-Acosamine synthesis from sorbic acid.

Scheme 49. Preparation¥fN-dimethyl mycosamine from-alanine.

Scheme 50N-Benzoyli-daunosamine synthesis fravthreonine.

Scheme 51. Synthesis Nfbenzoyl-3p-epi-daunosamine using the cross-pinacol coupling
as a key step.

Scheme 52.-Serine as a starting material for the synthesN-ofethyl-D-fucosamine.

Scheme 53. Synthesis Dffucosamine from three amino acid substrates.

Scheme 54De novo synthesis of methyl 4-amino-4,6-dideoxygulose.

Scheme 55. Isoxazoline as a substrate for acosayintleesis.

Scheme 56.-Ristosamine synthesis from mercaptal.

Scheme 57L-Ristosamine derivative synthesis starting fromahieal auxiliary
oxazolidinone.

Scheme 58De novo synthesis of neuraminic acid with a sulfamateresdea substrate.
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Table 1. Amino sugars of natural origin.

IUPAC name

Common name

Component of

Biosour ces

2-amino-2-deoxy-D-glucose

2-methylamino-2-deoxy-L -
glucose

2-acetamido-2-deoxy-D-glucose

2-amino-2,6-dideoxy-D-glucose

4-acetamido-2-amino-2,4,6-
trideoxy-D-glucose

2,4-diacetamido-2,4,6-trideoxy-
D-glucose

3-amino-3-deoxy-D-glucose

6-amino-6-deoxy-D-glucose

3,6-dideoxy-3-dimethylamino-
D-glucose

3-(dimethylamino)-
3,4,6-trideoxy-D-glucose

2-amino-2-deoxy-D-galactose

2-amino-2,6-dideoxy-D-
galactose

2-acetamido-2,6-dideoxy-L-
galactose

2-amino-2-deoxy-D-mannose

3-amino-3,6-dideoxy-D-
mannose

4-amino-4,6-dideoxy-D-
mannose

2-amino-2-deoxy-D-gulose
2-amino-2-deoxy-D-talose

3-amino-3-deoxy-D-ribose

D-glucosamine

N-methyl-L-
glucosamine

N-acetyl-D-
glucosamine

D-quinovosamine

N-acetyl-D-
bacillosamine

kanosamine

mycaminose

desosamine

D-galactosamine

D-fucosamine

N-acetyl-L -
fucosamine

D-mannosamine

D-mycosamine

perosamine

D-gulosamine
D-talosamine

D-ribosamine

chitosan

streptomycin
chitin,
murein,

hialuronic acid,
glycoproteins

lipopolysaccharides
polysaccharides

polysaccharides

unbound
kanamycin A

kanamycin A

leucomycins, magnamycins

erythromycin

bacterial cell wall
chondroitin sulfate

teichuronic acid (component
of the cell wall)

lipopolysaccharides

N-acetylneuraminic acid
siadic acids

amphotericin B, nystatin,
trichomycin A,
pimaricin

O-antigen,
perimycin

streptothricins
chondroitin sulfate

puromycin

Mucor rouxii***

Actinomycetes'*°

crustaceans,
insects,
fungal and bacterial cell
Wal I 17,18

Vibrio cholerae®®
Bacillus licheniformis®

Bacillus licheniformis®*

Streptomyces
kanamyceticus, Bacillus
22,23
PP

Streptomyces
kanamyceticus™

Streptomyces
kitasatoensis Hata®
Sreptomyces erythreus,
Streptomyces
venezuleae®?’
Bacillus subtilis,
mammalian
glycosaminoglycans®

Bacillus subtilis?®3!

Pseudomonas
aeruginosa™

human plasma™

Streptomycetes®*

Vibrio cholerae,
Streptomyces
coelicolor®®¥

Actinomycet
sheep cartilage™
Streptomyces
alboniger**

38,39
€S
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4-amino-4-deoxy-L-arabinose
3-amino-2,3,6-trideoxy-L-lyxo-
hexose

3-amino-2,3,6-trideoxy-L-ribose

3-amino-2,3,6-trideoxy-L-
arabinose

2,3,4,6-tetra-deoxy-4-
(methoxycarbonylamino)-3-C-
methyl-3-nitro-D-xylo-
hexapyranose

L-daunosamine

L-ristosamine

L-acosamine

D-kijanose

lipopolysaccharides

daunomycin

kijanimicin A

Salmonella minnesota™®

Sreptomyces spp.*

Streptomyces spp.

Streptomyces spp.

Actinomadura kijaniata®™
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N-methyl-L-glucosamine

HO
HoN

)
I
X

OH"oH

kanosamine

H3sC_ HO
HO
HoN

A

OH

D-mycosamine

HO

(/i
o
I

NH, OH

D-ribosamine

OH

CHs
NH,

(@)
HOON
OH

NH>

D-quinovosamine

CH3
HO ©
AN
HaC™ Ly OH'oH

mycaminose

H3C._HO

HoN -
HO
OH

perosamine

o}
Ho%
CH3 OH

NH>

L-daunosamine

0

OH

L-acosamine

CH3
0
0]

)
SRTACY
H

NH, OH

N-acetyl-D-bacillosamine

CH3
Hy, OHOH

0

Nay
HaC™ )
¥ ¢C

desosamine

OH
HO
0
NH;
OH OH

D-gulosamine

OH
(@]
HoN A
CHs o)

L-ristosamine

H

NO, OH

D-kijanose
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PMP - pyridoxamine-5'-phosphate

A\ MOST

OPO5% 2-oksoglutarate _
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HO 0
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HO CH3CN HOW N
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50 49
NaN3, NH,CI
MeOH
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MeO" ™ “Nj
OH
a/b=74:26
51a 51b

1. MsClI, TEA, DCM
2. PPhs, iPr3EtbN, MeCN
3. Acy0, py

1. PPh3, toluene
2. Acy0, py

} Nal, DMA ,
MeO ” MeO" NHAc

NAc |
52 - -
WOH
1. 2M HCI, THF
NHAc 2. CAN, NaHCO3, CH5CN
OH
54

UHP - urea-hydrogen peroxide complex
DMA - N.N-dimethylacetamide
MP - p-methoxyphenyl
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NaHCOs3
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H NHCl OAc 1.NaOH Ac:g : A o—::
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/WOH NaH P 2. Se0Qy, HyO5 R L
CCIL,CN 3. (CF5C0)50, Ac,0 Z
57 lutidine
CuCly, H,O
e NHCoOCCI
O + HO ° <980 CHo3
OH OH TMNO
NHCOCCl, NHCOCCly
58b 58a

TMNO - trimethylamine N-oxide
AIBN - azobisisobutyronitrile
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oH 1. NaH, PMB-CI OPMB

: ;NHOBn 3. Cbz-Cl, NaHCO3 OH NHCbz

1. O3, Me,S
2. Acy0, Et3N, DMAP

0]
PMBO
OAc

NHCbz
PMB - p-methoxybenzyl
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2. AcOH, H,0

OH Q/é_ 1. BnBr, BuyNBr, NaOH
0

59

NHBoc

3. TBDMS-CI, imidazole

(0]
1. Sn(OTf),, NEP
_
M 2.60
h

61

OH

TN

OH
0

64

NEP - N-ethylpiperidine
M - Fe(CO)3

o
OH OTBDMS Pb(OAS): !
OTBDMS TBDMSO H

TBDMSO™ ™ :
4. Hy, Pd/C, AcOEt, AcOH TBDMSO ~ OH OTBDMS
60
Boc.  _H
Boos ™ oTeDMS N CH,OTBDMS
o)
OTBDMS 1. BHsMe,S, THF
) OH 2. Ac,0, EtsN, DMAP
% 3. (NH4)2Ce(NO3)s
62 63
Bocs-H ch,oTBDMS . o reOH
AcO, - Y3, Ve
- o OTBDMS
A 2. Me,S
0% H 88%
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1. Ti(OP1)2(N3)2 NHBoc ><
Boc\N

.0 2. PhgP N 1.tBuPh;SICI imidazole o

/\/\?/\
= OH -
3.Boc,O z 2. (CHa)ZCOZ(CH3)2 p-TsOH
OH OSit-BuPh2

65
OAc 1. 03, Me,S ) >< 1. BuyNF
E‘°°~N><o _ MeoCuli Boc N 2. (CO),Cly, NEts

m 2. MeOH, HCI
AcHN OH 3. Ac0, py /J—S‘OH 81%
74

67 66

/ H
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Pd,-dbas CHCI 1. Cbz-Cl, NaHCO S
WL + PMBNH, 2% V% /K\OH 3 7 o
o} (S,5)-L1 3 2. (COCI), EtzN > NPMB
NHPMB N
68 Cbz
KHMDS, DME
-N
OMe N
)<O'V|e oH oH 1. 9-BBNH N_N\>—802Et
1 p-TsOH (ﬁ/ 2.NaOAc, 0z (™ Ph
2. separation by OH * N 3. 0sO4, NMO N
colum chromat. Cbz PMB CbZ PMB
69
bt
o~ o o
~ 0 L ~ O 1. HCI, MeOH HO
W (OAQ)3 m 2. (NH4),Ce(NO3)s H3C -\ OMe
OH™ N SR NH
\ . 2
Cbz/ PMB Cbz PMB 3. KOH, reflux
70 71 72
(S,S)-L1
0] ;:,‘, o)
PhoP NH HN PPh;
KHMDS - potassium bis(trimethylsilyl)amide

9-BBNH - 9-borabicyclo[3.3.1]nonane
Pdy-dbas” CHCIs- dipalladium-tris(dibenzylideneacetone)chloroform complex
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B X-"oTBDPS +

73

HO °
CbzHN

OMe
75

0~ “NHCbz
=
OTBDMS OTBDPS

Pd(TFA)>
NaOBz
O,

(@] OH
g _tBuli N AcO " NHCbz

OTBDMS OTBDMS OTBDPS P18
anti/syn=3.8:1
(separable)

0\
1. HF-py TBDMSO_ - ,N-cbz
2. MeOH/HCI

mOTBDPS

74
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QH 1. AcOH/H,O/THF

CHO =-CO5Me . 2. Chlorosulfonyl isocyanate
DA Y\ 3. Hy, 5% Pd Lindlar cat.

OTBDMS OTBDMS "CO,Me
76 77

OH 0 OCONH,

- 1. +BuOK : CO-Me

_ 2
o DIBAL-H o 2. MeONa/MeOH W
3. Ac,0 OCONH,
" “NHAc <~ “NHAc
OAc OAc

79 78
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NPht
PhS._~ OAc

+ J|/ toluene
o) EtO
80 81 82a 82b
1. H,, Ni/Raney
2. NaBHy4, IPA, H,O
3. AcOH
NH3ACO
Pht - phtaloyl

IPA - isopropyl alcohol 83
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TBDMSOsN

1. NaNO», AcOH

COOEt 1. CH(OMe),, P4019 Yko +
OR

&H 2. i-BuAH OMe
84 86
Bu,NF
NH
2 OH
1. MeOH/HCI OMe
| 2. Hy, Pd/C
“OCHs OR NO, OMe
R - CH;0CH;

WOMe

2. CH(OMe)3
3. NaH, TBDMSCI

OW

85
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NHBoc

OH NHBoc NHBoc
OMO . KK/OBn n-BuLi o OBn Na,Hg, MeOH o XN OBn
4‘0 SO,Ph (@) SO5Ph NazHPO4 %\O
OAc NHBoc 1. TBDMSCI OH  NHBoc 0504, NMO,H,0
o) OH 2. Ac,0, DMAP o] OBn
%\o OTBDMS 3. H,, 10% Pd/C 4\0 OH
py/SO3
EtsN
QAc NHBoc 1. HCI, MeOH " O o
o : CHO L 108 AcO
- 2. Ac,0, EtsN, DMAP TBDMSO
%‘O ()TBDMS NHBoc

A\ MOST
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1. CrCly / NiCl,
| OTBDPS \‘/CHO > o o OTBS 51RDPS

OTBS
87 88

0, O ,oH 1-1BX
2. (NHg)2Ce(NO3)e

Ho\“ N 3. NaOH

ArHN

89

DMP - Dess-Martin periodinane

3. NaBH,, CeClg

HO"

o O ,‘\opﬂ
J

RN
0)

=

1. p-MeOCgH4NCO
2. HF py
3.1BX

4. p-MeOCgH4CH,OH, HCI(g)
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10 % mol
H L-Pro
OTIPS

90

OTIPS
NHBoc

TIPSO
HO

OH
93

TIPS - triisopropylsilyl
TMS- trimethylsilyl
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OTBDMS Zn(OTf), OTBDMS 1. CISO,CH3
. ™S
H (+)-N-methylephedrine = 2. NaNg3, 15-¢c-5

TMS-acetylene, EtsN 3. LiAlH4, THF
0 (_)H 4, BOCzO, Et3N
5. TBAF
94
O._ .OH 1. NaH, Mel 0] OTBDMSl_|
‘OH  3.10% 0sO4 DABCO, hv
NHBoc citric acid NHBoc NHBoc

95
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PR 0\ OH,  OFEt base Ph/%o 0
o} + -
% = HO
7 NO
O 2
NO2 Ot
1.Zn, HCI
2. Trichloroacetyl chloride
3. BnBr, NaH
Ph Ph
/%O O EtSSiMes, Znl, /%O o
BnO BnO
NH NH
SEt Oﬁ/ OEt
CCls

CCl
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o)

HJ\.—\ 1. —=MgBr /\/\_\
i 0 Cul/Me,S/THF : —

_N
Boc )Q 2. Red-Al Boc

96

97

1. 0sO4/NMO | 1. OSO/NMO

2. AcCl

N o] 1. TfH,0
3 -«
Nap% 2. NaN3, DMF
BocHN
OAc

100

Nap - 2-naphthylmethyl ether
NMO - N-methyl morpholine-N-oxide

NapO
BocHN

99

OAc

2. Ac,0

OAc

NapO
BocHN

98

OAc


http://mostwiedzy.pl

A\ MOST

o) 1. TiClp(i-PrO),, O OH OH OH
ﬁ)J\/Br i-ProNEt RO, H]\fk/\ 1. NaN3, DMSO RO, - %
2. ~xg ' 2. Me4NHB(OAC)3 :
OR Br CH3CN:AcOH Na

101 1. Me,C(OMe),, PPTS cat.
2. PM63,H20
3. BnOCOCI, NaHCO3

NHCbz o><o V4

OH (@)

C 0
, : K,0sO :
HF-CHsCN RO, 0 L RUsYs  pRo,
i ~ NalOy4 ' ; =
OH NHCbz NHCbz

102

R = TBDMS
PPTS - pyridinium p-toluenesulfonate
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o HsC HsC
= OMe /=0 NaHCO3

103 104

OH 1. (CH3)oNH

2.H*

(HsC),N  ©OH N(CHa)2
106 105
PPA - polyphosphoric acid
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CO,Et

H——OH 1. (CHy)sC(OMe), O jﬁ PhCHzBr <:><Oj/\OH
HO——H 2 LiaH, o—,.-OBn

CO,Et
1. TsCl/py
107 2. NaBH,4
3. Hy, Pd/C
Ol 22 O e O,
o=~ NBN EtsN o—.,.-OH
108
LiICH,CONMe,
ZnCl,

CH
QO o 1. Cbz-Cl =0 1.DIBALH | o—7" 1
MNMGZ 2. 80% AcOH 2. HCOOH HN
_ i 3. Acy,O )

: N,
g O Cbz Bn
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?H 1. /\OEt 9CH2CH20Et MeZC(OH)CN C?)CHzg:\'l'zOEt
A CoLEt 2. LiAH, ~cHo Y
3. DMSO, (COCI),, EtzN OH

109 110 OMe

OMe

(Me3Si0),S0,

<:><o CH,=C(Ot-Bu)CMgCl <:><o :(

OK/\COZI‘—BU O™ ey
1.Ac20,py 112  NH, 111

2. Hy, Rh/C

BzHN BzHN

o 1. Hel 0
<:>< 2. PhCOCI, NaHCO; o t-BuAlH w
HO — = HO
0 COst-BU 5 ol

NHAG 113 114

OH
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,,,,(i?éo 1iPNLE :,,.(Ofo
) 2. CHl, THF \

HO  NHBoc HO  NHBoc

115 1.DIBAL-H, CH5Cl,
® 0O
2. PhsPCHOCH;

OH ¢ NHBoc
o) 1. HF-CH3OH K
AcO D ~
Cm% 2.Ac0,py WOCH;:,
OCHs SH

NHAc
117 116
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CbzHN 1. DCC, MeOH Bn. Boc

e

2. TBDMS-CI, imidazole N
o S0 3.Hz 5% PdiC Boc,O TBDMSOJ\Aan
4. LiAlH4
118 5. BnBr, NaH
1. BusNF
2. SOs/py
Bn_ _Boc Bn_ _Boc
o N 1. CoH3MgCl N
/). - O
V\;)\/\OBn 2. m-CPBA v'\Aosn
OH 119
1. DIBAL-H
2. DMP, p-TsOH
3. Na, NH3 (liq.)
4. S0Os/py

1. HCI, MeOH

NHBoc )
W 2. Acz0lpy ACO%OMe
O\‘ - \O -
%5 NHAc
120



http://mostwiedzy.pl

1. [(DHQD),PHAL], OTBDMS
CH3SO5NH,, -BuOH

MCOzEt X CO5Et
2. DBU, CI3CCN, CHsCN
121 OH
cat. DBU
CH5CN
oH CO,Et
o O.__o _3MHCI, BzCI RO N
HO sat. NaHCO3 //k
BzHN 3
OH
R= TBDMS

[(DHQD),PHAL] - dihydroquinidine phthaladine
DBU - 1,8-diazabicyclo[5.4.0lundec-7-ene
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1. SOCl,, MeOH

Lo~

A\ COOH

1 Eh X CO,Me
Ph"N
122 Li 123
F3CCO,H
F3CCO3H
n, 0.0
HBF /1\‘/\
l/,il\rph CO5Me
Ph o
125 124
H,, Pd(OH),/C
. 0. _o 1.DIBALH,CHCL .. O _OMe
’I;;j7 2. MeOH, HCI /[;;j’
HO ; 3. Acy0, py, DMAP AcO :
NHBoc NHAc

126
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O  CH(OMe),

YCOOH 1. HNO,, AcOH YCOCl 1. BIMgC=CCH(OMe), =
NH, 2. 80Cl, OAc 2. Hy, Pd/BaSOy, quinoline OH
3. NaOH
127 l HsPO4, CCly, A
GMe 0. _OMe
HoﬂZH NMesaq. 1. LiAlH,, Et,0 m, Q OMe+ n,, O OMe
/N\ A HO 2. m-CPBA, CgHg o = o —
Me" Me o
129 128a 128b
ratio 2:1
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CHO o
1. NaNO,, H>SO, »—/ 1. CHy=CHCH,MgBr /

HO COOH 2. MeOH, H30* 0._ .0 2. p-TsCl, py o_ 0
|i1H2 3. cyclohexanone, p-TsOH - 3. NaN3, NH4CI, heat
4. NaAlH,(OCH,CH,0Me),
D-130 131 132
syn:anti
1:4
0 1. LiAlH,4, Et,O
HO OH  1.03MeOH o OH/ 2.50% AcOH
CHs 2. Me,S ' 3. BzCl, K,CO3
NHBz NHBz

133
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o)

NHCbz

134
OH
o)
OH
NHBz
138

0 1. DIBAL-H o
H OJ\AI(OH 1. CICO5Bn, KoCO3 Oib 2. (CH,SH),, BF3(Et:0) /u\j/
: H

2. Ac,0, AcOH 3. SO3(py), EtsN

NHCbz NHCbz
135 136

MeCHO,
[V2-Cl3(THF)gl2[Zn,Clgl

1. LiOH, MeOH, reflux H S/ \S
2. PhCOCI, KoCO3 ,\q@wowle Hg(ClO4)2(H20)3 OH
HO H
3. 20% AcOH, reflux
CbzHN - B
OH NHCbz

137
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Ho/\‘/COOH

NH,

139

OH

m
HO (0]

NHMe
143

R = TBDMS

1. KCN/MeOH
by 2. Hp, PdiC

CO,Me
1. DIBAL-H, i-BusAl
N\‘Cth 2. LICH=CHCHj;
140
OAc OAc 1. NaBH3CN/CH3CN,
: 37% aq. CH,0
/ .
A 2.4% aq. HF

Ph2HC"\LMeOAC 3. Swern oxidation

OH
N<cph,
141
1. KoOsOo(OH) 4
K2003/K3F9(CN)5
t-BUOH/H,0 (1:1)
2. Ac,0
OAc OAc
RO

thC/’ N OAc

142
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OH \/ ~=0
/H/COOH d Y

L-130 144

OEt
COOH COOH k
Ly

NH NH, H?N
145 146 OFt
147

OH

ﬁ&m
HO
NRy;-OH

150

DMIPSCI - isopropyldimethylsilyl chloride

OEt K
1. NH,Cl aq. #‘Q_ NQ\“
= O ~ _N

2. NaH, BnBr
oBn OEt
148
1. 0.25N HCI
2. Na»,CO3, CbzCl
3. TFA, HO
4. DMIPSCI, imidazole
DMIPSO
1. DIBAL-H (0] 0
2. H,, Pd/C
0.25N HCI

BnO'  NHCbz
149
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OH 1. MeOH/ HCI .~ LOMe

COOH 2. (Boc)20, EtsN

O. N-
3. Me,C(OMe)s, x Boc
NH,
BF3'OEt2
L-130
NHBoc o on
o} 1. DIBAL-H o}
2. CSA. MeOH ;
0 OH ‘OH
OH NHBoc

153 152

1. DIBAL-H

2. MeO,CCH,P(O)(OCH,CF3),

KoCOg3 18-crown-6

CO,Me

1. AcOH
2.0s04,NMO  g_ N-goc

151
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Ph

N,o 1. MeC=CLi ,O_  1.Me3N-O cat. 0sO4 )—o
- N
\ / 2. Ho, cat. Lindlar 2. PhCHO, ZnCl, O 0
05N quinoline \
154 155 156
1. LiBH4
OMe 1-AcOH AcHN O 2. p-AcOCGHLNO,,
AcO 0 2. Ac0, py N-hydroxybenztriazole
c R 3. COCl,, EtzN
AN 3. MeOH, p-TsOH 0
S\

157


http://mostwiedzy.pl

SPr

SPr SPr
Prs O>< Pb(OAC)4 Prs O>< 1.PhsPCHCHO ~ PrS O><
o I\ o g2 NaNg AOH o o
OH N3
158 159
1. p-TsOH, DMP
2. LiAIH
OH O: / 3. BzCl, py
o] AcOH/HO o0 o 4. Ni/Raney, MeOH
K OH
160 OMe NHBz

DMP -2,2-dimethoxypropane
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o o)

HN)J\O n-BuLi, THF - COuMe 1. LHMDS, THF
\__/  CICO(CH,),CO.Me 5> OR
Ph\{ 162 /'\CHO
Ph
161 = HX
O O OH
LiOH, H,O :
1. BUOH, EN, A Bl xjk_/\‘/
2. DPPA, A ~ OR
HN OR OR MGOZC
Boc 163
1. TBAF, rt

2. DIBAL-H, THF

OH 0
1.CHzOH,Hcl ~ HO

2. BzCl, py

NHBz OMe
164

R = TBDMS

LHMDS - lithium bis(trimethylsilylyamide
DPPA - diphenylphosphoryl azide
TBAF - tetra-n-butylammonium fluoride
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?
HaN=-S— ¢

(;[ Rh,[tfacam]s, PhIO, MgO
M/allyl bromide

HO

HO,
LIOHMeOH/H,0  NHAG

167

Rhy[tfacam]4 - rhodium(ll) trifluoroacetamide
M: Mg, In, Sn, Zn

1. Acy0, CHLClo/EtaN
2. HyS04, THF/H,0
3. ACzo, CHQC|2/Et3N

1. MeONa/MeOH

2.03,MeOH  AcO" \ ._
BzO0 OpzOAc COE
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