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1. Introdu
tion

1.1. The Biologi
al Importan
e of Carbohydrates and Amino

Sugars

Carbohydrates form the most abundant 
lass of biomole
ules and are 
onstituents of all plants,

animals and mi
roorganisms. Simple polysa

harides, su
h as amylose in star
h and 
ellulose

(�gure 1.1), serve as food reserves as well as stru
tural 
omponents in 
ell walls. These polymeri


stru
tures are 
omposed of monomeri
 building blo
ks, 
alled monosa

harides. In the 
ase of

amylose and 
ellulose, d-glu
ose, the most prominent 
arbohydrate, fun
tions as the monosa
-


haride. The 
hemistry of monosa

harides�also often referred to as gly
oses�is mostly 
har-

a
terized by their great versatility due to the multitude of fun
tional groups in a rather small

mole
ule.

[1℄

O
O
HO

OH

O

OH

O

HO
OH

OH

O

n

1
1

4

4

Figure 1.1. The repeating unit of the polysa

haride 
ellulose.

During the last de
ades the development of more e�e
tive methods for the 
hara
terization

and investigation of 
arbohydrate stru
tures led to the per
eption that the biologi
al relevan
e

of 
arbohydrates well ex
eeds their primary role as energy storage and stru
tural 
omponent.

Gly
osylated 
arbohydrates play a key role in many biologi
al pro
esses su
h as fertilization,

embryogenesis, immune defense, viral repli
ation, tissue repair and 
ell growth. This newfound

importan
e of 
arbohydrates for living systems led to the establishment of a new resear
h �eld


alled gly
obiology.

[2℄

Many of the aforementioned biologi
al pro
esses involve gly
ans 
ontaining amino sugars as

building blo
ks. Examples in
lude polymeri
 gly
osaminogly
ans as the mammalian blood an-

ti
oagulant heparin and the joint lubri
ant hyaluroni
 a
id or peptidogly
ans as 
omponents of

the ba
terial 
ell walls. Amino sugars are de�ned as monosa

harides in whi
h at least one hy-

droxyl group is repla
ed by an amino group.

[3℄

The most 
ommon long-
hain polymer featuring

an amino sugar as monomeri
 unit found in nature is 
hitin (�gure 1.2). Chitin is the prevailing


onstituent of the exoskeleton of inse
ts and 
rusta
eans and has a stru
ture similar to 
ellulose

with only the hydroxyl group at the C2 position of the ba
kbone polymer 
hain being repla
ed

by an a
etamido group.

[4℄

In 1875, Ledderhose was the �rst to isolate a monomeri
 amino

sugar, when he obtained 
olorless 
rystals of d-glu
osamine hydro
hloride by boiling a lobster

shell in hydro
hlori
 a
id.

[5℄

1
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O
O
HO

NH

O

OH

O

HO
NH

OH

O

n

1
1

4

4

O

O

2

2

Figure 1.2. The repeating unit of the polymeri
 amino sugar 
hitin.

Amino sugars are further the main 
onstituents of oligomeri
 aminogly
oside antibioti
s as gen-

tamy
in and streptomy
in (�gure 1.3), whi
h are of great medi
al importan
e. Their me
hanism

of a
tion is based on the interferen
e of the aminogly
osides with the protein biosynthesis by

a
ting on the ba
terial ribosome, leading to rapid 
ell death.

[6℄

O
H3C H

N
OH

O
H2N

H3C

OH

O
H2N

HO

NH2

O

CH3

NH2

O
HO

HO
NH

OH

H3C OO

OHC

O

OH CH3

HO
OH

OH

N

H2N

NH2

N
NH2

H2N

streptomycingentamycin

Figure 1.3. Stru
ture of the aminogly
osides gentamy
in and streptomy
in.

If the amino group of an amino sugar is lo
ated at the anomeri
 
arbon atom those 
ompounds

are generally referred to as gly
osylamines or N -gly
osides. Gly
osylamines represent a parti
ular


lass of its own sin
e their 
hemi
al behavior and biologi
al relevan
e is predominately distin
t

from all other amino sugars. The immense importan
e of gly
osylamines �rst be
ame obvious

with the determination of the 
omposition and stru
ture of ribonu
lei
 and deoxyribonu
lei


a
id in the 20th 
entury. The in
luded nu
leobases, 
oding the geneti
 information in all life

forms, are linked via a N -gly
osidi
 bond to the anomeri
 
arbon atom of a pentose (ribose

or 2-deoxyribose), forming nu
leosides. Hen
e, nu
leosides are regarded as the most prominent

representatives of the 
lass of gly
osylamines.

[3℄

Gly
osylamines are also found as rea
tive intermediates in theMaillard rea
tion, a rea
tion be-

tween amino a
ids and redu
ing sugars that gives food its brown 
olor and distin
tive �avor upon


ooking.

[7℄

Almost �fty years after the elu
idation of the rea
tion me
hanism, the Maillard

rea
tion be
ame again a 
enter of interest, when the potential human 
ar
inogen a
rylamide was

dete
ted in various heated foods.

[8�10℄

The 
urrently proposed me
hanism for the formation of

a
rylamide in heating pro
esses is depi
ted in �gure 1.4 and involves the formation of gly
osyl-

amine and S
hiff base spe
ies as intermediates and subsequent elimination of either ammonia

or a substituted imine.

[11℄
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O
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Figure 1.4. Me
hanism of a
rylamide formation from d-glu
ose and l-asparagine in heated foods

as postulated by Zyzak et al.

[11℄

Furthermore, N -alkylated derivaties of gly
osylamines have been investigated as β-glu
o
erebro-

sidase inhibitors for a potential treatment of the Gau
her's disease,

[12℄

as gly
olipid analogs in

alternative antigen delivery systems

[13℄

and as 
ompounds exhibiting antifugal a
tivities; thus,

being promising 
andidates as bio
idal additives for food pa
kaging.

[14℄

1.2. The Chemistry of Gly
osylamines

For redu
ing sugars the equilibrium between the 
arbonyl open 
hain form, its hydrate and the

prevailing 
y
li
 hemia
etal or hemiketal forms upon dissolution in water is long known and well

resear
hed.

[15,16℄

The observed 
y
li
 spe
ies di�er in their ring size (pyranoses and furanoses)

and their 
on�guration at the anomeri
 
arbon atom.

[17℄

The formation of di�erent anomers

is a

ompanied by a 
hange in opti
al rotation known as mutarotation. For gly
osylamines a

similar behavior was �rst des
ribed by Isbell and Frush in 
ourse of kineti
 measurements on

the mutarotation and hydrolysis rea
tion of d-pentosylamines.

[18,19℄

In 
ontrast to gly
oses, the

mutarotation of gly
osylamines is not su�
iently 
atalyzed under basi
 
onditions, suggesting

that mutarotation and hydrolysis take pla
e through an intermediate immonium ion.

[18℄

This

3
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assumption was further veri�ed by NMR-spe
tros
opi
 studies on d-pentosylamines by Zhu et

al., showing the presen
e of two diasteromeri
 a
y
li
 hemiaminals in solution.

[20℄

These hemi-

aminal spe
ies fun
tion as intermediates in the 
ourse of the hydrolysis of gly
osylamines sin
e

the subsequent elimination of ammonia yields the 
orresponding gly
oses. Over the re
ent years

further NMR-spe
tros
opi
 studies on the equilibrium state of unsubstituted and N -alkylated

gly
osylamines in aqueous solution were 
ondu
ted by S
hwarz and Lindner.

[21�23℄

An ex-

emplary s
heme of all relevant spe
ies of d-glu
osylamine in aqueous solution is illustrated in

�gure 1.5.

O
HO

HO

OH

NH2

OH

O
HO

HO

OH

OH

NH2

O
OH

OH

HO

NH2HOO
OH

OH

HO

NH2

HO

NH

OH

OH

HO

HO

HO

NH2

OH

OH

HO

HO

HO

HO

+

NH2

OH

OH

HO

HO

HO

HO

− H2O+ H2O

β-D-glucopyranosylamine α-D-glucopyranosylamine

α-D-glucofuranosylamineβ-D-glucofuranosylamine

acyclic imine form (SCHIFF base)

acyclic hemiaminal

Figure 1.5. Isomerization between the di�erent spe
ies of gly
osylamines in aqueous solution

and the rea
tion with water to the 
orresponding diastereomeri
 hemiaminals shown for d-

glu
osylamine.

The resear
h of S
hwarz and Lindner revealed a striking dominan
e of the β-anomer for d-

xylosylamine and d-glu
osylamine in 
omparison to d-xylose and d-glu
ose in aqueous solution.

This observation arises from the absen
e of an anomeri
 e�e
t for 
arbohydrates bearing an

amino fun
tion at the anomeri
 
arbon atom;

[24℄

thus, leading to a signi�
ant preferen
e of an

equatorial orientation of the C1�N bond in d-gly
osylamines.

[20℄

Just like pyranoses and furanoses, pyranosylamines and furansosylamines potentially exhibit

a broad variety of di�erent 
onformations. Generally, in six-membered rings these possible


onformations in
lude 
hair, boat and twist-boat forms. But in the 
ase of pyranosylamines

only two dis
rete 
hair 
onformations have yet been des
ribed: the

4C1 and

1C4 
onformation.

These 
onformations 
an be 
onverted into ea
h other by ring inversion, with the boat and twist-

boat form being intermediates on the 
onversion path. In the 
ase of d-arabinopyranosylamine,

4
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NMR-spe
tros
opi
 studies reveal a preferen
e of the

1C4 
onformation for the α-anomer, while

the β-anomer favors the 4C1 
onformation, as depi
ted in �gure 1.6.

[22℄

This observation is in

a

ordan
e with the general rule, that equatorial substituents 
onfer stability to a 
hair form,

while axial substituents are destabilizing.

[25℄

O NH2
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β-D-arabinopyranosylamine
4C1
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2
34

5

1
23

4
5

O
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NH2

123

4
5

O

NH2

OH

HO
OH

1

2
34

5

α-D-arabinopyranosylamine
4C1

β-D-arabinopyranosylamine
1C4

Figure 1.6. Ring inversion shown for the α- and β-anomer of d-arabinopyranosylamine, indi
at-

ing the prevailing 
onformation in aqueous solution.

For furanose forms the determination of the present ring form is more 
ompli
ated, sin
e �ve-

membered rings have the ability to adopt twenty idealized forms (ten envelope and ten twist

forms). These nonplanar forms inter
onvert readily via pseudorotation or inversion, the latter

involving the planar form as intermediate.

[26℄

As in most 
ases the formation of furanosylamines

is less favored than the formation of pyranosylamines in solution, only few studies on their


onformation were performed. NMR-spe
tros
opi
 experiments 
ondu
ted by Zhu et al. indi
ate

the preferen
e of the E2 and

2E for the α-anomer and β-anomer of d-xylofuranosylamine in

solution, respe
tively, while for d-xylofuranose the 
onformation for the α-anomer is near E1

and near

1E for the β-anomer (�gure 1.7). This observation is a

ounted to the anomeri
 e�e
t

in xylofuranoses, leading to an in
reased stability of the quasi-axial orientation for the C1�O1

bond. Due to the absen
e of an anomeri
 e�e
t in gly
osylamines the C1�N1 bond stri
tly favors

the quasi-equatorial position in furanosylamines.

[20℄

NH2

OH

OH
O

HO
HO

OH
OH

O

OH

O

HO

OH
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HO
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β-D-xylofuranosylamine
2E

α-D-xylofuranose
E1

β-D-xylofuranose
1E

Figure 1.7. Preferred 
onformations for the anomers of d-xylofuranosylamine and d-xylofuranose

a

ording to Zhu et al.

[20℄
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1.3. Palladium(II) and Platinum(II) Complexes

Palladium(II) and platinum(II) ions show similar 
hara
teristi
s regarding their 
oordination


hemistry. Both are divalent noble metal 
ations and stri
tly form low-spin 
omplexes exhibiting

a square-planar geometry with diamagneti
 properties due to their d

8
ele
tron 
on�guration.

A wide pool of palladium(II) 
ompounds are of major importan
e as 
atalysts in various industrial

pro
esses (e.g. the Wa
ker pro
ess) as well as in organi
 synthesis (e.g. the He
k rea
tion).

[27℄

The resear
h on platinum(II) 
omplexes on the other hand mainly fo
uses on their a
tivity

as 
hemotherapeuti
 agents. Rosenberg et al. �rst serendipitously dis
overed and reported

the antitumor a
tivity of platinum 
ompounds.

[28℄

In advan
ed studies 
is-diamminedi
hlorido-

platinum(II) (
isplatin, �gure 1.8) proved to be the most promising platinum-based antitumor

drug 
andidate and was approved for 
lini
al use by the U.S. Food and Drug Administration

in 1978.

[29℄

The me
hanism leading to this anti-
an
er a
tivity is mainly designated to the 
o-

valent binding of the PtN2-fragment to the N7 position of guanine in the DNA. The resulting

intrastrand 
rosslinks inhibit DNA repair and DNA synthesis in the fast multiplying 
an
er


ells.

[30℄

Todays other notable platinum-based antineoplasti
 drugs in
lude oxaliplatin and 
ar-

boplatin (�gure 1.8), whi
h distinguish themselves from 
isplatin by 
hanges in the neutral

spe
tator ligand and anioni
 leaving ligand. Su
h 
hanges lead to a redu
tion of undesirable

side e�e
ts (most notably nephrotoxi
ity, neurotoxi
ity and nausea), but 
an also de
rease the

poten
y of the drug.

[31℄

Pt

O
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H3N

H3N

Pt

Cl

Cl

H3N

H3N

Pt

O

O

H2
N

N
H2

O

O

O

O

cisplatin carboplatin oxaliplatin

Figure 1.8. Platinum-based antineoplasti
 drugs.

Sin
e the ex
hange of the ligand has su
h a large impa
t on the rea
tivity of a platinum-based

drug, the sear
h for alternative ligand 
andidates plays a key role in this still thriving resear
h

�eld. Some of the numerous drug 
andidates proposed in the literature in
operate amino sugars

as spe
tator ligands. For example, Hlavka et al. �rst des
ribed the anti-
an
er a
tivity of

not further spe
i�ed 
ompounds resulting from the treatment of various gly
osylamines and

d-glu
osamine with platinum(II) 
hloride in water.

[32℄

In a more re
ent publi
ation Berger

et al. substituted the 
y
lohexane-1,2-diamine auxiliary ligand in oxiliplatin by a 2,3-diamino-

2,3-dideoxy-d-glu
ose ligand and 
hara
terized the four 
omplexes depi
ted in �gure 1.9. The

synthesized 
ompounds vary in their anioni
 ligand utilized as leaving group and thus exhibit

di�erent 
ytotoxi
 a
tivities.

[33℄
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Figure 1.9. Overview of the by Berger et al. synthesized platinum(II) amino sugar 
omplexes.

[33℄

Beyond this broad range of investigated ligands, there is also great interest in the use of other

metal ions for inorgani
 anti-
an
er drugs. Palladium-based alternatives proved to have anti-

neoplasti
 properties similar to platinum 
omplexes but with di�erent stability and kineti
s

(palladium 
omplexes are up to 10

5
times more rea
tive)

[34℄

at a lower 
ost.

[31℄

In an exem-

plary work Tanaka et al. investigated and 
ompared the anti-
an
er e�e
ts of gly
o
onjugated

palladium(II) and platinum(II) 
omplexes with a glu
osamine derivative as the featured ligand

illustrated in �gure 1.10.

[35℄

M

NN

ClCl

HO

OH
HO

OH
O

Figure 1.10. Stru
ture of the glu
osamine derivative metal 
omplexes with M = Pd, Pt synthe-

sized by Tanaka et al.

[35℄

1.4. Chara
terization of Gly
osylamines and their Pd

II

Complexes

The most 
ommon analyti
al method to determine the 
on�guration and 
onformation of gly-


osylamines in solution is NMR spe
tros
opy. In 
omparison to the 
orresponding gly
oses the

13

C{

1

H} NMR signal for the C1 atom of the gly
osylamines is shifted in the upper �eld due to

the substitution of the atta
hed hydroxyl group by an amino fun
tion. All other 
arbon atoms of

the 
arbohydrate s
a�old show 
omparable 
hemi
al shifts. Furanoid isomers 
an be identi�ed

by a 
hemi
al shift larger than 80 ppm for the C4 atom.

[36℄

The Karplus equation allows a further determination of the present 
on�guration and 
onfor-

mation as it des
ribes the 
orrelation between the 
oupling 
onstant and the dihedral torsion

angle of two vi
inal hydrogen atoms.

[37℄

Although the Karplus equation gives distin
t values

for every angle, it is only used empiri
ally throughout this work. As 
an be seen in �gure 1.11,

in pyranoid systems a 
oupling 
onstant of 1Hz to 4Hz indi
ates an axial-equatorial or an

7
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equatorial-equatorial arrangement of two vi
inal hydrogen atoms, while 
oupling 
onstants from

8Hz to 12Hz mat
h an axial-axial orientation. In some 
ases dynami
 �u
tuation between

two spe
ies in solution, as for example between the

4C1 and the

1C4 
onformation, allow no

unambiguous determination by the aforementioned measures.

[38℄
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Figure 1.11. S
hemati
 visualization of the Karplus relation, showing the 
orrelation between

the 
oupling 
onstant

3
J

HH

and the H�C�C�H dihedral torsion angle φ in nu
lear magneti


resonan
e spe
tros
opy.

The 
on�guration and 
onformation of gly
osylamines as ligands in palladium(II) 
omplexes 
an

be determined in the same manner as for the free gly
osylamines due to the diamagnetism of

the obtained 
omplexes. The 
oordination sites of the metal fragments on gly
osylamines 
an

be identi�ed by the observation of the 
oordination-indu
ed shift (CIS). The CIS is a result of

the 
hanges in the ele
tron density within ligands upon 
oordination and its value is obtained

by subtra
ting 
hemi
al shifts of ea
h nu
leus in the 
omplexed and the free ligand.

∆δ(CIS) = δ

omplexed

− δ
free

(1.1)

In most 
ases the resulting binding mode in solution is determined in regard to the CIS for

13

C{

1

H} NMR signals of 
arbon atoms atta
hed to the 
oordinating fun
tional group. Chara
-

teristi
 values in the 
ase of unsubstituted gly
osylamines are 1 ppm to 3 ppm for the C1 atom


oordinating via a neutral amino fun
tion, while CIS values from 6 ppm to 12 ppm are observed

for 
arbon atoms with 
oordinating alkoxide moieties.

[22℄

8
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1.5. Aim of this Work

In �rst studies on the 
helatation properties of N -alkyl-d-gly
osylamines towards palladium(II)

probes performed by Lindner, unexpe
ted metalation of the a
y
li
 imine form was NMR-

spe
tropi
ally dete
ted besides the anti
ipated formation of pyranosylamine-palladium 
om-

plexes. This remarkable behavior was observed for N -ethyl-d-arabinosylamine and for N -methyl-

and N -ethyl-d-lyxosylamine as well as for non-substituted d-lyxosylamine. The methyl and ethyl

derivatives of N -alkyl-d-glu
osylamine on the other hand showed no indi
ations for a similar

metalation of the respe
tive imine form.

[22℄

On the basis of these initial �ndings, the aim of this work is to identify and elu
idate the

in�uen
ing fa
tors for this intermittent metalation of the open-
hain isomer and to provide further

analyti
al eviden
e for the formation of these remarkable 
omplex spe
ies. Therefore, in a �rst

step, the pool ofN -substituted gly
osylamines available as ligands is extended. These synthesized

N -substituted gly
osylamines are subsequently treated with various palladium(II) probes. The

resulting stru
tures and per
entage distributions for the gly
osylamine-metal 
omplexes formed

in the rea
tion solutions are determined by NMR-spe
tros
opi
 methods. In the best 
ase also

single 
rystals suitable for X-ray di�ra
tion studies are obtained from the 
orresponding rea
tion

solutions to gain additional stru
tural information and analyti
al eviden
e for the investigated

gly
osylamine-palladium 
omplexes. The results gathered from these experiments should help to

formulate tenden
ies for the in�uen
e of the used ligand as well as of the in
luded metal probe

on the potential metalation of the a
y
li
 imine form of a gly
osylamine.

9
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2.1. N-Substituted Gly
osylamines

The N -substituted gly
osylamines des
ribed in this work were primarily synthesized for their use

as ligands in rea
tions with palladium(II) and platinum(II) probes. These rea
tions intend to

lead to a better understanding of the 
oordination behavior of gly
osylamines in general. Sin
e

the synthesis and 
hara
teristi
s of the majority of the investigated N -substituted gly
osylamines

has not yet been reported in the literature, the �rst part of this work ex
lusively fo
uses on their

synthesis and 
hemi
al 
hara
teristi
s.

The purity of the synthesized N -substituted gly
osylamine was analyzed by elemental analysis,

fast atom bombardment mass spe
trometry and

1

H and

13

C{

1

H} NMR spe
tros
opy in D

2

O

and DMSO-d6. For further 
hara
terization,
1

H,

1

H-COSY,

1

H,

13

C-HMQC,

1

H,

13

C-HMBC and

DEPT135 NMR experiments were performed in order to allow an exa
t assignment of the NMR

signals in the 
arbohydrate s
a�old and the determination of the present isomers.

Besides the basi
 analyti
 
hara
terization, the equilibrium of the formed isomers in various sol-

vents as well as the extent of their hydrolysis was investigated more 
losly. The per
entage distri-

butions of the isomers dete
ted in solution were determined with the help of NMR-spe
tros
opi


methods. The 
omparison of the respe
tive isomers' integrals in the measured

1

H NMR spe
tra

represents the method of 
hoi
e for this kind of quanti�
ation. Superposition of signals is a 
om-

mon problem in

1

H NMR spe
tra and often hinders an exa
t determination of the per
entage

distribution. In this 
ase, the integrals measured in the asso
iated

13

C{

1

H} NMR spe
tra were

taken into a

ount. This method is slightly less a

urate, but still reveals the 
omposition of the

solution with a deviation of up to ±5%. [36℄

Furthermore, the mole
ular stru
ture was determined through single-
rystal X-ray di�ra
tion for

all 
rystalline N -substituted gly
osylamines. Using the thereby obtained atom 
oordinates, the

asso
iated pu
kering parameters Q, θ and φ a

ording to Cremer and Pople were 
al
ulated

with Platon for the pyranosylamine rings.

2.1.1. N-Alkylpentosylamines

N -Alkylpentosylamines are readily synthesized through the 
ondensation rea
tion of an aldose

with a primary aliphati
 amine in either methanoli
 or ethanoli
 solution. The formation of

the desired N -alkylpentosylamine pro
eeds via the nu
leophili
 atta
k of the alkylamine on the


arbonyl 
arbon atom of the monosa

haride in its open-
hain form, leading to the substitution

of the hydroxy group at the anomeri
 
arbon atom by an alkylamine moiety.

Pro
edures for the synthesis of various pentosylamines as des
ribed by Lindner were applied and

slightly modi�ed in this work.

[22℄

Essentially, those rea
tions pro
eeded at good rates under i
e


ooling or at room temperature. The subsequent isolation of the desired N -alkylpentosylamines

10



2. Results

from the rea
tion mixture was a
hieved by either pre
ipitation, and thereby taking advantage

of the lower solubility of the produ
t in al
oholi
 solution, or via evaporation of all solvents and

rea
tants, sin
e short-
hained aliphati
 amines are highly volatile. Is has to be noted, that the

puri�
ation step in
luding the pre
ipitation yielded the desired produ
ts in a better purity, but

was not always appli
able.

All four d-aldopentoses (d-arabinose, d-lyxose, d-ribose and d-xylose) were used as rea
tants,

while the rea
ting alkylamines were methylamine, ethylamine, propylamine, iso-propylamine

and tert -butylamine.

Many of the synthesized N -alkylpentosylamines showed signi�
ant rates of hydrolysis, result-

ing in the ba
k rea
tion to the originally applied aldose and alkylamine. The stability of the

N -alkylpentosylamines di�er for every pentose and the extent of the hydrolysti
 
leavage 
an

readily be monitored by NMR spe
tros
opy in D

2

O. The rate of hydrolysis in
reases with ris-

ing temperature, pH-value and steri
 demand of the alkylamino substituent. These tenden
ies

were already des
ribed by Stepanenko and 
oworkers, who furthermore found eviden
e for a


orrelation between the de
reasing stability and an in
reasing 
onformational instability of the

sugar 
omponent.

[39℄

In order to avoid this formation of the initial rea
tants, a

ompanied by the

emergen
e of extra NMR signals, the majority of NMR spe
tra in D

2

O were measured at 4 ◦C

to redu
e the hydrolyti
 side rea
tion. Furthermore, NMR spe
tra of the N -alkylpentosylamines

in dry DMSO-d6 were 
olle
ted to minimize hydrolysis and therefore guaranteeing the dete
tion

of any 
ontamination of the produ
t with residues of the rea
tants.

Similar to their 
orresponding pentose analogues, the synthesized N -alkylpentosylamines exhibit

various 
on�gurations and 
onformations in solution. The o

urring anomerization results in an

equilibrium between the α- and β- forms of pyranosylamines and furanosylamines. Additionally,

some N -alkylpentopyranosylamine isomers tend to show a dynami
 �u
tuation between the

4C1


onformation and

1C4 
onformation through ring inversion.

2.1.1.1. N-Alkyl-D-arabinosylamines

The rea
tion of d-arabinose with various alkylamines yielded the N -alkyl-d-arabinosylamines

displayed in �gure 2.1. d-Ara1NMe and d-Ara1NEt 
ould be stored at 4 ◦C under inert gas atmo-

sphere for several weeks before slowly de
omposing to a brown residue. d-Ara1NPr, d-Ara1NiPr

and d-Ara1NtBu on the other hand showed immediate signs of hydrolysis when exposed to air

and had to be stored under inert gas atmosphere at −20 ◦C to avoid de
omposition.

11



2. Results

O
OH

HO
OH

O
HO H

N
R

NH

R OH

OH

O
OH

HO
OH

HN
R

1C4-α-D-Arap1NR
R = Me, Et, Pr, iPr, tBu

1

2
34

5

HN
OH

HO

O

HO

HN

OH

HO

O

HO
R

R

1

3

4

5

1

3

4

5

2 2

β-D-Araf1NR
R = Me, Et, Pr, iPr, tBu

α-D-Araf1NR
R = Me, Et, Pr, iPr, tBu

4C1-β-D-Arap1NR
R = Me, Et, Pr, iPr, tBu

1C4-β-D-Arap1NR
R = Me, Et, Pr, iPr, tBu

1

1

2
23

4
5

34

5

Figure 2.1. In D

2

O and DMSO-d6 dete
ted isomers and 
onformations of the synthesized N -

alkyl-d-arabinosylamines.

As 
an be seen in table 2.1, the α-anomer represents the predominant isomer for the N -alkyl-d-

arabinosylamines in D

2

O and in DMSO-d6. The
3J

H,H

values found for the α-anomers (listed in

table 2.2) verify the 
lear preferen
e of the

1C4 
onformation featuring three equatorial oriented

substituents. These spe
tros
opi
 �ndings are in a

ordan
e with the 
rystal stru
tures of

1C4-

α-d-Ara1NMe and

1C4-α-d-Ara1NEt previously reported by Lindner.

[22℄

Table 2.1. Per
entage distribution of the di�erent isomers for the synthesized N -alkyl-d-ara-

binosylamines from

1

H or

13

C{

1

H} NMR spe
tra measured in D

2

O and in DMSO-d6 at room

temperature.

D

2

O DMSO-d6

αp βp αf βf αp βp αf βf

d-Ara1NMe 64 18 10 8 36 32 20 12

d-Ara1NEt 66 15 12 7 60 19 13 8

d-Ara1NPr 70 18 8 4 55 23 13 9

d-Ara1NiPr 78 14 6 2 56 22 15 7

d-Ara1NtBu 100 0 0 0 30 27 22 21

The less abundant β-anomers feature two substituents in equatorial position and two substituents

in axial position in the

1C4 
onformation and in the

4C1 
onformation. Thus, a dynami
 �u
tu-

ation between both 
onformations was assumed. The experimental

3J
H,H

values for the N -alkyl-

β-d-arabinosylamines, listed in table 2.2, noti
eably de
reased with an in
reasing steri
 demand

of the alkylamino substituent lo
ated at anomeri
 
arbon atom. This observation indi
ates a

reasonable preferen
e of the

4C1 
onformation to keep the more bulky substituents in the ener-

geti
ally favored equatorial position. In the 
ase of d-Ara1NtBu no eviden
e for the presen
e of

the 
orresponding β-pyranosylamine form in aqueous solution was found. The

13
C{

1
H} NMR

shifts assigned to the 
arbohydrate s
a�old and the Cα atom of the alkylamino group of all

dete
ted N -alkyl-d-arabinopyranosylamines are listed in table 2.3.

12
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Table 2.2. Experimental and 
al
ulated

3J
H,H

values in Hz for both anomers of the dete
ted N -

alkyl-d-arabinopyranosylamines from

1

H NMR spe
tra measured in D

2

O. Dashes indi
ate that

due to superposition of signals no 
oupling 
onstant 
ould be determined.

3
J1,2

3
J2,3

3
J3,4

3
J4,5eq

3
J4,5ax

1C4-α-d-Ara1NR (
al
d.) 8.6 9.6 3.2 2.5 0.6

α-d-Arap1NMe 8.6 9.5 3.7 2.3 1.2

α-d-Arap1NEt 8.6 9.5 3.5 2.3 1.2

α-d-Arap1NPr 8.6 9.4 3.6 2.3 1.2

α-d-Arap1NiPr 8.5 9.4 3.6 2.3 1.2

α-d-Arap1NtBu 8.7 � � 1.9 �

4C1-α-d-Ara1NR (
al
d.) 2.4 4.3 3.5 4.3 10.1

1C4-β-d-Ara1NR (
al
d.) 3.1 9.6 3.2 2.5 0.6

β-d-Arap1NMe 2.6 � � � �

β-d-Arap1NEt 2.2 � � � �

β-d-Arap1NPr 2.1 � � � �

β-d-Arap1NiPr 1.8 � � � �

4C1-β-d-Ara1NR (
al
d.) 0.9 4.3 3.5 4.3 10.1

Table 2.3. Sele
ted

13

C{

1

H} NMR 
hemi
al shifts (δ/ppm) of the N -alkyl-d-arabinopyranosyl-

amines dete
ted in D

2

O or DMSO-d6(*).

C1 C2 C3 C4 C5 Cα

α-d-Arap1NMe 92.2 70.9 73.8 69.4 67.7 31.5

α-d-Arap1NEt 90.8 71.2 73.8 69.4 67.7 39.9

α-d-Arap1NPr 91.1 71.1 73.8 69.4 67.8 47.6

α-d-Arap1NiPr 89.0 71.5 73.9 69.4 67.7 45.4

α-d-Arap1NtBu 87.6 71.3 73.9 69.6 67.3 51.2

β-d-Arap1NMe 87.1 69.3 70.3 66.1 63.6 31.7

β-d-Arap1NEt 85.1 70.5 70.7 65.7 63.8 39.8

β-d-Arap1NPr 85.3 70.8 70.8 65.6 63.9 47.5

β-d-Arap1NiPr 82.3 71.3 69.5 65.2 64.1 44.1

β-d-Arap1NtBu* 81.2 70.8 71.4 64.7 63.1 49.5

Additionally, both furanoid anomers were dete
ted in aqueous solutions of all synthesized N -

alkyl-d-arabinosylamines, ex
ept for d-Ara1NtBu. This ex
eption, whi
h also applied to the

previously mentioned pyranoid β-anomer, presumably derives from the signi�
ant steri
 demand

of the tert -butylamino moiety. The amount of the furanoid form is slightly in
reased in DMSO


ompared to aqueous solutions (table 2.1). The measured

3J1,2 values range between 4.9Hz

to 5.1Hz for the N -alkyl-α-d-arabinosylamines and 3.6Hz to 3.7Hz for the 
orresponding β-

anomers, respe
tively. The

13
C{

1
H} NMR shifts assigned to the 
arbohydrate s
a�old and the

Cα atom of the alkylamino group of all dete
ted N -alkyl-d-arabinofuranosylamines are listed

below in table 2.4.
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Table 2.4. Sele
ted

13

C{

1

H} NMR 
hemi
al shifts (δ/ppm) of the N -alkyl-d-arabinosylamines

dete
ted in D

2

O or DMSO-d6(*).

C1 C2 C3 C4 C5 Cα

α-d-Araf 1NMe 95.1 79.9 76.0 81.9 61.8 31.1

α-d-Araf 1NEt 93.8 80.4 76.1 81.9 61.8 39.7

α-d-Araf 1NPr 94.4 80.2 75.9 81.9 61.7 47.3

α-d-Araf 1NiPr 91.4 80.8 76.1 81.9 61.8 44.7

α-d-Araf 1NtBu* 91.4 81.6 76.3 82.3 62.1 49.5

β-d-Araf 1NMe 92.8 77.2 76.3 83.1 62.5 32.3

β-d-Araf 1NEt 91.2 77.3 76.4 83.3 62.5 40.7

β-d-Araf 1NPr 91.7 77.5 76.4 83.6 62.5 48.3

β-d-Araf 1NiPr 88.9 77.6 76.6 83.8 62.5 45.3

β-d-Araf 1NtBu* 86.3 77.0 76.4 83.4 62.1 49.4

2.1.1.2. N-Alkyl-D-lyxosylamines

The rea
tion of d-lyxose with various alkylamines yielded the 
orresponding N -alkyl-d-lyxosyl-

amines displayed in �gure 2.2. All produ
ts were obtained as white or slightly beige powders with

only d-Lyx1NiPr and d-Lyx1NtBu showing signi�
ant signs of de
omposition when exposed to

air and when stored at 4 ◦C under inert gas atmosphere for months.
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Figure 2.2. In D

2

O and DMSO-d6 dete
ted isomers and 
onformations of the synthesized N -

alkyl-d-lyxosylamines.

As shown in table 2.5, the prevailing isomer in aqueous solution for all N -alkyl-d-lyxosylamines

is the β-pyranosylamine anomer. The only other spe
ies dete
ted in aqueous solution, ex
luding

hydrolysis produ
ts, is the 
orresponding pyranoid α-anomer. The measured amount of the

α-anomer is higher in DMSO than in water. In the 
ase of d-Lyx1NtBu the 
on
entration of

the α-anomer even ex
eeds the β-anomer in DMSO. There were no tra
es of furanoid isomers

dete
ted in the NMR spe
tra of any of the investigated N -alkyl-d-lyxosylamines, neither in D

2

O

or in DMSO-d6. The

13
C{

1
H} NMR shifts assigned to the 
arbohydrate s
a�old and the Cα

atom of the alkylamino group are listed in table 2.5.
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Table 2.5. Per
entage distribution of the di�erent isomers for the synthesized N -alkyl-d-lyxosyl-

amines from

1

H or

13

C{

1

H} NMR spe
tra measured in D

2

O at room temperature or at 4 ◦C(*)
and in DMSO-d6 at room temperature.

D

2

O DMSO-d6

βp αp βp αp

d-Lyx1NMe 69 31 56 44

d-Lyx1NEt 73 27 57 43

d-Lyx1NPr 74 26 59 41

d-Lyx1NiPr 77 23 62 38

d-Lyx1NtBu* 64 36 46 54

The experimental

3J1,2 values for the N -alkyl-β-d-lyxosylamines, listed in table 2.6, mat
h the


al
ulated values for the expe
ted sole presen
e of the

4C1 
onformation with only one axial

substituent. For the 
orresponding α-anomers on the other hand, the measured

3J1,2 values lie

in between the idealized

3J1,2 
oupling 
onstants for the
4C1 and

1C4 
onformation of α-d-lyxo-

pyranoses. Thus, a dynami
 �u
tuation between the

1C4 
onformation and the
4C1 
onformation

is assumed for the synthesized N -alkyl-α-d-lyxosylamines. And yet the 1C4 
onformation appears

to be favored sin
e the found

3J1,2 values are lo
ated 
loser to the idealized

3J1,2 value for the

1C4 
onformation. This preferen
e in
reases with growing steri
 demand of the alkylamino

substituent in order to avoid an adverse axial orientation of a bulky substituent, as 
an be


learly seen in the 
ase of α-d-Lyx1NtBu.

Table 2.6. Experimental and 
al
ulated

3J
H,H

values in Hz for the dete
ted isomers of the

synthesized N -alkyl-d-lyxopyranosylamines from

1

H NMR spe
tra measured in D

2

O. Dashes

indi
ate that due to superposition of signals no 
oupling 
onstant 
ould be determined.

3
J1,2

3
J2,3

3
J3,4

3
J4,5eq

3
J4,5ax

4C1-β-d-Lyx1NR (
al
d.) 1.1 3.5 9.6 4.3 10.1

β-d-Lyxp1NMe 1.2 3.3 9.6 5.5 10.4

β-d-Lyxp1NEt 1.1 3.4 9.6 5.5 10.4

β-d-Lyxp1NPr 1.1 3.4 9.6 5.6 10.4

β-d-Lyxp1NiPr 1.1 3.4 9.6 5.6 11.3

β-d-Lyxp1NtBu 1.1 � � � �

1C4-β-d-Lyx1NR (
al
d.) 3.1 3.5 4.3 2.5 0.6

4C1-α-d-Lyx1NR (
al
d.) 2.6 3.5 9.6 4.3 10.1

α-d-Lyxp1NMe 6.6 3.3 � � 4.7

α-d-Lyxp1NEt 6.8 3.3 � � �

α-d-Lyxp1NPr 6.9 3.1 � � �

α-d-Lyxp1NiPr 6.9 3.1 � � �

α-d-Lyxp1NtBu 7.6 � � � �

1C4-α-d-Lyx1NR (
al
d.) 8.7 3.5 4.3 2.5 0.6
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Table 2.7. Sele
ted

13

C{

1

H} NMR 
hemi
al shifts (δ/ppm) of the N -alkyl-d-lyxopyranosylamines

dete
ted in D

2

O or DMSO-d6(*).

C1 C2 C3 C4 C5 Cα

β-d-Lyxp1NMe 89.7 71.4 74.4 67.2 67.0 31.6

β-d-Lyxp1NEt 87.8 71.6 74.4 67.2 67.0 39.5

β-d-Lyxp1NPr 88.2 71.6 74.5 67.2 67.0 47.1

β-d-Lyxp1NiPr 85.4 71.8 74.5 67.2 67.1 43.8

β-d-Lyxp1NtBu 85.3 71.1 74.7 67.2 66.6 51.1

α-d-Lyxp1NMe 89.1 69.3 71.1 69.2 64.7 31.2

α-d-Lyxp1NEt 87.6 69.4 71.1 69.2 64.6 39.6

α-d-Lyxp1NPr 87.9 69.4 71.2 69.2 64.7 47.3

α-d-Lyxp1NiPr 85.5 69.2 70.9 69.2 64.4 45.0

α-d-Lyxp1NtBu 84.3 69.8 71.1 69.4 64.7 51.2

2.1.1.3. N-Alkyl-D-ribosylamines

The rea
tion of d-ribose with various alkylamines yielded the in �gure 2.3 displayed N -alkyl-

d-ribosylamines. While d-Rib1NMe, d-Rib1NEt, d-Rib1NPr were obtained as yellow to brown

syrup-like liquids at room temperature, d-Rib1NiPr and d-Rib1NtBu 
ould be isolated as o�-

white solids. All 
ompounds showed an immense sus
eptibility towards hydrolysis and had to

be stored at −25 ◦C under inert gas atmosphere.
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Figure 2.3. In D

2

O and DMSO-d6 dete
ted isomers of the synthesized N -alkyl-d-ribosylamines.

As shown in table 2.8, the pyranoid β-anomer represents the most abundant isomer in aqueous

solution for all synthesized N -alkyl-d-ribosylamines. Next to the prevailing spe
ies, signi�
ant

amounts of the 
orresponding α-anomer in its pyranosylamine form and smaller amounts of both

anomers of the respe
tive furanosylamines were dete
ted. The abundan
e of these minor spe
ies

appeared to be slightly in
reased in solutions of DMSO. Another noteworthy �nding was the

dete
tion of tra
es of the open-
hain imine form in the 
ase of d-Rib1NiPr and d-Rib1NtBu
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in DMSO. Both a
y
li
 isomers were identi�ed by the prominent

13

C{

1

H} NMR signal of the

imine moiety (C1) at 162.8 ppm and 159.7 ppm as well as the 
orresponding

1

H NMR signals at

7.70 ppm and 7.69 ppm, respe
tively.

Table 2.8. Per
entage distribution of the di�erent isomers for the synthesized N -alkyl-d-ribosyl-

amines from

1

H or

13

C{

1

H} NMR spe
tra measured in D

2

O at 4 ◦C and in DMSO-d6 at room

temperature.

D

2

O DMSO-d6

βp αp βf αf βp αp βf αf a

d-Rib1NMe 42 41 10 7 44 32 17 7 0

d-Rib1NEt 55 34 8 3 40 37 16 7 0

d-Rib1NPr 44 44 8 4 40 35 15 10 0

d-Rib1NiPr 50 38 8 4 40 36 13 9 2

d-Rib1NtBu 52 39 9 0 42 23 19 14 2

The measured

3J
H,H

values for the β-anomers of the N -alkyl-d-ribosylamines, listed in table 2.9,

prove that the favored 
onformation is the expe
ted

4C1 
onformation with three equatorial

substituents. Derived from their small

3J1,2 values, the α-anomers on the other hand seem to

stri
tly reside in the

1C4 
onformation. By adopting this 
onformation it is guaranteed that the

alkylamino substituent is always lo
ated at the energeti
ally favored equatorial position. The

13
C{

1
H} NMR shifts assigned to the 
arbohydrate s
a�old and the Cα atom of the alkylamino

group for the ribopyranosylamines are listed in table 2.10.

Table 2.9. Experimental and 
al
ulated

3J
H,H

values in Hz for the dete
ted isomers of the

synthesized N -alkyl-d-ribosylamines from

1

H NMR spe
tra measured in D

2

O. Dashes indi
ate

that due to superposition of signals no 
oupling 
onstant 
ould be determined.

3
J1,2

3
J2,3

3
J3,4

3
J4,5eq

3
J4,5ax

4C1-β-d-Rib1NR (
al
d.) 8.7 3.5 3.5 4.3 10.1

β-d-Ribp1NMe 8.4 2.7 2.7 4.9 11.0

β-d-Ribp1NEt 8.4 3.0 3.0 4.9 11.1

β-d-Ribp1NPr 8.5 3.0 3.0 4.8 11.0

β-d-Ribp1NiPr 8.4 2.7 2.7 4.9 11.0

β-d-Ribp1NtBu 8.6 2.7 2.4 � �

1C4-β-d-Rib1NR (
al
d.) 2.4 3.5 3.2 2.5 0.6

1C4-α-d-Rib1NR (
al
d.) 0.9 3.5 3.2 2.5 0.6

α-d-Ribp1NMe 1.1 � � � �

α-d-Ribp1NEt 1.0 � � � �

α-d-Ribp1NPr 0.9 � � � �

α-d-Ribp1NiPr 1.2 � � � �

α-d-Ribp1NtBu 0.9 � � � �

4C1-α-d-Rib1NR (
al
d.) 3.1 3.5 3.5 4.3 10.1
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Table 2.10. Sele
ted

13

C{

1

H} NMR 
hemi
al shifts (δ/ppm) of the N -alkyl-d-ribopyranosyl-

amines dete
ted in D

2

O or DMSO-d6(*).

C1 C2 C3 C4 C5 Cα

β-d-Ribp1NMe 88.4 72.2 70.6 67.6 63.9 31.4

β-d-Ribp1NEt 86.9 72.5 70.8 67.6 63.8 40.0

β-d-Ribp1NPr 87.2 72.4 70.7 67.6 63.8 47.6

β-d-Ribp1NiPr 85.1 72.7 71.0 67.6 63.7 45.2

β-d-Ribp1NtBu 83.5 73.7 71.1 67.6 63.5 51.1

α-d-Ribp1NMe 89.4 71.2 69.3 69.2 63.5 31.6

α-d-Ribp1NEt 87.6 70.9 69.4 69.2 63.5 39.5

α-d-Ribp1NPr 87.9 71.0 69.4 69.2 63.5 47.1

α-d-Ribp1NiPr 85.0 71.0 69.4 69.2 63.5 44.5

α-d-Ribp1NtBu 85.1 72.4 69.4 69.3 63.3 50.9

The determined

3J1,2 values for the furanoid isomers in D

2

O lie within the range from 4.4Hz

to 4.7Hz for the β-anomers and from 3.2Hz to 3.8Hz for the respe
tive α-anomers. The

13
C{

1
H} NMR shifts assigned to the 
arbohydrate s
a�old and the Cα atom of the alkylamino

group for the ribopyranosylamines are listed in table 2.11.

Table 2.11. Sele
ted

13

C{

1

H} NMR 
hemi
al shifts (δ/ppm) of the N -alkyl-d-ribosylamines

dete
ted in D

2

O or DMSO-d6(*).

C1 C2 C3 C4 C5 Cα

β-d-Ribf 1NMe 95.5 71.2 74.5 82.9 62.4 31.7

β-d-Ribf 1NEt 94.1 71.2 74.9 82.9 62.4 40.3

β-d-Ribf 1NPr 94.5 71.2 74.8 82.8 62.3 47.8

β-d-Ribf 1NiPr 91.7 71.2 75.3 82.9 62.3 43.6

β-d-Ribf 1NtBu 90.6 71.2 76.1 82.9 62.4 51.1

α-d-Ribf 1NMe 92.5 72.1 71.8 81.0 61.8 31.8

α-d-Ribf 1NEt 90.8 72.1 72.0 80.9 61.8 40.1

α-d-Ribf 1NPr 91.1 72.1 72.1 80.9 61.8 47.6

α-d-Ribf 1NiPr 88.1 72.2 72.1 80.9 61.8 45.3

α-d-Ribf 1NtBu* 86.2 71.3 71.0 81.4 62.0 49.3
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2. Results

2.1.1.4. N-Alkyl-D-xylosylamines

The rea
tion of d-xylose with various alkylamines yielded the N -alkyl-d-xylosylamines displayed

in �gure 2.4. d-Xyl1NMe, d-Xyl1NEt and d-Xyl1NPr were obtained as neat powders, storeable

for days at room temperature before showing signs of hydrolysis. On the other hand the synthesis

of d-Xyl1NiPr and d-Xyl1NtBu yielded the produ
ts as syrup-like liquids with a signi�
ant

sensitivity towards hydrolysis. All 
ompounds were stored at 4 ◦C and under inert gas atmosphere

for a few months before slowly de
omposing to a brown 
aramel-like residue.
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Figure 2.4. In D

2

O and DMSO-d6 dete
ted isomers of the synthesized N -alkyl-d-xylosylamines.

The β-pyranosylamine isomers represent the prevailing spe
ies in aqueous solution for all syn-

thesized N -alkyl-d-xylosylamines, as shown in table 2.12 below. This dominan
e of one isomer

appears even more pronoun
ed at lower temperatures. Other spe
ies, observed in the NMR

spe
tra, besides the hydrolysis produ
ts d-xylose and the 
orresponding alkylamine, were identi-

�ed as the α-pyranosylamine isomers by their small

3J
H,H

values listed in table 2.13. While the

α-anomer is present in all aqueous solutions of the synthesized N -alkyl-d-xylopyranosylamines,

its anomeri
 ratio never ex
eeded 10% at 4 ◦C. Both pyranoid anomers stri
tly adopt the

4C1


onformation in order to minimize the presen
e of equatorial hydroxy groups.

Table 2.12. Per
entage distribution of the di�erent isomers for the synthesized N -alkyl-d-xylosyl-

amines dete
ted in

1

H or

13

C{

1

H} NMR spe
tra measured in D

2

O at 4 ◦C and room temperature

and in DMSO-d6 at room temperature.

D

2

O (RT) D

2

O (4

◦
C) DMSO-d6

βp αp βf αf βp αp βf αf βp αp βf αf

d-Xyl1NMe 87 11 2 0 94 6 0 0 72 23 3 2

d-Xyl1NEt 87 11 2 0 97 3 0 0 84 12 2 2

d-Xyl1NPr 90 10 0 0 98 2 0 0 85 15 0 0

d-Xyl1NiPr 94 6 0 0 94 6 0 0 88 12 0 0

d-Xyl1NtBu 98 2 0 0 98 2 0 0 67 33 0 0

In addition, tra
es of the β-furanosylamine anomer of d-Xyl1NMe and d-Xyl1NEt were dete
ted

in their respe
tive NMR spe
tra at room temperature. The

3J1,2 values asso
iated to these

isomers in water are 3.0Hz and 2.9Hz, respe
tively.

A higher abundan
e of the N -alkyl-α-d-xylopyranosylamines was observed in DMSO. In those

solutions the α/β ratio rea
hed up to 1:2 and in the 
ase of d-Xyl1NMe and d-Xyl1NEt also

small amounts of the 
orresponding furanosylamine isomers were dete
ted. The

13
C{

1
H} NMR

shifts assigned to the 
arbohydrate s
a�old and the Cα atom of the alkylamino group for the

dete
ted d-xylosylamines are listed in table 2.14.
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Table 2.13. Experimental and 
al
ulated

3J
H,H

values in Hz for the dete
ted isomers of the

synthesized N -alkyl-d-xylosylamines from

1

H NMR spe
tra measured in D

2

O. Dashes indi
ate

that due to superposition of signals no 
oupling 
onstant 
ould be determined.

3
J1,2

3
J2,3

3
J3,4

3
J4,5a

3
J4,5b

4C1-β-d-Xyl1NR (
al
d.) 8.7 9.8 9.6 4.3 10.1

β-d-Xylp1NMe 9.0 9.0 9.1 5.5 11.0

β-d-Xylp1NEt 8.8 8.9 9.1 5.4 11.0

β-d-Xylp1NPr 8.8 8.9 9.1 5.5 11.4

β-d-Xylp1NiPr 8.7 � 9.1 5.3 11.0

β-d-Xylp1NtBu 8.7 8.9 9.1 5.4 11.0

4C1-β-d-Xyl1NR (
al
d.) 2.4 4.3 4.3 2.5 0.6

4C1-α-d-Xyl1NR (
al
d.) 3.1 9.8 9.6 4.3 10.1

α-d-Xylp1NMe 3.7 � � � �

α-d-Xylp1NEt 3.5 � � � �

α-d-Xylp1NPr 3.4 � � � �

α-d-Xylp1NiPr 2.8 � � � �

α-d-Xylp1NtBu 3.7 � � � �

4C1-α-d-Xyl1NR (
al
d.) 0.9 4.3 4.3 2.5 0.6

Table 2.14. Sele
ted

13

C{

1

H} NMR 
hemi
al shifts (δ/ppm) of the N -alkyl-d-xylosylamines

dete
ted in D

2

O or DMSO-d6(*). Dashes indi
ate that due to superposition of signals no 
hemi
al

shift 
ould be determined.

C1 C2 C3 C4 C5 Cα

β-d-Xylp1NMe 92.2 73.4 77.4 70.2 66.9 31.6

β-d-Xylp1NEt 90.8 73.6 77.5 70.2 66.7 40.0

β-d-Xylp1NPr 91.1 73.5 77.4 70.1 66.8 47.5

β-d-Xylp1NiPr 89.0 73.9 77.6 70.1 66.8 45.5

β-d-Xylp1NtBu 87.5 73.8 77.5 70.3 66.2 51.1

α-d-Xylp1NMe 87.8 71.2 72.1 69.7 63.0 31.4

α-d-Xylp1NEt 86.0 71.2 71.7 69.5 63.7 39.8

α-d-Xylp1NPr 86.2 71.2 71.7 69.5 63.6 47.4

α-d-Xylp1NiPr 83.4 71.0 71.2 69.2 64.7 44.5

α-d-Xylp1NtBu* 82.0 71.6 72.1 69.7 62.1 49.4

β-d-Xylf 1NMe 96.7 80.2 76.1 80.5 61.2 31.7

β-d-Xylf 1NEt 95.7 80.6 76.1 80.7 61.1 40.1

α-d-Xylf 1NMe* 92.2 75.8 75.8 79.0 66.9 32.8

α-d-Xylf 1NEt* 90.3 75.4 75.4 78.9 60.3 �
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2.1.2. N-Alkylhexosylamines

N -Alkylhexosylamines were synthesized in a similar fashion as the in 
hapter 2.1.1 des
ribed

N -alkylpentosylamines. The aldohexoses used as rea
tants for the synthesis of N -alkylhexo-

sylamines in this work in
lude d-gala
tose, d-glu
ose, l-gulose, d-mannose and the 6-deoxy-

aldohexose l-rhamnose. The rea
tion of these aldohexoses with various alkylamines (methyl-

amine, ethylamine, propylamine, iso-propylamine and tert -butylamine) gave numerous N -alkyl-

hexosylamines with deviating results in terms of their yield, purity, stability and hygros
opy.

Contrary to N -alkylpentosylamines, the �u
tuation between the

4C1 and

1C4 
onformation of

N -alkylhexosylamines is frozen to the 
onformer featuring the terminal hydroxymethyl fun
tion

in equatorial position (

4C1 for d- and
1C4 for l-enantiomers). Exhibiting a similar behavior as

their redu
ing sugar analogues, N -alkylhexosylamines furthermore mostly form pyranoid isomers

in aqueous solution. This redu
ed 
on�gurational variety and in
reased 
onformational stability

leads to the formation of less sensitive produ
ts, when 
ompared to many of the previously

des
ribed N -alkylpentosylamines.

2.1.2.1. N-Alkyl-D-gala
tosylamines

The synthesis of various N -alkyl-d-gala
tosylamines gave d-Gal1NMe, d-Gal1NEt, d-Gal1NPr,

d-Gal1NiPr and d-Gal1NtBu (depi
ted in 2.5) as white and o�-white powders in good yields

and purity. Compared to similar rea
tions with other d-aldoses, noti
eably larger amounts of

solvent and longer rea
tion times were ne
essary for the 
omplete synthesis of N -alkyl-d-gala
to-

sylamines. All obtained 
ompounds 
ould be stored at 4 ◦C under inert gas atmosphere for

months without showing signs of de
omposition.

O

OH

HO

OH

H
N

1
2

3

4 5 O

OH

HO

OH
HN

12
3

4 5

R

R

OH OH
6 6

4C1-β-D-Galp1NR
R = Me, Et, Pr, iPr, tBu

4C1-α-D-Galp1NR
R = Me, Et, Pr, iPr, tBu

HN

OH

HO
O

R

HO
HO

N
HOH

HO
O

RHO
HO

β-D-Galf1NR
R = Me, Et, Pr, iPr, tBu

α-D-Galf1NR
R = Me, Et, Pr, iPr, tBu

1

2 2

1

3 3

4 4

5 566

Figure 2.5. In D

2

O and DMSO-d6 dete
ted isomers of the synthesized N -alkyl-d-gala
tosyl-

amines.

As 
an be seen in table 2.15, the β-pyranosylamine isomer represents the prevailing spe
ies for

all synthesized N -alkyl-D-gala
tosylamines in D

2

O and in DMSO-d6. The pyranoid α-anomer

was not dete
ted for d-Gal1NiPr and d-Gal1NtBu in aqueous solution and only in small 
on-


entrations for the remaining 
ompounds. Both anomers were identi�ed using the Karplus

relation by their

3J1,2 values of 8.5Hz to 8.8Hz and 5.0Hz to 5.3Hz, respe
tively. These ex-

perimental values are in a

ordan
e with the 
al
ulated

3J1,2 
oupling 
onstant of 8.7Hz for

4C1-α-d-Gal1NR spe
ies, but slightly di�er from the 
al
ulated

3J1,2 value of 3.1Hz for the


orresponding β-anomer in the

4C1 
onformation. The

13
C{

1
H} NMR shifts assigned to the


arbohydrate s
a�old and the Cα of the pyranoid anomers are listed in table 2.16.
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2. Results

Table 2.15. Per
entage distribution of the di�erent isomers for the synthesized N -alkyl-d-gala
to-

sylamines dete
ted in

1

H or

13

C{

1

H} NMR spe
tra in D

2

O and in DMSO-d6 at room temperature.

D

2

O DMSO-d6

βp αp βf αf βp αp βf αf

d-Gal1NMe 90 6 4 0 52 11 21 16

d-Gal1NEt 92 4 4 0 44 14 21 21

d-Gal1NPr 90 5 5 0 49 11 21 19

d-Gal1NiPr >98 0 <2 0 45 11 21 23

d-Gal1NtBu 100 0 0 0 40 12 15 33

Table 2.16. Sele
ted

13

C{

1

H} NMR 
hemi
al shifts (δ/ppm) of the N -alkyl-d-gala
topyranosyl-

amines dete
ted in D

2

O or in DMSO-d6(*).

C1 C2 C3 C4 C5 C6 Cα

β-d-Galp1NMe 91.8 71.0 74.3 69.7 76.5 61.8 31.5

β-d-Galp1NEt 90.4 71.2 74.3 69.6 76.5 61.8 39.9

β-d-Galp1NPr 90.7 71.2 74.3 69.6 76.5 61.7 47.5

β-d-Galp1NiPr 88.6 71.6 74.5 69.6 76.4 61.8 45.5

β-d-Galp1NtBu 87.1 71.4 74.4 69.8 76.1 61.9 51.1

α-d-Galp1NMe 88.4 68.3 69.4 69.7 69.9 61.6 31.0

α-d-Galp1NEt 86.9 68.3 69.4 69.8 70.4 61.6 39.6

α-d-Galp1NPr 87.1 68.3 69.4 69.8 70.3 61.6 47.1

α-d-Galp1NiPr* 85.5 68.0 68.7 69.4 70.0 60.4 46.5

α-d-Galp1NtBu* 82.5 68.1 68.6 69.8 70.0 60.3 49.4

N -Alkyl-d-gala
tosylamines are the only group within all N -alkyl-d-hexosylamines investigated

in this work to form dete
table amounts of furanoid isomers in solution, parti
ularly in DMSO.

In aqueous solution only the β-furanosylamine form 
an be found, while in DMSO both furanoid

anomers are present and their 
on
entration well ex
eeds the α-pyranosylamine isomer. Further-

more, the amount of dete
ted furansylamines appears to be almost in no relation to the steri


demand of the featured alkylamino substituent in DMSO. The 
orresponding

3J1,2 values for the

β-furanosylamine isomers in water range between 5.3Hz and 5.7Hz. The 13
C{

1
H} NMR shifts

assigned to the 
arbohydrate s
a�old and the Cα atom of the furanoid anomers are listed in

table 2.17.
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Table 2.17. Sele
ted

13

C{

1

H} NMR 
hemi
al shifts (δ/ppm) of the N -alkyl-d-gala
tofuranosyl-

amines dete
ted in D

2

O or in DMSO-d6(*).

C1 C2 C3 C4 C5 C6 Cα

β-d-Galp1NMe 94.9 79.5 76.3 80.9 71.6 63.4 31.5

β-d-Galp1NEt 93.6 80.1 76.4 80.9 71.6 63.4 40.1

β-d-Galp1NPr 94.0 79.9 76.4 80.9 71.6 63.4 47.8

β-d-Galp1NiPr 91.6 80.7 76.5 80.9 70.3 63.4 46.0

β-d-Galp1NtBu* 90.9 80.3 76.0 81.1 71.0 63.1 49.6

α-d-Galp1NMe* 91.9 76.7 76.3 82.4 70.8 62.7 32.7

α-d-Galp1NEt* 90.0 76.7 76.3 82.4 70.8 62.7 40.1

α-d-Galp1NPr* 90.5 76.7 76.3 82.4 70.9 62.7 48.1

α-d-Galp1NiPr* 88.3 76.7 76.3 82.3 70.8 62.7 45.6

α-d-Galp1NtBu* 85.2 76.5 76.2 82.1 70.4 62.9 49.6

2.1.2.2. N-Alkyl-D-glu
osylamines

The rea
tion of d-glu
ose with various alkylamines yielded both anomers of N -alkyl-d-glu
o-

pyranosylamines, as depi
ted in �gure 2.6. The produ
ts were obtained as 
olorless to slightly

yellow powders. All 
ompounds showed notable sensitivity towards moisture and air, however,

the tenden
y of the 
ompounds to hydrolyze in
reased signi�
antly with the size of the alkylamino

moiety. d-Gl
1NMe, d-Gl
1NEt and d-Gl
1NPr were stored under inert gas atmosphere at 4 ◦C

for months without showing signs of de
omposition, while under the same 
onditions d-Gl
1NiPr

and d-Gl
1NtBu de
omposed to brown vis
ous liquids within weeks.
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Figure 2.6. In D

2

O and DMSO-d6 dete
ted isomers of the synthesized N -alkyl-d-glu
osylamines.

The stru
ture of the blue-framed isomer is 
on�rmed for R = Me by X-ray stru
ture analysis

(1).

As 
an be seen in table 2.18, the β-anomer represents the 
learly dominating isomer for all

N -alkyl-d-glu
opyranosylamines in water or DMSO, with the amounts of the α-anomer being

slightly higher in DMSO.
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Table 2.18. Per
entage distribution of the di�erent isomers for the synthesized N -alkyl-d-glu
o-

sylamines dete
ted in

1

H or

13

C{

1

H} NMR spe
tra measured in D

2

O and in DMSO-d6 at room

temperature.

D

2

O DMSO-d6

βp αp βp αp

d-Gl
1NMe 91 9 85 15

d-Gl
1NEt 94 6 93 7

d-Gl
1NPr 95 5 95 5

d-Gl
1NiPr 92 8 85 15

d-Gl
1NtBu 100 0 78 22

In a

ordan
e with the Karplus relation the N -alkyl-α-d-glu
opyranosylamines possess smaller
3J1,2 values with 4.5Hz to 5.0Hz than the 
orresponding β-anomers with 8.8Hz to 8.9Hz. The
3J

H,H

values found for the β-anomers 
oin
ide with the 
al
ulated 
oupling 
onstants for the

4C1


onformation. But as already mentioned for N -alkyl-d-gala
tosylamines in 
hapter 2.1.2.1, the

experimental

3J1,2 values found for the α-anomers are higher than the idealized value of 3.1Hz.

Despite this observation, two-dimensional NMR methods 
learly 
on�rm the 
orre
t assignment

of the H1 atom for the α-anomers.

There was no eviden
e found for the presen
e of any furanoid isomers in the NMR spe
tra,

neither in water nor in DMSO. The

13
C{

1
H} NMR 
hemi
al shifts of the 
arbohydrate s
a�old

and of the Cα atom of the alkylamino group of all dete
ted N -alkyl-d-glu
opyranosylamines are

listed in table 2.19.

Table 2.19. Sele
ted

13

C{

1

H} NMR 
hemi
al shifts (δ/ppm) of the N -alkyl-d-glu
opyranosyl-

amines dete
ted in D

2

O or in DMSO-d6(*).

C1 C2 C3 C4 C5 C6 Cα

β-d-Gl
p1NMe 91.3 73.4 77.4 70.6 77.4 61.5 31.5

β-d-Gl
p1NEt 89.7 73.6 77.4 70.5 77.5 61.5 39.9

β-d-Gl
p1NPr 90.2 73.6 77.4 70.5 77.5 61.5 47.6

β-d-Gl
p1NiPr 88.2 74.0 77.3 70.6 77.6 61.6 45.5

β-d-Gl
p1NtBu 86.7 73.8 76.9 70.7 77.6 61.7 50.9

α-d-Gl
p1NMe 88.2 71.4 73.6 70.6 71.2 61.4 31.4

α-d-Gl
p1NEt 86.8 71.6 73.6 70.8 71.0 61.4 39.7

α-d-Gl
p1NPr 87.0 71.4 73.5 70.6 71.2 61.5 47.7

α-d-Gl
p1NiPr 85.3 71.2 73.6 70.3 70.7 61.4 46.0

α-d-Gl
p1NtBu* 82.2 71.2 73.8 70.1 70.8 61.2 49.6

Colorless, needle-like 
rystals suitable for X-ray di�ra
tion of d-Gl
1NMe were obtained from

the ethanoli
 rea
tion solution at 4 ◦C. The 
rystal stru
ture was solved in the mono
lini
 spa
e

group C2. The asymmetri
 unit of the determined mole
ular stru
ture, displayed in �gure 2.7,


ontains one mole
ule of N -methyl-

4C1-β-d-glu
opyranosylamine along with one methylamine

mole
ule (1). The determined mole
ular stru
ture is in a

ordan
e with the previously outlined

NMR-spe
tros
opi
 results, suggesting a 
lear preferen
e of the β-d-Gl
p1NMe anomer residing

in the

4C1 
onformation in solution. The identi�ed hydrogen bonds in the stru
ture are listed in

table 2.20.
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Figure 2.7. The mole
ular stru
ture of the

4C1-β-d-Gl
1NMe mole
ule in 1. ORTEP plot

is drawn with 50% probability ellipsoids. Sele
ted interatomi
 distan
es (Å) and angles (°),

standard deviations of the last digit in parentheses: O5�C1 1.434(4), C1�C2 1.534(4), C1�N1

1.435(2), N1�C7 1.467(3), C2�O2 1.427(4), C1�N1�C7 114.0(2), O5�C1�N1 110.5(3), O2�C2�C1

111.4(2), O2�C2�C3 107.4(3), N1�C1�C2 110.9(2), O5�C1�C2 108.4(2); pu
kering parameters

[40℄

of the pyranose ring O5�C1�C2�C3�C4�C5: Q = 0.602(3) Å, θ = 8.1(3)°, φ = 343(2)°.

Table 2.20. Distan
es in Å and angles in ° of the hydrogen bonds in 1. Standard deviations of

the last digit are given in parentheses; values without standard deviation are related to hydrogen

atoms at 
al
ulated positions. Symmetry 
odes are given as footnotes at the bottom of the table.

D: donor, A: a

eptor.

D H A D�H H· · ·A D· · ·A D�H· · ·A

O2 H82 N1

i

0.84 2.04 2.877(4) 172

O3 H83 N2

ii

0.84 1.90 2.707(5) 160

O4 H82 O3

iii

0.84 1.95 2.743(4) 157

O6 H86 O6

iv

0.84 2.03 2.847(3) 163

N2 H721 O3

i

0.91(8) 2.57(8) 3.013(5) 110(5)

i

−x + 1, y, −z + 1;
ii

−x + 1, y − 1, −z + 1;
iii

−x+ 1, y, −z + 2;
iv

−x+ 1/2, y − 1/2, −z + 1

2.1.2.3. N-Alkyl-L-gulosylamines

The rea
tion of l-gulose with the used alkylamines yielded the 
orresponding N -alkyl-l-gulo-

sylamines as hygros
opi
 powders. The obtained 
ompounds had to be stored under inert gas

atmosphere at −20 ◦C to prevent them from de
omposing to a vis
ous, brown residue. The in

solution dete
ted isomers for all synthesized N -alkyl-l-gulosylamines are depi
ted in �gure 2.8.
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1C4-β-L-Gulp1NR
R = Me, Et, Pr, iPr, tBu

1C4-α-L-Gulp1NR
R = Me, Et, Pr, iPr, tBu
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Figure 2.8. In D

2

O and DMSO-d6 dete
ted isomers of the synthesized N -alkyl-l-gulosylamines.

As 
an be seen in table 2.21, only the β-pyranosylamine isomer is dete
ted in aqueous solution.

The β-anomers are readily identi�ed by their

3J1,2 values of 9.2Hz to 9.4Hz due to the anti-

arranged hydrogen atoms in this 
on�guration. The 
al
ulated

3J1,2 value for the β-anomer in

the expe
ted

1C4 
onformation lies with 8.7Hz slightly beneath the experimental values. The


orresponding α-anomers are only found in small amounts in DMSO. All NMR spe
tra measured

in D

2

O, even at 4 ◦C, show notable amounts of l-gulose due to the high sus
eptibility towards

hydrolysis of the investigated N -alkyl-l-gulosylamines. The

13
C{

1
H} NMR 
hemi
al shifts of

the 
arbohydrate s
a�old and of the Cα atom of the alkylamino group of all N -alkyl-d-gulo-

pyranosylamines are listed in table 2.22.

Table 2.21. Per
entage distribution of the di�erent isomers for the synthesized N -alkyl-l-gulo-

sylamines dete
ted in

1

H or

13

C{

1

H} NMR spe
tra measured in D

2

O at 4 ◦C and in DMSO-d6

at room temperature.

D

2

O DMSO-d6

βp αp βp αp

d-Gul1NMe 100 0 86 14

d-Gul1NEt 100 0 82 18

d-Gul1NPr 100 0 80 20

d-Gul1NiPr 100 0 78 22

d-Gul1NtBu 100 0 82 18

Table 2.22. Sele
ted

13

C{

1

H} NMR 
hemi
al shifts (δ/ppm) of the N -alkyl-l-gulopyranosyl-

amines dete
ted in D

2

O or in DMSO-d6(*).

C1 C2 C3 C4 C5 C6 Cα

β-l-Gulp1NMe 88.4 68.2 71.7 70.3 74.5 61.8 31.3

β-l-Gulp1NEt 87.0 68.4 71.7 70.3 74.5 61.8 39.7

β-l-Gulp1NPr 87.3 68.4 71.8 70.3 74.6 61.8 47.4

β-l-Gulp1NiPr 85.2 68.8 71.8 70.4 74.5 61.8 45.2

β-l-Gulp1NtBu 83.7 68.5 71.7 70.6 74.2 61.8 51.1

α-l-Gulp1NMe* 87.7 64.8 72.0 69.5 65.2 60.6 31.4

α-l-Gulp1NEt* 86.2 64.7 72.0 69.4 65.2 60.5 38.9

α-l-Gulp1NPr* 86.5 64.7 72.0 69.4 65.2 60.5 46.7

α-l-Gulp1NiPr* 84.1 64.6 71.9 69.3 65.3 60.4 43.5

α-l-Gulp1NtBu* 82.6 64.5 71.9 69.1 64.2 60.3 49.1
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2.1.2.4. N-Alkyl-D-mannosylamines

The treatment of d-mannose with alkylamines led to the formation of the N -alkyl-d-manno-

sylamines illustrated in �gure 2.9. All 
ompounds were obtained as white powders in good

yields and only d-Man1NiPr and d-Man1NtBu showed moderate signs of sus
eptibility towards

hydrolysis and de
omposition when exposed to air. All 
ompounds were stored under inert gas

atmosphere at 4 ◦C.
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4C1-β-D-Manp1NR
R = Me, Et, Pr, iPr, tBu

4C1-α-D-Manp1NR
R = Me, Et, Pr, iPr, tBu

Figure 2.9. In D

2

O and DMSO-d6 dete
ted isomers of the synthesized N -alkyl-d-mannosyl-

amines.

As shown in table 2.23, the β-pyranosylamine form represents the predominant isomer for all

investigated N -alkyl-d-mannosylamines in aqueous solution as well as in DMSO. The β-anomers

exhibit

3J1,2 values of 1.0Hz to 1.1Hz, whi
h 
oin
ide with the 
al
ulated
3J1,2 value of 1.1Hz for

the respe
tive

4C1 
onformation. The 
al
ulated
3J1,2 value for the 
orresponding α-anomers is

with 2.6Hz only slightly larger. The experimental

3J1,2 values determined for the less abundant

N -alkyl-α-d-mannosylamine isomers range between 1.5Hz and 1.8Hz. Furanoid isomers of the

synthesized N -alkyl-d-mannosylamines were not dete
ted, neither in water nor in DMSO. The

13
C{

1
H} NMR 
hemi
al shifts of the 
arbohydrate s
a�old and of the Cα atom of the alkylamino

group of all N -alkyl-d-mannopyranosylamines are listed in table 2.24.

Table 2.23. Per
entage distribution of the di�erent isomers for the synthesized N -alkyl-d-manno-

sylamines dete
ted in

1

H or

13

C{

1

H} NMR spe
tra measured in D

2

O and in DMSO-d6 at room

temperature.

D

2

O DMSO-d6

βp αp βp αp

d-Man1NMe 84 16 86 14

d-Man1NEt 87 13 81 19

d-Man1NPr 85 15 90 10

d-Man1NiPr 90 10 88 12

d-Man1NtBu 100 0 76 24
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Table 2.24. Sele
ted

13

C{

1

H} NMR 
hemi
al shifts (δ/ppm) of the N -alkyl-d-mannopyranosyl-

amines dete
ted in D

2

O or in DMSO-d6(*).

C1 C2 C3 C4 C5 C6 Cα

β-d-Manp1NMe 88.7 71.5 74.5 67.9 77.9 61.9 31.6

β-d-Manp1NEt 86.9 71.8 74.5 67.9 77.9 61.9 39.5

β-d-Manp1NPr 87.2 71.8 74.5 67.9 77.9 61.9 47.1

β-d-Manp1NiPr 84.5 72.0 74.7 67.9 77.9 61.9 43.8

β-d-Manp1NtBu 86.7 73.8 76.9 70.7 77.6 61.7 50.9

α-d-Manp1NMe 89.8 71.5 71.2 67.6 72.4 61.7 31.0

α-d-Manp1NEt 88.3 71.6 71.2 67.6 72.4 61.7 39.4

α-d-Manp1NPr 88.6 71.6 71.2 67.6 72.4 61.7 47.1

α-d-Manp1NiPr 86.1 71.9 71.2 67.7 72.4 61.7 44.3

α-d-Manp1NtBu* 82.2 71.2 73.8 70.1 70.8 61.2 49.6

2.1.2.5. N-Alkyl-L-rhamnosylamines

The treatment of l-rhamnose with methylamin, ethylamine and iso-propylamine led to the su
-


essful synthesis of l-Rha1NMe, l-Rha1NEt and l-Rha1NiPr(depi
ted in �gure 2.10. All prod-

u
ts were obtained as pure, white powders via pre
ipitation from the rea
tion solution. The


ompounds showed only a minimal sus
eptibility towards hydrolysis and were stored under inert

gas atmosphere at 4 ◦C for months without showing any signs of de
omposition.

1C4-β-L-Rhap1NR
R = Me, Et, Pr, iPr, tBu

1C4-α-L-Rhap1NR
R = Me, Et, Pr, iPr, tBu
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Figure 2.10. In D

2

O and DMSO-d6 dete
ted isomers of the synthesized N -alkyl-l-rhamno-

pyranosylamines. The stru
ture of the blue-framed isomer is 
on�rmed for R = Et by X-ray

analysis (2).

The 
hemi
al 
hara
teristi
s of the synthesized N -alkyl-l-rhamnosylamines in solution are largely

similar to those of the in 
hapter 2.1.2.4 des
ribed N -alkyl-d-mannosylamines. These 
ommon-

alities 
ome as no surprise as rhamnose is the 6-deoxy analogue of mannose and the use of the

other enantiomer has no impa
t on the physi
al properties. As 
an be seen in table 2.25, the

β-anomers are the in water and DMSO prevailing spe
ies and have an experimental

3J1,2 val-

ues of about 1.1Hz. The less abundant α-pyranosylamine isomers have a 3J1,2 values of about

1.6Hz. The 13
C{

1
H} NMR 
hemi
al shifts of the 
arbohydrate s
a�old and of the Cα atom of

the alkylamino group of all N -alkyl-l-rhamnopyranosylamines are listed in table 2.26.
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Table 2.25. Per
entage distribution of the di�erent isomers for the synthesized N -alkyl-l-rhamno-

sylamines dete
ted in

1

H or

13

C{

1

H} NMR spe
tra measured in D

2

O and in DMSO-d6 at room

temperature.

D

2

O DMSO-d6

βp αp βp αp

l-Rha1NMe 86 14 80 20

l-Rha1NEt 87 13 80 20

l-Rha1NiPr 90 10 88 12

Table 2.26. Sele
ted

13

C{

1

H} NMR 
hemi
al shifts (δ/ppm) of the N -alkyl-l-rhamnopyranosyl-

amines in D

2

O or in DMSO-d6(*).

C1 C2 C3 C4 C5 C6 Cα

β-l-Rhap1NMe 88.7 71.8 74.2 73.0 73.8 17.4 31.6

β-l-Rhap1NEt 86.8 71.9 74.2 73.1 73.8 17.4 39.5

β-l-Rhap1NiPr 84.3 72.1 74.3 73.1 73.8 17.4 43.7

α-l-Rhap1NMe 89.9 71.6 70.9 72.8 68.1 17.3 31.0

α-l-Rhap1NEt 88.3 71.8 70.9 72.8 68.1 17.3 39.5

α-l-Rhap1NiPr 86.2 72.0 70.8 72.9 68.1 17.3 44.4

Colorless, rod-shaped 
rystals suitable for X-ray di�ra
tion of l-Rha1NMe were obtained from

the methanoli
 rea
tion solution at 4 ◦C. The 
rystal stru
ture was solved in the mono
lini
 spa
e

group P21. The asymmetri
 unit of the determined mole
ular stru
ture, displayed in �gure 2.11,


ontains one mole
ule of N -methyl-

1C4-β-l-rhamnopyranosylamine without any further solvent

mole
ules (2). The found mole
ular stru
ture is in a

ordan
e with the aforementioned NMR-

spe
tros
opi
 results, indi
ating the preferen
e of the β-l-Rhap1NMe anomer residing in the

1C4


onformation in solution. The hydrogen bonds present in the stru
ture are listed in table 2.27.
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Figure 2.11. The mole
ular stru
ture of the β-l-Rha1NEt-1C4 mole
ule in 2. ORTEP plot is

drawn with 50% probability ellipsoids. Interatomi
 distan
es (Å) and angles (°) (standard devia-

tions of the last digit in parentheses): O5�C1 1.442(2), C1�C2 1.532(2), C1�N1 1.440(2), N1�C7

1.471(3), O2�C2 1.428(2), C1�N1�C7 114.84(16), N1�C1�O5 110.20(15), O2�C2�C1 108.99(15),

O2�C2�C3 111.50(16), N1�C1�C2 110.08(15), O5�C1�C2 109.81(15); pu
kering parameters

[40℄

of the pyranose ring O5�C1�C2�C3�C4�C5: Q = 0.605(2) Å, θ = 180.0(19)°, φ = 160(6)°.

Table 2.27. Distan
es in Å and angles in ° of the hydrogen bonds in 2. Standard deviations of

the last digit are given in parentheses; values without standard deviation are related to hydrogen

atoms at 
al
ulated positions. Symmetry 
odes are given as footnotes at the bottom of the table.

D: donor, A: a

eptor.

D H A D�H H· · ·A D· · ·A D�H· · ·A

O2 H82 N1

i

0.84 2.09 2.907(2) 163

O3 H83 O4

ii

0.84 1.91 2.741(2) 169

O4 H84 O3

ii

0.84 1.87 2.701(2) 168

N1 H71 O2 0.90(3) 2.43(3) 2.816(2) 107(2)

i

−x, y −
1/2, −z + 1;

ii

−x+ 1, y −
1/2, −z + 1
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2.1.3. N-Alkyl-2-deoxygly
osylamines

The synthesis and 
hara
teristi
s of N -alkylated 2-deoxy-d-gly
osylamines have not yet been

reported in the literature, whi
h 
omes as a surprise due to the fundamental role of 2-deoxy-d-

aldoses and their derivatives in life s
ien
es. Espe
ially 2-deoxy-d-ribose in its role as stru
tural


omponent of DNA is of major biologi
al importan
e. Solely theoreti
al studies on the mole
ular

stru
ture of an analogous 2-deoxy-β-d-ribofuranosylamine have yet been published.

[41℄

2-Deoxy-

d-glu
ose on the other hand fun
tions as a 
ompetitive inhibitor in the gly
olysis and is therefore

used and proposed for various medi
al purposes. The synthesis and 
rystal stru
ture of 2-

deoxy-d-gly
osylamine and 2-deoxy-d-gala
tosylamine was �rst reported by S
hwarz,

[21℄

but

N -substituted derivatives of these 
ompounds have not yet been des
ribed in the literature.

The term 2-deoxy-d-ribose is misleading as 2-deoxy-d-arabinose 
ould be used just as well for

the same 
ompound. Thus, the nomen
lature re
ommended by the IUPAC for 2-deoxy-aldoses

is used throughout the following 
hapters: erythro-d-pentosylamine (d-ery-dPent1N) refers to 2-

deoxy-d-ribosylamine, arabino-d-hexosylamine (d-ara-dHex1N) to 2-deoxy-d-glu
osylamine and

lyxo-d-pentosylamine (d-lyx -dHex1N) to 2-deoxy-d-gala
tosylamine.

2.1.3.1. N-Alkyl-2-deoxy-D-erythro-pentosylamines

The N -alkyl-2-deoxy-d-erythro-pentosylamines depi
ted in �gure 2.12 were synthesized through

the rea
tion of 2-deoxy-d-erythro-pentose with the 
orresponding alkylamine in methanoli
 or

ethanoli
 solution. d-ery-dPent1NMe and d-ery-dPent1NEt were obtained as gelatinous sub-

stan
es, while d-ery-dPent1NPr, d-ery-dPent1NiPr and d-ery-dPent1NtBu 
ould be isolated as

solids. Although the 
ompounds showed no apparent signs of sus
eptibility towards hydrolysis,

they were preventively stored under inert gas atmosphere at −20 ◦C.
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Figure 2.12. In D

2

O and DMSO-d6 dete
ted isomers of the synthesized N -alkyl-2-deoxy-d-

erythro-pentosylamines.

As 
an be seen in table 2.28, the synthesized N -alkyl-2-deoxy-d-erythro-pentosylamines exhibit a
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broad variety of isomers in aqueous solution as well as in DMSO. The pyranoid β-anomer prevails

in water for all 
ompounds, in the 
ase of d-ery-dPent1NtBu it is the sole dete
ted isomer. In


ontrast, the ratio between both pyranoid anomers appears more balan
ed in DMSO for most N -

alkyl-2-deoxy-d-erythro-pentosylamines. Due to the superposition of the numerous signals of the

di�erent isomers in the

1

H NMR spe
tra no de�nite assignment regarding the 
oupling 
onstants

was feasible. Nevertheless, a preferen
e of the

4C1 
onformation for the β-pyranosylamine and of

the

1C4 
onformation for the α-pyranosylamine was assumed sin
e both 
onformations feature

two substituents, in
luding the alkylamino moiety, in equatorial position. The

13
C{

1
H} NMR


hemi
al shifts of the 
arbohydrate s
a�old and of the Cα atom of the alkylamino group of all

N -alkyl-2-deoxy-d-erythro-pentopyranosylamines are listed in table 2.29.

Table 2.28. Per
entage distribution of the di�erent isomers of the synthesized N -alkyl-2-deoxy-

d-erythro-pentosylamines from

1

H or

13

C{

1

H} NMR spe
tra measured in D

2

O and in DMSO-d6

at room temperature.

D

2

O DMSO-d6

βp αp βf αf βp αp βf αf a

d-ery-dPent1NMe 53 24 14 9 30 35 16 13 6

d-ery-dPent1NEt 64 24 8 4 30 33 17 14 6

d-ery-dPent1NPr 65 22 11 2 76 6 8 6 4

d-ery-dPent1NiPr 62 24 12 2 31 39 13 11 6

d-ery-dPent1NtBu 100 0 0 0 50 11 17 11 11

Table 2.29. Sele
ted

13

C{

1

H} NMR 
hemi
al shifts (δ/ppm) of the N -alkyl-2-deoxy-d-erythro-

pentopyranosylamines in D

2

O or in DMSO-d6(*).

C1 C2 C3 C4 C5 Cα

β-d-ery-dPentp1NMe 88.0 34.1 67.6 68.5 67.9 31.1

β-d-ery-dPentp1NEt 86.5 34.3 67.5 68.5 67.9 39.4

β-d-ery-dPentp1NPr 86.9 34.2 67.5 68.5 67.5 47.0

β-d-ery-dPentp1NiPr 84.0 34.7 67.6 68.6 67.9 44.0

β-d-ery-dPentp1NtBu 82.4 36.8 66.9 68.3 65.4 49.6

α-d-ery-dPentp1NMe 85.1 35.6 66.5 67.6 63.6 31.2

α-d-ery-dPentp1NEt 83.4 35.9 66.7 67.5 63.7 39.5

α-d-ery-dPentp1NPr 83.8 36.0 66.7 67.5 63.7 47.1

α-d-ery-dPentp1NiPr 80.9 36.7 66.9 67.5 63.9 44.1

α-d-ery-dPentp1NtBu* 79.4 39.1 66.7 67.3 63.6 49.6

Next to the pyranoid isomers, noti
eable amounts of both furanoid anomers were dete
ted in wa-

ter and in DMSO. The β-furanosylamine anomer prevails in water for all investigated 
ompounds,

ex
ept for d-ery-dPent1NtBu for whi
h no furanoid forms were dete
ted. The dete
ted amount

of α-furanosylamine de
reases in water with in
reasing steri
 demand of the alkylamino moiety.

This observation does not apply in DMSO, where the ratio between both furanoid anomers is

more balan
ed. The

13
C{

1
H} NMR 
hemi
al shifts of the 
arbohydrate s
a�old and of the Cα

atom of the alkylamino group for all N -alkyl-2-deoxy-erythro-d-pentopyranosylamines are listed
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in table 2.30.

Table 2.30. Sele
ted

13

C{

1

H} NMR 
hemi
al shifts (δ/ppm) of the N -alkyl-2-deoxy-erythro-d-

pentofuranosylamines in D

2

O or in DMSO-d6(*).

C1 C2 C3 C4 C5 Cα

β-d-ery-dPentf 1NMe 92.5 39.3 72.2 85.9 62.9 31.5

β-d-ery-dPentf 1NEt 91.0 40.6* 72.2 86.0 62.9 39.2

β-d-ery-dPentf 1NPr 91.4 40.5* 72.2 85.9 62.9 47.7

β-d-ery-dPentf 1NiPr 88.6 41.2 72.2 86.1 62.9 45.3

β-d-ery-dPentf 1NtBu* 86.5 42.1 71.1 85.9 62.9 49.5

α-d-ery-dPentf 1NMe 91.9 39.3 71.5 84.5 62.1 31.5

α-d-ery-dPentf 1NEt 90.3 40.2* 71.4 84.4 62.1 39.7

α-d-ery-dPentf 1NPr 90.6 40.2* 71.5 84.4 62.1 47.2

α-d-ery-dPentf 1NiPr 87.7 40.5 71.5 84.4 62.2 44.5

α-d-ery-dPentf 1NtBu* 86.3 41.5 70.8 84.1 62.1 49.7

It is noteworthy that a �fth spe
ies in addition to the furanoid and pyranoid anomers is present in

the NMR spe
tra of all synthesized N -alkyl-2-deoxy-erythro-d-pentosylamines in DMSO. These

spe
ies are identi�ed as the 
orresponding open-
hain forms by their prominent signals in the

down�eld region of the

1

H NMR and

13

C{

1

H} NMR assigned to the imine fun
tion. The

13
C{

1
H} NMR 
hemi
al shifts of the 
arbohydrate s
a�old and of the Cα atom of the alky-

lamino group for the dete
ted a
y
li
 N -alkyl-2-deoxy-erythro-d-pentosylamines are listed in

table 2.31.

Table 2.31. Sele
ted

13

C{

1

H} NMR 
hemi
al shifts (δ/ppm) of the dete
ted open-
hain form for

N -alkyl-2-deoxy-erythro-d-pentosylamines in DMSO-d6.

C1 C2 C3 C4 C5 Cα

d-ery-dPenta1NMe 165.3 39.0 69.5 74.6 63.2 47.4

d-ery-dPenta1NEt 163.2 38.9 69.6 74.6 63.2 54.7

d-ery-dPenta1NPr 163.7 38.8 69.6 74.6 63.2 62.3

d-ery-dPenta1NiPr 161.1 42.2 69.6 74.6 63.2 63.9

d-ery-dPenta1NtBu 158.0 39.2 69.7 74.6 63.1 56.4
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2.1.3.2. N-Alkyl-2-deoxy-D-arabino-hexosylamines

The rea
tion of 2-deoxy-d-arabino-hexose with alkylamines yielded the in �gure 2.13 depi
ted N -

alkyl-2-deoxy-d-arabino-hexosylamines. All produ
ts were isolated as white solids, whi
h showed

no apparent signs of hydrolysis and de
omposition when stored at 4 ◦C under inert gas atmosphere

or upon short exposure to air.
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Figure 2.13. In D

2

O and DMSO-d6 dete
ted isomers of the synthesized N -alkyl-2-deoxy-d-

arabino-hexosylamines.

As 
an be seen in table 2.32, all investigated N -alkyl-2-deoxy-d-arabino-hexosylamines exhibited

a 
lear prevalen
e of the β-pyranosylamine anomer in aqueous solution and in DMSO. The NMR

spe
tra in D

2

O also reveal notable amounts of hydrolysis produ
ts for all investigated N -alkyl-

2-deoxy-d-arabino-hexosylamines due to the poor solubility of the 
ompounds in water. This

behavior 
ulminates in the sole presen
e of 2-deoxy-d-arabino-hexosylamine and tert -butylamine

in the NMR spe
tra of d-ara-dHEx1NtBu in D

2

O. The

13
C{

1
H} NMR 
hemi
al shifts of the


arbohydrate s
a�old and of the Cα atom of the alkylamino group for all N -alkyl-2-deoxy-d-

arabino-hexopyranosylamines are listed in table 2.33.

Table 2.32. Per
entage distribution of the di�erent 
on�gurations of the synthesized N -alkyl-

2-deoxy-d-arabino-d-hexosylamines measured in

1

H or

13

C{

1

H} NMR spe
tra in D

2

O and in

DMSO-d6 at room temperature.

D

2

O DMSO-d6

βp αp βp αp

d-ara-dHex1NMe 85 15 81 19

d-ara-dHex1NEt 87 13 83 17

d-ara-dHex1NPr 88 12 83 17

d-ara-dHex1NiPr 89 11 85 15

d-ara-dHex1NtBu hydrolysis 88 12

The

13
C{

1
H} NMR 
hemi
al shifts of the 
arbohydrate s
a�old and of the Cα atom of the

alkylamino group for all N -alkyl-2-deoxy-d-arabino-hexopyranosylamines are listed in table 2.33.
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Table 2.33. Sele
ted

13

C{

1

H} NMR 
hemi
al shifts (δ/ppm) of the N -alkyl-2-deoxy-arabino-d-

hexosylamines in D

2

O or in DMSO-d6(*).

C1 C2 C3 C4 C5 C6 Cα

β-d-ara-dHexp1NMe 87.5 38.6 71.9 71.9 77.6 61.7 31.1

β-d-ara-dHexp1NEt 86.0 38.8 72.0 71.9 77.7 61.8 39.5

β-d-ara-dHexp1NPr 86.4 38.9 72.0 71.9 77.7 61.8 47.2

β-d-ara-dHexp1NiPr 83.8 39.4 72.1 72.0 77.7 61.7 43.1

β-d-ara-dHexp1NtBu* 82.6 41.4 72.3 72.0 77.4 61.8 49.6

α-d-ara-dHexp1NMe 85.2 36.4 68.8 71.8 72.0 61.5 30.8

α-d-ara-dHexp1NEt 83.6 37.6 68.8 71.8 72.1 61.5 39.2

α-d-ara-dHexp1NPr 83.8 37.7 68.9 71.9 72.1 61.5 46.9

α-d-ara-dHexp1NiPr 81.1 37.8 68.8 71.9 72.1 61.6 43.8

α-d-ara-dHexp1NtBu* 79.2 39.1 68.2 70.4 72.8 61.4 49.6

2.1.3.3. N-Alkyl-2-deoxy-lyxo-D-hexosylamines

The treatment of 2-deoxy-lyxo-d-hexose with various alkylamines yielded the N -alkyl-2-deoxy-d-

lyxo-hexosylamines depi
ted in �gure 2.14. All 
ompounds were obtained as syrup-like residues,

whi
h 
ould be solidi�ed for a short time when they were frozen in liquid nitrogen. In this state

the 
ompounds showed severe signs of hygros
opi
ity. Due to their sensitivity, all N -alkyl-2-

deoxy-d-lyxo-hexosylamines were stored under inert gas atmosphere at −20 ◦C.
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Figure 2.14. In D

2

O and DMSO-d6 dete
ted isomers of the synthesized N -alkyl-2-deoxy-d-lyxo-

hexosylamines.

In 
omparison to their C4 epimers, N -alkyl-2-deoxy-d-lyxo-hexosylamines exhibit a greater va-

riety of isomers in aqueous solution. As 
an be seen in table 2.34, for d-lyx -dHex1NMe and

d-lyx -dHex1NEt all furanoid and pyranoid anomers are dete
ted 
olle
tively in solution. How-

ever, with in
reasing steri
 demand of the alkylamino fun
tion the amount of furanoid forms

and the α-pyanosylamine anomer dete
ted in noti
eably de
reases. This trend was not observed
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in the respe
tive NMR spe
tra in DMSO-d6, in whi
h even small 
on
entrations of the a
y
li


imine form are visible.

Table 2.34. Per
entage distribution of the di�erent 
on�gurations of the synthesized N -alkyl-2-

deoxy-d-lyxo-hexosylamines measured in

1

H or

13

C{

1

H} NMR spe
tra in D

2

O and in DMSO-d6

at room temperature.

D

2

O DMSO-d6

βp αp βf αf βp αp βf αf a

d-lyx -dHex1NMe 62 16 14 8 52 12 20 12 4

d-lyx -dHex1NEt 75 13 9 3 54 12 20 10 4

d-lyx -dHex1NPr 85 11 4 0 48 18 21 13 0

d-lyx -dHex1NiPr 96 2 2 0 48 12 22 14 4

d-lyx -dHex1NtBu hydrolysis 36 15 25 15 9

The

13
C{

1
H} NMR 
hemi
al shifts measured for the 
arbohydrate s
a�old and for the Cα atom

of the alkylamino group of all N -alkyl-2-deoxy-d-lyxo-hexosylamines are listed in table 2.35 for

the pyranoid isomers, in table 2.36 for the furanoid isomers and in table 2.37 for the respe
tive

imine forms.

Table 2.35. Sele
ted

13

C{

1

H} NMR 
hemi
al shifts (δ/ppm) of the N -alkyl-2-deoxy-d-lyxo-hexo-

pyranosylamines in D

2

O or in DMSO-d6(*).

C1 C2 C3 C4 C5 C6 Cα

β-d-lyx -dHexp1NMe 87.9 34.2 67.7 69.2 76.8 62.2 31.1

β-d-lyx -dHexp1NEt 86.3 34.4 67.7 69.2 76.8 62.2 39.4

β-d-lyx -dHexp1NPr 86.8 34.4 67.7 69.3 76.9 62.3 47.1

β-d-lyx -dHexp1NiPr 83.8 34.9 67.8 69.3 76.9 62.3 43.7

β-d-lyx -dHexp1NtBu* 83.4 37.2 67.0 69.6 76.3 61.3 50.1

α-d-lyx -dHexp1NMe 85.3 31.7 65.5 68.2 69.1 62.3 31.0

α-d-lyx -dHexp1NEt 83.7 31.7 65.4 68.2 69.2 62.3 39.3

α-d-lyx -dHexp1NPr 84.0 31.7 65.5 68.2 69.3 62.3 47.1

α-d-lyx -dHexp1NiPr 81.0 32.8 65.3 68.2 69.3 62.4 43.6

α-d-lyx -dHexp1NtBu* 80.0 34.6 65.4 68.0 69.1 61.1 50.0
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Table 2.36. Sele
ted

13

C{

1

H} NMR 
hemi
al shifts (δ/ppm) of the N -alkyl-2-deoxy-d-lyxo-hexo-

pyranosylamines in D

2

O or in DMSO-d6(*).

C1 C2 C3 C4 C5 C6 Cα

β-d-lyx -dHexf 1NMe 92.7 40.3 72.1 85.9 70.5 63.5 31.8

β-d-lyx -dHexf 1NEt 91.2 40.6 72.2 85.9 70.5 63.6 40.4

β-d-lyx -dHexf 1NPr 91.8 40.6 72.3 86.1 70.6 63.6 48.2

β-d-lyx -dHexf 1NiPr 88.3 41.1 72.3 86.1 70.6 63.6 45.3

β-d-lyx -dHexf 1NtBu* 86.7 43.3 72.3 85.7 71.8 63.8 50.2

α-d-lyx -dHexf 1NMe 92.2 39.8 73.1 84.0 72.0 61.6 31.1

α-d-lyx -dHexf 1NEt 90.6 40.0 73.1 83.8 72.0 63.6 40.4

α-d-lyx -dHexf 1NPr* 90.4 40.8 71.6 83.5 71.2 63.1 47.1

α-d-lyx -dHexf 1NiPr* 87.9 41.2 71.6 83.4 71.3 63.1 43.8

α-d-lyx -dHexf 1NtBu* 87.0 42.8 71.9 83.4 71.2 63.8 50.2

Table 2.37. Sele
ted

13

C{

1

H} NMR 
hemi
al shifts (δ/ppm) of the dete
ted open-
hain form for

N -alkyl-2-deoxy-d-lyxo-hexosylamines in DMSO-d6.

C1 C2 C3 C4 C5 C6 Cα

d-lyx -dHexa1NMe 165.5 39.9 69.9 68.6 72.9 63.0 47.4

d-lyx -dHexa1NEt 163.2 36.2 69.1 68.7 72.9 63.0 54.8

d-lyx -dHexa1NiPr 161.2 40.0 69.9 68.7 72.9 63.0 60.5

d-lyx -dHexa1NtBu 158.6 40.5 70.3 69.3 73.4 63.5 56.8

2.1.4. N-Phenylgly
osylamines

N -Phenylgly
osylamines di�er 
onsiderably from the previously des
ribed N -alkylgly
osylamines

regarding their 
hemi
al properties. In the �rst pla
e, N -phenylgly
osylamines are mu
h more

stable sin
e they show no signs of hydrolysis. They 
an be readily synthesized by heating the


orresponding gly
ose with aniline in methanol. Although aniline has a nu
leophili
ity 
ompara-

ble to aliphati
 amines,

[42℄

further a
tivation through the addition of 
atalyti
 amounts of a
id is

required for most rea
tions. Upon 
ooling the rea
tion solution the desired produ
ts pre
ipitated

or 
rystallized in good yields. Rea
tions for the synthesis of N -arylgly
osylamines are known

for a long time and 
ommonly des
ribed in the literature.

[43,44℄

Surprisingly, the only 
rystal

stru
tures of N -phenylgly
osylamines yet reported are N-phenyl-β-d-mannopyranosylamine and

N-phenyl-β-d-gala
topyranosylamine. [45,46℄

The gly
oses used as rea
tants in this 
hapter in
lude aldopentoses (d-arabinose, d-lyxose, d-

ribose, d-xylose), aldohexoses (d-glu
ose, l-gulose, d-mannose) and 2-deoxy-d-gly
oses (2-deoxy-

d-erythro-pentose, 2-deoxy-d-arabino-hexose, 2-deoxy-d-lyxo-hexose).

2.1.4.1. N-Phenylpentosylamines

The treatment of d-aldopentoses with aniline led to the formation of d-Ara1NPh, d-Lyx1NPh,

d-Rib1NPh and d-Xyl1NPh (depi
ted in �gure 2.15) in good yields and purity. In the 
ase of

d-Lyx1NPh, d-Rib1NPh and d-Xyl1NPh 
rystals suitable for X-ray di�ra
tion were obtained

from the respe
tive rea
tion solutions. All aforementioned 
ompounds proved to be relatively
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stable, even when exposed to air. Hen
e, the 
ompounds 
ould be stored at 4 ◦C for months

without showing any signs of de
omposition.
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Figure 2.15. In D

2

O or solid state dete
ted isomers of the synthesized N -phenyl-d-pentosyl-

amines. The stru
tures of the blue-framed isomers are 
on�rmed by X-ray analysis (3, 4, 5).

As listed in table 2.38, only pyranoid isomers are dete
ted in aqueous solution for the synthesized

N -phenyl-D-xylosylamines. d-Lyx1NPh is the only 
ompound to show an balan
ed equilibrium

between both anomers, while for the other 
ompounds one anomer is 
learly prevailing in water.

But as 
an be seen on the example of d-Rib1NPh, this does not ne
essarily mean that the other

anomer is nonexistent: While there is no eviden
e found for the presen
e of α-d-Rib1NPh in the

respe
tive NMR spe
trum in D

2

O, it is the predominant anomer in DMSO-d6 and the featured


on�guration in 
rystal stru
ture 4. This observation 
an be attributed to the fa
t that one

anomer exhibits a better water solubility than the other. And sin
e all N -phenyl-d-pentosyl-

amines are poorly soluble in water at room temperature, this 
hara
teristi
 
an lead to a 
lear

preferen
e of one anomer in water as well as to disproportionate amounts of the highly soluble

hydrolysis produ
t in the NMR spe
tra. In DMSO on the other hand distributions 
omparable to

those of the N -alkyl-d-pentosylamines previously reported in 
hapter 2.1.1 were found. Notable

amounts of furanoid isomers were only dete
ted for d-Lyx1NPh and d-Rib1NPh in DMSO.

Table 2.38. Per
entage distribution of the di�erent isomers of the synthesized N -phenyl-d-pento-

sylamines dete
ted in

1

H or

13

C{

1

H} NMR spe
tra in D

2

O and in DMSO-d6 at room temperature.

D

2

O DMSO-d6

αp βp αp βp αf βf

d-Ara1NPh 100 0 37 31 21 11

d-Lyx1NPh 42 58 45 55 0 0

d-Rib1NPh 0 100 31 37 11 21

d-Xyl1NPh 8 92 0 100 0 0

The measured

3J
1,2

value of 8.6Hz mat
hes the favored

1C4 
onformation for α-d-Ara1NPh,
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while the values of 8.9Hz and 8.7Hz verify the presen
e the β-anomers for β-d-Rib1NPh and

β-d-Xyl1NPh in their

4C1 
onformation. The dete
ted small amounts of

4C1-α-d-Xyl1NPh


orrelate with the measured

3J
1,2


oupling 
onstant of 4.2Hz. In the 
ase of α-d-Ara1NPh the

high experimental

3J
1,2

value of 8.0Hz indi
ates that there is almost no dynami
 �u
tuation

between the

1C4 and

4C1 
onformation as exhibited by the 
orresponding N -alkyl-α-d-lyxosyl-

amines, des
ribed in 
hapter 2.1.1.2.

4C1-β-d-Lyx1NPh was identi�ed by its 
hara
teristi
ally

small

3J
1,2

value of 1.3Hz. The 13
C{

1
H} NMR shifts assigned to the 
arbohydrate s
a�old and

the ipso 
arbon atom of the N -phenyl-d-pentosylamines are listed in table 2.39.

Table 2.39. Sele
ted

13

C{

1

H} and

15

N NMR 
hemi
al shifts (δ/ppm) of the dete
ted N -phenyl-

d-pentopyranosylamines in D

2

O at 4 ◦C or in DMSO-d6 at room temperature(*).

C1 C2 C3 C4 C5 Ci N

α-d-Arap1NPh 86.1 70.9 73.9 69.5 67.6 146.3 −302.5

β-d-Arap1NPh* 79.6 70.4 70.6 64.8 63.3 146.6 −304.8

β-d-Lyxp1NPh 82.7 71.1 74.3 67.1 66.3 145.3 −304.7

α-d-Lyxp1NPh 82.8 68.7 71.1 69.7 65.1 146.2 −303.5

β-d-Ribp1NPh 81.5 70.5 69.8 66.7 62.0 145.0 −303.8

α-d-Ribp1NPh* 81.7 70.1 69.8 67.8 62.9 173.3 −296.9

β-d-Xylp1NPh 86.2 73.2 77.5 70.0 66.4 146.1 −302.5

α-d-Xylp1NPh 82.1 70.8 72.6 69.7 62.3 146.0 −310.5

The presen
e of

4C1-β-d-Lyx1NPh in solution was veri�ed by X-ray di�ra
tion studies on the


olorless platelet-like 
rystals obtained from the methanoli
 rea
tion solution. The stru
ture

presented in �gure 2.16 was solved in the orthorhombi
 spa
e group P212121 and displays the

asymmetri
 unit 
ontaining one N -phenyl-β-d-lyxosylamine mole
ule in its

4C1 
onformation

(3). No further mole
ules are in
luded the asymmetri
 unit and the phenylamino substituent

appears slightly disordered. The hydrogen bonds present in the stru
ture are listed in table 2.40.

Figure 2.16. The mole
ular stru
ture of the

4C1-β-d-Lyx1NPh mole
ule in 3. ORTEP plot is

drawn with 50% probability ellipsoids. Interatomi
 distan
es (Å) and angles (°) (standard devi-

ations of the last digit in parentheses, values for disordered atoms are averaged and without de-

viations): C1�N1 1.402, N1�C6 1.401, O5�C1 1.4529(19), C1�C2 1.519(2), C1�O2 1.421(2), C1�

N1�C6 125.5, O5�C1�N1 108.9, C2�C1�N1 111.7, C2�C1�O5 109.81(13), O2�C2�C1 108.31(13),

O2�C2�C3 111.40(13); pu
kering parameters

[40℄

of the pyranose ring O5�C1�C2�C3�C4�C5: Q
= 0.5658(17) Å, θ = 3.24(18)°, φ = 278(3)°.
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Table 2.40. Distan
es in Å and angles in ° of the hydrogen bonds in 3. Standard deviations of

the last digit are given in parentheses; values without standard deviation are related to hydrogen

atoms at 
al
ulated positions. Symmetry 
odes are given as footnotes at the bottom of the table.

D: donor, A: a

eptor.

D H A D�H H· · ·A D· · ·A D�H· · ·A

O3 H83 O5

i

0.84 1.87 2.7019(16) 168

O4 H84 O3

ii

0.84 1.88 2.6757(16) 159

O2 H82 O4

iii

0.84 1.96 2.7760(16) 162

N1 H71 O2 0.84 2.39 2.688(14) 102

i x+ 1, y, z; ii

−x+ 3, y + 1/2, −z + 1/2; iii x, y − 1, z

Only the β-anomer of d-Rib1NPh was NMR-spe
tros
opi
ally dete
ted in aqueous solution, but

the 
orresponding α-anomer was obtained as 
olorless platelet-like 
rystals from the methanoli


rea
tion solution. These �ndings indi
ate that the α-d-Rib1NPh has signi�
antly lower solubility

than the respe
tive β-anomer in methanol and water. The 
rystal stru
ture was solved in the

orthorhombi
 spa
e group P212121 and its asymmetri
 unit 
ontains two N -phenyl-β-d-ribosyl-

amines mole
ule in

1C4 
onformation and an additional water mole
ule (4). The stru
ture of

one 
omprised

1C4-α-d-Rib1NPh mole
ule is depi
ted in �gure 2.17. Sin
e the X-ray 
rystal

di�ra
tion measurement on 4 was 
ondu
ted at room temperature, the probability ellipsoids

appear larger than in previously displayed ORTEP plots. The hydrogen bonds present in the

stru
ture are listed in table 2.41.

Figure 2.17. The mole
ular stru
ture of the

1C4-α-d-Rib1NPh mole
ule in 4. ORTEP plot

is drawn with 50% probability ellipsoids. Averaged interatomi
 distan
es (Å) and angles (°):

C1�N1 1.409, N1�C7 1.394, O5�C1 1.448, C1�C2 1.523, C2�O2 1.423, C1�N1�C7 122.2, O5�

C1�N1 108.8, C2�C1�N1 112.1, C2�C1�O5 109.4, O2�C2�C1 110.8, O2�C2�C3 109.4 ; averaged

pu
kering parameters

[40℄

of the pyranose rings O5�C1�C2�C3�C4�C5: Q = 0.581 Å, θ = 357°,

φ = 226°.
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Table 2.41. Distan
es in Å and angles in ° of the hydrogen bonds in 4. Standard deviations of

the last digit are given in parentheses; values without standard deviation are related to hydrogen

atoms at 
al
ulated positions. Symmetry 
odes are given as footnotes at the bottom of the table.

D: donor, A: a

eptor.

D H A D�H H· · ·A D· · ·A D�H· · ·A

O21 H821 O41 0.82 2.06 2.756(3) 143

O22 H822 O21 0.82 2.26 3.040(3) 158

O31 H831 O51

i

0.82 1.86 2.683(3) 162

O32 H832 O21

i

0.82 2.05 2.838(3) 161

O41 H841 O91

ii

0.82 1.94 2.737(3) 165

O42 H842 O31

iii

0.82 1.92 2.735(3) 171

N11 H711 O21 0.86(3) 2.48(3) 2.835(4) 106(2)

N12 H712 O32

iv

0.81(3) 2.21(4) 3.021(3) 177(3)

O91 H911 O52

ii

0.87(5) 1.95(5) 2.819(3) 175(5)

O91 H912 O42

iii

0.90(5) 1.84(5) 2.729(3) 169(4)

i x+1, y, z; ii

−x+1, y− 1/2, −z+ 1/2; iii

−x+2, y+ 1/2, −z+ 1/2;
iv

−x+ 2, y + 1/2, −z + 1/2; v

−x+ 2, y −
1/2, −z + 1/2

Furthermore, 
rystals of d-Xyl1NPh suitable for X-ray di�ra
tion studies were obtained from

the respe
tive rea
tion solution. The stru
ture was solved in the tri
lini
 spa
e group P1. The

determined asymmetri
 unit 
onsists of four mole
ules of N -phenyl-β-d-xylopyranosylamine in

the

4C1 
onformation without in
luding any other mole
ules (5). One exemplary

4C1-β-d-

Xyl1NPh mole
ule from the 
rystal stru
ture is displayed in �gure 2.18. This 
rystallographi


�nding is in a

ordan
e with the previously mentioned NMR-spe
tros
opi
 results showing a


lear preferen
e of the β-anomer for d-Xyl1NPh in all solvents. The hydrogen bonds present in

the stru
ture are listed in table 2.42.

Figure 2.18. The mole
ular stru
ture of a β-d-Xyl1NPh-4C1 mole
ule in 5. ORTEP plot is

drawn with 50% probability ellipsoids. Averaged interatomi
 distan
es (Å) and angles (°): O5�

C1 1.447, C1�C2 1.525, C1�N1 1.418, N1�C7 1.409, C2�O2 1.427, C1�N1�C7 121.2, O5�C1�

N1 109.9, O2�C2�C1 108.4, O2�C2�C3 109.4, C2�C1�N1 109.9, O5�C1�C2 108.6; averaged

pu
kering parameters

[40℄

of the pyranose rings O5�C1�C2�C3�C4�C5: Q = 0.585 Å, θ = 9.6°, φ
= 293°.
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Table 2.42. Distan
es in Å and angles in ° of the hydrogen bonds in 5. Standard deviations of

the last digit are given in parentheses; values without standard deviation are related to hydrogen

atoms at 
al
ulated positions. Symmetry 
odes are given as footnotes at the bottom of the table.

D: donor, A: a

eptor.

D H A D�H H· · ·A D· · ·A D�H· · ·A

O21 H821 O31 0.84 2.59 2.896(4) 103

O21 H821 O44

i

0.84 1.95 2.780(4) 168

O22 H822 N12 0.84 2.55 2.883(4) 105

O23 H823 O42

ii

0.84 2.01 2.835(4) 165

O24 H824 O32

ii

0.84 1.83 2.668(4) 171

O31 H831 O24

iii

0.84 1.94 2.711(4) 151

O32 H832 O43 0.84 1.93 2.734(4) 160

O33 H833 O22 0.84 1.93 2.733(4) 159

O34 H834 O22 0.84 2.09 2.712(4) 131

O41 H841 O34

iii

0.84 2.12 2.737(4) 130

O42 H842 O51 0.84 2.12 2.955(4) 172

O43 H843 O23

iv

0.84 2.57 2.924(4) 106

O43 H843 N13

iv

0.84 2.14 2.969(4) 170

O44 H844 O24

iv

0.84 2.37 3.186(3) 163

N11 H711 O33 0.85(6) 3.053(5) 3.021(3) 153(5)

N12 H712 O21

v

0.93(6) 2.28(6) 3.124(5) 151(5)

N13 H713 O31

iii

1.00(6) 2.18(6) 3.105(5) 154(5)

N14 H714 O23 0.92(6) 3.274(5) 3.021(3) 154(5)

i x, y − 1, z; ii x+ 1, y, z; iii x− 1, y − 1, z; iv x− 1, y, z;
v x, y + 1, z

2.1.4.2. N-Phenylhexosylamines

The rea
tion of various aldohexoses with aniline led to the su

essful isolation of d-Gl
1NPh,

l-Gul1NPh and d-Man1NPh. The produ
ts were obtained in good yields and as pure, white

powders. d-Man1NPh even 
rystallized in the respe
tive rea
tion solution upon storage at 4 ◦C.

The obtained 
rystals were suitable for X-ray di�ra
tion studies and the determined stru
ture (β-


on�guration and

4C1 
onformation) mat
hed the 
rystal stru
ture already published by Ojala

et al.

[45℄

All synthesized 
ompounds are stable with respe
t to the exposure to air and humidity

and hen
e 
ould be stored without additional pre
autions.
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Figure 2.19. In D

2

O or DMSO-d6 dete
ted isomers of the synthesized N -phenyl-d-hexosylamines.

The stru
ture of the blue-framed isomer is 
on�rmed by X-ray analysis.

As 
an be seen in table 2.43, the β-pyranosylamine isomer 
learly prevails in aqueous solution

for all investigated N -phenylhexosylamines. The respe
tive α-pyranosylamine isomer is only

observed in small amounts for d-Gl
1NPh. On the other hand the α-anomer is present in the 
ase

of all three investigated N -phenylhexosylamines in DMSO, but in a lower 
on
entration than the


orresponding β-anomer. This �nding is not as unexpe
ted as for the N -phenylpentosylamines,

previously des
ribed in 
hapter 2.1.4.2, sin
e the extra additional hydroxymethyl moiety improves

the solubility in water and the 
orresponding N -alkylhexosylamines also only showed minimal or

no formation of the respe
tive α-anomers. The 13
C{

1
H} NMR shifts assigned to the 
arbohydrate

s
a�old and the ipso 
arbon atom of the N -phenylhexosylamines are listed in table 2.44.

Table 2.43. Per
entage distribution of the di�erent isomers of the synthesized N -phenyl-d-hexo-

sylamines dete
ted in

1

H or

13

C{

1

H} NMR spe
tra in D

2

O and in DMSO-d6 at room temperature.

D

2

O DMSO-d6

βp αp βp αp

d-Gl
1NPh 86 14 72 28

l-Gul1NPh 100 0 84 16

d-Man1NPh 100 0 74 16
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Table 2.44. Sele
ted

13

C{

1

H} and

15

N NMR 
hemi
al shifts (δ/ppm) of the dete
ted N -phenyl-

d-hexopyranosylamines in D

2

O at 4 ◦C or in DMSO-d6 at room temperature(*).

C1 C2 C3 C4 C5 C6 Ci N

β-d-Gl
p1NPh 85.5 73.3 77.1 70.4 77.5 61.4 146.3 −302.7

α-d-Gl
p1NPh 82.7 71.1 73.5 70.6 71.0 61.2 146.6 −312.6

β-l-Gulp1NPh 82.6 68.2 71.5 70.0 74.2 61.5 145.3 −302.2

α-l-Gulp1NPh* 81.6 64.1 71.8 69.0 65.9 60.1 146.8 −306.1

β-d-Manp1NPh 83.0 71.6 74.5 67.6 77.6 61.7 145.5 −304.2

α-d-Manp1NPh* 82.7 71.3 73.5 70.7 71.2 61.1 147.7 −305.9

2.1.4.3. N-Phenyl-2-deoxygly
osylamines

The rea
tion of various 2-deoxygly
osylamines with aniline led to the su

essful isolation of

d-ery-dPent1NPh, d-ara-dHex1NPh and d-lyx -dHex1NPh. While both synthesized N -phenyl-

2-deoxyhexosylamines 
ould be isolated as 
rystals, N -phenyl-2-deoxy-d-erythro-gly
osylamines

was obtained as a white solid. All 
ompounds showed no signs of hydrolysis or de
omposition

when exposed to air, even for longer periods.

In aqueous solution all investigated N -phenyl-2-deoxygly
osylamines were only dete
ted in their

respe
tive β-pyranosylamine form. All 
ompounds exhibit a poor solubility in water and thus

minimal amounts of further spe
ies 
ould be distinguished from the signal noise in the NMR

spe
trum, espe
ially if these isomers are even less soluble (as observed for the α-anomers of

the N -phenylhexosylamines des
ribed in 
hapter 2.1.4.2). Due to this solubility behavior all

measured NMR spe
tra also feature large amounts of the more soluble respe
tive rea
tants,

formed through the hydrolysis of the produ
t. But also in DMSO-d6 no obvious eviden
e for

the presen
e of the respe
tive α-anomers, furanoid isomers or even the imine form was found.

The

13
C{

1
H} NMR shifts assigned to the 
arbohydrate s
a�old and the ipso 
arbon atom of the

N -phenyl-2-deoxygly
osylamines are listed in table 2.45.

Table 2.45. Sele
ted

13

C{

1

H} and

15

N NMR 
hemi
al shifts (δ/ppm) of the dete
ted N -phenyl-2-

deoxygly
osylamines in D

2

O or in DMSO-d6(*) at room temperature. Dashes indi
ate that the


orresponding atom is not featured in the 
ompound or that no mat
hing signal was dete
ted in

the NMR spe
tra.

C1 C2 C3 C4 C5 C6 Ci N

β-d-ery-dPent1NPh 82.3 35.6 67.4 68.6 63.4 � � −294.7*

β-d-ara-dHex1NPh 82.0 38.7 71.8 72.0 77.3 61.7 146.3 −298.5

β-d-lyx -dHex1NPh 82.2 33.7 67.5 69.8 76.2 61.9 146.0 −297.6

Upon storage at 4 ◦C brownish plate-like 
rystals of d-ara-dHex1NPh suitable for X-ray di�ra
-

tion studies were obtained from the methanoli
 rea
tion solution. The stru
ture was solved

in the orthorhombi
 spa
e group P212121. The determined asymmetri
 unit 
onsists of a sin-

gle mole
ule of N -phenyl-β-d-arabino-hexopyranosylamine in the

4C1 
onformation without any

further solvent mole
ules (6). The β-d-ara-dHex1NPh mole
ule from the 
rystal stru
ture is
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displayed in �gure 2.20. This 
rystallographi
 �nding is in a

ordan
e with the previously men-

tioned NMR-spe
tros
opi
 results showing a 
lear preferen
e of the β-anomer. The hydrogen

bonds present in the stru
ture are listed in table 2.46.

Figure 2.20. The mole
ular stru
ture of the

4C1-β-d-ara-dHex1NPh mole
ule in 6. ORTEP plot

is drawn with 50% probability ellipsoids. Interatomi
 distan
es (Å) and angles (°) (standard de-

viations of the last digit in parentheses): O5�C1 1.475(4), C1�C2 1.516(5), C1�N1 1.405(4), N1�

C7 1.410(4), C1�N1�C7 123.3(3), N1�C1�O5 108.9(3), N1�C1�C2 113.0(3), O5�C1�C2 108.3(3);

pu
kering parameters

[40℄

of the pyranose ring O5�C1�C2�C3�C4�C5: Q = 0.581(3) Å, θ =

5.4(3)°, φ = 226(4)°.

Table 2.46. Distan
es in Å and angles in ° of the hydrogen bonds in 6. Standard deviations of

the last digit are given in parentheses; values without standard deviation are related to hydrogen

atoms at 
al
ulated positions. Symmetry 
odes are given as footnotes at the bottom of the table.

D: donor, A: a

eptor.

D H A D�H H· · ·A D· · ·A D�H· · ·A

O3 H83 O5

i

0.84 1.94 2.781(3) 178

O4 H84 O3

ii

0.84 1.85 2.684(3) 173

O6 H86 O4

iii

0.84 1.89 2.723(3) 171

N1 H71 O6

iv

0.82 2.14 2.957(3) 169

i x + 1, y, z; ii x, y − 1, z; iii x − 1, y, z;
iv

−x+ 1, y + 1/2, −z + 1/2

Furthermore, 
olorless blo
k-like 
rystals of d-lyx -dHex1NPh suitable for X-ray di�ra
tion stud-

ies were obtained from the methanoli
 rea
tion solution at 4 ◦C. The stru
ture was solved in the

orthorhombi
 spa
e group P212121. The determined asymmetri
 unit features three mole
ules

of N -phenyl-β-d-lyxo-hexopyranosylamine in the

4C1 
onformation and an additional methanol

mole
ule (7). An exemplary β-d-lyx -dHex1NPh mole
ule from the asymmetri
 unit is depi
ted

in �gure 2.21. This 
rystallographi
 �nding is also in a

ordan
e with the previously mentioned

NMR-spe
tros
opi
 results showing a 
lear preferen
e of the β-anomer. The hydrogen bonds

present in the stru
ture are listed in table 2.47.
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Figure 2.21. The mole
ular stru
ture of the

4C1-β-d-lyx -dHex1NPh mole
ule in 7. ORTEP

plot is drawn with 50% probability ellipsoids. Averaged interatomi
 distan
es (Å) and angles

(°): O5�C1 1.457, C1�C2 1.518, C1�N1 1.120, N1�C7 1.394, C1�N1�C7 123.0, N1�C1�O5 109.4,

N1�C1�C2 112.9, O5�C1�C2 108.3; averaged pu
kering parameters

[40℄

of the pyranose rings

O5�C1�C2�C3�C4�C5: Q = 0.587Å, θ = 6.7°, φ = 155°.

Table 2.47. Distan
es in Å and angles in ° of the hydrogen bonds in 7. Standard deviations of

the last digit are given in parentheses; values without standard deviation are related to hydrogen

atoms at 
al
ulated positions. Symmetry 
odes are given as footnotes at the bottom of the table.

D: donor, A: a

eptor.

D H A D�H H· · ·A D· · ·A D�H· · ·A

O31 H831 O43 0.84 1.94 2.742(2) 159

O32 H832 O51

i

0.84 2.03 2.820(2) 156

O33 H833 O52

ii

0.84 1.99 2.825(2) 176

O41 H841 O33

iii

0.84 1.93 2.734(3) 170

O42 H842 O32

i

0.84 1.86 2.702(2) 174

O43 H843 O31

iii

0.84 1.88 2.692(3) 161

O61 H861 O42 0.84 1.90 3.028(3) 175

O62 H862 O41

iv

0.84 1.91 2.743(3) 175

O63 H863 O53 0.84 2.50 2.802(2) 102

O63 H863 O7 0.84 1.97 2.805(3) 172

O7 H87 � 0.84 � � �

N1 H71 O61

v

0.94(3) 2.18(3) 2.688(14) 161(3)

N2 H72 O62

v

0.90(3) 2.06(3) 2.943(3) 165(2)

N3 H73 O63

v

0.87(3) 2.04(3) 2.912(3) 179(3)

i x + 1/2, −y + 1/2, −z + 1;
ii x−

1/2, −y + 3/2, −z + 1;
iii x+ 1/2, −y + 3/2, −z + 1;

iv x+ 1, y, z; v x− 1, y, z
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2.2. Coordination Chemistry of N-Substituted Gly
osylamines

with Palladium(II)

In order to investigate the 
oordination behavior of N -substituted gly
osylamines towards pal-

ladium(II), the previously synthesized 
ompounds were dissolved in a solution 
ontaining a pal-

ladium(II) probe. In literature mostly dihydroxido palladium(II) 
omplexes in
luding a diamine

auxiliary ligand are used as probes.

[38,47,48℄

The reagents serving as PdN

2

-fragment sour
e in this

work are depi
ted in �gure 2.22. The C 2 symmetry present in the auxiliary ligands prevents the

formation of stereoisomers and thus fa
ilitates the NMR-spe
tros
opi
 
hara
terization of the

obtained gly
osylamin 
omplexes.
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N
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N
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N

N
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N
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Pd-en Pd-tmeda Pd-chxn

Figure 2.22. Palladium(II) reagents 
ontaining the auxiliary ligands en, tmeda and 
hxn.

This work primarily features the use of Pd-en as palladium probe sin
e in the 
ase of Pd-en

the superposition of NMR shifts of the auxiliary ligand and the 
oordinating gly
osylamine is

minimized. The NMR signals of the ethylene moiety of the auxiliary ligand ethane-1,2-diamine

are usually lo
ated around 2.5 ppm in

1

H NMR spe
tra and around 46 ppm in

13

C{

1

H} NMR

spe
tra. In all following illustrations of the identi�ed gly
osylamine palladium 
omplex spe
ies,

the PdN2-fragment in
luding the 
orresponding auxiliary ligand is labeled with the red symbol

[Pd℄.

Sin
e the hydrolysis of the gly
osylamines is a

elerated under alkaline 
onditions, sto
hiometri


amounts of iodi
 a
id were added to the rea
tion mixtures in order to 
ontrol the pH value of

the resulting solutions. Despite this addition, in many 
ases the hydrolyti
 
leavage of the used

gly
osylamines 
ould not be 
ompletely prevented and was analyti
ally dete
ted by the emergen
e

of NMR signals assigned to the 
orresponding alkylamines and aldoses. A more apparent visual

observation indi
ating a potential hydrolysis is the formation of a bla
k pre
ipitate or even

a mirror on the glass of the rea
tion vessel, identi�ed as elemental palladium. This rea
tion

derives from the redu
ing 
hara
ter of the formed aldose and 
an be 
ompared with the rea
tion

of aldehyds with Tollens' reagent.

Furthermore, undesired palladium 
omplexes featuring an aldose or an alkylamine as ligand were

identi�ed in some measured NMR spe
tra or even isolated as 
rystalline solids. All rea
tions and

NMR-spe
tros
opi
 measurements were exe
uted at 4 ◦C to redu
e the hydrolysis of the ligands

to a minimum level. The in�uen
e of the used gly
osylamine, the manner of the N -substitution

and the 
on
entration of the palladium(II) reagent on the extent of the o

urring hydrolysis

represents another aspe
t of the following investigations.

The stoi
hiometry of the used rea
tants was adjusted 
orrespondingly to allow di�erent depro-
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tonation states of the hydroxy fun
tions of the gly
osylamine. Thus, while the oxygen atoms


oordinate the metal as alkoxides, the amino fun
tion serves as a neutral donor ligand in the

resulting 
omplex 
ompounds. The exa
t binding mode, 
on�guration and 
onformation of

the gly
osylamine ligands was determined by using NMR-spe
tros
opi
 methods with parti
u-

lar fo
us on the observed 
oordination-indu
ed shifts (CIS) of the

13
C{

1
H} NMR signals in the


arbohydrate s
a�old and alkyl or aryl substituent. The NMR spe
tra in
luding the assignment

of the signals to the formed 
omplex spe
ies in all experiments des
ribed in this 
hapter 
an be

found in the appendix of this work (
hapter A).

2.2.1. N-Alkylpentosylamines

The 
oordination 
hemistry of N -alkylpentosylamines is largely 
hara
terized by the equilibrium

of the α- and β-pyranosylamine form and the a
y
li
 imine form in between the anomers. Con-

trary to palladium(II)-aldopentose 
omplexes,

[49℄

no dete
table 
oordination of furanoid forms

was observed in the 
ondu
ted experiments. An additional fa
tor in the 
oordination 
hemistry

of N -alkylpentosylamines represents the possible dynami
 �u
tuation between di�erent 
onfor-

mations, parti
ularly the

4C1 ⇔ 1C4 
hair inversion.

2.2.1.1. N-Alkyl-D-arabinosylamines

In the performed rea
tions of the investigated N -alkyl-d-arabinosylamines with Pd-en in the

molar ratios 1:1:1 and 1:2:1, the three 
omplex spe
ies depi
ted in �gure 2.23 were identi�ed in

the resulting rea
tion solutions.
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Figure 2.23. Complex spe
ies dete
ted in rea
tion solutions resulting from the treatment of

N -alkyl-d-arabinosylamines with Pd-en and iodi
 a
id.

As 
an be seen in table 2.48, upon addition of one equivalent Pd-en to N -alkyl-d-arabinosyl-

amines a 
lear preferen
e of the

1C4-α-d-Arap1NR2H−1-κ
2N1

,O2
spe
ies be
ame evident for all

ligands with the ex
eption of d-Ara1NtBu. In the 
ase of d-Ara1NtBu all rea
tion attempts

resulted in the instant hydrolysis of the ligand and subsequent 
omplexation of d-arabinose. The

κ2N1
,O2


helation of the ligand's open-
hain form was dete
ted to a small extent in rea
tion

solutions 
ontaining the ethyl-, propyl- and iso-propyl derivatives. The amount of additional

spe
ies, mostly metalated and non-metalated hydrolysis produ
ts, dete
ted in the rea
tion solu-

tions in
reased with the steri
 demand of the featured alkylamino fun
tion.
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Table 2.48. Per
entage distribution of the metalated spe
ies resulting from the treatment of

N -alkyl-d-arabinosylamines with Pd-en and iodi
 a
id in the molar ratio 1:1:1 at 4 ◦C.

Me Et Pr iPr

1C4-α-d-Arap1NR2H−1-κ
2N1

,O2
100 82 75 76

d-Araa1NR2H−1-κ
2N1

,O2
0 10 10 10

other spe
ies 0 8 15 14

The preferred trans-vi
inal κ2N1
,O2

binding of Pd-en to α-N -alkyl-d-arabinosylamines was iden-

ti�ed by the 
hara
teristi
 CIS values displayed in table 2.49. The present α-
on�guration and

non-�u
tuating

1C4 
onformation in the ligands in the monometalated 
omplex spe
ies was fur-

ther veri�ed by the measured

3J1,2 values, whi
h range between 8.7Hz to 8.9Hz as a result of

the anti -orientation of the hydrogen atoms. All other 
oupling 
onstants determined for the


omplexes generally mat
h the values previously listed in 
hapter 2.1.1.1 for the in water pre-

vailing α-anomer of the free ligand. In 
ontrast to un
omplexed N -alkyl-d-arabinosylamines, no

eviden
e for a metalation of the 
orresponding β-anomers was found in the rea
tion solutions.

Table 2.49. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) and shift di�eren
es (∆δ) to the free

ligand of the dete
ted monometalated N -alkyl-d-arabinopyranosylamines with Pd-en in D

2

O at

4 ◦C. The ∆δ values indi
ating a CIS are printed bold.

C1 C2 C3 C4 C5 Cα

α-d-Ara1NMe δ 92.2 70.9 73.8 69.4 67.7 31.5

1C4-α-d-Arap1NMe2H−1 δ 94.8 77.2 75.3 69.0 70.5 36.7

κ2N1
,O2 ∆δ 2.6 6.3 1.5 −0.4 2.8 5.2

α-d-Ara1NEt δ 90.8 71.2 73.8 69.4 67.7 39.9

1C4-α-d-Arap1NEt2H−1 δ 89.9 77.0 75.4 69.0 70.5 42.2

κ2N1
,O2 ∆δ −0.9 5.8 1.6 −0.4 2.8 2.3

α-d-Ara1NPr δ 91.1 71.1 73.8 69.4 67.8 47.6

1C4-α-d-Arap1NPr2H−1 δ 91.1 77.1 75.4 69.0 70.5 49.9

κ2N1
,O2 ∆δ 0.0 6.0 1.6 −0.4 2.7 2.3

α-d-Ara1NiPr δ 89.0 71.5 73.9 69.4 67.7 45.4

1C4-α-d-Arap1NiPr2H−1 δ 90.8 77.4 75.5 68.9 70.5 50.9

κ2N1
,O2 ∆δ 1.8 5.9 1.9 −0.4 2.8 5.5

The κ2N1
,O2


helation of the open-
hain form of N -alkyl-d-arabinosylamines, observed for the

ethyl-, propyl- and iso-propyl derivatives, was readily identi�ed by the distin
tive

1
HNMR signals

assigned to the protons of the imine fun
tion. These signals are lo
ated at 7.92 ppm, 7.91 ppm

and 7.91 ppm, respe
tively. In 13
C{

1
H} NMR spe
tra the presen
e of the a
y
li
 spe
ies be
ame

obvious by the extremely down�eld shifted C1 atoms and noti
eably deviating NMR signal

patterns in 
omparison to the previously des
ribed pyranoid spe
ies. The

13
C{

1
H} NMR shifts

of the dete
ted 
helated open-
hain spe
ies are listed in table table 2.50.
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Table 2.50. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) of the dete
ted monometalated

open-
hain spe
ies of N -alkyl-d-arabinoamines with Pd-en in D

2

O at 4 ◦C.

C1 C2 C3 C4 C5 Cα

d-Araa1NEt2H−1-κ
2N1

,O2 δ 186.1 85.8 71.7 71.5 63.5 55.6

d-Araa1NPr2H−1-κ
2N1

,O2 δ 187.2 85.7 71.7 71.4 63.4 62.7

d-Araa1NiPr2H−1-κ
2N1

,O2 δ 183.3 86.1 71.8 71.6 63.5 60.0

The addition of two equivalents Pd-en to N -alkyl-d-arabinosylamines 
learly led to a preferred

κ2N1
,O2

:κ2O3,4

helatation of the α-anomer. Aside from the doubly metalated spe
ies, smaller

amounts of the previously des
ribed 
y
li
 and a
y
li
 monometalated spe
ies were dete
ted in

all rea
tion solutions. The NMR-spe
tros
opi
ally determined per
entage distributions of the

di�erent spe
ies are displayed in table 2.51. Remarkably, no eviden
e for a κ2N1
,O2

:κ2O3,4


helatation of the imine form was found for any of the investigated N -alkyl-d-arabinosylamines.

A monometalation of the imine form o

urred for the same ligand derivatives as in the equimolar

experiments. Regarding the further spe
ies dete
ted in the NMR spe
tra, an additional presen
e

of the solely κ2O3,4
monometalated α-anomer and dimetalated β-anomer was assumed, but a

de�nite 
hara
terization of the 
omplexes was not possible due to their low 
on
entration and

the superposition of signals.

Table 2.51. Per
entage distribution of the metalated spe
ies resulting from the treatment of

N -alkyl-d-arabinosylamines with Pd-en and iodi
 a
id in the molar ratio 1:2:1 at 4 ◦C.

Me Et Pr iPr

1C4-α-d-Arap1NR2,3,4H−3-κ
2N1

,O2
:κ2O3,4

73 66 64 52

1C4-α-d-Arap1NR2H−1-κ
2N1

,O2
19 21 12 9

d-Araa1NR2H−1-κ
2N1

,O2
0 4 6 15

other spe
ies 8 9 18 24

Considering the favorable orientation of the fun
tional groups, it is assumed that the α-anomer

in the

1C4 
onformation is 
oordinated by the two PdN

2

-fragments. A 
omplete evaluation of

this hypothesis by the analysis of the 
oupling 
onstants was not feasible due to the overlapping

of di�erent spe
ies in the respe
tive

1
H NMR spe
tra. The

13
C{

1
H} NMR 
hemi
al shifts and

determined CIS values, whi
h nevertheless 
learly indi
ate the double metalation of the N -alkyl-

d-arabinosylamines, are listed in table 2.52.
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Table 2.52. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) and shift di�eren
es (∆δ) to the

free ligand of the dete
ted doubly metalated N -alkyl-d-arabinopyranosylamines with Pd-en in

D

2

O at 4 ◦C. The ∆δ values indi
ating a CIS are printed bold.

C1 C2 C3 C4 C5 Cα

α-d-Ara1NMe δ 92.2 70.9 73.8 69.4 67.7 31.5

1C4-α-d-Arap1NMe2,3,4H−3 δ 94.7 80.9 85.1 79.2 69.6 37.0

κ2N1
,O2

:κ2O3,4 ∆δ 2.5 10.0 11.3 9.8 1.9 5.5

α-d-Ara1NEt δ 90.8 71.2 73.8 69.4 67.7 39.9

1C4-α-d-Arap1NEt2,3,4H−3 δ 89.6 80.7 85.1 79.2 69.6 42.2

κ2N1
,O2

:κ2O3,4 ∆δ −1.2 9.5 11.3 9.8 1.9 2.3

α-d-Ara1NPr δ 91.1 71.1 73.8 69.4 67.8 47.6

1C4-α-d-Arap1NPr2,3,4H−3 δ 90.8 80.9 85.2 79.2 69.6 50.0

κ2N1
,O2

:κ2O3,4 ∆δ −0.3 9.8 11.4 9.8 1.8 2.4

α-d-Ara1NiPr δ 89.0 71.5 73.9 69.4 67.7 45.4

1C4-α-d-Arap1NiPr2,3,4H−3 δ 90.9 81.0 85.4 79.2 69.7 50.6

κ2N1
,O2

:κ2O3,4 ∆δ 1.9 9.5 11.5 9.8 2.0 5.2

2.2.1.2. N-Alkyl-D-lyxosylamines

The four 
omplex spe
ies depi
ted in �gure 2.24 were identi�ed in rea
tion solutions 
ontaining

N -alkyl-d-lyxosylamines, Pd-en and iodi
 a
id in various molar ratios.
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Figure 2.24. Complex spe
ies dete
ted in rea
tion solutions resulting from the treatment of

N -alkyl-d-lyxosylamines with Pd-en and iodi
 a
id.

As the per
entage distribution in table 2.53 shows, the preferen
e of a 
ertain spe
ies in equimolar

rea
tion solutions largely depends on the N -alkyl-d-lyxosylamine in
luded in the rea
tion. As
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for the methyl and ethyl derivatives the κ2N1
,O2


helatation of the ligand in its pyranoid form

dominates, N -propyl- and N -(iso-propyl)-d-lyxosylamine on the other hand favor the metalation

of the a
y
li
 imine form. Additionally, the metalation of the 
orresponding β-pyranosylamine

form was dete
ted for all derivatives with unbran
hed alkylamino moities, but to a lesser extent.

Surprisingly, for α-d-Lyx1NtBu only the 
oordination of the ligand in its 
y
li
 form is observed.

But due to the rapid hydrolysis of the tert -butyl derivative, the main spe
ies dete
ted in the

NMR spe
trum were metalated and non-metalated hydrolysis produ
ts.

Table 2.53. Per
entage distribution of the metalated spe
ies resulting from the treatment of

N -alkyl-d-lyxosylamines with Pd-en and iodi
 a
id in the molar ratio 1:1:1 at 4 ◦C.

Me Et Pr iPr tBu

1C4-α-d-Lyxp1NR2H−1-κ
2N1

,O2
36 28 10 36 36

d-Lyxa1NR2H−1-κ
2N1

,O2
28 16 78 64 0

β-d-Lyxp1NR2H−1-κ
2N1

,O2
17 15 8 0 0

other spe
ies 19 41 4 0 74

The 
y
li
 
omplex spe
ies feature a κ2N1
,O2

metalation of the α-anomer and were observed for

all investigated N -alkyl-d-lyxosylamines. This binding mode was identi�ed by the CIS values

shown in table 2.54. The presen
e of the α-
on�guration and

1C4 
onformation was further

veri�ed by the measured

3J1,2 values of 9.3Hz to 9.6Hz for the respe
tive 
omplex spe
ies. Hen
e,

in 
omparison to the free α-anomer, the 3J1,2 values are remarkably higher as any possibility of

a dynami
 �u
tuation by 
hair inversion is prevented by the o

urring trans-vi
inal 
helatation.

Table 2.54. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) and shift di�eren
es (∆δ) to the

free ligand of the dete
ted monometalated N -alkyl-α-d-lyxopyranosylamines with Pd-en in D

2

O

at 4 ◦C. The ∆δ values indi
ating a CIS are printed bold.

C1 C2 C3 C4 C5 Cα

α-d-Lyx1NMe δ 89.1 69.3 71.1 69.2 64.7 31.2

1C4-α-d-Lyxp1NMe2H−1 δ 91.0 75.3 72.3 69.6 67.9 36.8

κ2N1
,O2 ∆δ 1.9 6.0 1.2 0.4 3.2 5.6

α-d-Lyx1NEt δ 87.6 69.4 71.1 69.2 64.6 39.6

1C4-α-d-Lyxp1NEt2H−1 δ 86.2 75.2 72.4 69.3 67.9 42.4

κ2N1
,O2 ∆δ −1.4 5.8 1.3 0.1 3.3 2.8

α-d-Lyx1NPr δ 87.9 69.4 71.2 69.2 64.7 47.3

1C4-α-d-Lyxp1NPr2H−1 δ 87.4 75.3 72.4 69.6 67.9 50.1

κ2N1
,O2 ∆δ −0.5 5.9 1.2 0.4 3.2 2.8

α-d-Lyx1NiPr δ 85.7 69.7 71.1 69.3 64.7 45.0

1C4-α-d-Lyxp1NiPr2H−1 δ 86.8 75.5 72.5 69.6 67.9 50.8

κ2N1
,O2 ∆δ 1.1 5.8 1.4 0.3 3.2 5.8

For allN -alkyl-d-lyxosylamines with unbran
hed methylamino moieties, a se
ond 
omplex spe
ies

featuring the ligand as 
y
li
 pyranosylamine isomer was dete
ted. The ex
eptional

13
C{

1
H} NMR


hemi
al shifts and CIS values listed in table 2.55 indi
ate a possible 
is-vi
inal metalation of the

β-anomer. For this 
helatation mode a dynami
 �u
tuation between the

1C4 and
4C1 
onforma-
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tion is 
on
eivable, although the

4C1 
onformation should be steri
ally favored. The �u
tuation

hinders a dire
t 
omparison to the free β-anomer, whi
h, as shown in 
hapter 2.1.1.2, stri
tly

resides in the

4C1 
onformation. Sin
e this 
oordination mode was only dete
ted as a minor

spe
ies, the most 
oupling 
onstants 
ould not be determined due to superposed

1
H NMR sig-

nals. But as expe
ted the determined

3J1,2 values of 4.3Hz to 5.1Hz neither mat
h the sole

presen
e of the

4C1 or
1C4 
onformation in the metalated β-lyxopyranosylamine spe
ies.

Table 2.55. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) and shift di�eren
es (∆δ) to the

free ligand of the dete
ted monometalated N -alkyl-β-d-lyxopyranosylamines with Pd-en in D

2

O

at 4 ◦C. The ∆δ values indi
ating a CIS are printed bold.

C1 C2 C3 C4 C5 Cα

β-d-Lyx1NMe δ 89.7 71.4 74.4 67.2 67.0 31.6

β-d-Lyxp1NMe2H−1 δ 93.0 78.8 72.6 68.8 61.0 37.0

κ2N1
,O2 ∆δ 3.3 7.4 −1.8 1.6 −6.2 5.4

β-d-Lyx1NMe δ 87.8 71.6 74.4 67.2 67.0 39.5

β-d-Lyxp1NEt2H−1 δ 89.2 79.1 71.5 68.4 62.0 42.8

κ2N1
,O2 ∆δ 1.6 7.5 −2.9 1.2 −5.0 3.3

β-d-Lyx1NPr δ 88.2 71.6 74.5 67.2 67.0 47.1

β-d-Lyxp1NPr2H−1 δ 91.0 79.1 72.6 68.3 67.5 50.2

κ2N1
,O2 ∆δ 2.8 7.5 −2.0 1.1 0.5 3.1

The κ2N1
,O2

metalation of the open-
hain form led to the emergen
e of distin
tive

1
H and

13
C{

1
H} NMR signals in the down�eld region of the re
orded spe
tra whi
h were assigned to

the respe
tive imine fun
tions. An overview of the

13
C{

1
H} NMR signals for the mononu
lear

imine spe
ies is given in table 2.56. The

1
H NMR 
hemi
al shifts of the imine hydrogen atom

range between 8.01 ppm to 8.09 ppm, depending on the nature of the alkylamino moiety.

A more detailed analysis of the

1
H NMR was feasible for rea
tion solutions, in whi
h the imine


omplex spe
ies was 
learly predominant, as in the 
ase of d-Lyxa1NPr2H−1-κ
2N1

,O2
. The de-

termined 
oupling 
onstants of

3J1,2=1.2Hz, 3J2,3=6.3Hz and 3J3,4=2.1Hz mat
h the expe
ted

gau
he-, anti- and gau
he-orientation of the respe
tive hydrogen atoms in the postulated zigzag


onformation of the open-
hain form.

Table 2.56. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) of the dete
ted monometalated

open-
hain spe
ies of N -alkyl-d-lyxoamines with Pd-en in D

2

O at 4 ◦C.

C1 C2 C3 C4 C5 Cα

d-Lyxa1NMe2H−1-κ
2N1

,O2 δ 187.8 86.5 74.6 71.2 63.3 48.8

d-Lyxa1NEt2H−1-κ
2N1

,O2 δ 186.3 86.5 74.6 71.2 63.3 55.7

d-Lyxa1NPr2H−1-κ
2N1

,O2 δ 187.3 86.3 74.7 71.2 63.3 62.7

d-Lyxa1NiPr2H−1-κ
2N1

,O2 δ 183.5 86.7 74.7 71.2 63.3 60.1

d-Lyxa1NtBu2H−1-κ
2N1

,O2 δ 181.8 85.9 75.2 71.1 63.3 63.1

As 
an be seen in table 2.57, rea
tions of N -alkyl-d-lyxosylamines with two equivalents of Pd-en

led to only one binu
lear 
oordination mode. These spe
ies feature a κ2N1
,O2

:κ2O3,4
metalation

of the open-
hain form and prevail in the respe
tive rea
tion solutions of all derivatives. The pres-
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en
e of this doubly metalated spe
ies was a

ompanied by the formation of the aforementioned

monometalated 
omplex spe
ies and other not identi�ed rea
tion produ
ts. All rea
tion solutions

showed more evident signs of de
omposition than the 
orresponding equimolar rea
tions, easily

re
ognizable through the rapid formation of elemental palladium.

Table 2.57. Per
entage distribution of the metalated spe
ies resulting from the treatment of

N -alkyl-d-lyxosylamines with Pd-en and iodi
 a
id in the molar ratio 1:2:1 at 4 ◦C.

Me Et Pr iPr tBu

d-Lyxa1NR2,3,4H−3-κ
2N1

,O2
:κ2O3,4

33 58 50 100 73

1C4-α-d-Lyxp1NR2H−1-κ
2N1

,O2
26 18 0 0 0

d-Lyxa1NR2H−1-κ
2N1

,O2
0 24 0 0 27

other spe
ies 41 0 50 0 0

The

13
C{

1
H} NMR 
hemi
al shifts of the dete
ted doubly metalated open-
hain spe
ies are

listed in table 2.58. The binding of a se
ond PdN

2

-fragment was 
hara
terized by the observed


hemi
al shift di�eren
es in 
omparison to the monometalated imine spe
ies of about 13 ppm and

about 12 ppm found for the C3 and C4 atom, respe
tively. The

1
H NMR signals (δ = 8.07 ppm

to 8.18 ppm) of the imine hydrogen atom appear slightly down�eld shifted 
ompared to their

monometalated analogues. The redu
ed quality of the re
orded

1
H NMR spe
tra, due to the

rapid formation of elemental palladium, hindered a more detailed determination of the exa
t


onformation of the doubly metalated imine ligand.

Table 2.58. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) of the dete
ted doubly metalated

open-
hain spe
ies of N -alkyl-d-lyxosylamines with Pd-en in D

2

O at 4 ◦C.

C1 C2 C3 C4 C5 Cα

d-Lyxa1NMe2,3,4H−3-κ
2N1

,O2
:κ2O3,4 δ 189.6 88.9 87.5 83.4 64.6 48.7

d-Lyxa1NEt2,3,4H−3-κ
2N1

,O2
:κ2O3,4 δ 187.9 88.9 87.6 83.5 64.6 55.8

d-Lyxa1NPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4 δ 188.9 89.0 87.4 83.3 64.6 62.8

d-Lyxa1NiPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4 δ 184.9 88.5 88.2 83.6 64.7 60.4

d-Lyxa1NtBu2,3,4H−3-κ
2N1

,O2
:κ2O3,4 δ 183.0 89.0 87.4 84.0 64.5 63.2

2.2.1.3. N-Alkyl-D-ribosylamines

Comparing all four pentosylamines, the treatment of N -alkyl-d-ribosylamines with Pd-en yielded

the largest variety of 
omplex spe
ies in aqueous solution. All identi�ed metalated spe
ies from

the rea
tions in the molar ratios 1:1:1 and 1:2:1 are depi
ted in �gure 2.25.
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Figure 2.25. Complex spe
ies dete
ted in rea
tion solutions resulting from the treatment of

N -alkyl-d-ribosylamines with Pd-en and iodi
 a
id.

As shown in table 2.59, the κ2N1
,O2

-metalated β-anomer was dete
ted as the main spe
ies in

equimolar rea
tions for all investigated N -alkyl-d-ribosylamines, ex
ept for the tert -butyl deriva-

tive. The determined amount of 
helated open-
hain isomer in
reases with growing 
omplexity

of the alkylamino moiety, 
ulminating in 60% of 
omplexed a
y
li
 spe
ies for N -(tert -butyl)-

d-ribosylamine. An additional 
helatation of the α-anomer was only observed in rea
tions with

N -methyl-d-ribosylamine.
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Table 2.59. Per
entage distribution of the metalated spe
ies resulting from the treatment of

N -alkyl-d-ribosylamines with Pd-en and iodi
 a
id in the molar ratio 1:1:1 at 4 ◦C.

Me Et Pr iPr tBu

4C1-β-d-Ribp1NR2H−1-κ
2N1

,O2
58 88 58 71 14

α-d-Ribp1NR2H−1-κ
2N1

,O2
25 0 0 0 0

d-Riba1NR2H−1-κ
2N1

,O2
13 12 26 29 60

other spe
ies 4 0 16 0 26

The aforementioned κ2N1
,O2

metalation of the β-anomer was identi�ed by the measured 13
C{

1
H}

NMR 
hemi
al shifts and asso
iated CIS values shown in table 2.60. The 
al
ulated CIS values

for the C1, C2 and Cα atoms all lie within the 
ommon range for the respe
tive alkylamino moi-

ety featured in the ligand. The determined

3J1,2 values range between 9.1Hz and 9.4Hz, thus,

a

ording to the Karplus relation, strongly suggesting the sole presen
e of the

4C1 
onforma-

tion in these spe
ies. These �ndings, indi
ating a trans-vi
inal 
helatation, are largely 
ongruent

with the in 
hapter 2.1.1.3 des
ribed 
onformational behavior of free N -alkyl-β-d-ribosylamines.

Table 2.60. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) and shift di�eren
es (∆δ) to the

free ligand of the dete
ted monometalated N -alkyl-β-d-ribopyranosylamines with Pd-en in D

2

O

at 4 ◦C. The ∆δ values indi
ating a CIS are printed bold.

C1 C2 C3 C4 C5 Cα

β-d-Rib1NMe δ 88.4 72.2 70.6 67.6 63.9 31.4

4C1-β-d-Ribp1NMe2H−1 δ 90.8 78.1 72.1 66.9 64.8 36.9

κ2N1
,O2 ∆δ 2.4 5.9 1.5 −0.7 0.9 5.5

β-d-Rib1NEt δ 86.9 72.5 70.8 67.6 63.8 40.0

4C1-β-d-Ribp1NEt2H−1 δ 86.1 78.0 72.2 66.8 64.8 42.4

κ2N1
,O2 ∆δ −0.8 5.5 1.4 −0.8 1.0 2.4

β-d-Rib1NPr δ 87.2 72.4 70.7 67.6 63.8 47.6

4C1-β-d-Ribp1NPr2H−1 δ 87.3 78.1 72.2 66.9 64.8 50.2

κ2N1
,O2 ∆δ 0.1 5.7 1.5 −0.7 1.0 2.6

β-d-Rib1NiPr δ 85.1 72.7 71.0 67.6 63.7 45.2

4C1-β-d-Ribp1NiPr2H−1 δ 86.8 78.3 72.5 66.8 64.8 50.8

κ2N1
,O2 ∆δ 1.1 5.6 1.5 −0.8 1.1 5.6

As previously outlined in 
hapter 2.1.1.3, un
omplexed α-d-Rib1NMe stri
tly resides in the

1C4 
onformation. But upon addition of Pd-en, the measured

3J1,2 value for the α-anomer

in
reases to 2.5Hz (free ligand:

3J1,2=1.1Hz) as a result of the o

urring 
is-vi
inal κ2N1
,O2


helatation and hen
e indi
ating a dynami
 �u
tuation between the

1C4 and
4C1 
onformation in

the yielded 
omplex spe
ies. Although the observed

13
C{

1
H} NMR 
hemi
al shifts also indi
ate

the formation of this additional pyranoid spe
ies, the absen
e of 
omparative

13
C{

1
H} NMR


hemi
al shifts for the �u
tuating free ligand impeded the determination of meaningful CIS

values for this 
oordination mode.

A metalation of the respe
tive imine isomer was dete
ted for all N -alkyl-d-ribosylamines and

unambiguously identi�ed by the observed distin
tive

13
C{

1
H} NMR 
hemi
al shifts listed in

table 2.61. In the 
ases of Rib1NiPr and Rib1NtBu the 
orresponding open-
hain spe
ies was
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also dete
ted to a minimal extent for the free ligand in DMSO-d6. Although it must be noted that

the measurements were 
ondu
ted in di�erent solvents, this allows a 
omparison of the observed

13
C{

1
H} NMR 
hemi
al shifts between the free and the 
omplexed ligand. The resulting shift

di�eren
es are about 19 ppm and 15 ppm for the C1 and C2 atom, respe
tively. The Cα atom of

the alkylamino moiety, however, showed only a slight down�eld shift upon 
oordination. While

the

1
H NMR signals assigned to the imine hydrogen atom in the free open-
hain isomer are found

at 7.70 ppm for Rib1NiPr and 7.69 ppm for Rib1NtBu, the 
orresponding

1
H NMR signals for

the metalated N -alkyl-d-ribosylamines open-
hain spe
ies are lo
ated at 7.90 ppm and 7.99 ppm,

respe
tively.

Table 2.61. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) of the dete
ted monometalated

open-
hain spe
ies of N -alkyl-d-riboamines with Pd-en in D

2

O at 4 ◦C.

C1 C2 C3 C4 C5 Cα

d-Riba1NMe2H−1-κ
2N1

,O2 δ 186.4 86.7 74.6 72.7 63.4 48.7

d-Riba1NEt2H−1-κ
2N1

,O2 δ 184.9 86.8 74.2 72.5 63.4 55.6

d-Riba1NPr2H−1-κ
2N1

,O2 δ 185.8 86.6 74.4 72.8 63.4 62.7

d-Riba1NiPr2H−1-κ
2N1

,O2 δ 182.0 87.2 74.1 72.2 63.4 60.0

d-Riba1NtBu2H−1-κ
2N1

,O2 δ 180.3 86.7 74.1 72.3 63.5 57.0

In the rea
tion solutions with N -alkyl-d-ribosylamines and two equivalents of Pd-en, it 
ould be

observed that a total of four binu
lear 
oordination modes 
oexist simultaneously. These spe
ies

feature the κ2N1
,O2

:κ2O3,4
and the κ2N1

,O2
:κ2O4,5


helatation of the a
y
li
 imine form as well

as the κ2N1
,O2

:κ2O3,4
metalation of the pyranoid α- and β-anomer. In the rea
tion in
luding

β-d-Rib1NtBu only the imine 
omplex spe
ies 
ould be identi�ed with de�nite 
ertainty. As


an be seen in table 2.62, the amount of metalated β-anomer 
learly prevails in 
omparison

to the 
oordination of the 
orresponding α-anomer, espe
ially for ligands with steri
ally more

demanding alkylamino moieties. On the 
ontrary, the dete
ted amounts of the two doubly

metalated imine spe
ies are almost equal in all investigated rea
tion solutions. The 
on
entration

of the imine 
omplexes spe
ies in the rea
tion solutions in
reases with the size of alkylamino

fun
tion of the featured N -alkyl-d-ribosylamines.

Table 2.62. Per
entage distribution of the metalated spe
ies resulting from the treatment of

N -alkyl-d-ribosylamines with Pd-en and iodi
 a
id in the molar ratio 1:2:1 at 4 ◦C.

Me Et Pr iPr tBu

4C1-β-d-Ribp1NR2H−3-κ
2N1

,O2
:κ2O3,4

50 50 25 37 0

α-d-Ribp1NR2H−3-κ
2N1

,O2
:κ2O3,4

31 16 10 5 0

d-Riba1NR2,3,4H−3-κ
2N1

,O2
:κ2O3,4

8 17 23 27 22

d-Riba1NR2,4,5H−3-κ
2N1

,O2
:κ2O4,5

6 17 22 27 24

other spe
ies 5 0 20 4 54

In the 
ase of doubly metalated N -alkyl-β-d-ribosylamines the �rst Pd-en fragment binds in

trans-vi
inal fashion to the alkylamino group at the C1 atom and the alkoxido group at the C2

atom. The se
ond fragment is 
helated in 
is-vi
inal fashion by the two deprotonated alkoxido

fun
tions at the C3 and C4 atom. This 
oordination mode was 
on�rmed by the measured
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13
C{

1
H} NMR 
hemi
al shifts and derived CIS values listed in table 2.63. Although superposition

of signals and poor signal to noise ratio in the re
orded

1
H NMR spe
tra allowed no de�nite

determination of the

3J1,2 or other 
oupling 
onstants, a preferen
e of the

4C1 
onformation in

this spe
ies is assumed. This assumption is based on the previously veri�ed presen
e of the

4C1


onformation in the 
orresponding monometalated spe
ies as well as on the energeti
ally favored

equatorial orientation of the majority of fun
tional groups in this 
onformation.

Table 2.63. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) and shift di�eren
es (∆δ) to the free

ligand of the dete
ted doubly metalated N -alkyl-β-d-ribopyranosylamines with Pd-en in D

2

O at

4 ◦C. The ∆δ values indi
ating a CIS are printed bold.

C1 C2 C3 C4 C5 Cα

β-d-Rib1NMe δ 88.4 72.2 70.6 67.6 63.9 31.4

4C1-β-d-Ribp1NMe2,3,4H−3 δ 91.2 77.9 83.2 76.9 67.6 36.8

κ2N1
,O2

:κ2O3,4 ∆δ 2.8 7.3 12.6 9.3 3.7 5.4

β-d-Rib1NEt δ 86.9 72.5 70.8 67.6 63.8 40.0

4C1-β-d-Ribp1NEt2,3,4H−3 δ 86.2 77.7 83.2 77.0 67.7 42.4

κ2N1
,O2

:κ2O3,4 ∆δ −0.7 5.5 12.5 10.1 3.9 2.4

β-d-Rib1NPr δ 87.2 72.4 70.7 67.6 63.8 47.6

4C1-β-d-Ribp1NPr2,3,4H−3 δ 87.5 77.8 83.2 76.9 67.6 50.2

κ2N1
,O2

:κ2O3,4 ∆δ 0.3 5.4 12.5 9.3 3.8 2.6

β-d-Rib1NiPr δ 85.1 72.7 71.0 67.6 63.7 45.2

4C1-β-d-Ribp1NiPr2,3,4H−3 δ 86.9 78.0 83.4 76.9 67.7 50.9

κ2N1
,O2

:κ2O3,4 ∆δ 1.8 5.3 12.4 9.3 4.0 5.7

The 
helatation of two PdN

2

-fragments by the α-anomer was observed for more ligand derivatives

as the 
orresponding monometalation, whi
h was only dete
ted in the 
ase of d-Rib1NMe. The

13
C{

1
H} NMR 
hemi
al shifts found for these binu
lear spe
ies are listed in table 2.64. In the


ase of the methyl derivative, the des
ribed 
is-vi
inal 
oordination of a se
ond palladium(II) ion

resulted in NMR shift di�eren
es of 4.9 ppm and 4.4 ppm for the C3 and C4 atom, respe
tively,

when 
ompared to the analogue monometalated spe
ies. In 
ontrast to the mononu
lear spe
ies,

the assumption of a dynami
 �u
tuation between the

1C4 and
4C1 
onformation is not reasonable

for the doubly metalated α-anomers.

Table 2.64. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) and shift di�eren
es (∆δ) to the free

ligand of the dete
ted doubly metalated N -alkyl-α-d-ribopyranosylamines with Pd-en in D

2

O at

4 ◦C.

C1 C2 C3 C4 C5 Cα

α-d-Ribp1NMe2,3,4H−3-κ
2N1

,O2
:κ2O3,4 δ 91.2 81.8 75.8 71.0 60.4 35.8

α-d-Ribp1NEt2,3,4H−3-κ
2N1

,O2
:κ2O3,4 δ 86.0 81.6 75.9 70.9 60.6 40.7

α-d-Ribp1NPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4 δ 87.3 81.6 75.8 70.8 60.7 48.4

α-d-Ribp1NiPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4 δ 86.7 81.6 75.9 71.7 60.4 48.9

In all rea
tion solutions of N -alkyl-d-ribosylamines 
ontaining two equivalents of palladium

probe(II), two distin
tive

1
H and

13
C{

1
H} NMR signals with almost similar integrals were de-
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te
ted in the down�eld regions of the respe
tive spe
tra. This observation derives from the

presen
e of two di�erent doubly metalated open-
hain spe
ies in the rea
tion solutions. Both

spe
ies di�er in the 
oordination mode of the se
ond PdN

2

fragment. While one spe
ies features

the anti
ipated κ2O3,4

helatation of the additional metal ion, κ2O4,5


helatation is realized in

the other spe
ies. The unusual binding of the terminal C5 hydroxy group was identi�ed by the

observed down�eld shift for the C5 atom, whi
h is readily assigned through DEPT 135 NMR ex-

periments. The observed 
hemi
al shift di�eren
es upon 
oordination in 
omparison to the


orresponding monometalated spe
ies average about 13 ppm for the C3 atom and about 10 ppm

for the C4 atom as well as for the C5 atom. In the 
ase of a κ2O3,4
binding the 
al
ulated

shift di�eren
e for the C5 atom averages about −1 ppm, whi
h is in a

ordan
e with the non-


oordination of the asso
iated hydroxy fun
tion. Conversely, for the κ2O4,5

oordination mode

the signal assigned to the C3 atom experien
es only a minor down�eld shift of about 2.5 ppm.

An overview of all relevant

13
C{

1
H} NMR 
hemi
al shifts for both spe
ies is given in table 2.65.

Table 2.65. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) of the dete
ted doubly metalated

open-
hain spe
ies of N -alkyl-d-ribosylamines with Pd-en in D

2

O at 4 ◦C.

C1 C2 C3 C4 C5 Cα

d-Riba1NMe2,3,4H−3-κ
2N1

,O2
:κ2O3,4 δ 189.5 87.7 87.6 82.6 62.6 48.8

d-Riba1NEt2,3,4H−3-κ
2N1

,O2
:κ2O3,4 δ 187.8 87.6 85.7 82.7 62.6 55.9

d-Riba1NPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4 δ 188.7 87.6 85.7 82.7 62.5 62.8

d-Riba1NiPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4 δ 184.4 87.3 86.1 82.7 62.6 60.4

d-Riba1NtBu2,3,4H−3-κ
2N1

,O2
:κ2O3,4 δ 182.7 87.6 85.5 82.7 62.6 63.0

d-Riba1NMe2,4,5H−3-κ
2N1

,O2
:κ2O4,5 δ 185.8 86.1 77.1 82.1 73.5 48.8

d-Riba1NEt2,4,5H−3-κ
2N1

,O2
:κ2O4,5 δ 184.3 86.1 77.0 82.2 73.5 55.9

d-Riba1NPr2,4,5H−3-κ
2N1

,O2
:κ2O4,5 δ 185.2 86.0 77.0 82.3 73.5 62.9

d-Riba1NiPr2,4,5H−3-κ
2N1

,O2
:κ2O4,5 δ 181.3 86.2 77.0 82.4 73.5 62.9

d-Riba1NtBu2,4,5H−3-κ
2N1

,O2
:κ2O4,5 δ 179.5 86.7 76.9 82.5 73.5 63.4

2.2.1.4. N-Alkyl-D-xylosylamines

As des
ribed in 
hapter 2.1.1.4, α- and β-pyranosylamine isomers are found in neutral and

alkaline aqueous solutions for all investigated un
omplexed N -alkyl-d-xylosylamines, with the β-

anomer representing the stri
tly favored isomer. Upon addition of Pd-en and iodi
 a
id, a variety

of palladium 
omplexes featuring multiple forms of the N -alkyl-d-xylosylamines as bidentate

ligands were dete
ted. The �ve di�erent 
omplex spe
ies identi�ed by NMR spe
tros
opy in the

rea
tion solutions 
ontaining di�erent amounts of the palladium(II) metal probe are depi
ted in

�gure 2.26.
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Figure 2.26. Complex spe
ies dete
ted in rea
tion solutions resulting from the treatment of

N -alkyl-d-xylosylamines with Pd-en and iodi
 a
id.

As 
an be seen in table 2.66, upon addition of equimolar amounts of Pd-en and iodi
 a
id, all

investigated N -alkyl-d-xylosylamines ex
ept for the tert -butyl derivative showed a 
lear prefer-

en
e of the κ2N1
,O2

metalation of the β-pyranosylamine form. The 
helatation of the a
y
li


imine was observed for all derivatives, but in the 
ase of d-Xylp1NMe and d-Xylp1NEt only

in minimal amounts. For β-d-Xylp1NtBu on the other hand, the metalation of the open-
hain

form appears to be 
learly favored. Furthermore, in rea
tion solutions with d-Xylp1NMe and

d-Xylp1NiPr indi
ations for a similar 
helation of the respe
tive α-anomer were found.

Table 2.66. Per
entage distribution of the metalated spe
ies resulting from the treatment of

N -alkyl-d-xylosylamines with Pd-en and iodi
 a
id in the molar ratio 1:1:1 at 4 ◦C.

Me Et Pr iPr tBu

4C1-β-d-Xylp1NR2H−1-κ
2N1

,O2
85 98 76 78 12

α-d-Xylp1NR2H−1-κ
2N1

,O2
3 0 0 8 0

d-Xyla1NR2H−1-κ
2N1

,O2
4 2 24 14 50

other spe
ies 8 0 0 0 38

The trans-vi
inal 
helation of the β-anomer was identi�ed by the

13
C{

1
H} NMR 
hemi
al shifts

and derived CIS values, listed in table 2.67. The measured

3J1,2 values of 7.8Hz to 8.9Hz verify

the anti -
on�guration of the respe
tive hydrogen atom and thus the presen
e of the

4C1 
onfor-

mation for the 
omplex spe
ies. All other determined 
oupling 
onstants are also in a

ordan
e

with the values found for the free N -alkyl-β-d-xylosylamines, previously des
ribed in 
hapter

2.1.1.4.
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Table 2.67. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) and shift di�eren
es (∆δ) to the

free ligand of the dete
ted monometalated N -alkyl-β-d-xylopyranosylamines with Pd-en in D

2

O

at 4 ◦C. The ∆δ values indi
ating a CIS are printed bold.

C1 C2 C3 C4 C5 Cα

β-d-Xylp1NMe δ 92.2 73.4 77.4 70.2 66.9 31.6

4C1-β-d-Xylp1NMe2H−1 δ 94.9 80.2 78.0 69.8 68.6 36.8

κ2N1
,O2 ∆δ 2.7 6.8 0.6 −0.4 1.5 5.2

β-d-Xylp1NEt δ 90.8 73.6 77.5 70.2 66.9 40.0

4C1-β-d-Xylp1NEt2H−1 δ 90.2 80.0 78.0 69.7 68.6 42.3

κ2N1
,O2 ∆δ −0.6 6.4 0.5 −0.5 1.9 2.3

β-d-Xylp1NPr δ 91.1 73.5 77.4 70.1 66.8 47.5

4C1-β-d-Xylp1NPr2H−1 δ 91.4 80.1 78.0 69.7 68.6 50.0

κ2N1
,O2 ∆δ 0.3 6.6 0.6 −0.4 1.8 2.5

β-d-Xylp1NiPr δ 89.0 73.9 77.6 70.1 66.8 45.5

4C1-β-d-Xylp1NiPr2H−1 δ 90.9 80.3 78.1 69.7 68.5 50.9

κ2N1
,O2 ∆δ 1.9 6.4 0.5 −0.4 1.7 5.4

β-d-Xylp1NtBu δ 87.5 73.8 77.5 70.3 66.2 51.1

4C1-β-d-Xylp1NtBu2H−1 δ 91.6 78.2 81.0 69.8 68.6 58.8

κ2N1
,O2 ∆δ 4.1 4.4 4.5 −0.5 2.4 7.7

From the equimolar rea
tion solution 
ontaining d-Xylp1NMe, 
olorless, blo
k-like 
rystals of

[Pd(en)(

4C1-β-d-Xylp1NMe2H−1-κ
2N1

,O2
)℄IO

3

tetrahydrate (8) were obtained after overlayer-

ing the solution with a
etone and subsequent storage at 4 ◦C for one week. The 
rystals were

suitable for X-ray di�ra
tion studies and the 
rystal stru
ture was solved in the spa
e group

P212121. The Fla
k parameter for the stru
ture of 8 was re�ned to be −0.004(8).

The determined mole
ular stru
ture (depi
ted in �gure 2.27) 
on�rmed the results of the 
olle
ted

NMR data: one single Pd(en)-fragment 
oordinates the equatorial methylamino fun
tion lo
ated

at the C1 atom and the equatorial alkoxido fun
tion at the C2 atom of the N -methyl-β-d-

xylosylamine in its

4C1 
onformation. The identi�ed hydrogen bonds in the stru
ture are listed

in table 2.68.
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Figure 2.27. The mole
ular stru
ture of the [Pd(en)(

4C1-β-d-Xylp1NMe2H−1-κ
2N1

,O2
)℄

+
ion in

8. ORTEP plot is drawn with 50% probability ellipsoids. Interatomi
 distan
es (Å) and angles

(°) (standard deviations of the last digit in parentheses): Pd1�N1 2.058(3), Pd1�O2 2.003(3),

Pd1�N2 2.040(3), Pd1�N3 2.033(4), N1�C1 1.468(4), N1�C6 1.483(4), O5�C1 1.418(4), C2�

C1 1.525(4), O2�C2 1.404(4), N1�Pd1�O2 85.61, N2�Pd1�N3 84.16; 
helate torsion angles (°):

N1�C1�C2�O2 56.9, N2�C1�C2�N3 53.0; pu
kering parameters

[40℄

of the pyranose ring O5�C1�

C2�C3�C4�C5: Q = 0.589(3) Å, θ = 0.0(3)°, φ = 26(14)°.

Table 2.68. Distan
es in Å and angles in ° of the hydrogen bonds in 8. Standard deviations of

the last digit are given in parentheses; values without standard deviation are related to hydrogen

atoms at 
al
ulated positions. Symmetry 
odes are given as footnotes at the bottom of the table.

D: donor, A: a

eptor.

D H A D�H H· · ·A D· · ·A D�H· · ·A

N2 H721 O6

i

0.85(4) 2.28(4) 3.082(4) 157(3)

N2 H722 O7

ii

0.91(4) 1.99(4) 2.893(4) 176(3)

O91 H911 O7 0.83(1) 2.064(18) 2.870(3) 163(4)

O91 H912 O8

iii

0.83(1) 1.876(17) 2.690(3) 165(4)

O92 H921 O93

iv

0.83(1) 1.938(14) 2.758(4) 172(4)

O92 H922 O91 0.83(1) 2.147(16) 2.953(4) 164(4)

O93 H931 O92

v

0.83(1) 2.039(18) 2.855(4) 169(5)

O93 H932 O8 0.83(1) 2.01(2) 2.798(3) 159(5)

O4 H84 O91

iii

0.84 2.07 2.871(3) 159.7

O3 H83 O7

vi

0.84 1.87 2.690(3) 163.8

N3 H731 O92

vii

0.89(4) 2.30(4) 3.140(4) 156(3)

N3 H732 O6

vi

0.80(4) 2.22(4) 2.987(4) 161(4)

N1 H711 O6

ii

0.80(4) 2.04(4) 2.824(4) 169(4)

i

−x+ 3/2,−y + 1, z − 1/2; ii

−x+ 1/2,−y + 1, z − 1/2; iii x− 1, y, z;
iv x−

1/2,−y+ 1/2,−z +1;
v x+ 1, y, z; vi x−

1/2,−y + 3/2,−z + 1;
vii

−x, y + 1/2,−z + 1/2

The additionally observed metalation of the α-anomer of d-Xylp1NMe and d-Xyli1NPr was

identi�ed by the determined, in 
omparison to the 
omplexed β-anomers smaller, 3J1,2 values

of 4.4Hz and 5.5Hz. Although the possibility of a dynami
 �u
tuation 
ould not be ex
luded

with absolute 
ertainty, the obtained

3J1,2 values indi
ate a reasonable preferen
e of the

4C1


onformation in the respe
tive spe
ies, espe
ially for the iso-propyl derivative. The 
orrespond-

ing, partially unusual, CIS values listed in table 2.69, 
an be attributed to the for gly
osylamine


omplexes un
ommon 
is-vi
inal 
oordination pattern in 
ombination with the possibility of a
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dynami
 �u
tuation.

Table 2.69. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) and shift di�eren
es (∆δ) to the

free ligand of the dete
ted monometalated N -alkyl-α-d-xylopyranosylamines with Pd-en in D

2

O

at 4 ◦C. The ∆δ values indi
ating a CIS are printed bold.

C1 C2 C3 C4 C5 Cα

α-d-Xylp1NMe δ 87.8 71.2 72.1 69.7 63.0 31.4

α-d-Xylp1NMe2H−1 δ 93.4 76.7 73.4 69.1 63.5 37.0

κ2N1
,O2 ∆δ 5.6 5.5 1.3 −0.6 0.5 5.6

α-d-Xylp1NiPr δ 83.4 71.0 71.2 69.2 64.7 44.5

α-d-Xylp1NiPr2H−1 δ 88.9 78.2 75.3 69.1 64.0 52.3

κ2N1
,O2 ∆δ 5.5 7.2 4.1 −0.1 −0.7 7.8

An overview of the

13
C{

1
H} NMR 
hemi
al shifts assigned to the dete
ted κ2N1

,O2
-
helated

a
y
li
 imine spe
ies is given in table 2.70. These spe
ies were identi�ed, even in small 
on
entra-

tions, by their distin
tive

1
H and

13
C{

1
H} NMR signals of the imine fun
tion between 7.90 ppm

to 7.99 ppm and 181.3 ppm to 187.4 ppm, respe
tively.

Table 2.70. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) of the dete
ted monometalated

open-
hain spe
ies of N -alkyl-d-xyloamines with Pd-en in D

2

O at 4 ◦C.

C1 C2 C3 C4 C5 Cα

d-Xyla1NMe2H−1-κ
2N1

,O2 δ 187.4 87.3 72.7 71.1 63.3 48.6

d-Xyla1NEt2H−1-κ
2N1

,O2 δ 185.9 87.4 72.8 71.0 63.3 55.5

d-Xyla1NPr2H−1-κ
2N1

,O2 δ 186.7 87.3 72.5 71.4 63.2 62.6

d-Xyla1NiPr2H−1-κ
2N1

,O2 δ 183.2 87.7 72.9 70.9 63.3 59.7

d-Xyla1NtBu2H−1-κ
2N1

,O2 δ 181.3 87.2 72.8 71.1 63.2 62.9

The treatment of N -alkyl-d-xylosylamines with up to two equivalents palladium(II) probe led

to the additional formation of two doubly metalated spe
ies in the respe
tive rea
tion solutions.

This observation is a

ompanied by a de
line of the 
on
entration of the aforementioned mononu-


lear spe
ies, although varying amounts of these spe
ies are present in all investigated solutions.

Double metalation was observed for the pyranoid β-anomer and the a
y
li
 imine form. As 
an

be seen in table 2.71 the amount of dete
ted spe
ies featuring the open-
hain form as ligand is

remarkably higher in 
omparison to the equimolar rea
tions. This tenden
y be
omes espe
ially

evident for the derivatives featuring a steri
ally more demanding alkylamino fun
tion.

Table 2.71. Per
entage distribution of the metalated spe
ies resulting from the treatment of

N -alkyl-d-xylosylamines with Pd-en and iodi
 a
id in the molar ratio 1:2:1 at 4 ◦C.

Me Et Pr iPr tBu

4C1-β-d-Xylp1NR2H−3-κ
2N1

,O2
:κ2O3,4

68 31 35 60 0

d-Xyla1NR2,3,4H−3-κ
2N1

,O2
:κ2O3,4

24 12 50 29 75

other spe
ies 8 57 15 11 25
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The double metalation of the N -alkyl-β-d-xylopyranosylamines is realized in trans-vi
inal fashion

for both Pd-en fragments and 
hara
terized by the

13
C{

1
H} NMR 
hemi
al shifts and derived

CIS values listed in table 2.72. There were no indi
ations found for the presen
e of a dynami


�u
tuation in this spe
ies or for a possible double metalation of the 
orresponding α-anomer.

Table 2.72. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) and shift di�eren
es (∆δ) to the

free ligand of the dete
ted doubly metalated N -alkyl-d-xylopyranosylamines with Pd-en in D

2

O

at 4 ◦C. The ∆δ values indi
ating a CIS are printed bold.

C1 C2 C3 C4 C5 Cα

β-d-Xylp1NMe δ 92.2 73.4 77.4 70.2 66.9 31.6

4C1-β-d-Xylp1NMe2,3,4H−3 δ 95.4 82.1 88.3 79.7 68.2 37.2

κ2N1
,O2

:κ2O3,4 ∆δ 3.2 8.7 10.9 9.5 1.3 6.0

β-d-Xylp1NEt δ 90.8 73.6 77.5 70.2 66.9 40.0

4C1-β-d-Xylp1NEt2,3,4H−3 δ 90.6 81.9 88.4 79.7 68.2 42.5

κ2N1
,O2

:κ2O3,4 ∆δ −0.2 8.3 10.9 9.5 1.3 2.5

β-d-Xylp1NPr δ 91.1 73.5 77.4 70.1 66.8 47.5

4C1-β-d-Xylp1NPr2,3,4H−3 δ 91.8 82.0 88.4 79.7 68.2 50.2

κ2N1
,O2

:κ2O3,4 ∆δ 0.7 8.5 11.0 9.3 1.4 2.7

β-d-Xylp1NiPr δ 89.0 73.9 77.6 70.1 66.8 45.5

4C1-β-d-Xylp1NiPr2,3,4H−3 δ 91.6 82.3 88.4 79.7 68.2 50.9

κ2N1
,O2

:κ2O3,4 ∆δ 2.6 8.4 10.8 9.6 1.4 5.4

β-d-Xylp1NtBu δ 87.5 73.8 77.5 70.3 66.2 51.1

4C1-β-d-Xylp1NtBu2,3,4H−3 δ 97.3 82.8 89.4 78.5 68.4 57.0

κ2N1
,O2

:κ2O3,4 ∆δ 9.8 9.0 11.9 8.2 2.2 5.9

Regarding the double metalation of the open-
hain form, no indi
ations for other 
oordination

modes than the observed κ2N1
,O2

:κ2O3,4
binding were found. The

13
C{

1
H} NMR 
hemi
al shifts

assigned to these spe
ies are listed in table 2.73 and the respe
tive signals of the imine hydrogen

atom appear with values from 8.72 ppm to 8.94 ppm 
learly shifted down�eld in 
omparison to

the signals found for their monometalated analogues. The

13
C{

1
H} NMR 
hemi
al shifts of the

C3 and C4 atoms of the dimetalated spe
ies exhibit a down�eld shift about 13 ppm and 9 ppm,

respe
tively, as result of the additional 
oordination.

Table 2.73. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) of the dete
ted doubly metalated

open-
hain spe
ies of N -alkyl-d-xyloamines with Pd-en in D

2

O at 4 ◦C.

C1 C2 C3 C4 C5 Cα

d-Xyla1NMe2,3,4H−3-κ
2N1

,O2
:κ2O3,4 δ 187.9 88.2 85.2 79.9 65.6 48.7

d-Xyla1NEt2,3,4H−3-κ
2N1

,O2
:κ2O3,4 δ 186.1 88.3 85.2 79.9 65.6 55.5

d-Xyla1NPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4 δ 187.1 88.2 85.4 80.1 66.5 62.8

d-Xyla1NiPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4 δ 183.3 88.5 85.4 80.0 65.6 59.5

d-Xyla1NtBu2,3,4H−-κ
2N1

,O2
:κ2O3,4 δ 181.9 88.0 85.5 80.3 65.4 61.1
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2. Results

2.2.2. N-Alkylhexosylamines

Due to the additional hydroxy fun
tion, N -alkylhexosylamines provide more possible 
oordi-

nation modes for palladium(II) probes than the previously dis
ussed N -alkylpentosylamines.

As shown in 
hapter 2.1.2 all investigated free N -alkylhexosylamines are essentially found in

hexopyranosylamine forms in aqueous solution. The 
onformational �u
tuation of these hex-

opyranosylamines through ring inversion between

4C1 and

1C4 is frozen to the 
onformer that


arries the terminal hydroxymethyl moiety in equatorial position. These fa
tors limit the num-

ber of possible 
oordination patterns for N -alkylhexosylamines in 
omparison to the previously

dis
ussed N -alkylpentosylamines.

2.2.2.1. N-Alkyl-D-gala
tosylamines

The NMR spe
tra obtained from the rea
tions of N -alkyl-d-gala
tosylamines with Pd-en and

iodi
 a
id are 
hara
terized by a remarkably distin
t spe
ies distribution. All investigated rea
-

tion solutions essentially show the three spe
ies depi
ted in �gure 2.28.
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R = Me, Et, Pr, iPr, tBu

4C1-α-D-Galp1NR2,3,4H−3-κ2N1,O2:κ2O3,4

R = Me, Et, Pr, iPr, tBu

Figure 2.28. Complex spe
ies dete
ted in rea
tion solutions resulting from the treatment of

N -alkyl-d-gala
tosylamines with Pd-en and iodi
 a
id.

As 
an be seen in table 2.74, all equimolar rea
tions yield κ2N1
,O2

-monometalated N -alkyl-β-d-

gala
tosylamines spe
ies as the prevailing produ
t in aqueous solution. The respe
tive κ2N1
,O2

metalation of the open-
hain be
omes more apparent in the measured NMR spe
tra of rea
tions

featuring an in
reased steri
 demand at the ligand's alkylamino substituent. But even in the

rea
tion featuring N -(tert -butyl)-d-gala
tosylamine as ligand, the amount of a
y
li
 spe
ies did

not ex
eed one quarter in the total spe
ies distribution. The presen
e of further spe
ies in

the rea
tions with β-d-Galp1NPr, β-d-Galp1NiPr and β-d-Galp1NtBu is 
aused by the ligands

higher sensitivity towards hydrolysis, leading to the formation and subsequent 
omplexation of

d-gala
tose.
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Table 2.74. Per
entage distribution of the metalated spe
ies resulting from the treatment of

N -alkyl-d-gala
tosylamines with Pd-en and iodi
 a
id in the molar ratio 1:1:1 at 4 ◦C.

Me Et Pr iPr tBu

β-d-Galp1NR2H−1-κ
2N1

,O2
98 95 76 81 58

d-Gala1NR2H−1-κ
2N1

,O2
2 5 8 7 24

other spe
ies 0 0 16 12 18

Due to the superposition of signals in the obtained

1
H NMR spe
tra, most 
oupling 
onstants,

in
luding

3J1,2, 
ould not be determined with de�nite 
ertainty. But the found 
hara
teristi


CIS values, listed in table 2.75, along with the preferen
e of the β-anomer for all investigated

N -alkyl-d-gala
tosylamines in water, 
learly indi
ate a trans-vi
inal κ2N1
,O2

metalation of the

β-anomer.

Table 2.75. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) and shift di�eren
es (∆δ) to the

free ligand of the dete
ted monometalated N -alkyl-d-gala
topyranosylamines with Pd-en in D

2

O

at 4 ◦C. The ∆δ values indi
ating a CIS are printed bold.

C1 C2 C3 C4 C5 C6 Cα

β-d-Galp1NMe δ 91.8 71.0 74.3 69.7 76.5 61.8 31.5

β-d-Galp1NMe2H−1 δ 94.5 77.3 75.3 69.3 79.3 61.6 36.9

κ2N1
,O2 ∆δ 2.7 6.3 1.0 −0.4 2.8 −0.2 5.4

β-d-Galp1NEt δ 90.4 71.2 74.3 69.6 76.5 61.8 39.9

β-d-Galp1NEt2H−1 δ 89.6 77.2 75.4 69.3 79.3 61.5 42.2

κ2N1
,O2 ∆δ −0.8 6.0 1.1 −0.3 2.8 −0.3 2.3

β-d-Galp1NPr δ 90.7 71.2 74.3 69.6 76.5 61.7 47.5

β-d-Galp1NPr2H−1 δ 90.8 77.3 75.4 69.2 79.2 61.4 49.9

κ2N1
,O2 ∆δ 0.1 6.1 1.2 −0.4 2.7 −0.3 2.4

β-d-Galp1NiPr δ 88.6 71.6 74.5 69.6 76.4 61.8 45.5

β-d-Galp1NiPr2H−1 δ 90.4 77.5 75.5 69.1 79.3 61.4 50.8

κ2N1
,O2 ∆δ 1.8 5.9 1.0 −0.5 2.9 −0.4 5.3

β-d-Galp1NtBu δ 87.1 71.4 74.4 69.8 76.1 61.9 51.1

β-d-Galp1NtBu2H−1 δ 91.2 78.3 75.5 69.1 79.3 61.4 58.8

κ2N1
,O2 ∆δ 4.1 6.9 1.1 −0.7 3.2 −0.5 7.7

The κ2N1
,O2

-
helation of the a
y
li
 imine form of N -alkyl-d-gala
topyranosylamines was iden-

ti�ed by the determined 
hara
teristi


13
C{

1
H} NMR 
hemi
al shifts listed in table 2.76. Addi-

tionally, the respe
tive metalated open-
hain forms exhibit prominent down�eld

1
H NMR signals,

assigned to the hydrogen atom of the imine group, in the range from 7.89 ppm to 7.99 ppm.

On the basis of the determined per
entage distribution shown in table 2.77 it be
omes evi-

dent that in all performed rea
tions 
ontaining two equivalents of Pd-en the κ2N1
,O2

:κ2O3,4


helatation of the β-anomer prevails. The 
orresponding 13
C{

1
H} NMR 
hemi
al shifts and CIS

values for the respe
tive spe
ies are listed in table 2.78. Residues of monometalated spe
ies

were only found in rea
tion solutions 
ontaining the iso-propyl or tert -butyl derivative. Due to

their low 
on
entration the other dete
ted minor spe
ies were not unambiguously identi�ed, but

appeared to be of 
y
li
 nature. Furthermore, it is noteworthy that no indi
ations for a possible
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κ2N1
,O2

:κ2O3,4
- or κ2N1

,O2
:κ2O4,5

metalation were found in the respe
tive NMR spe
tra.

Table 2.76. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) of the dete
ted monometalated

open-
hain spe
ies of N -alkyl-d-gala
tosylamines with Pd-en in D

2

O at 4 ◦C.

C1 C2 C3 C4 C5 C6 Cα

d-Gala1NMe2H−1-κ
2N1

,O2 δ 187.9 85.6 70.8 70.2 70.7 63.7 48.6

d-Gala1NEt2H−1-κ
2N1

,O2 δ 186.3 85.7 70.8 70.2 70.7 63.7 55.6

d-Gala1NPr2H−1-κ
2N1

,O2 δ 187.4 85.8 70.7 70.2 70.6 63.7 62.6

d-Gala1NiPr2H−1-κ
2N1

,O2 δ 183.5 86.0 70.9 70.2 70.8 63.7 60.0

d-Gala1NtBu2H−1-κ
2N1

,O2 δ 181.5 85.6 71.2 70.2 70.8 63.7 62.9

Table 2.77. Per
entage distribution of the metalated spe
ies resulting from the treatment of

N -alkyl-d-gala
tosylamines with Pd-en and iodi
 a
id in the molar ratio 1:2:1 at 4 ◦C.

Me Et Pr iPr tBu

4C1-β-d-Galp1NR2,3,4H−3-κ
2N1

,O2
:κ2O3,4

92 92 94 64 70

d-Gala1NR2H−1-κ
2N1

,O2
0 0 0 11 20

4C1-α-d-Galp1NR2H−1-κ
2N1

,O2
0 0 0 17 10

other spe
ies 8 8 6 8 0

Table 2.78. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) and shift di�eren
es (∆δ) to the

free ligand of the dete
ted doubly metalated N -alkyl-d-gala
topyranosylamines with Pd-en in

D

2

O at 4 ◦C. The ∆δ values indi
ating a CIS are printed bold.

C1 C2 C3 C4 C5 C6 Cα

β-d-Galp1NMe δ 91.8 71.0 74.3 69.7 76.5 61.8 31.5

β-d-Galp1NMe2,3,4H−3 δ 94.6 79.8 85.3 81.1 78.5 62.5 37.2

κ2N1
,O2

:κ2O3,4 ∆δ 2.8 8.8 11.0 11.4 2.0 0.7 5.7

β-d-Galp1NEt δ 90.4 71.2 74.3 69.6 76.5 61.8 39.9

β-d-Galp1NEt2,3,4H−3 δ 89.5 80.9 85.9 79.8 78.5 62.5 42.2

κ2N1
,O2

:κ2O3,4 ∆δ −0.9 9.7 11.6 10.2 2.0 0.7 2.3

β-d-Galp1NPr δ 90.7 71.2 74.3 69.6 76.5 61.7 47.5

β-d-Galp1NPr2,3,4H−3 δ 90.7 81.1 85.9 79.7 78.5 62.4 49.9

κ2N1
,O2

:κ2O3,4 ∆δ 0.0 9.9 11.6 10.1 2.0 0.7 2.4

β-d-Galp1NiPr δ 88.6 71.6 74.5 69.6 76.4 61.8 45.5

β-d-Galp1NiPr2,3,4H−3 δ 90.6 81.2 86.0 79.7 78.6 62.4 50.6

κ2N1
,O2

:κ2O3,4 ∆δ 2.0 9.6 11.5 10.1 2.2 0.6 5.1

β-d-Galp1NtBu δ 87.1 71.4 74.4 69.8 76.1 61.9 51.1

β-d-Galp1NtBu2H−1 δ 91.1 82.0 86.2 79.6 78.6 62.3 58.7

κ2N1
,O2 ∆δ 4.0 10.6 11.8 9.8 2.5 −0.4 7.6
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2. Results

2.2.2.2. N-Alkyl-D-glu
osylamines

As shown in 
hapter 2.1.2.2 the β-pyranosylamine form represents the preferred isomer in neu-

tral and alkaline aqueous solution for un
omplexed N -alkyl-d-glu
osylamines. Upon addition

of Pd-en as 
oordinating agent and iodi
 a
id, a variety of heterolepti
 palladium 
omplexes,

depi
ted in �gure 2.29, with N -alkyl-d-glu
osylamines as bidentate ligands were identi�ed via

NMR spe
tros
opy in aqueous solution.
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Figure 2.29. Complex spe
ies dete
ted in rea
tion solutions resulting from the treatment of

N -alkyl-d-glu
osylamines with Pd-en and iodi
 a
id.

As shown in the table 2.79, the κ2N1
,O2


helatation of the β-anomer represents the prevailing


oordination mode for equimolar rea
tions with N -alkyl-d-glu
osylamines and Pd-en. A met-

alation of the respe
tive α-anomer was only observed for the methyl derivative. Tra
es of the


omplex spe
ies featuring the ligand in its open-
hain form were only dete
ted in rea
tion solu-

tions 
ontaining d-Gl
1NEt and d-Gl
1NiPr. The equimolar experiments with d-Gl
1NiPr and

d-Gl
1NtBu showed higher hydrolysis rates for the ligand and thus noti
eable amounts of free

and 
omplexed d-Glu
ose were dete
ted in the rea
tion solutions. Asso
iated to this sensitivity,

a rapid formation of palladium bla
k was observed during these rea
tions.
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Table 2.79. Per
entage distribution of the metalated spe
ies resulting from the treatment of

N -alkyl-d-glu
osylamines with Pd-en and iodi
 a
id in the molar ratio 1:1:1 at 4 ◦C.

Me Et Pr iPr tBu

β-d-Gl
p1NR2H−1-κ
2N1

,O2
84 76 94 78 52

α-d-Gl
p1NR2H−1-κ
2N1

,O2
12 0 0 0 0

d-Gl
a1NR2H−1-κ
2N1

,O2
0 4 0 0 7

other spe
ies 4 20 6 22 41

The presen
e of the steri
ally favored β-anomer in the prevailing 
omplex spe
ies is indi
ated

by the measured

3J1,2 values of 7.9Hz to 9.4Hz. Additionally, all further determined 
oupling


onstants in the 
omplexes mat
h the values found for the free N -alkyl-β-d-glu
opyranosylamine

isomers in aqueous solution. The

13
C{

1
H} NMR 
hemi
al shifts and derived CIS values for the β-

pyranosylamine 
omplex spe
ies are listed in table 2.80 and are in a

ordan
e with the expe
ted

values for a κ2N1
,O2


oordination mode.

Table 2.80. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) and shift di�eren
es (∆δ) to the

free ligand of the dete
ted monometalated N -alkyl-d-glu
opyranosylamines with Pd-en in D

2

O

at 4 ◦C. The ∆δ values indi
ating a CIS are printed bold.

C1 C2 C3 C4 C5 C6 Cα

β-d-Gl
p1NMe δ 91.3 73.4 77.4 70.6 77.4 61.5 31.5

β-d-Gl
p1NMe2H−1 δ 94.1 80.2 79.0 69.8 77.9 61.1 36.8

κ2N1
,O2 ∆δ 2.8 6.8 1.6 −0.8 0.5 −0.4 5.3

β-d-Gl
p1NEt δ 89.7 73.6 77.4 70.5 77.5 61.5 39.9

β-d-Gl
p1NEt2H−1 δ 89.5 80.2 79.0 69.9 77.9 61.1 42.4

κ2N1
,O2 ∆δ −0.2 6.6 1.6 −0.6 0.4 −0.4 2.5

β-d-Gl
p1NPr δ 90.2 73.6 77.4 70.5 77.5 61.5 47.6

β-d-Gl
p1NPr2H−1 δ 90.7 80.1 79.0 69.7 77.9 61.0 50.1

κ2N1
,O2 ∆δ 0.5 6.5 1.6 −0.8 0.4 −0.5 2.5

β-d-Gl
p1NiPr δ 88.2 74.0 77.3 70.6 77.6 61.6 45.5

β-d-Gl
p1NiPr2H−1 δ 90.0 80.4 79.1 69.7 78.1 61.1 50.9

κ2N1
,O2 ∆δ 1.8 6.4 1.8 −0.9 0.5 −0.5 5.4

β-d-Gl
p1NtBu δ 86.6 73.8 76.9 70.7 77.6 61.7 50.9

β-d-Gl
p1NtBu2H−1 δ 90.7 81.0 79.1 69.9 78.2 61.3 58.8

κ2N1
,O2 ∆δ 4.1 7.2 2.2 −0.8 0.5 −0.5 7.9

α-d-Gl
p1NMe δ 88.2 71.4 73.6 70.6 71.2 61.4 31.4

α-d-Gl
p1NMe2H−1 δ 93.1 76.6 74.0 69.3 69.6 61.4 36.6

κ2N1
,O2 ∆δ 4.9 5.2 0.4 −1.3 −1.6 0.0 5.2

A metalation of the energeti
ally less favorable α-anomer was only observed in the 
ase of d-

Gl
1NMe and is indi
ated by the smaller

3J1,2 
oupling 
onstant of 6.0Hz (free α-d-Gl
1NMe:

5.0Hz). This 
omplex spe
ies exhibits with 4.9 ppm for the C1 atom and 5.2 ppm for the C2

atom rather unusual CIS values. Only the CIS value for the Cα atom lies with 5.2 ppm within

the expe
ted range. Unlike in the 
ase of the 
helation of the α-anomer for some N -alkyl-

d-xylosylamines des
ribed in 
hapter 2.2.1.4, the possibility of a dynami
 �u
tuation between
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the two 
hair 
onformations 
an be ex
luded for all d-gly
osylamines derivatives as in the

1C4


onformation the hydroxymethyl group at the C5 atom would adopt the steri
ally unfavorable

axial position.

The minimal amounts of open-
hain 
omplex spe
ies for d-Gl
1NEt and d-Gl
1NiPr were de-

te
ted by their prominent

13
C{

1
H} NMR 
hemi
al shifts, listed in table 2.80, and the 
orre-

sponding

1
H NMR signals assigned to the imine hydrogen atom at 7.98 ppm and 7.90 ppm,

respe
tively.

Table 2.81. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) of the dete
ted monometalated

open-
hain spe
ies of N -alkyl-d-glu
osylamines with Pd-en in D

2

O at 4 ◦C.

C1 C2 C3 C4 C5 C6 Cα

d-Gl
a1NEt2H−1-κ
2N1

,O2 δ 186.0 88.0 71.9 69.3 71.4 63.5 55.3

d-Gl
a1NtBu2H−1-κ
2N1

,O2 δ 181.5 87.9 72.0 69.1 71.4 63.6 62.8

The spe
ies distribution given in table 2.82 reveals a 
lear preferen
e of the 
oordination of the β-

pyranosylamine form for all N -alkyl-d-glu
osylamines in experiments in
luding two equivalents of

Pd-en. Despite the ex
ess of palladium(II) probe, all derivatives formed 
onsiderable amounts of

the previously des
ribed monometalated spe
ies, indi
ating a high a stability of the mononu
lear


omplexes. Nevertheless, the doubly metalated 
omplex spe
ies prevail in all rea
tion solutions,

ex
ept in the rea
tion with d-Gl
1NtBu. The amount of 
omplexes in
luding the ligand in its

open-
hain form is noti
eably higher in experiments with an ex
ess of palladium probe than in

the 
orresponding equimolar rea
tions.

Table 2.82. Per
entage distribution of the metalated spe
ies resulting from the treatment of

N -alkyl-d-glu
osylamines with Pd-en and iodi
 a
id in the molar ratio 1:2:1 at 4 ◦C.

Me Et Pr iPr tBu

β-d-Gl
p1NR2,3,4H−3-κ
2N1

,O2
:κ2O3,4

72 54 68 48 20

d-Gl
a1NR2,3,4H−3-κ
2N1

,O2
:κ2O3,4

0 6 14 12 14

β-d-Gl
p1NR2H−1-κ
2N1

,O2
12 32 10 40 40

other spe
ies 16 8 10 0 26

The experimental

13
C{

1
H} NMR 
hemi
al shifts and CIS values listed in table 2.83 verify the

κ2O3,4
binding of a se
ond Pd-en fragment in a trans-vi
inal manner for all investigated N -alkyl-

d-glu
osylamines.

70



2. Results

Table 2.83. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) and shift di�eren
es (∆δ) to the free

ligand of the dete
ted doubly metalated N -alkyl-d-glu
opyranosylamines with Pd-en in D

2

O at

4 ◦C. The ∆δ values indi
ating a CIS are printed bold.

C1 C2 C3 C4 C5 C6 Cα

β-d-Gl
p1NMe δ 91.3 73.4 77.4 70.6 77.4 61.5 31.5

β-d-Gl
p1NMe2,3,4H−3 δ 95.0 82.2 88.3 80.1 79.2 61.6 37.2

κ2N1
,O2

:κ2O3,4 ∆δ 3.7 8.8 10.9 9.5 1.8 0.1 5.7

β-d-Gl
p1NEt δ 89.7 73.6 77.4 70.5 77.5 61.5 39.9

β-d-Gl
p1NEt2,3,4H−3 δ 90.2 82.0 88.4 80.0 79.3 61.5 42.5

κ2N1
,O2

:κ2O3,4 ∆δ 0.5 8.4 11.0 9.5 1.8 0.0 2.6

β-d-Gl
p1NPr δ 90.2 73.6 77.4 70.5 77.5 61.5 47.6

β-d-Gl
p1NPr2,3,4H−3 δ 91.3 82.1 88.3 79.9 79.2 61.5 50.3

κ2N1
,O2

:κ2O3,4 ∆δ 1.1 8.5 10.9 9.4 1.7 0.0 2.7

β-d-Gl
p1NiPr δ 88.2 74.0 77.3 70.6 77.6 61.6 45.5

β-d-Gl
p1NiPr2,3,4H−3 δ 91.0 82.4 88.4 79.9 79.3 61.5 50.8

κ2N1
,O2

:κ2O3,4 ∆δ 2.8 8.4 11.1 9.3 1.7 −0.1 5.3

β-d-Gl
p1NtBu δ 86.6 73.8 76.9 70.7 77.6 61.7 50.9

β-d-Gl
p1NtBu2,3,4H−3 δ 91.7 83.4 88.3 80.2 79.0 61.7 58.8

κ2N1
,O2

:κ2O3,4 ∆δ 5.1 9.6 11.4 9.5 1.4 0.0 7.9

The doubly metalated open-
hain spe
ies di�er from the 
orresponding monometalated deriva-

tives in the

13
C{

1
H} NMR 
hemi
al shifts measured for the C3 and C4 atoms. The 
al
ulated

shift di�eren
es average 13.4 ppm for the C3 atom and 11.6 ppm for the C4 atom, unambiguously

indi
ating a κ2N1
,O2

:κ2O3,4
metalation of the a
y
li
 isomers. No tra
es of spe
ies featuring

further possible 
oordination modes, as e.g. a κ2N1
,O2

:κ2O4,5
binding, were dete
ted in the

rea
tion solutions.

Table 2.84. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) of the dete
ted doubly metalated

open-
hain spe
ies of N -alkyl-d-glu
osylamines with Pd-en in D

2

O at 4 ◦C.

C1 C2 C3 C4 C5 C6 Cα

d-Gl
a1NEt2,3,4H−3-κ
2N1

,O2
:κ2O3,4 δ 186.4 88.7 85.4 80.7 73.5 65.2 55.3

d-Gl
a1NPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4 δ 187.4 88.2 85.5 80.8 73.4 65.2 62.7

d-Gl
a1NiPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4 δ 183.5 88.5 85.3 80.7 73.6 65.3 59.2

d-Gl
a1NtBu2,3,4H−3-κ
2N1

,O2
:κ2O3,4 δ 182.2 88.1 85.5 80.7 73.9 65.1 62.7

All rea
tions involving an ex
ess of palladium(II) probe, showed notable signs for the formation of

elemental palladium during the rea
tion pro
ess. The rate of this formation appears to a

elerate

with the steri
 demand of the alkylamino moiety of the in
luded ligand and hen
e 
orrelates with

the hydrolysis sensitivity of the ligand. Thus, as observed in the 
ase of the tert -butyl derivative,

the through hydrolyti
 
leavage released tert -butylamine readily substitutes the hydroxide ligand

and forms 
ompeting 
omplex spe
ies. Furthermore, the ex
ess of palladium(II) probe led to an

additional 
oordination of deprotonated d-glu
ose, indi
ated by the emergen
e of

13
C{

1
H} NMR

signals in the range from 102 ppm to 107 ppm.
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2.2.2.3. N-Alkyl-L-gulosylamines

In rea
tion solutions 
ontaining varying amounts of Pd-en, iodi
 a
id and N -alkyl-l-gulosyl-

amines the single, doubly and triple metalated spe
ies depi
ted in �gure 2.30 were identi�ed.

While the 
hara
terized monometalated spe
ies feature the ligands in their 
y
li
 and a
y
li


form, double and triple metalation o

urs on the open-
hain imine form.
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Figure 2.30. Complex spe
ies dete
ted in rea
tion solutions resulting from the treatment of

N -alkyl-l-gulosylamines with Pd-en and iodi
 a
id.

As shown in the table 2.85, the 
ondu
ted equimolar experiments stri
tly led to a κ2N1
,O2


helatation of the investigated N -alkyl-l-gulosylamines. The identi�ed 
omplex spe
ies only

distinguish from ea
h other in the in
luded isomer. For methyl and ethyl derivatives the 
om-

plexation of the β-anomer prevailed, while also smaller amounts of metalated α-anomer were

found. The 
helatation of the open-
hain form be
ame more apparent in experiments with iso-

propyl and tert -butyl derivatives. Other spe
ies identi�ed in the rea
tion solutions were mostly

free N -alkyl-l-gulosylamines and the asso
iated hydolyti
 
leavage produ
t l-gulose.
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Table 2.85. Per
entage distribution of the metalated spe
ies resulting from the treatment of

N -alkyl-l-gulosylamines with Pd-en and iodi
 a
id in the molar ratio 1:1:1 at 4 ◦C.

Me Et Pr iPr tBu

1C4-β-l-Gulp1NR2H−1-κ
2N1

,O2
72 76 52 54 27

1C4-α-l-Gulp1NR2H−1-κ
2N1

,O2
16 14 5 6 0

l-Gula1NR2H−1-κ
2N1

,O2
8 6 12 23 54

other spe
ies 4 4 31 17 19

In most 
ases the 
helation of the N -alkyl-β-l-gulosylamines was favored in the rea
tion solution.

The 
orresponding 
omplexes were readily identi�ed by the 
hara
teristi
 CIS values found for

the C1, C2 and Cα atoms (listed in table 2.86) and the measured

3J1,2 values, whi
h range

between 9.2Hz and 9.5Hz. Furthermore also all other determined 
oupling 
onstants indi
ate

the expe
ted stri
t presen
e of the

1C4 
onformation for the ligands.

Table 2.86. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) and shift di�eren
es (∆δ) to the

free ligand of the dete
ted monometalated N -alkyl-l-gulopyranosylamines with Pd-en in D

2

O at

4 ◦C. The ∆δ values indi
ating a CIS are printed bold.

C1 C2 C3 C4 C5 C6 Cα

β-l-Gul1NMe δ 88.4 68.2 71.7 70.3 74.5 61.8 31.3

1C4-β-l-Gulp1NMe2H−1 δ 91.2 75.5 72.5 69.9 76.5 61.6 36.8

κ2N1
,O2 ∆δ 2.8 7.3 −0.8 0.4 2.0 −0.2 5.5

β-l-Gul1NEt δ 87.0 68.4 71.7 70.3 74.5 61.8 39.7

1C4-β-l-Gulp1NEt2H−1 δ 86.3 75.2 72.5 69.8 76.5 61.5 42.3

κ2N1
,O2 ∆δ −0.7 6.8 0.8 −0.5 2.0 −0.3 2.6

β-l-Gul1N1NPr δ 87.3 68.4 71.8 70.3 74.6 61.8 47.4

1C4-β-l-Gulp1NPr2H−1 δ 87.5 75.4 72.5 69.8 76.5 61.4 50.0

κ2N1
,O2 ∆δ 0.2 7.0 0.7 −0.5 1.9 −0.4 2.6

β-l-Gul1NiPr δ 85.2 68.8 71.8 70.4 74.5 61.8 45.2

1C4-β-l-Gulp1NiPr2H−1 δ 86.8 75.6 72.7 69.7 76.7 61.4 50.8

κ2N1
,O2 ∆δ 1.6 6.8 0.9 −0.7 2.2 −0.4 5.6

β-l-Gul1NtBu δ 83.7 68.5 71.7 70.6 74.2 61.8 51.1

1C4-β-l-Gulp1NtBu2H−1 δ 87.3 76.3 73.3 69.7 77.1 61.4 58.8

κ2N1
,O2 ∆δ 3.6 7.8 1.6 −0.9 2.9 −0.4 7.7

The minor pyranoid spe
ies dete
ted in all rea
tion solutions, ex
ept for those 
ontaining the

tert -butyl derivative, was identi�ed as the κ2N1
,O2

-
helated α-anomer. A dire
t 
omparison of

the

13
C{

1
H} NMR 
hemi
al shifts between those 
omplexes and the 
orresponding free ligands

was not feasible sin
e the free α-anomer was not NMR-spe
tros
opi
ally dete
ted in D

2

O.

The 
omplex spe
ies in
luding the N -alkyl-l-gulosylamines in their a
y
li
 imine form were


hara
terized by their down�eld NMR signals assigned to the imine 
arbon and hydrogen atom.

The

1
H NMR signals of the H1 atom are lo
ated between 8.04 ppm and 8.08 ppm and the


orresponding

13
C{

1
H} NMR signals between 187.7 ppm and 181.6 ppm. Although no referen
e

values for the open-
hain isomers of the free N -alkyl-l-gulosylamines are available, the down�eld-

shifted

13
C{

1
H} NMR signals of the C2 atoms listed in table 2.87 indi
ate a κ2N1

,O2

helation.
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Table 2.87. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) of the dete
ted monometalated

open-
hain spe
ies of N -alkyl-l-gulosylamines with Pd-en in D

2

O at 4 ◦C.

C1 C2 C3 C4 C5 C6 Cα

l-Gula1NMe2H−1-κ
2N1

,O2 δ 187.7 86.5 75.2 70.8 73.2 63.0 48.8

l-Gula1NEt2H−1-κ
2N1

,O2 δ 186.2 86.5 75.3 70.8 73.3 63.0 55.8

l-Gula1NPr2H−1-κ
2N1

,O2 δ 187.3 86.3 75.3 70.8 73.3 63.0 62.8

l-Gula1NiPr2H−1-κ
2N1

,O2 δ 183.3 86.7 75.3 70.7 73.3 63.0 60.2

l-Gula1NtBu2H−1-κ
2N1

,O2 δ 181.6 86.1 75.7 70.6 73.3 62.9 63.1

If the amount of palladium(II) probe is in
reased to two equivalents, doubly and also triple

metalated spe
ies were dete
ted in the resulting rea
tion solutions. Remarkably, all identi�ed

multinu
lear 
omplexes feature the N -alkyl-l-gulosylamines in the respe
tive open-
hain imine

form as ligand. Furthermore, as shown in table 2.88, signi�
ant amounts of the monometalated

pyranoid spe
ies was found for the methyl, ethyl and proply derivative. This indi
ates a high

stability of the mononu
lear spe
ies, even when exposed to an ex
ess of palladium(II) probe. In

the 
ase of the iso-proply and tert -butyl derivatives, almost ex
lusively a
y
li
 imine forms were

featured. This preferen
e of a
y
li
 spe
ies for all N -alkyl-l-gulosylamines 
an be attributed to

the fa
t that the anti -orientation of the C3 and C4 hydroxy groups in the

1C4 
onformation

is not suitable for a 
omplexation of a se
ond PdN

2

-fragment. Further spe
ies dete
ted in the

experiments were mostly 
omplexed and non-
omplexed d-gulose. In the 
ase of l-Gul1NMe also

an additional pyranoid spe
ies was visible in the NMR spe
tra, but 
ould not be unambiguously


hara
terized. For l-Gul1NPr rapid hydrolysis of the ligand and the vigorous formation of

elementary palladium yielded a NMR spe
trum insu�
ient for detailed analysis.

Table 2.88. Per
entage distribution of the metalated spe
ies resulting from the treatment of

N -alkyl-l-gulosylamines with Pd-en and iodi
 a
id in the molar ratio 1:2:1 at 4 ◦C.

Me Et Pr iPr tBu

l-Gula1NR2,3,4H−3-κ
2N1

,O2
:κ2O3,4

27 46 0 46 23

l-Gula1NR2,4,5H−3-κ
2N1

,O2
:κ2O4,5

0 0 0 35 61

l-Gula1NR2,3,4,5,6H−5-κ
2N1

,O2
:κ2O3,4

:κ2O5,6
8 0 0 15 16

1C4-β-d-Gulp1NR2H−1-κ
2N1

,O2
46 48 38 4 0

other spe
ies 19 6 62 0 0

Two di�erent dimetalated a
y
li
 spe
ies, identi�ed as the κ2N1
,O2

:κ2O3,4
and κ2N1

,O2
:κ2O4,5


helate, were dete
ted. While the κ2N1
,O2

:κ2O3,4

helate was present in the rea
tion solution

of every N -alkyl-l-gulosylamines with two equivalents of palladium probe, the κ2N1
,O2

:κ2O4,5


helate was only found in experiments with l-Gul1NiPr and l-Gul1NtBu. An overview of the

13
C{

1
H} NMR 
hemi
al shifts assigned to both spe
ies is given in table 2.89. The κ2N1

,O2
:κ2O3,4


omplex was 
hara
terized by shift di�eren
es of about 10 ppm for the C3 atom and 11 ppm

for the C4 atom in 
omparison to the respe
tive monometalated open-
hain spe
ies. The

κ2N1
,O2

:κ2O4,5

omplex on the other hand was identi�ed by the shift di�eren
e of about 18 ppm

for the C5 atom and the aforementioned 11 ppm for the C4 atom. The hydroxy group at the C3

atom remained un
omplexed in this spe
ies and thus experien
ed no signi�
ant down�eld shift.

74



2. Results

Table 2.89. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) of the dete
ted doubly metalated

open-
hain spe
ies of N -alkyl-l-gulosylamines with Pd-en in D

2

O at 4 ◦C.

C1 C2 C3 C4 C5 C6 Cα

l-Gula1NMe2,3,4H−3-κ
2N1

,O2
:κ2O3,4 δ 190.3 88.0 85.8 81.5 73.9 62.3 48.8

l-Gula1NEt2,3,4H−3-κ
2N1

,O2
:κ2O3,4 δ 188.6 88.3 85.7 81.5 74.0 62.4 55.8

l-Gula1NiPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4 δ 185.3 88.3 85.7 81.5 74.0 62.4 60.1

l-Gula1NtBu2,3,4H−3-κ
2N1

,O2
:κ2O3,4 δ 183.9 88.2 86.2 81.4 74.0 62.3 62.9

l-Gula1NMe2,4,5H−3-κ
2N1

,O2
:κ2O4,5 δ 190.9 88.8 79.5 81.3 92.0 63.3 48.7

l-Gula1NiPr2,4,5H−3-κ
2N1

,O2
:κ2O4,5 δ 185.5 88.8 79.6 81.4 92.2 63.3 60.3

l-Gula1NtBu2,4,5H−3-κ
2N1

,O2
:κ2O4,5 δ 182.9 87.7 79.7 82.0 92.6 63.3 63.0

In rea
tions featuring l-Gul1NiPr and l-Gul1NtBu and two equivalents of Pd-en a third a
y
li


spe
ies was present in all re
orded NMR spe
tra. The

13
C{

1
H} NMR 
hemi
al shifts listed

in table 2.90 were assigned to this spe
ies and indi
ate the formation of a trinu
lear 
omplex.

All 
arbon atoms experien
e a signi�
ant down�eld shift as result of the 
omplexation, most

noti
eably the C6 atom, whi
h is easily identi�ed in the performed DEPT135 NMR experiments.

Table 2.90. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) of the dete
ted triple metalated

open-
hain spe
ies of N -alkyl-l-gulosylamines with Pd-en in D

2

O at 4 ◦C.

C1 C2 C3 C4 C5 C6 Cα

l-Gula1NMe2,3,4,5,6H−5-κ
2N1

,O2
:κ2O3,4

:κ2O5,6 δ 190.9 86.8 85.3 83.1 88.8 72.4 48.7

l-Gula1NiPr2,3,4,5,6H−5-κ
2N1

,O2
:κ2O3,4

:κ2O5,6 δ 185.9 86.9 85.6 83.4 89.0 72.4 60.2

l-Gula1NtBu2,3,4,5,6H−5-κ
2N1

,O2
:κ2O3,4

:κ2O5,6 δ 184.0 87.4 86.7 83.5 88.8 72.5 63.1

The in
rease of the palladium 
on
entration in a rea
tion with N -methyl-l-gulosylamines up to

three equivalents resulted in the NMR spe
trum displayed in �gure 2.31. The spe
trum shows

all of the three above mentioned a
y
li
 spe
ies l-Gula1NMe2,3,4H−3-κ
2N1

,O2
:κ2O3,4

(37%),

l-Gula1NMe2H−3-κ
2N1

,O2
:κ2O4,5

(21%) and l-Gula1NMe2,3,4,5,6H−5-κ
2N1

,O2
:κ2O3,4

:κ2O5,6

(17%) next to the monometalated pyranoid

1C4-β-d-Gulp1NR2H−1-κ
2N1

,O2
(19%) spe
ies and

small amounts of an unidenti�ed 
y
li
 spe
ies (6%).

75



2. Results

Figure 2.31. Resulting

13
C{

1
H} NMR spe
tra for the treatment of l-Gul1NMe with Pd-en and

iodi
 a
id in the molar ratio 1:3:1 after 3 h at 4 ◦C in D

2

O. Orange: l-Gula1NMe2,3,4H−3-

κ2N1
,O2

:κ2O3,4
, red: l-Gula1NMe2,3,4H−3-κ

2N1
,O2

:κ2O4,5
, green:

1C4-β-d-Gulp1NR2H−1-

κ2N1
,O2

, purple: l-Gula1NMe2,3,4,5,6H−5-κ
2N1

,O2
:κ2O3,4

:κ2O5,6
, grey: Pd-en, EtOH and

MeOH.

2.2.2.4. N-Alkyl-D-mannosylamines

In the investigated rea
tion solutions 
ontaining equimolar amounts of N -alkyl-d-mannosyl-

amines, Pd-en and iodi
 a
id two 
omplex spe
ies were unambiguously identi�ed. For the third

major spe
ies dete
ted in solution, the 
on�guration and 
onformation of the binding ligand


ould only be assumed. These three spe
ies and the binu
lear 
omplex spe
ies resulting from

experiments with two equivalents of Pd-en are depi
ted in �gure 2.32.
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Figure 2.32. Complex spe
ies dete
ted in rea
tion solutions resulting from the treatment of

N -alkyl-d-mannosylamines with Pd-en and iodi
 a
id. Assumed 
omplex spe
ies without 
lear

eviden
e for their presen
e are displayed grayed out.

The per
entage distributions determined from the 
ondu
ted equimolar experiments are listed

in table 2.91 and indi
ate a remarkable variability of the 
oordination behavior of N -alkyl-d-
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mannosylamines towards palladium(II) probes. While for d-Man1NMe and d-Man1NEt 
y
li


isomers prevailed upon 
oordination, the steri
ally more demanding iso-propyl and tert -butyl

derivatives exhibited a tenden
y to favor the metalation of the open-
hain form. In the 
ase

of d-Man1NMe, d-Man1NEt and d-Man1NPr two di�ering 
y
li
 spe
ies were dete
ted in the

respe
tive rea
tion solutions. Other dete
ted spe
ies in
lude the free rea
tant d-Man1NMe in

the 
orresponding experiment and not identi�able spe
ies in the rea
tions with d-Man1NiPr and

d-Man1NtBu. Indi
ations for a hydrolysis of the ligand were only found in rea
tion solutions


ontaining N -tert -butyl-d-mannosylamine.

Table 2.91. Per
entage distribution of the metalated spe
ies resulting from the treatment of

N -alkyl-d-mannosylamines with Pd-en and iodi
 a
id in the molar ratio 1:1:1 at 4 ◦C.

Me Et Pr iPr tBu

4C1-β-d-Manp1NR2H−1-κ
2N1

,O2
40 38 38 24 28

1C4-α-d-Manp1NR2H−1-κ
2N1

,O2
22 36 22 0 0

d-Mana1NR2H−1-κ
2N1

,O2
20 22 40 62 46

other spe
ies 18 4 0 14 26

The predominant 
omplex spe
ies in
luding a 
y
li
 ligand features the β-mannopyranosylamine

form and hen
e a 
is-vi
inal κ2N1
,O2


helatation of the palladium ion. Although the found

CIS values for these 
omplexes, listed in table 2.92, are noti
eably higher than in the previously

dis
ussed 
ases, a κ2N1
,O2

binding is highly likely. This is mainly explained by the absen
e of

any other apparent 
on�gurations, whi
h allow a reasonable 
oordination of the palladium ion.

Due to the problem of overlapping signals in the

1
H NMR spe
tra of the respe
tive experiments,

a de�nite assignment and determination of the 
oupling 
onstants was not feasible.

Table 2.92. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) and shift di�eren
es (∆δ) to the

free ligand of the dete
ted monometalated N -alkyl-d-mannopyranosylamines with Pd-en in D

2

O

at 4 ◦C. The ∆δ values indi
ating a CIS are printed bold.

C1 C2 C3 C4 C5 C6 Cα

β-d-Manp1NMe δ 88.7 71.5 74.5 67.9 77.9 61.9 31.6

β-d-Manp1NMe2H−1 δ 94.2 78.6 72.6 67.5 78.7 61.8 36.5

κ2N1
,O2 ∆δ 5.5 7.2 −1.9 −0.4 0.7 −0.1 4.9

β-d-Manp1NEt δ 86.9 71.8 74.5 67.9 77.9 61.9 39.5

β-d-Manp1NEt2H−1 δ 89.9 79.2 72.7 67.6 78.8 61.7 43.7

κ2N1
,O2 ∆δ 3.0 7.4 −1.8 −0.3 0.9 −0.3 4.2

β-d-Manp1NPr δ 87.2 71.8 74.5 67.9 77.9 61.9 47.1

β-d-Manp1NPr2H−1 δ 90.2 79.2 72.8 67.5 78.8 61.7 50.8

κ2N1
,O2 ∆δ 3.0 7.4 −1.7 −0.4 0.8 −0.3 3.7

β-d-Manp1NiPr δ 84.5 72.0 74.7 67.9 77.9 61.9 43.8

β-d-Manp1NiPr2H−1 δ 92.8 79.2 73.0 67.0 79.0 61.6 52.1

κ2N1
,O2 ∆δ 8.3 7.2 −1.7 −0.9 1.1 −0.3 8.3

β-d-Manp1NtBu δ 84.4 73.1 74.8 67.8 77.6 61.9 51.0

β-d-Manp1NtBu2H−1 δ 93.5 80.0 73.1 66.8 78.8 61.5 57.7

κ2N1
,O2 ∆δ 9.1 6.9 −1.7 −1.0 1.2 −0.4 6.7
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The formation of a se
ond 
omplex spe
ies featuring a 
y
li
 ligand was observed in some exper-

iments, but the asso
iated 
oordination mode 
ould not be initially elu
idated. Con
eivable s
e-

narios in
lude the ligand 
oordinating as furanoid isomer, a 
oordination of the PdN

2

-fragment

without involvement of the methylamino fun
tion or the �u
tuation of the N -alkyl-d-manno-

sylamines from the

4C1 
onformation to the unlikely

1C4 
onformation. The reason why the

presen
e of the latter is assumed will be outlined in the dis
ussion of this work.

The N -alkyl-d-mannosylamine 
omplexes featuring the a
y
li
 isomer as ligand are 
hara
ter-

ized by the prominent

1
H and

13
C{

1
H} NMR signals in the down�eld region of the obtained

NMR spe
tra, assigned to the 
oordinating imine fun
tion. The 
orresponding

1
H NMR signals

are unambiguously identi�ed by their 
hemi
al shifts ranging from 8.02 ppm to 8.09 ppm. The

13
C{

1
H} NMR signals assigned to the 
arbohydrate s
a�old and Cα atom are listed in table 2.93.

Table 2.93. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) of the dete
ted monometalated

open-
hain spe
ies of N -alkyl-d-mannosylamines with Pd-en in D

2

O at 4 ◦C.

C1 C2 C3 C4 C5 C6 Cα

d-Mana1NMe2H−1-κ
2N1

,O2 δ 188.2 86.6 73.8 70.2 71.2 63.7 48.8

d-Mana1NEt2H−1-κ
2N1

,O2 δ 186.6 86.5 73.9 70.2 71.2 63.7 55.7

d-Mana1NPr2H−1-κ
2N1

,O2 δ 187.4 85.8 74.0 70.2 71.1 63.7 62.8

d-Mana1NiPr2H−1-κ
2N1

,O2 δ 183.7 86.6 74.0 70.2 71.1 63.7 60.1

d-Mana1NtBu2H−1-κ
2N1

,O2 δ 182.1 85.8 74.7 70.1 7011 63.7 63.1

In rea
tion solutions of N -alkyl-d-mannosylamines 
ontaining an ex
ess of Pd-en only one doubly

metalated spe
ies, featuring the open-
hain isomer as ligand, was dete
ted. The 
helatation of a

se
ond PdN

2

-fragment by the a
y
li
 imine stri
tly o

urs on the alkoxide fun
tions at the C3

and C4 atom and was veri�ed by the 
hemi
al shift di�eren
es of between 13 ppm and 14 ppm for

both 
arbon atoms in 
omparison to the 
orresponding monometalated a
y
li
 
omplex spe
ies.

An overview of the

13
C{

1
H} NMR 
hemi
al shifts assigned to the a
y
li
 doubly metalated

spe
ies is given in table 2.94.

Surprisingly, no indi
ations for a κ2N1
,O2

:κ2O3,4

helation of a pyranoid or furanoid isomer

were observed in the respe
tive rea
tions. Only small amounts of the previously mentioned

monometalated spe
ies were dete
ted next to the doubly metalated open-
hain spe
ies.

Table 2.94. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) of the dete
ted doubly metalated

open-
hain spe
ies of N -alkyl-d-mannosylamines with Pd-en in D

2

O at 4 ◦C.

C1 C2 C3 C4 C5 C6 Cα

d-Mana1NEt2,3,4H−3-κ
2N1

,O2
:κ2O3,4 δ 188.1 88.6 87.8 83.9 73.3 64.2 55.8

d-Mana1NPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4 δ 189.2 88.7 87.6 83.9 73.3 64.2 62.9

d-Mana1NtBu2,3,4H−3-κ
2N1

,O2
:κ2O3,4 δ 183.1 88.4 87.9 84.2 73.3 64.4 63.1

It is noteworthy, that all rea
tions of N -alkyl-d-mannosylamines with two equivalents of pal-

ladium(II) probe led to an immediate formation of a bla
k pre
ipitate, most likely palladium

bla
k. Despite the rea
tion temperature of 4 ◦C, most rea
tion vessels and NMR tubes showed

a mirror of elementary palladium after the full rea
tion and analysis time. These side rea
tions

and a

ompanied redu
tion of palladium often resulted in not analyzable NMR spe
tra.
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2.2.2.5. N-Alkyl-L-rhamnosylamines

As anti
ipated be
ause of the stru
tural similarity, the observed 
oordination behavior of N -alkyl-

l-rhamnosylamines towards palladium(II) probes is quite similar to the previously in 
hapter

2.2.2.4 des
ribed �ndings for N -alkyl-d-mannosylamines. Hen
e, the treatment of the investi-

gated rhamnosylamine derivatives with Pd-en and iodi
 a
id also led to the 
hara
terization of

the three mononu
lear spe
ies depi
ted in �gure 2.33.

O N

O
HO

HO

H3C
RH

[Pd]

4C1-α-L-Rhap1NR2H−1-κ2N1,O2

R = Me, Et, iPr

1

2
3

4

5

R

N

CH3

OH

HO

O

[Pd]
1

2

3

4

5
HO

L-Rhaa1NR2H−1-κ2N1,O2

R = Me, Et, iPr

O

OH

OH
O

H
N1

23

4 5

R
CH3

[Pd]

1C4-β-L-Rhap1NR2H−1-κ2N1,O2

R = Me, Et, iPr

Figure 2.33. Complex spe
ies and 
onformational �u
tuation dete
ted in rea
tion solutions

resulting from the treatment of N -alkyl-l-rhamnosylamines with Pd-en and iodi
 a
id.

As shown in table 2.95, for N -alkyl-l-rhamnosylamines the amount of metalation of the a
y
li


isomer in equimolar rea
tions in
reases with the size of the alkylamino moiety in the ligand.

As a 
onsequen
e, the 
on
entration of 
omplex spe
ies featuring the ligand in its pyranoid

form diminishes, espe
ially the 
oordination of the α-anomer. While the NMR spe
tra obtained

from the equimolar rea
tion solutions were of good quality and showed almost no side produ
ts,

rea
tions of N -alkyl-l-rhamnosylamines with an ex
ess of palladium(II) probe showed a rapid

de
omposition a

ompanied by the visible formation of elementary palladium and leading to the

re
eption of not analyzable NMR spe
tra.

Table 2.95. Per
entage distribution of the metalated spe
ies resulting from the treatment of

N -alkyl-l-rhamnosylamines with Pd-en and iodi
 a
id in the molar ratio 1:1:1 at 4 ◦C.

Me Et iPr

1C4-β-l-Rhap1NR2H−1-κ
2N1

,O2
58 42 42

4C1-α-l-Rhap1NR2H−1-κ
2N1

,O2
28 26 12

l-Rhaa1NR2H−1-κ
2N1

,O2
14 20 46

other spe
ies 0 12 0

The in table 2.96 listed CIS values for the 
helatation of the β-l-rhamnopyranosylamine form

are similar to the values des
ribed in 
hapter 2.2.2.4 for N -alkyl-β-d-mannopyranosylamines.

Hen
e, a similar stru
ture and 
is-vi
inal 
oordination mode is assumed. But unlike in the 
ase

of their 6-hydroxy analogues, the majority of the 
oupling 
onstants for the 
oordinating N -alkyl-

β-l-rhamnosylamines 
ould be obtained from the respe
tive

1
H NMR spe
tra. The determined

3J1,2 values of 1.0Hz to 1.2Hz and also other 
oupling 
onstants verify the 
oordination of the
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β-anomer and the presen
e of the

1C4 
onformation in this spe
ies.

Table 2.96. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) and shift di�eren
es (∆δ) to the free

ligand of the dete
ted monometalated N -alkyl-l-rhamnopyranosylamines with Pd-en in D

2

O at

4 ◦C. The ∆δ values indi
ating a CIS are printed bold.

C1 C2 C3 C4 C5 C6 Cα

β-l-Rha1NMe δ 88.7 71.8 74.2 73.0 73.8 17.4 31.6

1C4-β-l-Rhap1NMe2H−1 δ 94.8 78.9 74.8 72.4 72.8 17.6 36.4

κ2N1
,O2 ∆δ 6.1 7.1 0.6 −0.6 −1.0 0.2 4.8

β-l-Rha1NEt δ 86.8 71.9 74.2 73.1 73.8 17.4 39.5

1C4-β-l-Rhap1NEt2H−1 δ 90.0 79.3 74.8 72.5 72.8 17.6 43.7

κ2N1
,O2 ∆δ 3.2 7.4 0.6 −0.6 −1.0 0.2 4.2

β-l-Rha1NiPr δ 84.3 72.1 74.3 73.1 73.8 17.4 43.7

1C4-β-l-Rhap1NiPr2H−1 δ 92.9 79.4 75.0 72.4 72.7 17.8 52.2

κ2N1
,O2 ∆δ 8.6 7.3 0.7 −0.7 −1.1 0.4 8.5

For the other 
omplex spe
ies featuring the ligands in their pyranoid form the metalation of

the respe
tive α-anomers is assumed. This κ2N1
,O2


helatation would not feasible if the ligand

stri
tly resides in the energeti
ally favored

1C4 
onformation as the 
onsidered fun
tional groups

would be anti -oriented. Conversely, in the

4C1 
onformation a trans-vi
inal binding of the PdN2

-

fragment is realizable. Due to the lower steri
 demand of the fun
tional group in axial position

at the C5 atom (methyl vs. hydroxymethyl group), this 
oordination mode is not as improbable

as for the respe
tive mannosylamine analogues. This assumption is further supported by the

determined

3J1,2 values whi
h range from 5.9Hz to 6.2Hz and hen
e indi
ate the preferen
e of

the

4C1 
onformation.

The monometalation of the a
y
li
 imine form is 
hara
terized by the immense down�eld shift

of the NMR signals assigned to the C1 atom. The

1
H NMR signals for the imine hydrogen

atom are lo
ated at 8.07 ppm to 8.08 ppm in the respe
tive

1
H NMR spe
tra. The distin
tive

13
C{

1
H} NMR 
hemi
al shifts for the 
helated open-
hain form are given in table 2.97.

Table 2.97. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) of the dete
ted monometalated

open-
hain spe
ies of N -alkyl-l-rhamnosylamines with Pd-en in D

2

O at 4 ◦C.

C1 C2 C3 C4 C5 C6 Cα

l-Rhaa1NMe2H−1-κ
2N1

,O2 δ 187.9 86.8 74.6 73.8 67.4 19.7 48.8

l-Rhaa1NEt2H−1-κ
2N1

,O2 δ 186.4 86.8 74.6 73.9 67.4 19.7 55.7

l-Rhaa1NiPr2H−1-κ
2N1

,O2 δ 183.4 87.0 74.6 74.0 67.4 19.7 60.1
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2.2.3. N-Alkyl-2-deoxy-D-gly
osylamines

2.2.3.1. N-Alkyl-2-deoxy-D-erythro-pentosylamines

The treatment of N -alkyl-2-deoxy-d-erythro-pentosylamines with Pd-en and iodi
 a
id in molar

ratios of 1:1:1 and 1:2:1 led to the 
hara
terization of the three 
omplex spe
ies depi
ted in

�gure 2.34 in the 
orresponding rea
tion solutions.

[Pd]

N

O

R

O

[Pd]

1

2

34

5

O
[Pd]

N

HO

R

O

[Pd]

1

2

3

4
5

HO

D-ery-dPenta1NR3H−1-κ2N1,O3

R = Me, Et

D-ery-dPenta1N3,4,5H−3-κ2N1,O3:κ2O4,5

R = Me, Et

α-D-ery-dPentf1NR3H−1-κ2N1,O3

R = Me, Et

HN
O

O

HO

R

1

3
4

5

2

Figure 2.34. Complex spe
ies dete
ted in rea
tion solutions resulting from the treatment of

N -alkyl-2-deoxy-d-erythro-pentosylamines with Pd-en and iodi
 a
id.

In the 
omplexation rea
tions with the investigated N -alkyl-2-deoxy-d-erythro-pentosylamines a

severe sus
eptibility of the ligands towards hydrolysis be
ame evident. This 
ir
umstan
e led in

most experiments to a predominant formation of hydrolysis produ
ts, su
h as free 2-deoxy-d-

erythro-pentose and asso
iated 
omplex spe
ies. A 
helatation involving the alkylamino fun
tion

was only dete
ted in rea
tion solutions 
ontaining the respe
tive methyl and ethyl derivatives.

An overview of the determined per
entage distribution between all spe
ies in the 
orresponding

solutions is given in table 2.98.

Table 2.98. Per
entage distribution of the metalated spe
ies resulting from the treatment of N -

alkyl-2-deoxy-d-erythro-pentosylamines with Pd-en and iodi
 a
id in the molar ratio 1:1:1 and

1:2:1 at 4 ◦C.

1:1:1 1:2:1

Me Et Me Et

d-ery-dPenta1NR3H−1-κ
2N1

,O3
29 28 0 0

α-d-ery-dPentf 1NR3H−1-κ
2N1

,O3
23 23 0 0

d-ery-dPenta1NR3,4,5H−3-κ
2N1

,O3
:κ2O4,5

0 3 88 74

other spe
ies 48 46 12 26

The, solely in equimolar rea
tions dete
ted, 
omplexation of a 
y
li
 isomer features the κ2N1
,O3


helatation of the α-furanosylamine isomer, thus leading to the formation of a six-membered


helate ring. Although the resulting CIS values, listed in table 2.99, are not as 
on
lusive

as expe
ted, the prominent

13
C{

1
H} NMR 
hemi
al shifts observed for the C4 atom 
learly

suggest the presen
e of the furanoid form. This �nding leads to the 
on
lusion that the essential

1,3-binding mode favors the furanoid isomer over the pyranoid isomer, although a 1,3-diaxial

metalation of the respe
tive α-pyranosylamine in the

4C1 
onformation is 
on
eivable without
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en
ountering energeti
 limitations. Furanose rings usually exhibit a dynami
 pu
kering leading

to a variety of possible 
onformations,

[50℄

but for the observed 
omplex spe
ies it is assumed that

due to the κ2N1
,O3


helatation the

C2E 
onformation is stri
tly realized. As a 
onsequen
e of

the large amount of hydrolysis produ
ts in the investigated rea
tion solutions and the asso
iated

overlapping of

1
H NMR signals, no further veri�
ation of the 
oordination mode and stru
ture

through the determination of 
oupling 
onstants was possible. The la
k of additional fun
tional

groups inhibits the possibility of a se
ond metalation of the α-furanosylamine isomer in rea
tions

in
luding an ex
ess of palladium(II) probe.

Table 2.99. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) and shift di�eren
es (∆δ) to the

free ligand of the dete
ted monometalated N -alkyl-2-deoxy-d-erythro-pentofuranosylamines with

Pd-en in D

2

O at 4 ◦C. The ∆δ values indi
ating a CIS are printed bold.

C1 C2 C3 C4 C5 Cα

α-d-ery-dPentf 1NMe δ 91.9 39.3 71.5 84.5 62.1 31.5

α-d-ery-dPentf 1NMe3H−1 δ 92.4 38.1 72.8 90.7 62.7 36.8

κ2N1
,O3 ∆δ 0.5 −1.2 1.3 6.2 1.6 5.3

α-d-ery-dPentf 1NEt δ 90.3 40.2 71.4 84.4 62.1 39.7

α-d-ery-dPentf 1NEt3H−1 δ 92.3 39.6 73.0 88.4 62.8 40.3

κ2N1
,O3 ∆δ 2.0 −0.6 1.6 4.0 0.7 0.6

The formation of six-membered 
helate rings was also observed in the dete
ted 
omplex spe
ies

exhibiting a single and double metalation of the open-
hain form of N -methyl- and N -ethyl-2-de-

oxy-d-erythro-pentosylamines. The presen
e of these 
helated imine isomers in solution be
omes

strikingly evident by the prominent

1
H NMR signals, assigned to the imine hydrogen atom, at

7.75 ppm and 7.81 ppm for the mononu
lear 
omplex as well as 7.68 ppm and 7.75 ppm for the

binu
lear spe
ies. All 
orresponding

13
C{

1
H} NMR 
hemi
al shifts and resulting CIS values are

listed in table 2.100. It has to be noted that the mentioned CIS values are 
al
ulated from values

obtained in di�erent solvents sin
e the imine form of the free ligand was only dete
ted in DMSO-

d6. The binding of the �rst palladium fragment to the imine o

urs at the N1 and O3 atoms

and appears to be slightly favored over the aforementioned 
helatation of the furanoid isomer

in equimolar experiments. The doubly metalated spe
ies feature an additional PdN

2

-fragment

bound to the alkoxide groups at the C4 and C5 atom, exhibiting the 
ommon �ve-membered


oordination pattern. This 
oordination mode involving the terminal fun
tional group is read-

ily identi�ed by the indu
ed down�eld shift observed for the C5 atom in the DEPT 135 NMR

experiment and is only dete
ted in rea
tion solutions 
ontaining two equivalents of palladium

probe. In the respe
tive experiments the doubly metalated open-
hain isomers 
learly represents

the prevailing spe
ies.
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Table 2.100. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) and shift di�eren
es (∆δ) to

the free ligand in DMSO-d6 of the dete
ted open-
hain spe
ies of N -alkyl-2-deoxy-d-erythro-

pentosylamines with Pd-en in D

2

O at 4 ◦C.

C1 C2 C3 C4 C5 Cα

d-ery-dPenta1NMe δ 165.3 39.0 69.5 74.6 63.2 47.4

d-ery-dPenta1NMe3H−1 δ 179.8 37.2 75.1 68.4 63.0 48.8

κ2N1
,O3 ∆δ 14.5 −1.8 5.6 −6.2 −0.2 1.4

d-ery-dPenta1NMe3,4,5H−3 δ 174.0 39.3 69.3 84.8 75.7 51.7

κ2N1
,O3

:κ2O4,5 ∆δ 8.7 −0.2 1.0 10.2 12.5 4.3

d-ery-dPenta1NEt δ 163.2 38.9 69.6 74.6 63.2 54.7

d-ery-dPenta1NEt3H−1 δ 173.3 39.5 75.1 68.1 64.5 57.9

κ2N1
,O3 ∆δ 10.1 0.6 5.5 −6.5 1.3 3.2

d-ery-dPenta1NEt3,4,5H−3 δ 173.3 40.0 69.2 84.8 75.6 58.1

κ2N1
,O3

:κ2O4,5 ∆δ 10.1 1.1 −0.4 10.2 12.4 3.4

2.2.3.2. N-Alkyl-2-deoxy-D-arabino-hexosylamines

In rea
tion solutions 
ontaining N -alkyl-2-deoxy-d-arabino-hexosylamines, Pd-en and iodi
 a
id

in the molar rations 1:1:1 and 1:2:1 the in �gure 2.35 depi
ted 
omplex spe
ies 
ould be identi�ed.
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Figure 2.35. Complex spe
ies dete
ted in rea
tion solutions resulting from the treatment of

N -alkyl-2-deoxy-d-arabino-hexosylamines with Pd-en and iodi
 a
id.

The only 
oordination mode dete
ted for all three investigated N -alkyl-2-deoxy-d-arabino-hexo-

sylamine derivatives featured a κ2N1
,O3


helatation of the ligand as a
y
li
 imine. A 
orrespond-

ing metalation of a 
y
li
 form was only observed for the methyl derivative and, to a smaller

extent, for the ethyl derivative. In these 
omplex spe
ies the ligand adapts its β-furanosyl form.

As strikingly be
omes evident from table 2.101, a double metalation was only observed in the
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experiment featuring d-ara-dHex1NMe with two equivalents of palladium(II) probe. The re-

spe
tive NMR spe
trum indi
ates the presen
e of two binu
lear 
omplex spe
ies. Both 
omplex

spe
ies exhibit a κ2O5,6
binding of the se
ond PdN

2

-fragment to the a
y
li
 imine form and

β-furanosylamine form, respe
tively. Surprisingly, all dimolar rea
tion attempts with the ethyl

and iso-propyl derivative only led to the formation of the same monometalated spe
ies already

identi�ed in the aforementioned equimolar rea
tion solutions.

Table 2.101. Per
entage distribution of the metalated spe
ies resulting from the treatment of

N -alkyl-2-deoxy-d-arabino-hexosylamines with Pd-en and iodi
 a
id in the molar ratio 1:1:1 and

1:2:1 at 4 ◦C.

1:1:1 1:2:1

Me Et iPr Me Et iPr

β-d-ara-dHexf 1NR3H−1-κ
2N1

,O3
57 27 75 0 14 0

d-ara-dHexa1NR3H−1-κ
2N1

,O3
17 67 0 0 60 64

β-d-ara-dHexf 1NR3,5,6H−3-κ
2N1

,O3
:κ2O5,6

0 0 0 41 0 0

d-ara-dHexa1NR3,5,6H−3-κ
2N1

,O3
:κ2O5,6

0 0 0 39 0 0

other spe
ies 26 6 25 20 26 36

Sin
e, as des
ribed in 
hapter 2.1.3.2, no tra
es of N -alkyl-2-deoxy-d-arabino-hexofuranosyl-

amines were dete
ted for the free ligands in aqueous solutions, a determination of CIS values

was not possible due to the la
k of referen
e values. The presen
e of the furanoid form for

all investigated ligands in 
y
li
 
omplex spe
ies wis indi
ated by the signi�
antly down�eld

shifted NMR signals assigned to the respe
tive C4 atoms. The assumed β-
on�guration was

primarily derived from the fa
t that a reasonable 
oordination pattern 
an only be 
onstru
ted

for the β-furnanosylamine isomer. Another thinkable 
oordination mode would feature the β-

pyranosylamine isomer in the

1C4 
onformation as ligand, but seems highly unlikely due to the

energeti
ally unfavorable axial position of the hydroxymethyl moiety.

The 
y
li
 doubly metalated 
omplex spe
ies found for d-ara-dHex1NMe was 
hara
terized by

the observed shift di�eren
es of about 10 ppm at the C5 and C6 atom in 
omparison to the 
or-

responding monometalated spe
ies. This distin
tive shift is a result of the exo
y
li
 
oordination

of a se
ond PdN

2

-fragment to the respe
tive alkoxide fun
tions. An overview of the determined

13
C{

1
H} NMR 
hemi
al shifts for all 
omplex spe
ies featuring the ligands in their furanoid form

is given in table 2.102.

Table 2.102. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) of the dete
ted metalated N -alkyl-

2-deoxy-d-arabino-hexofuranosylamines with Pd-en in D

2

O at 4 ◦C.

C1 C2 C3 C4 C5 C6 Cα

β-d-ara-dHexf 1NMe3H−1 δ 89.6 38.6 70.1 84.9 70.3 64.6 37.0

β-d-ara-dHexf 1NMe3,5,6H−3 δ 89.5 38.4 78.3 87.5 80.9 75.0 36.7

β-d-ara-dHexf 1NEt3H−1 δ 91.9 38.1 74.1 88.7 72.3 63.3 40.7

The

13
C{

1
H} NMR 
hemi
al shifts listed in table 2.103 were assigned to the metalated open-


hain spe
ies of the investigated N -alkyl-2-deoxy-d-arabino-hexosylamine. Most notably for the

formation of the imine spe
ies are the 
hemi
al shifts assigned to the C1 atom in the down�eld
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region of the respe
tive

13
C{

1
H} NMR spe
tra. The asso
iated

1
H NMR shifts were dete
ted

between 7.80 ppm to 7.88 ppm for the monometalated spe
ies and at 7.67 ppm for the sole iden-

ti�ed doubly metalated imine spe
ies. The a
y
li
 binu
lear 
omplex unexpe
tedly features a

κ2O5,6

helatation instead of κ2O4,5


helatation, whi
h was identi�ed by the signi�
ant down�eld

shift of the terminal hydroxymethyl moiety in the DEPT 135 NMR experiment.

Table 2.103. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) of the dete
ted metalated open-


hain spe
ies of N -alkyl-2-deoxy-d-arabino-hexosylamines with Pd-en in D

2

O at 4 ◦C.

C1 C2 C3 C4 C5 C6 Cα

d-ara-dHexa1NMe2H−1-κ
2N1

,O2 δ 175.3 41.1 73.6 67.1 73.4 63.3 50.7

d-ara-dHexa1NMe2H−1-κ
2N1

,O2
:κ2O5,6 δ 178.8 40.8 83.7 70.5 86.7 76.0 50.9

d-ara-dHexa1NEt2H−1-κ
2N1

,O2 δ 173.9 41.7 73.7 66.6 73.2 63.4 57.6

d-ara-dHexa1NiPr2H−1-κ
2N1

,O2 δ 171.3 42.4 73.9 66.5 73.3 63.5 61.1

2.2.3.3. N-Alkyl-2-deoxy-D-lyxo-hexosylamines

The treatment of N -methyl- and N -ethyl-2-deoxy-d-lyxo-hexosylamine with Pd-en and iodi


a
id in molar ratios 1:1:1 and 1:2:1 led to the formation of various spe
ies of whi
h four 
omplex

spe
ies 
ould 
hara
terized with 
ertainty. These spe
ies are depi
ted in �gure 2.36.
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Figure 2.36. Complex spe
ies dete
ted in rea
tion solutions resulting from the treatment of

N -alkyl-2-deoxy-d-lyxo-hexosylamines with Pd-en and iodi
 a
id.

The NMR spe
tra obtained from the rea
tion solutions show a metalation of the α-furanosyl

isomers as well as the open-
hain imine form for both investigated ligands. As 
an be seen
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in table 2.104, a prevalen
e of the furanoid spe
ies over the open-
hain spe
ies was dete
ted

in all equimolar experiments. In the 
ase of the methyl derivative an additional spe
ies with


omparable

13
C{

1
H} NMR 
hemi
al shifts to those found for the furanoid spe
ies was observed,

but 
ould not be further identi�ed. This unidenti�ed spe
ies was also not present in the equimolar

rea
tion in
luding the ethyl derivative, but therefore signi�
ant amounts of hydrolysis produ
ts

and rea
tant were dete
ted in the rea
tion solution.

If two equivalents of Pd-en were used, the double metalation of the open-
hain form prevailed

over the double metalation of the furanoid isomer in the 
ase of d-lyx -dHex1NMe and d-lyx -

dHex1NEt. For the methyl derivative also tra
es of the aforementioned mononu
lear spe
ies

were dete
ted in the 
orresponding NMR spe
tra.

Table 2.104. Per
entage distribution of the metalated spe
ies resulting from the treatment of

N -alkyl-2-deoxy-d-lyxo-hexosylamines with Pd-en and iodi
 a
id in the molar ratio 1:1:1 and

1:2:1 at 4 ◦C.

1:1:1 1:2:1

Me Et Me Et

β-d-lyx -dHexf 1NR3H−1-κ
2N1

,O3
63 28 22 0

d-lyx -dHexa1NR3H−1-κ
2N1

,O3
11 23 0 0

d-lyx -dHexa1NR3,4,5H−3-κ
2N1

,O3
:κ2O4,5

0 3 35 92

β-d-lyx -dHexf 1NR3,5,6H−3-κ
2N1

,O3
:κ2O5,6

0 0 32 8

other spe
ies 26 46 11 0

The metalation of the β-furanosyl isomers was primarily 
hara
terized by the

13
C{

1
H} NMR


hemi
al shift assigned to the C4 atom. A 1,3-diaxial 
oordination of a 
orresponding pyranoid

isomer would only be possible for the β-anomer in the

1C4 
onformation, but is highly un-

likely due to the energeti
ally unfavorable axial orientation of the hydroxymethyl fun
tion. The

13
C{

1
H} NMR 
hemi
al shifts and resulting CIS values are displayed in table 2.105. Although

the CIS values resulting from the κ2N1
,O3

binding are ex
eptionally low, this 
oordination pat-

tern was assumed as 
onsequen
e of the aforementioned arguments. The CIS values 
aused by

the binding of a se
ond Pd

2

N-fragment to the exo
yli
 alkoxide fun
tions at C5 and C6 atom on

the other hand are with 9.4 ppm to 11.6 ppm within the expe
ted range.
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Table 2.105. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) and shift di�eren
es (∆δ) to the

free ligand of the dete
ted monometalated N -alkyl-2-deoxy-d-lyxo-hexofuranosylamines with Pd-

en in D

2

O at 4 ◦C. The ∆δ values indi
ating a CIS are printed bold.

C1 C2 C3 C4 C5 C6 Cα

β-d-lyx -dHexf 1NMe δ 92.7 40.3 72.1 85.9 70.5 63.5 31.8

β-d-lyx -dHexf 1NMe3H−1 δ 92.0 38.0 73.9 90.9 72.2 63.2 36.9

κ2N1
,O3 ∆δ −0.7 −2.3 1.8 5.0 1.7 −0.3 5.1

β-d-lyx -dHexf 1NMe3,5,6H−3 δ 92.7 37.5 72.3 90.3 82.0 74.0 36.8

κ2N1
,O3

:κ2O5,6 ∆δ 0.0 −2.8 0.2 4.4 11.5 10.5 5.0

β-d-lyx -dHexf 1NEt δ 91.2 40.6 72.2 85.9 70.5 63.6 40.4

β-d-lyx -dHexf 1NEt3H−1 δ 91.9 38.1 74.1 88.7 72.3 63.3 40.7

κ2N1
,O3 ∆δ 0.7 −2.5 1.9 2.8 1.8 −0.3 0.3

β-d-lyx -dHexf 1NEt3,5,6H−3 δ 92.6 37.5 73.1 88.1 82.1 73.0 40.5

κ2N1
,O3

:κ2O5,6 ∆δ 1.4 −3.1 0.9 2.2 11.6 9.4 0.1

Single and double metalation was also dete
ted for the a
y
li
 imine isomer of d-lyx -dHex1NMe

and d-lyx -dHex1NEt. The distin
t

1
H NMR signals for the respe
tive imine hydrogen atoms are

lo
ated at 7.76 ppm and 7.82 ppm for the mononu
lear spe
ies and at 7.71 ppm and 7.77 ppm

for the binu
lear spe
ies. The 
orresponding

13
C{

1
H} NMR 
hemi
al shifts and determined

CIS values for the 
omplex spe
ies are listed in table 2.105. The listed CIS values 
learly

validate the assumed κ2N1
,O3

and κ2N1
,O3

:κ2O4,5

oordination pattern for these palladium-

imine 
omplexes.

Table 2.106. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) and shift di�eren
es (∆δ) to the free

ligand in DMSO-d6 of the dete
ted open-
hain spe
ies of N -alkyl-2-deoxy-d-lyxo-hexosylamines

with Pd-en in D

2

O at 4 ◦C.

C1 C2 C3 C4 C5 C6 Cα

d-lyx -dHexa1NMe δ 165.5 39.9 68.6 69.9 72.9 63.0 47.4

d-lyx -dHexa1NMe3H−1 δ 174.3 39.8 71.6 67.2 73.8 63.7 51.4

κ2N1
,O3 ∆δ 8.8 −0.1 3.0 −2.7 0.9 0.7 4.0

d-lyx -dHexa1NMe3,4,5H−3 δ 174.4 39.6 68.9 85.0 87.2 64.2 51.6

κ2N1
,O3

:κ2O4,5 ∆δ 8.9 −0.3 0.3 15.1 14.3 1.2 4.2

d-lyx -dHexa1NEt δ 163.2 36.2 68.7 69.1 72.9 63.0 54.8

d-lyx -dHexa1NEt3H−1 δ 173.3 39.5 71.9 67.2 73.8 63.7 57.9

κ2N1
,O3 ∆δ 10.1 3.3 3.2 −1.9 0.9 0.7 3.1

d-lyx -dHexa1NEt3,4,5H−3 δ 173.2 39.9 68.6 84.8 87.3 64.5 58.1

κ2N1
,O3

:κ2O4,5 ∆δ 10.0 3.3 −0.1 15.7 14.4 1.5 3.3
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2.2.4. N-Phenylgly
osylamines

For the investigation of the 
oordination behavior of N -phenylgly
osylamines towards palla-

dium(II) probes d-Ara1NPh, d-Lyx1NPh, d-Rib1NPh, d-Xyl1NPh, d-Gl
1NPh, d-Gul1NPh

and d-Man1NPh were treated with Pd-en or Pd-tmeda and iodi
 a
id in various molar ra-

tios. All applied ligands were synthesized using aniline-

15
N and thus in
luded a

15
N enri
hed

aminophenyl moiety. This approa
h allows the measurement of meaningful

15
N NMR spe
tra

from the resulting rea
tion solutions, whi
h allow a more lu
id overview of the formed spe
ies.

2.2.4.1. N-Phenylpentosylamines

In the respe
tive experiments in
luding N -phenyl-d-pentosylamines as ligand the pyranoid form

prevailed in all dete
ted 
omplex spe
ies. The 
orresponding 
omplexes are depi
ted in �gure 2.37.

A double metalation of a 
y
li
 isomer was only observed in the 
ase of d-Lyx1NPh and d-

Rib1NPh. Furthermore, it is noteworthy that in all experiments no indi
ations for the 
oordina-

tion of the 
orresponding other pyranoid anomer were found.
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Figure 2.37. Pyranoid 
omplex spe
ies dete
ted in rea
tion solutions resulting from the treatment

of N -phenyl-d-pentosylamines with Pd-en and iodi
 a
id.

The κ2N1
,O2


helatation in the aforementioned spe
ies was primarily 
hara
terized by the dis-

tin
t CIS values determined for the C1 and C2 atom. The 
omparison of the NMR signals for the

aminophenyl moiety in the free ligand and in the 
omplexed ligand led to a rather unexpe
ted

�nding. While the CIS for the aromati
 
arbon atom in the ipso position adapted negative val-

ues in all experiments, the 
arbon atom in the ortho and para position showed CIS values from

about 7 ppm to 9 ppm. The 
arbon atom in the meta position on the other hand appeared to be

largely una�e
ted by the 
oordination. The respe
tive

13
C{

1
H} NMR 
hemi
al shifts and CIS

values are listed in table 2.107. The

3J1,2 values and further 
oupling 
onstants determined for

the 
helated N -phenyl-d-pentosylamines unanimously 
orrelated to the 
oupling 
onstants found
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for the 
omplexes of their 
orresponding alkyl derivatives (see 
hapter 2.2.1). Ea
h 
y
li
 spe
ies

exhibits one spe
i�
 signal in the respe
tive

15
N NMR spe
trum and the determined

15
N NMR


hemi
al shifts range from −340 ppm to −332 ppm.

Table 2.107. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) and shift di�eren
es (∆δ) to the

free ligand of the dete
ted metalated N -phenyl-d-pentopyranosylamines with Pd-en in D

2

O at

4 ◦C. The ∆δ values indi
ating a CIS are printed bold.

C1 C2 C3 C4 C5 Ci Co Cm Cp

1C4-α-d-Arap1NPh δ 86.1 70.9 73.9 69.5 67.6 146.3 115.1 130.2 120.3

1C4-α-d-Arap1NPh2H−1 δ 98.0 76.7 75.3 68.5 70.7 143.0 124.1 130.8 128.8

κ2N1
,O2 ∆δ 11.9 5.8 1.4 −1.0 0.9 −3.3 9.0 0.6 8.5

1C4-α-d-Arap1NPh2,3,4H−3 δ 97.9 81.3 85.2 78.8 69.7 143.5 124.9 131.6 128.9

κ2N1
,O2

:κ2O3,4 ∆δ 11.8 10.4 11.3 9.3 0.9 −2.9 9.8 1.4 8.6

1C4-α-d-Lyxp1NPh δ 82.8 68.7 71.1 69.7 65.1 146.2 115.0 130.1 120.1

1C4-α-d-Lyxp1NPh2H−1 δ 90.9 74.6 72.5 69.4 68.2 142.9 122.3 130.8 128.2

κ2N1
,O2 ∆δ 8.1 5.9 1.4 −0.3 3.1 −3.3 7.3 0.7 8.1

4C1-β-d-Ribp1NPh δ 81.5 70.5 69.8 66.7 62.9 145.0 114.3 129.5 119.4

4C1-β-d-Ribp1NPh2H−1 δ 90.6 77.5 72.2 66.6 64.8 142.8 122.3 130.9 128.1

κ2N1
,O2 ∆δ 9.1 7.0 2.4 −0.1 1.9 −2.2 8.0 1.4 8.5

4C1-β-d-Xylp1NPh δ 86.2 73.2 77.5 70.0 66.4 146.1 115.1 130.2 120.3

4C1-β-d-Xylp1NPh2H−1 δ 94.4 79.7 78.0 69.5 68.5 142.5 122.3 130.9 128.2

κ2N1
,O2 ∆δ 8.2 6.5 0.5 −0.5 2.1 −3.6 7.2 0.7 7.9

4C1-β-d-Xylp1NPh2,3,4H−3 δ 94.7 81.4 88.4 79.5 68.3 142.8 122.0 130.5 128.1

κ2N1
,O2

:κ2O3,4 ∆δ 8.5 8.2 10.9 9.5 1.9 −3.3 6.9 0.3 7.8

In addition to the 
y
li
 
omplex spe
ies, also κ2N1
,O2

metalation of the imine form was dete
ted

for all N -phenyl-d-pentosylamines. The resulting 
omplexes are depi
ted in �gure 2.38.

The

13
C{

1
H} NMR 
hemi
al shifts assigned to these open-
hain 
omplex spe
ies are listed in

table 2.108. The respe
tive

1
H NMR signals of the imine hydrogen atom are lo
ated between

8.16 ppm and 8.28 ppm.

Table 2.108. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) of the dete
ted κ2N1

,O2
monomet-

alated and κ2N1
,O2

:κ2O3,4
dimetalated open-
hain spe
ies of N -phenyl-d-pentosylamines with

Pd-en in D

2

O at 4 ◦C. Dashes indi
ate that due to the superposition of signals no de�nite values


ould be determined.

C1 C2 C3 C4 C5 Ci Co Cm Cp

d-Lyxa1NPh2H−1 δ 190.0 87.3 74.9 71.2 63.3 148.5 123.4 130.5 129.4

d-Riba1NPh2H−1 δ 188.3 87.8 74.1 71.7 63.5 148.2 123.4 130.8 129.3

d-Xyla1NPh2H−1 δ 188.8 88.0 73.6 70.3 63.4 148.5 122.2 130.5 129.2

d-Xyla1NPh2,3,4H−3 δ 190.2 88.9 85.7 79.8 65.9 148.6 � � �
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Figure 2.38. Imine 
omplex spe
ies dete
ted in rea
tion solutions resulting from the treatment

of N -phenyl-d-pentosylamines with Pd-en and iodi
 a
id. Complex spe
ies whi
h were only

dete
ted in

1
H and

15
N NMR spe
tra are displayed grayed out.

Aside from the 
hara
teristi


1
H and

13
C{

1
H} NMR values, the presen
e of the open-
hain

spe
ies be
ame evident by the observed prominent

15
N NMR signals between −145.9 ppm and

−137.4 ppm for monometalated spe
ies and between −153.4 ppm and −148.6 ppm for binu
lear

spe
ies. Due to the high sensitivity of the

15
N NMR-spe
tros
opi
 methods it was even possible

to dete
t tra
es of the monometalated imine form of d-Ara1NPh, whi
h was not observed in the


orresponding

13
C{

1
H} NMR spe
trum be
ause of the bad signal-to-noise ratio. All

15
N NMR


hemi
al shifts and their assignment to the asso
iated spe
ies are listed in table 2.108.

Table 2.109.

15
N NMR 
hemi
al shifts (δ/ppm) of the dete
ted 
omplex spe
ies of N -phenyl-d-

pentosylamines with Pd-en in D

2

O at 4 ◦C. Values in parenthesis indi
ate that the spe
ies was

not dete
ted in the 
orresponding

13
C{

1
H} NMR spe
trum.

d-Ara d-Lyx d-Rib d-Xyl

Pentp1NPh δ −302.5 (α) −303.5 (α) −303.8 (β) −302.5 (β)

Pentp1NPh2H−1 δ −324.4 (α) −328.0 (α) −330.2 (β) −329.0 (β)

Pentp1NPh2,3,4H−3 δ −322.8 (α) � � −329.5 (β)

Penta1NPh2H−1 δ (−145.9) −137.4 −142.4 −145.2

Penta1NPh2,3,4H−3 δ � (−151.8) (−153.4) −148.6
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2.2.4.2. N-Phenylhexosylamines

In 
omparison to their aforementioned pentosylamines analogues the investigated N -phenyl-

hexosylamines exhibited a smaller variety of formed 
omplex spe
ies. All spe
ies dete
ted in

the rea
tion solutions resulting from the treatment of the 
ompounds with Pd-en and iodi


a
id are depi
ted in �gure 2.39. An in
rease of the Pd-en 
on
entration up to two equivalents

yielded only in the 
ase of d-Gl
1NPh an analyzable NMR spe
trum. The 
orresponding NMR-

spe
tros
opi
 data indi
ate the formation of a doubly metalated 
y
li
 
omplex spe
ies. Rea
tion

solutions with l-Gul1NPh and d-Man1NPh and an ex
ess of palladium(II) probe on the other

hand showed visible signs of de
omposition within minutes and the asso
iated NMR spe
tra

have a bad signal-to-noise ratio and mostly reveal signals that 
ould be assigned to hydrolysis

produ
ts.
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Figure 2.39. Complex spe
ies dete
ted in rea
tion solutions resulting from the treatment of N -

phenylhexosylamines with Pd-en and iodi
 a
id. Complex spe
ies whi
h were only dete
ted in

the

1
H and

15
N NMR spe
tra are displayed grayed out.

While d-Gl
1NPh was only dete
ted as ligand in its respe
tive pyranoid form, solely the open-


hain form of d-Man1NPh was metalated. For l-Gul1NPh the a
y
li
 and one 
y
li
 isomer

were represented as ligand in the observed 
omplex spe
ies, although it has to be noted that,

due to the minimal amount of the open-
hain spe
ies, the 
orresponding NMR signals were only

dete
ted in the respe
tive

1
H and

15
N NMR spe
tra and not in the

13
C{

1
H} NMR spe
trum. An

overview of the

13
C{

1
H} NMR 
hemi
al shifts and determined CIS values is given in table 2.110.

The obtained CIS values show similar trends as previously mentioned for the 
orresponding

N -phenyl-d-pentosylamines 
omplexes.
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Table 2.110. Sele
ted

13
C{

1
H} NMR 
hemi
al shifts (δ/ppm) and shift di�eren
es (∆δ) to the

free ligand of the dete
ted metalated N -phenylhexopyranosylamines with Pd-en in D

2

O at 4 ◦C.
The ∆δ values indi
ating a CIS are printed bold.

C1 C2 C3 C4 C5 C6 Ci Co Cm Cp

β-d-Gl
p1NPh δ 85.5 73.3 77.1 70.4 77.5 61.4 146.3 115.0 130.2 120.2

β-d-Gl
p1NPh2H−1 δ 93.6 79.8 79.2 69.3 77.9 60.6 142.8 122.3 130.8 128.1

κ2N1
,O2

∆δ 8.1 6.5 2.1 −1.1 0.4 −0.8 −3.5 7.1 0.6 7.9

1C4-α-d-Gl
p1NPh2,3,4H−3 δ 94.2 81.8 88.3 79.8 79.1 61.4 143.1 122.3 130.9 128.2

κ2N1
,O2

:κ2O3,4
∆δ 8.7 8.5 11.2 9.4 1.6 0.0 −3.2 7.3 0.6 7.9

β-l-Gulp1NPh δ 82.6 68.2 71.5 70.0 74.2 61.5 146.4 114.7 130.2 120.0

β-l-Gulp1NPh2H−1 δ 90.7 74.9 72.6 69.5 76.7 61.0 143.0 122.2 130.8 128.0

κ2N1
,O2

∆δ 8.1 6.7 1.1 −0.5 1.5 −0.5 −3.3 8.0 0.6 8.0

β-d-Manp1NPh δ 81.5 70.5 69.8 66.7 66.7 62.9 145.0 114.3 129.5 119.4

d-Mana1NPh2H−1 δ 189.2 86.2 73.3 69.3 70.3 62.8 147.2 121.4 129.5 128.4

Table 2.111.

15
N NMR 
hemi
al shifts (δ/ppm) of the dete
ted 
omplex spe
ies of N -phenyl-

hexosylamines with Pd-en in D

2

O at 4 ◦C. Values in parenthesis indi
ate that the spe
ies was

not dete
ted in the 
orresponding

13
C{

1
H} NMR spe
trum.

Hex = d-Gl
 l-Gul d-Man

Hexp1NPh δ −302.7 (β) −302.2 (β) −304.2 (β)

Hexp1NPh2H−1 δ −328.6 (β) −329.0 (β) �

Hexp1NPh2,3,4H−3 δ −329.0 (β) � �

Hexa1NPh2H−1 δ � (−137.4) −137.3
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3. Dis
ussion

3.1. Comparison of N-Substituted Gly
osylamines to their


orresponding Gly
oses

Similar to their gly
ose analogues most gly
osylamines show a vivid isomerization between their

furanoid and pyranoid anomers in aqueous solution. Although it 
an be assumed that this iso-

merization pro
eeds via the hydrolysis of the gly
osylamine to the 
orresponding redu
ing sugar,

there are two 
lear indi
ations highlighted in this work for the involvement of the a
y
li
 imine

form as intermediate produ
t in the isomerization pro
ess. Firstly, this equilibrium between the

di�erent isomers is also present and temperature-dependent in anhydrous DMSO. In the 
ase of

some N -alkyl-d-ribosylamines, N -alkyl-2-deoxy-d-erythro-pentosylamines and N -alkyl-2-deoxy-

d-lyxo-hexosylamines tra
es of the imine form are even dete
ted in small 
on
entrations in the

respe
tive NMR spe
tra. The imine fun
tion 
an be readily distinguished from a 
arbonyl fun
-

tion by the more up�eld 
hemi
al shift of the asso
iated NMR signals. Se
ondly, in many 
ases

the imine form 
an be trapped and �xed in aqueous solution through the addition of a palla-

dium(II) probe. These �ndings 
olle
tively support the rea
tion me
hanism initially formulated

by Frush and Isbell.

[19℄

When the determined anomeri
 ratios of the investigated N -alkyl-d-gly
osylamines in aqueous

solution are 
ompared to the ratios listed for the 
orresponding gly
oses in the literature,

[51℄

it

stands out that 
on�gurations with the alkylamino fun
tion in the axial position are generally

less favored. As 
an be seen in table 3.1 and 3.2, this preferen
e be
omes espe
ially apparent

for N -alkyl-d-lyxosylamines and N -alkyl-d-mannosylamines. In both 
ases the β-anomer pre-

vails in aqueous solution while for d-lyxose and d-mannose the equilibrium favors the α-anomer.

This observation 
an be attributed to the absen
e of the anomeri
 e�e
t in pyranosides featuring

an amino group at the anomeri
 
enter.

[24,52℄

Furthermore, the in�uen
e of a possible reverse

anomeri
 e�e
t 
an be 
onsidered,

[53℄

although it has been noted by Miljkovi
 that "the 
on-

troversy about the existen
e of the reverse anomeri
 e�e
t is pra
ti
ally impossible to resolve by

using gly
osylamine type of 
ompounds due to solvent stabilization of the positive 
harge on the

nitrogen".

[54℄

Thus, it is not possible to di�erentiate between the 
ontribution of ele
troni
 and

steri
 e�e
ts.
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Table 3.1. Comparison of the anomeri
 ratios of N -methyl-d-pentosylamines with the 
orre-

sponding d-aldopentoses. The per
entages of the various 
y
li
 forms of pentosylamines were

determined from their

1
H or

13
C{

1
H} NMR spe
tra in D

2

O at room temperature or at 4 ◦C(*).
The per
entages of the di�erent forms of the pentoses were NMR spe
tros
opi
ally determined

by Drew et al. at 30 ◦C. [55℄

Ara Ara1NMe Lyx Lyx1NMe Rib Rib1NMe* Xyl Xyl1NMe

αp 59 64 71 31 20 41 36 11

βp 32 18 27 69 59 42 62 87

α/βf 9 18 2 0 21 17 2 2

Table 3.2. Comparison of the anomeri
 ratios of N -methylhexoosylamines with the 
orrespond-

ing d-aldohexoses. The per
entages of the various 
y
li
 forms of hexosylamines were determined

from their

1
H or

13
C{

1
H} NMR spe
tra in D

2

O at room temperature or at 4 ◦C(*). The per-


entages of the di�erent forms of the hexoses were NMR spe
tros
opi
ally determined by Zhu et

al. at 30 ◦C [16℄

and in the 
ase of d-gulose by Angyal and Pi
kles at 40 ◦C. [56℄

Gal Gal1NMe Gl
 Gl
1NMe Gul Gul1NMe* Man Man1NMe

αp 31 6 37 9 16 0 66 16

βp 63 90 62 91 78 100 33 84

α/βf 6 4 1 0 6 0 1 0

Another �nding asso
iated to the absen
e of the anomeri
 e�e
t is the dete
tion of 
onforma-

tions for some N -alkyl-d-gly
osylamines whi
h are not adapted by their 
orresponding redu
ing

sugar analogues. For example, in the 
ase of N -alkyl-d-arabinosylamines the β-anomer shows a

dynami
 �uxional behavior between the

1C4 and
4C1 
onformation while β-d-arabinose stri
tly

sti
ks to the

4C1 
onformation in aqueous solution.

[55℄

This preferen
e of the

4C1 
onformation is

mainly attributed to the stabilization provided by the anomeri
 e�e
t. This stabilization 
eases

when the hydroxy fun
tion at the anomeri
 
enter is repla
ed by an alkylamino fun
tion. In

a

ordan
e to this �nding, some steri
ally unfavorable 
onformations of gly
oses, whi
h are only

relevant be
ause their stabilization by the anomeri
 e�e
t, are not observed for the 
orresponding

gly
osylamines. This, for example, is the 
ase in the investigated N -alkyl-d-ribosylamines. Un-

like in d-ribose, these 
ompounds show no dynami
 �uxional behavior for neither of the dete
ted

anomers. Generally speaking, the dynami
 �uxional behavior between

1C4 and
4C1 
onformation

in gly
osylamines is signi�
antly shifted towards the 
onformation, whi
h features no anomeri


e�e
t in the respe
tive redu
ing sugar 
ounterpart.
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3.2. E�e
ts of the Agly
on on the Con�guration and

Conformation of N-Substituted Gly
osylamines

The nature of the featured agly
on has a dete
table in�uen
e on the isomerization behavior,

the anomeri
 ratio and the dynami
 �uxional behavior between di�erent 
onformations of gly-


osylamines. In general, it 
an be stated that the 
on
entration of the anomer featuring the

alkylamino moiety in axial position de
reases with in
reasing bulkiness of the respe
tive moiety

in most N -alkyl-d-gly
osylamines.

For N -alkyl-d-pentosylamines the axial orientation of the alkylamino moiety 
an be avoided by

an alteration of the 
onformation via ring inversion. This behavior is dete
ted for the investi-

gated N -alkyl-d-arabino- and N -alkyl-d-lyxosylamines. With an in
reasing steri
 demand of the

alkylamino moiety in these 
ompounds, the determined

3J1,2 values indi
ate a shift of the 
on-

formational equilibrium towards the 
onformation featuring the alkylamino moiety in equatorial

position. In the 
ase of N -alkyl-d-ribosylamines a 
onformation featuring an axial orientation

of the alkylamino moiety is not realized at all. As 
an be seen in table 3.3, only in the 
ase

of N -alkyl-d-xylosylamines the potential ring inversion is steri
ally unfavored to su
h an extent

that an a
tual de
rease of the amount of α-anomer veritably o

urs.

A similar de
rease of the amount of anomer featuring an axial substitution with in
reasing steri


demand of the alkyl group is observed for all investigated N -alkyl-d-hexosylamines. This ten-

den
y derives from the fa
t that a ring inversion in the respe
tive 
ompounds is highly unlikely

due to the energeti
ally unfavorable axial orientation of the hydroxymethyl moiety at the C6

atom upon ring inversion. This barrier hinders the system to evade the also energeti
ally unfa-

vorable axial orientation of the bulky anomeri
 substituent by ring inversion as in the 
ase of

the aforementioned N -alkyl-d-pentosylamines. As a 
onsequen
e for the respe
tive tert -butyl

derivatives not even tra
es of the anomer featuring the tert -butylamino moiety in axial position

are dete
ted (see table 3.3).

Table 3.3. Per
entage of the anomer featuring a axial orientation or a 
on
eivable 
onformation

with axial orientation for the investigated N -alkyl-d-glysosylamines in relation to their alky-

lamino substitution. The values were determined from the respe
tive

1
H or

13
C{

1
H} NMR

spe
tra in D

2

O.

Ara1NR Lyx1NR Rib1NR Xyl1NR Gal1NR Gl
1NR Gul1NR Man1NR

Me 18 31 41 11 6 9 0 16

Et 15 27 34 11 4 6 0 13

Pr 18 26 44 10 5 5 0 15

iPr 14 23 38 6 0 8 0 10

tBu 0 36 39 2 0 0 0 0
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3.3. The Chelation Preferen
es of N-Substituted Gly
osylamines

The most striking prin
ipal found for the 
helatation of N -substituted gly
osylamines is the

preferen
e to always in
orporate the neutral alkylamino or arylamino fun
tion at the anomeri



enter in the binding of the �rst PdN

2

-fragment. This in
reased a�nity of palladium towards

the nitrogen-
ontaining fun
tion in 
omparison to the remaining alkoxide fun
tions is in a

or-

dan
e with the HSAB 
on
ept. There are no rea
tions des
ribed in this work in whi
h the

addition of one equivalent palladium leads to a favored κ2O,O metalation instead of a κ2N ,O

metalation, even at higher pH values. This observation was already des
ribed for non-substituted

gly
osylamines by S
hwarz and Lindner.

[21,22℄

If the 
omplex formation with palladium probes is regarded individually for ea
h group of N -

substituted gly
osylamines, a 
lear preferen
e of a trans-vi
inal 
helation of the �rst PdN

2

frag-

ment be
omes apparent. In the 
ase of N -alkyl-d-lyxosylamines for example, the β-anomer in

the

4C1 
onformation is steri
ally favored due to the lower number of axial fun
tional groups,

and hen
e also prevails in aqueous solution. Upon addition of one equivalent palladium probe, an

a

umulation of the α-anomer in the

1C4 
onformation is observed as a 
onsequen
e of the pre-

ferred trans-vi
inal κ2N1
,O2

metalation. A similar shift in the respe
tive per
entage distribution

is observed for all N -alkyl-d-pentosylamines.

In the 
ase of N -alkyl-d-mannosylamines and N -alkyl-l-rhamnosylamines, the impa
t of the

preferen
e of a trans-vi
inal 
oordination mode be
omes even more obvious. For both 
om-

pound 
lasses the β-anomer 
learly prevails for the free ligand in aqueous solution, but after the

treatment with a palladium probe a mixture of various 
omplex spe
ies is dete
ted. Surprisingly,

the β-anomer featuring a 
is-vi
inal κ2N1
,O2

-metalation is only partially present in the obtained

rea
tion solutions. Further dete
ted spe
ies in
lude signi�
ant amounts of the metalated a
y
li


imine form and even the 
orresponding α-anomers after ring inversion. The latter enables a trans-

vi
inal 
helation of the metal ion. This alteration of the 
onformation was 
onsidered as highly

unlikely for the N -alkyl-α-d-mannosylamines as the ring inversion leads to an axial orientation of

the hydroxymethyl moiety lo
ated at the C5 atom, but 
ould be veri�ed through the 
omparison

of the 
oordination behavior observed for its 6-deoxy analogues N -alkyl-α-l-rhamnosylamines.

As shown in table 3.4, a 
is-vi
inal 
helation is also observed for the following N-substituted

gly
osylamines, but only to a minimal extent: Lyx1NR, Rib1NR, Xyl1NR, Gl
1NR, Gul1NR.

The amount of the spe
ies 
oordinated in a 
is-vi
inal fashion seems to also 
orrelate with the

featured alkylamino moiety. While this 
oordination mode is more 
ommonly dete
ted for methyl

derivatives, it is rarely observed for the respe
tive iso-propyl and tert -butyl derivatives.

Table 3.4. Per
entage of 
omplex spe
ies featuring a 
is-vi
inal κ2N1
,O2

metalation determined

from the

13
C{

1
H} NMR spe
tra of the rea
tion solutions resulting from the equimolar treatment

of N -alkyl-d-glysosylamines with Pd-en and iodi
 a
id in D

2

O at 4 ◦C.

Lyx1NR Rib1NR Xyl1NR Gl
1NR Gul1NR Man1NR Rha1NR

Me 17 25 3 12 16 40 52

Et 18 0 0 0 14 38 42

Pr 8 0 0 0 5 38 �

iPr 0 0 8 0 6 24 42

tBu 0 0 0 0 0 28 �
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Investigations 
ondu
ted by Alls
her on the 
helatation of aldopentoses and aldohexoses by

various PdN

2

-fragments demonstrated a favored κ2O1,2
metalation of 
is-vi
inal diolato fun
tions

and in many 
ases an additional κ2O1,2
metalation of furanoid isomers.

[49℄

Both observations are

apparently not valid for N -alkylpentosylamines and N -alkylhexosylamines.

While the absen
e of metalated furanoid gly
osylamines 
an be attributed to the enhan
ed steri


demand of the anomeri
 alkylamino moiety in 
omparison to a hydroxy fun
tion, the preferen
e

of the trans-vi
inal 
oordination mode is harder to 
larify. When only the N -alkyl-d-hexosyl-

amines are taken into a

ount, a 
is-vi
inal κ2N1
,O2

metalation, under the assumption of a �xed

4C1 
onformation, is only 
on
eivable for sele
ted α-anomers. In these anomers the alkylamino

fun
tion is oriented in axial position, whi
h is energeti
ally unfavorable, espe
ially in the 
ase of

more bulky moieties. Furthermore, as previously dis
ussed in 
hapter 3.1, the axial orientation of

the aminoalkyl fun
tion leads to no stabilization of the respe
tive α-anomer due to the absen
e

of the anomeri
 e�e
t. Conversely, a reverse anomeri
 e�e
t, enhan
ed by the 
oordination of

the Pd

2+
ion to the nitrogen atom and resembling a protonation, 
ould be dis
ussed.

For the investigated N -alkyl-d-pentosylamines on the other hand, the aforementioned explana-

tions are not su�
ient as these 
ompounds 
an easily adapt another 
hair 
onformation without

en
ountering signi�
ant steri
 hindran
es. Through this 
onformational 
hange, the axial orien-

tation of the alkylamino fun
tion 
an be avoided in the 
is-vi
inal κ2N1
,O2

-metalated spe
ies.

As shown in table 3.4, this 
oordination mode and the asso
iated dynami
 �uxional behavior is

observed for all N -methyl-d-pentosylamines ex
ept the arabinose derivatives. A similar 
onfor-

mational �uxional behavior within 
omplex spe
ies featuring a κ2O1,2
metalation was already

des
ribed by Alls
her for palladium(II)-arabinose and -xylose 
omplexes.

[49℄

Stru
tural eviden
e for the preferen
e of the trans-vi
inal 
oordination mode in N -alkylgly
o-

sylamines is provided by the 
rystal stru
ture of [Pd(en)(

4C1-β-d-Xylp1NMe2H−1-κ
2N1

,O2
)℄-

IO

3

-tetrahydrate (8) des
ribed in this work. A 
rystal stru
ture for an analogues palladium(II)-

xylose 
omplex was previously published by Arendt et al. with [Pd(
hxn)(

4C1-α-d-Xylp1,2H−2-

κ2N1
,O2

)℄-monohydrate.

[48℄

Sin
e this stru
ture features the xylose ligand in the α-
on�guration

and thus a 
is-vi
inal metalation, the 
omparison of these stru
tures exempli�es the signi�
antly

di�ering 
oordination patterns in palladium(II)-gly
osylamime and -aldogly
ose 
omplexes.
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3.4. In�uen
ing Fa
tors for the Chelatation of the Imine Form

A 
helatation of the open-
hain form is observed for the majority of the investigated N -substituted

gly
osylamines, but the per
entage of the a
y
li
 imine spe
ies in the total spe
ies distribution

seems to relate to various fa
tors.

Firstly, and probably most important, the a�nity to form a palladium(II)-imine 
omplex depends

on the gly
osylamine applied as ligand. As previously dis
ussed in 
hapter 3.3, the palladium(II)-

gly
osylamine 
omplexes investigated in this work tend to favor a trans-vi
inal binding mode.

If this 
oordination mode 
annot be realized in the regarded system, it avoids a 
is-vi
inal

metalation or axial substitution at the anomeri
 
enter by, inter alia, the 
helatation of the

open-
hain form of the respe
tive gly
osylamine. This is espe
ially the 
ase for gly
osylamines

whi
h feature an axial oriented hydroxy fun
tion at the C2 atom as the investigated lyxosylamine

and mannosylamine derivatives.

But imine metalation is also dete
ted for N -alkyl-d-gly
osylamines whi
h allow a fa
ile trans-

vi
inal binding of the PdN

2

-fragment in their preferred 
on�guration and 
onformation. The

extent of the 
helatation of the open-
hain form seems to be essentially dependent from the

featured alkyl moiety at the alkylamino fun
tion. As 
an be derived from the per
entages listed

in table 3.5 and 3.6, the a�nity to form a
y
li
 imine spe
ies in
reases in the following order:

Me < Et < Pr ≈ iPr < tBu. The striking question if this tenden
y is attributed to ele
troni


or steri
 e�e
ts, 
ould not be answered with de�nite 
ertainty in this work.

Table 3.5. Per
entage of 
omplexed imine spe
ies in rea
tion solutions 
ontaining N -alkyl-d-

pentosylamine, Pd-en and iodi
 a
id in the molar ratios 1:1:1 and 1:2:1 in D

2

O at 4 ◦C.

Ara1NR Lyx1NR Rib1NR Xyl1NR

R 1:1:1 1:2:1 1:1:1 1:2:1 1:1:1 1:2:1 1:1:1 1:2:1

Me 0 0 35 48 14 15 4 24

Et 10 4 27 82 12 34 2 13

Pr 12 7 82 100 31 56 24 41

i-Pr 12 20 64 100 29 56 14 33

t-Bu � � 100 100 81 100 67 100

Table 3.6. Per
entage of 
omplexed imine spe
ies in rea
tion solutions 
ontaining N -alkylhexo-

sylamine, Pd-en and iodi
 a
id in the molar ratios 1:1:1 and 1:2:1 in D

2

O at 4 ◦C.

Gal1NR Gl
1NR Gul1NR Man1NR Rha1NR

R 1:1:1 1:2:1 1:1:1 1:2:1 1:1:1 1:2:1 1:1:1 1:2:1 1:1:1 1:2:1

Me 2 0 12 0 8 43 18 � 14 �

Et 5 0 5 7 6 46 36 88 20 �

Pr 9 0 0 11 17 � 40 92 � �

i-Pr 7 12 0 12 27 96 62 � 46 �

t-Bu 29 20 12 36 67 100 62 100 � �

Another fa
tor in�uen
ing the extent of the emergen
e of imine 
omplex spe
ies is the amount

of palladium(II) probe in the rea
tion solution. As shown in table 3.5 and 3.6, in most 
ases

an in
rease of the palladium 
on
entration results in an enhan
ed formation of a
yli
 
omplex
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spe
ies, when 
ompared to the per
entages determined for the 
orresponding rea
tions with

stoi
hiometri
 amounts of palladium(II) probe and iodi
 a
id.

This in
rease be
omes parti
ularly apparent when a κ2O3,4
binding of the se
ond PdN

2

frag-

ment is not feasible due to the anti -orientation of the respe
tive hydroxy fun
tions at the C3

and C4 atom of a spe
ies already boasting a trans-vi
inal κ2N1
,O2

metalation. From all ligands

investigated in this work, this is the 
ase for N -alkyl-d-lyxosylamines, N -alkyl-l-gulosylamines,

N -alkyl-d-mannosylamines and N -alkyl-l-rhamnosylamines. It has to be noted, that the rea
-

tions involving these 
ompounds and two equivalents palladium probe also showed rapid and

immediate signs of the formation of elementary palladium. In many 
ases these side rea
tions

hinder a 
omprehensive NMR-spe
tros
opi
 investigation.

For the su

essful binding of a se
ond PdN

2

fragment to a N -alkylgly
osylamines in its respe
tive

open-
hain form a 
is-vi
inal diolato fun
tion has to be present in the stru
ture. This is not

the 
ase in N -alkylarabinosylamines and N -alkylgala
tosylamines whi
h thus exhibit no double

metalation of their respe
tive a
y
li
 imine spe
ies. Alternatively, an energeti
ally unfavorable

deviation from the imine's zigzag 
omformation through the rotation around a C�C bond in order

to fa
ilitate the binding of a se
ond PdN

2

fragment is possible. This is realized for N -alkylribo-

sylamines in whi
h through the rotation around the C3�C4 bond a κ2O3,4
binding is enabled.

At the same time, due to the energeti
 downside of the aforementioned approa
h, almost the

same degree of κ2O4,5
binding to the respe
tive zigzag 
onfomer is observed. This 
oordination

mode features a less adverse stru
tural alteration as a rotation around the C4�C5 bond has

no e�e
t on the zigzag 
onformation of the 
arbon s
a�old, but it is also unfavorable sin
e the

hydroxy atom at terminal C5 atom is less a
idi
 than the other hydroxy fun
tions. A similar

vivid 
ompetition between di�erent 
oordination sites is observed for N -alkylgulosylamines for

whi
h κ2O3,4
, κ2O4,5

and κ2O5,6
binding modes are realized.

3.5. The ex
eptional Coordination Behavior of

N-Alkyl-2-deoxygly
osylamines

The trends established and dis
ussed in 
hapter 3.3 and 3.4 for the 
helatation and imine forma-

tion of gly
osylamines, raise the question whi
h 
oordination mode is preferably realized when

no hydroxy fun
tion is present at the C2 atom.

The rea
tions of the investigated N -alkyl-2-deoxy-d-gly
osylamines with palladium(II) probes

show a 
lear preferen
e of their respe
tive furanoid and a
y
li
 imine forms when featured as

ligand. In the 
ase of both investigated N -alkyl-2-deoxy-d-hexosylamines this observation 
omes

as no surprise as the 1,3-diaxial orientation of two fun
tional groups, one of them being the

alkylamino moiety, required for a 
helatation is only realized for the respe
tive β-anomers in the

1C4 
onformation. In this 
onformation the hydroxymethyl at C5 atom would adopt the ener-

geti
ally unfavorable axial position, and hen
e the system avoids this 
on
eivable 
oordination

mode. The resulting prefered κ2N1
,O3

metalation of the furanoid forms for the 
orresponding

non-substituted 2-deoxy-d-hexosylamines was already des
ribed by S
hwarz.

[21,57℄

It is also

noteworthy that S
hwarz has found no indi
ation for a metalation of the respe
tive open-
hain

forms in his studies.

Unexpe
tedly, the investigated N -alkyl-2-deoxy-d-erythro-pentosylamines showed no signs for
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a 1,3-diaxial metalation of their respe
tive pyranoid α-anomer as well, although no substan-

tial steri
 hindran
es would be present in the

4C1 
onformation. This observation indi
ates a


lear preferen
e of the metalation of furanosylamine stru
tures over pyranosylamines when the

formation of a six-membered 
helate ring is mandatory.

The κ2N1
,O3

metalation of the open-
hain spe
ies also 
omes with some energeti
 disadvantages

sin
e an alteration from the zigzag 
onformation in form of a C1�C2 bond rotation is required

to fa
ilate the formation of a six-membered 
helate ring. The per
entage of metalated imine

spe
ies dete
ted in the respe
tive rea
tion solutions in
reases with in
reasing steri
 demand

of the alklyamino moiety in the featured N -alkyl-2-deoxy-d-gly
osylamine. The preferen
e of

N -alkylgly
osylamines with bulky alkyl substituents to avoid the formation of furanoid isomers

already be
omes obvious from the per
entage distributions for the free ligands in aqueous solution

listed in 
hapter 2.1. This tenden
y also seems to apply for the respe
tive 
omplex spe
ies as,

for example, in the 
ase of d-ara-dHex1NiPr solely a 
helatation of the imine form is observed

(aside from the formation of hydrolysis produ
ts).

The a�nity of N -alkyl-2-deoxy-d-gly
osylamines to reside as ligand in their respe
tive open-
hain

form further in
reases when two equivalents of palladium probe are used in the rea
tion. This is

espe
ially the 
ase for N -alkyl-2-deoxy-d-erythro-pentosylamines whi
h la
k additional fun
tional

groups for the 
helatation of a se
ond PdN

2

-fragment in the respe
tive furanoid form. For the

investigated N -alkyl-2-deoxy-d-hexosylamines a exo
y
li
 
oordination of the se
ond Pd

2+
ion

by the α-furanosylamine form is observed but always in an equilibrium with the 
orresponding

binu
lear a
y
li
 imine 
omplex spe
ies.

For the imine form of N -alkyl-2-deoxy-d-erythro-pentosylamines the less a
idi
 terminal hydroxy

group is involved in the κ2O4,5

oordination of the se
ond PdN

2

-fragment due to the fa
t that

there are no alternative binding sites present in this spe
ies. Despite featuring an additional

hydroxy fun
tion, the same behavior is observed for open-
hain N -alkyl-2-deoxy-d-arabino-hex-

osylamines, whi
h boast a κ2O5,6

helatation of the se
ond Pd

2+
ion. This observation 
an be

primarily attributed to the unfavorable trans-orientation of the hydroxy fun
tions at the C4 and

C5 atom. In order to provide a su�
ient binding site a rotation around the C4�C5 bond, and

thus a further deviation from the ideal zigzag 
onformation, would be required. This seems to be

disadvantageous to su
h an extent that the involvement of the terminal hydroxy fun
tion in the


helatation as alternative binding mode is 
learly preferred. Conversely, in the C4 epimeri
 N -

alkyl-2-deoxy-d-lyxo-hexosylamines a κ2O4,5

helatation is feasibly realized due to the favorable


is-orientation of the respe
tive fun
tional groups.
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In order to gain a better understanding of the 
helation properties of N -substituted gly
osyl-

amines and the asso
iated un
ommon a�nity of some representatives to bind Pd

2+
ions in their

respe
tive open-
hain form, a large variety of N -substituted gly
osylamines was synthesized and

subsequently treated with various palladium(II) probes.

The synthesis of N -substituted gly
osylamines was a
hieved through the rea
tion of aldoses

with primary amines. The applied aldoses in
lude d-arabinose, d-lyxose, d-ribose, d-xylose,

d-gala
tose, d-glu
ose, l-gulose, d-mannose, l-rhamnose, 2-Deoxy-erythro-d-pentose, 2-Deoxy-

arabino-d-hexose and 2-Deoxy-lyxo-d-hexose while methyl, ethyl, propyl, iso-propyl and tert -

butyl as well as aniline were used as amines. The thereby obtained 
ompounds were 
hara
terized

by NMR spe
tros
opy, elemental analysis, mass spe
trometry and single 
rystal X-ray di�ra
tion.

Crystal stru
tures whi
h have not yet been in des
ribed in the literature 
ould be obtained

for two N -alkyl- and �ve N -phenyl-d-gly
osylamines:

4C1-β-d-Gl
p1NMe·MeNH

2

(1),

1C4-β-

l-Rhap1NEt (2),

4C1-β-d-Lyxp1NPh (3),

4C1-α-d-Ribp1NPh·0.5H2

O (4),

4C1-β-d-Xylp1NPh

(5),

4C1-β-d-ara-dHexp1NPh (6) and

4C1-β-d-lyx -dHexp1NPh·0.33H2

O (7). These stru
tures

represent in most 
ases the prevailing isomer of the respe
tive 
ompound in aqueous solution.

It was shown that for N -substituted gly
osylamines the equilibrium in solution between the 
y
li


isomers and the open-
hain form is, aside from the stru
ture of the gly
on, primarily in�uen
ed

by the steri
 and ele
troni
 properties of the amino substituent. Furthermore, the 
omparison

of the determined per
entages with those known for the 
orresponding aldose analogues are in

a

ordan
e with the inexisten
e of an anomeri
 e�e
t for amino fun
tions.

In 
ontrast to their non-substituted 
ounterparts, N -alkyl-d-gly
osylamines show a substantial

higher sus
eptibility to hydrolysis. This 
ompli
ates the investigation of 
helatation rea
tions as

there is always a 
ompetition between the hydrolysis and the metalation of the ligand. A rapid

hydrolysis is 
hara
terized by the a

ompanying formation of elemental palladium indu
ed by

the presen
e of a redu
ing sugar. A rapid metalation on the other hand seems to redu
e the

potential of the ligand to hydrolyze. Thus, some rea
tion solutions 
ould be stored for few days

before showing signs of de
omposition.

Taking advantage of this stabilization, 
rystallization o

urred in one rea
tion attempt. The

determined 
rystal stru
ture of [Pd(en)(

4C1-β-d-Xylp1NMe2H−1-κN
1
,κO2

)℄IO

3

·4H
2

O (8) rep-

resents the �rst mole
ular stru
ture of an alkylgly
osylamine-palladium 
omplex. The found

stru
ture displays the 
learly prevailing spe
ies in the rea
tion solution, whi
h should be, along-

side with the featured hydrogen bond network, a bene�
ial fa
tor for the 
rystallization. Un-

fortunately, the majority of the rea
tion attempts showed more diverse spe
ies distributions or

higher a�nity towards hydrolysis, so that only a NMR spe
tros
opi
 
hara
terization of most


omplex spe
ies was feasible.
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4. Summary

The following rules for the formation of gly
osylamine-palladium 
omplexes 
ould be derived

from the results of the NMR spe
tros
opi
 investigations des
ribed in this work. Firstly, the

amino fun
tion always parti
ipates in the 
helation of the �rst PdN

2

-fragment. Se
ondly, for

this binding a trans-vi
inal 
oordination pattern is always favored over a 
is-vi
inal metalation.

Thirdly, for the binding of a se
ond PdN

2

-fragment there is no preferen
e between a trans- and


is-orientation of the hydroxy groups at the C3 and C4 atom. Additionally, a formation of six-

membered 
helate rings and metalation of furanoid isomers is only observed for N -substituted

2-deoxygly
osylamines.

If one of the above mentioned 
riteria 
annot be met, the 
helatation of the open-
hain form

be
omes signi�
antly favored. As, for example, in N -substituted lyxosylamines, where the trans-

vi
inal 
helatation is linked to an energeti
ally unfavorable all-axial orientation of the remaining

fun
tional groups. Or even worse in mannosylamine, the hexosyl analogue of lyxosylamine, in

whi
h a trans-vi
inal 
helatation is only possible in a 
onformation with the terminal hydroxy-

methyl fun
tion o

upying the axial position. Additionally, the anti orientation of the hydroxy

groups at the C3 and C4 atom in both ligand groups leads to the observation that only a
y
li


binu
lear 
omplex spe
ies are formed.

But aside from the 
on�guration of the gly
on, there are more fa
tors favoring a 
helation of

the open-
hain form. One is the type of amino group featured in the regarded N -substituted

gly
osylamine. For N -alkyl-d-gly
osylamines the trend for a higher amount of imine 
helatation

is as follows: Me < Et < Pr ≈ iPr < tBu. This tenden
y is re�e
ted in the dete
tion of at least

minimal amounts of imine-palladium 
omplex for the iso-propyl and tert -butyl derivatives of all

investigated N -alkyl-d-gly
osylamines. The 
orresponding N -phenyl-d-gly
osylamines show a

rather low tenden
y towards the metalation of the open-
hain form, quantitatively 
omparable

to the a�nity of N -methyl-d-gly
osylamines.

In the 
ase of N -phenyl-d-gly
osylamines the availability of

15
N-enri
hed aniline provided the

opportunity for the establishment of an additional analyti
al approa
h for the investigation of

phenylgly
osylamine-palladium 
omplexes. With the use of

15
N NMR spe
tros
opi
 methods

more lu
id insights in the spe
ies distribution are enabled as ea
h spe
ies 
an be assigned to one

parti
ular NMR signal. Furthermore, this analyti
al method provides further eviden
e for the

presen
e of the imine form in respe
tive a
y
li
 
omplex spe
ies: Firstly, the distin
t

15
N NMR

shift for S
hi� base 
ompounds and asso
iated 
omplexes and se
ondly the spin-spin splitting

observed for the

13
C{

1
H} NMR signals assigned to the imine group as a result of its vi
inity to

the

15
N-enri
hed nitrogen atom.
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5.1. Methods and Materials

Unless not spe
i�
ally stated otherwise, all syntheses were 
arried out in oven-dried glassware

in an atmosphere of argon (purity 5.0, Air Liquide) and with ex
lusion of water using standard

S
hlenk te
hniques. Filtrations were performed using S
hlenk-frits (pore size G4), and in some


ases pressure in the bottom part of the �lter was lowered in order to a

elerate the �ltration.

Alkaline solutions 
ontaining palladium pre
ursors were stored at −25 ◦C in S
hlenk tubes guar-

anteeing the ex
lusion of air and therefore minimizing the uptake of 
arbon dioxide and the

formation of elemental palladium. N -Substituted gly
osylamines were stored in the same man-

ner to prevent their hydrolysis.

Rea
tions solutions 
ontaining gly
osylamine palladium 
omplexes were slowly 
overed with the

same amount of a
etone and stored at 4 ◦C in order to obtain 
rystals at the boundary layer

between both liquids.

5.2. NMR Spe
tros
opy

NMR spe
tra were re
orded at room temperature or at 4 ◦C on a Bruker AV400 spe
trometer (

1
H:

400MHz, 13C: 101MHz, 15N: 41MHz). Measurements at 4 ◦C were performed utilizing a BCU-I

(Bruker Cooling Unit I). All

13
C NMR spe
tra were re
orded broadband proton de
oupled,

15
N

NMR spe
tra were measured broadband proton de
oupled and 
oupled. When ne
essary, the

1
H and

13
C{

1
H} signals were assigned by means of

1

H,

1

H-COSY,

1

H,

13

C-HMQC,

1

H,

13

C-HMBC

and DEPT135 NMR experiments in D

2

O. NMR data were pro
essed and visualized using the

MestReNova software by the 
ompany Mestrelab Resear
h.

The signals of the deuterated solvent and the residual protons therein were used as internal

se
ondary referen
e for the 
hemi
al shift (

1
H: D

2

O 4.79 ppm, DMSO-d6: 2.50 ppm;

13
C: DMSO-

d6 39.52 ppm). When D

2

O was used as solvent, one drop of methanol was added to the sample

tube in order to obtain a referen
e signal in the

13
C{

1
H} spe
tra. The position of this signal

was de�ned to 49.5 ppm, as suggested by Gottlieb et al.

[58℄

Sin
e the 
hemi
al shift of the

HDO signal is highly temperature dependent, this signal is not suitable as an internal se
ondary

referen
e in

1
H NMR measurements in D

2

O not performed at room temperature. The value of

the HDO referen
e signal 
an be 
orre
ted by the equation δ = 5.051−0.0111T (T in °C) for the

0�50 ◦C range and, thus, is set to 5.00 ppm for all measurements at 4 ◦C. [58,59℄ 15
N NMR spe
tra

were re
orded for samples 
ontaining

15
N labeled N -phenylgly
osylamines and no se
ondary

internal referen
e was added. All shifts are given in regard to Nitromethane as internal standard

and referen
e sample, although liquid ammonia is 
ommonly used as referen
e 
ompound in the

literature.

[60,61℄
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5.3. Reagents and Solvents

All reagents were pur
hased in high quality and used without further puri�
ation. Anhydrous

solvents over mole
ular sieves were pur
hased from A
ros and not further dried.

Table 5.1. List of reagents.

Chemikalie Reinheit Hersteller

2-deoxy-arabino-d-hexose 98% ABCR

2-deoxy-erythro-d-hexose ≥ 99.0% Sigma-Aldri
h

2-deoxy-lyxo-d-pentose 98% Sigma-Aldri
h

aniline ≥ 99.5% Mer
k

aniline-

15
N 98 atom %

15
N Mer
k

d-arabinose ≥ 99.0% Mer
k

tert-butylamine ≥ 99.5% Sigma-Aldri
h

deuterium oxide 99.9%D Euriso-Top

diethyl ether 99.9% VWR

dimethyl sulfoxide-d6 99.8%D Euriso-Top

ethan-1,2-diamine ≥ 99.5% Sigma-Aldri
h

ethylamine 2m in MeOH Sigma-Aldri
h

d-gala
tose ≥ 99.5% Sigma-Aldri
h

d-glu
ose ≥ 99.5% Mer
k

l-gulose ≥ 98.0% TCI

hydro
hlori
 a
id 37% Biesterfeld Graen

iodi
 a
id ≥ 99.5% Fluka

d-lyxose ≥ 99.0% ABCR

methanol ≥ 99.8% A
ros Organi
s

methylamine 33 wt. % in EtOH A
ros Organi
s

d-mannose 99% ABCR

palladium(II) 
hloride 99.9% ABCR

potassium hydroxide p.a. Bernd Kraft

potassium tetra
hloropalladate(II) 99% ABCR

propylamine ≥ 99.0% Sigma-Aldri
h

iso-propylamine ≥ 99.5% Sigma-Aldri
h

l-rhamnose monohydrate 99.0% ABCR

d-ribose 98% ABCR

silver(I) oxide 99.9% Sigma-Aldri
h

sulfuri
 a
id p.a. Fluka

water deionized house installation

d-xylose > 99.0% Gly
on Bio
hemi
als
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5.4. Preparation of Palladium Pre
ursor Compounds

Di
hlorido(ethylenediamine)palladium(II), [Pd(en)Cl

2

℄

[62℄

To a suspension of palladium(II) 
hloride (5.02 g, 28.3mmol, 1.00 eq.) in 25mL water, hydro
hlo-

ri
 a
id (37%, 5mL) was added upon stirring. After 5min a brown solution was obtained. A

mixture of ethan-1,2-diamine (7.00mL, 6.29 g, 105mmol, 3.70 eq.) in water (15mL) was added

dropwise to the rea
tion mixture and a pink pre
ipitate formed. After the addition of two-thirds

of the ethan-1,2-diamine solution the rea
tion mixture was heated to 45 ◦C and the remaining

ethan-1,2-diamine solution was added subsequently. 
ausing the pink pre
ipitate to dissolve and

a pale yellow solution formed. The solution was a
idi�ed to pH 2 with hydro
hlori
 a
id (semi-


on
.) to pre
ipitate the yellow produ
t. After 
ooling the suspension to 4 ◦C, the pre
ipitate

was �ltered o�, washed with 
old water (5× 20mL) dried in va
uo, yielding 5.95 g (25.1mmol,

89.0% of theory) of the produ
t.

EA: 
al
d.: C 10.12%, H 3.40%, N 11.80%, Cl 29.89%

found: C 10.18%, H 3.37%, N 11.88%, Cl 29.88%

Dihydroxido(ethylenediamine)palladium(II), [Pd(en)(OD)

2

℄

[47℄

[Pd(en)Cl

2

℄ (5.34 g, 22.5mmol, 1.00 eq.), silver(I) oxide (5.63 g, 24.3mmol, 1.08 eq.) and deu-

terium oxide (50mL) were stirred in the dark for 30min at 40 ◦C. The pre
ipitated silver 
hloride

was removed from the resulting suspension via �ltration, yielding a yellow, alkaline solution of

Di
hloro(ethylenediamine)palladium(II) (0.45m).

1
H NMR (400MHz, D

2

O, 13OR10-2017): δ/ppm = 2.61 (CH

2

).

13
C{

1
H} NMR (101MHz, D

2

O, 13OR11-2017): δ/ppm = 46.4 (CH

2

).
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5.5. Preparation of N-Substituted Alkylgly
osylamines

5.5.1. Preparation of N-Alkylpentosylamines

5.5.1.1. Preparation of N-Alkylarabinosylamines

N-Methyl-D-arabinosylamin (D-Ara1NMe)

MeNH2

EtOH
0 °C, 4 h

O
OH

OH

HO
OH

O
OH

HO
OH

O
HO H

N

NH
OH

OH

+

H
N

OH

HO

O
HO

+

d-Arabinose (4.00 g, 26.6mmol, 1.00 eq.) was dried and subsequently stirred with a solution of

methylamine in ethanol (33%, 10.0mL, 74.5mmol, 2.80 eq.) for 4 h under i
e 
ooling. The

rea
tion solution was stored at 4 ◦C overnight, whereupon 
olorless 
rystals were obtained. The


rystals were �ltered o�, washed with ethanol (1× 10mL) and diethyl ether (2× 10mL), and

dried in va
uo. The produ
t was obtained as a 
olorless powder in a yield of 3.23 g (19.8mmol,

49.6% of theory).

EA: 
al
d.: C 44.17%, H 8.03%, N 8.58%

found: C 44.13%, H 8.05%, N 8.56%

MS (FAB+): 
al
d.: 164.2 ([M+H℄+)

found: 164.2

N -Methyl-α-d-arabinopyranosylamine � D
2

O: 64% (RT), 95% (4 ◦C) � DMSO-d6: 36%

1
HNMR (400MHz, D

2

O 41OR1-2015): δ/ppm = 3.91 (dd, 1H, H4,

3J4,5eq=2.3Hz, 3J4,5ax=1.2Hz),

3.83 (dd, 1H, H5eq,

2J5eq,5ax=−13.0Hz), 3.78 (d, 1H, H1,

3J1,2=8.6Hz), 3.61 (dd, 1H, H5ax),

3.60 (dd, 1H, H3,

3J3,4=3.6Hz), 3.44 (d, 1H, H2, 3J2,3=9.5Hz), 2.43 (s, 3H, CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 41OR2-2015): δ/ppm = 92.2 (C1), 73.8 (C3), 70.9 (C2), 69.4

(C4), 67.7 (C5), 31.5 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 41OR5-2015): δ/ppm = 91.8 (C1), 73.0 (C3), 70.7 (C2),

70.6 (C4), 67.5 (C5), 31.8 (CH

3

).

N -Methyl-β-d-arabinopyranosylamine � D
2

O: 18% (RT), 4% (4 ◦C) � DMSO-d6: 32%

1
H NMR (400MHz, D

2

O, 41OR1-2015): δ/ppm = 4.30 (d, H1,

3J1,2=2.6Hz), 2.36 (s, 3H, CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 41OR2-2015): δ/ppm = 87.1 (C1), 70.4 (C3), 70.3 (C2), 66.1

(C4), 63.6 (C5), 31.7 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 41OR5-2015): δ/ppm = 86.2 (C1), 71.0 (C3), 70.7 (C2),

64.9 (C5), 64.8 (C4), 32.2 (CH

3

).
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N -Methyl-α-d-arabinofuranosylamine � D
2

O: 10% (RT), 1% (4 ◦C) � DMSO-d6: 20%

1
H NMR (400MHz, D

2

O, 41OR1-2015): δ/ppm = 4.44 (d, H1,

3J1,2=5.1Hz), 2.43 (s, 3H, CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 41OR2-2015): δ/ppm = 95.1 (C1), 81.9 (C4), 79.9 (C2), 76.0

(C3), 61.8 (C5), 31.1 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 41OR5-2017): δ/ppm = 96.1 (C1), 82.6 (C4), 80.2 (C2),

76.4 (C3), 62.0 (C5), 31.6 (CH

3

).

N -Methyl-β-d-arabinofuranosylamine � D
2

O: 8% (RT), >1% (4 ◦C) � DMSO-d6: 12%

1
H NMR (400MHz, D

2

O, 41OR1-2015): δ/ppm = 4.64 (d, H1,

3J1,2=3.7Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 41OR2-2017): δ/ppm = 92.8 (C1), 83.1 (C3), 77.2 (C2), 76.3

(C4), 62.5 (C5), 32.3 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 41OR5-2017): δ/ppm = 92.8 (C1), 83.5 (C4), 77.0 (C2),

76.3 (C3), 62.3 (C5), 32.7 (CH

3

).

N-Ethyl-D-arabinosylamin (D-Ara1NEt)

EtNH2

MeOH
RT, 16 h

O
OH

OH

HO
OH

O
OH

HO
OH

O
HO H

N

NH
OH

OH

+

H
N

OH

HO

O
HO

+

d-Arabinose (1.50 g, 9.99mmol, 1.00 eq.) was dried and subsequently stirred with a solution

of ethylamine in methanol (2m, 10.0mL, 20.0mmol, 2.00 eq.) for 16 h at room temperature.

The rea
tion mixture was 
on
entrated by evaporation of the solvent until a 
olorless pre
ipi-

tate formed, whi
h was �ltered o�, washed with 
old methanol (2× 10mL) and dried in va
uo.

The produ
t was obtained as a yellowish powder in a yield of 1.58 g (8.96mmol, 89.7% of theory).

EA: 
al
d.: C 47.45%, H 8.53%, N 7.90%

found: C 46.99%, H 8.55%, N 7.64%

MS (FAB+): 
al
d.: 178.2 ([M+H℄+)

found: 178.2

N -Ethyl-α-d-arabinopyranosylamine � D
2

O: 66%, 85% (4 ◦C) � DMSO-d6: 60%

1
H NMR (400MHz, D

2

O, 4 ◦C, 45OR1-2018): δ/ppm = 3.91 (ddd, 1H, H4), 3.87 (d, 1H,

H1,

3J1,2=8.6Hz) 3.80 (dd, 1H, H5eq,

3J4,5eq=2.3Hz, 2J5eq,5ax=−13.0Hz), 3.62 (dd, 1H, H3,

3J3,4=3.5Hz), 3.59 (dd, 1H, H5ax), 3.44 (d, 1H, H2,

3J2,3=9.5Hz), 2.87�2.82 (m, 1H, CH

2

),

2.64�2.54 (m, 1H, CH

2

), 1.04 (t, 3H, CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 43OR20-2015): δ/ppm = 90.8 (C1), 73.8 (C3), 71.2 (C2), 69.4

(C4), 67.7 (C5), 39.9 (CH

2

), 14.5 (CH

3

).
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13
C{

1
H} NMR (101MHz, DMSO-d6, 43OR5-2018): δ/ppm = 90.3 (C1), 72.9 (C3), 70.8 (C2),

67.4 (C4), 65.7 (C5), 39.3 (CH

2

), 15.4 (CH

3

).

N -Ethyl-β-d-arabinopyranosylamine � D
2

O: 15%, 7% (4 ◦C) � DMSO-d6: 19%

1
H NMR (400MHz, D

2

O, 4 ◦C, 45OR1-2018): δ/ppm = 4.39 (d, H1,

3J1,2=2.2Hz), 2.36 (s, 3H,

CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 45OR1-2018): δ/ppm = 85.1 (C1), 71.1 (C3), 70.7 (C2), 64.6

(C4), 63.6 (C5), 39.0 (CH

3

), 15.4 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 43OR5-2018): δ/ppm = 84.3 (C1), 70.7 (C3), 70.5 (C2),

65.7 (C4), 63.8 (C5), 39.8 (CH

3

), 14.2 (CH

3

).

N -Ethyl-α-d-arabinofuranosylamine � D
2

O: 12%, 6% (4 ◦C) � DMSO-d6: 13%

1
H NMR (400MHz, D

2

O, 4 ◦C, 45OR1-2018): δ/ppm = 4.51 (d, H1,

3J1,2=5.2Hz), 2.43 (s, 3H,

CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 43OR20-2015): δ/ppm = 93.8 (C1), 81.9 (C4), 80.4 (C2), 76.1

(C3), 61.8 (C5), 39.7 (CH

2

), 14.4 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 43OR5-2018): δ/ppm = 94.7 (C1), 82.6 (C4), 80.6 (C2),

76.4 (C3), 62.0 (C5), 39.9 (CH

2

), 15.5 (CH

3

).

N -Ethyl-β-d-arabinofuranosylamine � D
2

O: 7%, 2% (4 ◦C) � DMSO-d6: 8%

1
H NMR (400MHz, D

2

O, 4 ◦C, 45OR1-2018): δ/ppm = 4.74 (d, H1,

3J1,2=3.8Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 43OR20-2015): δ/ppm = 91.2 (C1), 83.3 (C3), 77.3 (C2), 76.4

(C4), 62.5 (C5), 40.7 (CH

2

), 14.5 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 43OR5-2018): δ/ppm = 90.8 (C1), 83.6 (C3), 76.9 (C2),

76.4 (C4), 62.3 (C5), 39.9 (CH

2

), 15.5 (CH

3

).

N-Propyl-D-arabinosylamin (D-Ara1NPr)

PrNH2

MeOH
RT, 16 h

O
OH

OH

HO
OH

O
OH

HO
OH

O
HO H

N

NH
OH

OH

+

H
N

OH

HO

O
HO

+

d-Arabinose (1.50 g, 9.99mmol, 1.00 eq.) was dried and subsequently solved in 5mL dry methanol.

Propylamine (2.10mL, 1.51 g, 25.6mmol, 2.56 eq.) was added and the rea
tion mixture stirred

for 16 h at room temperature. The resulting yellow solution was evaporated until it rea
hed

dryness and the obtained yellowish solid further dried in va
uo. Due to the high hygros
opy of

the 
ompound no yield was determined.
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EA: 
al
d.: C 50.25%, H 8.96%, N 7.32%

found: C 49.15%, H 8.71%, N 7.26%

MS (FAB+): 
al
d.: 192.2 ([M+H℄+)

found: 192.4

N -Propyl-α-d-arabinopyranosylamine � D
2

O: 70% � DMSO-d6: 55%

1
H NMR (400MHz, D

2

O, 4 ◦C, 37OR6-2017): δ/ppm = 3.91�3.89 (sp, 1H, H4), 3.87 (d, 1H,

H1,

3J1,2=8.6Hz), 3.80 (dd, 1H, H5a,

3J4,5a=2.3Hz, 2J5a,5b=−12.9Hz), 3.60 (dd, 1H, H3,

3J2,3=9.4Hz 3J3,4=3.6Hz), 3.59 (dd, 1H, H5b,

3J4,5b=1.2Hz), 3.42 (dd, 1H, H2), 2.78�2.72

(s, 1H, NH�CH

2

), 2.59�2.51 (s, 1H, NH�CH

2

), 1.52�1.39 (sp, 2H, CH

2

), 1.52�1.39 (sp, 2H,

CH

2

), 0.86 (t, 3H, CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 37OR7-2017): δ/ppm = 91.1 (C1), 73.8 (C3), 71.1 (C2),

69.4 (C4), 67.7 (C5), 47.6 (NH�CH

2

), 22.9 (CH

2

), 11.8 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR2-2017): δ/ppm = 90.5 (C1), 72.9 (C3), 70.8 (C2),

67.4 (C4), 64.6 (C5), 47.1 (NH�CH

2

), 23.1 (CH

2

), 11.8 (CH

3

).

N -Propyl-β-d-arabinopyranosylamine � D

2

O: 18% � DMSO-d6: 23%

1
H NMR (400MHz, D

2

O, 4 ◦C, 37OR6-2017): δ/ppm = 4.38 (d, H1,

3J1,2=2.1Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 37OR7-2017): δ/ppm = 85.3 (C1), 70.8 (C3), 70.8 (C2),

65.6 (C4), 63.9 (C5), 47.5 (NH�CH

2

), 22.7 (CH

2

), 11.8 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR2-2017): δ/ppm = 84.7 (C1), 71.1 (C3), 70.7 (C2),

64.7 (C4), 63.6 (C5), 47.1 (NH�CH

2

), 23.1 (CH

2

), 11.8 (CH

3

).

N -Propyl-α-d-arabinofuranosylamine � D
2

O: 8% � DMSO-d6: 13%

1
H NMR (400MHz, D

2

O, 4 ◦C, 37OR6-2017): δ/ppm = 4.51 (d, H1,

3J1,2=5.1Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 37OR7-2017): δ/ppm = 94.1 (C1), 81.9 (C4), 80.2 (C2),

75.9 (C3), 61.7 (C5), 47.3 (NH�CH

2

), 22.9 (CH

2

), 11.8 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR2-2017): δ/ppm = 96.1 (C1), 82.6 (C4), 80.2 (C2),

76.4 (C3), 62.0 (C5), 47.0 (NH�CH

2

), 23.2 (CH

2

), 11.7 (CH

3

).

N -Propyl-β-d-arabinofuranosylamine � D
2

O: 4% � DMSO-d6: 9%

1
H NMR (400MHz, D

2

O, 4 ◦C, 37OR6-2017): δ/ppm = 4.74 (d, H1,

3J1,2=3.7Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 37OR7-2017): δ/ppm = 91.7 (C1), 83.1 (C3), 77.2 (C2),

76.3 (C4), 62.5 (C5), 48.3 (NH�CH

2

), 23.0 (CH

2

), 11.8 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR2-2017): δ/ppm = 92.8 (C1), 83.5 (C4), 77.0 (C2),

76.3 (C3), 62.3 (C5), 47.9 (NH�CH

2

), 23.2 (CH

2

), 11.7 (CH

3

).
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N-(iso-Propyl)-D-arabinosylamin (D-Ara1NiPr)

iPrNH2

MeOH
RT, 16 h

O
OH

OH

HO
OH

O
OH

HO
OH

O
HO H

N

NH
OH

OH

+

H
N

OH

HO

O
HO

+

d-Arabinose (1.50 g, 9.99mmol, 1.00 eq.) was dried and subsequently solved in 2.5mL dry

methanol. iso-Propylamine (2.10mL, 1.44 g, 24.4mmol, 2.45 eq.) was added and the rea
-

tion mixture stirred for 16 h at room temperature. The resulting yellow solution was evaporated

until it rea
hed dryness and the obtained beige powder further dried in va
uo. Due to the high

hygros
opy of the 
ompound no yield was determined.

N -(iso-Propyl)-α-d-arabinopyranosylamine � D
2

O: 78% � DMSO-d6: 56%

1
H NMR (400MHz, D

2

O, 4 ◦C, 37OR8-2017): δ/ppm = 3.95 (d, 1H, H1,

3J1,2=8.5Hz), 3.91 (td,

1H, H4) 3.79 (dd, 1H, H5a,

3J4,5a=2.3Hz, 2J5a,5b=−13.0Hz), 3.61 (dd, 1H, H3,

3J2,3=9.4Hz
3J3,4=3.6Hz), 3.60 (dd, 1H, H5b, 3J4,5b=1.2Hz), 3.37 (dd, 1H, H2), 3.12�3.01 (sp, 1H, CH), 1.02

(sp, 6H, CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 37OR9-2017): δ/ppm = 91.1 (C1), 73.8 (C3), 71.1 (C2),

69.4 (C4), 67.7 (C5), 47.6 (CH), 23.3 (CH

3

), 21.2 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR10-2017): δ/ppm = 88.2 (C1), 72.8 (C3), 71.0 (C2),

67.3 (C4), 64.4 (C5), 43.9 (CH), 24.4 (CH

3

), 22.1 (CH

3

).

N -(iso-Propyl)-β-d-arabinopyranosylamine � D
2

O: 14% � DMSO-d6: 22%

1
H NMR (400MHz, D

2

O, 4 ◦C, 37OR8-2017): δ/ppm = 4.47 (d, H1,

3J1,2=1.8Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 37OR9-2017): δ/ppm = 85.3 (C1), 70.8 (C3), 70.8 (C2),

65.6 (C4), 63.9 (C5), 47.5 (CH

2

), 23.4 (CH

3

), 20.3 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR10-2017): δ/ppm = 81.9 (C1), 71.3 (C3), 70.8 (C2),

64.6 (C4), 63.6 (C5), 43.1 (CH), 24.4 (CH

3

), 22.1 (CH

3

).

N -(iso-Propyl)-α-d-arabinofuranosylamine � D
2

O: 6% � DMSO-d6: 15%

1
H NMR (400MHz, D

2

O, 4 ◦C, 37OR8-2017): δ/ppm = 4.62 (d, H1,

3J1,2=4.9Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 37OR9-2017): δ/ppm = 94.1 (C1), 81.9 (C4), 80.2 (C2),

75.9 (C3), 61.7 (C5), 47.3 (CH), 23.5 (CH

3

), 20.4 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR10-2017): δ/ppm = 92.7 (C1), 82.9 (C4), 80.9 (C2),

76.6 (C3), 62.1 (C5), 43.7 (CH), 24.4 (CH

3

), 21.9 (CH

3

).

N -(iso-Propyl)-β-d-arabinofuranosylamine � D
2

O: 2% � DMSO-d6: 7%

1
H NMR (400MHz, D

2

O, 4 ◦C, 37OR8-2017): δ/ppm = 4.87 (d, H1,

3J1,2=3.6Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 37OR9-2017): δ/ppm = 91.7 (C1), 83.1 (C3), 77.2 (C2),
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76.3 (C4), 62.5 (C5), 48.3 (CH), 23.6 (CH

3

), 20.5 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR10-2017): δ/ppm = 88.5 (C1), 83.6 (C4), 76.9 (C2),

76.5 (C3), 62.3 (C5), 44.7 (CH), 24.5 (CH

3

), 22.2 (CH

3

).

N-(tert-Butyl)-D-arabinosylamin (D-Ara1NtBu)

tBuNH2

MeOH
RT, 24 h

O
OH

OH

HO
OH

O
OH

HO
OH

NH

d-Arabinose (1.50 g, 9.99mmol, 1.00 eq.) was dried and subsequently solved in 8mL dry methanol.

tert -Butylamine (2.10mL, 1.47 g, 20.1mmol, 2.01 eq.) was added and the rea
tion mixture stirred

for 24 h at room temperature. The resulting yellow solution was evaporated until it rea
hed dry-

ness and the obtained beige powder further dried in va
uo. Due to the high hygros
opy of the


ompound no yield was determined.

N -(tert -Butyl)-α-d-arabinopyranosylamine � D
2

O: 100% (4 ◦C) � DMSO-d6 30%

1
H NMR (400MHz, D

2

O, 4 ◦C, 37OR10-2017): δ/ppm = 3.97 (d, 1H, H1,

3J1,2=8.7Hz), 3.85�

3.83 (sp, 1H, H4) 3.70 (sp, H5a,

3J4,5a=1.9Hz, 2J5a,5b=−13.0Hz), 3.60�3.58 (sp, 1H, H3), 3.57�

3-55 (sp, 1H, H5b), 3.28�3.24 (sp, 1H, H2), 1.04 (sp, 9H, (9×CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 37OR11-2017): δ/ppm = 87.6 (C1), 73.9 (C3), 71.3 (C2),

69.6 (C4), 67.3 (C5), 51.2 (Cq), 29.4 (CH3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR2-2017): δ/ppm = 87.1 (C1), 73.1 (C3), 71.1 (C2),

68.0 (C4), 65.2 (C5), 49.5 (Cq), 30.3 (3×CH3

)).

N -(tert -Butyl)-β-d-arabinopyranosylamine � D

2

O: 0% (4 ◦C) � DMSO-d6 27%

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR2-2017): δ/ppm = 81.2 (C1), 71.3 (C3), 70.8 (C2),

64.6 (C4), 63.6 (C5), 49.3 (Cq)), 30.6 (3×CH3

).

N -(tert -Butyl)-α-d-arabinofuranosylamine � D
2

O: 0% (4 ◦C) � DMSO-d6: 22%

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR2-2017): δ/ppm = 91.4 (C1), 82.3 (C4), 81.6 (C2),

76.3 (C3), 62.1 (C5), 49.4 (Cq), 30.2 (3×CH3

).

N -(tert -Butyl)-β-d-arabinofuranosylamine � D
2

O: 0% (4 ◦C) � DMSO-d6: 21%

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR2-2017): δ/ppm = 86.3 (C1), 83.4 (C4), 77.0 (C2),

76.4 (C3), 62.3 (C5), 49.5 (Cq), 30.5 (3×CH3

).
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5.5.1.2. Preparation of N-Alkyllyxosylamines

N-Methyl-D-lyxosylamin (D-Lyx1NMe)

MeNH2

EtOH
RT, 16 h

O
OH

OH

OH

O
HO H

N
NH

OH

HO
+

O
HO

OH

OH

HO

d-Lyxose (1.00 g, 6.66mmol, 1.00 eq.) was dried and subsequently stirred with a solution of

methylamine in ethanol (33%, 12.0mL, 89.2mmol, 13.4 eq.) for 16 h at room temperature. The

resulting solution was evaporated in va
uo until it rea
hed dryness. The produ
t was obtained

as a 
olorless powder in a yield of 1.06 g (6.47mmol, 97.2% of theory).

EA: 
al
d.: C 44.17%, H 8.03%, N 8.58%

found: C 44.05%, H 8.16%, N 8.65%

MS (FAB+): 
al
d.: 164.2 ([M+H℄+)

found: 164.2

N -Methyl-β-d-lyxopyranosylamine � D
2

O: 69% � DMSO-d6: 56%

1
H NMR (400MHz, D

2

O, 19OR15-2016): δ/ppm = 4.07 (d, 1H, H1,

3J1,2=1.2Hz), 3.90 (dd,

1H, H5a,

3J4,5a=5.5Hz, 2J5a,5b=−11.3Hz), 3.84 (dd, 1H, H2,

3J2,3=3.3Hz), 3.77 (dd, 1H, H4),

3.55 (dd, 1H, H3,

3J3,4=9.6Hz), 3.18 (dd, 1H, H5b, 3J4,5b=10.4Hz), 2.41 (s, 3H, CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 19OR16-2016): δ/ppm = 89.7 (C1), 74.4 (C3), 71.4 (C2), 67.2

(C4), 67.0 (C5), 31.6 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 19OR8-2016): δ/ppm = 89.4 (C1), 74.5 (C3), 70.9 (C2),

67.0 (C4), 66.1 (C5), 31.8 (CH

3

).

N -Methyl-α-d-lyxopyranosylamine � D
2

O: 31% � DMSO-d6: 44% :

1
H NMR (400MHz, D

2

O, 19OR15-2016): δ/ppm = 4.19 (d, 1H, H1,

3J1,2=6.8Hz), 3.92�3.88

(sp, 1H, H3), 3.84�3.76 (sp, 2H, H4/H5a), 3.69 (dd, 1H, H2,

3J2,3=3.3Hz), 3.60 (dd, 1H, H5b,

3J4,5b=4.7Hz, 2J5a,5b=−13.3Hz), 2.39 (s, 3H, CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 19OR16-2016): δ/ppm = 89.1 (C1), 71.1 (C3), 69.3 (C2), 69.2

(C4), 64.7 (C5), 31.2 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 19OR8-2016): δ/ppm = 88.9 (C1), 70.6 (C3), 69.0 (C2),

68.9 (C4), 64.3 (C5), 31.8 (CH

3

).

N-Ethyl-D-lyxosylamin (D-Lyx1NEt)

EtNH2

MeOH
RT, 16 h

O
OH

OH

OH

O
HO H

N
NH

OH

HO
+

O
HO

OH

OH

HO
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d-Lyxose (1.00 g, 6.66mmol, 1.00 eq.) was dried and subsequently stirred with a solution of

ethylamine in methanol (2m, 13.6mL, 40.0mmol, 6.00 eq.) for 16 h at room temperature. After

subsequent storage at 4 ◦C for 48 h a pre
ipitate formed, whi
h was �ltered o�, washed with


old methanol (2× 10mL) and dried in va
uo. The produ
t was obtained as a slightly yellowish

powder in a yield of 278mg (1.57mmol, 23.6% of theory).

EA: 
al
d.: C 47.45%, H 8.53%, N 7.90%

found: C 47.42%, H 8.56%, N 7.88%

MS (FAB+): 
al
d.: 178.2 ([M+H℄+)

found: 178.2

N -Ethyl-β-d-lyxopyranosylamine � D
2

O: 74% � DMSO-d6: 57%

1
H NMR (400MHz, D

2

O, 19OR19-2016): δ/ppm = 4.17 (d, 1H, H1,

3J1,2=1.1Hz), 3.89 (dd,

1H, H5a,

3J4,5a=5.5Hz, 2J5a,5b=−11.3Hz), 3.84 (dd, 1H, H2,

3J2,3=3.4Hz), 3.78 (dd, 1H, H4),

3.56 (dd, 1H, H3,

3J3,4=9.6Hz), 3.18 (dd, 1H, H5b,

3J4,5b=10.4Hz), 2.92�2.82 (sp, 1H, CH

2

),

2.69�2.61 (sp, 1H, CH

2

), 1.06 (t, 3H, CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 20OR2-2016): δ/ppm = 87.8 (C1), 74.4 (C3), 71.6 (C2), 67.2

(C4), 67.0 (C5), 39.5 (CH

2

), 14.2 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 19OR11-2016): δ/ppm = 87.7 (C1), 74.5 (C3), 70.9 (C2),

66.9 (C4), 66.3 (C5), 39.0 (CH

2

), 15.4 (CH

3

).

N -Ethyl-α-d-lyxopyranosylamine � D
2

O: 26% � DMSO-d6: 43%

1
H NMR (400MHz, D

2

O, 19OR19-2016): δ/ppm = 4.29 (d, 1H, H1,

3J1,2=6.8Hz), 3.90�3.85

(sp, 1H, H3), 3.82�3.76 (sp, 2H, H4/H5a), 3.69 (dd, 1H, H2,

3J2,3=3.3Hz), 3.62�3.58 (dd, 1H,

H5b) 2.92�2.82 (sp, 1H, CH

2

), 2.69�2.61 (sp, 1H, CH

2

), 1.07 (t, 3H, CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 20OR2-2016): δ/ppm = 87.6 (C1), 71.1 (C3), 69.4 (C2), 69.2

(C4), 64.6 (C5), 39.6 (CH

2

), 14.3 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 19OR11-2016): δ/ppm = 87.5 (C1), 70.7 (C3), 69.1 (C2),

69.0 (C4), 64.4 (C5), 39.4 (CH

2

), 15.4 (CH

3

).

N-Propyl-D-lyxosylamin (D-Lyx1NPr)

PrNH2

MeOH
RT, 48 h

O
OH

OH

OH

O
HO H

N
NH

OH

HO
+

O
HO

OH

OH

HO

d-Lyxose (1.00 g, 6.66mmol, 1.00 eq.) was dried and subsequently solved in 6mL dry methanol.

Propylamine (4.80mL, 3.46 g, 58.5mmol, 8.78 eq.) was added and the rea
tion mixture stirred

for 48 h at room temperature. Half of the solvent was evaporated and the formed pre
ipitate

was �ltered o�, washed with 
old methanol (2× 10mL) and dried in va
uo. The produ
t was
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obtained as a slightly rose powder in a yield of 1.17 g (6.12mmol, 91.9% of theory).

EA: 
al
d.: C 50.25%, H 8.96%, N 7.32%

found: C 50.25%, H 9.04%, N 7.27%

MS (FAB+): 
al
d.: 192.2 ([M+H℄+)

found: 192.4

N -Propyl-β-d-lyxopyranosylamine � D
2

O: 73% � DMSO-d6: 59%

1
H NMR (400MHz, D

2

O, 22OR4-2016): δ/ppm = 4.17 (d, 1H, H1,

3J1,2=1.1Hz), 3.90 (dd,

1H, H5a,

3J4,5a=5.6Hz, 2J5a,5b=−11.3Hz), 3.86 (dd, 1H, H2,

3J2,3=3.4Hz), 3.78 (dd, 1H, H4),

3.56 (dd, 1H, H3,

3J3,4=9.6Hz), 3.18 (dd, 1H, H5b,

3J4,5b=10.4Hz), 2.83�2.71 (sp, 1H, CH

2

),

2.83�2.71 (sp, 2H, CH

2

), 1.55�1.41 (sp, 1H, CH

2

), 0.89 (t, 3H, CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 22OR5-2016): δ/ppm = 88.2 (C1), 74.5 (C3), 71.6 (C2), 67.2

(C4), 67.0 (C5), 47.1 (NH�CH

2

), 22.7 (CH

2

), 11.6 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 19OR11-2016): δ/ppm = 88.1 (C1), 74.5 (C3), 70.9 (C2),

66.9 (C4), 66.2 (C5), 46.8 (NH�CH

2

), 23.1 (CH

2

), 11.8 (CH

3

).

N -Propyl-α-d-lyxopyranosylamine � D
2

O: 27% � DMSO-d6: 31%

1
H NMR (400MHz, D

2

O, 22OR4-2016): δ/ppm = 4.28 (d, 1H, H1,

3J1,2=6.9Hz), 3.90�3.85

(sp, 1H, H3), 3.82�3.76 (sp, 2H, H4/H5a), 3.70 (dd, 1H, H2,

3J2,3=3.1Hz), 3.62 (dd, 1H, H5b)

2.92�2.82 (sp, 1H, CH

2

), 2.83�2.71 (sp, 1H, CH

2

), 2.83�2.71 (sp, 2H, CH

2

), 1.55�1.41 (sp, 1H,

CH

2

), 0.89 (t, 3H, CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 22OR5-2016): δ/ppm = 87.9 (C1), 71.2 (C3), 69.4 (C2), 69.2

(C4), 64.7 (C5), 47.3 (NH�CH

2

), 22.7 (CH

2

), 11.6 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 19OR11-2016): δ/ppm = 87.7 (C1), 70.7 (C3), 69.11 (C2),

69.06 (C4), 64.4 (C5), 47.2 (NH�CH

2

), 23.1 (CH

2

), 11.8 (CH

3

).

N-(iso-Propyl)-D-lyxosylamin (D-Lyx1NiPr)

iPrNH2

MeOH
RT, 14 h

O
OH

OH

OH

O
HO H

N
NH

OH

HO
+

O
HO

OH

OH

HO

d-Lyxose (800mg, 5.33mmol, 1.00 eq.) was dried and subsequently solved in 10mL dry methanol.

iso-Propylamine (1.37mL, 945mg, 16.0mmol, 3.00 eq.) was added and the rea
tion mixture

stirred for 14 h at room temperature. Upon evaporation of the solvent a pre
ipitate formed,

whi
h was �ltered o�, washed with 
old methanol (2× 5mL) and dried in va
uo. The produ
t

was obtained as a slightly yellow powder in a yield of 734mg (3.89mmol, 72.9% of theory).

EA: 
al
d.: C 50.25%, H 8.96%, N 7.32%

found: C 50.16%, H 8.95%, N 7.24%
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MS (FAB+): 
al
d.: 192.2 ([M+H℄+)

found: 192.4

N -(iso-Propyl)-β-d-lyxopyranosylamine � D
2

O: 77% � DMSO-d6: 62%

1
H NMR (400MHz, D

2

O, 19OR22-2016): δ/ppm = 4.26 (d, 1H, H1,

3J1,2=1.1Hz), 3.87 (dd,

1H, H5a,

3J4,5a=5.6Hz, 2J5a,5b=−11.2Hz), 3.82 (dd, 1H, H2,

3J2,3=3.4Hz), 3.77 (dd, 1H, H4),

3.56 (dd, 1H, H3,

3J3,4=9.6Hz), 3.17 (dd, 1H, H5b,

3J4,5b=11.3Hz), 3.18�3.05 (sp, 1H, CH),

1.07�1.00 (sp, 6H, 2×CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 19OR23-2016): δ/ppm = 85.4 (C1), 74.5 (C3), 71.8 (C2), 67.2

(C4), 67.1 (C5), 43.8 (CH), 23.3 (CH

3

), 20.3 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 28OR2-2015): δ/ppm = 85.3 (C1), 74.6 (C3), 70.9 (C2),

66.9 (C4), 66.4 (C5), 42.7 (CH), 24.4 (CH

3

), 21.7 (CH

3

).

N -(iso-Propyl)-α-d-lyxopyranosylamine � D
2

O: 23% � DMSO-d6: 38%

1
H NMR (400MHz, D

2

O, 19OR22-2016): δ/ppm = 4.36 (d, 1H, H1,

3J1,2=6.9Hz), 3.90�3.85

(sp, 1H, H3), 3.82�3.76 (sp, 2H, H4/H5a), 3.70 (dd, 1H, H2,

3J2,3=3.1Hz), 3.62 (dd, 1H, H5b)

2.92�2.82 (sp, 1H, CH

2

), 2.83�2.71 (sp, 1H, CH

2

), 3.18�3.05 (sp, 1H, CH), 1.07�1.00 (sp, 6H,

2×CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 19OR23-2016): δ/ppm = 85.7 (C1), 71.1 (C3), 69.7 (C2), 69.4

(C4), 64.7 (C5), 45.0 (CH), 23.3 (CH

3

), 21.1 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 28OR2-2015): δ/ppm = 85.5 (C1), 70.9 (C3), 69.24 (C2),

69.17 (C4), 64.4 (C5), 44.3 (CH), 24.4 (CH

3

), 22.4 (CH

3

).

N-(tert-Butyl)-D-lyxosylamin (D-Lyx1NtBu)

tBuNH2

MeOH
RT, 16 h

O
OH

OH

OH

O
HO H

N
NH

OH

HO
+

O
HO

OH

OH

HO

d-Lyxose (1.00 g, 6.66mmol, 1.00 eq.) was dried and subsequently solved in 2mL dry methanol.

tert -Butylamine (1.50mL, 1.05 g, 14.4mmol, 2.16 eq.) was added and the rea
tion mixture stirred

for 16 h at room temperature. The resulting yellow solution was evaporated until it rea
hed dry-

ness and the obtained beige powder further dried in va
uo. The 
ompound showed immediate

signs of hydrolysis, when exposed to air and no yield was determined.

EA: 
al
d.: C 52.67%, H 9.33%, N 6.28%

found: C 54.09%, H 10.00%, N 8.28%

N -(tert -Butyl)-β-d-lyxopyranosylamine � D
2

O: 76% � DMSO-d6: 46%

1
H NMR (400MHz, D

2

O, 4 ◦C, 17OR13-2019): δ/ppm = 4.31 (d, 1H, H1,

3J1,2=1.1Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 17OR14-2019): δ/ppm = 85.3 (C1), 74.7 (C3), 71.1 (C2),

67.2 (C4), 66.6 (C5), 51.1 (Cq), 29.8 (3×CH3

).
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13
C{

1
H} NMR (101MHz, DMSO-d6, 32OR8-2015): δ/ppm = 84.7 (C1), 74.6 (C3), 70.8 (C2),

66.9 (C4), 65.8 (C5), 49.6 (Cq), 30.7 (3×CH3

).

N -(tert -Butyl)-α-d-lyxopyranosylamine � D
2

O: 24% � DMSO-d6: 54% :

1
H NMR (400MHz, D

2

O, 4 ◦C, 17OR13-2019): δ/ppm = 4.39 (d, 1H, H1,

3J1,2=7.6Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 17OR14-2019): δ/ppm = 84.3 (C1), 71.1 (C3), 69.8 (C2),

69.4 (C4), 64.7 (C5), 51.2 (Cq), 29.5 (3×CH3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 32OR8-2015): δ/ppm = 83.6 (C1), 70.8 (C3), 69.3 (C2),

69.3 (C4), 64.3 (C5), 49.3 (Cq), 30.3 (3×CH3

).

5.5.1.3. Preparation of N-Alkylribosylamines

N-Methyl-D-ribosylamin (D-Rib1NMe)

MeNH2

EtOH
RT, 16 h

O

OH
HO

OH

O
HO H

N
NH

OH
OH

+

H
N

OHHO

O
HO

+

O
HO

OH
OH OH

d-Ribose (1.00 g, 6.66mmol, 1.00 eq.) was dried and subsequently stirred with a solution of

methylamine in ethanol (33%, 3.0mL, 22.3mmol, 3.35 eq.) for 16 h at room temperature. The

resulting solution was evaporated until it rea
hed dryness. The brownish syrup-like residue was

frozen, 
rushed and further dried in va
uo several times to remove remnants of solvent and

amine. Due to the signi�
ant hydrolysis sensitivity of the produ
t no yield was determined.

N -Methyl-β-d-ribopyranosylamine � D
2

O: 43% (4 ◦C) � DMSO-d6: 44%

1
H NMR (400MHz, D

2

O, 4 ◦C, 26OR10-2019): δ/ppm = 4.08 (d, 1H, H1,

3J1,2=8.5Hz), 4.07

(t, 1H, H3,

3J2,3=2.8Hz, 3J3,4=2.8Hz), 3.87 (dd, 1H, H4,

3J4,5eq=4.9Hz, J4,5ax=11.1Hz), 3.73

(ddd, 1H, H5eq), 3.64 (dd, 1H, H5ax,

2J5ax,5eq=−11.1Hz), 3.38 (dd, 1H, H2), 2.37 (s, 3H, CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 26OR11-2019): δ/ppm = 88.4 (C1), 72.2 (C2), 70.6 (C3),

67.6 (C4), 63.9 (C5), 31.4 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 26OR2-2019): δ/ppm = 88.4 (C1), 71.4 (C2), 70.6 (C3),

67.7 (C4), 63.7 (C5), 31.9 (CH

3

).

N -Methyl-α-d-ribopyranosylamine � D
2

O: 41% (4 ◦C) � DMSO-d6: 32%

1
H NMR (400MHz, D

2

O, 4 ◦C, 26OR10-2019): δ/ppm = 4.00 (d, H1,

3J1,2=1.1Hz), 2.41 (s, 3H,

CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 26OR11-2019): δ/ppm = 89.4 (C1), 71.2 (C2), 69.3 (C3),

69.2 (C4), 63.5 (C5), 31.6 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 26OR2-2019): δ/ppm = 88.8 (C1), 70.1 (C2), 69.6 (C3),
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68.6 (C4), 63.7 (C5), 32.0 (CH

3

).

N -Methyl-β-d-ribofuranosylamine � D
2

O: 9% (4 ◦C) � DMSO-d6: 17%

1
H NMR (400MHz, D

2

O, 4 ◦C, 26OR10-2019): δ/ppm = 4.44 (d, H1,

3J1,2=4.8Hz), 2.31 (s, 3H,

CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 26OR11-2019): δ/ppm = 95.5 (C1), 82.9 (C4), 74.5 (C3),

71.2 (C2), 62.4 (C5), 31.7 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 26OR2-2019): δ/ppm = 95.7 (C1), 82.7 (C4), 73.7 (C3),

70.8 (C2), 62.5 (C5), 31.7 (CH

3

).

N -Methyl-α-d-ribofuranosylamine � D
2

O: 7% (4 ◦C) � DMSO-d6: 7%

1
H NMR (400MHz, D

2

O, 4 ◦C, 26OR11-2019): δ/ppm = 4.67 (d, H1,

3J1,2=3.3Hz), 2.40 (s, 3H,

CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 41OR2-2017): δ/ppm = 92.5 (C1), 81.0 (C4), 72.1 (C2),

71.8 (C3), 61.8 (C5), 31.8 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 26OR2-2019): δ/ppm = 91.6 (C1), 81.3 (C4), 71.4 (C2),

71.1 (C3), 61.8 (C5), 31.7 (CH

3

).

N-Ethyl-D-ribosylamin (D-Rib1NEt)

EtNH2

MeOH
RT, 4 h

O

OH
HO

OH

O
HO H

N
NH

OH
OH

+

H
N

OHHO

O
HO

+

O
HO

OH
OH OH

d-Ribose (1.00 g, 6.66mmol, 1.00 eq.) was dried and subsequently stirred with a solution of

ethylamine in methanol (2m, 7.00mL, 14.0mmol, 2.10 eq.) for 4 h at room temperature. The

resulting yellow rea
tion solution was 
on
entrated by evaporation until the produ
t was ob-

tained as a syrup-like liquid. The brownish residue was frozen, 
rushed and further dried in

va
uo several times to remove remnants of solvent and amine. Due to the signi�
ant hydrolysis

sensitivity of the produ
t no yield was determined.

N -Ethyl-β-d-ribopyranosylamine � D
2

O: 62% (4 ◦C) � DMSO-d6: 42%

1
H NMR (400MHz, D

2

O, 4 ◦C, 26OR13-2019): δ/ppm = 4.17 (d, 1H, H1,

3J1,2=8.4Hz), 4.07

(t, 1H, H3,

3J2,3=3.0Hz, 3J3,4=3.0Hz), 3.87 (dd, 1H, H4,

3J4,5eq=4.9Hz, J4,5ax=11.1Hz), 3.73

(ddd, 1H, H5eq), 3.66 (dd, 1H, H5ax,

2J5ax,5eq=−11.5Hz), 3.38 (dd, 1H, H2), 2.82 (dq, 1H,

CH

2

), 2.60 (dq, 1H, CH

2

), 1.05 (t, 2H, CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 26OR14-2019): δ/ppm = 86.9 (C1), 72.5 (C2), 70.8 (C3),

67.6 (C4), 63.9 (C5), 40.0 (CH

2

), 14.4 (CH

3

).
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13
C{

1
H} NMR (101MHz, DMSO-d6, 26OR05-2019): δ/ppm = 87.0 (C1), 71.5 (C2), 70.8 (C3),

67.7 (C4), 63.7 (C5), 39.8 (CH

2

), 15.5 (CH

3

).

N -Ethyl-α-d-ribopyranosylamine � D
2

O: 25% (4 ◦C) � DMSO-d6: 35%

1
H NMR (400MHz, D

2

O, 4 ◦C, 26OR13-2019): δ/ppm = 4.10 (d, H1,

3J1,2=1.0Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 26OR14-2019): δ/ppm = 87.6 (C1), 70.9 (C2), 69.4 (C3),

69.2 (C4), 63.5 (C5), 39.5 (CH

2

), 14.5 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 26OR05-2019): δ/ppm = 87.1 (C1), 70.0 (C2), 69.6 (C3),

68.6 (C4), 63.7 (C5), 38.9 (CH

2

), 15.4 (CH

3

).

N -Ethyl-β-d-ribofuranosylamine � D
2

O: 8% (4 ◦C) � DMSO-d6: 16%

1
H NMR (400MHz, D

2

O, 4 ◦C, 26OR13-2019): δ/ppm = 4.52 (d, H1,

3J1,2=4.6Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 26OR14-2019): δ/ppm = 94.1 (C1), 82.9 (C4), 74.9 (C3),

71.2 (C2), 62.4 (C5), 40.3 (CH

3

), 14.5 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 26OR05-2019): δ/ppm = 94.3 (C1), 82.7 (C4), 74.1 (C3),

70.7 (C2), 62.4 (C5), 39.4 (CH

3

), 15.6 (CH

3

).

N -Ethyl-α-d-ribofuranosylamine � D
2

O: 4% (4 ◦C) � DMSO-d6: 7%

1
H NMR (400MHz, D

2

O, 4 ◦C, 26OR13-2019): δ/ppm = 4.77 (d, H1,

3J1,2=3.2Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 41OR14-2017): δ/ppm = 90.8 (C1), 80.9 (C4), 72.1 (C2),

72.0 (C3), 61.8 (C5), 40.1 (CH

3

), 14.2 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 26OR05-2019): δ/ppm = 90.0 (C1), 81.2 (C4), 71.45 (C2),

71.1 (C3), 61.8 (C5), 40.2 (CH

3

), 15.4 (CH

3

).

N-Propyl-D-ribosylamin (D-Rib1NPr)

PrNH2

MeOH
RT, 4 h

O

OH
HO

OH

O
HO H

N
NH

OH
OH

+

H
N

OHHO

O
HO

+

O
HO

OH
OH OH

d-Ribose (1.00 g, 6.66mmol, 1.00 eq.) was dried and subsequently suspended in 2.5mL dry

methanol. Propylamine (1.50mL, 1.08 g, 18.3mmol, 2.74 eq.) was slowly added and the re-

a
tion mixture was stirred for 4 h at room temperature. The resulting yellowish solution was


on
entrated by evaporation until an orange syrup-like liquid was obtained. The residue was

frozen, 
rushed and further dried in va
uo to remove all remains of the solvent and amine. Due

to the immense hydrolysis sensitivity of the vis
ous produ
t no yield was determined.
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N -Propyl-β-d-ribopyranosylamine � D
2

O: 44% (4 ◦C) � DMSO-d6: 40%

1
H NMR (400MHz, D

2

O, 4 ◦C, 38OR16-2019): δ/ppm = 4.16 (d, 1H, H1,

3J1,2=8.5Hz, 4.07

(t, 1H, H3,

3J3,4=3.0Hz), 3.87 (dd, 1H, H4,

3J4,5eq=4.8Hz, J4,5ax=11.1Hz), 3.73 (m, 1H,

H5eq), 3.66 (dd, 1H, H5ax,

2J5ax,5eq=−11.5Hz), 3.38 (dd, 1H, H2,

3J2,3=3.0Hz), 2.81 (m, 1H,

NH�CH

2

), 2.72 (m, 1H, NH�CH

2

), 1.47 (sp, 2H, CH

2

), 0.85 (t, 3H, CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 38OR17-2019): δ/ppm = 87.2 (C1), 72.4 (C2), 70.7 (C3),

67.6 (C4), 63.8 (C5), 47.6 (NH�CH

2

), 22.8 (CH

2

), 11.7 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR11-2019): δ/ppm = 87.4 (C1), 71.4 (C2), 70.8 (C3),

67.7 (C4), 63.8 (C5), 47.4 (NH�CH

2

), 23.2 (CH

2

), 11.8 (CH

3

).

N -Propyl-α-d-ribopyranosylamine � D
2

O: 44% (4 ◦C) � DMSO-d6: 35%

1
H NMR (400MHz, D

2

O, 4 ◦C, 38OR16-2019): δ/ppm = 4.08 (d, H1,

3J1,2=0.9Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 38OR17-2019): δ/ppm = 87.9 (C1), 71.0 (C2), 69.4 (C3),

69.2 (C4), 63.5 (C5), 47.1 (NH�CH

2

), 22.9 (CH

2

), 11.7 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR11-2019): δ/ppm = 87.4 (C1), 70.1 (C2), 69.7 (C3),

68.6 (C4), 63.7 (C5), 46.7 (NH�CH

2

), 23.1 (CH

2

), 11.7 (CH

3

).

N -Propyl-β-d-ribofuranosylamine � D
2

O: 8% (4 ◦C) � DMSO-d6: 15%

1
H NMR (400MHz, D

2

O, 4 ◦C, 38OR16-2019): δ/ppm = 4.51 (d, H1,

3J1,2=4.6Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 38OR17-2019): δ/ppm = 94.5 (C1), 82.8 (C4), 74.8 (C3),

71.2 (C2), 62.3 (C5), 47.8 (NH�CH

2

), 22.9 (CH

2

), 11.7 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR11-2019): δ/ppm = 94.6 (C1), 82.7 (C4), 74.1 (C3),

70.7 (C2), 62.4 (C5), 47.6 (NH�CH

2

), 23.2 (CH

2

), 11.8 (CH

3

).

N -Propyl-α-d-ribofuranosylamine � D
2

O: 4% (4 ◦C) � DMSO-d6: 10%

1
H NMR (400MHz, D

2

O, 4 ◦C, 38OR16-2019): δ/ppm = 4.76 (d, H1,

3J1,2=3.2Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 38OR17-2017): δ/ppm = 91.1 (C1), 80.9 (C4), 72.1 (C2),

72.0 (C3), 61.8 (C5), 47.6 (NH�CH

2

), 22.9 (CH

2

), 11.6 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR11-2019): δ/ppm = 90.3 (C1), 81.3 (C4), 71.5 (C2),

71.1 (C3), 61.9 (C5), 47.2 (NH�CH

2

), 23.3 (CH

2

), 11.8 (CH

3

).

N-(iso-Propyl)-D-ribosylamin (D-Rib1NiPr)

iPrNH2

MeOH
RT, 4 h

O

OH
HO

OH

O
HO H

N
NH

OH
OH

+

H
N

OHHO

O
HO

+

O
HO

OH
OH OH

d-Ribose (1.00 g, 6.66mmol, 1.00 eq.) was dried and subsequently suspended in 5mL dry
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methanol. iso-Propylamine (1.50mL, 1.03 g, 17.5mmol, 2.62 eq.) was slowly added and the

rea
tion mixture was stirred for 4 h at room temperature. The resulting solution was 
on
en-

trated in va
uo to about one third of its previous volume, leading to pre
ipitation of a white

solid. The pre
ipitate was �ltered o�, washed with 
old methanol (2× 5mL) and dried in va
uo.

The produ
t was obtained as an o�-white powder in a yield of 877mg (4.59mmol, 68.9% of

theory).

EA: 
al
d.: C 50.25%, H 8.96%, N 7.32%

found: C 49.98%, H 9.17%, N 7.28%

N -(iso-Propyl)-β-d-ribopyranosylamine � D
2

O: 50% (4 ◦C) � DMSO-d6: 40%

1
H NMR (400MHz, D

2

O, 4 ◦C, 26OR16-2019): δ/ppm = 4.26 (d, 1H, H1,

3J1,2=8.4Hz), 4.08

(t, 1H, H3,

3J2,3=2.7Hz, 3J3,4=2.7Hz), 3.87 (dd, 1H, H4,

3J4,5eq=4.9Hz, J4,5ax=11.1Hz), 3.73

(ddd, 1H, H5eq), 3.64 (dd, 1H, H5ax,

2J5ax,5eq=−11.1Hz), 3.34 (dd, 1H, H2), 3.09 (m, 1H, CH),

1.00 (s, 6H, 2×CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 26OR17-2019): δ/ppm = 85.1 (C1), 72.7 (C2), 71.0 (C3),

67.6 (C4), 63.7 (C5), 45.2 (CH), 23.8 (CH

3

), 20.5 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 34OR02-2015): δ/ppm = 85.0 (C1), 71.7 (C2), 71.1 (C3),

67.7 (C4), 63.6 (C5), 44.5 (CH), 24.4 (CH

3

), 22.4 (CH

3

).

N -(iso-Propyl)-α-d-ribopyranosylamine � D
2

O: 38% (4 ◦C) � DMSO-d6: 36%

1
H NMR (400MHz, D

2

O, 4 ◦C, 26OR16-2019): δ/ppm = 4.21 (d, H1,

3J1,2=1.2Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 26OR17-2019): δ/ppm = 85.0 (C1), 71.0 (C2), 69.4 (C3),

69.2 (C4), 63.5 (C5), 44.5 (CH), 23.5 (CH

3

), 20.4 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 34OR02-2015): δ/ppm = 84.7 (C1), 71.0 (C2), 69.6 (C3),

68.7 (C4), 63.6 (C5), 42.8 (CH), 24.4 (CH

3

), 21.8 (CH

3

).

N -(iso-Propyl)-β-d-ribofuranosylamine � D
2

O: 8% (4 ◦C) � DMSO-d6: 13%

1
H NMR (400MHz, D

2

O, 4 ◦C, 26OR16-2019): δ/ppm = 4.62 (d, H1,

3J1,2=4.7Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 26OR17-2019): δ/ppm = 91.7 (C1), 82.9 (C4), 75.3 (C3),

71.2 (C2), 62.3 (C5), 43.6 (CH), 23.4 (CH

3

), 20.2 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 34OR02-2015): δ/ppm = 92.1 (C1), 82.7 (C4), 74.7 (C3),

70.6 (C2), 62.4 (C5), 44.7 (CH), 24.4 (CH

3

), 22.2 (CH

3

).

N -(iso-Propyl)-α-d-ribofuranosylamine � D
2

O: 4% (4 ◦C) � DMSO-d6: 9%

1
H NMR (400MHz, D

2

O, 4 ◦C, 26OR16-2019): δ/ppm = 4.84 (d, H1,

3J1,2=3.7Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 41OR17-2017): δ/ppm = 88.1 (C1), 80.9 (C4), 72.2 (C2),

72.1 (C3), 61.8 (C5), 45.3 (CH), 23.3 (CH

3

), 21.2 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 34OR02-2015): δ/ppm = 87.7 (C1), 81.2 (C4), 71.7 (C2),

71.1 (C3), 61.9 (C5), 45.8 (CH), 24.6 (CH

3

), 22.1 (CH

3

).

N -(iso-Propyl)-d-ribosylamine (imine form) � D

2

O: 0% (4 ◦C) � DMSO-d6: 2%

1
H NMR (400MHz, D

2

O, 4 ◦C, 34OR1-2015): δ/ppm = 7.70 (d, H1,

3J1,2=4.1Hz).
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13
C{

1
H} NMR (101MHz, DMSO-d6, 34OR2-2015): δ/ppm = 162.8 (C1), 74.4 (C3), 72.9 (C4),

72.0 (C3), 63.2 (C5), 59.6 (CH), 24.0 (CH

3

), 22.8 (CH

3

).

N-(tert-Butyl)-D-ribosylamin (D-Rib1NtBu)

tBuNH2

MeOH
RT, 4 h

O

OH
HO

OH

O
HO H

N
NH

OH
OH

+

H
N

OHHO

O
HO

+

O
HO

OH
OH OH

d-Ribose (500mg, 3.33mmol, 1.00 eq.) was dried and subsequently suspended in 2mL dry

methanol. tert -Butylamine (1.00mL, 700mg, 9.57mmol, 2.87 eq.) was slowly added and the re-

a
tion mixture was stirred for 4 h at room temperature. The resulting solution was 
on
entrated

in va
uo until a white, foam-like residue formed. The residue was frozen, 
rushed and further

dried in va
uo to removewiederholung all remains of the solvent and amine. After repeating this

pro
edure three times the produ
t was obtained as an o�-white powder. Due to the signi�
ant

hydrolysis sensitivity of the produ
t no yield was determined.

N -(tert -Butyl)-β-d-ribopyranosylamine � D
2

O: 52% (4 ◦C) � DMSO-d6: 42%

1
H NMR (400MHz, D

2

O, 4 ◦C, 38OR13-2019): δ/ppm = 4.32 (d, 1H, H1,

3J1,2=8.6Hz), 4.08

(dd, 1H, H3,

3J3,4=2.7Hz), 3.90�3.52 (sp, H4/H5ax/H5eq), 3.27 (dd, 1H, H2,

3J2,3=2.4Hz),

1.08 (9H, 3×CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 38OR14-2019): δ/ppm = 83.5 (C1), 73.7 (C2), 71.1 (C3),

67.6 (C4), 63.5 (C5), 51.1 (C

q

), 30.3 (3×CH
3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR8-2019): δ/ppm = 83.1 (C1), 71.6 (C2), 71.1 (C3),

67.7 (C4), 63.5 (C5), 49.5 (C

q

), 30.4 (3×CH
3

).

N -(tert -Butyl))-α-d-ribopyranosylamine � D
2

O: 39% (4 ◦C) � DMSO-d6: 23%

1
H NMR (400MHz, D

2

O, 4 ◦C, 38OR13-2019): δ/ppm = 4.26 (d, H1,

3J1,2=0.9Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 38OR14-2019): δ/ppm = 85.1 (C1), 72.4 (C2), 69.4 (C3),

69.3 (C4), 63.3 (C5), 50.9 (C

q

), 29.6 (3×CH
3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR8-2019): δ/ppm = 83.7 (C1), 71.8 (C2), 69.9 (C3),

68.4 (C4), 63.5 (C5), 49.2 (C

q

), 30.7 (3×CH
3

).

N -(tert -Butyl))-β-d-ribofuranosylamine � D
2

O: 9% (4 ◦C) � DMSO-d6: 19%

1
H NMR (400MHz, D

2

O, 4 ◦C, 38OR13-2019): δ/ppm = 4.69 (d, H1,

3J1,2=5.0Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 38OR14-2019): δ/ppm = 90.6 (C1), 82.9 (C4), 76.1 (C3),

71.2 (C2), 62.4 (C5), 51.1 (C

q

), 29.9 (3×CH
3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR8-2019): δ/ppm = 90.6 (C1), 82.7 (C4), 75.3 (C3),
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70.4 (C2), 62.4 (C5), 49.6 (C

q

), 30.4 (3×CH
3

).

N -(tert -Butyl)-α-d-ribofuranosylamine � D
2

O: 0% (4 ◦C) � DMSO-d6: 14%

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR8-2019): δ/ppm = 86.2 (C1), 81.4 (C4), 71.3 (C2),

71.0 (C3), 62.0 (C5), 49.3 (C

q

), 30.6 (3×CH
3

).

N -(tert -Butyl)-d-ribosylamine (imine form) � D

2

O: 0% (4 ◦C) � DMSO-d6: 2%

1
H NMR (400MHz, D

2

O, 4 ◦C, 37OR7-2019): δ/ppm = 7.69 (d, H1,

3J1,2=3.5Hz).
13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR8-2019): δ/ppm = 159.7 (C1).

5.5.1.4. Preparation of N-Alkylxylosylamines

N-Methyl-D-xylosylamin (D-Xyl1NMe)

O
HO

HO
OH OH

O
HO

HO
OH

H
N

MeNH2

EtOH
0 °C, 5 h

d-Xylose (1.97 g, 13.1mmol, 1.00 eq.) was dried and subsequently stirred with a solution of

methylamine in ethanol (33%, 9.00mL, 72.3mmol, 5.52 eq.) for 5 h under i
e 
ooling. The

rea
tion mixture was 
on
entrated by evaporation of the solvent until a 
olorless pre
ipitate

formed. The pre
ipitate was �ltered o�, washed with 
old methanol (2× 10mL) and dried in

va
uo. The produ
t was obtained as a slightly yellowish, moisture sensitive powder in a yield of

816mg (5.00mmol, 38.2% of theory).

EA: 
al
d.: C 44.17%, H 8.03%, N 8.58%

found: C 43.44%, H 8.14%, N 8.46%

MS (FAB+): 
al
d.: 164.1 ([M+H℄+)

found: 164.1

N -Methyl-β-d-xylopyranosylamine � D
2

O: 87% (RT), 94% (4 ◦C) � DMSO-d6: 72%

1
H NMR (400MHz, D

2

O, 48OR15-2016): δ/ppm = 3.89 (dd, 1H, H5a,

2J5a,5b=−11.4Hz), 3.85

(d, 1H, H1,

3J1,2=8.8Hz), 3.57 (dd, 1H, H4, 3J4,5a=5.4Hz), 3.40 (t, 1H, H3, 3J3,4=9.1Hz), 3.26

(t, 1H, H5b,

3J4,5b=10.6Hz), 3.13 (t, 1H, H2, 3J2,3=9.0Hz), 2.40 (s, 3H, CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 48OR16-2016): δ/ppm = 92.2 (C1), 77.4 (C3), 73.3 (C2),

70.0 (C4), 66.7 (C5), 31.5 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 48OR19-2016): δ/ppm = 92.8 (C1), 77.4 (C3), 73.3 (C2),

70.0 (C4), 66.7 (C5), 32.0 (CH

3

).

N -Methyl-α-d-xylopyranosylamine � D
2

O: 11% (RT), 6% (4 ◦C) � DMSO-d6: 23%

1
H NMR (400MHz, D

2

O, 48OR15-2016): δ/ppm = 4.37 (d, H1,

3J1,2=3.7Hz), 2.37 (s, 3H,

CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 48OR16-2016): δ/ppm = 87.8 (C1), 72.0 (C3), 71.1 (C2),
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69.6 (C4), 63.1 (C5), 31.4 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 48OR19-2016): δ/ppm = 87.6 (C1), 71.6 (C3), 71.5 (C2),

69.5 (C4), 63.1 (C5), 32.3 (CH

3

).

N -Methyl-β-d-xylofuranosylamine � D
2

O: 2% (RT), 0% (4 ◦C) � DMSO-d6: 3%

1
H NMR (400MHz, D

2

O, 48OR15-2016): δ/ppm = 4.40 (d, H1,

3J1,2=3.0Hz), 2.38 (s, 3H,

CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 48OR16-2016): δ/ppm = 96.7 (C1), 80.5 (C4), 80.2 (C2),

76.1 (C3), 61.2 (C5), 31.7 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 48OR19-2016): δ/ppm = 97.5 (C1), 80.6 (C4), 80.5 (C2),

75.6 (C3), 60.4 (C5), 32.1 (CH

3

).

N -Methyl-α-d-xylofuranosylamine � D
2

O: 0% (RT), 0% (4 ◦C) � DMSO-d6: 2%

13
C{

1
H} NMR (101MHz, DMSO-d6, 48OR19-2016): δ/ppm = 92.2 (C1), 79.0 (C4), 75.8

(C2/C3), 60.2 (C5), 32.8 (CH

3

).

N-Ethyl-D-xylosylamin (D-Xyl1NEt)

O
HO

HO
OH OH

O
HO

HO
OH

H
N

EtNH2

MeOH
RT, 16 h

d-Xylose (1.00 g, 6.66mmol, 1.00 eq.) was dried and subsequently stirred with a solution of

ethylamine in methanol (2m, 20.0mL, 40.0mmol, 6.01 eq.) for 16 h at room temperature. The

rea
tion mixture was 
on
entrated by evaporation of the solvent until a 
olorless pre
ipitate

formed, whi
h was �ltered o�, washed with 
old methanol (2× 10mL) and dried in va
uo. The

produ
t was obtained as a yellowish, moisture sensitive powder in a yield of 1.02 g (5.72mmol,

86.0% of theory).

EA: 
al
d.: C 47.45%, H 8.53%, N 7.90%

found: C 46.82%, H 8.50%, N 7.73%

MS (FAB+): 
al
d.: 178.2 ([M+H℄+)

found: 178.2

N -Ethyl-β-d-xylopyranosylamine � D
2

O: 87% (RT), 97% (4 ◦C) � DMSO-d6: 84%

1
H NMR (400MHz, D

2

O, 4 ◦C, 33OR1-2017): δ/ppm = 3.91 (d, 1H, H1,

3J1,2=8.8Hz), 3.84 (dd,

1H, H5a,

3J4,5a=5.5Hz, 2J5a,5b=−11.4Hz), 3.53 (dd, 1H, H4), 3.36 (t, 1H, H3,

3J3,4=9.1Hz),

3.23 (t, 1H, H5b,

3J4,5b=11.0Hz), 3.12 (t, 1H, H2,

3J2,3=8.9Hz), 2.89-2.75 (m, 1H, CH

2

), 2.68-

2.54 (m, 1H, CH

2

), 1.03 (t, 3H, CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 48OR22-2016): δ/ppm = 90.7 (C1), 77.5 (C3), 73.5 (C2), 70.1

(C4), 66.8 (C5), 39.9 (CH

2

), 14.6 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 48OR25-2016): δ/ppm = 9l.2 (C1), 77.2 (C3), 73.3 (C2),

69.9 (C4), 66.5 (C5), 39.4 (CH

2

), 15.3 (CH

3

).
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N -Ethyl-α-d-xylopyranosylamine� D

2

O: 11% (RT), 3% (4 ◦C) � DMSO-d6: 12%

1
H NMR (400MHz, D

2

O, 4 ◦C, 33OR1-2017): δ/ppm = 4.45 (d, H1,

3J1,2=3.5Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 48OR22-2016): δ/ppm = 85.9 (C1), 71.6 (C3), 71.1 (C2), 69.4

(C4), 63.1 (C5), 39.8 (CH

2

), 14.3 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 48OR25-2016): δ/ppm = 85.6 (C1), 71.3 (C2/C3), 69.3

(C4), 63.1 (C5), 39.9 (CH

2

), 15.3 (CH

3

).

N -Ethyl-β-d-xylofuranosylamine � D
2

O: 2% (RT), 0% (4 ◦C) � DMSO-d6: <2%

1
H NMR (400MHz, D

2

O, 48OR21-2016): δ/ppm = 4.46 (d, H1,

3J1,2=2.9Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 48OR22-2016): δ/ppm = 95.2 (C1), 80.7 (C4), 80.6 (C2), 76.1

(C3), 61.1 (C5), 40.1 (CH

2

), 14.4 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 48OR25-2016): δ/ppm = 95.7 (C1), 80.6 (C4), 80.4 (C2),

75.7 (C3), 60.3 (C5), 15.5 (CH

3

).

N -Ethyl-α-d-xylofuranosylamine � D
2

O: 0% (RT), 0% (4 ◦C) � DMSO-d6: <2%

13
C{

1
H} NMR (101MHz, DMSO-d6, 48OR25-2016): δ/ppm = 90.3 (C1), 78.9 (C4), 75.4

(C2/C3), 60.1 (C5), 15.2 (CH

3

).

N-Propyl-D-xylosylamin (D-Xyl1NPr)

O
HO

HO
OH OH

O
HO

HO
OH

H
N

PrNH2

MeOH
RT, 16 h

d-Xylose (1.00 g, 6.66mmol, 1.00 eq.) was dried and subsequently solved in 20.0mL dry methanol.

Propylamine (4.00mL, 2.88 g, 48.7mmol, 7.32 eq.) was added and the rea
tion mixture stirred

for 16 h at room temperature. The resulting solution was evaporated until it rea
hed dryness and

the obtained 
olorless solid further dried in va
uo. Due to the high hygros
opy of the 
ompound

no yield was determined.

EA: 
al
d.: C 50.25%, H 8.96%, N 7.32%

found: C 50.18%, H 8.96%, N 7.59%

MS (FAB+): 
al
d.: 192.2 ([M+H℄+)

found: 192.2

N -Propyl-β-d-xylopyranosylamine � D
2

O: 90% (RT), 98% (4 ◦C) � DMSO-d6: 85%

1
H NMR (400MHz, D

2

O, 11OR27-2016): δ/ppm = 3.93 (d, 1H, H1,

3J1,2=8.8Hz), 3.87 (dd,

1H, H5a,

3J4,5a=5.5Hz, 2J5a,5b=−11.4Hz), 3.56 (dd, 1H, H4), 3.39 (t, 1H, H3,

3J3,4=9.1Hz),

3.25 (dd, 1H, H5b,

3J4,5b=11.0Hz), 3.17 (t, 1H, H2, 3J2,3=8.9Hz), 2.65�2.51 (sp, 2H, NH�CH

2

)

1.63�1.30 (sp, 2H, CH

2

), 0.87 (t, 3H, CH

3

)).

13
C{

1
H} NMR (101MHz, D

2

O, 11OR28-2016): δ/ppm = 91.1 (C1), 77.4 (C3), 73.5 (C2), 70.1

(C4), 66.8 (C5), 47.5 (NH�CH

2

), 22.9 (CH

2

), 11.6 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 11OR31-2016): δ/ppm = 91.6 (C1), 77.3 (C3), 73.4 (C2),
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70.0 (C4), 66.6 (C5), 47.5 (NH�CH

2

), 23.1 (CH

2

), 11.8 (CH

3

).

N -Propyl-α-d-xylopyranosylamine � D
2

O: 10% (RT), 2% (4 ◦C) � DMSO-d6: 15%

1
H NMR (400MHz, D

2

O, 11OR27-2016): δ/ppm = 4.46 (d, H1,

3J1,2=3.4Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 11OR28-2016): δ/ppm = 86.2 (C1), 71.7 (C3), 71.2 (C2), 69.5

(C4), 63.6 (C5), 47.4 (NH�CH

2

), 22.6 (CH

2

), 11.7 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 11OR31-2016): δ/ppm = 86.1 (C1), 71.4 (C3), 71.4 (C2),

69.4 (C4), 63.1 (C5), 47.8 (NH�CH

2

), 23.0 (CH

2

), 11.8 (CH

3

).

N-(iso-Propyl)-D-xylosylamin (D-Xyl1NiPr)

O
HO

HO
OH OH

O
HO

HO
OH

H
N

iPrNH2

MeOH
0 °C, 5 h

d-Xylose (1.00 g, 6.66mmol, 1.00 eq.) was dried and subsequently solved in 4.0mL dry methanol.

iso-Propylamine (4.00mL, 2.75 g, 46.6mmol, 6.99 eq.) was added and the rea
tion mixture

stirred for 5 h under i
e 
ooling. The resulting solution was evaporated until it rea
hed dryness.

Upon further drying in va
uo a highly vis
ous sirup, whi
h showed signi�
ant signs of hydrolysis,

was obtained in a yield of 753mg (5.73mmol, 57.7% of theory).

EA: 
al
d.: C 50.25%, H 8.96%, N 7.32%

found: C 50.45%, H 9.34%, N 8.44%

N -(iso-Propyl)-β-d-xylopyranosylamine � D
2

O: 94% (RT), 94% (4 ◦C) � DMSO-d6: 88%

1
H NMR (400MHz, D

2

O, 4 ◦C, 32OR4-2017):δ/ppm = 4.00 (d, 1H, H1,

3J1,2=8.7Hz), 3.83 (dd,

1H, H5a,

3J4,5a=5.3Hz, 2J5a,5b=−11.3Hz), 3.57�3.50 (m, 1H, H4), 3.37 (t, 1H, H3, 3J3,4=9.1Hz),

3.24 (t, 1H, H5b,

3J4,5b=11.0Hz), 3.11�3.03 (sp, 2H, H2/CH), 1.07�0.96 (sp, 6H, 2×CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 32OR5-2017): δ/ppm = 89.0 (C1), 77.6 (C3), 73.9 (C2),

70.1 (C4), 66.8 (C5), 45.5 (CH), 23.3 (CH

3

), 21.3 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 10OR48-2016): δ/ppm = 89.5 (C1), 77.3 (C3), 73.6 (C2),

70.0 (C4), 66.5 (C5), 44.6 (CH), 24.4 (CH

3

), 22.4 (CH

3

).

N -(iso-Propyl)-α-d-xylopyranosylamine � D
2

O: 6% (RT), 6% (4 ◦C) � DMSO-d6: 12%

1
H NMR (400MHz, D

2

O, 4 ◦C, 32OR4-2017): δ/ppm = 4.52 (d, H1,

3J1,2=2.8Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 32OR5-2017): δ/ppm = 83.4 (C1), 71.2 (C3), 71.0 (C2),

69.2 (C4), 64.7 (C5), 44.5 (CH), 23.3 (CH

3

), 20.6 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 10OR48-2016): δ/ppm = 83.7 (C1), 71.4 (C3), 71.2 (C2),

69.4 (C4), 63.3 (C5), 44.4 (CH), 24.4 (CH

3

), 22.2 (CH

3

).
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N-(tert-Butyl)-D-xylosylamin (D-Xyl1NtBu)

O
HO

HO
OH OH

O
HO

HO
OH

H
N

tBuNH2

MeOH
0 °C, 7 h

d-Xylose (1.00 g, 6.66mmol, 1.00 eq.) was dried and subsequently solved in 11.5mL dry methanol.

tert -Butylamine (3.50mL, 2.45 g, 33.5mmol, 5.03 eq.) was added and the rea
tion mixture stirred

for 7 h under i
e 
ooling. The resulting suspension was �ltered and the �ltrate evaporated until it

rea
hed dryness. Upon further drying in va
uo a highly vis
ous sirup, whi
h showed signi�
ant

signs of hydrolysis, was obtained in a yield of 326mg (1.59mmol, 23.8% of theory).

EA: 
al
d.: C 52.67%, H 9.33%, N 6.82%

found: C 53.16%, H 10.04%, N 8.02%

N -(tert -Butyl)-β-d-xylopyranosylamine � D
2

O: >98% (RT, 4 ◦C) � DMSO-d6: 67%

1
H NMR (400MHz, D

2

O, 4 ◦C, 32OR7-2017):δ/ppm = 4.06 (d, 1H, H1,

3J1,2=8.7Hz), 3.78 (dd,

1H, H5a,

3J4,5a=5.4Hz, 2J5a,5b=−11.4Hz), 3.52 (m, 1H, H4), 3.38 (t, 1H, H3,

3J3,4=9.1Hz),

3.24 (t, 1H, H5b,

3J4,5b=11.0Hz), 3.03 (t, 1H, H2, 3J2,3=8.9Hz), 1.08 (s, 9H, 3×CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 32OR8-2017): δ/ppm = 87.5 (C1), 77.5 (C3), 73.8 (C2),

70.3 (C4), 66.2 (C5), 51.1 (Cq), 29.5 (3×CH3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 10OR53-2016): δ/ppm = 87.7 (C1), 77.3 (C3), 73.5 (C2),

70.0 (C4), 66.4 (C5), 49.6 (Cq), 30.3 (3×CH3

).

N -(tert -Butyl)-α-d-xylopyranosylamine � D
2

O: <2% (RT, 4 ◦C) � DMSO-d6: 33%

1
H NMR (400MHz, D

2

O, 4 ◦C, 32OR7-2017): δ/ppm = 4.68 (d, H1,

3J1,2=3.7Hz).
13
C{

1
H} NMR (101MHz, DMSO-d6, 10OR53-2016): δ/ppm = 82.0 (C1), 72.1 (C3), 71.6 (C2),

69.7 (C4), 62.1 (C5), 49.4 (Cq), 30.1 (3×CH3

).

5.5.2. Preparation of N-Alkylhexosylamines

5.5.2.1. Preparation of N-Alkylgala
tosylamines

N-Methyl-D-gala
tosylamin (D-Gal1NMe)

O
HO

HO
OH OH

MeNH2

EtOH
RT, 18 h

OH

O

OH

HO
OH

OH

H
N

O

OH

HO
OH

OH

HN

+

H
N

OH

HO
O

+ HO
HO

d-Gala
tose (2.00 g, 11.1mmol, 1.00 eq.) was dried and suspended in a solution of methylamine in

ethanol (33%, 12.0mL, 89.2mmol, 8.04 eq.). In order to obtain a 
lear solution 20.0mLmethanol
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were added and the rea
tion mixture was stirred for 18 h at room temperature. The during the

rea
tion formed white pre
ipitate was �ltered o�, washed with 
old methanol (2× 10mL) and

dried in va
uo. The produ
t was obtained as a white powder in a yield of 1.25 g (6.50mmol,

58.5% of theory).

EA: 
al
d.: C 43.52%, H 7.83%, N 7.25%

found: C 43.26%, H 7.86%, N 7.23%

MS (FAB+): 
al
d.: 194.1 ([M+H℄+)

found: 194.3

N -Methyl-β-d-gala
topyranosylamine � D
2

O: 90% � DMSO-d6: 52%

1
H NMR (400MHz, D

2

O, 37OR1-2016): δ/ppm = 3.88 (dd, 1H, H4,

3J3,4=3.5Hz, 3J4,5=1.0Hz),

3.82 (d, 1H, H1,

3J1,2=8.5Hz), 3.70 (m, 2H, H6/H6'), 3.60 (dd, 1H, H5), 3.57 (dd, 1H, H3), 3.39

(dd, 1H, H2,

3J2,3=9.7Hz), 2.41 (s, 3H, CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 37OR2-2016): δ/ppm = 91.8 (C1), 76.5 (C5), 74.3 (C3), 71.0

(C2), 69.7 (C4), 61.8 (C6), 31.5 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR11-2016): δ/ppm = 92.4 (C1), 75.8 (C5), 74.2 (C3),

70.6 (C2), 68.5 (C4), 60.6 (C6), 32.0 (CH

3

).

N -Methyl-α-d-gala
topyranosylamine � D
2

O: 6% � DMSO-d6: 11%

1
H NMR (400MHz, D

2

O, 37OR1-2016): δ/ppm = 4.49 (d, H1,

3J1,2=5.3Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 37OR2-2016): δ/ppm = 88.4 (C1), 69.9 (C5), 69.7 (C4), 69.4

(C3), 68.3 (C4), 61.6 (C6), 31.0 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR11-2016): δ/ppm = 88.5 (C1), 70.0 (C5), 69.6 (C4),

68.9 (C3), 68.3 (C2), 60.7 (C6), 32.6 (CH

3

).

N -Methyl-β-d-gala
tofuranosylamine � D
2

O: 4% � DMSO-d6: 21%

1
H NMR (400MHz, D

2

O, 37OR1-2016): δ/ppm = 4.42 (d, 1H, H1,

3J1,2=5.7Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 37OR2-2016): δ/ppm = 94.9 (C1), 80.9 (C4), 79.5 (C2), 76.3

(C3), 71.6 (C5), 63.4 (C6), 31.5 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR11-2016): δ/ppm = 95.8 (C1), 80.9 (C4), 79.6 (C2),

76.6 (C3), 71.1 (C5), 62.8 (C6), 31.3 (CH

3

).

N -Methyl-α-d-gala
tofuranosylamine � D
2

O: 0% � DMSO-d6: 16%

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR11-2016): δ/ppm = 91.9 (C1), 82.4 (C4), 76.7 (C2),

76.3 (C3), 70.8 (C5), 62.7 (C5), 32.7 (CH

3

).
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N-Ethyl-D-gala
tosylamin (D-Gal1NEt)

O
HO

HO
OH OH

EtNH2

MeOH
RT, 18 h

OH

O

OH

HO
OH

OH

H
N

O

OH

HO
OH

OH

HN

+

H
N

OH

HO
O

+ HO
HO

d-Gala
tose (1.00 g, 5.55mmol, 1.00 eq.) was dried and subsequently stirred for 18 h at room

temperature with a solution of ethylamine in methanol (2m, 22.2mL, 44.4mmol, 4.00 eq.). Dur-

ing the rea
tion 10mL methanol were added. The resulting 
olorless pre
ipitate was �ltered o�,

washed with 
old methanol (2× 10mL) and dried in va
uo. The produ
t was obtained as a

white powder in a yield of 553mg (2.67mmol, 24.0% of theory).

EA: 
al
d.: C 46.37%, H 8.27%, N 6.79%

found: C 46.01%, H 8.29%, N 6.73%

MS (FAB+): 
al
d.: 208.2 ([M+H℄+)

found: 208.4

N -Ethyl-β-d-gala
topyranosylamine � D
2

O: 92% � DMSO-d6: 44%

1
H NMR (400MHz, D

2

O, 11OR19-2016): δ/ppm = 3.90 (d, 1H, H1,

3J1,2=8.8Hz), 3.88 (dd,

1H, H4,

3J3,4=3.6Hz, 3J4,5=1.0Hz), 3.70 (m, 2H, H6/H6'), 3.59 (dd, 1H, H5), 3.57 (dd, 1H,

H3), 3.39 (dd, 1H, H2,

3J2,3=9.7Hz), 2.89 (dq, 1H, CH
2

), 2.68�2.62 (sp, 1H, CH

2

), 1.04 (t, 3H,

CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 37OR5-2016): δ/ppm = 90.4 (C1), 76.5 (C5), 74.3 (C3), 71.2

(C2), 69.6 (C4), 61.8 (C6), 39.9 (CH

2

), 14.5 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR13-2016): δ/ppm = 91.1 (C1), 75.8 (C5), 74.2 (C3),

70.8 (C2), 68.5 (C4), 60.6 (C6), 39.5 (CH

2

), 15.3 (CH

3

).

N -Ethyl-α-d-gala
topyranosylamine � D
2

O: 4% � DMSO-d6: 14%

1
H NMR (400MHz, D

2

O, 11OR19-2016): δ/ppm = 4.62 (d, H1,

3J1,2=5.3Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 37OR5-2016): δ/ppm = 86.9 (C1), 70.4 (C5), 69.6 (C4), 69.4

(C3), 68.3 (C4), 61.6 (C6), 39.6 (CH

2

), 14.2 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR13-2016): δ/ppm = 87.1 (C1), 70.0 (C5), 69.8 (C4),

68.9 (C3), 68.2 (C2), 60.6 (C6), 40.1 (CH

2

), 15.3 (CH

3

).

N -Ethyl-β-d-gala
tofuranosylamine � D
2

O: 4% � DMSO-d6: 21%

1
H NMR (400MHz, D

2

O, 11OR19-2016): δ/ppm = 4.49 (d, 1H, H1,

3J1,2=5.6Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 37OR5-2016): δ/ppm = 93.6 (C1), 80.9 (C4), 80.1 (C2), 76.4

(C3), 71.6 (C5), 63.4 (C6), 40.1 (CH

2

), 14.5 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR13-2016): δ/ppm = 94.5 (C1), 80.8 (C4), 80.1 (C2),
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76.5 (C3), 71.1 (C5), 62.8 (C6), 39.0 (CH

2

), 15.3 (CH

3

).

N -Ethyl-α-d-gala
tofuranosylamine � D
2

O: 0% � DMSO-d6: 21%

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR13-2016): δ/ppm = 90.0 (C1), 82.4 (C4), 76.7 (C2),

76.3 (C3), 70.8 (C5), 62.7 (C5), 40.1 (CH

2

), 15.1 (CH

3

).

N-Propyl-D-gala
tosylamin (D-Gal1NPr)

O
HO

HO
OH OH

PrNH2

MeOH
RT, 18 h

OH

O

OH

HO
OH

OH

H
N

O

OH

HO
OH

OH

HN

+

H
N

OH

HO
O

+ HO
HO

d-Gala
tose (2.00 g, 11.1mmol, 1.00 eq.) was dried and subsequently solved in 26.5mL dry

methanol. Propylamine (5.47mL, 3.94 g, 66.6mmol, 6.00 eq.) was added and the rea
tion mix-

ture stirred for 18 h at room temperature. The rea
tion solution was 
on
entrated by evapo-

ration until a white pre
ipitate formed. The solid was �ltered o�, washed with 
old methanol

(2× 10mL) and dried in va
uo. The produ
t was obtained as a yellowish powder in a yield of

1.12 g (5.07mmol, 91.4% of theory).

EA: 
al
d.: C 48.86%, H 8.66%, N 6.33%

found: C 48.66%, H 8.68%, N 6.34%

MS (FAB+): 
al
d.: 222.3 ([M+H℄+)

found: 222.4

N -Propyl-β-d-gala
topyranosylamine � D
2

O: 90% � DMSO-d6: 49%

1
H NMR (400MHz, D

2

O, 37OR7-2016): δ/ppm = 3.90 (d, 1H, H1,

3J1,2=8.8Hz), 3.87 (dd,

1H, H4,

3J3,4=3.5Hz, 3J4,5=1.0Hz), 3.69 (m, 2H, H6/H6'), 3.59 (dd, 1H, H5), 3.57 (dd, 1H,

H3), 3.39 (dd, 1H, H2,

3J2,3=9.7Hz), 2.80 (m, 1H, NH�CH

2

), 2.62�2.54 (sp, 1H, NH�CH

2

),

1.53�1.37 (sp, 2H, CH

2

), 0.86 (t, 3H, CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 37OR8-2016): δ/ppm = 90.7 (C1), 76.5 (C5), 74.3 (C3), 71.2

(C2), 69.6 (C4), 61.7 (C6), 47.5 (NH�CH

2

), 22.9 (CH

2

), 11.6 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR15-2016): δ/ppm = 91.4 (C1), 75.8 (C5), 74.1 (C3),

70.8 (C2), 68.5 (C4), 60.6 (C6), 47.5 (NH�CH

2

), 23.2 (CH

2

), 11.7 (CH

3

).

N -Propyl-α-d-gala
topyranosylamine � D
2

O: 5% � DMSO-d6: 11%

1
H NMR (400MHz, D

2

O, 37OR7-2016): δ/ppm = 4.61 (d, H1,

3J1,2=5.3Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 37OR8-2016): δ/ppm = 87.1 (C1), 70.3 (C5), 69.8 (C4), 69.4

(C3), 68.3 (C4), 61.6 (C6), 47.1 (NH�CH

2

), 22.5 (CH

2

), 11.7 (CH

3

).
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13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR15-2016): δ/ppm = 87.1 (C1), 70.0 (C5), 69.5 (C4),

68.8 (C3), 68.2 (C2), 60.6 (C6), 48.0 (NH�CH

2

), 22.8 (CH

2

), 11.7 (CH

3

).

N -Propyl-β-d-gala
tofuranosylamine � D
2

O: 5% � DMSO-d6: 21%

1
H NMR (400MHz, D

2

O, 37OR7-2016): δ/ppm = 4.49 (d, 1H, H1,

3J1,2=5.5Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 37OR8-2016): δ/ppm = 94.0 (C1), 80.9 (C4), 79.9 (C2), 76.4

(C3), 71.6 (C5), 63.4 (C6), 47.8 (NH�CH

2

), 22.9 (CH

2

), 11.6 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR15-2016): δ/ppm = 94.8 (C1), 81.0 (C4), 80.0 (C2),

76.5 (C3), 71.1 (C5), 62.8 (C6), 47.0 (NH�CH

2

), 23.2 (CH

2

), 11.8 (CH

3

).

N -Propyl-α-d-gala
tofuranosylamine � D
2

O: 0% � DMSO-d6: 19%

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR15-2016): δ/ppm = 90.5 (C1), 82.4 (C4), 76.7 (C2),

76.4 (C3), 70.9 (C5), 62.7 (C5), 48.1 (NH�CH

2

), 22.9 (CH

2

), 11.7 (CH

3

).

N-(iso-Propyl)-D-gala
tosylamin (D-Gal1NiPr)

O
HO

HO
OH OH

i-PrNH2

MeOH

OH

O

OH

HO
OH

OH

H
N

O

OH

HO
OH

OH

HN

+

H
N

OH

HO
O

+ HO
HO

d-Gala
tose (501mg, 2.78mmol, 1.00 eq.) was dried and subsequently suspended in 16.5mL dry

methanol. iso-Propylamine (1.50mL, 1.03 g, 17.5mmol, 6.28 eq.) was added and the rea
tion

mixture stirred for 16 h. The resulting solution was 
on
entrated by evaporation until it rea
hed

dryness. Upon further drying in va
uo the produ
t was obtained as a yellowish powder in a yield

of 547mg (5.47mmol, 88.9% of theory).

EA: 
al
d.: C 48.86%, H 8.66%, N 6.33%

found: C 47.28%, H 8.88%, N 6.27%

MS (FAB+): 
al
d.: 222.3 ([M+H℄+)

found: 222.4

N -(iso-Propyl)-β-d-gala
topyranosylamine � D
2

O: >98% � DMSO-d6: 45%

1
H NMR (400MHz, D

2

O, 18OR16-2016): δ/ppm = 3.97 (d, 1H, H1,

3J1,2=8.7Hz), 3.87 (dd,

1H, H4,

3J3,4=3.8Hz, 3J4,5=1.0Hz), 3.74 � 3.63 (sp, 3H, H5/H6/H6'), 3.59 (dd, 1H, H3,

3J2,3=9.9Hz), 3.42 (dd, 1H, H2), 3.15 (m, 1H, CH), 1.05�1.00 (sp, 6H, 2×CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 18OR17-2016): δ/ppm = 88.6 (C1), 76.4 (C5), 74.5 (C3), 71.6

(C2), 69.6 (C4), 61.8 (C6), 45.5 (CH), 23.2 (CH

3

), 21.4 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR17-2016): δ/ppm = 89.2 (C1), 75.8 (C5), 74.1 (C3),
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71.1 (C2), 68.4 (C4), 60.5 (C6), 44.6 (CH), 24.4 (CH

3

), 22.5 (CH

3

).

N -(iso-Propyl)-α-d-gala
topyranosylamine � D
2

O: 0% � DMSO-d6: 11%

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR17-2016): δ/ppm = 85.5 (C1), 70.0 (C5), 69.4 (C4),

68.7 (C3), 68.0 (C2), 60.4 (C6), 46.3 (CH), 24.3 (CH

3

), 22.7 (CH

3

).

N -(iso-Propyl)-β-d-gala
tofuranosylamine � D
2

O: <2% � DMSO-d6: 21%

1
H NMR (400MHz, D

2

O, 18OR16-2016): δ/ppm = 4.58 (d, 1H, H1,

3J1,2=5.3Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 18OR17-2016): δ/ppm = 91.6 (C1), 80.9 (C4), 80.7 (C2), 76.5

(C3), 70.3 (C5), 63.4 (C6), 46.0 (CH), 23.3 (CH

3

), 20.9 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR17-2016): δ/ppm = 92.7 (C1), 81.1 (C4), 80.5 (C2),

76.6 (C3), 71.2 (C5), 62.7 (C6), 44.0 (CH), 24.5 (CH

3

), 22.4 (CH

3

).

N -(iso-Propyl)-α-d-gala
tofuranosylamine � D
2

O: 0% � DMSO-d6: 23%

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR17-2016): δ/ppm = 88.3 (C1), 82.3 (C4), 76.6 (C2),

76.4 (C3), 70.8 (C5), 62.7 (C5), 45.6 (CH), 23.9 (CH

3

), 22.4 (CH

3

).

N-(tert-Butyl)-D-gala
tosylamin (D-Gal1NtBu)

O
HO

HO
OH OH

tBuNH2

MeOH
RT, 5 d

OH

O

OH

HO
OH

OH

H
N

O

OH

HO
OH

OH

HN

+

H
N

OH

HO
O

+ HO
HO

d-Gala
tose (600mg, 3.33mmol, 1.00 eq.) was dried and subsequently suspended in 40mL dry

methanol. tert -Butylamine (1.00mL, 700mg, 9.57mmol, 2.87 eq.) was added and the rea
tion

mixture stirred for 5 d. The resulting yellowish solution was 
on
entrated by evaporation until

it rea
hed dryness. The foam-like residue was frozen, 
rushed and further dried in va
uo. The

produ
t was obtained as a hygros
opi
, o�-white powder in a yield of 679mg (2.89mmol, 86.7%

of theory).

N -(tert -Butyl)-β-d-gala
topyranosylamine � D

2

O: 100% (4 ◦C) � DMSO-d6: 40%

1
H NMR (400MHz, D

2

O, 4 ◦C, 38OR18-2019): δ/ppm = 4.03 (d, 1H, H1,

3J1,2=8.8Hz), 1.13

(s, 9H, 3×CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 38OR19-2019): δ/ppm = 87.1 (C1), 76.1 (C5), 74.4 (C3),

71.4 (C2), 69.8 (C4), 61.9 (C6), 51.1 (C

q

), 30.4 (3×CH
3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 38OR11-2019): δ/ppm = 87.4 (C1), 75.5 (C5), 74.1 (C3),

71.0 (C2), 68.4 (C4), 60.5 (C6), 49.0 (C

q

), 30.4 (3×CH
3

).

N -(tert -Butyl)-α-d-gala
topyranosylamine � D
2

O: 0% (4 ◦C) � DMSO-d6: 12%
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13
C{

1
H} NMR (101MHz, DMSO-d6, 38OR11-2019): δ/ppm = 82.5 (C1), 70.0 (C5), 69.8 (C4),

68.6 (C3), 68.1 (C2), 60.3 (C6), 49.4 (C

q

), 29.8 (3×CH
3

).

N -(tert -Butyl)-β-d-gala
tofuranosylamine � D
2

O: 0% (4 ◦C) � DMSO-d6: 15%

13
C{

1
H} NMR (101MHz, DMSO-d6, 38OR11-2019): δ/ppm = 90.9 (C1), 81.1 (C4), 80.3 (C2),

76.0 (C3), 71.0 (C5), 63.1 (C6), 49.6 (C

q

), 30.3 (3×CH
3

).

N -(tert -Butyl)-α-d-gala
tofuranosylamine � D
2

O: 0% (4 ◦C) � DMSO-d6: 33%

13
C{

1
H} NMR (101MHz, DMSO-d6, 38OR11-2019): δ/ppm = 85.2 (C1), 82.1 (C4), 76.5 (C2),

76.2 (C3), 70.4 (C5), 62.9 (C5), 49.6 (C

q

), 29.6 (3×CH
3

).

5.5.2.2. Preparation of N-Alkylglu
osylamines

N-Methyl-D-glu
osylamin (D-Gl
1NMe)

O
HO

HO
OH OH

MeNH2

EtOH
RT, 24 h

OH

O
HO

HO
OH

OH

H
N

O
HO

HO
OH

OH

HN

+

d-Glu
ose (1.00 g, 5.55mmol, 1.00 eq.) was dried and subsequently stirred for 24 h at room

temperature with a solution of methylamine in ethanol (33%, 10.00mL, 74.4mmol, 13.4 eq.).

The rea
tion mixture was 
on
entrated by evaporation of the solvent until a 
olorless pre
ipitate

formed. The pre
ipitate was �ltered o�, washed with 
old methanol (2× 5mL) and dried in

va
uo. The produ
t was obtained as a slightly yellowish, moisture sensitive powder in a yield of

995mg (5.15mmol, 92.8% of theory).

EA: 
al
d.: C 43.52%, H 7.83%, N 7.25%

found: C 43.36%, H 8.07%, N 6.98%

MS (FAB+): 
al
d.: 194.1 ([M+H℄+)

found: 194.1

N -Methyl-β-d-glu
opyranosylamine � D
2

O: 91% � DMSO-d6: 85%

1
H NMR (400MHz, D

2

O, 07OR41-2016): δ/ppm = 3.92 (d, 1H, H1,

3J1,2=8.9Hz), 3.90 (dd,

1H, H6a,

3J5,6a=2.0Hz, 2J6a,6b=−12.3Hz), 3.71 (dd, 1H, H6b,

3J5,6a=5.5Hz), 3.47 (t, 1H, H3,

3J3,4=8.9Hz), 3.38 (dd, 1H, H5), 3.36 (sp, H4), 3.20 (t, 1H, H2, 3J2,3=9.0Hz), 2.44 (s, 3H, CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 21OR11-2016): δ/ppm = 91.3 (C1), 77.44 (C5), 77.42 (C3), 73.4

(C2), 70.6 (C4), 61.5 (C6), 31.5 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 21OR11-2016): δ/ppm = 91.9 (C1), 77.6 (C5), 77.5 (C3),

73.3 (C2), 70.6 (C4), 61.5 (C6), 32.0 (CH

3

).

N -Methyl-α-d-glu
opyranosylamine � D
2

O: 9% � DMSO-d6: 15%

1
H NMR (400MHz, D

2

O, 07OR41-2016): δ/ppm = 4.50 (d, H1,

3J1,2=4.9Hz), 2.34 (s, CH
3

).
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13
C{

1
H} NMR (101MHz, D

2

O, 21OR11-2016): δ/ppm = 88.2 (C1), 73.6 (C3), 71.4 (C2), 71.2

(C5), 70.6 (C4), 61.4 (C6), 31.4 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 21OR2-2016): δ/ppm = 88.3 (C1), 73.8 (C3), 71.8 (C2),

71.0 (C5), 70.8 (C4), 61.3 (C6), 32.4 (CH

3

).

N-Ethyl-D-glu
osylamin (D-Gl
1NEt)

O
HO

HO
OH OH

EtNH2

MeOH

OH

O
HO

HO
OH

OH

H
N

O
HO

HO
OH

OH

HN

+

d-Glu
ose (1.00 g, 5.55mmol, 1.00 eq.) was dried and subsequently stirred for 16 h at room

temperature with a solution of ethylamine in methanol (2m, 20.0mL, 40.0mmol, 7.21 eq.). The

rea
tion mixture was 
on
entrated by evaporation of the solvent until a 
olorless pre
ipitate

formed, whi
h was �ltered o�, washed with 
old methanol (2× 10mL) and dried in va
uo. The

produ
t was obtained as a 
olorless powder in a yield of 855mg (4.27mmol, 76.9% of theory).

EA: 
al
d.: C 46.37%, H 8.27%, N 6.79%

found: C 46.07%, H 8.65%, N 6.97%

MS (FAB+): 
al
d.: 208.2 ([M+H℄+)

found: 208.2

N -Ethyl-β-d-glu
opyranosylamine � D
2

O: 94% � DMSO-d6: 93%

1
H NMR (400MHz, D

2

O, 4 ◦C, 09OR4-2016): δ/ppm = 3.97 (d, 1H, H1,

3J1,2=8.8Hz), 3.86 (dd,

1H, H6a,

3J5,6a=1.9Hz), 3.64 (dd, 1H, H6b,

3J5,6b=5.5Hz, 2J6a,6b=−12.3Hz), 3.44 (t, 1H, H3,

3J3,4=8.8Hz), 3.38�3.29 (m, 2H, H4/H5), 3.15 (t, 1H, H2,

3J2,3=9.0Hz), 2.88 (dd, 1H, CH

2

),

2.66 (dd, 1H, CH

2

), 1.05 (t, 3H, CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 09OR5-2016): δ/ppm = 89.7 (C1), 77.5 (C5), 77.4 (C3), 73.6

(C2), 70.5 (C4), 61.5 (C6), 39.9 (CH

2

), 14.5 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 09OR14-2016): δ/ppm = 90.6 (C1), 77.6 (C5), 77.5 (C3),

73.6 (C2), 70.6 (C4), 61.4 (C6), 39.7 (CH

2

), 15.5 (CH

3

).

N -Ethyl-α-d-glu
opyranosylamine � D
2

O: 6% � DMSO-d6: 7%

1
H NMR (400MHz, D

2

O, 4 ◦C, 09OR4-2016): δ/ppm = 4.60 (d, H1,

3J1,2=4.5Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 09OR5-2016): δ/ppm = 86.8 (C1), 73.6 (C3), 71.3 (C2), 71.2

(C5), 69.5 (C4), 61.4 (C6), 39.7 (CH

2

), 14.2 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 09OR14-2016): δ/ppm = 86.8 (C1), 73.6 (C3), 71.6 (C2),

71.0 (C5), 70.8 (C4), 61.3 (C6), 40.2 (CH

2

), 15.3 (CH

3

).
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N-Propyl-D-glu
osylamin (D-Gl
1NPr)

O
HO

HO
OH OH

PrNH2

MeOH
RT, 48 h

OH

O
HO

HO
OH

OH

H
N

O
HO

HO
OH

OH

HN

+

d-Glu
ose (1.00 g, 5.55mmol, 1.00 eq.) was dried and subsequently solved in 6mL dry methanol.

Propylamine (4.00mL, 2.88 g, 48.7mmol, 8.78 eq.) was added and the rea
tion mixture stirred

for 48 h at room temperature. The resulting solution was evaporated until it rea
hed dryness

and the solid residue further dried in va
uo. The produ
t was obtained as a yellowish powder in

a yield of 1.18 g (5.33mmol, 96.1% of theory).

EA: 
al
d.: C 48.86%, H 8.66%, N 6.33%

found: C 48.71%, H 9.14%, N 6.66%

MS (FAB+): 
al
d.: 222.2 ([M+H℄+)

found: 222.2

N -Propyl-β-d-glu
opyranosylamine � D
2

O: 95% � DMSO-d6: 95%

1
H NMR (400MHz, D

2

O, 22OR1-2016): δ/ppm = 3.98 (d, 1H, H1,

3J1,2=8.8Hz), 3.88 (dd,

1H, H6a,

3J5,6a=1.9Hz), 3.70 (dd, 1H, H6b,

3J5,6b=5.5Hz, 2J6a,6b=−12.3Hz), 3.46 (t, 1H,

H3,

3J3,4=9.0Hz), 3.41�3.28 (m, 2H, H4/H5), 3.18 (t, 1H, H2,

3J2,3=9.0Hz), 2.81 (dd, 1H,

NH�CH

2

), 2.61 (dd, 1H, NH�CH

2

, 1.52�1.42 (sp, 2H, CH

2

), 0.89 (t, 3H, CH

3

)).

13
C{

1
H} NMR (101MHz, D

2

O, 22OR2-2016): δ/ppm = 90.2 (C1), 77.5 (C5), 77.4 (C3), 73.6

(C2), 70.5 (C4), 61.5 (C6), 47.6 (NH�CH

2

), 22.8 (CH

2

), 11.6 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 22OR14-2016): δ/ppm = 90.8 (C1), 77.6 (C5), 77.5 (C3),

73.5 (C2), 70.6 (C4), 61.4 (C6), 47.5 (NH�CH

2

), 23.1 (CH

2

), 11.8 (CH

3

).

N -Propyl-α-d-glu
opyranosylamine � D
2

O: 5% � DMSO-d6: 5%

1
H NMR (400MHz, D

2

O, 22OR1-2016): δ/ppm = 4.42 (d, H1,

3J1,2=4.9Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 22OR2-2016): δ/ppm = 87.0 (C1), 73.5 (C3), 71.4 (C2), 71.2

(C5), 70.6 (C4), 61.5 (C5), 47.7 (NH�CH

2

), 22.5 (CH

2

), 11.7 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 22OR14-2016): δ/ppm = 86.9 (C1), 73.7 (C3), 71.6 (C2),

71.0 (C5), 70.8 (C4), 61.2 (C6), 47.9 (NH�CH

2

), 22.7 (CH

2

), 11.4 (CH

3

).

N-(iso-Propyl)-D-glu
osylamin (D-Gl
1NiPr)

O
HO

HO
OH OH

iPrNH2

MeOH
RT, 24 h

OH

O
HO

HO
OH

OH

H
N

O
HO

HO
OH

OH

HN

+
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d-Glu
ose (1.00 g, 5.55mmol, 1.00 eq.) was dried and subsequently solved in 6mL dry methanol.

iso-Propylamine (4.00mL, 2.75 g, 46.6mmol, 8.39 eq.) was added and the rea
tion mixture

stirred for 24 h at room temperature. The resulting solution was 
on
entrated by evaporation

until it rea
hed dryness. Upon further drying in va
uo the produ
t was obtained as a yellow

powder, showing eminent signs of spontaneous hydrolysis. Due to the high hygros
opy of the


ompound no yield was determined.

EA: 
al
d.: C 48.86%, H 8.66%, N 6.33%

found: C 49.29%, H 9.19%, N 7.65%

MS (FAB+): 
al
d.: 222.3 ([M+H℄+)

found: 222.3

N -(iso)-Propyl-β-d-glu
opyranosylamine � D
2

O: 92% � DMSO-d6: 85%

1
H NMR (400MHz, D

2

O, 4 ◦C, 21OR43-2016):δ/ppm = 4.05 (d, 1H, H1,

3J1,2=8.8Hz), 3.86

(dd, 1H, H6a,

3J5,6a=1.9Hz), 3.67 (dd, 1H, H6b,

3J5,6b=5.5Hz, 2J6a,6b=−12.3Hz), 3.46 (t, 1H,

H3,

3J3,4=9.0Hz), 3.37�3.31 (m, 2H, H4/H5), 3.19-3.11 (m, 1H, H2), 3.05 (q, 1H, CH), 1.04 (d,

6H, 2×CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 21OR44-2016): δ/ppm = 88.2 (C1), 77.6 (C5), 77.3 (C3),

74.0 (C2), 70.6 (C4), 61.6 (C6), 45.5 (CH), 23.2 (CH

3

), 21.4 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 4

◦C, 21OR47-2016): δ/ppm = 88.7 (C1), 77.6 (C5), 77.5

(C3), 73.8 (C2), 70.6 (C4), 61.4 (C6), 44.6 (CH), 24.4 (CH

3

), 22.5 (CH

3

).

N -(iso)-Propyl-α-d-glu
opyranosylamine � D
2

O: 8% � DMSO-d6: 15%

1
H NMR (400MHz, DMSO-d6, 21OR46-2016): δ/ppm = 4.52 (d, H1,

3J1,2=2.8Hz).
13
C{

1
H} NMR (101MHz, DMSO-d6, 21OR47-2016): δ/ppm = 85.7 (C1), 73.7 (C3), 71.4 (C5),

70.8 (C2/C4), 61.2 (C6), 46.4 (CH), 24.3 (CH

3

), 22.7 (CH

3

).

N-(tert-Butyl)-D-glu
osylamin (D-Gl
1NtBu)

O
HO

HO
OH OH

tBuNH2

MeOH
RT, 24 h

OH

O
HO

HO
OH

OH

H
N

O
HO

HO
OH

OH

HN

+

d-Glu
ose (2.40 g, 13.3mmol, 1.00 eq.) was dried and subsequently solved in 50mL dry methanol.

tert -Propylamine (9.73mL, 6.81 g, 93.1mmol, 7.00 eq.) was added and the rea
tion mixture

stirred for 24 h at room temperature. The resulting solution was 
on
entrated by evaporation

until it rea
hed dryness. The 
olorless residue was 
rushed and further dried in va
uo. Due to

the high hygros
opy of the obtained produ
t no yield was determined.
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EA: 
al
d.: C 51.05%, H 9.00%, N 5.95%

found: C 51.67%, H 9.77%, N 7.55%

MS (FAB+): 
al
d.: 236.3 ([M+H℄+)

found: 236.3

N -(tert)-Butyl-β-d-glu
opyranosylamine � D
2

O: 100% � DMSO-d6 78%

1
H NMR (400MHz, D

2

O, 27OR4-2018):δ/ppm = δ/ppm = 4.14 (d, 1H, H1,

3J1,2=8.8Hz),

3.86 (dd, 1H, H6a,

2J6a,6b=−12.7Hz), 3.70 (dd, 1H, H6b,

3J5,6b=5.5Hz), 3.49 (t, 1H, H3,

3J3,4=8.6Hz), 3.37�3.31 (m, 2H, H4/H5), 3.10 (t, 1H, H2,

3J2,3=8.9Hz), 1.13 (d, 9H, 3×CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 27OR4-2018): δ/ppm = 86.6 (C1), 77.6 (C5), 76.9 (C3), 73.8

(C2), 70.7 (C4), 61.7 (C6), 50.9 (Cq), 29.5 (3×CH3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 27OR11-2018): δ/ppm = 86.9 (C1), 77.5 (C5), 77.3 (C3),

73.6 (C2), 70.7 (C4), 61.5 (C6), 49.7 (Cq), 30.3 (3×CH3

).

N -(tert)-Butyl-α-d-glu
opyranosylamine � D
2

O: 0% � DMSO-d6 22%

13
C{

1
H} NMR (101MHz, DMSO-d6, 27OR11-2018): δ/ppm = 82.2 (C1), 73.8 (C3), 71.2 (C2),

70.8 (C5), 70.1 (C4), 61.2 (C5), 49.6 (Cq), 29.8 (3×CH3

).

5.5.2.3. Preparation of N-Alkylgulosylamines

N-Methyl-L-gulosylamin (L-Gul1NMe)

MeNH2

EtOH
RT, 16 h

O
OH

OH

OH

OH

HO

O N
OH

OH

OH

HO

+ O

HN

OH

OH

OH

HOH

l-Gulose (500mg, 2.78mmol, 1.00 eq.) was dried and subsequently stirred for 16 h at room tem-

perature with a solution of methylamine in ethanol (33%, 5.00mL, 37.2mmol, 13.4 eq.). The

rea
tion mixture was 
on
entrated by evaporation of the solvent until a syrup-like residue was

obtained. The residue was frozen in liquid nitrogen, 
rushed and dried in va
uo several times

until the produ
t was obtained as a 
olorless, moisture sensitive powder. Due to the hygros
opy

of the produ
t no yield was determined.

EA: 
al
d.: C 43.52%, H 7.83%, N 7.25%

found: C 42.76%, H 8.34%, N 6.60%

MS (FAB+): 
al
d.: 194.1 ([M+H℄+)

found: 194.1

N -Methyl-β-l-gulopyranosylamine � D
2

O: 100% � DMSO-d6: 86%

1
H NMR (400MHz, D

2

O, 13OR30-2017): δ/ppm = 4.14 (d, 1H, H1,

3J1,2=9.3Hz), 4.01 (t, 1H,
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H3), 3.89 (ddd, 1H, H5,

3J4,5=1.8Hz, 3J5,6=4.4Hz, 3J5,6′=8.7Hz), 3.78 (d, 1H, H4, 3J3,4=3.3Hz),

3.71 (sp, 2H, H6/H6'), 3.58 (dd, 1H, H2,

3J2,3=3.5Hz), 2.43 (s, 3H, CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 13OR31-2017): δ/ppm = 88.4 (C1), 74.5 (C5), 71.7 (C3), 70.3

(C4), 68.2 (C2), 61.8 (C6), 31.3 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 13OR5-2017): δ/ppm = 88.4 (C1), 73.5 (C5), 71.2 (C3),

69.2 (C4), 68.0 (C2), 60.6 (C6), 31.8 (CH

3

).

N -Methyl-α-l-gulopyranosylamine � D
2

O: 0% � DMSO-d6: 14%

13
C{

1
H} NMR (101MHz, DMSO-d6, 13OR5-2017): δ/ppm = 87.7 (C1), 72.0 (C3), 69.5 (C4),

65.2 (C5), 64.8 (C2), 60.6 (C6), 31.4 (CH

3

).

N-Ethyl-D-gulosylamin (D-Gul1NEt)

EtNH2

MeOH
RT, 6 h

O
OH

OH

OH

OH

HO

O N
OH

OH

OH

HO

+ O

HN

OH

OH

OH

HO

H

l-Gulose (1.00 g, 5.55mmol, 1.00 eq.) was dried and subsequently stirred for 6 h at room tem-

perature with a solution of ethylamine in methanol (2m, 15.0mL, 30.0mmol, 5.41 eq.). The

rea
tion mixture was 
on
entrated by evaporation of the solvent until a syrup-like liquid was

obtained. The residue was frozen in liquid nitrogen, 
rushed and dried in va
uo several times

until the produ
t was obtained as a yellowish, moisture sensitive powder. Due to the hygros
opy

of the produ
t no yield was determined.

EA: 
al
d.: C 46.37%, H 8.27%, N 6.79%

found: C 46.16%, H 8.54%, N 7.60%

MS (FAB+): 
al
d.: 208.2 ([M+H℄+)

found: 208.2

N -Ethyl-β-l-gulopyranosylamine � D
2

O: 100% � DMSO-d6: 82%

1
H NMR (400MHz, D

2

O, 4 ◦C, 13OR16-2017): δ/ppm = 4.20 (d, 1H, H1,

3J1,2=9.3Hz), 3.98

(t, 1H, H3), 3.86 (ddd, 1H, H5,

3J4,5=1.3Hz, 3J5,6=5.1Hz, 3J5,6′=7.3Hz), 3.76 (dd, 1H, H4,

3J3,4=3.6Hz), 3.69�3.66 (sp, 2H, H6/H6'), 3.55 (dd, 1H, H2,

3J2,3=3.4Hz), 2.89 (m, 1H, CH

2

),

2.66 (m, 1H, CH

2

), 1.05 (t, 3H, CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 13OR17-2017): δ/ppm = 87.0 (C1), 74.5 (C5), 71.7 (C3), 70.3

(C4), 68.4 (C2), 61.8 (C6), 39.7 (CH

2

), 14.5 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 09OR14-2016): δ/ppm = 87.1 (C1), 73.5 (C5), 71.2 (C3),

69.2 (C4), 68.2 (C2), 60.6 (C6), 39.4 (CH

2

), 15.6 (CH

3

).
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N -Ethyl-α-l-gulopyranosylamine � D
2

O: 0% � DMSO-d6: 18%

13
C{

1
H} NMR (101MHz, DMSO-d6, 13OR8-2017): δ/ppm = 86.2 (C1), 72.0 (C3), 69.4 (C4),

65.2 (C5), 64.7 (C2), 60.5 (C6), 38.9 (CH

2

), 15.5 (CH

3

).

N-Propyl-D-gulosylamin (D-Gul1NPr)

PrNH2

MeOH
RT, 3 h

O
OH

OH

OH

OH

HO

O N
OH

OH

OH

HO

+ O

HN

OH

OH

OH

HO

H

l-Gulose (1.00 g, 5.55mmol) was dried and subsequently suspended in 2mL dry methanol.

Propylamine (1.25mL, 900mg, 15.2mmol, 2.74 eq.) was added and the rea
tion mixture stirred

for 3 h at room temperature. The resulting solution was 
on
entrated by evaporation until it

rea
hed dryness. The thereby obtained residue was frozen in liquid nitrogen, 
rushed and further

dried in va
uo to give the produ
t as a yellowish, moisture sensitive powder in a yield of 1.01 g

(4.57mmol, 82.3% of theory).

N -Propyl-β-l-gulopyranosylamine � D
2

O: 100% � DMSO-d6: 80%

1
H NMR (400MHz, D

2

O, 4 ◦C, 35OR1-2019): δ/ppm = 4.20 (d, 1H, H1,

3J1,2=9.4Hz), 3.98

(t, 1H, H3), 3.86 (ddd, 1H, H5,

3J4,5=1.3Hz, 3J5,6=5.1Hz, 3J5,6′=7.3Hz), 3.76 (dd, 1H, H4,

3J3,4=3.7Hz), 3.69�3.66 (sp, 2H, H6/H6'), 3.56 (dd, 1H, H2, 3J2,3=3.4Hz), 2.82 (m, 1H, NH CH

2

),

2.55 (sp, 1H, NH�CH

2

), 1.42 (m, 2H, CH

2

) 0.86 (t, 3H, CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 35OR2-2019): δ/ppm = 87.3 (C1), 74.6 (C5), 71.8 (C3),

70.3 (C4), 68.4 (C2), 61.8 (C6), 47.4 (NH�CH

2

), 23.0 (CH

2

), 11.8 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 35OR2BT-2019): δ/ppm = 87.4 (C1), 73.5 (C5), 71.2 (C3),

69.2 (C4), 68.2 (C2), 60.6 (C6), 47.3 (NH�CH

2

), 23.3 (CH

2

), 11.8 (CH

3

).

N -Propyl-α-l-gulopyranosylamine � D
2

O: 0% � DMSO-d6: 20%

13
C{

1
H} NMR (101MHz, DMSO-d6, 35OR2BT-2019): δ/ppm = 86.5 (C1), 72.0 (C3), 69.4 (C4),

65.2 (C5), 64.7 (C2), 60.5 (C6), 46.7 (NH�CH

2

), 23.0 (CH

2

), 11.8 (CH

3

).

N-iso-Propyl-D-gulosylamin (D-Gul1NiPr)

iPrNH2

MeOH
RT, 3 h

O
OH

OH

OH

OH

HO

O N
OH

OH

OH

HO

+ O

HN

OH

OH

OH

HO

H
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l-Gulose (1.00 g, 5.55mmol, 1.00 eq.) was dried and subsequently suspended in 2mL dry methanol.

iso-Propylamine (1.25mL, 860mg, 14.5mmol, 2.62 eq.) was slowly added and the rea
tion mix-

ture stirred for 3 h at room temperature. The resulting solution was 
on
entrated by evaporation

of the solvent until it rea
hed dryness. The obtained residue was frozen in liquid nitrogen, 
rushed

and further dried in va
uo to give the produ
t as a yellowish, moisture sensitive powder in a

yield of 747mg (3.38mmol, 60.8% of theory).

N -(iso-Propyl)-β-l-gulopyranosylamine � D
2

O: 100% � DMSO-d6: 80%

1
H NMR (400MHz, D

2

O, 4 ◦C, 35OR5-2019): δ/ppm = 4.28 (d, 1H, H1,

3J1,2=9.3Hz), 3.98

(t, 1H, H3), 3.85 (ddd, 1H, H5,

3J4,5=1.3Hz, 3J5,6=5.1Hz, 3J5,6′=7.3Hz), 3.76 (dd, 1H, H4,

3J3,4=3.6Hz), 3.69�3.66 (sp, 2H, H6/H6'), 3.51 (dd, 1H, H2,

3J2,3=3.3Hz), 3.19 (m, 1H, CH),

1.01 (t, 6H, 2×CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 35OR6-2019): δ/ppm = 85.2 (C1), 74.5 (C5), 71.8 (C3),

70.4 (C4), 68.8 (C2), 61.8 (C6), 45.2 (CH), 23.3 (CH

3

), 21.3 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 35OR5BT-2019): δ/ppm = 85.1 (C1), 73.4 (C5), 71.2 (C3),

69.2 (C4), 68.4 (C2), 60.6 (C6), 44.3 (CH), 24.4 (CH

3

), 22.6 (CH

3

).

N -(iso-Propyl)-α-l-gulopyranosylamine � D
2

O: 0% � DMSO-d6: 20%

13
C{

1
H} NMR (101MHz, DMSO-d6, 35OR5BT-2019): δ/ppm = 84.1 (C1), 71.9 (C3), 69.3 (C4),

65.3 (C5), 64.6 (C2), 60.4 (C6), 43.5 (CH), 24.5 (CH

3

), 21.9 (CH

3

).

N-tert-Butyl-D-gulosylamin (D-Gul1NtBu)

tBuNH2

MeOH
RT, 3 h

O
OH

OH

OH

OH

HO

O N
OH

OH

OH

HO

+ O

HN

OH

OH

OH

HO

H

l-Gulose (600mg, 6.66mmol, 1.00 eq.) was dried and subsequently suspended in 10mL dry

methanol. tert -Butylamine (1.00mL, 700mg, 9.57mmol, 2.87 eq.) was slowly added and the

rea
tion mixture stirred for 3 h at room temperature. The resulting solution was 
on
entrated

by evaporation of the solvent until it rea
hed dryness. The obtained residue was frozen in liquid

nitrogen, 
rushed and further dried in va
uo to give the produ
t as a white, slightly hygros
opi


powder in a yield of 668mg (2.84mmol, 85.3% of theory).

N -(tert -Butyl)-β-l-gulopyranosylamine � D
2

O: 100% � DMSO-d6: 78%

1
H NMR (400MHz, D

2

O, 4 ◦C, 38OR7-2019): δ/ppm = 4.20 (d, 1H, H1,

3J1,2=9.2Hz), 1.10 (s,

9H, 3×CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 38OR8-2019): δ/ppm = 83.7 (C1), 74.2 (C5), 71.7 (C3),

70.6 (C4), 68.5 (C2), 61.8 (C6), 51.1 (C

q

), 30.8 (3×CH
3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 35OR7-2019): δ/ppm = 83.4 (C1), 73.3 (C5), 71.1 (C3),
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69.1 (C4), 68.3 (C2), 60.5 (C6), 49.6 (C

q

)), 30.5 (3×CH
3

)).

N -(tert -Butyl)-α-l-gulopyranosylamine � D
2

O: 0% � DMSO-d6: 18%

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR2-2019): δ/ppm = 82.6 (C1), 71.9 (C3), 69.1 (C4),

64.5 (C2), 64.2 (C5), 60.3 (C6), 49.1 (C

q

), 30.3 (3×CH
3

).

5.5.2.4. Preparation of N-Alkylmannosylamines

N-Methyl-D-mannosylamin (D-Man1NMe)

O
HO

HO

OH

MeNH2

EtOH
4 °C, 5 h

OH

O
HO

HO

OH

H
N

OHOH
O

HO
HO

OH

HN

OH

+

d-Mannose (1.96 g, 10.9mmol, 1.00 eq.) was dried and subsequently stirred with a solution of

methylamine in ethanol (33%, 9.00mL, 66.9mmol, 6.14 eq.) for 5 h at 4 ◦C. Upon storage of

the resulting solution at 4 ◦C for 48 h a white pre
ipitate formed. The produ
t was �ltered o�,

washed with 
old methanol (2× 5mL) and dried in va
uo. The produ
t was obtained as a 
ol-

orless powder in a yield of 1.85 g (9.65mmol, 87.7% of theory).

EA: 
al
d.: C 43.52%, H 7.83%, N 7.25%

found: C 42.69%, H 8.46%, N 8.26%

MS (FAB+): 
al
d.: 194.2 ([M+H℄+)

found: 194.2

N -Methyl-β-d-mannopyranosylamine � D
2

O: 84% � DMSO-d6: 86%

1
H NMR (400MHz, D

2

O, 07OR44-2016): δ/ppm = 4.12 (d, 1H, H1,

3J1,2=1.0Hz), 3.92 (dd,

1H, H6a,

3J5,6a=2.4Hz, 2J6a,6b=−12.2Hz), 3.86 (dd, 1H, H2, 3J2,3=3.4Hz), 3.70 (dd, 1H, H6b,
3J5,6b=6.6Hz), 3.63 (dd, 1H, H3,

3J3,4=9.6Hz), 3.52 (t, 1H, H4,

3J4,5=9.7Hz), 3.32 (dd, 1H,

H5), 2.45 (s, 3H, CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 07OR45-2016): δ/ppm = 88.7 (C1), 77.9 (C5), 74.5 (C3), 71.5

(C2), 67.9 (C4), 61.9 (C6), 31.6 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 39OR34-2015): δ/ppm = 88.6 (C1), 77.9 (C5), 74.7 (C3),

71.4 (C2), 67.6 (C4), 61.7 (C6), 31.9 (CH

3

).

N -Methyl-α-d-mannopyranosylamine � D
2

O: 16% � DMSO-d6: 14% :

1
H NMR (400MHz, D

2

O, 07OR44-2016): δ/ppm = 4.40 (d, 1H, H1,

3J1,2=1.6Hz), 2.33 (s, 3H,

CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 07OR45-2016): 89.8 (C1), 72.4 (C5), 71.5 (C2), 71.2 (C3), 67.6

(C4), 61.7 (C6), 31.0 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 39OR34-2015): δ/ppm = 89.6 (C1), 72.1 (C5), 71.3 (C2),

71.3 (C3), 67.9 (C4), 61.6 (C6), 31.6 (CH

3

).
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N-Ethyl-D-mannosylamin (D-Man1NEt)

O
HO

HO

OH

EtNH2

MeOH
RT, 16 h

OH

O
HO

HO

OH

H
N

OHOH
O

HO
HO

OH

HN

OH

+

d-Mannose (2.00 g, 11.1mmol, 1.00 eq.) was dried and subsequently stirred with a solution of

ethylamine in methanol (2m, 20.0mL, 40.0mmol, 3.60 eq.) for 16 h at room temperature. Upon

storage of the resulting solution at 4 ◦C for 48 h a white pre
ipitate formed. The produ
t was

�ltered o�, washed with 
old methanol (2× 5mL) and dried in va
uo. The produ
t was obtained

as a white powder in a yield of 942mg (4.55mmol, 41.0% of theory).

EA: 
al
d.: C 46.37%, H 8.27%, N 6.76%

found: C 46.23%, H 8.36%, N 6.66%

MS (FAB+): 
al
d.: 206.2 ([M+H℄+)

found: 206.2

N -Ethyl-β-d-mannopyranosylamine � D
2

O: 87% � DMSO-d6: 81%

1
H NMR (400MHz, D

2

O, 09OR7-2016): δ/ppm = 4.21 (d, 1H, H1,

3J1,2=1.1Hz), 3.90 (dd,

1H, H6a,

3J5,6a=2.3Hz, 2J6a,6b=−12.2Hz), 3.84 (dd, 1H, H2, 3J2,3=3.4Hz), 3.68 (dd, 1H, H6b,
3J5,6b=6.6Hz), 3.62 (dd, 1H, H3,

3J3,4=9.6Hz), 3.51 (t, 1H, H4,

3J4,5=9.7Hz), 3.32 (sp, 1H,

H5), 2.99�2.90 (m, 1H, CH

2

), 2.73�2.63 (m, 1H, CH

2

), 1.07 (s, 3H, CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 41OR11-2017): δ/ppm = 86.9 (C1), 77.9 (C5), 74.5 (C3), 71.8

(C2), 67.9 (C4), 61.9 (C6), 39.5 (CH

2

), 14.2 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 09OR17-2017): δ/ppm = 86.9 (C1), 77.9 (C5), 74.7 (C3),

71.5 (C2), 67.6 (C4), 61.7 (C6), 39.0 (CH

2

), 15.4 (CH

3

).

N -Ethyl-α-d-mannopyranosylamine � D
2

O: 13% � DMSO-d6: 19% :

1
H NMR (400MHz, D

2

O, 09OR7-2016): δ/ppm = 4.50 (d, 1H, H1,

3J1,2=1.5Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 41OR11-2017): 88.3 (C1), 72.4 (C5), 71.6 (C2), 71.2 (C3), 67.6

(C4), 61.7 (C6), 39.2 (CH

2

), 13.9 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 09OR17-2017): δ/ppm = 87.9 (C1), 72.0 (C5), 71.3 (C2),

71.2 (C3), 67.9 (C4), 61.6 (C6), 39.0 (CH

2

), 15.0 (CH

3

).

N-Propyl-D-mannosylamin (D-Man1NPr)

O
HO

HO

OH

PrNH2

MeOH
RT, 3 h

OH

O
HO

HO

OH

H
N

OHOH

+
O

HO
HO

OH

HN

OH
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d-Mannose (2.00 g, 11.1mmol) was dried and subsequently suspended in 4mL dry methanol.

Propylamine (5.40mL, 3.87 g, 65.5mmol, 5.90 eq.) was added and the rea
tion mixture stirred

for 3 h at room temperature. The resulting yellowish solution was 
on
entrated by evaporation

of half of the solvent and 20mL diethyl ether were added. The rea
tion mixture was stored at

4 ◦C for 24 h and the thereby formed white pre
ipitate was �ltered o�, washed with isopropanol

(1× 10mL) and diethyl ether (1× 20mL) and dried in va
uo. The produ
t was obtained as a

white powder in a yield of 2.36 g (10.7mmol, 96.3% of theory).

EA: 
al
d.: C 48.86%, H 8.66%, N 6.33%

found: C 47.55%, H 8.96%, N 6.15%

MS (FAB+): 
al
d.: 222.3 ([M+H℄+)

found: 222.4

N -Propyl-β-d-mannopyranosylamine � D
2

O: 85% � DMSO-d6: 90%

1
H NMR (400MHz, D

2

O, 39OR7-2015): δ/ppm = 4.19 (d, 1H, H1,

3J1,2=1.1Hz), 3.89 (dd,

1H, H6a,

3J5,6a=2.3Hz, 2J6a,6b=−12.2Hz), 3.84 (dd, 1H, H2, 3J2,3=3.4Hz), 3.68 (dd, 1H, H6b,
3J5,6b=6.5Hz), 3.61 (dd, 1H, H3,

3J3,4=9.6Hz), 3.51 (t, 1H, H4,

3J4,5=9.6Hz), 3.32 (sp, 1H,

H5), 2.85 (dd, 1H, NH�CH

2

), 2.60 (dd, 1H, NH�CH

2

, 1.55�1.39 (sp, 2H, CH

2

), 0.87 (t, 3H,

CH

3

)).

13
C{

1
H} NMR (101MHz, D

2

O, 39OR8-2015): δ/ppm = 87.2 (C1), 77.9 (C5), 74.5 (C3), 71.8

(C2), 67.9 (C4), 61.9 (C6), 47.1 (CH

2

), 22.7 (CH

2

), 11.6 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 40OR2-2015): δ/ppm = 87.3 (C1), 77.9 (C5), 74.7 (C3),

71.5 (C2), 67.6 (C4), 61.7 (C6), 46.8 (CH

2

), 23.2 (CH

2

), 11.8 (CH

3

).

N -Propyl-α-d-mannopyranosylamine � D
2

O: 15% � DMSO-d6: 10% :

1
H NMR (400MHz, D

2

O, 39OR7-2015): δ/ppm = 4.48 (d, 1H, H1,

3J1,2=1.6Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 39OR8-2015): 88.6 (C1), 72.4 (C5), 71.6 (C2), 71.2 (C3), 67.6

(C4), 61.7 (C6), 47.1 (CH

2

), 22.4 (CH

2

), 11.7 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 40OR2-2015): δ/ppm = 88.2 (C1), 72.0 (C5), 71.3 (C2),

71.2 (C3), 67.9 (C4), 61.6 (C6), 46.9 (CH

2

), 22.6 (CH

2

), 11.9 (CH

3

).

N-(iso-Propyl)-D-mannosylamin (D-Man1NiPr)

O
HO

HO

OH

iPrNH2

MeOH
RT, 24 h

OH

O
HO

HO

OH

H
N

OHOH
O

HO
HO

OH

HN

OH

+

d-Mannose (2.88 g, 16.0mmol, 1.00 eq.) was dried and subsequently suspended in 10mL dry

methanol. iso-Propylamine (1.65mL, 1.13 g, 19.2mmol, 1.20 eq.) was added and the rea
tion
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mixture stirred for 24 h at room temperature. The resulting yellowish solution was 
on
entrated

by evaporation of the solvent until a white pre
ipitate formed. The pre
ipitate was �ltered o�,

washed with 
old methanol (1× 10mL) and diethyl ether (1× 20mL) and dried in va
uo. The

produ
t was obtained as a white powder in a yield of 2.86 g (12.9mmol, 80.9% of theory).

EA: 
al
d.: C 48.86%, H 8.66%, N 6.33%

found: C 47.63%, H 8.98%, N 6.13%

MS (FAB+): 
al
d.: 222.3 ([M+H℄+)

found: 222.3

N -(iso-Propyl)-β-d-mannopyranosylamine � D
2

O: 90% � DMSO-d6: 88%

1
H NMR (400MHz, D

2

O, 41OR32-2017): δ/ppm = 4.27 (d, 1H, H1,

3J1,2=1.1Hz), 3.86 (dd,

1H, H6,

3J5,6=2.3Hz, 2J6,6′=−12.1Hz), 3.79 (dd, 1H, H2,

3J2,3=3.1Hz), 3.65 (ddd, 1H, H6',

3J5,6′=6.5Hz), 3.60 (dd, 1H, H3,

3J3,4=9.6Hz), 3.49 (t, 1H, H4,

3J4,5=9.8Hz), 3.32 (sp, 1H,

H5), 3.06�3.01 (m, 1H, CH), 1.02 (dd, 6H, 2×CH
3

).

13
C{

1
H} NMR (101MHz, Dl

2

O, 41OR31-2017): δ/ppm = 84.5 (C1), 77.9 (C5), 74.7 (C3), 72.0

(C2), 67.9 (C4), 61.9 (C6), 43.8 (CH), 23.3 (CH

3

), 20.4 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 33OR22-2015): δ/ppm = 84.5 (C1), 77.9 (C5), 74.8 (C3),

71.7 (C2), 67.7 (C4), 61.7 (C6), 42.6 (CH), 24.4 (CH

3

), 21.9 (CH

3

).

N (iso-Propyl)-α-d-mannopyranosylamine � D
2

O: 10% � DMSO-d6: 12% :

1
H NMR (400MHz, D

2

O, 41OR31-2017): δ/ppm = 4.58 (d, 1H, H1,

3J1,2=1.8Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 41OR32-2017): 86.1 (C1), 72.4 (C5), 71.9 (C2), 71.2 (C3), 67.7

(C4), 61.7 (C6), 44.3 (CH), 23.1 (CH

3

), 20.4 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 33OR22-2015): δ/ppm = 86.1 (C1), 72.0 (C5), 71.6 (C2),

71.2 (C3), 68.0 (C4), 61.6 (C6), 44.1 (CH), 24.1 (CH

3

), 22.0 (CH

3

).

N-(tert-Butyl)-D-mannosylamin (D-Man1NtBu)

O
HO

HO

OH

tBuNH2

MeOH
RT, 5 h

OH

O
HO

HO

OH

H
N

OHOH
O

HO
HO

OH

HN

OH

+

d-Mannose (4.00 g, 2.22mmol, 1.00 eq.) was dried and subsequently suspended in 60mL dry

methanol. tert-Butylamine (16.7mL, 11.7 g, 160mmol, 7.20 eq.) was added and the rea
tion

mixture stirred for 5 h at room temperature. The resulting slightly brown solution was 
on-


entrated in va
uo until a orange syrup-like residue was obtained. The residue was solved in

50mL diethyl ether and stored for a week at 4 ◦C. Sin
e no pre
ipitation of the desired produ
t

o

urred, the diethyl ether was removed in va
uo. Thereby the produ
t was obtained as a highly
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hygros
opi
 white powder in a yield of 4.70 g (20.0mmol, 90.0% of theory).

EA: 
al
d.: C 51.05%, H 9.00%, N 5.95%

found: C 51.59%, H 9.75%, N 7.31%

MS (FAB+): 
al
d.: 236.3 ([M+H℄+)

found: 236.4

N -(tert -Butyl)-β-d-mannopyranosylamine � D
2

O: 100% � DMSO-d6: 76%

1
H NMR (400MHz, D

2

O, 43OR39-2015): δ/ppm = 4.34 (d, H1,

3J1,2=1.0Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 43OR40-2015): δ/ppm = 84.4 (C1), 77.6 (C5), 74.8 (C3), 73.1

(C2), 67.8 (C4), 61.9 (C6), 51.0 (Cq), 29.8 (3×CH3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 43OR43-2015): δ/ppm = 84.0 (C1), 77.6 (C5), 74.9 (C3),

72.6(C2), 67.7 (C4), 61.9 (C6), 49.4 (Cq), 30.8 (3×CH3

).

N -(tert -Butyl)-α-d-mannopyranosylamine � D
2

O: 0% � DMSO-d6: 24% :

13
C{

1
H} NMR (101MHz, DMSO-d6, 43OR43-2015): δ/ppm = 84.2 (C1), 72.4 (C5), 71.4 (C2),

71.1 (C3), 68.1 (C4), 61.5 (C6), 49.7 (Cq), 29.9 (3×CH3

).

5.5.2.5. Preparation of N-Alkylrhamnosylamines

N-Methyl-L-rhamnosylamin (L-Rha1NMe)

MeNH2

EtOH
RT, 24 h

O
OH

OH
HO

HO

H3C O N

OH
HO

HO

H3C
+ O

HN

OH
HO

HO

H3C
H

l-Rhamnose (500mg, 2.74mmol, 1.00 eq.) was dried and subsequently suspended in a solution

of methylamine in ethanol (33%, 5.00mL, 37.2mmol, 13.4 eq.). After stirring the 
lear rea
tion

solution for 16 h a white pre
ipitate formed. The rea
tion solution was stored for 24 h at 4 ◦C

to in
rease the pre
ipitation of the produ
t. The white solid was separated from the rea
tion

solution by �ltration, washed with 
old methanol (2× 10mL) and dried in va
uo. The produ
t

was obtained as a white powder in a yield of 418mg (2.36mmol, 86.1% of theory).

EA: 
al
d.: C 47.45%, H 8.53%, N 7.90%

found: C 47.21%, H 8.71%, N 7.76%

MS (FAB+): 
al
d.: 178.2 ([M+H℄+)

found: 178.2

N -Methyl-β-l-rhamnnopyranosylamine � D
2

O: 86% � DMSO-d6: 80%

1
H NMR (400MHz, D

2

O, 16OR13-2017): δ/ppm = 4.06 (d, 1H, H1,

3J1,2=1.1Hz), 3.81 (dd, 1H,
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H2,

3J2,3=3.4Hz), 3.54 (dd, 1H, H3,

3J3,4=9.4Hz), 3.31�3.29 (dd, H4/H5), 2.43 (s, 3H, CH

3

),

1.25 (d, 3H, 3×H6).

13
C{

1
H} NMR (101MHz, D

2

O, 16OR14-2017): δ/ppm = 88.7 (C1), 74.2 (C3), 73.8 (C5), 73.0

(C4), 71.8 (C2), 31.6 (CH

3

), 17.4 (C6).

13
C{

1
H} NMR (101MHz, DMSO-d6, 17OR5-2017): δ/ppm = 88.5 (C1), 74.4 (C3), 72.5 (C5),

72.4 (C4), 71.5 (C2), 31.9 (CH

3

), 18.1 (C6).

N -Methyl-α-l-rhamnnopyranosylamine � D
2

O: 14% � DMSO-d6: 20%

1
H NMR (400MHz, D

2

O, 16OR13-2017): δ/ppm = 4.29 (d, 1H, H1,

3J1,2=1.6Hz), 2.29 (s, 3H,

CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 16OR14-2017): δ/ppm = 89.9 (C1), 72.8 (C4), 71.6 (C2), 70.9

(C4), 68.1 (C2), 31.0 (CH

3

), 17.3 (C6).

13
C{

1
H} NMR (101MHz, DMSO-d6, 17OR5-2017): δ/ppm = 89.7 (C1), 72.7 (C4), 71.4 (C2),

71.0 (C4), 66.5 (C2), 31.7 (CH

3

), 18.1 (C6).

N-Ethyl-D-rhamnosylamin (D-Rha1NEt)

EtNH2

MeOH
RT, 3 h

O
OH

OH
HO

HO

H3C O N

OH
HO

HO

H3C
+ O

HN

OH
HO

HO

H3C
H

l-Rhamnose (1.00 g, 5.79mmol, 1.00 eq.) was dried and subsequently suspended in a solution

of ethylamine in methanol (2m, 15.0mL, 30.0mmol, 5.46 eq.). After stirring the 
lear rea
tion

solution for 3 h a white pre
ipitate formed. The rea
tion solution was stored for 24 h at 4 ◦C

to in
rease the pre
ipitation of the produ
t. The white solid was separated from the rea
tion

solution by �ltration, washed with 
old methanol (2× 10mL) and dried in va
uo. The produ
t

was obtained as a white powder in a yield of 939mg (4.91mmol, 89.4% of theory).

EA: 
al
d.: C 50.25%, H 8.96%, N 7.32%

found: C 50.33%, H 9.26%, N 7.34%

MS (FAB+): 
al
d.: 192.2 ([M+H℄+)

found: 192.3

N -Ethyl-β-l-rhamnopyranosylamine � D
2

O: 87% � DMSO-d6: 80%

1
H NMR (400MHz, D

2

O, 16OR10-2017): δ/ppm = 4.16 (d, 1H, H1,

3J1,2=1.1Hz), 3.81 (dd,

1H, H2,

3J2,3=3.4Hz), 3.54 (dd, 1H, H3,

3J3,4=9.5Hz), 3.31�3.29 (dd, H4/H5), 2.89 (m, 1H,

CH

2

), 2.63 (m, 1H, CH

2

), 1.24 (d, 3H, 3×H6), 1.04 (td, 3H, CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 16OR11-2017): δ/ppm = 86.8 (C1), 74.2 (C3), 73.8 (C5), 73.1

(C4), 71.9 (C2), 39.5 (CH

2

), 17.4 (C6), 14.2 (CH

3

).
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13
C{

1
H} NMR (101MHz, DMSO-d6, 17OR8-2017): δ/ppm = 86.8 (C1), 74.4 (C3), 72.5 (C5),

72.4 (C4), 71.6 (C2), 39.0 (CH

2

), 18.1 (C6), 15.4 (CH

3

).

N -Ethyl-α-l-rhamnopyranosylamine � D
2

O: 13% � DMSO-d6: 20%

1
H NMR (400MHz, D

2

O, 16OR10-2017): δ/ppm = 4.41 (d, H1,

3J1,2=1.6Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 16OR11-2017): δ/ppm = 88.3 (C1), 72.8 (C4), 71.8 (C2), 70.9

(C4), 68.1 (C2), 39.5 (CH

2

), 17.3 (C6), 13.8 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 17OR8-2017): δ/ppm = 88.1 (C1), 72.8 (C4), 71.5 (C2),

71.1 (C4), 66.5 (C2), 39.3 (CH

2

), 18.0 (C6), 15.1 (CH

3

).

N-(iso-Propyl)-D-rhamnosylamin (D-Rha1NiPr)

iPrNH2

MeOH
RT, 16 h

O
OH

OH
HO

HO

H3C O N

OH
HO

HO

H3C
+ O

HN

OH
HO

HO

H3C
H

d-Rhamnose monohydrate (1.00 g, 3.29mmol, 1.00 eq.) was dried and subsequently suspended

in 5mL dry methanol. iso-Propylamine (1.50mL, 1.03 g, 17.5mmol, 5.31 eq.) was added and

the rea
tion mixture stirred for 16 h at room temperature. Subsequent storage at 4 ◦C for 24 h

resulted in the pre
ipitation of a white solid. The solid was separated from the rea
tion solution

by �ltration, washed with 
old methanol (2× 5mL) and dried in va
uo. The produ
t was ob-

tained as a white powder in a yield of 175mg (853 µmol, 25.9% of theory).

N -(iso-Propyl)-β-l-rhamnopyranosylamine � D
2

O: 90% � DMSO-d6: 88%

1
H NMR (400MHz, D

2

O, 39OR3-2017): δ/ppm = 4.26 (d, 1H, H1,

3J1,2=1.1Hz), 3.79 (dd, 1H,

H2,

3J2,3=3.4Hz), 3.54 (dd, 1H, H3,

3J3,4=8.8Hz), 3.31�3.29 (dd, H4/H5), 3.16 (m, 1H, CH),

1.24 (d, 3H, 3×H6), 1.01 (dd, 6H, 2×CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 39OR4-2017): δ/ppm = 84.3 (C1), 74.3 (C3), 73.8 (C5), 73.1

(C4), 72.1 (C2), 43.7 (CH), 22.3 (CH

3

), 20.3 ((CH

3

), 17.4 (C6).

N -(iso-Propyl)-α-l-rhamnopyranosylamine � D
2

O: 10% � DMSO-d6: 12% :

1
H NMR (400MHz, D

2

O, 39OR3-2017): δ/ppm = 4.57 (d, H1,

3J1,2=1.6Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 39OR4-2017): δ/ppm = 86.2 (C1), 72.9 (C4), 72.0 (C2), 70.8

(C4), 68.1 (C2), 44.4 (CH), 23.0 (CH

3

), 20.4 (CH

3

), 17.3 (C6).
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5.5.3. Preparation of N-Alkyl-2-deoxy-D-gly
oamines

5.5.3.1. Preparation of N-Alkyl-2-deoxy-D-erythro-pentosylamines

N-Methyl-2-deoxy-D-erythro-pentosylamine (D-ery -dPent1NMe)

MeNH2

EtOH
4 °C, 4 h

O

HO
OH

O
HO H

N
NH

OH

+

H
N

HO

O
HO

+

O
HO

OH
OH

2-Deoxy-d-erythro-pentose (614mg, 4.58mmol, 1.00 eq.) was dried and subsequently stirred for

4 h at 4 ◦C with a solution of methylamine in ethanol (33%, 4.50mL, 33.5mmol, 7.31 eq.). The

rea
tion mixture was 
on
entrated by evaporation until a syrup-like residue was obtained. The

residue was frozen, 
rushed and dried in va
uo. This pro
edure was repeated three times until

the produ
t was obtained as an orange gelatinous substan
e in a yield of 727mg (4.94mmol,

93.2% of theory).

EA: 
al
d.: C 48.97%, H 8.90%, N 9.52%

found: C 48.53%, H 9.05%, N 8.70%

MS (FAB+): 
al
d.: 148.2 ([M+H℄+)

found: 148.3

N -Methyl-2-deoxy-β-d-erythro-pentopyranosylamine � D
2

O: 53% � DMSO-d6: 30%

13
C{

1
H} NMR (101MHz, D

2

O, 45OR21-2015): δ/ppm = 88.0 (C1), 68.5 (C4), 67.9 (C5), 67.6

(C3), 34.1 (C2), 31.1 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 45OR30-2015): δ/ppm = 87.2 (C1), 68.1 (C4), 67.0 (C3),

65.6 (C5), 35.5 (C2), 31.8 (CH

3

).

N -Methyl-2-deoxy-α-d-erythro-pentopyranosylamine � D
2

O: 24% � DMSO-d6: 35%

13
C{

1
H} NMR (101MHz, D

2

O, 45OR21-2015): δ/ppm = 85.1 (C1), 67.6 (C4), 66.5 (C3), 63.6

(C5), 35.6 (C2), 31.2 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 45OR30-2015): δ/ppm = 84.4 (C1), 67.5 (C4), 66.4 (C3),

63.8 (C5), 37.7 (C2), 31.5 (CH

3

).

N -Methyl-2-deoxy-β-d-erythro-pentofuranosylamine � D
2

O: 14% � DMSO-d6: 16%

13
C{

1
H} NMR (101MHz, D

2

O, 45OR21-2015): δ/ppm = 92.5 (C1), 85.9 (C4), 72.2 (C3), 62.9

(C5), 39.3 (C2), 31.5 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 45OR30-2015): δ/ppm = 91.7 (C1), 85.7 (C4), 71.1 (C3),
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62.8 (C5), 40.1 (C2), 31.9 (CH

3

).

N -Methyl-2-deoxy-α-d-erythro-pentofuranosylamine � D
2

O: 9% � DMSO-d6: 13%

13
C{

1
H} NMR (101MHz, D

2

O, 45OR21-2015): δ/ppm = 91.9 (C1), 84.5 (C4), 71.5 (C3), 62.1

(C5), 39.3 (C2), 31.5 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 45OR30-2015): δ/ppm = 91.2 (C1), 84.5 (C4), 70.9 (C3),

62.1 (C5), 40.0 (C2), 31.7 (CH

3

).

N -Methyl-2-deoxy-erythro-d-pentosylamine (imine form) � D

2

O: 0% � DMSO-d6: 6%

13
C{

1
H} NMR (101MHz, DMSO-d6, 45OR30-2015): δ/ppm = 165.3 (C1), 74.6 (C4), 69.5 (C3),

63.2 (C5), 47.4 (CH

3

), 39.0 (C2).

N-Ethyl-2-deoxy-D-erythro-pentosylamine (D-ery -dPent1NEt)

EtNH2

MeOH
RT, 20 h

O

HO
OH

O
HO H

N
NH

OH

+

H
N

HO

O
HO

+

O
HO

OH
OH

2-Deoxy-d-erythro-pentose (402mg, 3.00mmol, 1.00 eq.) was dried, suspended in a solution of

ethylamine in methanol (2m, 9.00mL, 18.0mmol, 6.00 eq.) and stirred for 20 h at room tem-

perature. The resulting 
lear rea
tion solution was 
on
entrated by evaporation until it rea
hed

dryness. The obtained syrup-like residue was frozen, 
rushed and further dried in va
uo. The

produ
t was obtained as a orange gelatinous substan
e in a yield of 448mg (2.78mmol, 92.7%

of theory).

EA: 
al
d.: C 52.16%, H 9.38%, N 8.69%

found: C 50.81%, H 9.26%, N 7.85%

MS (FAB+): 
al
d.: 162.2 ([M+H℄+)

found: 162.3

N -Ethyl-2-deoxy-β-d-erythro-pentopyranosylamine � D
2

O: 64% � DMSO-d6: 30%

13
C{

1
H} NMR (101MHz, D

2

O, 45OR24-2015): δ/ppm = 86.5 (C1), 68.5 (C4), 67.9 (C5), 67.5

(C3), 39.4 (CH

2

), 34.3 (C2), 14.3 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 44OR26-2015): δ/ppm = 85.6 (C1), 68.1 (C4), 67.0 (C3),

65.5 (C5), 38.9 (CH

2

), 35.6 (C2), 15.4 (CH

3

).
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N -Ethyl-2-deoxy-α-d-erythro-pentopyranosylamine � D
2

O: 24% � DMSO-d6: 33%

13
C{

1
H} NMR (101MHz, D

2

O, 45OR24-2015): δ/ppm = 83.4 (C1), 67.5 (C4), 66.7 (C3), 63.7

(C5), 39.5 (CH

2

), 35.9 (C2), 14.2 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 44OR26-2015): δ/ppm = 82.8 (C1), 67.5 (C4), 66.4 (C3),

63.8 (C5), 39.1 (CH

2

), 37.9 (C2), 15.4 (CH

3

).

N -Ethyl-2-deoxy-β-d-erythro-pentofuranosylamine � D
2

O: 8% � DMSO-d6: 17%

13
C{

1
H} NMR (101MHz, D

2

O, 45OR24-2015): δ/ppm = 91.0 (C1), 86.0 (C4), 72.2 (C3), 62.9

(C5), 39.2 (CH

2

), 14.4 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 44OR26-2015): δ/ppm = 90.3 (C1), 85.7 (C4), 71.1 (C3),

62.8 (C5), 40.6 (C2), 39.7 (CH

2

), 15.5 (CH

3

).

N -Ethyl-2-deoxy-α-d-erythro-pentofuranosylamine � D
2

O: 4% � DMSO-d6: 14%

13
C{

1
H} NMR (101MHz, D

2

O, 45OR24-2015): δ/ppm = 90.3 (C1), 84.4 (C4), 71.4 (C3), 62.1

(C5), 39.7 (CH

2

), 14.5 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 44OR26-2015): δ/ppm = 89.7 (C1), 84.5 (C4), 71.0 (C3),

62.1 (C5), 40.2 (C2), 39.2 (CH

2

), 15.5 (CH

3

).

N -Ethyl-2-deoxy-erythro-d-pentosylamine (imine form) � D

2

O: 0% � DMSO-d6: 6%

13
C{

1
H} NMR (101MHz, DMSO-d6, 44OR26-2015): δ/ppm = 163.2 (C1), 74.6 (C4), 69.6 (C3),

63.2 (C5), 54.7 (CH

2

), 38.9 (C2), 16.3 (CH

3

).

N-Propyl-2-deoxy-D-erythro-pentosylamine (D-ery -dPent1NPr)

PrNH2

MeOH
RT, 3 h

O

HO
OH

O
HO H

N
NH

OH

+

H
N

HO

O
HO

+

O
HO

OH
OH

2-Deoxy-d-erythro-pentose (496mg, 3.70mmol, 1.00 eq.) was dried and subsequently suspended

in 1mL dry methanol. After the addition of propylamine (1.79mL, 1.29 g, 21.8mmol, 5.90 eq.)

the resulting yellowish solution was stirred for 3 h at room temperature. The rea
tion mixture

was 
on
entrated by evaporation of the solvent until it rea
hed dryness and the obtained residue

solved in diethyl ether (10mL). Con
entration of the solution to about one third of its previous

volume and subsequent storage at 4 ◦C for 3 d resulted in the pre
ipitation of a white solid. The

pre
ipitate was separated by �ltration, washed with diethyl ether (2× 5mL) and dried in va
uo.

The produ
t was obtained as a white powder in a yield of 254mg (1.45mmol, 39.2% of theory).
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EA: 
al
d.: C 54.84%, H 9.78%, N 7.99%

found: C 53.33%, H 9.46%, N 7.81%

MS (FAB+): 
al
d.: 176.2 ([M+H℄+)

found: 176.3

N -Propyl-2-deoxy-β-d-erythro-pentopyranosylamine � D

2

O: 65% � DMSO-d6: 76%

13
C{

1
H} NMR (101MHz, D

2

O, 47OR2-2015): δ/ppm = 86.9 (C1), 68.5 (C4), 67.9 (C5), 67.5

(C3), 39.4 (NH�CH

2

), 34.2 (C2), 22.8 (CH

2

), 11.7 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 46OR14-2015): δ/ppm = 85.9 (C1), 68.1 (C4), 67.0 (C3),

65.4 (C5), 46.7 (NH�CH

2

), 35.6 (C2), 23.1 (CH

2

), 11.8 (CH

3

).

N -Propyl-2-deoxy-α-d-erythro-pentopyranosylamine � D
2

O: 22% � DMSO-d6: 6%

13
C{

1
H} NMR (101MHz, D

2

O, 47OR2-2015): δ/ppm = 83.8 (C1), 67.5 (C4), 66.7 (C3), 63.7

(C5), 47.1 (NH�CH

2

), 36.0 (C2), 22.1 (CH

2

), 11.7 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 46OR14-2015): δ/ppm = 83.1 (C1), 67.5 (C4), 66.4 (C3),

63.8 (C5), 47.0 (NH�CH

2

), 38.0 (C2), 23.0 (CH

2

), 11.8 (CH

3

).

N -Propyl-2-deoxy-β-d-erythro-pentofuranosylamine � D
2

O: 11% � DMSO-d6: 8%

13
C{

1
H} NMR (101MHz, D

2

O, 47OR2-2015): δ/ppm = 91.4 (C1), 85.9 (C4), 72.2 (C3), 62.9

(C5), 47.7 (NH�CH

2

), 22.9 (CH

2

), 11.7 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 46OR14-2015): δ/ppm = 90.7 (C1), 85.7 (C4), 71.1 (C3),

62.8 (C5), 47.6 (NH�CH

2

), 40.5 (C2), 23.2 (CH

2

), 11.8 (CH

3

).

N -Propyl-2-deoxy-α-d-erythro-pentofuranosylamine � D
2

O: 2% � DMSO-d6: 6%

13
C{

1
H} NMR (101MHz, D

2

O, 47OR2-2015): δ/ppm = 90.6 (C1), 84.4 (C4), 71.5 (C3), 62.1

(C5), 47.2 (NH�CH

2

), 23.0 (CH

2

), 11.7 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 46OR14-2015): δ/ppm = 90.0 (C1), 84.5 (C4), 71.0 (C3),

62.1 (C5), 47.2 (NH�CH

2

), 40.2 (C2), 23.0 (CH

2

), 11.8 (CH

3

).

N -Propyl-2-deoxy-erythro-d-pentosylamine (imine form) � D

2

O: 0% � DMSO-d6: 4%

13
C{

1
H} NMR (101MHz, DMSO-d6, 46OR14-2015): δ/ppm = 163.7 (C1), 74.6 (C4), 69.6 (C3),

63.2 (C5), 62.3 (NH�CH

2

), 38.8 (C2), 23.5 (CH

2

), 11.6 (CH

3

).

N-(iso-Propyl)-2-deoxy-D-erythro-pentosylamine (D-ery -dPent1NiPr)

iPrNH2

MeOH
RT, 20 h

O

HO
OH

O
HO H

N
NH

OH

+

H
N

HO

O
HO

+

O
HO

OH
OH
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2-Deoxy-d-erythro-pentose (402mg, 3.00mmol, 1.00 eq.) was dried and subsequently suspended

in 5mL dry methanol. Upon addition of iso-propylamine (1.50mL, 1.03 g, 17.5mmol, 5.72 eq.) a


lear solution formed within 15min. The rea
tion mixture was stirred for 20 h at room tempera-

ture and afterwards the solution was 
on
entrated until it rea
hed dryness. The resulting residue

was frozen, 
rushed and dried in va
uo three times. The produ
t was obtained as a yellowish

solid in a yield of 124mg (0.71mmol, 23.6% of theory).

EA: 
al
d.: C 52.67%, H 9.33%, N 6.82%

found: C 52.22%, H 9.41%, N 6.85%

MS (FAB+): 
al
d.: 205.3 ([M+H℄+)

found: 206.3

N -(iso-Propyl)-2-deoxy-β-d-erythro-pentopyranosylamine � D
2

O: 62% � DMSO-d6: 31%

13
C{

1
H} NMR (101MHz, D

2

O, 47OR2-2015): δ/ppm = 84.0 (C1), 68.6 (C4), 67.9 (C5), 67.6

(C3), 44.0 (CH), 34.2 (C2), 23.4 (CH

3

), 20.5 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 46OR14-2015): δ/ppm = 83.1 (C1), 68.1 (C4), 67.1 (C3),

65.4 (C5), 43.7 (CH), 35.8 (C2), 24.4 (CH

3

), 21.8 (CH

3

).

N -(iso-Propyl)-2-deoxy-α-d-erythro-pentopyranosylamine � D
2

O: 24% � DMSO-d6: 39%

13
C{

1
H} NMR (101MHz, D

2

O, 47OR2-2015): δ/ppm = 80.9 (C1), 67.5 (C4), 66.9 (C3), 63.6

(C5), 44.1 (CH), 36.7 (C2), 23.4 (CH

3

), 20.5 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 46OR14-2015): δ/ppm = 80.4 (C1), 67.5 (C4), 66.6 (C3),

63.9 (C5), 43.3 (CH), 38.4 (C2), 24.3 (CH

3

), 22.0 (CH

3

).

N -(iso-Propyl)-2-deoxy-β-d-erythro-pentofuranosylamine � D
2

O: 12% � DMSO-d6: 13%

13
C{

1
H} NMR (101MHz, D

2

O, 47OR2-2015): δ/ppm = 88.6 (C1), 86.1 (C4), 72.2 (C3), 62.9

(C5), 45.3 (CH), 23.6 (CH

3

), 20.6 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 46OR14-2015): δ/ppm = 88.2 (C1), 85.9 (C4), 71.2 (C3),

62.8 (C5), 44.7 (CH), 40.5 (C2), 24.5 (CH

3

), 21.9 (CH

3

).

N -(iso-Propyl)-2-deoxy-α-d-erythro-pentofuranosylamine � D

2

O: 2% � DMSO-d6: 11%

13
C{

1
H} NMR (101MHz, D

2

O, 47OR2-2015): δ/ppm = 87.7 (C1), 84.4 (C4), 71.5 (C3), 62.2

(C5), 44.5 (CH), 23.6 (CH

3

), 20.6 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 46OR14-2015): δ/ppm = 87.7 (C1), 84.4 (C4), 71.5 (C3),

62.2 (C5), 44.5 (CH), 40.5 (C2), 24.6 (CH

3

), 22.2 (CH

3

).

N -(iso-Propyl)-2-deoxy-erythro-d-pentosylamine (imine form) � D

2

O: 0% � DMSO-d6: 6%

13
C{

1
H} NMR (101MHz, DMSO-d6, 46OR14-2015): δ/ppm = 161.1 (C1), 74.6 (C4), 69.6 (C3),

63.9 (CH), 63.2 (C5), 42.2 (C2), 24.2 (CH

3

), 21.9 (CH

3

).
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5. Experimental Se
tion

N-(tert-Butyl)-2-deoxy-erythro-D-pentosylamine (D-ery -dPent1NtBu)

tBuNH2

MeOH
4 °C, 3 h

O

HO
OH

O
HO H

N
NH

OH

+

H
N

HO

O
HO

+

O
HO

OH
OH

2-Deoxy-erythro-d-pentose (499mg, 3.72mmol, 1.00 eq.) was dried and subsequently suspended

in 10mL dry methanol. tert -Butylamine (2.80mL, 1.96 g, 26.8mmol, 7.20 eq.) was added and

the rea
tion mixture stirred for 3 h at 4 ◦C. The rea
tion mixture was 
on
entrated until rea
hed

dryness and the obtained residue was resolved in diethyl ether (20mL). Storage at 4 ◦C for 3 d

resulted in the pre
ipitation of a white solid. The pre
ipitate was separated by �ltration, washed

with diethyl ether (2× 10mL) and dried in va
uo. The produ
t was obtained as a white solid

in a yield of 290mg (1.53mmol, 41.2% of theory).

MS (FAB+): 
al
d.: 176.2 ([M+H℄+)

found: 176.3

N -(tert -Butyl)-2-deoxy-β-d-erythro-pentopyranosylamine � D
2

O: 100% � DMSO-d6: 50%

13
C{

1
H} NMR (101MHz, D

2

O, 48OR11-2015): δ/ppm = 82.4 (C1), 68.3 (C4), 66.9 (C5), 65.4

(C3), 49.6 (Cq), 36.8 (C2), 30.6 (3×CH3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 50OR5-2015): δ/ppm = 82.4 (C1), 68.3 (C4), 67.0 (C3),

65.4 (C5), 49.5 (Cq), 36.9 (C2), 30.6 (3×CH3

).

N -(tert -Butyl)-2-deoxy-α-d-erythro-pentopyranosylamine � D
2

O: 0% � DMSO-d6: 11%

13
C{

1
H} NMR (101MHz, DMSO-d6, 50OR5-2015): δ/ppm = 79.4 (C1), 67.3 (C4), 66.7 (C3),

63.6 (C5), 49.6 (Cq), 39.1 (C2), 30.5 (3×CH3

).

N -(tert -Butyl)-2-deoxy-β-d-erythro-pentofuranosylamine � D
2

O: 0% � DMSO-d6: 17%

13
C{

1
H} NMR (101MHz, DMSO-d6, 50OR5-2015): δ/ppm = 86.5 (C1), 85.9 (C4), 71.1 (C3),

62.9 (C5), 49.5 (Cq), 42.1 (C2), 30.5 (3×CH3

).

N -(tert -Butyl)-2-deoxy-α-d-erythro-pentofuranosylamine � D
2

O: 0% � DMSO-d6: 11%

13
C{

1
H} NMR (101MHz, DMSO-d6, 50OR5-2015): δ/ppm = 86.3 (C1), 84.1 (C4), 70.8 (C3),

62.1 (C5), 49.7 (Cq), 41.5 (C2), 30.5 (3×CH3

).

N -(tert -Butyl)-2-deoxy-erythro-d-pentosylamine (imine form) � D

2

O: 0% � DMSO-d6: 11%

13
C{

1
H} NMR (101MHz, DMSO-d6, 50OR5-2015): δ/ppm = 158.0 (C1), 74.6 (C4), 69.7 (C3),

63.1 (C5), 56.4 (Cq), 39.2 (C2), 29.5 (3×CH3

).
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5.5.3.2. Preparation of N-Alkyl-2-deoxy-D-arabino-hexosylamines

N-Methyl-2-deoxy-D-arabino-hexosylamine (D-ara-dHex1NMe)

O
HO

HO

OH

MeNH2

EtOH
RT, 19h

OH

O
HO

HO

OH

H
N

O
HO

HO

OH

HN

+

2-Deoxy-d-arabino-hexose (1.00 g, 6.09mmol, 1.00 eq.) was dried and subsequently stirred for

19 h at room temperature with a solution of methylamine in ethanol (33%, 5.00mL, 37.2mmol,

6.10 eq.). The rea
tion mixture was 
on
entrated by evaporation of the solvent until a 
olorless

pre
ipitate formed, whi
h was �ltered o�, washed with 
old methanol (2× 10mL) and dried in

va
uo. The produ
t was obtained as a 
olorless solid in a yield of 967mg (5.46mmol, 89.6% of

theory).

EA: 
al
d.: C 47.45%, H 8.53%, N 7.90%

found: C 47.44%, H 8.43%, N 7.79%

MS (FAB+): 
al
d.: 178.2 ([M+H℄+)

found: 178.2

N -Methyl-2-deoxy-β-d-arabino-hexopyranosylamine � D
2

O: 85% � DMSO-d6: 81%

13
C{

1
H} NMR (101MHz, D

2

O, 43OR2-2016): δ/ppm = 87.5 (C1), 77.6 (C5), 71.9 (C3), 71.9

(C4), 61.7 (C6), 38.6 (C2), 31.1 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 07OR35-2016): δ/ppm = 87.3 (C1), 77.7 (C5), 72.2 (C3),

71.8 (C4), 61.6 (C6), 40.0 (C2), 31.6 (CH

3

).

N -Methyl-2-deoxy-α-d-arabino-hexopyranosylamine � D
2

O: 15% � DMSO-d6: 19%

1
H NMR (400MHz, D

2

O, 43OR1-2016): δ/ppm = 4.51 (d, H1,

3J1,2=4.8Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 43OR2-2016): δ/ppm = 85.2 (C1), 72.0 (C5), 71.8 (C4),

68.8 (C3), 61.5 (C6), 36.4 (C2), 30.8 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 07OR35-2016): δ/ppm = 84.6 (C1), 72.6 (C5), 71.1 (C4),

68.2 (C3), 61.4 (C6), 37.8 (C2), 31.5 (CH

3

).

N-Ethyl-2-deoxy-D-arabino-hexosylamine (D-ara-dHex1NEt)

O
HO

HO

OH

EtNH2

MeOH
RT, 19 h

OH

O
HO

HO

OH

H
N

O
HO

HO

OH

HN

+
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2-Deoxy-d-arabino-hexose (860mg, 5.24mmol, 1.00 eq.) was dried, subsequently suspended in

a solution of ethylamine in methanol (2m, 13.0mL, 26.0mmol, 5.00 eq.) and stirred for 19 h

at room temperature. The resulting rea
tion solution was 
on
entrated by evaporation of the

solvent until it rea
hed dryness. The thereby formed white solid was 
rushed and further dried

in va
uo. The produ
t was obtained as a white solid in a yield of 912mg (4.77mmol, 91.0% of

theory).

EA: 
al
d.: C 50.25%, H 8.96%, N 7.32%

found: C 50.19%, H 8.90%, N 7.20%

MS (FAB+): 
al
d.: 192.2 ([M+H℄+)

found: 192.3

N -Ethyl-2-deoxy-β-d-arabino-hexopyranosylamine � 83%:
13
C{

1
H} NMR (101MHz, D

2

O, 07OR32-2016): δ/ppm = 86.0 (C1), 77.7 (C5), 72.0 (C3), 71.9

(C4), 61.8 (C6), 39.5 (CH

2

), 38.8 (C2), 14.3 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 07OR35-2016): δ/ppm = 85.8 (C1), 77.7 (C5), 72.3 (C3),

71.8 (C4), 61.6 (C6), 40.2 (C2), 39.0 (CH

2

), 15.4 (CH

3

).

N -Ethyl-2-deoxy-α-d-arabino-hexopyranosylamine � 17%:
13
C{

1
H} NMR (101MHz, D

2

O, 07OR32-2016): δ/ppm = 83.6 (C1), 72.1 (C5), 71.8 (C4), 68.8

(C3), 61.5 (C6), 37.6 (CH

2

), 37.6 (C2), 13.9 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 07OR35-2016): δ/ppm = 83.0 (C1), 72.6 (C5), 71.1 (C4),

68.2 (C3), 61.4 (C6), 39.0 (CH

2

), 37.9 (C2), 15.0 (CH

3

).

N-Propyl-2-deoxy-D-arabino-hexosylamine (D-ara-dHex1NPr)

O
HO

HO

OH

PrNH2

MeOH
RT, 3 h

OH

O
HO

HO

OH

H
N

O
HO

HO

OH

HN

+

2-Deoxy-d-arabino-hexose (500mg, 3.04mmol, 1.00 eq.) was dried and subsequently suspended

in 1mL dry methanol. After the addition of propylamine (1.50mL, 1.06 g, 18.0mmol, 5.90 eq.)

the resulting solution was stirred for 3 h at room temperature. The rea
tion mixture was 
on
en-

trated by evaporation of the solvent to about one third of its previous volume and diethyl ether

(20mL) was added. Storage at 4 ◦C for 3 d resulted in the pre
ipitation of a white solid. The

pre
ipitate was separated by �ltration, washed with diethyl ether (2× 5mL) and dried in va
uo.

The produ
t was obtained as a white solid in a yield of 548mg (2.67mmol, 87.7% of theory).

EA: 
al
d.: C 52.67%, H 9.33%, N 6.82%

found: C 52.22%, H 9.41%, N 6.85%
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MS (FAB+): 
al
d.: 206.3 ([M+H℄+)

found: 206.4

N -Propyl-2-deoxy-β-d-arabino-hexopyranosylamine � D

2

O: 88% � DMSO-d6: 83%

13
C{

1
H} NMR (101MHz, D

2

O, 42OR8-2015): δ/ppm = 86.4 (C1), 77.7 (C5), 72.0 (C3), 71.9

(C4), 61.8 (C6), 47.2 (CH), 38.9 (C2), 22.9 (CH

2

), 11.7 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 42OR11-2015): δ/ppm = 86.2 (C1), 77.7 (C5), 72.3 (C3),

71.8 (C4), 61.6 (C6), 46.9 (CH), 40.2 (C2), 23.1 (CH

2

), 11.8 (CH

3

).

N -Propyl-2-deoxy-α-d-arabino-hexopyranosylamine � D
2

O: 12% � DMSO-d6: 17%

13
C{

1
H} NMR (101MHz, D

2

O, 42OR8-2015): δ/ppm = 83.8 (C1), 72.1 (C5), 71.9 (C4), 68.9

(C3), 61.5 (C6), 46.9 (CH), 37.7 (C2), 22.4 (CH

2

), 11.8 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 42OR11-2015): δ/ppm = 83.2 (C1), 72.6 (C5), 71.1 (C4),

68.2 (C3), 61.4 (C6), 46.9 (CH), 37.9 (C2), 22.6 (CH

2

), 11.9 (CH

3

).

N-(iso-Propyl)-2-deoxy-D-arabino-hexosylamine (D-ara-dHex1NiPr)

O
HO

HO

OH

iPrNH2

MeOH
RT, 20 h

OH

O
HO

HO

OH

H
N

O
HO

HO

OH

HN

+

2-Deoxy-d-arabino-hexose (501mg, 3.05mmol, 1.00 eq.) was dried and subsequently suspended

in 5mL dry methanol. Upon addition of iso-propylamine (1.50mL, 1.03 g, 17.5mmol, 5.72 eq.)

a 
lear solution formed within 15min. The rea
tion mixture was stirred for 20 h at room temper-

ature. The solution was 
on
entrated by evaporation of the solvent until the pre
ipitation of a

white solid was observed. After storage for a day at −20 ◦C, the pre
ipitate was separated from

the rea
tion solution by �ltration, washed with 
old methanol (2× 5mL) and dried in va
uo.

The produ
t was obtained as a white solid in a yield of 351mg (1.71mmol, 56.1% of theory).

EA: 
al
d.: C 52.67%, H 9.33%, N 6.82%

found: C 52.22%, H 9.41%, N 6.85%

MS (FAB+): 
al
d.: 205.3 ([M+H℄+)

found: 206.3

N -(iso-Propyl)-2-deoxy-β-d-arabino-hexopyranosylamine � D
2

O: 89% � DMSO-d6: 85%

13
C{

1
H} NMR (101MHz, D

2

O, 38OR37-2016): δ/ppm = 83.6 (C1), 77.7 (C5), 72.1 (C3), 72.0

(C4), 61.8 (C6), 44.2 (CH), 39.4 (C2), 23.3 (CH

3

), 20.7 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 39OR17-2016): δ/ppm = 83.5 (C1), 77.7 (C5), 72.3 (C3),

72.0 (C4), 61.8 (C6), 43.1 (CH), 40.5 (C2), 24.3 (CH

3

), 22.1 (CH

3

).
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N -(iso-Propyl)-2-deoxy-α-d-arabino-hexopyranosylamine � D
2

O: 11% � DMSO-d6: 15%

1
H NMR (400MHz, D

2

O, 38OR36-2016): δ/ppm = 4.51 (d, H1,

3J1,2=4.8Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 38OR37-2016): δ/ppm = 81.1 (C1), 72.1 (C5), 71.9 (C4),

68.8 (C3), 61.6 (C6), 43.8 (CH), 37.8 (C2), 23.1 (CH

3

), 20.2 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 39OR17-2016): δ/ppm = 81.0 (C1), 72.6 (C5), 71.1 (C4),

68.2 (C3), 61.4 (C6), 43.9 (CH), 38.0 (C2), 24.1 (CH

3

), 21.9 (CH

3

).

N-(tert-Butyl)-2-deoxy-D-arabino-hexosylamine (D-ara-dHex1NtBu)

O
HO

HO

OH

tBuNH2

MeOH
4 °C, 3 h

OH

O
HO

HO

OH

H
N

O
HO

HO

OH

HN

+

2-Deoxy-arabino-d-hexose (501mg, 3.05mmol, 1.00 eq.) was dried and subsequently suspended

in 20mL dry methanol. tert -Butylamine (2.29mL, 1.61 g, 22.0mmol, 7.20 eq.) was added and

the rea
tion mixture stirred for 3 h at room temperature. The 
lear rea
tion mixture was 
on-


entrated by evaporation of the solvent to about one third of its previous volume and diethyl

ether (20mL) was added. Storage at 4 ◦C for 3 d resulted in the pre
ipitation of white solid.

The pre
ipitate was separated by �ltration, washed with diethyl ether (2× 10mL) and dried in

va
uo. The produ
t was obtained as a white solid in a yield of 460mg (2.10mmol, 68.8% of

theory).

EA: 
al
d.: C 54.77%, H 9.65%, N 6.39%

found: C 54.22%, H 9.64%, N 6.23%

MS (FAB+): 
al
d.: 220.3 ([M+H℄+)

found: 220.4

N -(tert -Butyl)-2-deoxy-β-d-arabino-hexopyranosylamine � DMSO-d6: 88%:

13
C{

1
H} NMR (101MHz, DMSO-d6 43OR2-2016): δ/ppm = 82.6 (C1), 77.4 (C5), 72.3 (C3),

72.0 (C4), 61.8 (C6), 49.6 (Cq), 41.4 (C2), 30.6 (3×CH3

).

N -(tert -Butyl)-2-deoxy-α-d-arabino-hexopyranosylamine � DMSO-d6: 12%:

13
C{

1
H} NMR (101MHz, DMSO-d6, 48OR8-2015): δ/ppm = 79.2 (C1), 72.8 (C5), 70.4 (C4),

68.2 (C3), 61.4 (C6), 49.6 (Cq), 39.1 (C2), 29.9 (3×CH3

).
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5.5.3.3. Preparation of N-Alkyl-2-deoxy-D-lyxo-hexosylamines

N-Methyl-2-deoxy-D-lyxo-hexosylamine (D-lyx-dHex1NMe)

O

OH

HO

OH

MeNH2

EtOH
RT, 19 h

OH

O

OH

HO

OH

H
N

O

OH

HO

OH

HN

+

H
N

HO
O

+ HO
HO

2-Deoxy-d-lyxo-hexose (5.01mg, 3.05mmol, 1.00 eq.) was dried and subsequently stirred for

19 h at room temperature with a solution of methylamine in ethanol (33%, 4.10mL, 30.5mmol,

10.0 eq.). The rea
tion mixture was 
on
entrated by evaporation of the solvent until a syrup-like

residue formed. The residue was frozen in liquid nitrogen, 
rushed and dried in va
uo three

times to obtain the produ
t as a 
olorless solid. Due to the immense hygros
opy of the produ
t

no yield was determined.

N -Methyl-2-deoxy-β-d-lyxo-hexopyranosylamine � D
2

O: 62% � DMSO-d6: 52%

13
C{

1
H} NMR (101MHz, D

2

O, 45OR21-2015): δ/ppm = 87.9 (C1), 76.8 (C5), 69.2 (C4), 67.7

(C3), 62.2 (C6), 34.2 (C2), 31.1 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 45OR30-2015): 87.7 (C1), 76.1 (C5), 69.0 (C4), 66.8 (C3),

60.9 (C6), 35.3 (C2), 31.6 (CH

3

).

N -Methyl-2-deoxy-α-d-lyxo-hexopyranosylamine � D
2

O: 16% � DMSO-d6: 12%

13
C{

1
H} NMR (101MHz, D

2

O, 45OR21-2015): δ/ppm = 85.3 (C1), 69.1 (C5), 68.2 (C4), 65.5

(C3), 62.3 (C6), 31.7 (C2), 31.0 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 45OR30-2015): δ/ppm = 84.8 (C1), 69.4 (C5), 67.7 (C4),

64.8 (C3), 61.2 (C6), 32.8 (C2), 31.7 (CH

3

).

N -Methyl-2-deoxy-β-d-lyxo-hexofuranosylamine � D
2

O: 14% � DMSO-d6: 20%

13
C{

1
H} NMR (101MHz, D

2

O, 45OR21-2015): δ/ppm = 92.7 (C1), 85.9 (C4), 72.1 (C3), 70.5

(C5), 63.5 (C6), 40.3 (C2), 31.8 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 45OR30-2015): δ/ppm = 92.0 (C1), 85.4 (C4), 72.0 (C3),

71.4 (C5), 63.1 (C6), 41.7 (C2), 32.3 (CH

3

).

N -Methyl-2-deoxy-α-d-lyxo-hexofuranosylamine � D
2

O: 8% � DMSO-d6: 12%

13
C{

1
H} NMR (101MHz, D

2

O, 45OR21-2015): δ/ppm = 92.2 (C1), 84.0 (C4), 73.1 (C3), 72.0

(C5), 63.6 (C6), 39.8 (C2), 31.1 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 45OR30-2015): δ/ppm = 91.5 (C1), 83.5 (C4), 71.6 (C3),

71.2 (C5), 63.1 (C6), 40.5 (C2), 31.5 (CH

3

).

N -Methyl-2-deoxy-lyxo-d-hexosylamine (imine form) � D

2

O: 0% � DMSO-d6: 4%
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13
C{

1
H} NMR (101MHz, DMSO-d6, 45OR30-2015): δ/ppm = 165.5 (C1), 72.9 (C5), 69.9 (C3),

68.7 (C4), 63.0 (C6), 47.4 (CH

3

), 39.9 (C2).

N-Ethyl-2-deoxy-D-lyxo-hexosylamine (D-lyx-dHex1NEt)

O

OH

HO

OH

EtNH2

MeOH
RT, 19 h

OH

O

OH

HO

OH

H
N

O

OH

HO

OH

HN

+

H
N

HO
O

+ HO
HO

2-Deoxy-d-lyxo-hexose (860mg, 5.24mmol, 1.00 eq.) was dried, subsequently suspended in a

solution of ethylamine in methanol (2m, 7.00mL, 14.0mmol, 4.59 eq.) and stirred for 19 h at

room temperature. The rea
tion mixture was 
on
entrated by evaporation of the solvent until a

syrup-like residue formed. The residue was frozen in liquid nitrogen, 
rushed and dried in va
uo

three times to obtain the produ
t as a 
olorless solid. Due to the immense hygros
opy of the

produ
t no yield was determined.

N -Ethyl-2-deoxy-β-d-lyxo-hexopyranosylamine � D
2

O: 75% � DMSO-d6: 54%

13
C{

1
H} NMR (101MHz, D

2

O, 45OR21-2015): δ/ppm = 86.3 (C1), 76.8 (C5), 69.2 (C4), 67.7

(C3), 62.2 (C6), 39.4 (CH

2

), 34.4 (C2), 14.3 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 45OR30-2015): 86.3 (C1), 76.1 (C5), 68.0 (C4), 66.8 (C3),

60.9 (C6), 39.1 (CH

2

), 35.6 (C2), 15.5 (CH

3

).

N -Ethyl-2-deoxy-α-d-lyxo-hexopyranosylamine � D
2

O: 13% � DMSO-d6: 12%

13
C{

1
H} NMR (101MHz, D

2

O, 45OR21-2015): δ/ppm = 83.7 (C1), 69.2 (C5), 68.2 (C4), 65.4

(C3), 62.3 (C6), 39.3 (CH

2

), 31.7 (C2), 13.9 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 45OR30-2015): δ/ppm = 83.3 (C1), 69.4 (C5), 67.7 (C4),

64.8 (C3), 61.1 (C6), 39.2 (CH

2

), 32.9 (C2), 15.1 (CH

3

).

N -Ethyl-2-deoxy-β-d-lyxo-hexofuranosylamine � D
2

O: 9% � DMSO-d6: 20%

13
C{

1
H} NMR (101MHz, D

2

O, 45OR21-2015): δ/ppm = 91.2 (C1), 85.9 (C4), 72.2 (C3), 70.5

(C5), 63.6 (C6), 40.6 (C2), 40.4 (CH

2

), 14.4 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 45OR30-2015): δ/ppm = 90.4 (C1), 85.4 (C4), 72.0 (C3),

71.4 (C5), 63.1 (C6), 41.7 (C2), 40.1 (CH

2

), 14.4 (CH

3

).

N -Ethyl-2-deoxy-α-d-lyxo-hexofuranosylamine � D
2

O: 3% � DMSO-d6: 10%

13
C{

1
H} NMR (101MHz, D

2

O, 45OR21-2015): δ/ppm = 90.6 (C1), 83.8 (C4), 73.1 (C3), 72.0

(C5), 63.6 (C6), 40.4 (CH

2

), 40.0 (C2), 14.4 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 45OR30-2015): δ/ppm = 90.1 (C1), 83.5 (C4), 71.6 (C3),

71.2 (C5), 63.1 (C6), 40.8 (C2), 39.2 (CH

2

), 14.4 (CH

3

).
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N -Ethyl-2-deoxy-lyxo-d-hexosylamine (imine form) � D

2

O: 0% � DMSO-d6: 4%

13
C{

1
H} NMR (101MHz, DMSO-d6, 45OR30-2015): δ/ppm = 163.4 (C1), 72.9 (C5), 69.1 (C3),

68.7 (C4), 63.0 (C6), 54.8 (CH

2

), 36.2 (C2), 16.3 (CH

3

).

N-Propyl-2-deoxy-D-lyxo-hexosylamine (D-lyx-dHex1NPr)

O

OH

HO

OH

PrNH2

MeOH
RT, 24 h

OH

O

OH

HO

OH

H
N

O

OH

HO

OH

HN

+

H
N

HO
O

+ HO
HO

2-Deoxy-d-lyxo-hexose (1.09 g, 6.66mmol, 1.00 eq.) was dried and subsequently suspended in

2.5mL dry methanol. After the addition of propylamine (1.50mL, 1.08 g, 18.3mmol, 2.74 eq.)

the resulting solution was stirred for 24 h at room temperature. The rea
tion mixture was 
on-


entrated by evaporation of the solvent until a syrup-like residue formed. The residue was frozen

in liquid nitrogen, 
rushed and dried in va
uo three times to obtain the produ
t as a 
olorless

solid. Due to the immense hygros
opy of the produ
t no yield was determined.

N -Propyl-2-deoxy-β-d-lyxo-hexopyranosylamine � D
2

O: 85% � DMSO-d6: 48%

13
C{

1
H} NMR (101MHz, D

2

O, 38OR37-2019): δ/ppm = 86.8 (C1), 76.9 (C5), 69.3 (C4), 67.7

(C3), 62.3 (C6), 47.1 (NH�CH

2

), 34.4 (C2), 22.9 (CH

2

), 11.8 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR11-2019): 86.3 (C1), 76.1 (C5), 68.0 (C4), 66.8 (C3),

60.9 (C6), 39.1 (NH�CH

2

), 35.6 (C2), 39.1 (CH

2

), 15.5 (CH

3

).

N -Propyl-2-deoxy-α-d-lyxo-hexopyranosylamine � D
2

O: 11% � DMSO-d6: 18%

13
C{

1
H} NMR (101MHz, D

2

O, 38OR37-2019): δ/ppm = 84.0 (C1), 69.3 (C5), 68.2 (C4), 65.5

(C3), 62.3 (C6), 47.1 (NH�CH

2

), 31.7 (C2), 23.0 (CH

2

), 11.9 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR11-2019): δ/ppm = 85.3 (C1), 69.4 (C5), 67.6 (C4),

64.8 (C3), 61.0 (C6), 47.0 (NH�CH

2

), 32.0 (C2), 23.0 (CH

2

), 11.4 (CH

3

).

N -Propyl-2-deoxy-β-d-lyxo-hexofuranosylamine � D
2

O: 4% � DMSO-d6: 21%

13
C{

1
H} NMR (101MHz, D

2

O, 38OR37-2019): δ/ppm = 91.8 (C1), 86.1 (C4), 72.3 (C3), 70.6

(C5), 63.6 (C6), 48.2 (NH�CH

2

), 40.6 (C2), 23.0 (CH

2

), 11.8 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR11-2019): δ/ppm = 90.8 (C1), 85.3 (C4), 72.0 (C3),

71.4 (C5), 63.1 (C6), 47.9 (NH�CH

2

), 41.6 (C2), 23.0 (CH

2

), 11.8 (CH

3

).

N -Propyl-2-deoxy-α-d-lyxo-hexofuranosylamine � D
2

O: 0% � DMSO-d6: 13%

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR11-2019): δ/ppm = 90.1 (C4), 83.5 (C4), 71.6 (C3),

71.2 (C5), 63.1 (C6), 47.1 (NH�CH

2

), 40.8 (C2), 23.0 (CH

2

), 11.8 (CH

3

).
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N-(iso-Propyl)-2-deoxy-D-lyxo-hexosylamine (D-lyx-dHex1NiPr)

O

OH

HO

OH

iPrNH2

MeOH
RT, 24 h

OH

O

OH

HO

OH

H
N

O

OH

HO

OH

HN

+

H
N

HO
O

+ HO
HO

2-Deoxy-d-lyxo-hexose (501mg, 3.05mmol, 1.00 eq.) was dried and subsequently suspended in

2mL dry methanol. After the addition of iso-propylamine (1.00mL, 688mg, 11.6mmol, 3.82 eq.)

the resulting solution was stirred for 24 h at room temperature. The rea
tion mixture was 
on-


entrated by evaporation of the solvent until a syrup-like residue formed. The residue was frozen

in liquid nitrogen, 
rushed and dried in va
uo three times to obtain the produ
t as a 
olorless

solid. Due to the immense hygros
opy of the produ
t no yield was determined.

N -(iso-Propyl)-2-deoxy-β-d-lyxo-hexopyranosylamine � D
2

O: 96% � DMSO-d6: 48%

13
C{

1
H} NMR (101MHz, D

2

O, 35OR4-2019): δ/ppm = 83.8 (C1), 76.9 (C5), 69.3 (C4), 67.8

(C3), 62.3 (C6), 43.7 (CH), 34.9 (C2), 23.3 (CH

3

), 20.3 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 35OR8-2019): 83.9 (C1), 76.0 (C5), 69.0 (C4), 66.8 (C3),

60.8 (C6), 43.1 (CH

2

), 35.9 (C2), 24.3 (CH

3

), 22.1 (CH

3

).

N -(iso-Propyl)-2-deoxy-α-d-lyxo-hexopyranosylamine � D
2

O: 2% � DMSO-d6: 12%

13
C{

1
H} NMR (101MHz, D

2

O, 35OR4-2019): δ/ppm = 81.0 (C1), 69.3 (C5), 68.2 (C4), 65.3

(C3), 62.4 (C6), 43.6 (CH

2

), 32.8 (C2), 23.6 (CH

3

), 20.4 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 35OR8-2019): δ/ppm = 81.2 (C1), 69.3 (C5), 67.6 (C4),

64.7 (C3), 60.9 (C6), 44.0 (CH

2

), 33.0 (C2), 24.0 (CH

3

), 22.0 (CH

3

).

N -(iso-Propyl)-2-deoxy-β-d-lyxo-hexofuranosylamine � D
2

O: 2% � DMSO-d6: 22%

13
C{

1
H} NMR (101MHz, D

2

O, 35OR4-2019): δ/ppm = 88.8 (C1), 86.1 (C4), 72.3 (C3), 70.6

(C5), 63.6 (C6), 45.3 (CH), 41.1 (C2), 23.1 (CH

3

), 19.9 (CH

3

).

13
C{

1
H} NMR (101MHz, DMSO-d6, 35OR8-2019): δ/ppm = 88.3 (C1), 85.3 (C4), 72.0 (C3),

71.4 (C5), 63.1 (C6), 45.0 (CH), 42.0 (C2), 24.2 (CH

3

), 22.4 (CH

3

).

N -(iso-Propyl)-2-deoxy-α-d-lyxo-hexofuranosylamine � D
2

O: 0% � DMSO-d6: 14%

13
C{

1
H} NMR (101MHz, DMSO-d6, 35OR8-2019): δ/ppm = 87.9 (C1), 83.4 (C4), 71.6 (C3),

71.3 (C5), 63.1 (C6), 43.8 (CH), 41.2 (C2), 24.6 (CH

3

), 22.1 (CH

3

).

N -(iso-Propyl)-2-deoxy-lyxo-d-hexosylamine (imine form) � D

2

O: 0% � DMSO-d6: 4%

13
C{

1
H} NMR (101MHz, DMSO-d6, 35OR8-2019): δ/ppm = 161.2 (C1), 72.9 (C5), 69.9 (C3),

68.7 (C4), 63.0 (C6), 60.5 (CH), 40.0 (C2), 24.4 (CH

3

), 22.3 (CH

3

).
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N-(tert-Butyl)-2-deoxy-D-lyxo-hexosylamine (D-lyx-dHex1NtBu)

O

OH

HO

OH

tBuNH2

MeOH
RT, 24 h

OH

O

OH

HO

OH

H
N

O

OH

HO

OH

HN

+

H
N

HO
O

+ HO
HO

2-Deoxy-lyxo-d-hexose (547mg, 3.33mmol, 1.00 eq.) was dried and subsequently suspended in

5mL dry methanol. tert -Butylamine (1.00mL, 700mg, 9.57mmol, 2.87 eq.) was added and the

rea
tion mixture stirred for 24 h at room temperature. The rea
tion mixture was 
on
entrated

by evaporation of the solvent until a syrup-like residue formed. The residue was frozen in liquid

nitrogen, 
rushed and dried in va
uo three times to obtain the produ
t as a 
olorless solid. Due

to the immense hygros
opy of the produ
t no yield was determined.

N -(tert -Butyl)-2-deoxy-β-d-lyxo-hexopyranosylamine � DMSO-d6: 36%

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR5-2019): 83.4 (C1), 76.3 (C5), 69.6 (C4), 67.0 (C3),

61.3 (C6), 50.1 (C), 37.2 (C2), 31.1 (3×CH
3

).

N -(tert -Butyl)-2-deoxy-α-d-lyxo-hexopyranosylamine � DMSO-d6: 15%

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR5-2019): δ/ppm = 80.0 (C1), 69.1 (C5), 68.0 (C4),

65.4 (C3), 61.1 (C6), 50.0 (C), 34.6 (C2), 31.0 (3×CH
3

).

N -(tert -Butyl)-2-deoxy-β-d-lyxo-hexofuranosylamine � DMSO-d6: 25%

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR5-2019): δ/ppm = 86.7 (C1), 85.7 (C4), 72.3 (C3),

71.8 (C5), 63.8 (C6), 50.2 (C), 43.3 (C2), 30.6 (3×CH
3

).

N -(tert -Butyl)-2-deoxy-α-d-lyxo-hexofuranosylamine � DMSO-d6: 15%

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR5-2019): δ/ppm = 87.0 (C1), 83.4 (C4), 71.9 (C3),

71.2 (C5), 63.8 (C6), 50.2 (C), 42.8 (C2), 30.4 (3×CH
3

).

N -(tert -Butyl)-2-deoxy-lyxo-d-hexosylamine (imine form) � DMSO-d6: 9%

13
C{

1
H} NMR (101MHz, DMSO-d6, 37OR5-2019): δ/ppm = 158.6 (C1), 73.4 (C5), 70.3 (C3),

69.3 (C4), 63.5 (C6), 56.8 (C), 40.5 (C2), 30.0 (3×CH
3

).
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5.5.4. Preparation of N-Phenylgly
osylamines

N-Phenyl-D-arabinosylamine (D-Ara1NPh)

O
OH

OH

HO
OH

O
OH

HO
OH

O
HO H

N

NH
OH

OH

+

H
N

OH

HO

O
HO

+

Aniline

MeOH
1. 60 °C, 1.5 h

2. RT, 14 h

 H2SO4 (cat.)

To a solution of aniline (304 µL, 310mg, 3.33mmol, 1.00 eq.) in 2.5mL dry methanol d-arabinose

(500mg, 3.33mmol, 1.00 eq.) and sulfuri
 a
id (0.1n, 30.0 µL) were added. The resulting sus-

pension was stirred for 1.5 h at 60 ◦C and for another 14 h at room temperature. The resulting

solution was 
on
entrated by evaporation of the solvent until it rea
h dryness. The residue was

frozen, 
rushed, washed with 
old methanol (3× 5mL) and dried in va
uo. The produ
t was

obtained as a slight beige powder in yield of 628mg (2.79mmol, 83.7% of theory).

N -Phenyl-α-d-arabinopyranosylamine � D
2

O: 100% � DMSO-d6: 37%

1
H NMR (400MHz, D

2

O, 41OR5-2018): δ/ppm = 7.27 (t, 2H, Hm), 6.90�6.86 (sp, 3H, Ho/Hp),

4.67 (d, 1H, H1,

3J1,2=8.6Hz), 3.91 (m, 1H, H4), 3.84�3.65 (sp, 4H, H2/H3/H5ax/H5eq).

13
C{

1
H} NMR (101MHz, D

2

O, 41OR6-2018): δ/ppm = 146.3 (Ci), 130.3 (Cm), 120.3 (Cp),

115.1 (Co), 86.1 (C1), 73.9 (C3), 70.9 (C2), 69.5 (C4), 67.6 (C5).

13
C{

1
H} NMR (101MHz, DMSO-d6, 40OR8-2018): δ/ppm = 147.0 (Ci), 128.8 (Cm), 117.0

(Cp), 113.7 (Co), 85.3 (C1), 73.4 (C3), 70.2 (C2), 68.0 (C4), 65.6 (C5).

15
N NMR (41MHz, D

2

O, 41OR7-2018): δ/ppm = −302.5.
15
N NMR (41MHz, DMSO-d6, 40OR11-2018): δ/ppm = −298.8 (d,

2J=88.3Hz).

N -Phenyl-β-d-arabinopyranosylamine � D

2

O: 0% � DMSO-d6: 31%

13
C{

1
H} NMR (101MHz, DMSO-d6, 40OR8-2018): δ/ppm = 146.6 (Ci), 128.8 (Cm), 117.4

(Cp), 113.2 (Co), 79.6 (C1), 70.6 (C3), 70.4 (C2), 64.8 (C4), 63.3 (C5).

15
N NMR (41MHz, DMSO-d6, 40OR11-2018): δ/ppm = −304.8 (d,

2J=88.0Hz).

N -Phenyl-α-d-arabinofuranosylamine � D
2

O: 0% � DMSO-d6: 21%

13
C{

1
H} NMR (101MHz, DMSO-d6, 40OR8-2018): δ/ppm = 147.0 (Ci), 128.8 (Cm), 117.2

(Cp), 113.7 (Co), 88.2 (C1), 81.9 (C4), 80.9 (C2), 76.0 (C3), 61.6 (C5).

15
N NMR (41MHz, DMSO-d6, 40OR11-2018): δ/ppm = −295.4 (d,

2J=87.8Hz).

N -Phenyl-β-d-arabinofuranosylamine � D
2

O: 0% � DMSO-d6: 11%

13
C{

1
H} NMR (101MHz, DMSO-d6, 40OR8-2018): δ/ppm = 146.4 (Ci), 128.8 (Cm), 117.4

(Cp), 114.0 (Co), 84.5 (C1), 83.6 (C4), 77.1 (C2), 76.2 (C3), 62.4 (C5).
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15
N NMR (41MHz, DMSO-d6, 40OR11-2018): δ/ppm = −303.6 (d,

2J=88.4Hz).

N-Phenyl-D-lyxosylamine (D-Lyx1NPh)

O
OH

OH

OH

O
HO H

N
NH

OH

HO
+

O
HO

OH

OH

HO

Aniline

MeOH
RT, 24 h

 H2SO4 (cat.)

To a solution of aniline (1.44mL, 1.47mg, 15.8mmol, 1.00 eq.) in 25mL dry methanol d-lyxose

(2.37 g, 15.8mmol) and sulfuri
 a
id (0.1n, 300 µL) were added. The resulting solution was

stirred for 24 h at room temperature, leading to the pre
ipitation of a white solid. The pre
ipi-

tate was �ltered o�, washed with 
old methanol (3× 5mL) and dried in va
uo, yielding 1.55 g

(6.88mmol, 43.7% of theory) of the produ
t as a white powder. In addition, 
olorless 
rystals

were obtained from the �ltrate after storage at 4 ◦C for a few days.

EA: 
al
d.: C 58.66%, H 6.71%, N 6.22%

found: C 58.65%, H 6.69%, N 6.18%

MS (FAB+): 
al
d.: 226.2 ([M+H℄+)

found: 226.0

N -Phenyl-β-d-lyxoopyranosylamine � D
2

O: 58% � DMSO-d6: 55%

1
H NMR (400MHz, D

2

O, 02OR16-2018): δ/ppm = 7.25 (t, 2H, Hm), 6.88�6.85 (sp, 3H, Ho/Hp),

4.96 (d, 1H, H1,

3J1,2=1.3Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 02OR18-2018): δ/ppm = 145.3 (Ci), 130.2 (Cm), 120.6 (Cp),

115.6 (Co), 83.7 (C1), 74.3 (C3), 71.1 (C2), 67.1 (C4), 66.3 (C5).

13
C{

1
H} NMR (101MHz, DMSO-d6, 27OR33-2015): δ/ppm = 146.3 (Ci), 128.8 (Cm), 117.4

(Cp), 113.6 (Co), 82.1 (C1), 73.9 (C3), 69.6 (C2), 67.1 (C4), 65.1 (C5).

15
N NMR (41MHz, D

2

O, 02OR17-2018): δ/ppm = −304.7.
15
N NMR (41MHz, DMSO-d6, 02OR21-2018): δ/ppm = −299.8 (d,

2J=87.8Hz).

N -Phenyl-α-d-lyxoopyranosylamine � D
2

O: 42% � DMSO-d6: 45%

1
H NMR (400MHz, D

2

O, 02OR16-2018): δ/ppm = 7.26 (t, 2H, Hm), 6.88�6.85 (sp, 3H, Ho/Hp),

4.98 (d, 1H, H1,

3J1,2=8.0Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 02OR18-2018): δ/ppm = 146.2 (Ci), 130.1 (Cm), 120.1 (Cp),

115.0 (Co), 82.8 (C1), 71.1 (C3), 69.7 (C4), 68.7 (C2), 65.1 (C5).

13
C{

1
H} NMR (101MHz, DMSO-d6, 27OR33-2015): δ/ppm = 147.3 (Ci), 128.7 (Cm), 116.9

(Cp), 113.21(Co), 82.3 (C1), 71.0 (C3), 69.2 (C4), 68.2 (C2), 64.4 (C5).

15
N NMR (41MHz, D

2

O, 02OR17-2018): δ/ppm = −303.5.
15
N NMR (41MHz, DMSO-d6, 02OR21-2018): δ/ppm = −298.0 (d,

2J=88.5Hz).
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N-Phenyl-D-ribosylamine (D-Rib1NPh)

O

OH
HO

OH

O
HO H

N
NH

OH
OH

+

H
N

OHHO

O
HO

+

O
HO

OH
OH OH

Aniline

MeOH
RT, 24 h

 H2SO4 (cat.)

To a solution of aniline (905 µL, 923mg, 9.91mmol, 1.00 eq.) in 10mL dry methanol d-ribose

(1.49 g, 9.91mmol, 1.00 eq.) and sulfuri
 a
id (0.1n, 100 µL) were added. After stirring for 24 h

at room temperature a white pre
ipitate formed in the rea
tion solution. The pre
ipitate was �l-

tered o�, washed with 
old methanol (2× 5mL) and dried in va
uo, yielding 894mg (3.97mmol,

40.1% of theory) of the produ
t as a white powder. In addition, 
olorless 
rystals were obtained

from the �ltrate after further storage at 4 ◦C for a few days.

EA: 
al
d.: C 58.66%, H 6.71%, N 6.22%

found: C 58.28%, H 6.71%, N 6.19%

MS (FAB+): 
al
d.: 226.2 ([M+H℄+)

found: 226.4

N -Phenyl-β-d-ribopyranosylamine � D
2

O: 100% � DMSO-d6: 37%

1
H NMR (400MHz, D

2

O, 21OR4-2018): δ/ppm = 4.92 (d, H1,

3J1,2=8.9Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 21OR5-2018): δ/ppm = 145.0 (Ci), 129.5 (Cm), 119.4 (Cp),

114.3 (Co), 81.5 (C1), 70.5 (C2), 69.8 (C3), 66.7 (C4), 62.9 (C5).

13
C{

1
H} NMR (101MHz, DMSO-d6, 32OR5-2015): δ/ppm = 146.3 (Ci), 128.8 (Cm), 117.3

(Cp), 114.3 (Co), 81.4 (C1), 70.5 (C2), 70.2 (C2), 67.5 (C4), 63.3 (C5).

15
N NMR (41MHz, D

2

O, 21OR6-2018): δ/ppm = −303.8.
15
N NMR (41MHz, DMSO-d6, 21OR19-2018): δ/ppm = −300.0 (d,

2J=88.6Hz).

N -Phenyl-α-d-ribopyranosylamine � D
2

O: 0% � DMSO-d6: 31%

13
C{

1
H} NMR (101MHz, DMSO-d6, 32OR5-2015): δ/ppm = 147.3 (Ci), 128.7 (Cm), 117.7

(Cp), 113.1 (Co), 81.7 (C1), 70.1 (C2), 69.8 (C3), 67.8 (C4), 62.9 (C5).

15
N NMR (41MHz, DMSO-d6, 21OR19-2018): δ/ppm = −296.9 (d,

2J=86.7Hz).

N -Phenyl-β-d-ribofuranosylamine � D
2

O: 0% � DMSO-d6: 21%

13
C{

1
H} NMR (101MHz, DMSO-d6, 32OR5-2015): δ/ppm = 147.2 (Ci), 128.8 (Cm), 117.1

(Cp), 113.3 (Co), 88.1 (C1), 83.2 (C4), 74.1 (C3), 70.3 (C2), 62.4 (C5).
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N -Phenyl-α-d-ribofuranosylamine � D
2

O: 0% � DMSO-d6: 11%

13
C{

1
H} NMR (101MHz, DMSO-d6, 32OR5-2015): δ/ppm = 146.3 (Ci), 128.8 (Cm), 117.3

(Cp), 113.7 (Co), 83.9 (C1), 81.7 (C4), 70.9 (C3), 70.5 (C2), 62.4 (C5).

N-Phenyl-D-xylosylamine (D-Xyl1NPh)

O
HO

HO
OH OH

O
HO

HO
OH

H
N

Aniline

MeOH

 H2SO4 (cat.)

To a solution of aniline (2.68mL, 2.73 g, 29.4mmol, 1.00 eq.) in 12mL dry methanol d-xylose

(4.41 g, 29.4mmol, 1.00 eq.) and sulfuri
 a
id (0.1n, 0.12mL) were added. The resulting suspen-

sion was stirred for 24 h at room temperature. The formed pre
ipitate was �ltered o�, washed

with 
old methanol (5× 20mL) and dried in va
uo, yielding 3.03 g (13.5mmol, 45.9% of theory)

of the produ
t as a white powder. In addition, 
olorless 
rystals were obtained from the �ltrate

after storage at 4 ◦C for a few days.

EA: 
al
d.: C 58.66%, H 6.71%, N 6.22%

found: C 58.64%, H 6.74%, N 6.17%

MS (FAB+): 
al
d.: 226.3 ([M+H℄+)

found: 226.3

N -Phenyl-β-d-xylopyranosylamine � D
2

O: 92% (RT) 100% (4 ◦C) � DMSO-d6: 100%

1
H NMR (400MHz, D

2

O, 37OR2-2017): δ/ppm = 7.31 (t, 2H, Hm), 6.97�6.81 (m, 3H, Ho/Hp),

4.73 (d, 1H, H1,

3J1,2=8.7Hz), 3.91 (dd, 1H, H5a,

3J4,5a=5.3Hz, 2J5a,5b=−11.4Hz), 3.73�3.61

(m, 1H, H4), 3.55 (t, 1H, H3,

3J3,4=9.0Hz), 3.49�3.34 (sp, 2H, H5b/H2).
13
C{

1
H} NMR (101MHz, D

2

O, 28OR17-2015): δ/ppm = 146.1 (Ci), 130.2 (Cm), 120.3 (Cp),

115.1 (Co), 86.2 (C1), 77.5 (C3), 73.2 (C2), 70.0 (C4), 66.4 (C5).

13
C{

1
H} NMR (101MHz, DMSO-d6, 28OR47-2015): δ/ppm = 147.1 (Ci), 128.7 (Cm), 117.1

(Cp), 113.2 (Co), 85.7 (C1), 77.6 (C3), 72.9 (C2), 69.9 (C4), 66.3 (C5).

15
N NMR (41MHz, D

2

O, 50OR10-2017): δ/ppm = −302.5.
15
N NMR (41MHz, DMSO-d6, 50OR15-2017): δ/ppm = −298.3 (d,

2J=90.1Hz).

N -Phenyl-α-d-xylopyranosylamine � D
2

O: 8% (RT) 0% (4 ◦C) � DMSO-d6: 0%

1
H NMR (400MHz, D

2

O, 28OR16-2015): δ/ppm = 5.24 (d, H1,

3J1,2=4.2Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 28OR17-2015): δ/ppm = 146.0 (Ci), 130.1 (Cm), 120.1 (Cp),

115.0 (Co), 82.1 (C1), 72.6 (C3), 70.8 (C2), 69.7 (C4), 62.3 (C5).

15
N NMR (41MHz, D

2

O, 50OR10-2017): δ/ppm = −310.8.
15
N NMR (41MHz, DMSO-d6, 50OR15-2017): δ/ppm = −298.3 (d,

2J=90.1Hz).
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N-Phenyl-D-glu
osylamine (D-Gl
1NPh)

O
HO

HO
OH OH

MeOH
55 °C, 5 h

OH

O
HO

HO
OH

OH

H
N

Aniline
 H2SO4 (cat.) O

HO
HO

OH

OH

HN

+

To a solution of aniline (224 µL, 226mg, 2.43mmol, 1.00 eq.) in 5mL dry methanol d-glu
ose

(438mg, 2.43mmol, 1.00 eq.) and sulfuri
 a
id (0.1n, 0.05mL) were added. The resulting sus-

pension was stirred for 5 h at 55 ◦C. The 
lear solution was stored for a week at −25 ◦C resulting

in pre
ipitation of the desired produ
t. The 
olorless solid was �ltered o�, washed with 
old

methanol (2× 5mL) and dried in va
uo, yielding 288mg (2.43mmol, 46.4% of theory) of the

produ
t as a white powder.

EA: 
al
d.: C 56.46%, H 6.71%, N 5.49%

found: C 55.78%, H 6.71%, N 5.56%

MS (FAB+): 
al
d.: 256.3 ([M+H℄+)

found: 256.4

N -Phenyl-β-d-glu
opyranosylamine � D
2

O: 86% � DMSO-d6: 72%

1
H NMR (400MHz, D

2

O, 28OR13-2015): δ/ppm = 7.29 (t, 2H, Hm), 6.90�6.87 (m, 3H, Ho/Hp),

4.73 (d, 1H, H1,

3J1,2=8.7Hz), 3.86 (dd, 1H, H6a,

3J5,6a=2.3Hz, 2J6a,6b=−12.4Hz), 3.70 (dd,

1H, H6b,

3J5,6a=5.5Hz), 3.58 (t, 1H, H3,

3J3,4=9.1Hz), 3.52 (dd, 1H, H5), 3.45�3.40 (sp, 2H,

H4, H2).

13
C{

1
H} NMR (101MHz, D

2

O, 28OR14-2015): δ/ppm = 146.3 (Ci), 130.2 (Cm), 120.2 (Cp),

115.0 (Co), 85.5 (C1), 77.5 (C5), 77.1 (C3), 73.3 (C2), 70.4 (C4), 61.4 (C6).

13
C{

1
H} NMR (101MHz, DMSO-d6, 28OR23-2015): 147.3 (Ci), 128.8 (Cm), 117.1 (Cp), 113.2

(Co), 85.1 (C1), 77.7 (C5), 77.3 (C3), 73.1 (C2), 70.3 (C4), 61.0 (C6).

15
N NMR (41MHz, D

2

O, 03OR2-2018): δ/ppm = −302.7.
15
N NMR (41MHz, DMSO-d6, 03OR6-2018): δ/ppm = −298.4 (d,

2J=89.4Hz).

N -Phenyl-α-d-glu
opyranosylamine � D
2

O: 14% � DMSO-d6: 28%

1
H NMR (400MHz, D

2

O, 28OR13-2015): δ/ppm = 5.24 (d, H1,

3J1,2=4.2Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 28OR14-2015): δ/ppm = 146.6 (Ci), 130.1 (Cm), 119.9 (Cp),

114.9 (Co), 82.7 (C1), 73.9 (C3), 71.1 (C2), 71.0 (C5), 70.6 (C4), 61.2 (C6).

13
C{

1
H} NMR (101MHz, DMSO-d6, 28OR23-2015): δ/ppm = 147.7 (Ci), 128.7 (Cm), 117.4

(Cp), 113.7 (Co), 82.7 (C1), 73.5 (C3), 71.3 (C2), 71.2(C5), 70.7 (C4), 61.1 (C6).

15
N NMR (41MHz, D

2

O, 03OR2-2018): δ/ppm = −312.6.
15
N NMR (41MHz, DMSO-d6, 03OR6-2018): δ/ppm = −308.7 (d,

2J=87.8Hz).
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N-Phenyl-L-gulosylamine (L-Gul1NPh)

O
OH

OH

OH

OH

HO

O N
OH

OH

OH

HO
+

O

HN

OH

OH

OH

HO

H
Aniline

MeOH
50 °C, 5 h

 H2SO4 (cat.)

To a solution of aniline (154 µL, 157mg, 1.67mmol, 1.00 eq.) in 5mL dry methanol l-gulose

(301mg, 1.67mmol, 1.00 eq.) and sulfuri
 a
id (0.1n, 25.0 µL) were added. The resulting sus-

pension was stirred for 5 h at 50 ◦C. Sin
e subsequent storage at 4 ◦C led to no pre
ipitation of

the desired produ
t, the rea
tion solution was 
on
entrated in va
uo until it rea
hed dryness.

After repeating this pro
edure three times, the produ
t was obtained as an o�-white powder in

a yield of 320mg (1.25mmol, 75.1% of theory).

N -Phenyl-β-l-gulopyranosylamine � D
2

O: 100% � DMSO-d6: 84%

1
H NMR (400MHz, D

2

O, 13OR1-2018): δ/ppm = 7.25 (dd, 2H, Hm), 6.85�6.82 (m, 3H, Ho/Hp),

5.04 (d, 1H, H1,

3J1,2=9.2Hz), 4.08 (t, 1H, H3), 4.03 (td, 1H, H5), 3.83 (dd, 1H, H4, 3J3,4=3.7Hz,
3J4,5=1.2Hz), 3.80 (sp, 2H, H6/H6'), 3.66 (dd, 1H, H2, 3J2,3=6.2Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 13OR3-2018): δ/ppm = 146.4 (Ci), 130.2 (Cm), 120.0 (Cp),

114.7 (Co), 82.6 (C1), 74.2 (C5), 71.5 (C3), 70.0 (C4), 68.2 (C2), 61.5 (C6).

13
C{

1
H} NMR (101MHz, DMSO-d6, 13OR10-2018): 147.5 (Ci), 128.7 (Cm), 116.7 (Cp), 113.1

(Co), 81.8 (C1), 73.2 (C5), 71.4 (C3), 69.3 (C4), 67.4 (C2), 60.6 (C6).

15
N NMR (41MHz, D

2

O, 13OR2-2018): δ/ppm = −302.2.
15
N NMR (41MHz, DMSO-d6, 13OR8-2018): δ/ppm = −298.2 (d,

2J=88.9Hz).

N -Phenyl-α-l-gulopyranosylamine � D
2

O: 0% � DMSO-d6: 16%

13
C{

1
H} NMR (101MHz, DMSO-d6, 13OR10-2018): δ/ppm = 146.8 (Ci), 128.9 (Cm), 116.9

(Cp), 112.9 (Co), 81.6 (C1), 71.8 (C3), 69.0 (C4), 65.9 (C5), 64.1 (C2), 60.1 (C6).

15
N NMR (41MHz, DMSO-d6, 13OR8-2018): δ/ppm = −306.1 (d,

2J=90.7Hz).

N-Phenyl-D-mannosylamine (D-Man1NPh)

O
HO

HO

OH

OH

O
HO

HO

OH

H
N

OHOH
O

HO
HO

OH

HN

OH

+

Aniline

MeOH
55 °C, 5 h

 H2SO4 (cat.)

To a solution of aniline (1.33mL, 1.36 g, 14.6mmol, 1.00 eq.) in 25mL dry methanol d-mannose

(2.63 g, 14.6mmol, 1.00 eq.) and sulfuri
 a
id (0.1n, 0.1mL) were added. The resulting suspen-
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sion was stirred for 5 h at 55 ◦C. The 
lear solution was stored for a week at 4 ◦C resulting in the


rystallization of the desired produ
t. The 
olorless plate-like 
rystals were �ltered o�, washed

with 
old methanol (3× 5mL) and dried in va
uo, yielding 3.04 g (11.9mmol, 81.5% of theory)

of the produ
t.

EA: 
al
d.: C 56.46%, H 6.71%, N 5.49%

found: C 55.16%, H 6.68%, N 5.46%

MS (FAB+): 
al
d.: 256.3 ([M+H℄+)

found: 256.4

N -Phenyl-β-d-mannopyranosylamine � D
2

O: 100% � DMSO-d6: 74%

1
H NMR (400MHz, D

2

O, 50OR1-2017): δ/ppm = 7.26 (t, 2H, Hm), 6.89�6.87 (m, 3H, Ho/Hp),

4.99 (d, 1H, H1,

3J1,2=1.1Hz), 4.01 (dd, 1H, H2, 3J2,3=3.5Hz), 3.84 (dd, 1H, H6a, 3J5,6a=2.3Hz,
2J6a,6b=−12.3Hz), 3.68 (dd, 1H, H6b,

3J5,6b=6.6Hz), 3.65 (dd, 1H, H3,

3J3,4=9.6Hz), 3.58 (t,

1H, H4,

3J4,5=9.7Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 50OR3-2017): δ/ppm = 145.5 (Ci), 130.2 (Cm), 120.5 (Cp),

115.5 (Co), 83.0 (C1), 77.6 (C5), 74.5 (C3), 71.6 (C2), 67.6 (C4), 61.7 (C6).

13
C{

1
H} NMR (101MHz, DMSO-d6, 50OR17-2017): 147.3 (Ci), 128.8 (Cm), 117.1 (Cp), 113.2

(Co), 85.1 (C1), 77.7 (C5), 77.3 (C3), 73.1 (C2), 70.3 (C4), 61.0 (C6).

15
N NMR (41MHz, D

2

O, 03OR2-2018): δ/ppm = −304.2.
15
N NMR (41MHz, DMSO-d6, 50OR20-2017): δ/ppm = −306.1 (d,

2J=88.5Hz).

N -Phenyl-α-d-mannopyranosylamine � D
2

O: 0% � DMSO-d6: 26%

13
C{

1
H} NMR (101MHz, DMSO-d6, 50OR17-2017): δ/ppm = 147.7 (Ci), 128.7 (Cm), 117.4

(Cp), 113.7 (Co), 82.7 (C1), 73.5 (C3), 71.3 (C2), 71.2 (C5), 70.7 (C4), 61.1 (C6).

15
N NMR (41MHz, DMSO-d6, 50OR20-2017): δ/ppm = −305.9 (d,

2J=88.4Hz).

N-Phenyl-2-deoxy-D-erythro-pentosylamine (D-ery -dPent1NPh)

O
HO H

N

OH

O
HO

OH
OH

Aniline

MeOH
RT, 24 h

 H2SO4 (cat.)

2-Deoxy-d-erythro-pentose (708mg, 5.28mmol, 1.00 eq.) was solved in 5mL dry methanol and

subsequently aniline (492 µL, 492mg, 5.28mmol, 1.00 eq.) and sulfuri
 a
id (0.1n, 0.05mL)

were added. The rea
tion solution was stirred for 24 h at room temperature. The obtained 
lear

solution was stored overnight at 4 ◦C resulting in the pre
ipitation of the desired produ
t. The


olorless solid was �ltered o�, washed with 
old methanol (3× 5mL) and dried in va
uo, yielding

497mg (2.38mmol, 45.0% of theory) of the produ
t.

EA: 
al
d.: C 63.14%, H 7.23%, N 6.69%

found: C 62.97%, H 7.28%, N 6.58%
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MS (FAB+): 
al
d.: 210.3 ([M+H℄+)

found: 210.1

N -Phenyl-2-deoxy-β-d-erythro-pentopyranosylamine
13
C{

1
H} NMR (101MHz, D

2

O, 43OR34-2015): 130.1 (Cm), 120.1 (Cp), 115.4 (Co), 82.3 (C1),

68.6 (C4), 67.4 (C3), 63.4 (C5), 35.6 (C2).

13
C{

1
H} NMR (101MHz, DMSO-d6, 43OR37-2015): 146.5 (Ci), 128.7 (Cm), 117.0 (Cp), 113.3

(Co), 80.0 (C1), 68.0 (C4), 66.8 (C3), 65.8 (C5), 34.7 (C2).

15
N NMR (41MHz, DMSO-d6, 21OR24-2018): δ/ppm = −294.7 (d,

2J=88.5Hz).

N-Phenyl-2-deoxy-D-arabino-hexosylamine (D-ara-dHex1NPh)

O
HO

HO

OH
MeOH

 RT, 72 h

OH

O
HO

HO

OH

H
N

Aniline
 H2SO4 (cat.)

To a solution of aniline (588 µL, 600mg, 6.44mmol, 1.00 eq.) in 40mL dry methanol 2-Deoxy-d-

arabino-hexose (1.06 g, 6.44mmol, 1.00 eq.) and sulfuri
 a
id (0.1n, 0.13mL) were added. The

resulting suspension was stirred for 72 h at room temperature. The 
lear solution was stored for

a week at 4 ◦C resulting in the 
rystallization of the desired produ
t. The brownish plate-like


rystals were �ltered o�, washed with 
old methanol (3× 5mL) and dried in va
uo, yielding

519mg (2.17mmol, 33.7% of theory) of the produ
t.

EA: 
al
d.: C 60.24%, H 7.16%, N 5.85%

found: C 59.97%, H 7.06%, N 5.79%

MS (FAB+): 
al
d.: 240.3 ([M+H℄+)

found: 240.1

N -Methyl-2-deoxy-β-d-arabino-hexopyranosylamine
13
C{

1
H} NMR (101MHz, D

2

O, 44OR13-2015): δ/ppm = 146.3 (Ci), 130.2 (Cm), 120.3 (Cp),

115.2 (Co), 82.0 (C1), 77.3 (C5), 72.0 (C4), 71.8 (C3), 61.7 (C6), 38.7 (C2).

13
C{

1
H} NMR (101MHz, DMSO-d6, 44OR16-2015): 146.7 (Ci), 128.7 (Cm), 116.9 (Cp), 113.2

(Co), 80.1 (C1), 77.5 (C5), 71.7 (C4), 71.6 (C3), 61.1 (C6), 39.0 (C2).

15
N NMR (41MHz, D

2

O, 06OR6-2018): δ/ppm = −298.5.
15
N NMR (41MHz, DMSO-d6, 05OR17-2018): δ/ppm = −294.5 (d,

2J=89.2Hz).

N-Phenyl-2-deoxy-D-lyxo-hexosylamine (D-lyx-dHex1NPh)

O

OH

HO

OH

OH

O

OH

HO

OH

H
N

MeOH
50 °C, 2 h

Aniline
 H2SO4 (cat.)
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2-Deoxy-d-lyxo-hexose (300mg, 1.83mmol, 1.00 eq.) was solved in 5mL dry methanol and sub-

sequently aniline (169 µL, 172mg, 1.83mmol, 1.00 eq.) and sulfuri
 a
id (0.1n, 250 µL) were

added. The rea
tion solution was stirred for 2 h at 50 ◦C. The obtained 
lear solution was re-

du
ed to about one third of it previous volume by evaporation and stored overnight at 4 ◦C,

resulting in the 
rystallization of the desired produ
t. The 
olorless blo
k-like 
rystals were �l-

tered o�, washed with 
old methanol (3× 5mL) and dried in va
uo, yielding 185mg (1.83mmol,

42.3% of theory) of the produ
t.

N -Methyl-2-deoxy-β-d-lyxo-hexopyranosylamine
13
C{

1
H} NMR (101MHz, D

2

O, 12OR15-2018): δ/ppm = 146.0 (Ci), 130.1 (Cm), 120.1 (Cp),

115.1 (Co), 82.2 (C1), 76.2 (C5), 69.2 (C4), 67.5 (C3), 61.9 (C6), 33.7 (C2).

13
C{

1
H} NMR (101MHz, DMSO-d6, 11OR22-2018): 146.0 (Ci), 128.7 (Cm), 116.8 (Cp), 113.2

(Co), 80.4 (C1), 75.8 (C5), 68.8 (C4), 66.8 (C3), 60.8 (C6), 34.5 (C2).

15
N NMR (41MHz, D

2

O, 12OR14-2018): δ/ppm = −297.6.
15
N NMR (41MHz, DMSO-d6, 11OR20-2018): δ/ppm = −294.2 (d,

2J=89.0Hz).

5.6. Preparation of Complexes with Palladium(II)

General rea
tion pro
edure: Unless not spe
i�
ally noted otherwise, a 0.45m solution of

the palladium(II) reagent [Pd(en)(OD)

2

℄ in deuterium oxide was treated with iodi
 a
id. Sub-

sequently the gly
osylamine was added and the solution stirred for 3 h at 4 ◦C. All steps were

performed in an atmosphere of argon to avoid the uptake of 
arbon dioxide. Sin
e the NMR-

spe
tros
opi
 investigations fo
us on the shifts of the hydrogen and 
arbon atoms of the 
ar-

bohydrate ligands, all NMR signals deriving from the Pd-en fragment are not expli
itly listed

in the following 
hapters. In all 
ases the peaks for the ethylene moiety of the ethylenediamine

are lo
ated around 2.5 ppm in the

1
H NMR spe
tra and around 46 ppm in the

13
C{

1
H} NMR

spe
tra.

5.6.1. Complexes featuring N-Alkyl-D-arabinosylamines

N-Methyl-D-arabinosylamine and Pd-en

d-Ara1NMe Pd-en HIO

3

Pd-en 
helate %

1:1:1 110mg 1.50mL 119mg 1C4-α-d-Arap1NMe2H−1-κ
2N1

,O2
100

675µmol 675µmol 675µmol

1:2:1 55.1mg 1.50mL 59.4mg 1C4-α-d-Arap1NMe2,3,4H−3-κ
2N1

,O2
:κ2O3,4

73

338µmol 675µmol 338µmol 1C4-α-d-Arap1NMe2H−3-κ
2N1

,O2
19

2 n. i. spe
ies 8

1:2:2 110mg 1.50mL 119mg 1C4-α-d-Arap1NMe2H−1-κ
2N1

,O2
100

675µmol 675µmol 675µmol

[Pd(en)(

1C4-α-d-Arap1NMe2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 45OR4-2018): δ/ppm = 3.89 (dd, 1H, H5a,

3J4,5a=1.8Hz,
2J5a,5b=−13.1Hz), 3.72 (ddd, 1H, H4), 3.61 (d, 1H, H1,

3J1,2=8.7Hz), 3.57 (dd, 1H, H5b,
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J4,5b=0.8Hz), 3.50 (dd, 1H, H3,

3J2,3=9.7Hz, 3J3,4=3.5Hz), 3.34 (dd, 1H, H2), 2.49 (s, 3H,

CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 45OR5-2018): δ/ppm = 94.8 (C1), 77.2 (C2), 75.3 (C3),

70.5 (C5), 69.0 (C4), 36.7 (CH

3

).

[{Pd(en)}2(
1C4-α-d-Arap1NMe2,3,4H−3-κ

2N1
,O2

:2κ2O3,4
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 45OR11-2018): δ/ppm = 94.7 (C1), 85.1 (C3), 80.9 (C2),

79.2 (C4), 69.6 (C5), 37.0 (CH

3

).

N-Ethyl-D-arabinosylamine and Pd-en

d-Ara1NEt Pd-en HIO

3

Pd-en 
helate %

1:1:1 120mg 1.50mL 119mg 1C4-α-d-Arap1NEt2H−1-κ
2N1

,O2
82

675µmol 675µmol 675µmol d-Araa1NEt2H−1-κ
2N1

,O2
10

d-arabinose 8

1:2:1 59.8mg 1.50mL 59.4mg 1C4-α-d-Arap1NEt2,3,4H−3-κ
2N1

,O2
:κ2O3,4

66

338µmol 675µmol 338µmol 1C4-α-d-Arap1NEt2H−1-κ
2N1

,O2
21

1 n. i. spe
ies 9

d-Araa1NEt2H−1-κ
2N1

,O2
4

[Pd(en)(

1C4-α-d-Arap1NEt2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 45OR13-2018): δ/ppm = 3.87 (dd, 1H, H5a,

3J4,5a=1.8Hz,
2J5a,5b=−13.0Hz), 3.72 (d, 1H, H4, 3J3,4=3.4Hz), 3.65 (d, 1H, H1, 3J1,2=8.9Hz), 3.59 (dd, 1H,

H5b,

3J4,5b=1.3Hz), 3.49 (dd, 1H, H3,

3J2,3=9.6Hz), 3.49 (dd, 1H, H2), 2.88 (dq, 1H, CH

2

),

2.52 (dq, 1H, CH

2

), 1.36 (t, 3H, CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 45OR14-2018): δ/ppm = 89.9 (C1), 77.0 (C2), 75.4 (C3),

70.5 (C5), 69.0 (C4), 42.2 (CH

2

), 12.9 (CH

3

).

[Pd(en)(d-Araa1NEt2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 45OR13-2018): δ/ppm = 7.92 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 45OR14-2018): δ/ppm = 186.1 (C1), 85.8 (C2), 71.7 (C3),

71.5 (C4), 63.5 (C5), 55.6 (CH

2

), 15.1 (CH

3

).

[{Pd(en)}2(
1C4-α-d-Arap1NEt2,3,4H−3-κ

2N1
,O2

:2κ2O3,4
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 45OR17-2018): δ/ppm = 89.6 (C1), 85.2 (C3), 80.7 (C2),

79.1 (C4), 69.6 (C5), 42.2 (CH

2

), 12.9 (CH

3

).

171



5. Experimental Se
tion

N-Propyl-D-arabinosylamine and Pd-en

d-Ara1NPr Pd-en HIO

3

Pd-en 
helate %

1:1:1 129mg 1.50mL 119mg 1C4-α-d-Arap1NPr2H−1-κ
2N1

,O2
75

675µmol 675µmol 675µmol d-Araa1NPr2H−1-κ
2N1

,O2
10

d-arabinose 8

1 n. i. spe
ies 7

1:2:1 64.5mg 1.50mL 59.4mg 1C4-α-d-Arap1NPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4

64

338µmol 675µmol 338µmol 1 n. i. spe
ies 18

1C4-α-d-Arap1NPr2H−1-κ
2N1

,O2
12

d-Araa1NPr2H−1-κ
2N1

,O2
6

[Pd(en)(

1C4-α-d-Arap1NPr2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 41OR13-2018): δ/ppm = 3.86 (dd, 1H, H5a,

3J4,5a=1.8Hz,
2J5a,5b=−13.1Hz), 3.72 (d, 1H, H4, 3J3,4=3.6Hz), 3.65 (d, 1H, H1, 3J1,2=8.8Hz), 3.57 (dd, 1H,

H5b,

3J4,5b=1.3Hz), 3.48 (dd, 1H, H3, 3J2,3=9.7Hz), 3.37 (dd, 1H, H2), 2.76 (dt, 1H, NH�CH

2

),

2.45 (dt, 1H, NH�CH

2

), 1.84�1.78 (m, 1H, CH

2

), 0.91 (t, 3H, CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 41OR14-2018): δ/ppm = 91.1 (C1), 77.1 (C2), 75.4 (C3),

70.5 (C5), 69.0 (C4), 49.9 (NH�CH

2

), 21.6 (CH

2

), 11.4 (CH

3

).

[Pd(en)(d-Araa1NPr2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 41OR13-2018): δ/ppm = 7.91 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 41OR14-2018): δ/ppm = 187.2 (C1), 85.7 (C2), 71.7 (C3),

71.4 (C4), 63.4 (C5), 62.7 (NH�CH

2

), 22.9 (CH

3

), 11.6 (CH

3

).

[{Pd(en)}2(α-d-Arap1NPr2,3,4H−3-1κN
1
,κO2

:2κ2O3,4
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 41OR16-2018): δ/ppm = 90.8 (C1), 85.2 (C3), 80.9 (C2),

79.2 (C4), 69.6 (C5), 50.0 (NH�CH

2

), 21.6 (CH

2

), 11.4 (CH

3

).

N-(iso-Propyl)-D-arabinosylamine and Pd-en

d-Ara1NiPr Pd-en HIO

3

Pd-en 
helate %

1:1:1 129mg 1.50mL 119mg 1C4-α-d-Arap1NiPr2H−1-κ
2N1

,O2
76

675µmol 675µmol 675µmol 1 n. i. spe
ies 14

d-Araa1NiPr2H−1-κ
2N1

,O2
10

1:2:1 64.5mg 1.50mL 59.4mg 1C4-α-d-Arap1NiPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4

52

338µmol 675µmol 338µmol 1 n. i. spe
ies 24

d-Araa1NiPr2H−1-κ
2N1

,O2
15

1C4-α-d-Arap1NiPr2H−1-κ
2N1

,O2
9

[Pd(en)(

1C4-α-d-Arap1NiPr2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 41OR17-2018): δ/ppm = 3.85 (dd, 1H, H5a,

3J4,5a=1.8Hz,
2J5a,5b=−13.1Hz), 3.71 (d, 1H, H4, 3J3,4=2.8Hz), 3.64 (d, 1H, H1, 3J1,2=8.5Hz), 3.58 (dd, 1H,

H5b,

3J4,5b=1.3Hz), 3.44 (dd, 1H, H3, 3J2,3=9.7Hz), 3.37 (dd, 1H, H2), 3.06 (m, 1H, CH), 1.32
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(t, 3H, CH

3

), 1.24 (t, 3H, CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 41OR18-2018): δ/ppm = 90.8 (C1), 77.4 (C2), 75.5 (C3),

70.5 (C5), 68.9 (C4), 50.9 (CH), 22.5 (CH

3

), 21.0 (CH

3

).

[Pd(en)(d-Araa1NiPr2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 41OR17-2018): δ/ppm = 7.97 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 41OR14-2018): δ/ppm = 183.3 (C1), 86.1 (C2), 71.8 (C3),

71.6 (C4), 63.5 (C5), 60.0 (CH), 22.3 (CH

3

), 21.1 (CH

3

).

[{Pd(en)}2(α-d-Arap1NiPr2,3,4H−3-κ
2N1

,O2
:2κ2O3,4

)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 41OR20-2018): δ/ppm = 90.9 (C1), 85.4 (C3), 81.0 (C2),

79.2 (C4), 69.7 (C5), 50.6 (CH), 22.3 (CH

3

), 21.1 (CH

3

).

5.6.2. Complexes featuring N-Alkyl-D-lyxosylamines

N-Methyl-D-lyxosylamine and Pd-en

d-Lyx1NMe Pd-en HIO

3

spe
ies %

1:1:1 110mg 1.50mL 119mg 1C4-α-d-Lyxp1NMe2H−1-κ
2N1

,O2
36

675µmol 675µmol 675µmol d-Lyxa1NMe2H−1-κ
2N1

,O2
28

β-d-Lyxp1NMe2H−1-κ
2N1

,O2
17

d-Lyx1NMe 15

1 n. i. spe
ies 4

1:2:1 55.1mg 1.50mL 59.4mg 2 n. i. spe
ies 41

338µmol 675µmol 338µmol d-Lyxa1NMe2,3,4H−3-κ
2N1

,O2
:κ2O3,4

33

1C4-α-d-Lyxp1NMe2H−1-κ
2N1

,O2
26

[Pd(en)(

1C4-α-d-Lyxp1NMe2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 20OR7-2016): δ/ppm = 3.97 (t, 1H, H3,

3J3,4=3.7Hz), 3.91 (d,

1H, H1,

3J1,2=9.4Hz), 3.59 (dd, H4), 3.40 (dd, 1H, H2, 3J2,3=3.1Hz), 2.48 (s, 3H, CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 20OR8-2016): δ/ppm = 91.0 (C1), 75.3 (C2), 72.3 (C3),

69.6 (C4), 67.9 (C5), 36.8 (CH

3

).

[Pd(en)(d-Lyxa1NMe2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 20OR7-2016): δ/ppm = 8.09 (s, H1), 4.56 (m, H2), 3.32 (s,

CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 20OR8-2016): δ/ppm = 187.8 (C1), 86.5 (C2), 74.6 (C3),

71.2 (C4), 63.3 (C5), 48.8 (CH

3

).

[Pd(en)(

1C4-β-d-Lyxp1NMe2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 20OR7-2016): δ/ppm = 4.42 (d, H1,

3J1,2=5.1Hz), 2.38 (s,

CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 20OR8-2016): δ/ppm = 93.0 (C1), 78.8 (C2), 72.6 (C3),

68.7 (C4), 61.0 (C5), 37.0 (CH

3

).
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[{Pd(en)}2(d-Lyxa1NMe2,3,4H−3-κ
2N1

,O2
:2κ2O3,4

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 20OR10-2016): δ/ppm = 8.11 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 20OR11-2016): δ/ppm = 189.6 (C1), 88.9 (C2), 87.5 (C3),

83.4 (C4), 64.6 (C5), 48.7 (CH

3

).

N-Ethyl-D-lyxosylamine and Pd-en

d-Lyx1NEt Pd-en HIO

3

spe
ies %

1:1:1 120mg 1.50mL 119mg 1C4-α-d-Lyxp1NEt2H−1-κ
2N1

,O2
28

675µmol 675µmol 675µmol d-lyxose 28

d-Lyxa1NEt2H−1-κ
2N1

,O2
16

β-d-Lyxp1NMe2H−1-κ
2N1

,O2
15

1 n. i. spe
ies 13

1:2:1 59.8mg 1.50mL 59.4mg d-Lyxa1NEt2,3,4H−3-κ
2N1

,O2
:κ2O3,4

58

338µmol 675µmol 338µmol d-Lyxa1NEt2H−1-κ
2N1

,O2
24

1C4-α-d-Lyxp1NEt2H−1-κ
2N1

,O2
18

[Pd(en)(

1C4-α-d-Lyxp1NEt2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 20OR13-2016): δ/ppm = 3.97 (d, 1H, H1,

3J1,2=9.4Hz), 3.45

(dd, 1H, H2,

3J2,3=3.1Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 20OR14-2016): δ/ppm = 86.2 (C1), 75.3 (C2), 72.4 (C3),

69.6 (C4), 67.9 (C5), 42.4 (CH

2

), 13.0 (CH

3

).

[Pd(en)(d-Lyxa1NEt2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 20OR13-2016): δ/ppm = 8.07 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 20OR14-2016): δ/ppm = 186.3 (C1), 86.5 (C2), 74.6 (C3),

71.2 (C4), 63.3 (C5), 55.7 (CH

2

), 15.1 (CH

3

).

[Pd(en)(

1C4-β-d-Lyxp1NEt2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 20OR13-2016): δ/ppm = 4.49 (d, H1,

3J1,2=4.6Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 20OR14-2016): δ/ppm = 89.2 (C1), 79.1 (C2), 71.5 (C3),

68.4 (C4), 62.0 (C5), 42.8 (CH

2

), 12.7 (CH

3

).

[{Pd(en)}2(d-Lyxa1NEt2,3,4H−3-κ
2N1

,O2
:2κ2O3,4

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 33OR17-2017): δ/ppm = 8.13 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 33OR18-2017): δ/ppm = 187.9 (C1), 88.9 (C2), 87.6 (C3),

83.5 (C4), 64.6 (C5), 55.8 (CH

2

), 15.2 (CH

3

).
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N-Propyl-D-lyxosylamine and Pd-en

d-Lyx1NPr Pd-en HIO

3

spe
ies %

1:1:1 129mg 1.50mL 119mg d-Lyxa1NPr2H−1-κ
2N1

,O2
78

675µmol 675µmol 675µmol 1C4-α-d-Lyxp1NPr2H−1-κ
2N1

,O2
10

l β-d-Lyxp1NPr2H−1-κ
2N1

,O2
8

d-Lyxa1NPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4

4

1:2:1 64.5mg 1.50mL 59.4mg d-Lyxa1NPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4

50

338µmol 675µmol 338µmol 3 n. i. spe
ies 50

[Pd(en)(d-Lyxa1NPr2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 22OR69-2016): δ/ppm = 8.08 (d, 1H, H1,

3J1,2=1.2Hz), 4.63

(dd, 1H, H2,

3J2,3=6.3Hz), 3.82 (ddd, 1H, H4), 3.76 (dd, 1H, H3,

3J3,4=2.2Hz), 3.65 (m, 2H,

H5a/H5b), 2.66 (t, 2H, NH�CH

2

), 1.60 (m, 2H, CH

2

), 0.88 (t, 3H, NH�CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 22OR70-2016): δ/ppm = 187.3 (C1), 86.3 (C2), 74.7 (C3),

71.2 (C4), 63.3 (C5), 62.7 (NH�CH

2

), 22.8 (CH

2

), 10.7 (CH

3

).

[Pd(en)(

1C4-α-d-Lyxp1NPr2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 22OR69-2016): δ/ppm = 4.01 (d, 1H, H1,

3J1,2=9.3Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 22OR70-2016): δ/ppm = 87.4 (C1), 75.3 (C2), 72.4 (C3),

69.6 (C4), 67.9 (C5), 50.1 (NH�CH

2

), 21.3 (CH

2

), 11.1 (CH

3

).

[Pd(en)(

1C4-β-d-Lyxp1NPr2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 22OR69-2016): δ/ppm = 4.49 (d, 1H, H1,

3J1,2=4.3Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 22OR70-2016): δ/ppm = 91.0 (C1), 79.1 (C2), 72.6 (C3),

68.3 (C4), 67.5 (C5), 50.3 (NH�CH

2

), 21.7 (CH

2

), 11.4 (CH

3

).

[{Pd(en)}2(d-Lyxa1NPr2,3,4H−3-κ
2N1

,O2
:2κ2O3,4

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 23OR1-2016): δ/ppm = 8.11 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 23OR2-2016): δ/ppm = 188.8 (C1), 89.0 (C2), 87.4 (C3),

83.3 (C4), 64.6 (C5), 62.8 (NH�CH

2

), 23.1 (CH

2

), 10.8 (CH

3

).

N-(iso-Propyl)-D-lyxosylamine and Pd-en

d-Lyx1NiPr Pd-en HIO

3

spe
ies %

1:1:1 129mg 1.50mL 119mg d-Lyxa1NiPr2H−1-κ
2N1

,O2
64

675µmol 675µmol 675µmol 1C4-α-d-Lyxp1NiPr2H−1-κ
2N1

,O2
36

1:2:1 64.5mg 1.50mL 59.4mg d-Lyxa1NiPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4

100

338µmol 675µmol 338µmol

[Pd(en)(d-Lyxa1NiPr2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 20OR1-2016): δ/ppm = 8.08 (s, 1H, H1), 4.56 (d, 1H, H2,

3J2,3=6.2Hz), 1.20 (t, 6H, 2×CH
3

).
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13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 20OR2-2016): δ/ppm = 183.5 (C1), 86.7 (C2), 74.7 (C3),

71.2 (C4), 63.3 (C5), 60.1 (CH), 22.2 (CH

3

), 21.7 (CH

3

).

[Pd(en)(

1C4-α-d-Lyxp1NiPr2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 22OR69-2016): δ/ppm = 3.99 (d, 1H, H1,

3J1,2=9.6Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 22OR70-2016): δ/ppm = 86.8 (C1), 75.5 (C2), 72.5 (C3),

69.6 (C4), 67.9 (C5), 50.8 (CH), 22.5 (CH

3

), 21.2 (CH

3

).

[{Pd(en)}2(d-Lyxa1NiPr2,3,4H−3-κ
2N1

,O2
:2κ2O3,4

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 23OR4-2016): δ/ppm = 8.18 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 23OR5-2016): δ/ppm = 184.9 (C1), 88.5 (C2), 88.2 (C3),

83.6 (C4), 64.7 (C5), 60.4 (CH), 22.5 (CH

3

), 21.7 (CH

3

).

N-(tert-Butyl)-D-lyxosylamine and Pd-en

d-Lyx1NtBu Pd-en HIO

3

spe
ies %

1:1:1 139mg 1.50mL 119mg d-lyxose 74

675µmol 675µmol 675µmol d-Lyxa1NtBu2H−1-κ
2N1

,O2
36

1 n. i. spe
ies 9

1:2:1 69.5mg 1.50mL 59.4mg d-Lyxa1NtBu2,3,4H−3-κ
2N1

,O2
:κ2O3,4

73

338µmol 675µmol 338µmol d-Lyxa1NtBu2H−1-κ
2N1

,O2
27

[Pd(en)(d-Lyxa1NtBu2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 17OR7-2019): δ/ppm = 8.01 (d, 1H, H1), 4.49 (d, 1H, H2,

3J1,2=1.3Hz, 3J2,3=6.1Hz), 3.82 (d, 1H, H4), 3.77 (m, 1H, H3), 3.65 (m, 2H, H5a/H5b), 1.31

(s, 9H, 3×CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 17OR8-2019): δ/ppm = 181.8 (C1), 85.9 (C2), 75.2 (C3),

71.1 (C4), 63.3 (C5), 63.1 (Cq), 19.8 (CH3

), 29.1 (3×CH
3

).

[{Pd(en)}2(d-Lyxa1NtBu2,3,4H−3-κ
2N1

,O2
:2κ2O3,4

)℄

+

1
HNMR (400MHz, D

2

O, 4 ◦C, 17OR10-2019): δ/ppm = 8.07 (s, H1, J1,2=1.5Hz), 4.37 3J2,3=6.1Hz.
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 17OR10-2019): δ/ppm = 183.0 (C1), 89.0 (C2), 87.4 (C3),

84.0 (C4), 64.5 (C5), 63.2 (Cq), 29.2 (3×CH3

).
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5.6.3. Complexes featuring N-Alkyl-D-ribosylamines

N-Methyl-D-ribosylamine and Pd-en

d-Rib1NMe Pd-en HIO

3

Pd-en 
helate %

1:1:1 110mg 1.50mL 119mg 4C1-β-d-Ribp1NMe2H−1-κ
2N1

,O2
58

675µmol 675µmol 675µmol 4C1-α-d-Ribp1NMe2H−1-κ
2N1

,O2
25

d-Riba1NMe2H−1-κ
2N1

,O2
13

2 n. i. spe
ies 4

1:2:1 55.1mg 1.50mL 59.4mg 4C1-β-d-Ribp1NMe2,3,4H−3-κ
2N1

,O2
:κ2O3,4

50

338µmol 675µmol 338µmol α-d-Ribp1NMe2,3,4H−3-κ
2N1

,O2
:κ2O3,4

31

d-Riba1NMe2,3,4H−3-κ
2N1

,O2
:κ2O3,4

8

d-Riba1NMe2,4,5H−3-κ
2N1

,O2
:κ2O4,5

6

1 n. i. spe
ies 5

[Pd(en)(

4C1-β-d-Ribp1NMe2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 35OR7-2018): 4.04 (d, 1H, H1,

3J1,2=9.1Hz), 3.99 (t, 1H, H3,

3J2,3=2.9Hz, 3J3,4=2.9Hz), 3.94 (dd, 1H, H4), 3.77�3.72 (m, 1H, H5eq), 3.65-3.58 (m, 1H,

H5ax), 3.26 (dd, 1H, H2), 2.45 (s, 3H, CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 35OR8-2018): δ/ppm = 90.8 (C1), 78.1 (C2), 72.1 (C3),

66.9 (C5), 64.8 (C4), 36.9 (CH

3

).

[Pd(en)(α-d-Ribp1NMe2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 35OR8-2018): δ/ppm = 4.12 (d, H1,

3J1,2=2.5Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 45OR5-2018): δ/ppm = 92.1 (C1), 73.3 (C2), 70.9 (C3),

66.6 (C4), 59.1 (C5), 36.8 (CH

3

).

[Pd(en)(d-Riba1NMe2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 35OR8-2018): δ/ppm = 7.99 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 35OR8-2018): δ/ppm = 186.4 (C1), 86.7 (C2), 74.4 (C3),

72.7 (C4), 63.4 (C5), 48.7 (CH

3

).

[{Pd(en)}2(
4C1-β-d-Ribp1NMe2,3,4H−3-κ

2N1
,O2

:2κ2O3,4
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 36OR2-2018): δ/ppm = 91.2 (C1), 83.2 (C3), 77.9 (C2),

76.9 (C4), 67.6 (C5), 36.8 (CH

3

).

[{Pd(en)}2(α-d-Ribp1NMe2,3,4H−3-κ
2N1

,O2
:2κ2O3,4

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 36OR1-2018): δ/ppm = 8.11 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 36OR2-2018): δ/ppm = 91.2 (C1), 81.8 (C2), 75.8 (C3),

71.0 (C4), 60.4 (C5), 35.8 (CH

3

).

[{Pd(en)}2(d-Riba1NMe2,3,4H−3-κ
2N1

,O2
:2κ2O3,4

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 36OR1-2018): δ/ppm = 7.94 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 36OR2-2018): δ/ppm = 189.5 (C1), 87.7 (C2), 85.6 (C3),

82.6 (C4), 62.6 (C5), 48.8 (CH

3

).
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[{Pd(en)}2(d-Riba1NMe2,4,5H−3-κ
2N1

,O2
:2κ2O4,5

)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 36OR2-2018): δ/ppm = 185.8 (C1), 86.1 (C2), 82.1 (C4),

77.1 (C3), 73.5 (C5), 48.8 (CH

3

).

N-Ethyl-D-ribosylamine and Pd-en

d-Rib1NEt Pd-en HIO

3

Pd-en 
helate %

1:1:1 120mg 1.50mL 119mg 4C1-β-d-Ribp1NEt2H−1-κ
2N1

,O2
88

675µmol 675µmol 675µmol d-Riba1NEt2H−1-κ
2N1

,O2
12

1:2:1 59.8mg 1.50mL 59.4mg 4C1-β-d-Ribp1NEt2,3,4H−3-κ
2N1

,O2
:κ2O3,4

58

338µmol 675µmol 338µmol d-Riba1NEt2,3,4H−3-κ
2N1

,O2
:κ2O3,4

17

d-Riba1NEt2,4,5H−3-κ
2N1

,O2
:κ2O4,5

17

α-d-Ribp1NEt2,3,4H−3-κ
2N1

,O2
:κ2O3,4

16

[Pd(en)(

4C1-β-d-Ribp1NEt2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 28OR1-2018): δ/ppm = 4.14 (d, 1H, H1,

3J1,2=9.1Hz), 4.00 (t,

1H, H3,

3J2,3=2.8Hz, 3J3,4=2.8Hz), 3.76�3.71 (m, 1H, H5eq), 3.63 (dd, 1H, H5ax, 3J4,5ax=5.2Hz,
2J5ax,5eq=−11.5Hz), 3.52�3.46 (m, 1H, H4), 3.33-3.30 (sp, 1H, H2), 2.81 (dq, 1H, CH

2

) 2.49 (dq,

1H, CH

2

), 1.34 (t, 3H, CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 28OR2-2018): δ/ppm = 86.1 (C1), 78.0 (C2), 72.2 (C3),

66.9 (C5), 64.8 (C4), 42.4 (CH

2

), 13.0 (CH

3

).

[Pd(en)(d-Riba1NEt2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 28OR1-2018): δ/ppm = 7.99 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 28OR2-2018): δ/ppm = 184.9 (C1), 86.8 (C2), 74.2 (C3),

72.5 (C4), 63.4 (C5), 55.6 (CH

2

), 15.0 (CH

3

).

[{Pd(en)}2(
4C1-β-d-Ribp1NEt2,3,4H−3-κ

2N1
,O2

:2κ2O3,4
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 28OR5-2018): δ/ppm = 86.2 (C1), 83.2 (C3), 77.7 (C2),

77.0 (C4), 67.7 (C5), 42.4 (CH

2

), 13.0 (CH

3

).

[{Pd(en)}2(d-Riba1NEt2,3,4H−3-κ
2N1

,O2
:2κ2O3,4

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 28OR4-2018): δ/ppm = 8.12 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 28OR5-2018): δ/ppm = 187.8 (C1), 87.6 (C2), 85.7 (C3),

82.7 (C4), 62.6 (C5), 55.9 (CH

2

), 15.3 (CH

3

).

[{Pd(en)}2(d-Riba1NEt2,4,5H−3-κ
2N1

,O2
:2κ2O4,5

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 28OR4-2018): δ/ppm = 7.95 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 28OR5-2018): δ/ppm = 184.3 (C1), 86.1 (C2), 82.2 (C4),

77.0 (C3), 73.5 (C5), 55.9 (CH

2

), 12.4 (CH

3

).

[{Pd(en)}2(α-d-Ribp1NEt2,3,4H−3-κ
2N1

,O2
:2κ2O3,4

)℄

+
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13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 28OR5-2018): δ/ppm = 86.0 (C1), 81.6 (C2), 75.9 (C3),

70.9 (C4), 60.6 (C5), 40.7 (CH

2

), 12.0 (CH

3

).

N-Propyl-D-ribosylamine and Pd-en

d-Rib1NPr Pd-en HIO

3

Pd-en 
helate %

1:1:1 129mg 1.50mL 119mg 4C1-β-d-Ribp1NPr2H−1-κ
2N1

,O2
58

675µmol 675µmol 675µmol d-Riba1NPr2H−1-κ
2N1

,O2
26

1 n. i. spe
ies 16

1:2:1 64.5mg 1.50mL 59.4mg 4C1-β-d-Ribp1NPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4

25

338µmol 675µmol 338µmol d-Riba1NPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4

23

d-Riba1NPr2,4,5H−3-κ
2N1

,O2
:κ2O4,5

22

1 n. i. spe
ies 20

α-d-Ribp1NPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4

10

[Pd(en)(

4C1-α-d-Ribp1NPr2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 38OR30-2018): δ/ppm = 4.12 (d, 1H, H1,

3J1,2=9.4Hz), 4.01 (t,

1H, H3,

3J2,3=2.8Hz, 3J3,4=2.8Hz), 3.77�3.71 (m, 1H, H5eq), 3.65�3.60 (m, 1H, H5ax), 3.52�

3.46 (m, 1H, H4), 3.33-3.30 (sp, 1H, H2), 2.76 (dt, 1H, NH�CH

2

), 2.45 (dt, 1H, NH�CH

2

),

1.84�1.78 (m, 1H, CH

2

), 0.91 (t, 3H, CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 38OR31-2018): δ/ppm = 87.3 (C1), 78.1 (C2), 72.2 (C3),

66.9 (C4), 64.8 (C5), 50.2 (NH�CH

2

), 21.7 (CH

2

), 11.4 (CH

3

).

[Pd(en)(d-Riba1NPr2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 38OR30-2018): δ/ppm = 7.98 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 38OR31-2018): δ/ppm = 185.8 (C1), 86.6 (C2), 74.4 (C3),

72.8 (C4), 63.4 (C5), 62.7 (NH�CH

2

), 22.9 (CH

3

), 10.8 (CH

3

).

[{Pd(en)}2(
4C1-β-d-Ribp1NPr2,3,4H−3-κ

2N1
,O2

:2κ2O3,4
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 28OR5-2018): δ/ppm = 91.2 (C1), 83.2 (C3), 77.8 (C2),

76.9 (C4), 67.6 (C5), 50.2 (NH�CH

2

), 21.7 (CH

2

), 11.4 (CH

3

).

[{Pd(en)}2(d-Riba1NPr2,3,4H−3-κ
2N1

,O2
:2κ2O3,4

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 28OR4-2018): δ/ppm = 8.09 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 28OR5-2018): δ/ppm = 188.7 (C1), 87.6 (C2), 85.6 (C3),

82.7 (C4), 62.8 (NH�CH

2

), 62.5 (C5), 23.0 (CH

2

), 10.8 (CH

3

).

[{Pd(en)}2(d-Riba1NPr2,4,5H−3-κ
2N1

,O2
:2κ2O4,5

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 28OR4-2018): δ/ppm = 7.92 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 28OR5-2018): δ/ppm = 185.2 (C1), 86.0 (C2), 82.3 (C4),

77.0 (C3), 73.5 (C5), 62.9 (NH�CH

2

), 23.0 (CH

2

), 10.7 (CH

3

).

[{Pd(en)}2(α-d-Ribp1NPr2,3,4H−3-κ
2N1

,O2
:2κ2O3,4

)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 28OR5-2018): δ/ppm = 87.3 (C1), 81.6 (C2), 75.8 (C3),
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70.8 (C4), 60.7 (C5), 48.4 (NH�CH

2

), 20.8 (CH

2

), 11.6 (CH

3

).

N-(iso-Propyl)-D-ribosylamine and Pd-en

d-Rib1NiPr Pd-en HIO

3

Pd-en 
helate %

1:1:1 129mg 1.50mL 119mg 4C1-β-d-Ribp1NiPr2H−1-κ
2N1

,O2
71

675µmol 675µmol 675µmol d-Riba1NiPr2H−1-κ
2N1

,O2
29

1:2:1 64.5mg 1.50mL 59.4mg 4C1-β-d-Ribp1NiPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4

37

338µmol 675µmol 338µmol d-Riba1NiPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4

27

d-Riba1NiPr2,4,5H−3-κ
2N1

,O2
:κ2O4,5

27

α-d-Ribp1NiPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4

5

1 n. i. spe
ies 4

[Pd(en)(

4C1-α-d-Ribp1NiPr2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 28OR7-2018): δ/ppm = 4.13 (d, 1H, H1,

3J1,2=9.4Hz), 4.00 (d,

1H, H3,

3J3,4=2.8Hz), 3.86�3.81 (m, 1H, H5eq), 3.74 (dd, 1H, H5ax), 3.62 (dd, 1H, H4), 3.38

(dd, 1H, H2,

3J2,3=2.8Hz), 3.00 (m, 1H, CH), 1.30 (d, 3H, CH
3

), 1.24 (d, 3H, CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 28OR8-2018): δ/ppm = 86.6 (C1), 78.3 (C2), 72.3 (C3),

66.8 (C4), 64.8 (C5), 50.9 (CH), 22.4 (CH

3

), 21.1 (CH

3

).

[Pd(en)(d-Riba1NiPr2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 28OR7-2018): δ/ppm = 7.98 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 28OR8-2018): δ/ppm = 182.0 (C1), 87.2 (C2), 74.1 (C3),

72.2 (C4), 63.4 (C5), 60.0 (CH), 22.2 (CH

3

), 21.5 (CH

3

).

[{Pd(en)}2(
4C1-β-d-Ribp1NiPr2,3,4H−3-κ

2N1
,O2

:2κ2O3,4
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 28OR11-2018): δ/ppm = 86.9 (C1), 83.4 (C3), 78.0 (C2),

76.9 (C4), 67.7 (C5), 50.9 (CH), 22.5 (CH

3

), 21.1 (CH

3

).

[{Pd(en)}2(d-Riba1NiPr2,3,4H−3-κ
2N1

,O2
:2κ2O3,4

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 28OR10-2018): δ/ppm = 8.14 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 28OR11-2018): δ/ppm = 184.4 (C1), 87.3 (C2), 86.1 (C3),

82.7 (C4), 62.6 (C5), 60.4 (CH), 22.3 (CH

3

), 21.7 (CH

3

).

[{Pd(en)}2(d-Riba1NiPr2,4,5H−3-κ
2N1

,O2
:2κ2O4,5

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 28OR10-2018): δ/ppm = 7.95 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 28OR11-2018): δ/ppm = 181.3 (C1), 86.2 (C2), 82.4 (C4),

77.0 (C3), 73.5 (C5), 60.5 (CH), 22.5 (CH

3

), 21.9 (CH

3

).

[{Pd(en)}2(α-d-Ribp1NiPr2,3,4H−3-κ
2N1

,O2
:2κ2O3,4

)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 28OR11-2018): δ/ppm = 86.7 (C1), 81.6 (C2), 75.9 (C3),

71.7 (C4), 60.4 (C5), 48.9 (CH), 21.6 (CH

3

), 20.9 (CH

3

).
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5. Experimental Se
tion

N-(tert-Butyl)-D-ribosylamine and Pd-en

d-Rib1NtBu Pd-en HIO

3

spe
ies %

1:1:1 139mg 1.50mL 119mg d-Riba1NtBu2H−1-κ
2N1

,O2
60

675µmol 675µmol 675µmol 1 n. i. spe
ies 26

4C1-β-d-Ribp1NtBu2H−1-κ
2N1

,O2
14

1:2:1 69.5mg 1.50mL 59.4mg d-Riba1NtBu2,3,4H−1-κ
2N1

,O2
32

338µmol 675µmol 338µmol d-Riba1NtBu2,4,5H−3-κ
2N1

,O2
:κ2O4,5

24

d-Riba1NtBu2,3,4H−3-κ
2N1

,O2
:κ2O3,4

22

2 n. i. spe
ies 22

[Pd(en)(d-Riba1NtBu2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 38OR1-2018): δ/ppm = 7.90 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 38OR2-2018): δ/ppm = 180.3 (C1), 86.7 (C2), 74.1 (C3),

72.2 (C4), 63.5 (C5), 63.0 (C

q

), 27.5 (3×CH
3

).

[Pd(en)(

4C1-α-d-Ribp1NiPr2H−1-κ
2N1

,O2
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 38OR2-2018): δ/ppm = 94.4 (C1), 82.6 (C2), 71.6 (C3),

67.7 (C4), 63.6 (C5), 57.1 (C

q

), 27.5 (3×CH
3

).

[{Pd(en)}2(d-Riba1NtBu2,3,4H−3-κ
2N1

,O2
:2κ2O3,4

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 38OR4-2018): δ/ppm = 8.03 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 38OR5-2018): δ/ppm = 182.7 (C1), 87.6 (C2), 85.5 (C3),

82.7 (C4), 63.0 (C

q

), 62.6 (C5), 29.3 (3×CH
3

).

[{Pd(en)}2(d-Riba1NtBu2,4,5H−3-κ
2N1

,O2
:2κ2O4,5

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 38OR4-2018): δ/ppm = 7.79 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 38OR5-2018): δ/ppm = 179.5 (C1), 86.7 (C2), 82.5 (C4),

76.9 (C3), 73.5 (C5), 63.4 (C

q

), 29.1 (3×CH
3

).

5.6.4. Complexes featuring N-Alkyl-D-xylosylamines

N-Methyl-D-xylosylamine and Pd-en

d-Xyl1NMe Pd-en HIO

3

Pd-en 
helate %

1:1:1 110mg 1.50mL 119mg 4C1-β-d-Xylp1NMe2H−1-κ
2N1

,O2
85

675µmol 675µmol 675µmol d-Xyla1NMe2H−1-κ
2N1

,O2
4

α-d-Xylp1NMe2H−1-κ
2N1

,O2
3

1 n. i. spe
ies 8

1:1.5:1 73.4mg 1.50mL 79.2mg 4C1-β-d-Xylp1NMe2,3,4H−3-κ
2N1

,O2
:κ2O3,4

47

450µmol 675µmol 450µmol 4C1-β-d-Xylp1NMe2H−1-κ
2N1

,O2
40

d-Xyla1NMe2,3,4H−3-κ
2N1

,O2
:κ2O3,4

13

1:2:1 55.1mg 1.50mL 59.4mg 4C1-β-d-Xylp1NMe2,3,4H−3-κ
2N1

,O2
:κ2O3,4

68

338µmol 675µmol 338µmol d-Xyla1NMe2,3,4H−3-κ
2N1

,O2
:κ2O3,4

24

4C1-β-d-Xylp1NMe2H−1-κ
2N1

,O2
8
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5. Experimental Se
tion

After overlaying the aqueous rea
tion mixture 
ontaining all rea
tants in equimolar amounts

with a
etone and storing it at 4 ◦C for one week, 
olorless 
rystals of 8IO

3

-tetrahydrate were

obtained that were suitable for stru
ture analysis via single-
rystal X-ray di�ra
tion.

[Pd(en)(

4C1-β-d-Xylp1NMe2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 33OR15-2017): δ/ppm = 3.90 (dd, 1H, H5a,

3J4,5a=5.4Hz,
2J5a,5b=−11.5Hz), 3.81 (d, 1H, H1,

3J1,2=8.9Hz), 3.61 (dd, H4), 3.50 (sp, H3), 3.26 (t, 1H,

H5b,

3J4,5b=10.6Hz), 3.16 (t, 1H, H2, 3J2,3=9.1Hz), 2.46 (s, 3H, CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 33OR16-2017): δ/ppm = 94.9 (C1), 80.2 (C2), 78.0 (C3),

69.8 (C4), 68.6 (C5), 36.8 (CH

3

).

[Pd(en)(d-Xyla1NMe2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 33OR15-2017): δ/ppm = 7.94 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 33OR16-2017): δ/ppm = 187.4 (C1), 87.3 (C2), 72.7 (C3),

71.1 (C4), 63.3 (C5), 48.6 (CH

3

).

[Pd(en)(α-d-Xylp1NMe2,3,4H−3-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 33OR15-2017): 3.81 (d, 1H, H1, 3J1,2=5.5Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 33OR16-2017): δ/ppm = 93.4 (C1), 76.7 (C2), 73.4 (C3),

69.1 (C4), 63.5 (C5), 37.0 (CH

3

).

[{Pd(en)}2(
4C1-β-d-Xylp1NMe2,3,4H−3-κ2N1

,O2
:2κ2O3,4

)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 33OR18-2017): δ/ppm = 95.4 (C1), 88.3 (C3), 82.1 (C2),

79.7 (C4), 68.2 (C5), 37.2 (CH

3

).

[{Pd(en)}2(d-Xyla1NMe2,3,4H−3-κ
2N1

,O2
:2κ2O3,4

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 33OR17-2017): δ/ppm = 8.91 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 33OR18-2017): δ/ppm = 187.9 (C1), 88.2 (C2), 85.2 (C3),

79.9 (C4), 65.6 (C5), 48.7 (CH

3

).
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5. Experimental Se
tion

N-Ethyl-D-xylosylamine and Pd-en

d-Xyl1NEt Pd-en HIO

3

Pd-en 
helate %

1:1:1 120mg 1.50mL 119mg 4C1-β-d-Xylp1NEt2H−1-κ
2N1

,O2
98

675 µmol 675 µmol 675 µmol d-Xyla1NEt2H−1-κ
2N1

,O2
2

1:1.5:1 79.7mg 1.50mL 79.2mg 4C1-β-d-Xylp1NEt2H−1-κ
2N1

,O2
58

450 µmol 450 µmol 450 µmol 4C1-β-d-Xylp1NEt2,3,4H−3-κ
2N1

,O2
:κ2O3,4

27

d-Xyla1NEt2,3,4H−3-κ
2N1

,O2
:κ2O3,4

9

d-Xyla1NEt2H−1-κ
2N1

,O2
6

1:2:1 59.8mg 1.50mL 59.4mg 4C1-β-d-Xylp1NEt2H−1-κ
2N1

,O2
48

338 µmol 675 µmol 338 µmol 4C1-β-d-Xylp1NEt2,3,4H−3-κ
2N1

,O2
:κ2O3,4

31

d-Xyla1NEt2,3,4H−3-κ
2N1

,O2
:κ2O3,4

12

d-Xyla1NEt2H−1-κ
2N1

,O2
4

1 n. i. spe
ies 5

[Pd(en)(

4C1-β-d-Xylp1NEt2H−1-κ
2N1

,O2
)℄

+

1
HNMR (400MHz, D

2

O, 4 ◦C, 33OR4-2017): 3.89�3.84 (sp, 1H, H5a) 3.85 (d, 1H, H1, 3J1,2=7.8Hz),

3.50 (td, 1H, H4), 3.29�3.22 (m, 3H, H3/H5b/H2), 2.83 (dd, 1H, CH

2

) 2.49 (dd, 1H, CH

2

), 1.35

(t, 3H, CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 33OR5-2017): δ/ppm = 90.2 (C1), 80.0 (C2), 78.0 (C3),

69.7 (C4), 68.6 (C5), 42.3 (CH

2

), 12.9 (CH

3

).

[Pd(en)(d-Xyla1NEt2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 33OR7-2017): δ/ppm = 7.96 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 33OR8-2017): δ/ppm = 185.9 (C1), 87.4 (C2), 72.8 (C3),

71.0 (C4), 63.3 (C5), 55.5 (CH

2

), 14.8 (CH

3

).

[{Pd(en)}2(
4C1-β-d-Xylp1NEt2,3,4H−3-κ

2N1
,O2

:2κ2O3,4
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 33OR8-2017): δ/ppm = 90.6 (C1), 88.4 (C3), 81.9 (C2),

79.7 (C4), 68.2 (C5), 42.5 (CH

2

), 12.8 (CH

3

).

[{Pd(en)}2(d-Xyla1NEt2,3,4H−3-κ
2N1

,O2
:2κ2O3,4

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 33OR7-2017): δ/ppm = 8.91 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 33OR8-2017): δ/ppm = 186.1 (C1), 88.3 (C2), 85.2 (C3),

79.9 (C4), 65.6 (C5), 55.5 (CH

2

), 14.9 (CH

3

).
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tion

N-Propyl-D-xylosylamine and Pd-en

d-Xyl1NPr Pd-en HIO

3

Pd-en 
helate %

1:1:1 129mg 1.50mL 119mg 4C1-β-d-Xylp1NPr2H−1-κ
2N1

,O2
76

675µmol 675µmol 675µmol d-Xyla1NPr2H−1-κ
2N1

,O2
24

1:2:1 64.5mg 1.50mL 59.4mg d-Xyla1NPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4

50

338µmol 675µmol 338µmol 4C1-β-d-Xylp1NPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4

35

n. i. spe
ies 15

[Pd(en)(

4C1-β-d-Xylp1NPr2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 12OR1-2016): 3.85 (d, 1H, H1, 3J1,2=8.2Hz), 3.62 (dd, 1H, H5a,
3J4,5a=5.5Hz), 3.48 (dd, 1H, H4), 3.30�3.11 (m, 3H, H3/H5b/H2), 2.65�2.61 (sp, 2H, NH�CH

2

)

1.82�1.73 (q, 2H, CH

2

), 0.90 (t, 3H, CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 12OR2-2016): δ/ppm = 91.4 (C1), 80.1 (C2), 78.0 (C3),

69.7 (C4), 68.6 (C5), 50.0 (NH�CH

2

), 21.6 (CH

2

), 11.4 (CH

3

).

[{Pd(en)}2(d-Xyla1NPr2,3,4H−3-κ
2N1

,O2
:2κ2O3,4

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 12OR1-2016): δ/ppm = 7.94 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 12OR2-2016): δ/ppm = 186.7 (C1), 87.3 (C2), 72.5 (C3),

71.4 (C4), 63.2 (C5), 62.6 (NH�CH

2

), 22.8 (CH

2

), 10.8 (CH

3

).

[Pd(en)(d-Xyla1NPr2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 12OR4-2016): δ/ppm = 8.83 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 12OR5-2016): δ/ppm = 187.1 (C1), 88.2 (C2), 85.4 (C3),

80.1 (C4), 66.5 (C5), 62.8 (NH�CH

2

), 23.1 (CH

2

), 11.0 (CH

3

).

[{Pd(en)}2(
4C1-β-d-Xylp1NPr2,3,4H−3-κ

2N1
,O2

:2κ2O3,4
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 12OR5-2016): δ/ppm = 91.8 (C1), 88.4 (C3), 82.0 (C2),

79.7 (C4), 68.2 (C5), 50.2 (NH�CH

2

), 21.5 (CH

2

), 11.3 (CH

3

).

N-(iso-Propyl)-D-xylosylamine and Pd-en

d-Xyl1NiPr Pd-en HIO

3

Pd-en 
helate %

1:1:1 129mg 1.50mL 119mg 4C1-β-d-Xylp1NiPr2H−1-κ
2N1

,O2
78

675µmol 675µmol 675µmol d-Xyla1NiPr2H−1-κ
2N1

,O2
14

4C1-α-d-Xylp1NiPr2H−1-κ
2N1

,O2
8

1:2:1 64.5mg 1.50mL 59.4mg 4C1-β-d-Xylp1NiPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4

60

338µmol 675µmol 338µmol d-Xyla1NiPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4

29

1 n. i. spe
ies 11

[Pd(en)(

4C1-β-d-Xylp1NiPr2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 32OR10-2017): 3.85 (d, H1, 3J1,2=8.7Hz), 3.84 (sp, H5a), 3.54�

3.38 (m, H4), 3.30�3.16 (sp, H3/H5b), 3.09�2.97 (m, H2), 2.68�2.52 (m, CH), 1.30 (d, 2×CH
3

).
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5. Experimental Se
tion

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 32OR11-2017): δ/ppm = 90.9 (C1), 80.3 (C2), 78.1 (C3),

69.7 (C4), 68.5 (C5), 50.9 (CH), 22.4 (CH

3

), 21.0 (CH

3

).

[Pd(en)(d-Xyla1NiPr2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 32OR10-2017): δ/ppm = 7.99 (s, H1), 1.24 (d, 2×CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 32OR11-2017): δ/ppm = 183.2 (C1), 87.7 (C2), 72.9 (C3),

70.9 (C4), 63.3 (C5), 59.7 (CH), 22.1 (CH

3

), 21.4 (CH

3

).

[Pd(en)(α-d-Xylp1NiPr2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 32OR10-2017): 4.66 (d, H1, 3J1,2=4.4Hz), 1.18 (d, 2×CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 32OR11-2017): δ/ppm = 88.9 (C1), 78.2 (C2), 75.3 (C3),

69.1 (C4), 64.0 (C5), 52.3 (CH), 22.3 (CH

3

), 21.1 (CH

3

).

[{Pd(en)}2(
4C1-β-d-Xylp1NiPr2,3,4H−3-κ

2N1
,O2

:2κ2O3,4
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 32OR14-2017): δ/ppm = 91.6 (C1), 88.4 (C3), 82.2 (C2),

79.7 (C4), 68.2 (C5), 50.9 (CH), 22.3 (CH

3

), 20.8 (CH

3

).

[{Pd(en)}2(d-Xyla1NiPr2,3,4H−3-κ
2N1

,O2
:2κ2O3,4

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 32OR13-2017): δ/ppm = 8.94 (s, H1), 1.16 (d, 2×CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 32OR14-2017): δ/ppm = 183.3 (C1), 88.5 (C2), 85.4 (C3),

80.0 (C4), 65.6 (C5), 59.5 (CH), 22.8 (CH

3

), 21.2 (CH

3

).

N-(tert-Butyl)-D-xylosylamine and Pd-en

d-Xyl1NtBu Pd-en HIO

3

Pd-en 
helate %

1:1:1 139mg 1.50mL 119mg d-Xyla1NtBu2H−1-κ
2N1

,O2
49

675µmol 675µmol 675µmol 4C1-β-d-Xylp1NtBu2,3,4H−3-κ
2N1

,O2
:κ2O3,4

20

d-Xyla1NtBu2,3,4H−3-κ
2N1

,O2
:κ2O3,4

18

4C1-β-d-Xylp1NtBu2H−1-κ
2N1

,O2
11

1:2:1 69.5mg 1.50mL 59.4mg d-Xyla1NtBu2,3,4H−3-κ
2N1

,O2
:κ2O3,4

75

338µmol 675µmol 338µmol n. i. spe
ies 25

[Pd(en)(d-Xyla1NtBu2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 32OR16-2017): δ/ppm = 7.90 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 32OR17-2017): δ/ppm = 181.3 (C1), 87.2 (C2), 72.8 (C3),

71.1 (C4), 63.2 (C5), 62.9 (Cq), 29.0 (CH3

).

[{Pd(en)}2(
4C1-β-d-Xylp1NtBu2,3,4H−3-κ

2N1
,O2

:2κ2O3,4
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 32OR17-2017): δ/ppm = 97.3 (C1), 89.4 (C3), 82.8 (C2),

78.5 (C4), 68.4 (C5), 58.8 (Cq), 29.2 (CH3

).

[{Pd(en)}2(d-Xyla1NtBu2,3,4H−3-κ
2N1

,O2
:2κ2O3,4

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 32OR16-2017): δ/ppm = 8.72 (s, H1).
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5. Experimental Se
tion

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 32OR17-2017): δ/ppm = 181.9 (C1), 88.0 (C2), 85.5 (C3),

80.3 (C4), 65.4 (C5), 61.1 (Cq), 28.6 (CH3

).

[Pd(en)(

4C1-β-d-Xylp1NtBu2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 32OR10-2017): 4.06 (d, H1, 3J1,2=12.9Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 32OR17-2017): δ/ppm = 91.6 (C1), 81.0 (C2), 78.2 (C3),

69.8 (C4), 68.6 (C5), 57.0 (Cq), 29.9 (CH3

).

5.6.5. Complexes featuring N-Alkyl-D-gala
tosylamines

N-Methyl-D-gala
tosylamine and Pd-en

d-Gal1NMe Pd-en HIO

3

Pd-en 
helate %

1:1:1 110mg 1.50mL 119mg β-d-Galp1NMe2H−1-κ
2N1

,O2
98

675µmol 675µmol 675µmol d-Gala1NMe2H−1-κ
2N1

,O2
2

1:2:1 55.1mg 1.50mL 59.4mg β-d-Galp1NMe2,3,4H−3-κ
2N1

,O2
:κ2O3,4

92

338µmol 675µmol 338µmol 2 n. i. spe
ies 8

[Pd(en)(

4C1-β-d-Galp1NMe2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 11OR1-2016): δ/ppm = 3.72 (m, 4H, H1/H4/H6/H6'), 3.63 (m,

1H, H5), 3.48 (dd, 1H, H3,

3J2,3=9.8Hz, 3J3,4=3.5Hz), 3.35 (dd, 1H, H2), 2.52 (s, 3H, CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 11OR2-2016): δ/ppm = 94.5 (C1), 79.3 (C5), 77.3 (C2),

75.3 (C3), 69.3 (C4), 61.6 (C6), 36.9 (CH

3

).

[Pd(en)(d-Gala1NMe2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 11OR1-2016): 7.94 (d, H1).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 11OR2-2016): δ/ppm = 187.9 (C1), 85.6 (C2), 70.8 (C3),

70.7 (C5), 70.2 (C4), 63.7 (C6), 48.6 (CH

3

).

[{Pd(en)}2(
4C1-β-d-Galp1NMe2,3,4H−3-κ

2N1
,O2

:2κ2O3,4
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 11OR5-2016): δ/ppm = 94.6 (C1), 85.3 (C3), 81.1 (C2),

79.8 (C4), 78.5 (C5), 62.5 (C6), 37.1 (CH

3

).

N-Ethyl-D-gala
tosylamine and Pd-en

d-Gal1NEt Pd-en HIO

3

Pd-en 
helate %

1:1:1 140mg 1.50mL 119mg β-d-Galp1NEt2H−1-κ
2N1

,O2
95

675µmol 675µmol 675µmol d-Gala1NEt2H−1-κ
2N1

,O2
5

1:2:1 69.9mg 1.50mL 59.4mg β-d-Galp1NEt2,3,4H−3-κ
2N1

,O2
:κ2O3,4

92

338µmol 675µmol 338µmol 2 n. i. spe
ies 8

[Pd(en)(

4C1-β-d-Galp1NEt2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 18OR7-2016): δ/ppm = 3.73 (m, 4H, H1/H4/H6/H6'), 3.63 (m,

1H, H5), 3.47 (dd, 1H, H3,

3J2,3=9.7Hz, 3J3,4=3.4Hz), 3.35 (dd, 1H, H2), 2.96 (m, 1H, CH

2

),
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2.50 (m, 1H, CH

2

), 1.37 (t, 3H, CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 18OR8-2016): δ/ppm = 89.6 (C1), 79.3 (C5), 77.2 (C2),

75.4 (C3), 69.3 (C4), 61.5 (C6), 42.2 (CH

2

), 13.0 (CH

3

).

[Pd(en)(d-Gala1NEt2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 21OR31-2016): δ/ppm = 7.96 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 18OR8-2016): δ/ppm = 186.3 (C1), 85.7 (C2), 70.8 (C3),

70.7 (C5), 70.2 (C4), 63.7 (C6), 55.6 (CH

2

), 15.1 (CH

3

).

[{Pd(en)}2(
4C1-β-d-Galp1NEt2,3,4H−3-κ

2N1
,O2

:2κ2O3,4
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 18OR11-2016): δ/ppm = 89.5 (C1), 85.9 (C3), 80.9 (C2),

79.8 (C4), 78.5 (C5), 62.5 (C6), 42.2 (CH

2

), 13.0 (CH

3

).

N-Propyl-D-gala
tosylamine and Pd-en

d-Gal1NPr Pd-en HIO

3

Pd-en 
helate %

1:1:1 149mg 1.50mL 119mg β-d-Galp1NPr2H−1-κ
2N1

,O2
76

675µmol 675µmol 675µmol 1 n. i. spe
ies 9

d-Gala1NPr2H−1-κ
2N1

,O2
8

β-d-Galp1NPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4

7

1:2:1 74.7mg 1.50mL 59.4mg β-d-Galp1NPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4

94

338µmol 675µmol 338µmol 2 n. i. spe
ies 6

[Pd(en)(

4C1-β-d-Galp1NPr2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 23OR4-2016): δ/ppm = 3.72 (m, 4H, H1/H4/H6/H6'), 3.61

(m, 1H, H5), 3.46 (dd, 1H, H3,

3J2,3=9.7Hz, 3J3,4=3.4Hz), 3.38 (dd, 1H, H2), 2.82 (m, 1H,

NH CH

2

), 2.45 (m, 1H, NH CH

2

), 1.82 (m, 2H, CH

2

), 0.92 (t, 3H, CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 23OR5-2016): δ/ppm = 90.8 (C1), 79.2 (C5), 77.3 (C2),

75.4 (C3), 69.2 (C4), 61.4 (C6), 49.9 (NH�CH

2

), 21.7 (CH

2

), 11.4 (CH

3

).

[Pd(en)(d-Gala1NPr2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 23OR4-2016): δ/ppm = 7.92 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 23OR5-2016): δ/ppm = 187.4 (C1), 85.8 (C2), 70.7 (C3),

70.6 (C5), 70.2 (C4), 63.7 (C6), 62.6 (NH�CH

2

), 22.9 (CH

2

), 11.5 (CH

3

).

[{Pd(en)}2(
4C1-β-d-Galp1NPr2,3,4H−3-κ

2N1
,O2

:2κ2O3,4
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 23OR8-2016): δ/ppm = 90.7 (C1), 85.9 (C3), 81.1 (C2),

79.7 (C4), 78.5 (C5), 62.4 (C6), 49.9 (NH�CH

2

), 21.8 (CH

2

), 11.5 (CH

3

).
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N-(iso-Propyl)-D-gala
tosylamine and Pd-en

d-Gal1NiPr Pd-en HIO

3

Pd-en 
helate %

1:1:1 149mg 1.50mL 119mg β-d-Galp1NiPr2H−1-κ
2N1

,O2
81

675µmol 675µmol 675µmol d-Gala1NiPr2H−1-κ
2N1

,O2
7

d-Gala
tose 7

1 n. i. spe
ies 5

1:2:1 74.7mg 1.50mL 59.4mg β-d-Galp1NiPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4

64

338µmol 675µmol 338µmol 4C1-β-d-Galp1NiPr2H−1-κ
2N1

,O2
17

d-Gala1NiPr2H−1-κ
2N1

,O2
11

1 n. i. spe
ies 8

[Pd(en)(

4C1-β-d-Galp1NiPr2H−1-κ
2N1

,O2
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 38OR8-2016): δ/ppm = 90.4 (C1), 79.3 (C5), 77.5 (C2),

75.5 (C3), 69.1 (C4), 61.4 (C6), 50.8 (CH), 22.5 (CH

3

), 21.0 (CH

3

).

[Pd(en)(d-Gala1NiPr2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 38OR7-2016): δ/ppm = 7.99 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 38OR8-2016): δ/ppm = 183.5 (C1), 86.0 (C2), 70.9 (C3),

70.8 (C5), 70.2 (C4), 63.7 (C6), 60.0 (CH), 24.5 (CH

3

), 21.2 (CH

3

).

[{Pd(en)}2(
4C1-β-d-Galp1NiPr2,3,4H−3-κ

2N1
,O2

:2κ2O3,4
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 38OR11-2016): δ/ppm = 90.6 (C1), 86.0 (C3), 81.2 (C2),

79.7 (C4), 78.6 (C5), 62.4 (C6), 50.6 (CH

2

), 22.4 (CH

3

), 21.2 (CH

3

).

N-(tert-Butyl)-D-gala
tosylamine and Pd-en

d-Gal1NtBu Pd-en HIO

3

Pd-en 
helate %

1:1:1 159mg 1.50mL 119mg β-d-Galp1NtBu2H−1-κ
2N1

,O2
58

675µmol 675µmol 675µmol d-Gala1NtBu2H−1-κ
2N1

,O2
24

3 n. i. spe
ies 18

1:2:1 79.4mg 1.50mL 59.4mg β-d-Galp1NtBu2,3,4H−3-κ
2N1

,O2
:κ2O3,4

70

338µmol 675µmol 338µmol d-Gala1NtBu2H−1-κ
2N1

,O2
20

β-d-Galp1NtBu2H−1-κ
2N1

,O2
10

[Pd(en)(

4C1-β-d-Galp1NtBu2H−1-κ
2N1

,O2
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 38OR25-2019): δ/ppm = 91.2 (C1), 79.4 (C5), 78.3 (C2),

75.5 (C3), 69.0 (C4), 61.4 (C6), 58.8 (C), 30.0 (3×CH
3

).

[Pd(en)(d-Gala1NtBu2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 38OR24-2019): δ/ppm = 7.89 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 38OR25-2019): δ/ppm = 181.5 (C1), 85.6 (C2), 71.2 (C3),

70.8 (C5), 70.2 (C4), 63.7 (C6), 62.9 (C), 29.1 (3×CH
3

).
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[{Pd(en)}2(
4C1-β-d-Galp1NtBu2,3,4H−3-κ

2N1
,O2

:2κ2O3,4
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 38OR28-2019): δ/ppm = 91.1 (C1), 86.2 (C3), 82.0 (C2),

79.6 (C4), 78.6 (C5), 62.3 (C6), 58.7 (CH

2

), 30.0 (3×CH
3

).

5.6.6. Complexes featuring N-Alkyl-D-glu
osylamines

N-Methyl-D-glu
osylamine and Pd-en

d-Gl
1NMe Pd-en HIO

3

Pd-en 
helate %

1:1:1 110mg 1.50mL 119mg β-d-Gl
p1NMe2H−1-κ
2N1

,O2
84

675µmol 675µmol 675µmol α-d-Gl
p1NMe2H−1-κ
2N1

,O2
12

1 n. i. spe
ies 4

1:2:1 55.1mg 1.50mL 59.4mg β-d-Gl
p1NMe2,3,4H−3-κ
2N1

,O2
:κ2O3,4

72

338µmol 675µmol 338µmol 2 n. i. spe
ies 16

β-d-Gl
p1NMe2H−1-κ
2N1

,O2
12

[Pd(en)(

4C1-β-d-Gl
p1NMe2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 21OR25-2016): δ/ppm = 3.87 (d, 1H, H1,

3J1,2=9.1Hz), 3.85�

3.76 (m, 1H, H6a), 3.68 (dd, 1H, H6b,

3J5,6b=5.4Hz, 2J6a,6b=−12.2Hz), 3.39 (dd, 1H, H5), 3.34-

3.27 (sp, H3/H4), 3.16 (t, 1H, H2,

3J2,3=9.1Hz), 2.49 (s, 3H, CH

3

).

13
C{

1
H} NMR (101MHz,

D

2

O, 4 ◦C, 08OR5-2016): δ/ppm = 94.1 (C1), 80.2 (C2), 79.0 (C3), 77.9 (C5), 69.8 (C4), 61.1

(C6), 36.8 (CH

3

).

[Pd(en)(

4C1-α-d-Gl
p1NMe2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 21OR25-2017): 4.61 (d, H1, 3J1,2=5.8Hz), 2.40 (s, 3H, CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 08OR5-2016): δ/ppm = 93.1 (C1), 76.6 (C2), 74.0 (C3),

69.6 (C5), 69.3 (C4), 61.4 (C6), 36.6 (CH

3

).

[{Pd(en)}2(
4C1-β-d-Gl
p1NMe2,3,4H−3-κ

2N1
,O2

:2κ2O3,4
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 21OR29-2016): δ/ppm = 95.0 (C1), 88.3 (C3), 82.2 (C2),

80.1 (C4), 79.2 (C5), 61.6 (C6), 37.2 (CH

3

).

N-Ethyl-D-glu
osylamine and Pd-en

d-Gl
1NEt Pd-en HIO

3

Pd-en 
helate %

1:1:1 140mg 1.50mL 119mg β-d-Gl
p1NEt2H−1-κ
2N1

,O2
76

675µmol 675µmol 675µmol d-Gl
1NEt 10

2 n. i. spe
ies 10

d-Gl
a1NEt2H−1-κ
2N1

,O2
4

1:2:1 69.9mg 1.50mL 59.4mg β-d-Gl
p1NEt2,3,4H−3-κ
2N1

,O2
:κ2O3,4

54

338µmol 675µmol 338µmol β-d-Gl
p1NEt2H−1-κ
2N1

,O2
32

1 n. i. spe
ies 8

d-Gl
a1NEt2,3,4H−3-κ
2N1

,O2
:κ2O3,4

6
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[Pd(en)(

4C1-β-d-Gl
p1NEt2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 21OR31-2016): δ/ppm = 3.93 (d, 1H, H1,

3J1,2=9.4Hz), 3.84

(dd, 1H, H6a,

3J5,6a=2.3Hz), 3.70 (dd, 1H, H6b, 3J5,6b=5.2Hz, 2J6a,6b=−12.4Hz), 3.42 (m, 1H,

H3), 3.39�3.29 (sp, 2H, H4/H5), 3.24 (t, 1H, H2,

3J2,3=8.9Hz), 2.92 (dd, 1H, CH

2

), 2.66 (dd,

1H, CH

2

), 1.38 (t, 3H, CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 21OR32-2016): δ/ppm = 89.5 (C1), 80.2 (C2), 79.0 (C3),

77.9 (C5), 69.9 (C4), 61.1 (C6), 42.4 (CH

2

), 13.0 (CH

3

).

[Pd(en)(d-Gl
a1NEt2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 21OR31-2016): δ/ppm = 7.98 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 21OR32-2016): δ/ppm = 186.0 (C1), 88.0 (C2), 71.9 (C3),

71.4 (C5), 69.3 (C4), 63.5 (C6), 55.3 (CH

2

), 14.6 (CH

3

).

[{Pd(en)}2(
4C1-β-d-Gl
p1NEt2,3,4H−3-κ

2N1
,O2

:2κ2O3,4
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 21OR35-2016): δ/ppm = 90.2 (C1), 88.4 (C3), 82.0 (C2),

80.0 (C4), 79.3 (C5), 61.5 (C6), 42.5 (CH

2

), 12.8 (CH

3

).

[{Pd(en)}2(d-Gl
a1NEt2,3,4H−3-κ
2N1

,O2
:2κ2O3,4

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 21OR34-2016): δ/ppm = 9.18 (s, H1).

13
C{

1
H} NMR (101MHz,

D

2

O, 4 ◦C, 21OR35-2016): δ/ppm = 186.4 (C1), 88.7 (C2), 85.4 (C3), 80.7 (C4), 73.5 (C5), 65.2

(C6), 55.3 (CH

2

), 14.8 (CH

3

).

N-Propyl-D-glu
osylamine and Pd-en

d-Gl
1NPr Pd-en HIO

3

Pd-en 
helate %

1:1:1 149mg 1.50mL 119mg β-d-Gl
p1NPr2H−1-κ
2N1

,O2
94

675µmol 675µmol 675µmol 2 n. i. spe
ies 6

1:2:1 74.7mg 1.50mL 59.4mg β-d-Gl
p1NPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4

68

338µmol 675µmol 338µmol β-d-Gl
p1NPr2H−1-κ
2N1

,O2
14

Gl
a1NPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4

10

1 n. i. spe
ies 10

[Pd(en)(

4C1-β-d-Gl
p1NPr2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 22OR63-2016): δ/ppm = 3.93 (d, 1H, H1,

3J1,2=9.4Hz), 3.84

(dd, 1H, H6a, w3J5,6a=2.3Hz), 3.70 (dd, 1H, H6b,

3J5,6b=5.2Hz, 2J6a,6b=−12.4Hz), 3.42 (m,

1H, H3), 3.39�3.29 (sp, 2H, H4/H5), 3.24 (t, 1H, H2,

3J2,3=8.9Hz), 2.92 (dd, 1H, CH

2

), 2.66

(dd, 1H, CH

2

), 1.38 (t, 3H, CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 22OR64-2016): δ/ppm = 90.7 (C1), 80.1 (C2), 79.0 (C3),

77.9 (C5), 69.7 (C4), 61.0 (C6), 50.1 (CH

2

), 21.7 (CH

2

), 11.4 (CH

3

).

[{Pd(en)}2(
4C1-β-d-Gl
p1NPr2,3,4H−3-κ

2N1
,O2

:2κ2O3,4
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O,4 ◦C, 22OR67-2016): δ/ppm = 91.3 (C1), 88.3 (C3), 82.1 (C2),

79.9 (C4), 79.2 (C5), 61.5 (C6), 50.3 (CH

2

), 21.5 (CH

2

), 11.4 (CH

3

).
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[{Pd(en)}2(d-Gl
a1NPr2,3,4H−3-κ
2N1

,O2
:2κ2O3,4

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 22OR66-2016): δ/ppm = 9.10 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 22OR67-2016): δ/ppm = 187.4 (C1), 88.2 (C2), 85.5 (C3),

80.8 (C4), 73.4 (C5), 65.2 (C6), 62.7 (NH�CH

2

), 62.7 (NH�CH

2

), 23.0 (CH

2

), 11.1 (CH

3

).

N-(iso-Propyl)-D-glu
osylamine and Pd-en

d-Gl
1NiPr Pd-en HIO

3

Pd-en 
helate %

1:1:1 149mg 1.50mL 119mg β-d-Gl
p1NiPr2H−1-κ
2N1

,O2
78

675µmol 675µmol 675µmol 2 n. i. spe
ies 22

1:2:1 74.7mg 1.50mL 59.4mg β-d-Gl
p1NiPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4

48

338µmol 675µmol 338µmol β-d-Gl
p1NiPr2H−1-κ
2N1

,O2
40

d-Gl
a1NiPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4

12

[Pd(en)(

4C1-β-d-Gl
p1NiPr2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 27OR13-2018): δ/ppm = 3.92 (d, 1H, H1,

3J1,2=7.9Hz), 3.81

(dd, 1H, H6a, w3J5,6a=2.2Hz), 3.70 (dd, 1H, H6b,

3J5,6b=5.0Hz, 2J6a,6b=−12.4Hz), 3.39 (m,

1H, H3), 3.39�3.28 (sp, 3H, H4/H5/H2), 3.07 (s, 1H, CH), 1.27 (d, 6H, 2×CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 27OR14-2018): δ/ppm = 90.0 (C1), 80.4 (C2), 79.1 (C3),

78.1 (C5), 69.7 (C4), 61.1 (C6), 50.9 (CH), 22.4 (CH

3

), 21.0 (CH

3

).

[{Pd(en)}2(
4C1-β-d-Gl
p1NiPr2,3,4H−3-κ

2N1
,O2

:2κ2O3,4
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O,4 ◦C, 27OR17-2018): δ/ppm = 91.0 (C1), 88.4 (C3), 82.4 (C2),

79.9 (C4), 79.3 (C5), 61.5 (C6), 50.8 (CH), 22.3 (CH

3

), 20.9 (CH

3

).

[{Pd(en)}2(d-Gl
a1NiPr2,3,4H−3-κ
2N1

,O2
:2κ2O3,4

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 27OR16-2018): δ/ppm = 9.18 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 27OR17-2018): δ/ppm = 183.5 (C1), 88.5 (C2), 85.3 (C3),

80.7 (C4), 73.0 (C5), 65.3 (C6), 59.2 (CH), 23.2 (CH

3

), 21.4 (CH

3

).

N-(tert-Butyl)-D-glu
osylamine and Pd-en

d-Gl
1NtBu Pd-en HIO

3

Pd-en 
helate %

1:1:1 159mg 1.50mL 119mg β-d-Gl
p1NtBu2H−1-κ
2N1

,O2
52

675µmol 675µmol 675µmol d-glu
ose 31

2 n. i. spe
ies 10

d-Gl
a1NtBu2H−1-κ
2N1

,O2
7

1:2:1 79.4mg 1.50mL 59.4mg β-d-Gl
p1NtBu2H−1-κ
2N1

,O2
40

338µmol 675µmol 338µmol d-Gl
a1NtBu2,3,4H−3-κ
2N1

,O2
:κ2O3,4

20

2 n. i. spe
ies 16

β-d-Gl
p1NtBu2,3,4H−3-κ
2N1

,O2
:κ2O3,4

14

d-Gl
a1NtBu2H−1-κ
2N1

,O2
10

[Pd(en)(

4C1-β-d-Gl
p1NtBu2H−1-κ
2N1

,O2
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 27OR20-2018): δ/ppm = 90.7 (C1), 81.0 (C2), 79.1 (C3),
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78.2 (C5), 69.9 (C4), 61.3 (C6), 58.8 (Cq), 29.9 (CH3

).

[Pd(en)(d-Gl
a1NtBu2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 27OR19-2017): δ/ppm = 7.90 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 27OR20-2018): δ/ppm = 181.5 (C1), 87.9 (C2), 72.0 (C3),

71.4 (C4), 69.7 (C5), 63.6 (C6), 62.7 (Cq), 29.0 (CH3

).

[{Pd(en)}2(d-Gl
a1NtBu2,3,4H−3-κ
2N1

,O2
:2κ2O3,4

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 32OR25-2017): δ/ppm = 9.02 (s, H1).

13
C{

1
H} NMR (101MHz,

D

2

O, 4 ◦C, 27OR26-2018): δ/ppm = 182.2 (C1), 88.1 (C2), 85.5 (C3), 80.9 (C4), 73.9 (C5), 65.1

(C6), 62.7 (Cq), 29.8 (CH3

).

[{Pd(en)}2(
4C1-β-d-Gl
p1NtBu2,3,4H−3-κ

2N1
,O2

:2κ2O3,4
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 27OR26-2018): δ/ppm = 91.7 (C1), 88.3 (C3), 83.4 (C2),

80.2 (C5), 79.0 (C4), 61.4 (C6), 58.8 (Cq), 29.6 (CH3

).

5.6.7. Complexes featuring N-Alkyl-L-gulosylamines

N-Methyl-L-gulosylamine and Pd-en

l-Gul1NMe Pd-en HIO

3

Pd-en 
helate %

1:1:1 110mg 1.50mL 119mg 1C4-β-l-Gulp1NMe2H−1-κ
2N1

,O2
72

675µmol 675µmol 675µmol 1C4-α-l-Gulp1NMe2H−1-κ
2N1

,O2
16

l-Gula1NMe2H−1-κ
2N1

,O2
8

1 n. i. spe
ies 4

1:2:1 55.1mg 1.50mL 59.4mg 1C4-β-l-Gulp1NMe2H−1-κ
2N1

,O2
46

338µmol 675µmol 338µmol l-Gula1NMe2,3,4H−3-κ
2N1

,O2
:κ2O3,4

27

1 n. i. spe
ies 19

l-Gula1NMe2,3,4,5,6H−5-κ
2N1

,O2
:κ2O3,4

:κ2O5,6
8

1:3:1 36.7mg 1.50mL 39.7mg l-Gula1NMe2,3,4H−3-κ
2N1

,O2
:κ2O3,4

37

225µmol 675µmol 225µmol l-Gula1NMe2,4,5H−3-κ
2N1

,O2
:κ2O4,5

21

1C4-β-l-Gulp1NMe2H−1-κ
2N1

,O2
19

l-Gula1NME2,3,4,5,6H−5-κ
2N1

,O2
:κ2O3,4

:κ2O5,6
17

1 n. i. spe
ies 6

[Pd(en)(

1C4-β-l-Gulp1NMe2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 24OR7-2016): δ/ppm = δ/ppm = 4.01 (d, 1H, H1,

3J1,2=9.4Hz),

3.94 (t, 1H, H3), 3.87 (m, 1H, H5), 3.72�3.70 (sp, H4), 3.64�3.58 (sp, 2H, H6/H6'), 3.43 (dd, 1H,

H2,

3J2,3=3.2Hz), 2.51 (s, 3H, CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 24OR8-2016): δ/ppm = 91.2 (C1), 76.5 (C5), 75.5 (C2),

72.5 (C3), 69.9 (C4), 61.6 (C6), 36.8 (CH

3

).

[Pd(en)(

1C4-α-l-Gulp1NMe2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 24OR7-2016): δ/ppm = 4.54 (d, H1,

3J1,2=5.9Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 24OR8-2016): δ/ppm = 92.2 (C1), 70.4 (C2), 69.3 (C3),
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69.3 (C4), 67.9 (C5), 61.9 (C6), 36.9 (CH

3

).

[Pd(en)(l-Gula1NMe2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 25OR7-2016): 8.05 (s, H1).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 24OR8-2016): δ/ppm = 187.7 (C1), 86.5 (C2), 75.2 (C3),

73.2 (C5), 70.8 (C4), 63.0 (C6), 48.8 (CH

3

).

[{Pd(en)}2(l-Gula1NMe2,3,4H−3-κ
2N1

,O2
:2κ2O3,4

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 14OR4-2017): 8.21 (s, H1).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 14OR5-2017): δ/ppm = 190.3 (C1), 88.0 (C2), 85.8 (C3),

81.5 (C4), 73.9 (C5), 62.3 (C6), 48.8 (CH

3

).

[{Pd(en)}3(l-Gula1NMe2,3,4,5,6H−5-κ
2N1

,O2
:2κ2O3,4

:3κ2O5,6
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 14OR4-2017): 8.10 (s, H1).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 14OR5-2017): δ/ppm = 190.9 (C1), 88.8 (C2), 86.8 (C3),

85.3 (C4), 83.1 (C5), 72.4 (C6), 48.7 (CH

3

).

[{Pd(en)}2(l-Gula1NMe2,4,5H−3-κ
2N1

,O2
:2κ2O4,5

)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 24OR35-2017): δ/ppm = 190.1 (C1), 92.0 (C5), 88.8 (C2),

81.3 (C4), 79.5 (C3), 63.3 (C6), 48.7 (CH

3

).

N-Ethyl-L-gulosylamine and Pd-en

l-Gul1NEt Pd-en HIO

3

Pd-en 
helate %

1:1:1 140mg 1.50mL 119mg 1C4-β-l-Gulp1NEt2H−1-κ
2N1

,O2
76

675µmol 675µmol 675µmol 1C4-α-l-Gulp1NEt2H−1-κ
2N1

,O2
14

l-Gula1NEt2H−1-κ
2N1

,O2
6

1 n. i. spe
ies 4

1:2:1 69.9mg 1.50mL 59.4mg 1C4-β-l-Gulp1NEt2H−1-κ
2N1

,O2
48

338µmol 675µmol 338µmol l-Gula1NEt2,3,4H−3-κ
2N1

,O2
:κ2O3,4

46

1C4-α-l-Gulp1NEt2H−1-κ
2N1

,O2
6

[Pd(en)(

1C4-β-l-Gulp1NEt2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 24OR2-2016): δ/ppm = δ/ppm = 4.09 (d, 1H, H1,

3J1,2=9.5Hz),

3.96 (t, 1H, H3), 3.87 (m, 1H, H5), 3.72�3.70 (sp, H4), 3.64�3.58 (sp, 2H, H6/H6'), 3.49 (dd, 1H,

H2,

3J2,3=3.4Hz), 2.72�2.51 (sp, CH
2

), 1.37 (s, 3H, CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 14OR11-2017): δ/ppm = 86.3 (C1), 76.5 (C5), 75.5 (C2),

72.5 (C3), 69.8 (C4), 61.5 (C6), 42.3 (CH

2

), 13.2 (CH

3

).

[Pd(en)(

1C4-α-l-Gulp1NEt2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 24OR2-2016): δ/ppm = 4.65 (d, H1,

3J1,2=6.0Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 14OR11-2017): δ/ppm = 87.0 (C1), 70.2 (C2), 69.3 (C3),

69.3 (C4), 68.0 (C5), 61.8 (C6), 41.7 (CH

2

), 12.3 (CH

3

).
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[Pd(en)(l-Gula1NEt2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 24OR2-2016): 8.07 (s, H1).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 14OR11-2017): δ/ppm = 186.2 (C1), 86.5 (C2), 75.2 (C3),

73.3 (C5), 70.8 (C4), 63.0 (C6), 55.8 (CH

2

), 15.0 (CH

3

).

[{Pd(en)}2(l-Gulp1NEt2,3,4H−3-κ
2N1

,O2
:2κ2O3,4

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 24OR31-2016): 8.24 (s, H1).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 24OR32-2016): δ/ppm = 188.8 (C1), 88.3 (C2), 85.7 (C3),

81.5 (C4), 74.0 (C5), 62.4 (C6), 55.8 (CH

2

), 15.3 (CH

3

).

N-Propyl-L-gulosylamine and Pd-en

l-Gul1NPr Pd-en HIO

3

Pd-en 
helate %

1:1:1 149mg 1.50mL 119mg 1C4-β-l-Gulp1NPr2H−1-κ
2N1

,O2
52

675µmol 675µmol 675µmol l-Gul1NPr 25

l-Gula1NPr2H−1-κ
2N1

,O2
12

l-gulose 6

1C4-α-l-Gulp1NPr2H−1-κ
2N1

,O2
5

1:2:1 74.7mg 1.50mL 59.4mg 2 n. i. spe
ies 62

338µmol 675µmol 338µmol 1C4-β-l-Gulp1NPr2H−1-κ
2N1

,O2
38

[Pd(en)(

1C4-β-l-Gulp1NPr2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 36OR4-2019): δ/ppm = δ/ppm = 4.07 (d, 1H, H1,

3J1,2=9.2Hz),

3.94 (t, 1H, H3), 3.82 (m, 1H, H5), 3.72�3.66 (sp, H4), 3.64�3.58 (sp, 2H, H6/H6'), 3.46 (dd,

1H, H2,

3J2,3=3.4Hz), 2.67�2.60 (sp, NH�CH

2

), 2.53 (t, NH�CH

2

), 1.62 (m, CH

2

), 0.89 (t, 3H,

CH

3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 36OR5-2019): δ/ppm = 87.5 (C1), 76.5 (C5), 75.4 (C2),

72.5 (C3), 69.8 (C4), 61.4 (C6), 50.0 (NH�CH

2

), 21.9 (CH

2

), 11.5 (CH

3

).

[Pd(en)(l-Gula1NPr2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 36OR4-2019): 8.04 (s, H1).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 36OR5-2019): δ/ppm = 187.3 (C1), 86.3 (C2), 75.3 (C3),

73.3 (C5), 70.8 (C4), 63.0 (C6), 62.8 (NH�CH

2

), 22.9 (CH

2

), 10.7 (CH

3

).

[Pd(en)(

1C4-β-l-Gulp1NPr2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 36OR4-2019): δ/ppm = 4.61 (d, H1,

3J1,2=6.2Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 36OR5-2019): δ/ppm = 88.2 (C1), 70.1 (C2), 69.4 (C3),

69.3 (C3), 68.0 (C5), 61.6 (C6), 49.4 (CH

2

), 20.9 (CH

2

), 11.3 (CH

3

).
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N-(iso-Propyl)-L-gulosylamine and Pd-en

l-Gul1NiPr Pd-en HIO

3

Pd-en 
helate %

1:1:1 149mg 1.50mL 119mg 1C4-β-l-Gulp1NiPr2H−1-κ
2N1

,O2
55

675µmol 675µmol 675µmol l-Gula1NiPr2H−1-κ
2N1

,O2
23

l-Gul1NiPr 10

1 n. i. spe
ies 7

1C4-α-l-Gulp1NiPr2H−1-κ
2N1

,O2
5

1:2:1 74.7mg 1.50mL 59.4mg l-Gula1NiPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4

46

338µmol 675µmol 338µmol l-Gula1NiPr2,3,4H−3-κ
2N1

,O2
:κ2O4,5

35

l-Gula1NiPr2,3,4,5,6H−5-κ
2N1

,O2
:κ2O3,4

:κ2O5,6
15

1C4-β-l-Gulp1NiPr2H−1-κ
2N1

,O2
4

[Pd(en)(

1C4-β-l-Gulp1NiPr2H−1-κ
2N1

,O2
)℄

+

1
HNMR (400MHz, D

2

O, 4 ◦C, 36OR10-2019): δ/ppm = δ/ppm = 4.09 (d, 1H, H1,

3J1,2=9.2Hz),

3.94 (t, 1H, H3), 3.83 (m, 1H, H5), 3.72�3.66 (sp, H4), 3.64�3.58 (sp, 2H, H6/H6'), 3.46 (dd, 1H,

H2,

3J2,3=2.9Hz), 3.09 (m, CH), 1.29 (sp, 6H, 2×CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 36OR11-2019): δ/ppm = 86.8 (C1), 76.7 (C5), 75.6 (C2),

72.7 (C3), 69.7 (C4), 61.4 (C6), 50.8 (NH�CH), 22.6 (CH

3

), 21.2 (CH

3

).

[Pd(en)(l-Gula1NiPr2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 36OR10-2019): 8.08 (s, H1).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 36OR11-2019): δ/ppm = 183.3 (C1), 86.7 (C2), 75.3 (C3),

73.3 (C5), 70.7 (C4), 63.0 (C6), 60.2 (CH), 22.2 (CH

3

), 21.7 (CH

3

).

[Pd(en)(

1C4-α-l-Gulp1NiPr2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 36OR10-2019): δ/ppm = 4.58 (d, H1,

3J1,2=6.0Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 36OR11-2019): δ/ppm = 88.2 (C1), 70.0 (C2), 69.4 (C3),

69.3 (C4), 67.8 (C5), 61.8 (C6), 51.3 (CH), 22.0 (CH

3

), 20.7 (CH

3

).

[{Pd(en)}2(l-Gulp1NiPr2,3,4H−3-κ
2N1

,O2
:2κ2O3,4

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 36OR13-2019): 8.16 (s, H1).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 36OR14-2019): δ/ppm = 185.1 (C1), 88.3 (C2), 85.7 (C3),

81.5 (C4), 74.0 (C5), 62.4 (C6), 60.1 (CH), 22.3 (CH

3

), 22.0 (CH

3

).

[{Pd(en)}2(l-Gulp1NiPr2,4,5H−3-κ
2N1

,O2
:2κ2O4,5

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 36OR13-2019): 8.26 (s, H1).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 36OR14-2019): δ/ppm = 185.5 (C1), 92.2 (C5), 88.8 (C2),

81.4 (C4), 79.5 (C3), 63.3 (C6), 60.3 (CH), 22.3 (CH

3

), 22.2 (CH

3

).

[{Pd(en)}3(l-Gulp1NiPr2,3,4,5,6H−5-κ
2N1

,O2
:2κ2O3,4

:3κ2O5,6
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 36OR13-2019): 8.30 (s, H1).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 36OR14-2019): δ/ppm = 185.9 (C1), 89.0 (C5), 86.9 (C2),

85.6 (C3), 83.4 (C5), 72.4 (C6), 60.2 (CH), 22.4 (CH

3

), 21.8 (CH

3

).
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N-(tert-Butyl)-L-gulosylamine and Pd-en

l-Gul1NtBu Pd-en HIO

3

Pd-en 
helate %

1:1:1 159mg 1.50mL 119mg l-Gula1NtBu2H−1-κ
2N1

,O2
54

675µmol 675µmol 675µmol 1C4-β-l-Gulp1NtBu2H−1-κ
2N1

,O2
27

d-gulose 19

1:2:1 79.4mg 1.50mL 59.4mg l-Gula1NtBu2,4,5H−3-κ
2N1

,O2
:κ2O4,5

61

338µmol 675µmol 338µmol l-Gula1NtBu2,3,4H−3-κ
2N1

,O2
:κ2O3,4

23

l-Gula1NtBu2,3,4,5,6H−5-κ
2N1

,O2
:κ2O3,4

:κ2O5,6
16

[Pd(en)(l-Gula1NtBu2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 37OR4-2019): 8.00 (s, H1).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 37OR5-2019): δ/ppm = 181.6 (C1), 86.1 (C2), 75.7 (C3),

73.3 (C5), 70.6 (C4), 63.1 (C), 62.9 (C6), 29.1 (3×CH
3

).

[Pd(en)(

1C4-β-l-Gulp1NtBu2H−1-κ
2N1

,O2
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 37OR5-2019): δ/ppm = 87.3 (C1), 77.1 (C5), 76.3 (C2),

73.3 (C3), 69.7 (C4), 61.4 (C6), 58.8 (C), 27.4 (3×CH
3

).

[{Pd(en)}2(l-Gulp1NtBu2,4,5H−3-κ
2N1

,O2
:2κ2O4,5

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 37OR7-2019): 8.02 (s, H1).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 37OR8-2019): δ/ppm = 182.9 (C1), 92.6 (C5), 87.7 (C2),

82.0 (C4), 79.7 (C3), 63.3 (C6), 63.0 (C), 29.4 (3×CH
3

).

[{Pd(en)}2(l-Gulp1NtBu2,3,4H−3-κ
2N1

,O2
:2κ2O3,4

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 37OR7-2019): 8.18 (s, H1).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 37OR8-2019): δ/ppm = 183.6 (C1), 88.2 (C2), 86.2 (C3),

81.4 (C4), 74.0 (C3), 62.9 (C), 62.3 (C6), 29.3 (3×CH
3

).

[{Pd(en)}3(l-Gulp1NtBu2,3,4,5,6H−5-κ
2N1

,O2
:2κ2O3,4

:3κ2O5,6
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 37OR7-2019): 8.20 (s, H1).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 37OR8-2019): δ/ppm = 184.0 (C1), 88.8 (C5), 87.4 (C2),

85.7 (C3), 83.5 (C5), 72.5 (C6), 63.1 (CH), 29.5 (3×CH
3

)).

5.6.8. Complexes featuring N-Alkyl-D-mannosylamines

N-Methyl-D-mannosylamine and Pd-en

d-Man1NMe Pd-en HIO

3

Pd-en 
helate %

1:1:1 110mg 1.50mL 119mg β-d-Manp1NMe2H−1-κ
2N1

,O2
40

675µmol 675µmol 675µmol d-Man1NMe 22

1C4-α-d-Manp1NMe2H−1-κ
2N1

,O2
20

d-Mana1NMe2H−1-κ
2N1

,O2
18

[Pd(en)(

4C1-β-d-Manp1NMe2H−1-κ
2N1

,O2
)℄

+
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13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 10OR5-2016): δ/ppm = 94.2 (C1), 78.7 (C5), 78.6 (C2),

72.6 (C3), 67.5 (C4), 61.8 (C6), 36.5 (CH

3

).

[Pd(en)(

1C4-α-d-Manp1NMe2H−1-κ
2N1

,O2
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 10OR5-2016): δ/ppm = 97.0 (C1), 79.1 (C2), 77.2 (C3),

72.8 (C5), 67.4 (C4), 61.8 (C6), 37.3 (CH

3

).

[Pd(en)(d-Mana1NMe2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 10OR4-2016): 8.08 (s, H1).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 10OR5-2016): δ/ppm = 188.2 (C1), 86.6 (C2), 73.8 (C3),

71.5 (C5), 70.2 (C4), 63.7 (C6), 48.8 (CH

3

).

N-Ethyl-D-mannosylamine and Pd-en

d-Man1NEt Pd-en HIO

3

Pd-en 
helate %

1:1:1 140mg 1.50mL 119mg β-d-Manp1NEt2H−1-κ
2N1

,O2
38

675µmol 675µmol 675µmol d-Mana1NEt2H−1-κ
2N1

,O2
36

1C4-α-d-Manp1NEt2H−1-κ
2N1

,O2
22

1 n. i. spe
ies 4

1:1.5:1 93.3mg 1.50mL 79.3mg d-Mana1NEt2,3,4H−3-κ
2N1

,O2
:κ2O3,4

33

450µmol 675µmol 450µmol β-d-Manp1NEt2H−1-κ
2N1

,O2
27

d-Mana1NEt2H−1-κ
2N1

,O2
24

1C4-α-d-Manp1NEt2H−1-κ
2N1

,O2
16

1:2:1 70.0mg 1.50mL 59.5mg d-Mana1NEt2,3,4H−3-κ
2N1

,O2
:κ2O3,4

95

338µmol 675µmol 338µmol d-Mana1NEt2H−1-κ
2N1

,O2
3

β-d-Manp1NEt2H−1-κ
2N1

,O2
2

[Pd(en)(

4C1-β-d-Manp1NEt2H−1-κ
2N1

,O2
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 45OR5-2015): δ/ppm = 89.9 (C1), 79.2 (C2), 78.8 (C5),

72.7 (C3), 67.6 (C4), 61.7 (C6), 43.7 (CH

2

), 11.6 (CH

3

).

[Pd(en)(d-Mana1NEt2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 45OR4-2015): 8.09 (s, H1).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 45OR5-2015): δ/ppm = 186.6 (C1), 86.5 (C2), 73.9 (C3),

71.2 (C5), 70.2 (C4), 63.7 (C6), 55.7 (CH

2

), 15.1 (CH

3

).

[Pd(en)(

1C4-α-d-Manp1NEt2H−1-κ
2N1

,O2
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 45OR5-2015): δ/ppm = 94.8 (C1), 79.0 (C2), 77.9 (C3),

72.9 (C4), 67.3 (C5), 61.7 (C6), 45.3 (CH

2

), 14.1 (CH

3

).

[{Pd(en)}2(d-Manp1NEt2,3,4H−3-κ
2N1

,O2
:2κ2O3,4

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 46OR13-2015): 8.18 (s, H1).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 46OR14-2015): δ/ppm = 188.1 (C1), 88.6 (C2), 87.8 (C3),

83.9 (C4), 73.3 (C5), 64.2 (C6), 55.9 (CH

2

), 15.4 (CH

3

).
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N-Propyl-D-mannosylamine and Pd-en

d-Man1NPr Pd-en HIO

3

Pd-en 
helate %

1:1:1 149mg 1.50mL 119mg d-Mana1NPr2H−1-κ
2N1

,O2
40

675µmol 675µmol 675µmol β-d-Manp1NPr2H−1-κ
2N1

,O2
38

d-Manf 1NPr2H−1-κ
2N1

,O2
22

1:2:1 74.7mg 1.50mL 59.4mg d-Mana1NPr2,3,4H−3-κ
2N1

,O2
:κ2O3,4

93

338µmol 675µmol 338µmol d-Mana1NPr2H−1-κ
2N1

,O2
5

β-d-Manp1NPr2H−1-κ
2N1

,O2
2

[Pd(en)(d-Mana1NPr2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 47OR16-2015): δ/ppm = 8.07 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 47OR17-2015): δ/ppm = 187.7 (C1), 86.3 (C2), 74.0 (C3),

71.1 (C5), 70.2 (C4), 63.7 (C6), 62.8 (NH�CH

2

), 22.9 (CH

2

), 11.2 (CH

3

).

[Pd(en)(

4C1-β-d-Manp1NPr2H−1-κ
2N1

,O2
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 47OR17-2015): δ/ppm = 90.2 (C1), 79.2 (C2), 78.8 (C5),

72.8 (C3), 67.5 (C4), 61.7 (C6), 50.8 (NH�CH

2

), 19.6 (CH

2

), 10.8 (CH

3

).

[Pd(en)(

1C4-α-d-Manp1NPr2H−1-κ
2N1

,O2
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 47OR17-2015): δ/ppm = 94.9 (C1), 79.0 (C2), 77.8 (C3),

72.8 (C4), 67.2 (C5), 61.7 (C6), 52.1 (NH�CH

2

), 22.5 (CH

2

), 11.3 (CH

3

).

[{Pd(en)}2(d-Manp1NPr2,3,4H−3-κ
2N1

,O2
:2κ2O3,4

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 47OR19-2015): 8.15 (s, H1).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 47OR20-2015): δ/ppm = 189.2 (C1), 88.7 (C2), 87.6 (C3),

83.9 (C4), 73.3 (C5), 64.2 (C6), 62.9 (NH�CH

2

), 23.2 (CH

2

), 10.9 (CH

3

).

N-(iso-Propyl)-D-mannosylamine and Pd-en

d-Man1NiPr Pd-en HIO

3

Pd-en 
helate %

1:1:1 149mg 1.50mL 119mg d-Mana1NiPr2H−1-κ
2N1

,O2
62

675µmol 675µmol 675µmol β-d-Manp1NiPr2H−1-κ
2N1

,O2
24

3 n. i. spe
ies 14

[Pd(en)(d-Mana1NiPr2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 36OR13-2015): δ/ppm = 8.09 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 36OR14-2015): δ/ppm = 183.7 (C1), 86.6 (C2), 74.0 (C3),

71.1 (C5), 70.2 (C4), 63.7 (C6), 60.1 (CH), 22.3 (CH

3

), 21.6 (CH

3

).

[Pd(en)(

4C1-β-d-Manp1NiPr2H−1-κ
2N1

,O2
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 36OR14-2015): δ/ppm = 92.8 (C1), 79.2 (C2), 79.0 (C5),

73.0 (C3), 67.0 (C4), 61.6 (C6), 52.1 (CH), 23.0 (CH

3

), 21.2 (CH

3

).
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N-(tert-Butyl)-D-mannosylamine and Pd-en

d-Man1NtBu Pd-en HIO

3

Pd-en 
helate %

1:1:1 159mg 1.50mL 119mg d-Mana1NtBu2H−1-κ
2N1

,O2
47

675µmol 675µmol 675µmol β-d-Manp1NtBu2H−1-κ
2N1

,O2
29

1 n. i. spe
ies 24

1:2:1 79.4mg 1.50mL 59.4mg d-Mana1NtBu2,3,4H−3-κ
2N1

,O2
:κ2O4,5

100

338µmol 675µmol 338µmol

[Pd(en)(d-Mana1NtBu2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 47OR4-2015): δ/ppm = 8.02 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 47OR5-2015): δ/ppm = 182.1 (C1), 85.8 (C2), 74.7 (C3),

71.1 (C5), 70.1 (C4), 63.7 (C6), 63.1 (C), 29.1 (3×CH
3

).

[Pd(en)(

4C1-β-d-Manp1NtBu2H−1-κ
2N1

,O2
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 47OR5-2015): δ/ppm = 93.5 (C1), 80.0 (C2), 78.8 (C5),

73.1 (C3), 66.8 (C4), 61.5 (C6), 57.7 (C), 29.9 (3×CH
3

).

[{Pd(en)}2(d-Mana1NtBu2,3,4H−3-κ
2N1

,O2
:2κ2O3,4

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 47OR7-2015): δ/ppm = 8.12 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 47OR8-2015): δ/ppm = 183.1 (C1), 88.4 (C2), 87.9 (C3),

84.2 (C5), 73.3 (C4), 64.4 (C6), 63.1 (C), 29.3 (3×CH
3

).

5.6.9. Complexes featuring N-Alkyl-L-rhamnosylamines

N-Methyl-L-rhamnosylamine and Pd-en

l-Rha1NMe Pd-en HIO

3

Pd-en 
helate %

1:1:1 120mg 1.50mL 119mg 1C4-β-l-Rhap1NMe2H−1-κ
2N1

,O2
58

675µmol 675µmol 675µmol 4C1-α-l-Rhap1NMe2H−1-κ
2N1

,O2
28

l-Rhaa1NMe2H−1-κ
2N1

,O2
14

[Pd(en)(

1C4-β-l-Rhap1NMe2H−1-κ
2N1

,O2
)℄

+

1
HNMR (400MHz, D

2

O, 4 ◦C, 17OR10-2017): δ/ppm = δ/ppm = 4.05 (d, 1H, H1,

3J1,2=1.0Hz),

3.81 (dd, 1H, H2,

3J2,3=3.2Hz), 3.57 (dd, 1H, H3,

3J3,4=9.6Hz), 3.49�3.45 (spj, H4/H5), 2.32

(s, 3H, CH

3

), 1.38 (d, 3H, 3×H6).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 17OR11-2017): δ/ppm = 94.8 (C1), 78.9 (C2), 74.8 (C3),

72.8 (C5), 72.4 (C4), 36.4 (CH

3

), 17.6 (C6).

[Pd(en)(

4C1-α-l-Rhap1NMe2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 17OR10-2017): δ/ppm = 4.54 (d, H1,

3J1,2=5.9Hz), 1.34 (d,

3H, 3×H6).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 17OR11-2017): δ/ppm = 97.0 (C1), 77.2 (C2), 75.1 (C3),
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72.5 (C4), 72.5 (C5), 37.3 (CH

3

), 17.7 (C6).

[Pd(en)(l-Rhaa1NMe2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 17OR10-2017): 8.08 (s, H1), 1.34 (d, 3H, 3×H6).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 17OR11-2017): δ/ppm = 187.9 (C1), 86.8 (C2), 74.6 (C3),

73.8 (C4), 67.4 (C5), 48.8 (CH

3

), 19.7 (C6).

N-Ethyl-L-rhamnosylamine and Pd-en

l-Rha1NEt Pd-en HIO

3

Pd-en 
helate %

1:1:1 129mg 1.50mL 119mg 1C4-β-l-Rhap1NEt2H−1-κ
2N1

,O2
42

675µmol 675µmol 675µmol 4C1-α-l-Rhap1NEt2H−1-κ
2N1

,O2
26

l-Rhaa1NEt2H−1-κ
2N1

,O2
20

2 n. i. spe
ies 12

[Pd(en)(

1C4-β-l-Rhap1NEt2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 24OR43-2016): δ/ppm = 4.34 (d, 1H, H1,

3J1,2=1.2Hz), 3.79

(dd, 1H, H2,

3J2,3=3.4Hz), 3.54 (dd, 1H, H3,

3J3,4=8.8Hz), 3.31�3.29 (dd, H4/H5), 3.16 (m,

1H, CH), 1.35 (d, 3H, 3×H6), 1.20 (d, 6H, 2×CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 24OR44-2016): δ/ppm = 94.8 (C1), 78.9 (C2), 74.8 (C3),

72.8 (C5), 72.4 (C4), 36.4 (CH

3

), 17.6 (C6).

[Pd(en)(

4C1-α-l-Rhap1NEt2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 24OR43-2016): δ/ppm = 4.54 (d, H1,

3J1,2=6.2Hz), 1.35 (d,

3×H6), 1.23 (d, 2×CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 24OR44-2016): δ/ppm = 97.0 (C1), 77.2 (C2), 75.1 (C3),

72.5 (C4), 72.5 (C5), 37.3 (CH

3

), 17.7 (C6).

[Pd(en)(l-Rhaa1NEt2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 24OR43-2016): 8.07 (s, H1), 1.44 (d, 2×CH
3

), 1.35 (d, 3×H6).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 24OR43-2016): δ/ppm = 186.4 (C1), 86.8 (C2), 74.6 (C3),

73.9 (C4), 67.4 (C5), 55.7 (CH

2

), 19.7 (C6), 15.1 (CH

3

).

N-(iso-Propyl)-L-rhamnosylamine and Pd-en

l-Rha1NiPr Pd-en HIO

3

Pd-en 
helate %

1:1:1 73.9mg 800µL 79.3mg l-Rhaa1NiPr2H−1-κ
2N1

,O2
46

360µmol 360µmol 360µmol 1C4-β-l-Rhap1NiPr2H−1-κ
2N1

,O2
42

1C4-α-l-Rhap1NiPr2H−1-κ
2N1

,O2
12

[Pd(en)(

1C4-β-l-Rhap1NiPr2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 40OR1-2017): δ/ppm = δ/ppm = 4.34 (d, 1H, H1,

3J1,2=1.2Hz),
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3.94 (t, 1H, H3), 3.87 (m, 1H, H5), 3.72�3.70 (sp, H4), 3.64�3.58 (sp, 2H, H6/H6'), 3.43 (dd, 1H,

H2,

3J2,3=3.2Hz), 2.51 (s, 3H, CH
3

).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 40OR2-2017): δ/ppm = 94.8 (C1), 78.9 (C2), 74.8 (C3),

72.8 (C5), 72.4 (C4), 36.4 (CH

3

), 17.6 (C6).

[Pd(en)(

4C1-α-l-Rhap1NiPr2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 40OR1-2017): δ/ppm = 4.54 (d, H1,

3J1,2=5.9Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 40OR2-2017): δ/ppm = 97.0 (C1), 77.2 (C2), 75.1 (C3),

72.5 (C4), 72.5 (C5), 37.3 (CH

3

), 17.7 (C6).

[Pd(en)(l-Rhaa1NiPr2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 40OR1-2017): 8.08 (s, H1).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 40OR2-2017): δ/ppm = 183.4 (C1), 87.0 (C2), 74.6 (C3),

74.0 (C4), 67.4 (C5), 60.1 (CH), 22.3 (CH

3

), 21.6 (CH

3

), 19.7 (C6).

5.6.10. Complexes featuring N-Alkyl-2-deoxy-D-erythro-pentosylamines

N-Methyl-2-deoxy-D-erythro-pentosylamine and Pd-en

d-ery-dPent1NMe Pd-en HIO

3

Pd-en 
helate %

1:1:1 124mg 1.87mL 148mg d-ery-dPent 35

843µmol 843µmol 843µmol d-ery-dPenta1NMe3H−1-κ
2N1

,O3
29

α-d-ery-dPentf 1NMe3H−1-κ
2N1

,O3
23

1 n. i. spe
ies 13

1:2:1 73.9mg 2.23mL 88.3mg d-ery-dPenta1NMe3,4,5H−3-κ
2N1

,O3
:κ2O4,5

88

502µmol 1.00mmol 502µmol 
omplexed d-ery-dPent 12

[Pd(en)(α-d-ery-dPentf 1NMe3H−1-κ
2N1

,O3
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 46OR8-2015): δ/ppm = 92.4 (C1), 90.7 (C4), 72.8 (C3),

62.8 (C5), 38.1 (C2), 36.8 (CH

3

).

[Pd(en)(d-ery-dPenta1NMe3H−1-κ
2N1

,O3
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 46OR7-2015): δ/ppm = 7.75 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 46OR8-2015): δ/ppm = 179.8 (C1), 75.1 (C3), 68.4 (C4),

63.0 (C5), 51.1 (CH

3

), 37.2 (C2).

[{Pd(en)}2(d-ery-dPenta1NMe3,4,5H−3-κ
2N1

,O3
:2κ2O4,5

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 46OR10-2015): δ/ppm = 7.68 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 46OR11-2015): δ/ppm = 174.0 (C1), 84.8 (C3), 75.7 (C5),

69.3 (C4), 51.7 (CH

3

), 39.3 (C2).
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N-Ethyl-2-deoxy-D-erythro-pentosylamine and Pd-en

d-ery-dPent1NEt Pd-en HIO

3

Pd-en 
helate %

1:1:1 197mg 2.71mL 215mg d-ery-dPent 34

1.22mmol 1.22mmol 1.22mmol d-ery-dPenta1NEt3H−1-κ
2N1

,O3
31

α-d-ery-dPentf 1NEt3H−1-κ
2N1

,O3
20

d-ery-dPent1NEt 12


omplexed d-ery-dPent 3

1:2:1 23.1mg 636µL 25.2mg β-d-ery-dPentf 1NMe3,5,6H−3-κ
2N1

,O3
:κ2O5,6

74

143µmol 286µmol 143µmol 
omplexed d-ery-dPent1NMe 26

[Pd(en)(α-d-ery-dPentf 1NEt3H−1-κ
2N1

,O3
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 46OR2a-2015): δ/ppm = 92.3 (C1), 88.4 (C4), 73.0 (C3),

62.8 (C5), 40.3 (CH

2

), 39.6 (C2), 14.0 (CH

3

).

[Pd(en)(d-ery-dPenta1NEt3H−1 -κ
2N1

,O3
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 46OR1a-2015): δ/ppm = 7.81 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C,46OR2a-2015): δ/ppm = 173.3 (C1), 75.1 (C3), 68.1 (C4),

64.5 (C5), 57.9 (CH

2

), 39.5 (C2), 16.4 (CH

3

).

[{Pd(en)}2(d-ery-dPenta1NEt3,4,5H−3-κ
2N1

,O3
:2κ2O4,5

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 46OR4-2015): δ/ppm = 7.75 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 46OR5-2015): δ/ppm = 173.3 (C1), 84.8 (C3), 75.6 (C5),

69.2 (C4), 58.1 (CH

2

), 40.0 (C2), 16.4 (CH

3

).

5.6.11. Complexes featuring N-Alkyl-2-deoxy-D-arabino-hexosylamines

N-Methyl-2-deoxy-D-arabino-hexosylamine and Pd-en

d-ara-dHex1NMe Pd-en HIO

3

Pd-en 
helate %

1:1:1 120mg 1.50mL 119mg β-d-ara-dHexf 1NMe3H−1-κ
2N1

,O3
57

675µmol 675µmol 675µmol 1 n. i. spe
ies 26

d-ara-dHexa1NMe3H−1-κ
2N1

,O3
17

1:2:1 59.8mg 1.50mL 59.4mg β-d-ara-dHexf 1NMe3,5,6H−3-κ
2N1

,O3
:κ2O5,6

41

338µmol 675µmol 338µmol d-ara-dHexa1NMe3,5,6H−3-κ
2N1

,O3
:κ2O5,6

39

1 n. i. spe
ies 20

[Pd(en)(β-d-ara-dHexf 1NMe3H−1-κ
2N1

,O3
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 44OR2-2016): δ/ppm = 89.6 (C1), 84.9 (C4), 70.3 (C5),

70.1 (C3), 64.6 (C6), 38.6 (C2), 37.0 (CH

3

).

[Pd(en)(d-ara-dHexa1NMe3H−1-κ
2N1

,O3
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 42OR1-2016): δ/ppm = 7.80 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 44OR2-2016): δ/ppm = 175.3 (C1), 73.6 (C3), 73.4 (C5),
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67.1 (C4), 63.3 (C6), 50.7 (CH

3

), 41.1 (C2).

[{Pd(en)}2(-

	

d-ara-dHexf 1NMe3,5,6H−3-κ
2N1

,O3
:2κ2O5,6

)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 44OR5-2016): δ/ppm = 89.5 (C1), 87.5 (C4), 80.9 (C5),

78.3 (C3), 75.0 (C6), 38.4 (C2), 36.7 (CH

3

).

[{Pd(en)}2(d-ara-dHexa1NMe3,5,6H−3-κ
2N1

,O3
:2κ2O5,6

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 44OR4-2016): δ/ppm = 7.67 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 44OR5-2016): δ/ppm = 178.8 (C1), 86.7 (C5), 83.7 (C3),

76.0 (C6), 70.2 (C4), 50.9 (CH

3

), 40.8 (C2).

N-Ethyl-2-deoxy-D-arabino-hexosylamine and Pd-en

d-ara-dHex1NEt Pd-en HIO

3

Pd-en 
helate %

1:1:1 129mg 1.50mL 119mg d-ara-dHexa1NEt3H−1-κ
2N1

,O3
67

675µmol 675µmol 675µmol β-d-ara-dHexf 1NEt3H−1-κ
2N1

,O3
27

1 n. i. spe
ies 6

1:2:1 64.5mg 1.50mL 59.4mg d-ara-dHexa1NEt3H−1-κ
2N1

,O3
60

338µmol 675µmol 338µmol 2 n. i. spe
ies 26

β-d-ara-dHexf 1NEt3H−1-κ
2N1

,O3
14

[Pd(en)(d-ara-dHexa1NEt3H−1-κ
2N1

,O3
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 42OR22-2015): δ/ppm = 7.87 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 42OR23-2015): δ/ppm = 173.9 (C1), 73.7 (C3), 73.2 (C5),

66.6 (C4), 63.4 (C6), 57.6 (CH

2

), 41.1 (C2), 16.3 (CH

3

).

[Pd(en)(β-d-ara-dHexf 1NEt3H−1-κ
2N1

,O3
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 44OR2-2016): δ/ppm = 87.1 (C1), 84.2 (C4), 70.4 (C5),

70.2 (C3), 64.7 (C6), 41.7 (CH

2

), 38.9 (C2), 16.3 (CH

3

).

N-(iso-Propyl)-2-deoxy-D-arabino-hexosylamine and Pd-en

d-ara-dHex1NiPr Pd-en HIO

3

Pd-en 
helate %

1:1:1 120mg 1.30mL 103mg d-ara-dHexa1NiPr3H−1-κ
2N1

,O3
75

585µmol 585µmol 585µmol d-ara-dHex 15

d-ara-dHex1NiPr 10

1:2:1 69.2mg 1.50mL 59.3mg d-ara-dHexa1NiPr3H−1-κ
2N1

,O3
64

337µmol 674µmol 337µmol d-ara-dHex 24

2 n. i. spe
ies 12

[Pd(en)(d-ara-dHexa1NiPr3H−1-κ
2N1

,O3
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 15OR1-2016): δ/ppm = 7.87 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 15OR2-2016): δ/ppm = 171.3 (C1), 73.9 (C3), 73.3 (C5),

66.5 (C4), 63.5 (C6), 61.1 (CH), 42.4 (C2), 23.8 (CH

3

), 21.5 (CH

3

).
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5.6.12. Complexes featuring N-Alkyl-2-deoxy-D-lyxo-hexosylamines

N-Methyl-2-deoxy-D-lyxo-hexosylamine and Pd-en

d-lyx -dHex1NMe Pd-en HIO

3

Pd-en 
helate %

1:1:1 120mg 1.50mL 119mg β-d-lyx -dHexf 1NMe3H−1-κ
2N1

,O3
63

675µmol 675µmol 675µmol 1 n. i. spe
ies 26

d-lyx -dHexa1NMe3H−1-κ
2N1

,O3
11

1:2:1 59.8mg 1.50mL 59.4mg d-lyx -dHexa1NMe3,4,5H−3-κ
2N1

,O3
:κ2O4,5

35

338µmol 675µmol 338µmol β-d-lyx -dHexf 1NMe3,5,6H−3-κ
2N1

,O3
:κ2O5,6

32

4C1-β-d-lyx -dHexp1NMe3H−1-κ
2N1

,O3
22

1 n. i. spe
ies 11

[Pd(en)(β-d-lyx -dHexf 1NMe3H−1-κ
2N1

,O3
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 43OR17-2016): δ/ppm = 92.0 (C1), 90.9 (C4), 73.9 (C3),

72.2 (C5), 63.2 (C6), 38.0 (C2), 36.9 (CH

3

).

[Pd(en)(d-lyx -dHexa1NMe3H−1-κ
2N1

,O3
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 43OR16-2016): δ/ppm = 7.76 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 43OR17-2016): δ/ppm = 174.3 (C1), 73.8 (C5), 71.6 (C3),

67.2 (C4), 63.7 (C6), 51.4 (CH

3

), 39.8 (C2).

[{Pd(en)}2(d-lyx -dHexa1NMe3,4,5H−3-κ
2N1

,O3
:2κ2O4,5

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 43OR19-2016): δ/ppm = 7.71 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 43OR20-2016): δ/ppm = 174.4 (C1), 87.2 (C5), 85.0 (C4),

68.9 (C3), 64.2 (C6), 51.6 (CH

3

), 39.6 (C2).

[{Pd(en)}2(-

	

d-lyx -dHexf 1NMe3,5,6H−3-κ
2N1

,O3
:2κ2O5,6

)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 43OR19-2016): δ/ppm = 92.7 (C1), 90.3 (C4), 82.0 (C5),

74.0 (C6), 72.3 (C3), 37.5 (C2), 36.8 (CH

3

).

N-Ethyl-2-deoxy-D-lyxo-hexosylamine and Pd-en

d-lyx -dHex1NEt Pd-en HIO

3

Pd-en 
helate %

1:1:1 129mg 1.50mL 119mg β-d-lyx -dHexf 1NEt3H−1-κ
2N1

,O3
28

256µmol 512µmol 256µmol d-lyx -dHex1N 28

d-lyx -dHexa1NEt3H−1-κ
2N1

,O3
23

d-lyx -dHex1NEt 11

1 n. i. spe
ies 7

d-ery-dPenta1NEt3,4,5H−3-κ
2N1

,O3
:κ2O4,5

3

1:2:1 49.0mg 1.14mL 45.0mg d-lyx -dHexa1NEt3,4,5H−3-κ
2N1

,O3
:κ2O4,5

92

338µmol 675µmol 338µmol β-d-lyx -dHexf 1NEt3,5,6H−3-κ
2N1

,O3
:κ2O5,6

8

[Pd(en)(

4C1-β-d-lyx -dHexp1NEt3H−1-κ
2N1

,O3
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 43OR23-2016): δ/ppm = 91.9 (C1), 88.7 (C4), 74.1 (C3),
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72.3 (C5), 63.3 (C6), 40.7 (CH

2

), 38.1 (C2), 14.0 (CH

3

).

[Pd(en)(d-lyx -dHexa1NEt3H−1-κ
2N1

,O3
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 43OR22-2016): δ/ppm = 7.82 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 43OR23-2016): δ/ppm = 173.3 (C1), 73.8 (C5), 71.9 (C3),

67.2 (C4), 63.7 (C6), 57.9 (CH

2

), 39.5 (C2), 16.4 (CH

3

).

[{Pd(en)}2(d-lyx -dHexa1NEt3,4,5H−3-κ
2N1

,O3
:2κ2O4,5

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 43OR27-2016): δ/ppm = 7.77 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 43OR26-2016): δ/ppm = 173.2 (C1), 87.3 (C5), 84.8 (C4),

68.6 (C3), 64.5 (C6), 58.1 (CH

2

), 39.9 (C2), 16.3 (CH

3

).

[{Pd(en)}2(-

	

d-lyx -dHexf 1NEt3,5,6H−3-κ
2N1

,O3
:2κ2O5,6

)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 43OR26-2016): δ/ppm = 92.6 (C1), 88.1 (C4), 82.1 (C5),

73.1 (C3), 73.0 (C6), 40.5 (CH

2

), 37.5 (C2), 13.9 (CH

3

).

5.6.13. Complexes featuring N-phenyl-D-gly
osylamines

N-Phenyl-D-arabinosylamine and Pd-en

d-Ara1NPh Pd-tmeda HIO

3

Pd-en 
helate %

1:1:1 152mg 1.50mL 119mg d-Arabinose 55

675µmol 675µmol 675µmol d-Ara1NPh 24

1C4-α-d-Arap1NPh2H−1-κ
2N1

,O2
21

1:2:1 76.0mg 1.50mL 59.4mg 1C4-α-d-Arap1NPh2,3,4H−3-κ
2N1

,O2
:κ2O3,4

60

338µmol 675µmol 338µmol 1C4-α-d-Arap1NPh2H−1-κ
2N1

,O2
40

[Pd(tmeda)(

1C4-α-d-Arap1NPh2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 41OR21-2018): δ/ppm = 4.47 (d, H1,

3J1,2=7.8Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 41OR23-2018): δ/ppm = 143.0 (Ci), 130.8 (Cm), 128.8

(Cp), 124.1 (Co), 98.0 (C1), 76.7 (C2), 75.3 (C3), 70.7 (C5), 68.5 (C4).

15
N NMR (101MHz, D

2

O, 4 ◦C, 41OR22-2018): δ/ppm = −324.4.

[{Pd(tmeda)}2(
4C1-α-d-Arap1NPh2,3,4H−3-κ

2N1
,O2

:2κ2O3,4
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 41OR25-2018): δ/ppm = 143.0 (Ci), 130.8 (Cm), 128.8

(Cp), 124.1 (Co), 98.0 (C1), 76.7 (C2), 75.3 (C3), 70.7 (C5), 68.5 (C4).

15
N NMR (101MHz, D

2

O, 4 ◦C, 41OR26-2018): δ/ppm = −322.8.

N-Phenyl-D-lyxosylamine and Pd-en

d-Lyx1NPh Pd-en HIO

3

Pd-en 
helate %

1:1:1 152mg 1.50mL 119mg 1C4-α-d-Lyxp1NPh2H−1-κ
2N1

,O2
88

675µmol 675µmol 675µmol d-Lyxa1NPh2H−1-κ
2N1

,O2
12
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[Pd(en)(

1C4-α-d-Lyxp1NPh2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 04OR12-2018): δ/ppm = 4.60 (d, H1,

3J1,2=9.3Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 04OR14-2018): δ/ppm = 142.9 (Ci), 130.8 (Cm), 128.2

(Cp), 122.3 (Co), 90.9 (C1), 74.6 (C2), 72.5 (C3), 69.4 (C4), 68.2 (C5).

15
N NMR (101MHz, D

2

O, 4 ◦C, 04OR13-2018): δ/ppm = −328.0.

[Pd(en)(d-Lyxa1NPh2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 04OR12-2018): δ/ppm = 8.28 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 04OR14-2018): δ/ppm = 190.0 (C1), 148.5 (Ci), 130.5

(Cm), 129.4 (Cp), 123.4 (Co), 87.3 (C2), 74.9 (C3), 71.2 (C4), 63.3 (C5).

15
N NMR (101MHz, D

2

O, 4 ◦C, 04OR13-2018): δ/ppm = −137.4.

N-Phenyl-D-ribosylamine and Pd-en

d-Rib1NPh Pd-en HIO

3

Pd-en 
helate %

1:1:1 152mg 1.50mL 119mg 4C1-β-d-Ribp1NPh2H−1-κ
2N1

,O2
69

675µmol 675µmol 675µmol d-Riba1NPh2H−1-κ
2N1

,O2
17

1 n. i. spe
ies 14

[Pd(en)(

4C1-β-d-Ribp1NPh2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 22OR9-2018): δ/ppm = 4.75 (d, 1H, H1,

3J1,2=9.2Hz)).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 22OR10-2018): δ/ppm = 142.8 (Ci), 130.9 (Cm), 128.1

(Cp), 122.3 (Co), 90.6 (C1), 77.5 (C2), 72.2 (C3), 66.6 (C4), 64.8 (C5).

15
N NMR (101MHz, D

2

O, 4 ◦C, 22OR12-2018): δ/ppm = −330.2.

[Pd(en)(d-Riba1NPh2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 22OR9-2018): δ/ppm = 8.15 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 22OR10-2018): δ/ppm = 188.3 (C1), 148.2 (Ci), 130.8

(Cm), 129.3 (Cp), 123.4 (Co), 87.8 (C2), 74.1 (C3), 71.7 (C4), 63.5 (C5).

15
N NMR (101MHz, D

2

O, 4 ◦C, 22OR12-2018): δ/ppm = −142.4.

N-Phenyl-D-xylosylamine and Pd-en

d-Xyl1NPh Pd-en HIO

3

Pd-en 
helate %

1:1:1 152mg 1.50mL 119mg 4C1-β-d-Xylp1NPh2H−1-κ
2N1

,O2
95

675µmol 675µmol 675µmol d-Xyla1NPh2H−1-κ
2N1

,O2
5

1:1.5:1 101mg 1.50mL 79.2mg 4C1-β-d-Xylp1NPh2H−1-κ
2N1

,O2
62

450µmol 675µmol 450µmol 4C1-β-d-Xylp1NPh2,3,4H−3-κ
2N1

,O2
:κ2O3,4

31

d-Xyla1NPh2,3,4H−3-κ
2N1

,O2
:κ2O3,4

7

1:2:1 76.0mg 1.50mL 59.4mg 4C1-β-d-Xylp1NPh2,3,4H−3-κ
2N1

,O2
:κ2O3,4

75

338µmol 675µmol 338µmol d-Xyla1NPh2,3,4H−3-κ
2N1

,O2
:κ2O3,4

15

4C1-β-d-Xylp1NPh2H−1-κ
2N1

,O2
10

1:2:2 76.0mg 1.50mL 119mg 4C1-β-d-Xylp1NPh2H−1-κ
2N1

,O2
85

338µmol 675µmol 675µmol d-Xyla1NPh2H−1-κ
2N1

,O2
9

1 n. i. spe
ies 6
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[Pd(en)(

4C1-β-d-Xylp1NPh2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 37OR7-2017): δ/ppm = 7.54 (d, 2H, Ho), 7.45 (t, 2H, Hm), 7.31

(t, 1H, Hp), 4.49 (d, 1H, H1,
3J1,2=8.4Hz), 3.73 (dd, 1H, H5a, 3J4,5a=5.5Hz, 2J5a,5b=−11.4Hz),

3.54 (dt, 1H, H4), 3.47�3.35 (m, 2H, H3/H5b), 3.15 (t, 1H, H2,

3J4,5b=10.9Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 37OR8-2017): δ/ppm = 142.5 (Ci), 130.9 (Cm), 128.2

(Cp), 122.3 (Co), 94.4 (C1), 79.7 (C2), 78.0 (C3), 69.5 (C4), 68.5 (C5).

15
N NMR (101MHz, D

2

O, 4 ◦C, 51OR2-2017): δ/ppm = −329.0.

[Pd(en)(d-Xyla1NPh2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 37OR7-2017): δ/ppm = 8.16 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 37OR8-2017): δ/ppm = 189.8 (C1), 148.5 (Ci), 130.5 (Cm),

129.2 (Cp), 122.2 (Co), 88.0 (C2), 73.6 (C3), 70.3 (C4), 63.4 (C5).

15
N NMR (101MHz, D

2

O, 4 ◦C, 51OR2-2017): δ/ppm = −145.2.

[{Pd(en)}2(
4C1-β-d-Xylp1NPh2,3,4H−3-κ

2N1
,O2

:2κ2O3,4
)℄

+

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 37OR11-2017): δ/ppm = 142.8 (Ci), 130.5 (Cm), 128.1

(Cp), 122.0 (Co), 94.7 (C1), 88.4 (C3), 81.4 (C2), 79.5 (C4), 68.3 (C5).

15
N NMR (101MHz, D

2

O, 4 ◦C, 51OR5-2017): δ/ppm = −329.5.

[{Pd(en)}2(d-Xyla1NPh2,3,4H−3-κ
2N1

,O2
:2κ2O3,4

)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 37OR10-2017): δ/ppm = 9.22 (s, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 33OR11-2017): δ/ppm = 190.2 (C1), 148.6 (Ci), 88.9 (C2),

85.7 (C3), 79.8 (C4), 65.9 (C5).

15
N NMR (101MHz, D

2

O, 4 ◦C, 51OR5-2017): δ/ppm = −148.6.

N-Phenyl-D-glu
osylamine and Pd-en

d-Gl
1NPh Pd-en HIO

3

Pd-en 
helate %

1:1:1 172mg 1.50mL 119mg 4C1-β-d-Gl
p1NPh2H−1-κ
2N1

,O2
100

675µmol 675µmol 675µmol

1:2:1 76.0mg 1.50mL 59.4mg 4C1-β-d-Gl
p1NPh2H−1-κ
2N1

,O2
51

338µmol 675µmol 338µmol 4C1-β-d-Gl
p1NPh2,3,4H−3-κ
2N1

,O2
:κ2O3,4

49

1:2:2 76.0mg 1.50mL 119mg 4C1-β-d-Gl
p1NPh2H−1-κ
2N1

,O2
81

338µmol 675µmol 675µmol 4C1-β-d-Gl
p1NPh2,3,4H−3-κ
2N1

,O2
:κ2O3,4

19

[Pd(en)(

4C1-β-d-Gl
p1NPh2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 35OR31-2015): δ/ppm = 7.56 (d, 2H, Ho), 7.45 (t, 2H, Hm),

7.31 (t, 1H, Hp), 4.57 (d, 1H, H1,
3J1,2=8.6Hz).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 35OR32-2015): δ/ppm = 142.8 (Ci), 130.8 (Cm), 128.1

(Cp), 122.3 (Co), 93.6 (C1), 79.8 (C2), 79.2 (C3), 77.9 (C5), 69.3 (C4), 60.6 (C6).

15
N{

1
H} NMR (41MHz, D

2

O, 4 ◦C, 04OR2-2018): δ/ppm = −328.6.

[{Pd(en)}2(
4C1-β-d-Gl
p1NPh2,3,4H−3-κ

2N1
,O2

:2κ2O3,4
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 35OR31-2015): δ/ppm = 4.36 (d, 1H, H1,

3J1,2=7.3Hz).
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5. Experimental Se
tion

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 04OR6-2018): δ/ppm = 143.1 (Ci), 130.9 (Cm), 128.2

(Cp), 122.3 (Co), 94.2 (C1), 88.3 (C3), 81.8 (C2), 79.8 (C4), 79.3 (C3), 61.4 (C6).

15
N{

1
H} NMR (41MHz, D

2

O, 4 ◦C, 04OR2-2018): δ/ppm = −329.0.

N-Phenyl-L-gulosylamine and Pd-en

l-Gul1NPh Pd-en HIO

3

Pd-en 
helate %

1:1:1 115mg 1.00mL 79.2mg l-Gulose 57

450µmol 450µmol 450µmol 1C4-β-l-Gulp1NPh2H−1-κ
2N1

,O2
37

l-Gul1NPh 6

[Pd(en)(

1C4-β-l-Gulp1NPh2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 14OR1-2018): δ/ppm = 4.86 (d, H1,

3J1,2=8.4Hz).
13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 14OR3-2018): δ/ppm = 143.0 (Ci), 130.8 (Cm), 128.0

(Cp), 122.2 (Co), 90.7 (C1), 76.7 (C5), 74.9 (C2), 72.6 (C5), 69.5 (C4), 61.0 (C6).

15
N{

1
H} NMR (41MHz, D

2

O, 4 ◦C, 14OR2-2018): δ/ppm = −329.0.

N-Phenyl-D-mannosylamine and Pd-en

d-Man1NPh Pd-en HIO

3

Pd-en 
helate %

1:1:1 115mg 1.00mL 79.2mg d-Mana1NPh2H−1-κ
2N1

,O2
74

450µmol 450µmol 450µmol d-Man1NPh 26

[Pd(en)(d-Mana1NPh2H−1-κ
2N1

,O2
)℄

+

1
H NMR (400MHz, D

2

O, 4 ◦C, 02OR1-2018): δ/ppm = 8.31 (d, H1).

13
C{

1
H} NMR (101MHz, D

2

O, 4 ◦C, 02OR2-2018): δ/ppm = 189.2 (C1), 147.2 (Ci), 129.5 (Cm),

128.4 (Cp), 121.4 (Co), 86.2 (C2), 73.3 (C3), 70.3 (C5), 69.3 (C5), 62.8 (C6).

15
N{

1
H} NMR (41MHz, D

2

O, 4 ◦C, 02OR3-2018): δ/ppm = −137.3.
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Figure A.1. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Ara1NMe with Pd-en and iodi
 a
id in the

molar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green:

1C4-α-d-Arap1NMe2H−1, 
yan:

4C1-α-d-

Arap1NMe2,3,4H−3, grey: d-Ara1NMe, Pd-en and MeOH.
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Figure A.2. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Ara1NEt with Pd-en and iodi
 a
id in the molar

ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green:

1C4-α-d-Arap1NEt2H−1, magenta: d-Araa1NEt2H−1,


yan:

4C1-α-d-Arap1NEt2,3,4H−3, grey: d-arabinose, Pd-en and MeOH.
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Figure A.3. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Ara1NPr with Pd-en and iodi
 a
id in the molar

ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green:

1C4-α-d-Arap1NPr2H−1, magenta: d-Araa1NPr2H−1,


yan:

4C1-α-d-Arap1NPr2,3,4H−3, grey: Pd-en and MeOH.
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Figure A.4. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Ara1NiPr with Pd-en and iodi
 a
id in

the molar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green:

1C4-α-d-Arap1NiPr2H−1, magenta: d-

Araa1NiPr2H−1, 
yan:

4C1-α-d-Arap1NiPr2,3,4H−3, purple: not identi�ed spe
ies, grey: Pd-en and MeOH.
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a)  1:1:1

b)  1:2:1

Figure A.5. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Lyx1NMe with Pd-en and iodi
 a
id in

the molar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green:

1C4-α-d-Lyxp1NMe2H−1, magenta: d-

Lyxa1NMe2H−1 , yellow:

1C4-α-d-Lyxp1NMe2H−1, orange: d-Lyxa1NMe2,3,4H−3, grey: d-Lyx1NMe, Pd-en,

MeNH

2

and MeOH.
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a)  1:1:1

b)  1:2:1

Figure A.6. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Lyx1NEt with Pd-en and iodi
 a
id in the molar

ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green:

1C4-α-d-Lyxp1NEt2H−1, magenta: d-Lyxa1NEt2H−1,

yellow:

1C4-α-d-Lyxp1NEt2H−1, orange: d-Lyxa1NEt2,3,4H−3, grey: d-lyxose, Pd-en, EtNH2

and MeOH.
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1015202545505560657075808590190

a)  1:1:1

b)  1:2:1

Figure A.7. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Lyx1NPr with Pd-en and iodi
 a
id in the molar

ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Magenta: d-Lyxa1NPr2H−1, green:

1C4-α-d-Lyxp1NPr2H−1,

yellow:

1C4-α-d-Lyxp1NPr2H−1, orange: d-Lyxa1NPr2,3,4H−3, grey: Pd-en and MeOH.
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202530354045505560657075808590185

a)  1:1:1

b)  1:2:1

Figure A.8. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Lyx1NiPr with Pd-en and iodi
 a
id in

the molar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Magenta: d-Lyxa1NiPr2H−1, green:

1C4-α-d-

Lyxp1NiPr2H−1, orange: d-Lyxa1NiPr2,3,4H−3, grey: Pd-en, iPrNH

2

and MeOH.
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b)  1:2:1

a)  1:1:1

Figure A.9. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Lyx1NtBu with Pd-en and iodi
 a
id

in the molar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Magenta: d-Lyxa1NtBu2H−1, orange: d-

Lyxa1NtBu2,3,4H−3, grey: d-lyxose, Pd-en, tBuNH

2

and MeOH.

2
1
8



A
.

1
3
C
{

1
H
}
N
M
R
S
p
e


t
r
a
o
f


o
o
r
d
i
n
a
t
e
d
G
l
y


o
s
y
l
a
m
i
n
e
s

Figure A.10. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Rib1NMe with Pd-en and iodi
 a
id in the

molar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green:

4C1-β-d-Ribp1NMe2H−1, yellow:

4C1-α-d-

Ribp1NMe2H−1-κ
2N1

,O2

, magenta: d-Riba1NMe2H−1-κ
2N1

,O2

, 
yan:

4C1-β-d-Ribp1NMe2,3,4H−3, purple: α-

d-Ribp1NMe2,3,4H−3, orange: d-Riba1NMe2,3,4H−3, red: d-Riba1NMe2,4,5H−3, grey: Pd-en, EtOH and MeOH.
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Figure A.11. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Rib1NEt with Pd-en and iodi
 a
id

in the molar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green:

4C1-β-d-Ribp1NEt2H−1, ma-

genta: d-Riba1NEt2H−1-κ
2N1

,O2

, 
yan:

4C1-β-d-Ribp1NEt2,3,4H−3, orange: d-Riba1NEt2,3,4H−3, red: d-

Riba1NEt2,4,5H−3, purple: α-d-Ribp1NEt2,3,4H−3, grey: Pd-en and MeOH.
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Figure A.12. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Rib1NPr with Pd-en and iodi
 a
id

in the molar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green:

4C1-β-d-Ribp1NPr2H−1, ma-

genta: d-Riba1NPr2H−1-κ
2N1

,O2

, 
yan:

4C1-β-d-Ribp1NPr2,3,4H−3, orange: d-Riba1NPr2,3,4H−3, red: d-

Riba1NPr2,4,5H−3, purple: α-d-Ribp1NPr2,3,4H−3, grey: Pd-en and MeOH.
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Figure A.13. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Rib1NiPr with Pd-en and iodi
 a
id

in the molar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green:

4C1-β-d-Ribp1NiPr2H−1, ma-

genta: d-Riba1NiPr2H−1-κ
2N1

,O2

, 
yan:

4C1-β-d-Ribp1NiPr2,3,4H−3, orange: d-Riba1NiPr2,3,4H−3, red: d-

Riba1NiPr2,4,5H−3, purple: α-d-Ribp1NiPr2,3,4H−3, grey: Pd-en and MeOH.
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Figure A.14. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Rib1NtBu with Pd-en and iodi
 a
id in

the molar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Magenta: d-Riba1NtBu2H−1-κ
2N1

,O2

, orange:

d-Riba1NtBu2,3,4H−3, red: d-Riba1NtBu2,4,5H−3, grey: Pd-en, tBuNH

2

and MeOH.
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a)

b)

c)

1:1:1

1:1.5:1

1:2:1

Figure A.15. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Xyl1NMe with Pd-en and iodi
 a
id in the

molar ratios a) 1:1:1, b) 1:1.5:1 and 
) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green:

4C1-β-d-Xylp1NMe2H−1, yellow: α-d-

Xylp1NMe2H−1, magenta: d-Xyla1NMe2H−1, 
yan:

4C1-β-d-Xylp1NMe2,3,4H−3, orange: d-Xyla1NMe2,3,4H−3,

grey: Pd-en, EtOH and MeOH.
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a)

b)

c)

1:1:1

1:1.5:1

1:2:1

Figure A.16. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Xyl1NEt with Pd-en and iodi
 a
id in the

molar ratios a) 1:1:1, b) 1:1.5:1 and 
) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green:

4C1-β-d-Xylp1NEt2H−1, magenta:

d-Xyla1NEt2H−1, 
yan:

4C1-β-d-Xylp1NEt2,3,4H−3, orange: d-Xyla1NEt2,3,4H−3, grey: Pd-en and MeOH.
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a)

b)

1:1:1

1:2:1

Figure A.17. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Xyl1NPr with Pd-en and iodi
 a
id in

the molar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green:

4C1-β-d-Xylp1NPr2H−1, magenta: d-

Xyla1NPr2H−1, orange: d-Xyla1NPr2,3,4H−3, 
yan:

4C1-β-d-Xylp1NPr2,3,4H−3, grey: Pd-en and MeOH.
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a)

b)

1:1:1

1:2:1

Figure A.18. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Xyl1NiPr with Pd-en and iodi
 a
id in

the molar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green:

4C1-β-d-Xylp1NiPr2H−1, magenta: d-

Xyla1NiPr2H−1, orange: d-Xyla1NiPr2,3,4H−3, 
yan:

4C1-β-d-Xylp1NiPr2,3,4H−3, grey: Pd-en, iPrNH

2

and

MeOH.
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a) 1:1:1

b) 1:2:1

Figure A.19. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Xyl1NtBu with Pd-en and iodi
 a
id in

the molar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green:

4C1-β-d-Xylp1NtBu2H−1, magenta: d-

Xyla1NtBu2H−1, orange: d-Xyla1NtBu2,3,4H−3, 
yan:

4C1-β-d-Xylp1NtBu2,3,4H−3, grey: Pd-en, tBuNH

2

and

MeOH.
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Figure A.20. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Gal1NMe with Pd-en and iodi
 a
id in the

molar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green: β-d-Galp1NMe2H−1, magenta: d-Gala1NMe2H−1,


yan: β-d-Galp1NMe2,3,4H−3, grey: Pd-en, EtOH and MeOH.
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Figure A.21. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Gal1NEt with Pd-en and iodi
 a
id in the

molar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green: β-d-Galp1NEt2H−1, magenta: d-Gala1NEt2H−1,


yan: β-d-Galp1NEt2,3,4H−3, grey: Pd-en and MeOH.
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Figure A.22. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Gal1NPr with Pd-en and iodi
 a
id in the

molar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green: β-d-Galp1NPr2H−1, magenta: d-Gala1NPr2H−1,


yan: β-d-Galp1NPr2,3,4H−3, grey: Pd-en and MeOH.
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Figure A.23. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Gal1NiPr with Pd-en and iodi
 a
id in the mo-

lar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green: β-d-Galp1NiPr2H−1, magenta: d-Gala1NiPr2H−1,


yan:

4C1-β-d-Galp1NiPr2,3,4H−3, grey: Pd-en, iPrNH

2

and MeOH.
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Figure A.24. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Gal1NtBu with Pd-en and iodi
 a
id in the mo-

lar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green: β-d-Galp1NtBu2H−1, magenta: d-Gala1NtBu2H−1,


yan:

4C1-β-d-Galp1NtBu2,3,4H−3, grey: Pd-en, tBuNH

2

and MeOH.
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36384042444648505254565860626466687072747678808284868890929496

a)  1:1:1

b)  1:2:1

Figure A.25. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Gl
1NMe with Pd-en and iodi
 a
id in the

molar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green: β-d-Gl
p1NMe2H−1, yellow: α-d-Gl
p1NMe2H−1,


yan: β-d-Gl
p1NMe2,3,4H−3, grey: Pd-en, EtOH and MeOH.
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10154045505560657075808590185190

a)  1:1:1

b)  1:2:1

Figure A.26. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Gl
1NEt with Pd-en and iodi
 a
id in the

molar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green: β-d-Gl
p1NEt2H−1, magenta: d-Gl
a1NEt2H−1,


yan: β-d-Gl
p1NEt2,3,4H−3, orange: d-Gl
a1NMe2,3,4H−3, grey: d-Gl
1NEt, Pd-en and MeOH.
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1015202530354045505560657075808590185190

a)  1:1:1

b)  1:2:1

Figure A.27. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Gl
1NPr with Pd-en and iodi
 a
id in the mo-

lar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green: β-d-Gl
p1NPr2H−1, 
yan: β-d-Gl
p1NPr2,3,4H−3,

orange: d-Gl
a1NEt2,3,4H−3, grey: Pd-en, PrNH2

and MeOH.
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20253035404550556065707580859095100180185

a)  1:1:1

a)  1:2:1

Figure A.28. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Gl
1NiPr with Pd-en and iodi
 a
id in the mo-

lar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green: β-d-Gl
p1NiPr2H−1, 
yan: β-d-Gl
p1NiPr2,3,4H−3,

orange: d-Gl
a1NiPr2,3,4H−3, grey: Pd-en, iPrNH

2

and MeOH.
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a)  1:1:1

b)  1:2:1

Figure A.29. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Gl
1NtBu with Pd-en and iodi
 a
id in the mo-

lar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green: β-d-Gl
p1NtBu2H−1, magenta: d-Gl
a1NtBu2H−1,

orange: d-Gl
a1NtBu2,3,4H−3, 
yan: β-d-Gl
p1NtBu2,3,4H−3, grey: Pd-en, d-glu
ose, tBuNH

2

and MeOH.
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Figure A.30. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Gul1NMe with Pd-en and iodi
 a
id in

the molar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green: β-d-Galp1NMe2H−1, yellow:

1C4-α-d-

Gulp1NMe2H−1, magenta: d-Gula1NMe2H−1, orange: l-Gula1NMe2,3,4H−3, purple: l-Gula1NMe2,3,4,5,6H−5,

grey: Pd-en, EtOH and MeOH.
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Figure A.31. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Gul1NEt with Pd-en and iodi
 a
id in the

molar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green:

1C4-β-d-Gulp1NEt2H−1, yellow:

1C4-α-d-

Gulp1NEt2H−1, magenta: d-Gula1NEt2H−1, orange: l-Gula1NEt2,3,4H−3, grey: Pd-en and MeOH.
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Figure A.32. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Gul1NPr with Pd-en and iodi
 a
id in

the molar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green:

1C4-β-d-Gulp1NPr2H−1, yellow:

1C4-

α-d-Gulp1NPr2H−1, magenta: d-Gula1NPr2H−1, yellow:

1C4-α-d-Gulp1NPr2H−1, grey: d-Gul1NPr, Pd-en and

MeOH.
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Figure A.33. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Gul1NiPr with Pd-en and iodi
 a
id in

the molar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green:

1C4-β-d-Gulp1NiPr2H−1, magenta: d-

Gula1NR2H−1, yellow:

1C4-α-d-Gulp1NiPr2H−1, orange: l-Gula1NiPr2,3,4H−3, red: l-Gula1NiPr2,4,5H−3, pur-

ple: l-Gula1NiPr2,3,4,5,6H−5, grey: d-Gul1NiPr, Pd-en, iPrNH

2

and MeOH.
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Figure A.34. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Gul1NtBu with Pd-en and iodi
 a
id in

the molar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Magenta: d-Gula1tBu2H−1, green:

1C4-β-d-

Gulp1NtBu2H−1, red: l-Gula1NtBu2,4,5H−3, orange: l-Gula1NtBu2,3,4H−3, purple: l-Gula1NtBu2,3,4,5,6H−5,

grey: Pd-en, tBuNH

2

and MeOH.
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Figure A.35. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Man1NEt with Pd-en and iodi
 a
id in

the molar ratios a) 1:1:1, b)1:1.5:1 and 
) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green: β-d-Manp1NEt2H−1, yellow:

1C4-α-d-Manp1NEt2H−1; magenta: d-Mana1NEt2H−1, orange: d-Mana1NEt2,3,4H−3, grey: Pd-en and MeOH.
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Figure A.36. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-Man1NPr with Pd-en and iodi
 a
id in

the molar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green: β-d-Manp1NPr2H−1, yellow:

1C4-α-d-

Manp1NPr2H−1; magenta: d-Mana1NPr2H−1, orange: d-Mana1NPr2,3,4H−3, grey: Pd-en and MeOH
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Figure A.37. Resulting

13

C{

1

H} NMR spe
tra for the equimolar rea
tions of d-Man1NMe, d-Man1NEt, d-

Man1NPr, d-Man1NiPr and d-Man1NtBu with Pd-en and iodi
 a
id after 3 h at 4 ◦C in D

2

O. Green: β-d-

Manp1NR2H−1, yellow:

1C4-α-d-Manp1NR2H−1, magenta: d-Mana1NR2H−1, grey: Pd-en, EtOH and MeOH.
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Figure A.38. Resulting

13

C{

1

H} NMR spe
tra for the equimolar rea
tions of l-Rha1NMe, l-Rha1NEt and l-

Rha1NiPr with Pd-en and iodi
 a
id after 3 h at 4 ◦C in D

2

O. Green: β-d-Rhap1NR2H−1, yellow:

1C4-α-d-

Rhap1NR2H−1, magenta: d-Rhaa1NR2H−1, grey: Pd-en, EtOH and MeOH.
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Figure A.39. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-ery-dPent1NMe with Pd-en and iodi
 a
id

in the molar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green:

4C1-α-d-ery-dPentf 1NMe3H−1, magenta:

d-ery-dPenta1NMe3H−1 , orange: d-ery-dPenta1NMe3,4,5H−3 , grey: Pd-en, EtOH and MeOH.
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Figure A.40. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-ery-dPent1NEt with Pd-en and iodi
 a
id

in the molar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green:

4C1-α-d-ery-dPentf 1NEt3H−1, magenta:

d-ery-dPenta1NEt3H−1 -κN
1

,κO3

, orange: d-ery-dPenta1NEt3,4,5H−3 -κN
1

,κO3

:κO4,5

, grey: Pd-en, EtOH.
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Figure A.41. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-ara-dHex1NMe with Pd-en and iodi
 a
id

in the molar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green: β-d-ara-dHexf 1NMe3H−1, magenta:

d-ara-dHexa1NMe3H−1, 
yan: β-d-ara-dHexf 1NMe3,5,6H−3, orange: d-ara-dHexa1NMe3,4,5H−3, grey: Pd-en,

EtOH and MeOH.
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Figure A.42. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-ara-dHex1NEt with Pd-en and iodi
 a
id

in the molar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green:

4C1-β-d-ara-dHexf 1NEt3H−1, magenta:

d-ara-dHexa1NEt3H−1, grey: Pd-en and EtOH.
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Figure A.43. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-ara-dHex1NiPr with Pd-en and iodi
 a
id in

the molar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Magenta: d-ara-dHexa1NiPr3H−1, grey: d-lyx -dHex,

d-lyx -dHex1NiPr, Pd-en and EtOH.
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Figure A.44. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-lyx -dHex1NMe with Pd-en and iodi
 a
id

in the molar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green:

4C1-β-d-lyx -dHexf 1NMe3H−1, magenta:

d-lyx -dHexa1NMe3H−1, orange: d-lyx -dHexa1NMe3,4,5H−3, 
yan: β-d-lyx -dHexf 1NMe3,5,6H−3, grey: Pd-en,

EtOH and MeOH.
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Figure A.45. Resulting

13

C{

1

H} NMR spe
tra for the treatment of d-lyx -dHex1NEt with Pd-en and iodi
 a
id in

the molar ratios a) 1:1:1 and b) 1:2:1 after 3 h at 4 ◦C in D

2

O. Green:

4C1-β-d-lyx -dHexf 1NEt3H−1, magenta: d-

lyx -dHexa1NEt3H−1, orange: d-lyx -dHexa1NEt3,4,5H−3, 
yan: β-d-ara-dHexf 1NEt3,5,6H−3, grey: d-lyx -dHex,

d-lyx -dHex1NEt, Pd-en, EtOH.
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B. Pa
king Diagrams of the Crystal

Stru
tures

Figure B.1. Pa
king diagram of 1 in the mono
lini
 spa
e group C2 with view along [001℄. The

symmetry elements of the spa
e group C2 are overlaid. Atoms: 
arbon (grey), hydrogen (white),

nitrogen (blue) and oxygen (red).

255



B. Pa
king Diagrams of the Crystal Stru
tures

Figure B.2. Pa
king diagram of 2 in the mono
lini
 spa
e group P21 with view along [010℄.

The symmetry elements of the spa
e group P21 are overlaid. Atoms: 
arbon (grey), hydrogen

(white), nitrogen (blue) and oxygen (red).
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B. Pa
king Diagrams of the Crystal Stru
tures

Figure B.3. Pa
king diagram of 3 in the orthorhombi
 spa
e group P212121 with view along

[100℄. The symmetry elements of the spa
e group P212121 are overlaid. Atoms: 
arbon (grey),

hydrogen (white), nitrogen (blue) and oxygen (red).

257



B. Pa
king Diagrams of the Crystal Stru
tures

Figure B.4. Pa
king diagram of 4 in the orthorhombi
 spa
e group P212121 with view along

[100℄. The symmetry elements of the spa
e group P212121 are overlaid. Atoms: 
arbon (grey),

hydrogen (white), nitrogen (blue) and oxygen (red).

258



B. Pa
king Diagrams of the Crystal Stru
tures

Figure B.5. Pa
king diagram of 5 in the tri
lini
 spa
e group P1 with view along [100℄. Atoms:


arbon (grey), hydrogen (white), nitrogen (blue) and oxygen (red).
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B. Pa
king Diagrams of the Crystal Stru
tures

Figure B.6. Pa
king diagram of 6 in the orthorhombi
 spa
e group P212121 with view along

[100℄. The symmetry elements of the spa
e group P212121 are overlaid. Atoms: 
arbon (grey),

hydrogen (white), nitrogen (blue) and oxygen (red).
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B. Pa
king Diagrams of the Crystal Stru
tures

Figure B.7. Pa
king diagram of 7 in the orthorhombi
 spa
e group P212121 with view along

[100℄. The symmetry elements of the spa
e group P212121 are overlaid. Atoms: 
arbon (grey),

hydrogen (white), nitrogen (blue) and oxygen (red).
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B. Pa
king Diagrams of the Crystal Stru
tures

Figure B.8. Pa
king diagram of 8 in the orthorhombi
 spa
e group P212121 with view along

[100℄. The symmetry elements of the spa
e group P212121 are overlaid. Atoms: 
arbon (grey),

hydrogen (white), iodine (purple), nitrogen (blue), oxygen (red) and palladium (turquoise).
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C. Crystallographi
 Tables

C. Crystallographi
 Tables

Table C.1. Crystallographi
 data of

4C1-β-d-Gl
p1NMe·MeNH

2

(1),

1C4-β-l-Rhap1NEt (2) and
4C1-β-d-Lyxp1NPh (3).


ompound 1 2 3

empiri
al formula C

8

H

20

N

2

O

5

C

8

H

17

NO

4

C

11

H

15

NO

4

M

r

/g mol

−1
224.26 191.22 225.24


rystal system mono
lini
 mono
lini
 orthorhombi


spa
e group C2 P21 P212121

a/Å 23.5559(12) 10.4023(5) 6.0390(3)

b/Å 4.4523(3) 4.6613(2) 6.4195(3)


/Å 12.3134(7) 10.8357(5) 28.4944(12)

α/◦ 90 90 90

β/◦ 117.1375(18) 115.211(2) 90

γ/◦ 90 90 90

V /Å

3
1149.24(12) 475.36(4) 1104.65(9)

Z 4 2 4

ρ/g 
m−3
1.296 1.336 1.354

µ/mm−1
0.107 0.106 0.103


rystal size/mm 0.40×0.10×0.03 0.10×0.10×0.03 0.12×0.09×0.04

temperature/K 100(2) 100(2) 100(2)

di�ra
tometer Bruker D8Venture Bruker D8Venture Bruker D8Venture

radiation MoKα MoKα MoKα

anode rotating anode rotating anode rotating anode

rate input/kW 2.5 2.5 2.5

θ range/◦ 3.245�26.37 3.583�29.61 3.253�27.12

re�exes for metri
 3025 4183 5538

absorption 
orre
tion multi-s
an multi-s
an multi-s
an

transmission fa
tors 0.6980�0.7454 0.6482�0.7459 0.7015�0.7455

re�exes measured 11123 9138 10430

independent re�exes 2327 2631 2438

R

int

0.0466 0.0308 0.0223

mean σ(I)/I 0.0494 0.0465 0.0202

re�exes with I ≥ 2σ(I) 2067 2292 2240

x, y (weighting s
heme) 0.0429, 1.2670 0.0391, 0.0824 0.0317, 0.2016

hydrogen re�nement

a a a

Fla
k parameter 0.3(10) 1.6(7) −0.4(3)

parameters 254 126 214

restraints 1 1 0

R(F

obs

) 0.0464 0.0400 0.0296

R

w

(F

2

) 0.1090 0.0934 0.0694

S 1.030 1.031 1.056

shift/error

max

0.001 0.001 0.001

max. ele
tron density/e Å

3
0.515 0.370 0.206

min. ele
tron density/e Å

3 −0.298 −0.188 −0.136

a

Coordinates of hydrogen were 
al
ulated in idealized positions, riding on their parent atoms.
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C. Crystallographi
 Tables

Table C.2. Crystallographi
 data of

4C1-α-d-Ribp1NPh·0.5H2

O (4),

4C1-β-d-Xylp1NPh (5) and
4C1-β-d-ara-dHexp1NPh (6).


ompound 4 5 6

empiri
al formula C

22

H

32

N

2

O

9

C

11

H

15

NO

4

C

12

H

17

NO

4

M

r

/g mol

−1
468.49 225.24 239.26


rystal system orthorhombi
 tri
lini
 orthorhombi


spa
e group P212121 P1 P212121

a/Å 6.1211(2) 7.4696(5) 6.3074(5)

b/Å 10.9298(4) 10.1415(7) 6.8393(6)


/Å 34.0162(12) 14.0776(9) 28.194(2)

α/◦ 90 87.934(2) 90

β/◦ 90 87.0775(18) 90

γ/◦ 90 86.3508(19) 90

V /Å

3
2275.77(14) 1062.30(12) 1216.24(17)

Z 4 4 4

ρ/g 
m−3
1.367 1.408 1.307

µ/mm−1
0.106 0.107 0.098


rystal size/mm 0.10×0.03×0.10 0.25×0.15×0.10 0.05×0.03×0.02

temperature/K 298(2) 100(2) 100(2)

di�ra
tometer Bruker D8Venture Bruker D8Venture Bruker D8Venture

radiation MoKα MoKα MoKα

anode rotating anode rotating anode rotating anode

rate input/kW 2.5 2.5 2.5

θ range/◦ 3.035�25.73 2.442�27.14 3.065�23.28

re�exes for metri
 9524 7322 3239

absorption 
orre
tion multi-s
an multi-s
an multi-s
an

transmission fa
tors 0.7102�0.7453 0.6434�0.7455 0.6027�0.7449

re�exes measured 47125 19581 8864

independent re�exes 4329 8370 1742

R

int

0.0584 0.0410 0.0616

mean σ(I)/I 0.0299 0.0560 0.0503

re�exes with I ≥ 2σ(I) 3585 7356 1432

x, y (weighting s
heme) 0.0338, 0.5078 0.0726, 1.0605 0.0338, 0.2823

hydrogen re�nement

a b b

Fla
k parameter −0.2(4) −0.1(5) −1(2)

parameters 320 602 155

restraints 0 9 0

R(F

obs

) 0.0398 0.0551 0.0417

R

w

(F

2

) 0.0858 0.1488 0.0840

S 1.062 1.077 1.062

shift/error

max

0.001 0.005 0.001

max. ele
tron density/e Å

3
0.145 0.460 0.168

min. ele
tron density/e Å

3 −0.152 −0.341 −0.147

a

Coordinates of hydrogen atoms bonded to aqua ligands were re�ned freely, all other hydrogen atoms

were 
al
ulated in idealized positions, riding on their parent atoms.

b

Coordinates of hydrogen were


al
ulated in idealized positions, riding on their parent atoms.
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C. Crystallographi
 Tables

Table C.3. Crystallographi
 data of

4C1-β-d-lyx -dHexp1NPh·0.33H2

O (7) and [Pd(en)(

4C1-β-

d-Xylp1NMe2H−1-κN
1
,κO2

)℄IO

3

·4H
2

O (8).


ompound 7 8

empiri
al formula C

37

H

55

N

3

O

13

C

8

H

26

IN

3

O

10

Pd

M

r

/g mol

−1
749.84 557.62


rystal system orthorhombi
 orthorhombi


spa
e group P212121 P212121

a/Å 6.9077(2) 6.1659(2)

b/Å 18.1692(6) 13.3545(5)


/Å 29.7678(9) 20.2868(9)

α/◦ 90 90

β/◦ 90 90

γ/◦ 90 90

V /Å

3
3736.1(2) 1670.47(11)

Z 4 4

ρ/g 
m−3
1.333 2.217

µ/mm−1
0.101 3.013


rystal size/mm 0.10×0.08×0.03 0.09×0.07×0.03

temperature/K 100(2) 100(2)

di�ra
tometer Bruker D8Venture Bruker D8Venture

radiation MoKα MoKα

anode rotating anode rotating anode

rate input/kW 2.5 2.5

θ range/◦ 3.155�25.70 3.212�27.15

re�exes for metri
 9847 7322

absorption 
orre
tion multi-s
an multi-s
an

transmission fa
tors 0.7006�0.7453 0.6897�0.7455

re�exes measured 100757 66324

independent re�exes 7146 3693

R

int

0.0592 0.0416

mean σ(I)/I 0.0317 0.0213

re�exes with I ≥ 2σ(I) 6465 3602

x, y (weighting s
heme) 0.0307, 1.4989 0.0114, 0.5094

hydrogen re�nement

a a

Fla
k parameter 0.8(3) −0.004(8)

parameters 501 248

restraints 5 9

R(F

obs

) 0.0355 0.0138

R

w

(F

2

) 0.0802 0.0309

S 1.060 1.070

shift/error

max

0.001 0.002

max. ele
tron density/e Å

3
0.195 0.437

min. ele
tron density/e Å

3 −0.176 −0.367

a

Coordinates of hydrogen atoms bonded to aqua ligands were re�ned freely, all other hydrogen atoms

were 
al
ulated in idealized positions, riding on their parent atoms.
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