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1. Introduction

1.1. The Biological Importance of Carbohydrates and Amino
Sugars

Carbohydrates form the most abundant class of biomolecules and are constituents of all plants,
animals and microorganisms. Simple polysaccharides, such as amylose in starch and cellulose
(figure 1.1), serve as food reserves as well as structural components in cell walls. These polymeric
structures are composed of monomeric building blocks, called monosaccharides. In the case of
amylose and cellulose, D-glucose, the most prominent carbohydrate, functions as the monosac-
charide. The chemistry of monosaccharides—also often referred to as glycoses—is mostly char-
acterized by their great versatility due to the multitude of functional groups in a rather small

OH
4 OH
0 HO -
o) e 1To
HO g
OH 4
OH N

Figure 1.1. The repeating unit of the polysaccharide cellulose.

molecule. 1]

During the last decades the development of more effective methods for the characterization
and investigation of carbohydrate structures led to the perception that the biological relevance
of carbohydrates well exceeds their primary role as energy storage and structural component.
Glycosylated carbohydrates play a key role in many biological processes such as fertilization,
embryogenesis, immune defense, viral replication, tissue repair and cell growth. This newfound
importance of carbohydrates for living systems led to the establishment of a new research field
called glycobiology.[?l

Many of the aforementioned biological processes involve glycans containing amino sugars as
building blocks. Examples include polymeric glycosaminoglycans as the mammalian blood an-
ticoagulant heparin and the joint lubricant hyaluronic acid or peptidoglycans as components of
the bacterial cell walls. Amino sugars are defined as monosaccharides in which at least one hy-
droxyl group is replaced by an amino group.!3l The most common long-chain polymer featuring
an amino sugar as monomeric unit found in nature is chitin (figure 1.2). Chitin is the prevailing
constituent of the exoskeleton of insects and crustaceans and has a structure similar to cellulose
with only the hydroxyl group at the C2 position of the backbone polymer chain being replaced
by an acetamido group.!*! In 1875, LEDDERHOSE was the first to isolate a monomeric amino
sugar, when he obtained colorless crystals of D-glucosamine hydrochloride by boiling a lobster

shell in hydrochloric acid. !
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OH

L —n

Figure 1.2. The repeating unit of the polymeric amino sugar chitin.

Amino sugars are further the main constituents of oligomeric aminoglycoside antibiotics as gen-
tamycin and streptomycin (figure 1.3), which are of great medical importance. Their mechanism
of action is based on the interference of the aminoglycosides with the protein biosynthesis by

acting on the bacterial ribosome, leading to rapid cell death. (]
HoN
)\NHZ
N

oH OH
CH o] OH
HsC Q H2N ) HO HO
N © HO OH
/ HQ NH; NH o
H3C OH o / N
¢) NH HiC O o] YNHZ
H,N 2 OHC

OH CHs H:xN

gentamycin streptomycin

Figure 1.3. Structure of the aminoglycosides gentamycin and streptomycin.

If the amino group of an amino sugar is located at the anomeric carbon atom those compounds
are generally referred to as glycosylamines or N-glycosides. Glycosylamines represent a particular
class of its own since their chemical behavior and biological relevance is predominately distinct
from all other amino sugars. The immense importance of glycosylamines first became obvious
with the determination of the composition and structure of ribonucleic and deoxyribonucleic
acid in the 20th century. The included nucleobases, coding the genetic information in all life
forms, are linked via a N-glycosidic bond to the anomeric carbon atom of a pentose (ribose
or 2-deoxyribose), forming nucleosides. Hence, nucleosides are regarded as the most prominent
representatives of the class of glycosylamines.[3]

Glycosylamines are also found as reactive intermediates in the MAILLARD reaction, a reaction be-
tween amino acids and reducing sugars that gives food its brown color and distinctive flavor upon
cooking.m Almost fifty years after the elucidation of the reaction mechanism, the MAILLARD
reaction became again a center of interest, when the potential human carcinogen acrylamide was
detected in various heated foods.® 0 The currently proposed mechanism for the formation of
acrylamide in heating processes is depicted in figure 1.4 and involves the formation of glycosyl-
amine and SCHIFF base species as intermediates and subsequent elimination of either ammonia
or a substituted imine. [l
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OH 7 OH "
NH - H,O o NH
HO 0 + 2 ____2 . HO 2
HO O + Hy0 HO o
OH OH HaN OH NH
OH ‘ OH
(o} ¢} o
HoN HoN
HoN
o

co,
+ Hzo
o) 9 i
+ . + /\)k \)k
\)J\NHZ D-Gle + 1\ NH, N NH,

Figure 1.4. Mechanism of acrylamide formation from D-glucose and -asparagine in heated foods
as postulated by Zvzak et al.['!]

Furthermore, N-alkylated derivaties of glycosylamines have been investigated as (3-glucocerebro-
sidase inhibitors for a potential treatment of the GAUCHER’s disease,['?l as glycolipid analogs in
alternative antigen delivery systems['3 and as compounds exhibiting antifugal activities; thus,

being promising candidates as biocidal additives for food packaging.['*]

1.2. The Chemistry of Glycosylamines

For reducing sugars the equilibrium between the carbonyl open chain form, its hydrate and the
prevailing cyclic hemiacetal or hemiketal forms upon dissolution in water is long known and well
researched. ['51%] The observed cyclic species differ in their ring size (pyranoses and furanoses)
and their configuration at the anomeric carbon atom.['”l The formation of different anomers
is accompanied by a change in optical rotation known as mutarotation. For glycosylamines a
similar behavior was first described by ISBELL and FRUSH in course of kinetic measurements on
the mutarotation and hydrolysis reaction of D-pentosylamines.[!3:19 Tn contrast to glycoses, the
mutarotation of glycosylamines is not sufficiently catalyzed under basic conditions, suggesting
that mutarotation and hydrolysis take place through an intermediate immonium ion.!*8l This
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assumption was further verified by NMR-spectroscopic studies on D-pentosylamines by ZHU et
al., showing the presence of two diasteromeric acyclic hemiaminals in solution.[20] These hemi-
aminal species function as intermediates in the course of the hydrolysis of glycosylamines since
the subsequent elimination of ammonia yields the corresponding glycoses. Over the recent years
further NMR-spectroscopic studies on the equilibrium state of unsubstituted and N-alkylated
glycosylamines in aqueous solution were conducted by SCHWARZ and LINDNER.[21"23] An ex-
emplary scheme of all relevant species of D-glucosylamine in aqueous solution is illustrated in
figure 1.5.

OH acyclic imine form (ScHiFr base) OH
o NH 0
HO [ HO NH
2
HO -~ 1OH / HO
OH

~ N

NH,
HO OH HO oH
HO - HO -
NH, + HZO - Hzo
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~11OH

[3-p-glucopyranosylamine HO a-D-glucopyranosylamine

. NH NH .
[3-p-glucofuranosylamine 2 2 a-D-glucofuranosylamine
HO
-1QH - QH
HQm- +
i QH -1QH
HO
HO HO

acyclic hemiaminal

Figure 1.5. Isomerization between the different species of glycosylamines in aqueous solution
and the reaction with water to the corresponding diastereomeric hemiaminals shown for D-
glucosylamine.

The research of SCHWARZ and LINDNER revealed a striking dominance of the 3-anomer for D-
xylosylamine and D-glucosylamine in comparison to D-xylose and D-glucose in aqueous solution.
This observation arises from the absence of an anomeric effect for carbohydrates bearing an
amino function at the anomeric carbon atom; 24 thus, leading to a significant preference of an
equatorial orientation of the C1-N bond in D-glycosylamines.?°l

Just like pyranoses and furanoses, pyranosylamines and furansosylamines potentially exhibit
a broad variety of different conformations. Generally, in six-membered rings these possible
conformations include chair, boat and twist-boat forms. But in the case of pyranosylamines
only two discrete chair conformations have yet been described: the *C; and 'Cy conformation.
These conformations can be converted into each other by ring inversion, with the boat and twist-
boat form being intermediates on the conversion path. In the case of D-arabinopyranosylamine,
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NMR-spectroscopic studies reveal a preference of the 'Cy conformation for the x-anomer, while
the B-anomer favors the *C; conformation, as depicted in figure 1.6.1221 This observation is in
accordance with the general rule, that equatorial substituents confer stability to a chair form,
while axial substituents are destabilizing.[?!

4 3 OH T HO
HO 2 3y~ 2 )t
ort OH NH;
o-D-arabinopyranosylamine o-D-arabinopyranosylamine
c, icy
4 5 OEO
HO sy
\ o NH, —
OH OH
[3-D-arabinopyranosylamine [3-p-arabinopyranosylamine
4C1 lc4

Figure 1.6. Ring inversion shown for the o- and -anomer of D-arabinopyranosylamine, indicat-
ing the prevailing conformation in aqueous solution.

For furanose forms the determination of the present ring form is more complicated, since five-
membered rings have the ability to adopt twenty idealized forms (ten envelope and ten twist
forms). These nonplanar forms interconvert readily via pseudorotation or inversion, the latter
involving the planar form as intermediate.[26] As in most cases the formation of furanosylamines
is less favored than the formation of pyranosylamines in solution, only few studies on their
conformation were performed. NMR-spectroscopic experiments conducted by ZHU et al. indicate
the preference of the Eo and ?E for the a-anomer and B-anomer of D-xylofuranosylamine in
solution, respectively, while for D-xylofuranose the conformation for the x-anomer is near Fj
and near 'E for the B-anomer (figure 1.7). This observation is accounted to the anomeric effect
in xylofuranoses, leading to an increased stability of the quasi-axial orientation for the C1-O1
bond. Due to the absence of an anomeric effect in glycosylamines the C1-N1 bond strictly favors

the quasi-equatorial position in furanosylamines.[20]
OH
OH 1 5
5 97 NH, vo. 0
HO 4 3 2 3 2 1
OH OHoH HO OH
a-p-xylofuranosylamine o-D-xylofuranose B-p-xylofuranosylamine  B-D-xylofuranose
E2 El 2E lE

Figure 1.7. Preferred conformations for the anomers of D-xylofuranosylamine and D-xylofuranose
according to ZHU et al.[20]
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1.3. Palladium(ll) and Platinum(Il) Complexes

Palladium(II) and platinum(IT) ions show similar characteristics regarding their coordination
chemistry. Both are divalent noble metal cations and strictly form low-spin complexes exhibiting
a square-planar geometry with diamagnetic properties due to their d® electron configuration.

A wide pool of palladium(IT) compounds are of major importance as catalysts in various industrial
processes (e.g. the WACKER process) as well as in organic synthesis (e.g. the HECK reaction).[?7]
The research on platinum(IT) complexes on the other hand mainly focuses on their activity
as chemotherapeutic agents. ROSENBERG et al. first serendipitously discovered and reported
the antitumor activity of platinum compounds.(?8! In advanced studies cis-diamminedichlorido-
platinum(II) (cisplatin, figure 1.8) proved to be the most promising platinum-based antitumor
drug candidate and was approved for clinical use by the U.S. Food and Drug Administration
in 1978.2% The mechanism leading to this anti-cancer activity is mainly designated to the co-
valent binding of the PtNy-fragment to the N7 position of guanine in the DNA. The resulting
intrastrand crosslinks inhibit DNA repair and DNA synthesis in the fast multiplying cancer
cells. 3% Todays other notable platinum-based antineoplastic drugs include oxaliplatin and car-
boplatin (figure 1.8), which distinguish themselves from cisplatin by changes in the neutral
spectator ligand and anionic leaving ligand. Such changes lead to a reduction of undesirable
side effects (most notably nephrotoxicity, neurotoxicity and nausea), but can also decrease the
potency of the drug.[31]

0
H3N Cl H3N (o) HZ (o) °
3 3
AN A4 AN
/Pt\ /Pt\ /Pt\
HaN cl HaN o N o
Ha o]
0
cisplatin carboplatin oxdiplatin

Figure 1.8. Platinum-based antineoplastic drugs.

Since the exchange of the ligand has such a large impact on the reactivity of a platinum-based
drug, the search for alternative ligand candidates plays a key role in this still thriving research
field. Some of the numerous drug candidates proposed in the literature incoperate amino sugars
as spectator ligands. For example, HLAVKA et al. first described the anti-cancer activity of
not further specified compounds resulting from the treatment of various glycosylamines and
D-glucosamine with platinum(II) chloride in water.[3?] In a more recent publication BERGER
et al. substituted the cyclohexane-1,2-diamine auxiliary ligand in oxiliplatin by a 2,3-diamino-
2,3-dideoxy-D-glucose ligand and characterized the four complexes depicted in figure 1.9. The
synthesized compounds vary in their anionic ligand utilized as leaving group and thus exhibit
different cytotoxic activities. 33l
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Figure 1.9. Overview of the by Berger et al. synthesized platinum(II) amino sugar complexes. 3l

Beyond this broad range of investigated ligands, there is also great interest in the use of other
metal ions for inorganic anti-cancer drugs. Palladium-based alternatives proved to have anti-
neoplastic properties similar to platinum complexes but with different stability and kinetics
(palladium complexes are up to 10° times more reactive) 341 at a lower cost.3!l In an exem-
plary work TANAKA et al. investigated and compared the anti-cancer effects of glycoconjugated
palladium(II) and platinum(II) complexes with a glucosamine derivative as the featured ligand

illustrated in figure 1.10. (3%l

\
9 \_J

Figure 1.10. Structure of the glucosamine derivative metal complexes with M = Pd, Pt synthe-
sized by TANAKA et al.[3"]

1.4. Characterization of Glycosylamines and their Pd"" Complexes

The most common analytical method to determine the configuration and conformation of gly-
cosylamines in solution is NMR spectroscopy. In comparison to the corresponding glycoses the
1?’C{lH} NMR signal for the C1 atom of the glycosylamines is shifted in the upper field due to
the substitution of the attached hydroxyl group by an amino function. All other carbon atoms of
the carbohydrate scaffold show comparable chemical shifts. Furanoid isomers can be identified
by a chemical shift larger than 80 ppm for the C4 atom. [36]

The KARPLUS equation allows a further determination of the present configuration and confor-
mation as it describes the correlation between the coupling constant and the dihedral torsion
angle of two vicinal hydrogen atoms.[3”] Although the KARPLUS equation gives distinct values
for every angle, it is only used empirically throughout this work. As can be seen in figure 1.11,

in pyranoid systems a coupling constant of 1Hz to 4 Hz indicates an axial-equatorial or an
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equatorial-equatorial arrangement of two vicinal hydrogen atoms, while coupling constants from
8Hz to 12Hz match an axial-axial orientation. In some cases dynamic fluctuation between
two species in solution, as for example between the *Cy and the 'Cy conformation, allow no
unambiguous determination by the aforementioned measures. 3l

oF—TTTmTTTTr=r"TT"TTTT7T-7T3F0
10 30 50 70 90 110 130 150 170

¢°

Figure 1.11. Schematic visualization of the KARPLUS relation, showing the correlation between
the coupling constant 3Jqp and the H-C-C-H dihedral torsion angle ¢ in nuclear magnetic
resonance spectroscopy.

The configuration and conformation of glycosylamines as ligands in palladium(II) complexes can
be determined in the same manner as for the free glycosylamines due to the diamagnetism of
the obtained complexes. The coordination sites of the metal fragments on glycosylamines can
be identified by the observation of the coordination-induced shift (CIS). The CIS is a result of
the changes in the electron density within ligands upon coordination and its value is obtained
by subtracting chemical shifts of each nucleus in the complexed and the free ligand.

A(S(CIS) = 5complexed - 6free (1.1)

In most cases the resulting binding mode in solution is determined in regard to the CIS for
13C{IH} NMR signals of carbon atoms attached to the coordinating functional group. Charac-
teristic values in the case of unsubstituted glycosylamines are 1 ppm to 3 ppm for the C1 atom
coordinating wia a neutral amino function, while CIS values from 6 ppm to 12 ppm are observed

for carbon atoms with coordinating alkoxide moieties. 22l
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1.5. Aim of this Work

In first studies on the chelatation properties of N-alkyl-D-glycosylamines towards palladium(IT)
probes performed by LINDNER, unexpected metalation of the acyclic imine form was NMR-
spectropically detected besides the anticipated formation of pyranosylamine-palladium com-
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-glucosylamine on the other hand showed no indications for a similar
metalation of the respective imine form. 22l

On the basis of these initial findings, the aim of this work is to identify and elucidate the
influencing factors for this intermittent metalation of the open-chain isomer and to provide further
analytical evidence for the formation of these remarkable complex species. Therefore, in a first
step, the pool of N-substituted glycosylamines available as ligands is extended. These synthesized
N-substituted glycosylamines are subsequently treated with various palladium(II) probes. The
resulting structures and percentage distributions for the glycosylamine-metal complexes formed
in the reaction solutions are determined by NMR-spectroscopic methods. In the best case also
single crystals suitable for X-ray diffraction studies are obtained from the corresponding reaction
solutions to gain additional structural information and analytical evidence for the investigated
glycosylamine-palladium complexes. The results gathered from these experiments should help to
formulate tendencies for the influence of the used ligand as well as of the included metal probe
on the potential metalation of the acyclic imine form of a glycosylamine.
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2.1. N-Substituted Glycosylamines

The N-substituted glycosylamines described in this work were primarily synthesized for their use
as ligands in reactions with palladium(IT) and platinum(IT) probes. These reactions intend to
lead to a better understanding of the coordination behavior of glycosylamines in general. Since
the synthesis and characteristics of the majority of the investigated N-substituted glycosylamines
has not yet been reported in the literature, the first part of this work exclusively focuses on their
synthesis and chemical characteristics.

The purity of the synthesized N-substituted glycosylamine was analyzed by elemental analysis,
fast atom bombardment mass spectrometry and 'H and "C{*H} NMR spectroscopy in Dy0
and DMSO-dg. For further characterization, "H,'H-COSY, 'H,"*C-HMQC, 'H,'*C-HMBC and
DEPT135 NMR experiments were performed in order to allow an exact assignment of the NMR
signals in the carbohydrate scaffold and the determination of the present isomers.

Besides the basic analytic characterization, the equilibrium of the formed isomers in various sol-
vents as well as the extent of their hydrolysis was investigated more closly. The percentage distri-
butions of the isomers detected in solution were determined with the help of NMR-spectroscopic
methods. The comparison of the respective isomers’ integrals in the measured 'H NMR spectra
represents the method of choice for this kind of quantification. Superposition of signals is a com-
mon problem in 'H NMR spectra and often hinders an exact determination of the percentage
distribution. In this case, the integrals measured in the associated *C{*H} NMR spectra were
taken into account. This method is slightly less accurate, but still reveals the composition of the
solution with a deviation of up to £5%. 36l

Furthermore, the molecular structure was determined through single-crystal X-ray diffraction for
all crystalline N-substituted glycosylamines. Using the thereby obtained atom coordinates, the
associated puckering parameters @,  and ¢ according to CREMER and POPLE were calculated
with PLATON for the pyranosylamine rings.

2.1.1. N-Alkylpentosylamines

N-Alkylpentosylamines are readily synthesized through the condensation reaction of an aldose
with a primary aliphatic amine in either methanolic or ethanolic solution. The formation of
the desired N-alkylpentosylamine proceeds wia the nucleophilic attack of the alkylamine on the
carbonyl carbon atom of the monosaccharide in its open-chain form, leading to the substitution
of the hydroxy group at the anomeric carbon atom by an alkylamine moiety.

Procedures for the synthesis of various pentosylamines as described by LINDNER were applied and
slightly modified in this work.[??| Essentially, those reactions proceeded at good rates under ice
cooling or at room temperature. The subsequent isolation of the desired N-alkylpentosylamines

10
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from the reaction mixture was achieved by either precipitation, and thereby taking advantage
of the lower solubility of the product in alcoholic solution, or via evaporation of all solvents and
reactants, since short-chained aliphatic amines are highly volatile. Is has to be noted, that the
purification step including the precipitation yielded the desired products in a better purity, but
was not always applicable.

All four p-aldopentoses (D-arabinose, D-lyxose, D-ribose and D-xylose) were used as reactants,
while the reacting alkylamines were methylamine, ethylamine, propylamine, #so-propylamine
and tert-butylamine.

Many of the synthesized N-alkylpentosylamines showed significant rates of hydrolysis, result-
ing in the back reaction to the originally applied aldose and alkylamine. The stability of the
N-alkylpentosylamines differ for every pentose and the extent of the hydrolystic cleavage can
readily be monitored by NMR, spectroscopy in D,0O. The rate of hydrolysis increases with ris-
ing temperature, pH-value and steric demand of the alkylamino substituent. These tendencies
were already described by STEPANENKO and coworkers, who furthermore found evidence for a
correlation between the decreasing stability and an increasing conformational instability of the
sugar component. ! In order to avoid this formation of the initial reactants, accompanied by the
emergence of extra NMR signals, the majority of NMR spectra in DoO were measured at 4°C
to reduce the hydrolytic side reaction. Furthermore, NMR spectra of the N-alkylpentosylamines
in dry DMSO-dg were collected to minimize hydrolysis and therefore guaranteeing the detection
of any contamination of the product with residues of the reactants.

Similar to their corresponding pentose analogues, the synthesized N-alkylpentosylamines exhibit
various configurations and conformations in solution. The occurring anomerization results in an
equilibrium between the «- and f3- forms of pyranosylamines and furanosylamines. Additionally,
some N-alkylpentopyranosylamine isomers tend to show a dynamic fluctuation between the 4Cy
conformation and 'Cy conformation through ring inversion.

2.1.1.1. N-Alkyl-D-arabinosylamines

The reaction of D-arabinose with various alkylamines yielded the N-alkyl-D-arabinosylamines
displayed in figure 2.1. D-AralNMe and D-AralNEt could be stored at 4 °C under inert gas atmo-
sphere for several weeks before slowly decomposing to a brown residue. D-AralNPr, D-AralNiPr
and D-AralN¢Bu 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 decomposition.

11
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Figure 2.1. In D,O and DMSO-dg detected isomers and conformations of the synthesized N-
alkyl-D-arabinosylamines.

As can be seen in table 2.1, the a-anomer represents the predominant isomer for the N-alkyl-D-
arabinosylamines in D50 and in DMSO-dg. The 3JH,H values found for the a-anomers (listed in
table 2.2) verify the clear preference of the 'Cy conformation featuring three equatorial oriented
substituents. These spectroscopic findings are in accordance with the crystal structures of 'Cy-
«-D-AralNMe and 'Cy-a-D-AralNEt previously reported by LINDNER.[?2]

Table 2.1. Percentage distribution of the different isomers for the synthesized N-alkyl-D-ara-
binosylamines from "H or "*C{'H} NMR spectra measured in D,O and in DMSO-dg at room
temperature.

D,0 DMSO-dg
ap Bp of Bf ap Pp of PBf

D-AralNMe 64 18 10 36 32 20 12
D-AralNEt 66 15 12 60 19 13 8
D-AralNPr 70 18 8 55 23 13 9
D-AralNiPr 78 14 6 56 22 15 7
D-AralN¢tBu 100 0 0 30 27 22 21

O N = ~ 0o

The less abundant -anomers feature two substituents in equatorial position and two substituents
in axial position in the 'Cy conformation and in the *C; conformation. Thus, a dynamic fluctu-
ation between both conformations was assumed. The experimental 3JH,H values for the N-alkyl-
[3-D-arabinosylamines, listed in table 2.2, noticeably decreased with an increasing steric demand
of the alkylamino substituent located at anomeric carbon atom. This observation indicates a
reasonable preference of the C; conformation to keep the more bulky substituents in the ener-
getically favored equatorial position. In the case of D-AralN¢Bu no evidence for the presence of
the corresponding B-pyranosylamine form in aqueous solution was found. The BC{'H} NMR
shifts assigned to the carbohydrate scaffold and the Cx atom of the alkylamino group of all
detected N-alkyl-D-arabinopyranosylamines are listed in table 2.3.

12
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Table 2.2. Experimental and calculated 3JH,H values in Hz for both anomers of the detected N-
alkyl-D-arabinopyranosylamines from 'H NMR spectra measured in D,O. Dashes indicate that
due to superposition of signals no coupling constant could be determined.

3 3 3 3 3
Jiz2 “J23 “J34 “Jaseq “Jasax

1C4-a-D-AralNR (caled.) 8.6 9.6 3.2 2.5 0.6
a-D-AraplNMe 8.6 9.5 3.7 2.3 1.2
o-D-Arap1NEt 8.6 9.5 3.5 2.3 1.2
o-D-Arap1NPr 8.6 94 3.6 2.3 1.2
«-D-Arap1NiPr 8.5 94 3.6 2.3 1.2
o-D-ArapIN¢Bu 8.7 - - 1.9 -
4C1-a-D-AralNR (caled.) 2.4 4.3 3.5 4.3 10.1
1C4-B-D-AralNR (caled.) 3.1 9.6 3.2 2.5 0.6
B-D-Arap1NMe 2.6 - - - -
-D-Arap1NEt 2.2 - - - -
P »

-D-Arap1NPr 2.1 - - - -
P »

-D-Arap1NiPr 1.8 - - - -
B »

4Cy-B-n-AralNR (caled.) 0.9 4.3 3.5 4.3 10.1

Table 2.3. Selected '*C{'H} NMR chemical shifts (§/ppm) of the N-alkyl-D-arabinopyranosyl-
amines detected in DyO or DMSO-dg(*).

Ci1 C2 C3 C4 C5 Cu

a-D-AraplNMe 922 709 738 694 67.7 315
a-D-Arap1NEt 90.8 712 73.8 69.4 67.7 39.9
a-D-ArapINPr 91.1 711 73.8 694 67.8 47.6
«-D-ArapINiPr 89.0 715 739 69.4 67.7 454
oa-D-ArapINtBu 87.6 71.3 739 69.6 67.3 51.2

3-D-Arap1NMe 871 69.3 703 66.1 63.6 31.7
[3-D-Arap1NEt 85.1 70.5 70.7 657 63.8 39.8
[3-D-Arap1NPr 85.3 70.8 70.8 656 639 47.5
[3-D-Arap1NiPr 82.3 713 69.5 652 64.1 44.1
B-D-ArapIN¢Bu* 81.2 70.8 71.4 64.7 63.1 49.5

Additionally, both furanoid anomers were detected in aqueous solutions of all synthesized N-
alkyl-D-arabinosylamines, except for D-AralN¢Bu. This exception, which also applied to the
previously mentioned pyranoid (3-anomer, presumably derives from the significant steric demand
of the tert-butylamino moiety. The amount of the furanoid form is slightly increased in DMSO
compared to aqueous solutions (table 2.1). The measured 3.J; 2 values range between 4.9 Hz
to 5.1 Hz for the N-alkyl-a-D-arabinosylamines and 3.6 Hz to 3.7 Hz for the corresponding f3-
anomers, respectively. The 3C{'H} NMR shifts assigned to the carbohydrate scaffold and the
Ca atom of the alkylamino group of all detected N-alkyl-D-arabinofuranosylamines are listed
below in table 2.4.

13
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Table 2.4. Selected "*C{'H} NMR chemical shifts (§/ppm) of the N-alkyl-p-arabinosylamines
detected in DyO or DMSO-dg(*).

Ci C2 C3 C4 C5 Cu«

a-D-Araf1NMe 95.1 799 76.0 819 61.8 31.1
a-D-Araf1INEt 93.8 804 76.1 819 61.8 39.7
«-D-Araf1NPr 944 80.2 759 819 61.7 473
a-D-Araf1NiPr 914 80.8 76.1 819 61.8 44.7
a-D-ArafINtBu* 914 81.6 76.3 823 62.1 49.5

B-D-ArafINMe  92.8 77.2 763 831 62.5 32.3
B-D-ArafINEt  91.2 77.3 764 83.3 625 40.7
B-D-ArafINPr  91.7 77.5 764 836 62.5 48.3
B-D-ArafINiPr  88.9 77.6 76.6 83.8 62.5 453
B-D-ArafINtBu* 86.3 77.0 764 834 62.1 494

2.1.1.2. N-Alkyl-D-lyxosylamines

The reaction of D-lyxose with various alkylamines yielded the corresponding N-alkyl-D-lyxosyl-
amines displayed in figure 2.2. All products were obtained as white or slightly beige powders with
only D-Lyx1N7Pr and D-Lyx1N#Bu showing significant signs of decomposition when exposed to
air and when stored at 4 °C under inert gas atmosphere for months.

OH 4 OH
4 s Lo sty 5 _|-0
HO ~ 2 1
s 2 ) R 3

HN

R
4C,-B-D-LyxpINR 1C,4-0-D-LyxpINR 4C1-0-D-LyxpINR
R = Me, Et, Pr, iPr, tBu R = Me, Et, Pr, iPr, tBu R =Me, Et, Pr, iPr, tBu

Figure 2.2. In D,O and DMSO-dg detected isomers and conformations 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 B-pyranosylamine anomer. The only other species detected in aqueous solution, excluding
hydrolysis products, is the corresponding pyranoid o«-anomer. The measured amount of the
o-anomer is higher in DMSO than in water. In the case of D-Lyx1N¢Bu the concentration of
the o-anomer even exceeds the f-anomer in DMSQO. There were no traces of furanoid isomers
detected in the NMR spectra of any of the investigated N-alkyl-D-lyxosylamines, neither in D,O
or in DMSO-dg. The 3C{'H} NMR shifts assigned to the carbohydrate scaffold and the Ca
atom of the alkylamino group are listed in table 2.5.
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Table 2.5. Percentage distribution of the different isomers for the synthesized N-alkyl-D-lyxosyl-
amines from 'H or "*C{*H} NMR spectra measured in D,O at room temperature or at 4 °C(*)
and in DMSO-dg at room temperature.

D,O DMSO-dg
Bp op PBp «p

D-Lyx1NMe 69 31 56 44
D-Lyx1INEt 73 27 57 43
D-Lyx1NPr 74 26 59 41
D-Lyx1N:Pr 7723 62 38
D-LyxINtBu* 64 36 46 54

The experimental 3J1,2 values for the N-alkyl--D-lyxosylamines, listed in table 2.6, match the
calculated values for the expected sole presence of the C; conformation with only one axial
substituent. For the corresponding «-anomers on the other hand, the measured 3J1,2 values lie
in between the idealized 3J172 coupling constants for the 4¢q and 'Cy conformation of o-D-lyxo-
pyranoses. Thus, a dynamic fluctuation between the 'Cy4 conformation and the *C conformation
is assumed for the synthesized N-alkyl-o-D-lyxosylamines. And yet the 'Cy4 conformation appears
to be favored since the found 3J1,2 values are located closer to the idealized 3J172 value for the
1C, conformation. This preference increases with growing steric demand of the alkylamino
substituent in order to avoid an adverse axial orientation of a bulky substituent, as can be
clearly seen in the case of o-D-Lyx1N¢Bu.

Table 2.6. Experimental and calculated 3JH,H values in Hz for the detected isomers of the
synthesized N-alkyl-D-lyxopyranosylamines from 'H NMR spectra measured in D,0O. Dashes
indicate that due to superposition of signals no coupling constant could be determined.

3 3 3 3 3
Ji2 “J23 “J34 “Jaseq “Jasax

401-B-p-LyxINR (caled.) 1.1 3.5 9.6 4.3 10.1
3-D-Lyxp1NMe 1.2 3.3 9.6 5.5 10.4
3-D-Lyxp1NEt 1.1 34 9.6 5.5 10.4
3-D-Lyxp1NPr 1.1 34 9.6 5.6 10.4
3-D-Lyxp1NiPr 1.1 34 9.6 5.6 11.3
3-D-Lyxp1Nt¢Bu 1.1 - - - -
LC4-B-D-LyxINR (caled.) 3.1 3.5 4.3 2.5 0.6
401-0-D-Lyx1NR (calcd.) 2.6 3.5 9.6 4.3 10.1
«-D-Lyxp1NMe 6.6 3.3 - - 4.7
o-D-Lyxp1NEt 6.8 3.3 - - -
«-D-Lyxp1NPr 6.9 3.1 - - -
o-D-Lyxp1NiPr 6.9 3.1 - - -
o-D-Lyxp1N¢Bu 7.6 - - - -
1C4-a-D-LyxINR (caled.) 8.7 3.5 4.3 2.5 0.6
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Table 2.7. Selected "*C{'"H} NMR chemical shifts (§/ppm) of the N-alkyl-D-lyxopyranosylamines
detected in DyO or DMSO-dg(*).

Ci C2 C3 C4 C5 Cu

B-D-LyxpINMe 89.7 714 744 672 67.0 31.6
B-D-LyxpINEt 87.8 71.6 744 67.2 67.0 39.5
B-D-LyxpINPr  88.2 71.6 745 67.2 67.0 47.1
B-D-LyxpINiPr 854 718 745 67.2 67.1 43.8
B-D-LyxpINtBu 85.3 71.1 747 67.2 66.6 51.1

a-D-LyxpINMe 89.1 69.3 71.1 69.2 64.7 31.2
o-D-LyxpINEt  87.6 69.4 71.1 69.2 646 39.6
o-D-LyxpINPr  87.9 69.4 71.2 69.2 647 47.3
o-D-LyxpINiPr 855 69.2 70.9 69.2 644 45.0
o-D-LyxpINtBu 843 69.8 71.1 694 647 51.2

2.1.1.3. N-Alkyl-D-ribosylamines

The reaction of D-ribose with various alkylamines yielded the in figure 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-Rib1N7Pr and D-Rib1IN#Bu could be isolated as off-
white solids. All compounds showed an immense susceptibility towards hydrolysis and had to
be stored at —25°C under inert gas atmosphere.

5 1 /R
4
5 9] o NH
HO H
3 2 T ~R 4 3 2 R
OH OH N
OH
N4
4C,-B-D-RibpINR 1C4-a-D-RibpINR 2.\0H
R = Me, Et, Pr, iPr, tBu R = Me, Et, Pr, iPr, tBu HO 3
4
“1OH
5
OH
< D-RibalNR
HO OH HO OH R R = iPr, tBu
B-D-RibfINR a-D-RibfINR
R = Me, Et, Pr, iPr, tBu R = Me, Et, Pr, iPr, tBu

Figure 2.3. In D,O and DMSO-dg detected isomers of the synthesized N-alkyl-D-ribosylamines.

As shown in table 2.8, the pyranoid 3-anomer represents the most abundant isomer in aqueous
solution for all synthesized N-alkyl-D-ribosylamines. Next to the prevailing species, significant
amounts of the corresponding o-anomer in its pyranosylamine form and smaller amounts of both
anomers of the respective furanosylamines were detected. The abundance of these minor species
appeared to be slightly increased in solutions of DMSO. Another noteworthy finding was the
detection of traces of the open-chain imine form in the case of D-RibIN:Pr and D-Rib1N¢Bu
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in DMSO. Both acyclic isomers were identified by the prominent "*C{*H} NMR signal of the
imine moiety (C1) at 162.8 ppm and 159.7 ppm as well as the corresponding 'H NMR signals at
7.70 ppm and 7.69 ppm, respectively.

Table 2.8. Percentage distribution of the different isomers for the synthesized N-alkyl-D-ribosyl-
amines from 'H or "*C{'"H} NMR spectra measured in D,O at 4°C and in DMSO-dg at room
temperature.

D,O DMSO-dg

Bp ap Bf of Pp oap Bf of
D-RibINMe 42 41 10 4 32 171 7
p-RibINEt 55 34 8 40 37 16 7
D-RibINPr 44 44 8 40 35 15 10
D-RibINiPr 50 38 8 40 36 13 9
D-RibINtBu 52 39 9 42 23 19 14

O R W~
MV O OO

The measured 3JH,H values for the 3-anomers of the N-alkyl-D-ribosylamines, listed in table 2.9,
prove that the favored conformation is the expected C conformation with three equatorial
substituents. Derived from their small 3J1,2 values, the a-anomers on the other hand seem to
strictly reside in the 'Cy conformation. By adopting this conformation it is guaranteed that the
alkylamino substituent is always located at the energetically favored equatorial position. The
BBC{H} NMR shifts assigned to the carbohydrate scaffold and the C atom of the alkylamino
group for the ribopyranosylamines are listed in table 2.10.

Table 2.9. Experimental and calculated 3JH,H values in Hz for the detected isomers of the
synthesized N-alkyl-D-ribosylamines from '"H NMR spectra measured in DyO. Dashes indicate
that due to superposition of signals no coupling constant could be determined.

3 3 3 3 3
J1,2 J2,3 J3,4 J4,5eq J4,5am

401-B-p-RibINR (caled.) 8.7 3.5 3.5 4.3 10.1
B-D-Ribp1NMe 8.4 2.7 2.7 4.9 11.0
B-D-Ribp1NEt 8.4 3.0 3.0 4.9 11.1
B-D-Ribp1NPr 8.5 3.0 3.0 4.8 11.0
B-D-Ribp1NiPr 8.4 2.7 2.7 4.9 11.0
3-D-Ribp1N¢Bu 8.6 2.7 24 - -
1C4-B-D-RibINR (caled.) 2.4 3.5 3.2 2.5 0.6
1C4-a-D-RibINR (caled.) 0.9 3.5 3.2 2.5 0.6
«-D-Ribp1NMe 1.1 - - - -
o-D-RibpINEt 1.0 — - - -
o-D-Ribp1NPr 0.9 - - - -
o-D-Ribp1NiPr 1.2 - - - -
o-D-Ribp1NtBu 0.9 - - - -
401-o-D-RibINR (caled.) 3.1 3.5 3.5 4.3 10.1
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Table 2.10. Selected '*C{'H} NMR chemical shifts (§/ppm)

amines detected in DyO or DMSO-dg(*).

of the N-alkyl-D-ribopyranosyl-

Ci1 C2 C3 C4 C5 Cu
3-D-RibplNMe 884 722 706 676 639 314
3-D-Ribp1NEt 86.9 725 708 67.6 63.8 40.0
3-D-Ribp1NPr 8§72 724 70.7 67.6 63.8 47.6
3-D-RibpIN:Pr 85.1 727 71.0 67.6 63.7 45.2
-D-RibpINtBu 83.5 73.7 71.1 676 63.5 51.1
«-D-RibpINMe 89.4 71.2 69.3 69.2 635 316
«-D-Ribp1NEt 876 709 694 69.2 63.5 39.5
«-D-Ribp1NPr 879 T71.0 694 69.2 63.5 47.1
«-D-RibpIN:Pr 85.0 71.0 69.4 69.2 63.5 44.5
«-D-RibpINtBu 85.1 724 694 693 633 509

The determined 3.J; 5 values for the furanoid isomers in DO lie within the range from 4.4 Hz

to 4.7Hz for the f3-anomers and from 3.2Hz to 3.8 Hz for the respective o-anomers. The
BBC{H} NMR shifts assigned to the carbohydrate scaffold and the C atom of the alkylamino
group for the ribopyranosylamines are listed in table 2.11.

Table 2.11. Selected "*C{'H} NMR chemical shifts (§/ppm)

detected in D,O or DMSO-dg(*).

of the N-alkyl-D-ribosylamines

Cl C2 C3 C4 C5 Cua
B-D-RibfINMe  95.5 71.2 745 829 624 31.7
B-D-RibfINEt  94.1 71.2 749 829 624 40.3
B-D-RibfINPr 945 71.2 748 828 623 47.8
B-D-Ribf1NiPr  91.7 71.2 75.3 829 623 43.6
B-D-Ribf1INtBu  90.6 71.2 76.1 829 624 51.1
a-D-RibfINMe 925 721 71.8 81.0 61.8 318
«-D-RibfINEt  90.8 721 72.0 80.9 61.8 40.1
«-D-RibfINPr  91.1 721 721 809 61.8 47.6
«-D-RibfINiPr  88.1 722 721 809 61.8 453
«-D-RibfINtBu* 86.2 71.3 71.0 814 62.0 49.3
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2.1.1.4. N-Alkyl-D-xylosylamines

The reaction of D-xylose with various alkylamines yielded the N-alkyl-D-xylosylamines displayed
in figure 2.4. D-Xyl1NMe, D-XylINEt and D-XylI1NPr were obtained as neat powders, storeable
for days at room temperature before showing signs of hydrolysis. On the other hand the synthesis
of D-XylIN7Pr and D-XylIN¢{Bu yielded the products as syrup-like liquids with a significant
sensitivity towards hydrolysis. All compounds were stored at 4 °C and under inert gas atmosphere
for a few months before slowly decomposing to a brown caramel-like residue.

4
4 5 o 5 0]
HO H HO
HO . Nk HO 2 1
3 OH 1 3 OH
HN N
\R OH R
4Cy-B-D-XylpINR 4C;-a-D-XylpINR 4C;-B-D-XylfINR 4C1-a-D-XylfINR
R = Me, Et, Pr, iPr, tBu R = Me, Et, Pr, iPr, tBu R = Me, Et R = Me, Et

Figure 2.4. In D,O and DMSO-dg detected isomers of the synthesized N-alkyl-D-xylosylamines.

The B-pyranosylamine isomers represent the prevailing species in aqueous solution for all syn-
thesized N-alkyl-D-xylosylamines, as shown in table 2.12 below. This dominance of one isomer
appears even more pronounced at lower temperatures. Other species, observed in the NMR
spectra, besides the hydrolysis products D-xylose and the corresponding alkylamine, were identi-
fied as the a-pyranosylamine isomers by their small 3JH,H values listed in table 2.13. While the
a-anomer is present in all aqueous solutions of the synthesized N-alkyl-D-xylopyranosylamines,
its anomeric ratio never exceeded 10 % at 4°C. Both pyranoid anomers strictly adopt the 4C}
conformation in order to minimize the presence of equatorial hydroxy groups.

Table 2.12. Percentage distribution of the different isomers for the synthesized N-alkyl-D-xylosyl-
amines detected in 'H or "*C{"H} NMR spectra measured in DyO at 4°C and room temperature
and in DMSO-dg at room temperature.

D,O (RT) D,0 (4°C) DMSO-dj

Pp oap Bf of Bp ap Bf of Pp ap PBf of

D-XylINMe 87 11 2 0 94 6 0 0 2 23 3 2
D-Xyl1NEt 87 11 2 0 97 3 0 0 84 12 2 2
D-Xyl1NPr 90 10 O 0 98 2 0 0 8 15 0 0
D-XylIN{Pr 94 6 0 0 94 6 0 0 8 12 0 0
D-XylINtBu 98 2 0 0 98 2 0 0 67 33 0 0

In addition, traces of the f-furanosylamine anomer of D-XylINMe and D-Xyl1NEt were detected
in their respective NMR spectra at room temperature. The 3J172 values associated to these
isomers in water are 3.0 Hz and 2.9 Hz, respectively.

A higher abundance of the N-alkyl-a-D-xylopyranosylamines was observed in DMSO. In those
solutions the a/f ratio reached up to 1:2 and in the case of D-XylINMe and D-XylINEt also
small amounts of the corresponding furanosylamine isomers were detected. The 3C{'H} NMR
shifts assigned to the carbohydrate scaffold and the Cx atom of the alkylamino group for the
detected D-xylosylamines are listed in table 2.14.
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Table 2.13. Experimental and calculated 3JH,H values in Hz for the detected isomers of the
synthesized N-alkyl-D-xylosylamines from ‘H NMR spectra measured in D,0O. Dashes indicate
that due to superposition of signals no coupling constant could be determined.

3 3 3 3 3
Ji2 °J23 °J3za “Jasa “Jase

4C1-B-D-XylINR (caled.) 87 98 9.6 4.3 10.1

B-D-Xylp1NMe 9.0 9.0 9.1 5.5 11.0
B-D-Xylp1NEt 8.8 8.9 9.1 5.4 11.0
B-D-Xylp1NPr 8.8 8.9 9.1 5.5 11.4
B-D-Xylp1NiPr 8.7 — 9.1 5.3 11.0
B-D-Xylp1N¢Bu 8.7 8.9 9.1 5.4 11.0
401-B-D-XylINR (caled.) 2.4 4.3 4.3 2.5 0.6
401-a-D-XylINR (caled.) 3.1 9.8 9.6 4.3 10.1
a-D-Xylp1NMe 3.7 - - - -
o-D-XylpINEt 3.5 - - - -
o-D-XylpINPr 3.4 - - - -
o-D-XylpIN¢Pr 2.8 - - - -
a-D-Xylp1NtBu 3.7 - - - -
401-a-D-XylINR (caled.) 0.9 4.3 4.3 2.5 0.6

Table 2.14. Selected *C{*H} NMR chemical shifts (§/ppm) of the N-alkyl-D-xylosylamines
detected in D,O or DMSO-dg(*). Dashes indicate that due to superposition of signals no chemical
shift could be determined.

Ci1 C2 C3 C4 C5 Cu

B-D-XylpINMe 922 734 774 702 669 31.6
B-D-XylpINEt  90.8 73.6 77.5 702 66.7 40.0
B-D-XylpINPr  91.1 735 774 70.1 66.8 47.5
B-D-XylpINiPr  89.0 739 77.6 70.1 66.8 45.5
B-D-XylpINtBu 87.5 73.8 775 70.3 66.2 51.1

a-D-Xylp1NMe 878 712 721 69.7 63.0 314
a-D-Xylp1NEt 86.0 712 71.7 69.5 63.7 39.8
o-D-Xylp1NPr 86.2 71.2 T1.7 69.5 63.6 474
«-D-Xylp1INiPr 834 71.0 712 69.2 64.7 445
oa-D-XylpINtBu* 82.0 71.6 72.1 69.7 62.1 49.4

B-D-XylfINMe  96.7 802 76.1 80.5 61.2 31.7
B-D-XylfINEt 95.7 80.6 76.1 80.7 61.1 40.1

a-D-XylfINMe* 922 758 75.8 79.0 66.9 32.8
o-D-Xylf INEt* 903 754 754 789 60.3 -
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2.1.2. N-Alkylhexosylamines

N-Alkylhexosylamines were synthesized in a similar fashion as the in chapter 2.1.1 described
N-alkylpentosylamines. The aldohexoses used as reactants for the synthesis of N-alkylhexo-
sylamines in this work include D-galactose, D-glucose, L-gulose, D-mannose and the 6-deoxy-
aldohexose L-rhamnose. The reaction 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 hygroscopy.
Contrary to N-alkylpentosylamines, the fluctuation between the *C; and 'C, conformation of
N-alkylhexosylamines is frozen to the conformer featuring the terminal hydroxymethyl function
in equatorial position (*C for p- and 'Cy for L-enantiomers). Exhibiting a similar behavior as
their reducing sugar analogues, N-alkylhexosylamines furthermore mostly form pyranoid isomers
in aqueous solution. This reduced configurational variety and increased conformational stability
leads to the formation of less sensitive products, when compared to many of the previously
described N-alkylpentosylamines.

2.1.2.1. N-Alkyl-D-galactosylamines

The synthesis of various N-alkyl-D-galactosylamines gave D-GallNMe, D-GallNEt, D-GallNPr,
D-GallN7Pr and D-GallN¢Bu (depicted in 2.5) as white and off-white powders in good yields
and purity. Compared to similar reactions with other D-aldoses, noticeably larger amounts of
solvent and longer reaction times were necessary for the complete synthesis of N-alkyl-D-galacto-
sylamines. All obtained compounds could be stored at 4°C under inert gas atmosphere for
months without showing signs of decomposition.

OH OH OH OH R
6/ HNT
HO HO
4 5 0 4 \-0O 4 \-O 1
N HO, A HO,
HO 2 SR HO—_ > HO-_ _R
3 oH 1 3 OH 6 5 3 2 - 3 2 N
HN OH OH H
AN
R
4C,-B-p-GalpINR 4C1-0-D-GalpINR B-b-GalfINR a-pD-GalfINR
R = Me, Et, Pr, iPr, tBu R = Me, Et, Pr, iPr, tBu R = Me, Et, Pr, iPr, tBu R = Me, Et, Pr, iPr, tBu

Figure 2.5. In D,0 and DMSO-dg detected isomers of the synthesized N-alkyl-D-galactosyl-
amines.

As can be seen in table 2.15, the f-pyranosylamine isomer represents the prevailing species for
all synthesized N-alkyl-D-galactosylamines in D,O and in DMSO-dg. The pyranoid o-anomer
was not detected for D-GallN¢Pr and D-GallN¢Bu in aqueous solution and only in small con-
centrations for the remaining compounds. Both anomers were identified using the KARPLUS
relation by their 3J172 values of 8.5 Hz to 8.8 Hz and 5.0 Hz to 5.3 Hz, respectively. These ex-
perimental values are in accordance with the calculated 3J172 coupling constant of 8.7Hz for
41C1-o-D-GalINR species, but slightly differ from the calculated 3J; 2 value of 3.1Hz for the
corresponding B-anomer in the “C; conformation. The C{'H} NMR shifts assigned to the
carbohydrate scaffold and the Cx of the pyranoid anomers are listed in table 2.16.

21



2. Results

Table 2.15. Percentage distribution of the different isomers for the synthesized N-alkyl-D-galacto-
sylamines detected in 'H or "*C{'H} NMR spectra in D,O and in DMSO-dg at room temperature.
D,O DMSO-dg
pp ap Bf of Pp ap Bf of
D-GallNMe 90 52 11 21 16

6
D-GallNEt 92 4 4 14 21 21
D-GallNPr 90 5 5 49 11 21 19
0
0

D-GallNiPr  >98 45 11 21 23
D-GallNtBu 100 40 12 15 33

OO O OO

Table 2.16. Selected *C{'H} NMR chemical shifts (§/ppm) of the N-alkyl-D-galactopyranosyl-
amines detected in DyO or in DMSO-dg(*).

Ci C2 C3 C4 C5 C6 Cu

3-D-Galp1NMe 91.8 71.0 743 69.7 765 61.8 315
3-D-Galp1NEt 904 712 743 69.6 765 61.8 399
[3-D-Galp1NPr 90.7 712 743 69.6 76.5 61.7 475
3-D-Galp1NiPr 88.6 T71.6 745 69.6 764 61.8 455
f-p-GalpINtBu 87.1 714 744 698 76.1 619 51.1

a«-D-GalplNMe 88.4 683 694 69.7 699 61.6 31.0
a-D-GalpINEt 86.9 683 694 69.8 704 61.6 39.6
a-D-GalplNPr 87.1 683 694 69.8 703 61.6 47.1
a-D-GalpINiPr* 85.5 68.0 687 694 70.0 604 46.5
oa-D-GalpINtBu* 82.5 68.1 686 69.8 70.0 60.3 494

N-Alkyl-D-galactosylamines are the only group within all N-alkyl-D-hexosylamines investigated
in this work to form detectable amounts of furanoid isomers in solution, particularly in DMSO.
In aqueous solution only the -furanosylamine form can be found, while in DMSO both furanoid
anomers are present and their concentration well exceeds the «-pyranosylamine isomer. Further-
more, the amount of detected furansylamines appears to be almost in no relation to the steric
demand of the featured alkylamino substituent in DMSO. The corresponding 3 J1 2 values for the
B-furanosylamine isomers in water range between 5.3 Hz and 5.7 Hz. The 3C{'H} NMR shifts
assigned to the carbohydrate scaffold and the Ca atom of the furanoid anomers are listed in
table 2.17.
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Table 2.17. Selected "*C{"H} NMR chemical shifts (§/ppm) of the N-alkyl-pD-galactofuranosyl-
amines detected in DyO or in DMSO-dg(*).

Ci C2 C3 C4 C5 C6 Cu

[3-D-GalplNMe 949 795 763 80.9 716 634 315
3-D-Galp1NEt 93.6 80.1 764 80.9 716 634 40.1
3-D-Galp1NPr 94.0 799 764 80.9 716 634 478
[3-D-Galp1NiPr 91.6 80.7 76.5 80.9 703 63.4 46.0
B-p-GalpIN¢Bu* 90.9 80.3 76.0 81.1 71.0 63.1 49.6

a-D-GalpINMe*  91.9 76.7 76.3 824 708 62.7 32.7
a-D-GalpINEt* 90.0 76.7 763 824 708 62.7 40.1
a-D-GalpINPr* 90.5 76.7 763 824 709 62.7 481
a-D-GalpINiPr* 88.3 76.7 76.3 823 708 62.7 45.6
oa-D-GalpINtBu* 85.2 765 76.2 821 704 629 49.6

2.1.2.2. N-Alkyl-D-glucosylamines

The reaction of D-glucose with various alkylamines yielded both anomers of N-alkyl-D-gluco-
pyranosylamines, as depicted in figure 2.6. The products were obtained as colorless to slightly
yellow powders. All compounds showed notable sensitivity towards moisture and air, however,
the tendency of the compounds to hydrolyze increased significantly with the size of the alkylamino
moiety. D-Glc1NMe, D-GIcINEt and D-Glc1NPr were stored under inert gas atmosphere at 4°C
for months without showing signs of decomposition, while under the same conditions D-GIcIN¢Pr
and D-GIc1N¢Bu decomposed to brown viscous liquids within weeks.

4C,-B-D-GlepINR 4C4-0-D-GlcpINR
R = Me, Et, Pr, iPr, tBu R = Me, Et, Pr, iPr, tBu

Figure 2.6. In D,O and DMSO-dg detected isomers of the synthesized N-alkyl-D-glucosylamines.
The structure of the blue-framed isomer is confirmed for R = Me by X-ray structure analysis

(1).

As can be seen in table 2.18, the B-anomer represents the clearly dominating isomer for all
N-alkyl-D-glucopyranosylamines in water or DMSO, with the amounts of the «-anomer being
slightly higher in DMSO.
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Table 2.18. Percentage distribution of the different isomers for the synthesized N-alkyl-D-gluco-
sylamines detected in "H or "*C{'H} NMR spectra measured in DyO and in DMSO-dg at room
temperature.

D,O DMSO-d;
Bp ap PBp ap
D-GIcINMe 91 9 85 15
D-Glc1NEt 94 6 93 7
D-GlcINPr 95 5 95 5
D-GlcIN/Pr 92 8 85 15
D-GIcIN¢Bu 100 0 78 22

In accordance with the KARPLUS relation the N-alkyl-a-D-glucopyranosylamines possess smaller
3J1,2 values with 4.5 Hz to 5.0 Hz than the corresponding (3-anomers with 8.8 Hz to 8.9 Hz. The
3JH,H values found for the (3-anomers coincide with the calculated coupling constants for the 1
conformation. But as already mentioned for N-alkyl-D-galactosylamines in chapter 2.1.2.1, the
experimental 3J1,2 values found for the a-anomers are higher than the idealized value of 3.1 Hz.
Despite this observation, two-dimensional NMR methods clearly confirm the correct assignment
of the H1 atom for the x-anomers.

There was no evidence found for the presence of any furanoid isomers in the NMR spectra,
neither in water nor in DMSO. The ¥C{!H} NMR chemical shifts of the carbohydrate scaffold
and of the Cx atom of the alkylamino group of all detected N-alkyl-D-glucopyranosylamines are
listed in table 2.19.

Table 2.19. Selected "*C{'H} NMR chemical shifts (§/ppm) of the N-alkyl-D-glucopyranosyl-
amines detected in DyO or in DMSO-dg(*).

Ci1 C2 C3 C4 C5 C6 Cu

[3-D-GlcplNMe 913 734 774 706 774 615 315
3-D-Glep1NEt 89.7 736 774 70.5 775 61.5 399
3-D-Glep1NPr 90.2 736 774 70.5 775 615 476
3-D-Glep1NiPr 88.2 740 773 70.6 776 61.6 455
3-D-GlcplNtBu 86.7 73.8 76.9 70.7 77.6 61.7 50.9

«-D-Glecp1lNMe 88.2 714 736 706 712 614 314
-D-GlepINEt 8.8 716 73.6 70.8 710 61.4 39.7
a-D-Glep1NPr 8§70 714 735 706 712 61.5 47.7
a-D-Glep1NiPr 8.3 712 73.6 70.3 70.7 614 46.0
a-D-GlepIN¢Bu* 822 71.2 73.8 70.1 708 61.2 49.6

Colorless, needle-like crystals suitable for X-ray diffraction of D-Glc1NMe were obtained from
the ethanolic reaction solution at 4 °C. The crystal structure was solved in the monoclinic space
group C'2. The asymmetric unit of the determined molecular structure, displayed in figure 2.7,
contains one molecule of N-methyl-*Cy-B-D-glucopyranosylamine along with one methylamine
molecule (1). The determined molecular structure is in accordance with the previously outlined
NMR-spectroscopic results, suggesting a clear preference of the 3-D-GlcplNMe anomer residing
in the *Cy conformation in solution. The identified hydrogen bonds in the structure are listed in
table 2.20.
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Figure 2.7. The molecular structure of the *C;-p-D-GlcINMe molecule in 1. ORTEP plot
is drawn with 50% probability ellipsoids. Selected interatomic distances (A) 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), C2-02 1.427(4), C1-N1-C7 114.0(2), O5-C1-N1 110.5(3), 02-C2-C1
111.4(2), 02-C2-C3 107.4(3), N1-C1-C2 110.9(2), 05-C1-C2 108.4(2); puckering parameters [l
of the pyranose ring 05-C1-C2-C3-C4-C5: Q = 0.602(3) A, # = 8.1(3)°, ¢ — 343(2)".

Table 2.20. Distances in A 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 calculated positions. Symmetry codes are given as footnotes at the bottom of the table.
D: donor, A: acceptor.

D H A D-H H---A D---A D-H---A

02 H82 N1 084 2.04 2.877(4) 172
03 H83 N2i 0.84 1.90 2.707(5) 160
04 H82 03i 0.84 1.95 2.743(4) 157
(3)
(5)

06 H86 O6Y 0.84  2.03 2.847(3) 163
N2 H721 031 091(8) 2.57(8) 3.013(5) 110(5)

?__—ac—i—l,y,—z—&—l; i?—x—&—l,y—l,—z—l—l;
M_z+ly,—2+2; V—z+1/2,y—1/2, —2+1

2.1.2.3. N-Alkyl-L-gulosylamines

The reaction of L-gulose with the used alkylamines yielded the corresponding N-alkyl-L-gulo-
sylamines as hygroscopic powders. The obtained compounds had to be stored under inert gas
atmosphere at —20°C to prevent them from decomposing to a viscous, brown residue. The in
solution detected isomers for all synthesized N-alkyl-L-gulosylamines are depicted in figure 2.8.
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1C4-B-L-GulpINR
R = Me, Et, Pr, iPr, tBu

1C,4-0-L-GulpINR
R = Me, Et, Pr, iPr, tBu

Figure 2.8. In D;,O and DMSO-dg detected isomers of the synthesized N-alkyl-1.-gulosylamines.

As can be seen in table 2.21, only the 3-pyranosylamine isomer is detected in aqueous solution.
The B-anomers are readily identified by their 3J172 values of 9.2Hz to 9.4 Hz due to the anti-
arranged hydrogen atoms in this configuration. The calculated 3J; o value for the B-anomer in

the expected 'Cy conformation lies with 8.7 Hz slightly beneath the experimental values. The

corresponding x-anomers are only found in small amounts in DMSO. All NMR spectra measured

in D,O, even at 4°C, show notable amounts of L-gulose due to the high susceptibility towards
hydrolysis of the investigated N-alkyl-L-gulosylamines. The 3C{'H} NMR chemical shifts of
the carbohydrate scaffold and of the Ca atom of the alkylamino group of all N-alkyl-D-gulo-

pyranosylamines are listed in table 2.22.

Table 2.21. Percentage distribution of the different isomers for the synthesized N-alkyl-L-gulo-
sylamines detected in 'H or "*C{'"H} NMR spectra measured in D,O at 4°C and in DMSO-d

at room temperature.

D,O DMSO-d;

Bp ap PBp ap
p-GulINMe 100 0 86 14
p-GulINEt 100 0 82 18
D-GulINPr 100 0 80 20
p-GulIN/Pr 100 0 78 22
D-GulIN¢Bu 100 0 82 18

Table 2.22. Selected "*C{'H} NMR chemical shifts (§/ppm) of the N-alkyl-L-gulopyranosyl-
amines detected in DyO or in DMSO-dg(*).

Ci C2 C3 C4 C5 C6 Cu
3-L-Gulp1NMe 88.4 682 717 70.3 745 61.8 313
B-L-GulpINEt 87.0 684 717 70.3 745 61.8 39.7
3-L-Gulp1NPr 873 684 718 703 746 61.8 474
3-L-Gulp1NiPr 85.2 68.8 T71.8 704 745 61.8 452
-L-GulplNtBu  83.7 68.5 71.7 70.6 742 61.8 51.1
o-1-GulplNMe*  87.7 64.8 72.0 69.5 652 60.6 31.4
a-L-GulpINEt* 86.2 64.7 72.0 69.4 65.2 60.5 389
o-L-GulpINPr* 86.5 64.7 72.0 69.4 652 60.5 46.7
o-L-GulpINiPr* 84.1 64.6 71.9 69.3 653 604 435
o-L-GulpIN¢Bu* 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 figure 2.9. All compounds were obtained as white powders in good
yields and only D-Man1N:Pr and D-Man1N¢Bu showed moderate signs of susceptibility towards
hydrolysis and decomposition when exposed to air. All compounds were stored under inert gas
atmosphere at 4 °C.

OH
6 OH
4 N5 -0
HO H
HO > ~R
3 1
4C,-B-D-ManpINR 4C;-0-D-ManpINR
R = Me, Et, Pr, iPr, tBu R = Me, Et, Pr, iPr, tBu

Figure 2.9. In D,O and DMSO-dg detected isomers of the synthesized N-alkyl-D-mannosyl-
amines.

As shown in table 2.23, the B-pyranosylamine form represents the predominant isomer for all
investigated N-alkyl-D-mannosylamines in aqueous solution as well as in DMSO. The 3-anomers
exhibit 3J172 values of 1.0 Hz to 1.1 Hz, which coincide with the calculated 3J1,2 value of 1.1 Hz for
the respective *C; conformation. The calculated 3J1,2 value for the corresponding a-anomers is
with 2.6 Hz only slightly larger. The experimental 3.J; 5 values determined for the less abundant
N-alkyl-a-D-mannosylamine isomers range between 1.5 Hz and 1.8 Hz. Furanoid isomers of the
synthesized N-alkyl-D-mannosylamines were not detected, neither in water nor in DMSO. The
13C{'H} NMR chemical shifts of the carbohydrate scaffold and of the Co atom of the alkylamino
group of all N-alkyl-D-mannopyranosylamines are listed in table 2.24.

Table 2.23. Percentage distribution of the different isomers for the synthesized N-alkyl-D-manno-
sylamines detected in "H or "*C{'H} NMR spectra measured in DyO and in DMSO-dg at room
temperature.

D,O DMSO-dg

pp ap PBp ap
D-Manl1lNMe 84 16 86 14
D-Man1NEt 87 13 81 19
D-Man1NPr 8 15 90 10
D-ManlNiPr 90 10 &8 12
D-ManlNtBu 100 0 76 24
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Table 2.24. Selected "*C{'H} NMR chemical shifts (§/ppm) of the N-alkyl-D-mannopyranosyl-
amines detected in DyO or in DMSO-dg(*).

Ci1 C2 C3 C4 C5 C6 Cu

-p-Manp1NMe 88.7 715 745 679 779 619 31.6
3-D-Manp1NEt 86.9 71.8 745 679 779 619 395
[3-D-Manp1NPr 872 718 745 679 779 619 47.1
[3-D-Manp1NiPr 84.5 720 747 679 779 619 438
3-D-ManplNtBu 86.7 738 76.9 70.7 776 61.7 50.9

«-D-Manp1NMe 89.8 715 712 676 724 61.7 31.0
o-D-Manp1NEt 88.3 71.6 712 676 724 61.7 394
«-D-Manp1NPr 88.6 71.6 712 67.6 724 61.7 47.1
o-D-Manp1N;Pr 86.1 71.9 T71.2 67.7 724 61.7 44.3
o-D-Manp1N¢Bu* 822 71.2 738 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 suc-
cessful synthesis of L-RhalNMe, L-RhalNEt and 1.-RhalNiPr(depicted in figure 2.10. All prod-
ucts were obtained as pure, white powders wia precipitation from the reaction solution. The
compounds showed only a minimal susceptibility towards hydrolysis and were stored under inert
gas atmosphere at 4 °C for months without showing any signs of decomposition.

6 5 1
HaC o H—R
HO
4 3 2
HO
OH
1C4-B-L-RhapINR 1C4-a-L-Rhapl1NR
R = Me, Et, Pr, iPr, tBu R = Me, Et, Pr, iPr, tBu

Figure 2.10. In D,O and DMSO-dg detected isomers of the synthesized N-alkyl-L-rhamno-
pyranosylamines. The structure of the blue-framed isomer is confirmed for R = Et by X-ray
analysis (2).

The chemical characteristics of the synthesized N-alkyl-L-rhamnosylamines in solution are largely
similar to those of the in chapter 2.1.2.4 described N-alkyl-D-mannosylamines. These common-
alities come as no surprise as rhamnose is the 6-deoxy analogue of mannose and the use of the
other enantiomer has no impact on the physical properties. As can be seen in table 2.25, the
-anomers are the in water and DMSO prevailing species and have an experimental 3J172 val-
ues of about 1.1 Hz. The less abundant «-pyranosylamine isomers have a 3J1,2 values of about
1.6 Hz. The BC{*H} NMR chemical shifts of the carbohydrate scaffold and of the C atom of
the alkylamino group of all N-alkyl-L-rhamnopyranosylamines are listed in table 2.26.
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Table 2.25. Percentage distribution of the different isomers for the synthesized N-alkyl-1.-rhamno-
sylamines detected in "H or "*C{'H} NMR spectra measured in DyO and in DMSO-dg at room
temperature.

D,O DMSO-dg
Bp op PBp «p
-RhalNMe 86 14 80 20

L-RhalNEt 87 13 80 20
L-RhalN¢Pr 90 10 88 12

Table 2.26. Selected "*C{'H} NMR chemical shifts (§/ppm) of the N-alkyl-L-rhamnopyranosyl-
amines in Dy,0 or in DMSO-dg(*).

Ci1 C2 C3 C4 C5 C6 Cuo

f-r-RhaplNMe 88.7 71.8 742 73.0 73.8 174 31.6
3-L-RhapINEt 86.8 719 742 73.1 73.8 174 395
f-r-RhapIN¢Pr 84.3 721 743 73.1 738 174 437

o-L-RhaplNMe 899 71.6 709 728 68.1 17.3 31.0
o-L-RhapINEt 883 71.8 709 728 68.1 173 395
«-1-RhapIN:Pr 86.2 72.0 708 729 68.1 173 444

Colorless, rod-shaped crystals suitable for X-ray diffraction of L.-RhalNMe were obtained from
the methanolic reaction solution at 4 °C. The crystal structure was solved in the monoclinic space
group P2;. The asymmetric unit of the determined molecular structure, displayed in figure 2.11,
contains one molecule of N-methyl-! C4-B-L-thamnopyranosylamine without any further solvent
molecules (2). The found molecular structure is in accordance with the aforementioned NMR-
spectroscopic results, indicating the preference of the B-L-RhaplNMe anomer residing in the 'Cy
conformation in solution. The hydrogen bonds present in the structure are listed in table 2.27.
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02

Figure 2.11. The molecular structure of the B-L-RhalNEt-!Cy molecule in 2. ORTEP plot is
drawn with 50 % probability ellipsoids. Interatomic distances (A) 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), 02-C2 1.428(2), C1-N1-C7 114.84(16), N1-C1-05 110.20(15), 02-C2-C1 108.99(15),
02-C2-C3 111.50(16), N1-C1-C2 110.08(15), O5-C1-C2 109.81(15); puckering parameters*’]
of the pyranose ring 05-C1-C2-C3-C4-C5: Q = 0.605(2) A, 8 = 180.0(19)°, ¢ = 160(6)°.

Table 2.27. Distances in A 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 calculated positions. Symmetry codes are given as footnotes at the bottom of the table.

D: donor, A: acceptor.

D H A D-H H-.--A D---A D-H-.--A
02 H82 NI1' 0.84 2.09 2.907(2) 163

03 H83 04" 0.84 1.91 2.741(2) 169

04 H84 03! 0.84 1.87 2.701(2) 168

N1 H71 02 0.90(3) 243(3) 2.816(2) 107(2)
i_xay_l/Qz_Z+1; ii_x+17y_1/27_z+1
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2.1.3. N-Alkyl-2-deoxyglycosylamines

The synthesis and characteristics of N-alkylated 2-deoxy-D-glycosylamines have not yet been
reported in the literature, which comes as a surprise due to the fundamental role of 2-deoxy-D-
aldoses and their derivatives in life sciences. Especially 2-deoxy-D-ribose in its role as structural
component of DNA is of major biological importance. Solely theoretical studies on the molecular
structure of an analogous 2-deoxy-f3-D-ribofuranosylamine have yet been published. (1] 2-Deoxy-
D-glucose on the other hand functions as a competitive inhibitor in the glycolysis and is therefore
used and proposed for various medical purposes. The synthesis and crystal structure of 2-
deoxy-D-glycosylamine and 2-deoxy-D-galactosylamine was first reported by ScHWARZ, 2! but
N-substituted derivatives of these compounds have not yet been described in the literature.
The term 2-deoxy-D-ribose is misleading as 2-deoxy-D-arabinose could be used just as well for
the same compound. Thus, the nomenclature recommended by the TUPAC for 2-deoxy-aldoses
is used throughout the following chapters: erythro-p-pentosylamine (D-ery-dPent1N) refers to 2-
deoxy-D-ribosylamine, arabino-D-hexosylamine (D-ara-dHex1N) to 2-deoxy-D-glucosylamine and
lyzo-D-pentosylamine (D-lyz-dHex1N) to 2-deoxy-D-galactosylamine.

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

The N-alkyl-2-deoxy-D-erythro-pentosylamines depicted in figure 2.12 were synthesized through
the reaction of 2-deoxy-D-erythro-pentose with the corresponding alkylamine in methanolic or
ethanolic solution. D-ery-dPent1NMe and D-ery-dPent1NEt were obtained as gelatinous sub-
stances, while D-ery-dPent1NPr, D-ery-dPent1N:Pr and D-ery-dPent1N#Bu could be isolated as
solids. Although the compounds showed no apparent signs of susceptibility towards hydrolysis,
they were preventively stored under inert gas atmosphere at —20°C.

5 1 /R
4
5 0 NH
HO H %
3 2 7R 4 3 2 R
HO \N
OH OH /)
1
4C,-B-p-ery-dPentpINR 'C4-a-p-ery-dPentpINR 2
R = Me, Et, Pr, iPr, tBu R = Me, Et, Pr, iPr, tBu HO 3
% .0H
R 5
OH
D-ery-dPentalNR
R = Me, Et, Pr, iPr, tBu
[3-p-ery-dPentfINR a-D-ery-dPentfINR
R = Me, Et, Pr, iPr, tBu R = Me, Et, Pr, iPr, tBu

Figure 2.12. In D,O and DMSO-dg detected isomers of the synthesized N-alkyl-2-deoxy-D-
erythro-pentosylamines.

As can 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 3-anomer prevails
in water for all compounds, in the case of D-ery-dPent1N¢Bu it is the sole detected isomer. In
contrast, the ratio between both pyranoid anomers appears more balanced in DMSO for most N-
alkyl-2-deoxy-D-erythro-pentosylamines. Due to the superposition of the numerous signals of the
different isomers in the "H NMR spectra no definite assignment regarding the coupling constants
was feasible. Nevertheless, a preference of the C conformation for the B-pyranosylamine and of
the 'Cy conformation for the a-pyranosylamine was assumed since both conformations feature
two substituents, including the alkylamino moiety, in equatorial position. The *C{'H} NMR
chemical shifts of the carbohydrate scaffold and of the Cax atom of the alkylamino group of all
N -alkyl-2-deoxy-D-erythro-pentopyranosylamines are listed in table 2.29.

Table 2.28. Percentage distribution of the different isomers of the synthesized N-alkyl-2-deoxy-
D-erythro-pentosylamines from "H or "*C{'H} NMR spectra measured in DyO and in DMSO-dg
at room temperature.

D,O DMSO-dg

Pp ap Bf of Pp oap Bf of a
D-ery-dPentINMe 53 24 14 9 30 35 16 13 6
D-ery-dPent INEt 64 24 8 4 30 33 17 14 6
D-ery-dPent INPr 66 22 11 2 76 6 8 6 4
D-ery-dPentIN;Pr 62 24 12 2 31 39 13 11 6
D-ery-dPentINt{Bu 100 0 0 0 50 11 17 11 11

Table 2.29. Selected "*C{'H} NMR chemical shifts (§/ppm) of the N-alkyl-2-deoxy-D-erythro-
pentopyranosylamines in DO or in DMSO-dg(*).

Ci C2 C3 C4 C5 Cu

[3-D-ery-dPentp1NMe 88.0 34.1 67.6 685 679 31.1
[3-D-ery-dPentp1NEt 86.5 34.3 67.5 68.5 679 394
[3-D-ery-dPentp1NPr 86.9 34.2 67.5 68.5 67.5 47.0
[3-D-ery-dPentp1NiPr 84.0 34.7 676 68.6 679 44.0
[3-D-ery-dPentpINtBu 824 36.8 66.9 68.3 654 49.6

o-D-ery-dPentp1NMe 85.1 35.6 66.5 67.6 63.6 31.2
o-D-ery-dPentp1NEt 834 359 66.7 67.5 63.7 395
o-D-ery-dPentp1NPr 83.8 36.0 66.7 67.5 63.7 47.1
o-D-ery-dPentp1NiPr 80.9 36.7 66.9 67.5 63.9 44.1
o-D-ery-dPentpINtBu* 79.4 39.1 66.7 67.3 63.6 49.6

Next to the pyranoid isomers, noticeable amounts of both furanoid anomers were detected in wa-
ter and in DMSO. The -furanosylamine anomer prevails in water for all investigated compounds,
except for D-ery-dPent1N¢Bu for which no furanoid forms were detected. The detected amount
of a-furanosylamine decreases in water with increasing steric demand of the alkylamino moiety.
This observation does not apply in DMSO, where the ratio between both furanoid anomers is
more balanced. The C{'H} NMR chemical shifts of the carbohydrate scaffold and of the Ca
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. Selected "*C{*H} NMR chemical shifts (§/ppm) of the N-alkyl-2-deoxy-erythro-D-
pentofuranosylamines in DyO or in DMSO-dg(*).

C1 C2 C3 C4 C5 Cu

-D-ery-dPentf 1NMe 925 393 722 859 629 31.5
-D-ery-dPentf 1NEt 91.0 40.6* 72.2 86.0 629 39.2
B-D-ery-dPentfINPr  91.4 40.5% 72.2 859 629 47.7
B-D-ery-dPentfIN{Pr  88.6 412 722 86.1 629 453
B-D-ery-dPentfINtBu* 86.5 421 71.1 859 629 495

o-D-ery-dPentf INMe 91.9 393 715 84.5 62.1 31.5
o-D-ery-dPentf INEt 90.3 40.2*% 714 84.4 62.1 39.7
o-D-ery-dPentfINPr  90.6 40.2% 715 84.4 62.1 47.2
o-D-ery-dPentf 1NiPr 87.7 40.5 71.5 844 622 445
o-D-ery-dPentf INtBu*  86.3 41.5 70.8 84.1 62.1 49.7

It is noteworthy that a fifth species in addition to the furanoid and pyranoid anomers is present in
the NMR spectra of all synthesized N-alkyl-2-deoxy-erythro-D-pentosylamines in DMSO. These
species are identified as the corresponding open-chain forms by their prominent signals in the
downfield region of the "M NMR and "*C{'H} NMR assigned to the imine function. The
I3C{'H} NMR chemical shifts of the carbohydrate scaffold and of the Cx atom of the alky-
lamino group for the detected acyclic N-alkyl-2-deoxy-erythro-D-pentosylamines are listed in
table 2.31.

Table 2.31. Selected "*C{'H} NMR chemical shifts (§/ppm) of the detected open-chain form for
N -alkyl-2-deoxy-erythro-D-pentosylamines in DMSO-dg.

C1 C2 C3 C4 C5 Cu

D-ery-dPentalNMe  165.3 39.0 69.5 74.6 63.2 474
D-ery-dPenta1NEt 163.2 389 69.6 746 63.2 54.7
D-ery-dPenta1NPr 163.7 388 69.6 746 63.2 62.3
D-ery-dPenta1N:Pr 161.1 42.2 69.6 74.6 63.2 63.9
D-ery-dPenta1IN¢Bu 158.0 39.2 69.7 74.6 63.1 564
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2.1.3.2. N-Alkyl-2-deoxy-D-arabino-hexosylamines

The reaction of 2-deoxy-D-arabino-hexose with alkylamines yielded the in figure 2.13 depicted N-
alkyl-2-deoxy-D-arabino-hexosylamines. All products were isolated as white solids, which showed
no apparent signs of hydrolysis and decomposition when stored at 4 °C under inert gas atmosphere
or upon short exposure to air.

/OH
4 6 o y
HO 2
HO-\3.2 1N
R
R

4C,-B-p-ara-dHexpINR 4C,-0-p-ery-dHexpINR
R = Me, Et, Pr, iPr, tBu R = Me, Et, Pr, iPr, tBu

Figure 2.13. In DyO and DMSO-dg detected isomers of the synthesized N-alkyl-2-deoxy-D-
arabino-hexosylamines.

As can be seen in table 2.32; all investigated N-alkyl-2-deoxy-D-arabino-hexosylamines exhibited
a clear prevalence of the 3-pyranosylamine anomer in aqueous solution and in DMSO. The NMR
spectra in DO also reveal notable amounts of hydrolysis products for all investigated N-alkyl-
2-deoxy-D-arabino-hexosylamines due to the poor solubility of the compounds in water. This
behavior culminates in the sole presence of 2-deoxy-D-arabino-hexosylamine and tert-butylamine
in the NMR spectra of D-ara-dHExIN¢Bu in D3O. The 3C{'H} NMR chemical shifts of the
carbohydrate scaffold and of the Ca atom of the alkylamino group for all N-alkyl-2-deoxy-D-
arabino-hexopyranosylamines are listed in table 2.33.

Table 2.32. Percentage distribution of the different configurations of the synthesized N-alkyl-
2-deoxy-D-arabino-D-hexosylamines measured in 'H or *C{'H} NMR spectra in D,O and in
DMSO-dg at room temperature.

D,O DMSO-dg

pp ap Pp  ap
D-ara-dHex1NMe 85 15 81 19
D-ara-dHex1NEt 87 13 83 17
D-ara-dHex1NPr 88 12 83 17
D-ara-dHexINiPr 89 11 85 15
D-ara-dHex1NtBu hydrolysis 88 12

The BC{'H} NMR chemical shifts of the carbohydrate scaffold and of the Co 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. Selected "*C{'H} NMR chemical shifts (§/ppm) of the N-alkyl-2-deoxy-arabino-n-
hexosylamines in DO or in DMSO-dg(*).

Ci1 C2 C3 C4 C5 C6 Cu

[3-D-ara-dHexp1NMe 87.5 386 719 719 776 61.7 31.1
3-D-ara-dHexp1NEt 86.0 388 720 719 77.7 61.8 39.5
[3-D-ara-dHexp1NPr 86.4 389 720 719 777 61.8 47.2
-D-ara-dHexp1NiPr 83.8 394 721 720 777 61.7 43.1
B-D-ara-dHexpINtBu* 82.6 41.4 723 720 774 61.8 49.6

o-D-ara-dHexp1NMe 85.2 364 688 T71.8 72.0 61.5 30.8
o-D-ara-dHexp1NEt 83.6 37.6 688 71.8 721 61.5 39.2
«-D-ara-dHexp 1NPr 83.8 377 689 719 721 615 469
o-D-ara-dHexp1NiPr 81.1 378 688 71.9 721 61.6 43.8
o-D-ara-dHexpINtBu* 79.2 39.1 682 704 728 61.4 496

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

The treatment of 2-deoxy-lyro-D-hexose with various alkylamines yielded the N-alkyl-2-deoxy-D-
lyzo-hexosylamines depicted in figure 2.14. All compounds were obtained as syrup-like residues,
which could be solidified for a short time when they were frozen in liquid nitrogen. In this state
the compounds showed severe signs of hygroscopicity. Due to their sensitivity, all N-alkyl-2-
deoxy-D-lyzo-hexosylamines were stored under inert gas atmosphere at —20°C.

OH OH OH OH
6
4 (0]
> H
HO > L N\R R
3 \
N
R 1 /
4C;-B-D-lyx-dHexp1NR 4C;-a-D-lyx-dHexpINR 2
R = Me, Et, Pr, iPr, tBu R = Me, Et, Pr, iPr, tBu
HO" (3
4 OH
R
-
Ho HN Ho HO=—5
HO. > HO._ - R
53 2 53 2 N7 HO
6 6 H
2-Deoxy-D-GalalNR
B-D-lyx-dHexfINR 0-D-lyx-dHexfLNR R = Me, Et, Pr, iPr, tBu
R = Me, Et, Pr, iPr, tBu R = Me, Et, Pr, iPr, tBu

Figure 2.14. In D,O and DMSO-dg detected isomers of the synthesized N-alkyl-2-deoxy-D-lyzo-
hexosylamines.

In comparison to their C4 epimers, N-alkyl-2-deoxy-D-lyzo-hexosylamines exhibit a greater va-
riety of isomers in aqueous solution. As can be seen in table 2.34, for D-lyz-dHex1NMe and
D-lyz-dHex1NEt all furanoid and pyranoid anomers are detected collectively in solution. How-
ever, with increasing steric demand of the alkylamino function the amount of furanoid forms
and the a-pyanosylamine anomer detected in noticeably decreases. This trend was not observed

35



2. Results

in the respective NMR spectra in DMSO-dg, in which even small concentrations of the acyclic
imine form are visible.

Table 2.34. Percentage distribution of the different configurations of the synthesized N-alkyl-2-
deoxy-D-lyzo-hexosylamines measured in '"Hor 13C{lH} NMR spectra in D,O and in DMSO-dg
at room temperature.

D,O DMSO-dg

Pp ap Bf of Pp ap Bf of a
D-lyz-dHex1NMe 62 16 14 8 52 12 20 12 4
D-lyz-dHex1NEt 75 13 9 3 54 12 20 10 4
D-lyz-dHex1NPr 8 11 4 0 48 18 21 13 O
D-lyz-dHexINiPr 96 2 2 0 48 12 22 14 4
D-lyz-dHex1N#Bu hydrolysis 36 15 25 15 9

The 3C{'H} NMR chemical shifts measured for the carbohydrate scaffold and for the Coa atom
of the alkylamino group of all N-alkyl-2-deoxy-D-lyzo-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 respective
imine forms.

Table 2.35. Selected "*C{'H} NMR chemical shifts (§/ppm) of the N-alkyl-2-deoxy-D-lyzo-hexo-
pyranosylamines in D,O or in DMSO-dg(*).

Ci1 C2 C3 C4 C5 C6 Cu

B-D-lyz-dHexpINMe  87.9 342 67.7 69.2 768 622 31.1
B-D-lyz-dHexpINEt  86.3 344 67.7 69.2 768 622 39.4
B-D-lyz-dHexpINPr  86.8 344 67.7 69.3 769 623 47.1
B-D-lyr-dHexpINiPr  83.8 349 67.8 69.3 769 62.3 43.7
B-D-lyz-dHexpINtBu* 83.4 37.2 67.0 69.6 76.3 61.3 50.1

o-D-lyz-dHexplNMe 85.3 31.7 655 682 69.1 623 31.0
o-D-lyz-dHexp1NE®t 83.7 31.7 654 682 69.2 623 393
«-D-lyz-dHexp1NPr 84.0 31.7 65.5 682 69.3 623 47.1
o-D-lyz-dHexp1NiPr 81.0 328 653 682 693 624 43.6
o-D-lyz-dHexpINtBu* 80.0 34.6 654 68.0 69.1 61.1 50.0
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Table 2.36. Selected "*C{'H} NMR chemical shifts (§/ppm) of the N-alkyl-2-deoxy-D-lyzo-hexo-
pyranosylamines in D,O or in DMSO-dg(*).

Ci C2 C3 C4 C5 C6 Cu

B-D-lyz-dHexfINMe 927 40.3 72.1 859 705 635 318
B-D-lyz-dHexfINEt ~ 91.2 40.6 72.2 859 70.5 63.6 40.4
B-D-lyz-dHexfINPr ~ 91.8 40.6 72.3 86.1 70.6 63.6 482
B-D-lyz-dHexfI1NiPr  88.3 41.1 723 86.1 70.6 63.6 45.3
B-D-lyz-dHexfIN{Bu* 86.7 43.3 72.3 857 71.8 638 50.2

o-D-lyz-dHexfINMe 922 39.8 73.1 84.0 720 61.6 31.1
o-D-lyz-dHexfINEt 90.6 40.0 73.1 83.8 72.0 63.6 40.4
o-D-lyz-dHexfINPr* 904 40.8 71.6 835 712 63.1 47.1
o-D-lyz-dHexfINiPr* 87.9 41.2 71.6 834 71.3 63.1 43.8
o-D-lyz-dHexfINtBu* 87.0 428 719 834 712 638 50.2

Table 2.37. Selected "*C{'H} NMR chemical shifts (§/ppm) of the detected open-chain form for
N -alkyl-2-deoxy-D-lyzo-hexosylamines in DMSO-dg.
C1 C2 C3 C4 C5 C6 Cu
D-lyz-dHexalNMe  165.5 39.9 699 68.6 729 63.0 474
D-lyz-dHexa1NEt 163.2 36.2 69.1 68.7 729 63.0 54.8

D-lyz-dHexaelN:Pr 161.2 40.0 69.9 687 729 63.0 60.5
D-lyz-dHexelNtBu 158.6 40.5 70.3 69.3 734 635 56.8

2.1.4. N-Phenylglycosylamines

N-Phenylglycosylamines differ considerably from the previously described N-alkylglycosylamines
regarding their chemical properties. In the first place, N-phenylglycosylamines are much more
stable since they show no signs of hydrolysis. They can be readily synthesized by heating the
corresponding glycose with aniline in methanol. Although aniline has a nucleophilicity compara-
ble to aliphatic amines, 42| further activation through the addition of catalytic amounts of acid is
required for most reactions. Upon cooling the reaction solution the desired products precipitated
or crystallized in good yields. Reactions for the synthesis of N-arylglycosylamines are known
for a long time and commonly described in the literature. 344 Surprisingly, the only crystal
structures of N-phenylglycosylamines yet reported are N-phenyl-3-D-mannopyranosylamine and
N-phenyl-f3-D-galactopyranosylamine. [45,46]

The glycoses used as reactants in this chapter include aldopentoses (D-arabinose, D-lyxose, D-
ribose, D-xylose), aldohexoses (D-glucose, L-gulose, D-mannose) and 2-deoxy-D-glycoses (2-deoxy-
D-erythro-pentose, 2-deoxy-D-arabino-hexose, 2-deoxy-D-lyzo-hexose).

2.1.4.1. N-Phenylpentosylamines

The treatment of D-aldopentoses with aniline led to the formation of D-AralNPh, D-Lyx1NPh,
D-RibINPh and D-XylINPh (depicted in figure 2.15) in good yields and purity. In the case of
D-Lyx1NPh, D-Rib1NPh and D-Xyl1NPh crystals suitable for X-ray diffraction were obtained
from the respective reaction solutions. All aforementioned compounds proved to be relatively
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stable, even when exposed to air. Hence, the compounds could be stored at 4°C for months
without showing any signs of decomposition.

OH
1C4-0-p-ArapINPh 4C,-B-D-Lyxp1NPh 1C4-0-D-LyxpINPh
7 N\
4 1 4
e 5
HO H o NH HO/ﬁS;:i:;:Ex//H
N N
3 2 1 4 3 2 HO =2 1
on ©OH HO o
OH OH
4C,-B-D-RibpINPh 1C4-a-D-RibpINPh 4C;-B-D-XylpINPh

Figure 2.15. In D,O or solid state detected isomers of the synthesized N-phenyl-D-pentosyl-
amines. The structures of the blue-framed isomers are confirmed by X-ray analysis (3, 4, 5).

Aslisted in table 2.38, only pyranoid isomers are detected in aqueous solution for the synthesized
N -phenyl-D-xylosylamines. D-Lyx1NPh is the only compound to show an balanced equilibrium
between both anomers, while for the other compounds one anomer is clearly prevailing in water.
But as can be seen on the example of D-Rib1NPh, this does not necessarily mean that the other
anomer is nonexistent: While there is no evidence found for the presence of x-D-Rib1NPh in the
respective NMR spectrum in D50, it is the predominant anomer in DMSO-dg and the featured
configuration in crystal structure 4. This observation can be attributed to the fact that one
anomer exhibits a better water solubility than the other. And since all N-phenyl-D-pentosyl-
amines are poorly soluble in water at room temperature, this characteristic can lead to a clear
preference of one anomer in water as well as to disproportionate amounts of the highly soluble
hydrolysis product in the NMR spectra. In DMSO on the other hand distributions comparable to
those of the N-alkyl-D-pentosylamines previously reported in chapter 2.1.1 were found. Notable
amounts of furanoid isomers were only detected for D-Lyx1NPh and pD-Rib1NPh in DMSO.

Table 2.38. Percentage distribution of the different isomers of the synthesized N-phenyl-D-pento-
sylamines detected in "H or "*C{'H} NMR spectra in DyO and in DMSO-dg at room temperature.
D,0 DMSO-d;
ap  Pp op PBp of Bf
D-AralNPh 100 O 37 31 21 11
D-LyxINPh 42 58 45 55 0 0

D-Rib1NPh 0 100 31 37 11 21
D-Xyl1NPh 8 92 0 100 O 0

The measured 3J1,2 value of 8.6 Hz matches the favored 'Cy conformation for a-D-AralNPh,
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while the values of 8.9 Hz and 8.7 Hz verify the presence the (-anomers for (3-D-Rib1NPh and
B-D-XylINPh in their *C} conformation. The detected small amounts of 4Ci-«-D-XylINPh
correlate with the measured 3J1,2 coupling constant of 4.2 Hz. In the case of a-D-AralNPh the
high experimental 3J1,2 value of 8.0 Hz indicates that there is almost no dynamic fluctuation
between the 'Cy and 4C; conformation as exhibited by the corresponding N -alkyl-x-D-lyxosyl-
amines, described in chapter 2.1.1.2. 4C;-B-D-Lyx1NPh was identified by its characteristically
small 3.J; o value of 1.3Hz. The 3C{IH} NMR shifts assigned to the carbohydrate scaffold and
the ipso carbon atom of the N-phenyl-D-pentosylamines are listed in table 2.39.

Table 2.39. Selected "*C{'H} and '"N NMR chemical shifts (§/ppm) of the detected N-phenyl-
D-pentopyranosylamines in D,O at 4°C or in DMSO-dg at room temperature(*).

Ci C2 C3 C4 Cs5 C; N

a-D-ArapINPh  86.1 70.9 739 69.5 67.6 146.3 —302.5
B-D-ArapINPh* 79.6 70.4 70.6 64.8 63.3 146.6 —304.8

B-D-LyxpINPh 827 71.1 743 67.1 66.3 1453 —304.7
o-D-LyxpINPh  82.8 687 711 69.7 651 1462 —303.5

3-p-Ribp1NPh 81.5 70.5 69.8 66.7 62.0 145.0 —-303.8
oa-D-RibpINPh* 81.7 70.1 69.8 67.8 62.9 173.3 —296.9

B-D-XylpINPh  86.2 732 77.5 70.0 664 1461 —302.5
o-D-XylpINPh 821 70.8 72.6 69.7 62.3 1460 —310.5

The presence of 4C1-B-D-LyxINPh in solution was verified by X-ray diffraction studies on the
colorless platelet-like crystals obtained from the methanolic reaction solution. The structure
presented in figure 2.16 was solved in the orthorhombic space group P2;2;2; and displays the
asymmetric unit containing one N-phenyl-B-D-lyxosylamine molecule in its *C; conformation
(3). No further molecules are included the asymmetric unit and the phenylamino substituent
appears slightly disordered. The hydrogen bonds present in the structure are listed in table 2.40.

Figure 2.16. The molecular structure of the *C;-p-D-Lyx1NPh molecule in 3. ORTEP plot is
drawn with 50 % probability ellipsoids. Interatomic distances (A) 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), C1-02 1.421(2), C1-
N1-C6 125.5, O5-C1-N1 108.9, C2-C1-N1 111.7, C2-C1-05 109.81(13), O2-C2-C1 108.31(13),
02-C2-C3 111.40(13); puckering parameters[*°l of the pyranose ring 05-C1-C2-C3-C4-C5: Q
= 0.5658(17) A, § = 3.24(18)°, ¢ = 278(3)".
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Table 2.40. Distances in A 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 calculated positions. Symmetry codes are given as footnotes at the bottom of the table.
D: donor, A: acceptor.

D H A DH H..-A D---A D-H..-A

03 H83 05 084 187 2.7019(16) 168

04 H84 03" 0.84 1.88 2.6757(16) 159
02 H82 O04if 0.84 1.96 2.7760(16) 162
N1 H71 02 084 239 2.688(14) 102
ix"_l:yaz; ii_x+37y+1/27_z+1/2; iiimzy_laz

Only the p-anomer of D-Rib1NPh was NMR-spectroscopically detected in aqueous solution, but
the corresponding a-anomer was obtained as colorless platelet-like crystals from the methanolic
reaction solution. These findings indicate that the o-D-Rib1NPh has significantly lower solubility
than the respective -anomer in methanol and water. The crystal structure was solved in the
orthorhombic space group P212;2; and its asymmetric unit contains two N-phenyl-{3-D-ribosyl-
amines molecule in '!Cy conformation and an additional water molecule (4). The structure of
one comprised 'C,-a-D-RibINPh molecule is depicted in figure 2.17. Since the X-ray crystal
diffraction measurement on 4 was conducted at room temperature, the probability ellipsoids
appear larger than in previously displayed ORTEP plots. The hydrogen bonds present in the

structure are listed in table 2.41.
@i
\é{ @ c9
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Figure 2.17. The molecular structure of the 'Cy-o-D-RibINPh molecule in 4. ORTEP plot
is drawn with 50% probability ellipsoids. Averaged interatomic distances (A) and angles (°):
C1-N1 1.409, N1-C7 1.394, O5-C1 1.448, C1-C2 1.523, C2-02 1.423, C1-N1-C7 122.2, O5—
C1-N1 108.8, C2-C1-N1 112.1, C2-C1-05 109.4, O2-C2-C1 110.8, O2-C2-C3 109.4 ; averaged
puckering parameters/*’l of the pyranose rings 05-C1-C2-C3-C4-C5: Q = 0.581 A, § = 357°,
¢ = 226°.
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Table 2.41. Distances in A 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 calculated positions. Symmetry codes are given as footnotes at the bottom of the table.
D: donor, A: acceptor.

D H A D-H H---A D---A D-H---A

021 H821 041 0.82 2.06 2.756(3) 143
022 H822 021 0.82 2.26 3.040(3) 158
031 H831 051! 0.82 1.86 2.683(3) 162
032 H832 021! 0.82 2.05 2.838(3) 161
041 H841 091 0.82 1.94 2.737(3) 165
042 H842 031 0.82 1.92 2.735(3) 171
N11 H711 021 0.86(3) 2.48(3) 2.835(4) 106(2)
N12 H712 032V 0.81(3) 2.21(4) 3.021(3) 177(3)
091 H911 0521 0.87(5) 1.95(5) 2.819(3) 175(5)
091 H912 0421 0.90(5) 1.84(5) 2.729(3) 169(4)

e ly, z Tzl iy, —z s N —r 42, y4 1, —2 4+
V42, y+12 —z+1Y2 V—ax+42,y—12 —2+1/2

Furthermore, crystals of D-Xyl1NPh suitable for X-ray diffraction studies were obtained from
the respective reaction solution. The structure was solved in the triclinic space group P1. The
determined asymmetric unit consists of four molecules of N-phenyl-f3-D-xylopyranosylamine in
the *C; conformation without including any other molecules (5). One exemplary *Ci-p-D-
XylINPh molecule from the crystal structure is displayed in figure 2.18. This crystallographic
finding is in accordance with the previously mentioned NMR-spectroscopic results showing a
clear preference of the 3-anomer for D-Xyl1NPh in all solvents. The hydrogen bonds present in
the structure are listed in table 2.42.

Figure 2.18. The molecular structure of a B-D-XylINPh-*C; molecule in 5. ORTEP plot is
drawn with 50 % probability ellipsoids. Averaged interatomic distances (A) and angles (°): 05—
C1 1.447, C1-C2 1.525, C1-N1 1.418, N1-C7 1.409, C2-02 1.427, C1-N1-C7 121.2, O5-C1-
N1 109.9, 02-C2-C1 108.4, 02-C2-C3 109.4, C2-C1-N1 109.9, O5-C1-C2 108.6; averaged
puckering parameters/*°l of the pyranose rings 05-C1-C2-C3-C4-C5: Q = 0.585 A, 0 = 9.6°, ¢
= 293°.
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Table 2.42. Distances in A 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 calculated positions. Symmetry codes are given as footnotes at the bottom of the table.
D: donor, A: acceptor.

D H A D-H H---A D---A D-H:.---A

021 H821 031 0.84 2.59 2.896(4) 103
021 H821 044" 0.84 1.95 2.780(4) 168
022 HS822 Ni12 0.84 2.55 2.883(4) 105
023 H823 0421 0.84 2.01 2.835(4) 165
024 H824 032" 0.84 1.83 2.668(4) 171
031 H831 024 0.84 1.94 2.711(4) 151
032 H832 043 0.84 1.93 2.734(4) 160
033 H833 022 0.84 1.93 2.733(4) 159
034 H834 022 0.84 2.09 2.712(4) 131
041 HS841 0341 0.84 2.12 2.737(4) 130
042 H842 051 0.84 2.12 2.955(4) 172
043 H843 023V 0.84 2.57 2.924(4) 106
043 HS843 N13v 0.84 2.14 2.969(4) 170
044 H844 024V 0.84 2.37 3.186(3) 163
N11 H711 033 0.85(6) 3.053(5) 3.021(3) 153(5)
N12 H712 021V 0.93(6) 2.28(6) 3.124(5) 151(5)
N13 H713 031 1.00(6) 2.18(6)  3.105(5) 154(5)
N14 H714 023 0.92(6) 3.274(5) 3.021(3) 154(5)
i:v,yfl,z; iix+1,y,z; iii:vfl,yfl,z; i"xfl,y,z,
Ve, y+1, 2z

2.1.4.2. N-Phenylhexosylamines

The reaction of various aldohexoses with aniline led to the successful isolation of D-Glc1NPh,
L-GullNPh and D-ManlNPh. The products were obtained in good yields and as pure, white
powders. D-ManlNPh even crystallized in the respective reaction solution upon storage at 4 °C.
The obtained crystals were suitable for X-ray diffraction studies and the determined structure (f3-
configuration and 4C; conformation) matched the crystal structure already published by OJALA
et al.1®] All synthesized compounds are stable with respect to the exposure to air and humidity
and hence could be stored without additional precautions.
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: a-L-GulpINPh -p-Manp1NPh @

Figure 2.19. In D5O or DMSO-dg detected isomers of the synthesized N-phenyl-D-hexosylamines.
The structure of the blue-framed isomer is confirmed by X-ray analysis.

a-D-Glcp1NPh

As can be seen in table 2.43, the 3-pyranosylamine isomer clearly prevails in aqueous solution
for all investigated N-phenylhexosylamines. The respective o-pyranosylamine isomer is only
observed in small amounts for D-GIcINPh. On the other hand the x-anomer is present in the case
of all three investigated N-phenylhexosylamines in DMSO, but in a lower concentration than the
corresponding (-anomer. This finding is not as unexpected as for the N-phenylpentosylamines,
previously described in chapter 2.1.4.2, since the extra additional hydroxymethyl moiety improves
the solubility in water and the corresponding N-alkylhexosylamines also only showed minimal or
no formation of the respective a-anomers. The '3C{'H} NMR shifts assigned to the carbohydrate
scaffold and the ipso carbon atom of the N-phenylhexosylamines are listed in table 2.44.

Table 2.43. Percentage distribution of the different isomers of the synthesized N-phenyl-D-hexo-
sylamines detected in 'H or "*C{'H} NMR spectra in D,O and in DMSO-dg at room temperature.
D,O DMSO-d;
Pp ap Ppp ap
D-Glc1NPh 86 14 72 28

L-GulINPh 100 0 84 16
D-ManINPh 100 O 74 16
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Table 2.44. Selected "*C{'H} and '"N NMR chemical shifts (§/ppm) of the detected N-phenyl-
D-hexopyranosylamines in DyO at 4 °C or in DMSO-dg at room temperature(*).

Ci C2 C3 C4 Cs5 C6 C; N

3-D-Glcp1NPh 8.5 733 T7r1 704 775 614 146.3 —302.7
a-D-Glcp1NPh 827 711 735 706 71.0 61.2 146.6 —312.6

3-L-Gulp1NPh 82.6 68.2 715 70.0 742 61.5 1453 —302.2
o-L-GulpINPh* 816 64.1 71.8 69.0 659 60.1 146.8 —306.1

f-D-ManpINPh  83.0 71.6 745 67.6 77.6 61.7 1455 —304.2
a-D-ManpINPh* 827 71.3 735 70.7 71.2 61.1 147.7 -305.9

2.1.4.3. N-Phenyl-2-deoxyglycosylamines

The reaction of various 2-deoxyglycosylamines with aniline led to the successful isolation of
D-ery-dPent1NPh, D-ara-dHex1NPh and D-lyz-dHex1NPh. While both synthesized N-phenyl-
2-deoxyhexosylamines could be isolated as crystals, N-phenyl-2-deoxy-D-erythro-glycosylamines
was obtained as a white solid. All compounds showed no signs of hydrolysis or decomposition
when exposed to air, even for longer periods.

In aqueous solution all investigated N-phenyl-2-deoxyglycosylamines were only detected in their
respective B-pyranosylamine form. All compounds exhibit a poor solubility in water and thus
minimal amounts of further species could be distinguished from the signal noise in the NMR
spectrum, especially if these isomers are even less soluble (as observed for the «-anomers of
the N-phenylhexosylamines described in chapter 2.1.4.2). Due to this solubility behavior all
measured NMR spectra also feature large amounts of the more soluble respective reactants,
formed through the hydrolysis of the product. But also in DMSO-dg no obvious evidence for
the presence of the respective o-anomers, furanoid isomers or even the imine form was found.
The 13C{'H} NMR shifts assigned to the carbohydrate scaffold and the ipso carbon atom of the
N -phenyl-2-deoxyglycosylamines are listed in table 2.45.

Table 2.45. Selected "*C{"H} and "N NMR chemical shifts (§/ppm) of the detected N-phenyl-2-
deoxyglycosylamines in DyO or in DMSO-dg(*) at room temperature. Dashes indicate that the
corresponding atom is not featured in the compound or that no matching signal was detected in
the NMR spectra.

Ci C2 C3 C4 C5 Ce6 C; N
[3-D-ery-dPentINPh 82.3 35.6 67.4 68.6 634 - - —294.7%
3-D-ara-dHexINPh  82.0 387 71.8 72.0 77.3 61.7 146.3 —298.5
3-D-lyz-dHexINPh  82.2 33.7 67.5 69.8 76.2 619 146.0 —297.6

Upon storage at 4 °C brownish plate-like crystals of D-ara-dHex1NPh suitable for X-ray diffrac-
tion studies were obtained from the methanolic reaction solution. The structure was solved
in the orthorhombic space group P212:2;. The determined asymmetric unit consists of a sin-
gle molecule of N-phenyl-B-D-arabino-hexopyranosylamine in the C conformation without any
further solvent molecules (6). The p-pD-ara-dHex1NPh molecule from the crystal structure is
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displayed in figure 2.20. This crystallographic finding is in accordance with the previously men-
tioned NMR-spectroscopic results showing a clear preference of the (-anomer. The hydrogen
bonds present in the structure are listed in table 2.46.

Figure 2.20. The molecular structure of the 4C-p-D-ara-dHex1NPh molecule in 6. ORTEP plot
is drawn with 50 % probability ellipsoids. Interatomic distances (A) 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-
C71.410(4), C1-N1-C7 123.3(3), N1-C1-05 108.9(3), N1-C1-C2 113.0(3), O5-C1-C2 108.3(3);
puckering parameters®?l of the pyranose ring 05-C1-C2-C3-C4-C5: Q = 0.581(3) A 9=
5.4(3)°, ¢ — 226(4)°.

Table 2.46. Distances in A 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 calculated positions. Symmetry codes are given as footnotes at the bottom of the table.
D: donor, A: acceptor.

D H A D-H H---A D---A D-H---A

03 H83 05 0.84 1.94 2.781(3) 178
04 H84 03" 0.84 185 2.684(3) 173
06 H86 041 0.84  1.89 2.723(3) 171
N1 H71 06V 0.82 2.14 2.957(3) 169

ix+1ayaz; iixyyilaz;
V_z+1,y+12 —z+12

Furthermore, colorless block-like crystals of D-lyz-dHex1NPh suitable for X-ray diffraction stud-
ies were obtained from the methanolic reaction solution at 4 °C. The structure was solved in the
orthorhombic space group P21212;. The determined asymmetric unit features three molecules
of N-phenyl-B-D-Iyzo-hexopyranosylamine in the C; conformation and an additional methanol
molecule (7). An exemplary -D-lyz-dHex1NPh molecule from the asymmetric unit is depicted
in figure 2.21. This crystallographic finding is also in accordance with the previously mentioned
NMR-spectroscopic results showing a clear preference of the f-anomer. The hydrogen bonds
present in the structure are listed in table 2.47.
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N1

Figure 2.21. The molecular structure of the Ci-B-D-lyz-dHexINPh molecule in 7. ORTEP
plot is drawn with 50 % probability ellipsoids. Averaged interatomic distances (A) and angles
(°): 0O5-C1 1.457, C1-C2 1.518, C1-N1 1.120, N1-C7 1.394, C1-N1-C7 123.0, N1-C1-05 109.4,
N1-C1-C2 112.9, O5-C1-C2 108.3; averaged puckering parameters[*®l of the pyranose rings
05-C1-C2-C3-C4-C5: Q = 0.587A, 0 = 6.7°, ¢ = 155°.

Table 2.47. Distances in A 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 calculated positions. Symmetry codes are given as footnotes at the bottom of the table.
D: donor, A: acceptor.

D H A D-H H---A D---A D-H---A

031 H831 043 0.84 1.94 2.742(2) 159
032 H832 051" 0.84 2.03 2.820(2) 156
033 H833 052 0.84 1.99 2.825(2) 176
041 H841 0331 0.84 1.93 2.734(3) 170
042 H842 032" 0.84 1.86 2.702(2) 174
043 H843 0311 0.84 1.88 2.692(3) 161
061 H861 042 0.84 1.90 3.028(3) 175
062 H862 041"V 0.84 1.91 2.743(3) 175
063 H863 053 0.84 2.50 2.802(2) 102
063 H863 07 0.84 1.97 2.805(3) 172
O7 H87T - 0.84 -

N1 H71  O61Y 0.94(3) 2.18(3) 2.688(14) 161(3)
N2 H72 062¥ 0.90(3) 2.06(3) 2.943(3) 165(2)
N3 H73 063" 0.87(3) 2.04(3) 2912(3) 179(3)

?__m—"_l/Q: _y+1/27 _Z+1; ii_m_l/Qz _y+3/2a _Z+17
111$+1/2, 7y+3/2’ 7Z+17 wx+1ayaz; vxilayaz
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2.2. Coordination Chemistry of N-Substituted Glycosylamines
with Palladium(ll)

In order to investigate the coordination behavior of N-substituted glycosylamines towards pal-
ladium(IT), the previously synthesized compounds were dissolved in a solution containing a pal-
ladium(IT) probe. In literature mostly dihydroxido palladium(IT) complexes including a diamine
auxiliary ligand are used as probes. [38:47:48] The reagents serving as PdNy-fragment source in this
work are depicted in figure 2.22. The Cs symmetry present in the auxiliary ligands prevents the
formation of stereoisomers and thus facilitates the NMR-spectroscopic characterization of the
obtained glycosylamin complexes.

CHs

HaC

% OH 3 \r\{ OH % OH
N

N/ N S /
/Pd\ /Pd\ /Pd\
N OH /N OH H OH
2

e | 2
Pd-en Pd-tmeda Pd-chxn

Figure 2.22. Palladium(IT) reagents containing the auxiliary ligands en, tmeda and chxn.

This work primarily features the use of Pd-en as palladium probe since in the case of Pd-en
the superposition of NMR shifts of the auxiliary ligand and the coordinating glycosylamine is
minimized. The NMR signals of the ethylene moiety of the auxiliary ligand ethane-1,2-diamine
are usually located around 2.5 ppm in '"H NMR spectra and around 46 ppm in 13C{lH} NMR
spectra. In all following illustrations of the identified glycosylamine palladium complex species,
the PdNs-fragment including the corresponding auxiliary ligand is labeled with the red symbol
[Pd].

Since the hydrolysis of the glycosylamines is accelerated under alkaline conditions, stochiometric
amounts of iodic acid were added to the reaction mixtures in order to control the pH value of
the resulting solutions. Despite this addition, in many cases the hydrolytic cleavage of the used
glycosylamines could not be completely prevented and was analytically detected by the emergence
of NMR signals assigned to the corresponding alkylamines and aldoses. A more apparent visual
observation indicating a potential hydrolysis is the formation of a black precipitate or even
a mirror on the glass of the reaction vessel, identified as elemental palladium. This reaction
derives from the reducing character of the formed aldose and can be compared with the reaction
of aldehyds with TOLLENS’ reagent.

Furthermore, undesired palladium complexes featuring an aldose or an alkylamine as ligand were
identified in some measured NMR, spectra or even isolated as crystalline solids. All reactions and
NMR-spectroscopic measurements were executed at 4 °C to reduce the hydrolysis of the ligands
to a minimum level. The influence of the used glycosylamine, the manner of the N-substitution
and the concentration of the palladium(IT) reagent on the extent of the occurring hydrolysis
represents another aspect of the following investigations.

The stoichiometry of the used reactants was adjusted correspondingly to allow different depro-
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tonation states of the hydroxy functions of the glycosylamine. Thus, while the oxygen atoms
coordinate the metal as alkoxides, the amino function serves as a neutral donor ligand in the
resulting complex compounds. The exact binding mode, configuration and conformation of
the glycosylamine ligands was determined by using NMR-spectroscopic methods with particu-
lar focus on the observed coordination-induced shifts (CIS) of the 3C{'H} NMR signals in the
carbohydrate scaffold and alkyl or aryl substituent. The NMR spectra including the assignment
of the signals to the formed complex species in all experiments described in this chapter can be
found in the appendix of this work (chapter A).

2.2.1. N-Alkylpentosylamines

The coordination chemistry of N-alkylpentosylamines is largely characterized by the equilibrium
of the o- and B-pyranosylamine form and the acyclic imine form in between the anomers. Con-
trary to palladium(IT)-aldopentose complexes,[*9 no detectable coordination of furanoid forms
was observed in the conducted experiments. An additional factor in the coordination chemistry
of N-alkylpentosylamines represents the possible dynamic fluctuation between different confor-
mations, particularly the C; < 1Cj chair inversion.

2.2.1.1. N-Alkyl-D-arabinosylamines

In the performed reactions of the investigated N-alkyl-D-arabinosylamines with Pd-en in the
molar ratios 1:1:1 and 1:2:1, the three complex species depicted in figure 2.23 were identified in
the resulting reaction solutions.

R
5 1/
NH
(6] \
4 3 O—=1[Pq]
2
HO
OH

1C4-a-D-ArapINR2H_1-k?NL,0?  1C,-0-D-ArapINR2,3,4H_3-k2N!,0%:k2034  p-AraalNR2H_;-K2N?,0?
R = Me, Et, Pr, iPr R = Me, Et, Pr, iPr R = Et, Pr, iPr

Figure 2.23. Complex species detected in reaction solutions resulting from the treatment of
N-alkyl-D-arabinosylamines with Pd-en and iodic acid.

As can be seen in table 2.48, upon addition of one equivalent Pd-en to N-alkyl-D-arabinosyl-
amines a clear preference of the 'Cy-a-D-ArapINR2H_;-k> N1 ,0? species became evident for all
ligands with the exception of D-AralN¢Bu. In the case of D-AralN¢Bu all reaction attempts
resulted in the instant hydrolysis of the ligand and subsequent complexation of D-arabinose. The
k?N'1,0? chelation of the ligand’s open-chain form was detected to a small extent in reaction
solutions containing the ethyl-, propyl- and iso-propyl derivatives. The amount of additional
species, mostly metalated and non-metalated hydrolysis products, detected in the reaction solu-
tions increased with the steric demand of the featured alkylamino function.
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Table 2.48. Percentage distribution of the metalated species resulting from the treatment of
N-alkyl-D-arabinosylamines with Pd-en and iodic acid in the molar ratio 1:1:1 at 4 °C.

Me Et Pr Pr

1Cy-a-D-ArapINR2H_;-x2N1,0? 100 82 75 76
D-AragINR2H_;-k?’N1,0? 0 10 10 10
other species 0 8 15 14

The preferred trans-vicinal k2N',0? binding of Pd-en to a-N-alkyl-D-arabinosylamines was iden-
tified by the characteristic CIS values displayed in table 2.49. The present x-configuration and
non-fluctuating 'Cy conformation in the ligands in the monometalated complex species was fur-
ther verified by the measured 3J172 values, which range between 8.7 Hz to 8.9 Hz as a result of
the anti-orientation of the hydrogen atoms. All other coupling constants determined for the
complexes generally match the values previously listed in chapter 2.1.1.1 for the in water pre-
vailing a-anomer of the free ligand. In contrast to uncomplexed N-alkyl-D-arabinosylamines, no
evidence for a metalation of the corresponding [3-anomers was found in the reaction solutions.

Table 2.49. Selected *C{'*H} NMR chemical shifts (§/ppm) and shift differences (Ad) to the free
ligand of the detected monometalated N-alkyl-D-arabinopyranosylamines with Pd-en in D2O at
4°C. The AJ values indicating a CIS are printed bold.

C1 C2 C3 C4 C5 Cu

a-D-AralNMe 5 922 709 738 694 67.7 315
1C4-0-D-AraplNMe2H_; 6 948 77.2 753 69.0 70.5 36.7
k2N1,0? A 26 63 15 —-04 28 5.2
a-D-AralNEt 5 908 712 738 694 67.7 39.9
1Cy4-o-D-ArapINEt2H _; § 899 770 754 690 705 42.2
k2N1,0? Af —0.9 58 16 -04 28 2.3
a-D-AralNPr 5 91.1 711 738 69.4 678 476
1Cy4-o-D-ArapINPr2H _; § 911 771 754 69.0 70.5 49.9
kKZN1,0? AS 0.0 6.0 16 —-04 27 23
o-D-AralNiPr 5 8.0 715 739 694 67.7 454
1C4-0-D-ArapINiPr2H_; 6 90.8 77.4 755 689 70.5 50.9
k2N1,0? Af 1.8 59 19 -04 28 5.5

The k2N1,0? chelation of the open-chain form of N-alkyl-D-arabinosylamines, observed for the
ethyl-, propyl- and iso-propyl derivatives, was readily identified by the distinctive 'H NMR signals
assigned to the protons of the imine function. These signals are located at 7.92 ppm, 7.91 ppm
and 7.91 ppm, respectively. In *C{'*H} NMR spectra the presence of the acyclic species became
obvious by the extremely downfield shifted C1 atoms and noticeably deviating NMR signal
patterns in comparison to the previously described pyranoid species. The 3C{'H} NMR shifts
of the detected chelated open-chain species are listed in table table 2.50.
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Table 2.50. Selected ¥C{*H} NMR chemical shifts (§/ppm) of the detected monometalated
open-chain species of N-alkyl-D-arabinoamines with Pd-en in D,O at 4 °C.

C1 C2 C3 C4 Cs5 Cu

D-AraaINEt2H_;-k2N',0? § 186.1 858 71.7 71.5 63.5 55.6
D-AragINPr2H_;-k>2N',0%? 6 1872 857 717 714 634 62.7
D-AraaINiPr2H_;-xk2N',0%? § 183.3 86.1 71.8 71.6 635 60.0

The addition of two equivalents Pd-en to N-alkyl-D-arabinosylamines clearly led to a preferred
k2N'1,0%:k20%* chelatation of the a-anomer. Aside from the doubly metalated species, smaller
amounts of the previously described cyclic and acyclic monometalated species were detected in
all reaction solutions. The NMR-spectroscopically determined percentage distributions of the
different species are displayed in table 2.51. Remarkably, no evidence for a k2N! 0?%:x203*
chelatation of the imine form was found for any of the investigated N-alkyl-D-arabinosylamines.
A monometalation of the imine form occurred for the same ligand derivatives as in the equimolar
experiments. Regarding the further species detected in the NMR spectra, an additional presence
of the solely k20%* monometalated x-anomer and dimetalated B-anomer was assumed, but a
definite characterization of the complexes was not possible due to their low concentration and
the superposition of signals.

Table 2.51. Percentage distribution of the metalated species resulting from the treatment of
N -alkyl-D-arabinosylamines with Pd-en and iodic acid in the molar ratio 1:2:1 at 4 °C.

Me Et Pr iPr
1C4-0-D-Arap1NR2,3,4H_5-k2N1,0%:20%* 73 66 64 52

1C4-x-D-ArapINR2H_;-k2 N1 ,0? 19 21 12 9
D-AraalNR2H_;-k2N1,0? 0 4 6 15
other species 8 9 18 24

Considering the favorable orientation of the functional groups, it is assumed that the o-anomer
in the 'C4 conformation is coordinated by the two PdNs-fragments. A complete evaluation of
this hypothesis by the analysis of the coupling constants was not feasible due to the overlapping
of different species in the respective 'H NMR. spectra. The C{*H} NMR chemical shifts and
determined CIS values, which nevertheless clearly indicate the double metalation of the N-alkyl-
D-arabinosylamines, are listed in table 2.52.
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Table 2.52. Selected '3C{'H} NMR chemical shifts (§/ppm) and shift differences (Ad) to the
free ligand of the detected doubly metalated N-alkyl-D-arabinopyranosylamines with Pd-en in
D50 at 4°C. The Aé values indicating a CIS are printed bold.

C1 C2 C3 C4 C5 Cu

a-D-AralNMe 5 922 709 738 69.4 67.7 315
1Cy-a-D-ArapIlNMe2,34H_5 6  94.7 809 851 792 69.6 37.0
k2N 02%:k2034 A 2.5 10.0 11.3 9.8 19 5.5
a-D-AralNEt 5§ 908 712 738 69.4 67.7 399
LCy4-o-D-Arap1NEt2,3,4H_5 5 89.6 80.7 851 792 69.6 422
kK2N1,0%:k2034 A —1.2 95 11.3 9.8 19 2.3
a-D-AralNPr § 91.1 711 738 69.4 67.8 476
1C4-x-D-Arap1NPr2,3,4H_5 5§ 90.8 809 852 792 69.6 50.0
k2N ,0%:k203%4 AS —0.3 9.8 11.4 9.8 18 2.4
a-D-AralNiPr 5 8.0 715 739 69.4 67.7 454
1Cy-a-D-ArapINiPr2,34H_5 6 90.9 810 854 792 69.7 50.6
k2N 02%:k2034 AS 1.9 9.5 11.5 9.8 20 5.2

2.2.1.2. N-Alkyl-D-lyxosylamines

The four complex species depicted in figure 2.24 were identified in reaction solutions containing
N-alkyl-D-lyxosylamines, Pd-en and iodic acid in various molar ratios.

R
s OH 1 N/H
—0 \ [Pd
W O—=[p] "
2
OH

1C4-0-D-LyxpINR2H_1-k 2N1,02
R = Me, Et, Pr, iPr, tBu

D-LyxalNR2H_;-k2N?,0? D-LyxalNR2H_z-k 2Nt ,0%:k 2034
R = Me, Et, Pr, iPr R = Me, Et, Pr, iPr, tBu

__—IPd]
4 o \
AN AN
HO - —
s 2 L HR

B-D-LyxpINR2H_;-k2N1,0?
R = Me, Et, Pr, iPr

Figure 2.24. Complex species detected in reaction solutions resulting from the treatment of
N-alkyl-D-lyxosylamines with Pd-en and iodic acid.

As the percentage distribution in table 2.53 shows, the preference of a certain species in equimolar
reaction solutions largely depends on the N-alkyl-D-lyxosylamine included in the reaction. As
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for the methyl and ethyl derivatives the k2N'!,0? chelatation 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 acyclic imine form. Additionally, the metalation of the corresponding [3-pyranosylamine
form was detected for all derivatives with unbranched alkylamino moities, but to a lesser extent.
Surprisingly, for a-D-Lyx1N#Bu only the coordination of the ligand in its cyclic form is observed.
But due to the rapid hydrolysis of the tert-butyl derivative, the main species detected in the
NMR spectrum were metalated and non-metalated hydrolysis products.

Table 2.53. Percentage distribution of the metalated species resulting from the treatment of
N-alkyl-D-lyxosylamines with Pd-en and iodic acid in the molar ratio 1:1:1 at 4 °C.

Me Et Pr ::Pr tBu
1C4-0-D-LyxpINR2H_;-k2N',0? 36 28 10 36 36

D-LyxalNR2H_;-k2N',0? 28 16 78 64 0
B-D-LyxpINR2H_;-k>N',0? 17 15 8 0 0
other species 19 41 4 0 74

The cyclic complex species feature a k> N1,0? metalation of the x-anomer and were observed for
all investigated N-alkyl-D-lyxosylamines. This binding mode was identified by the CIS values
shown in table 2.54. The presence of the o-configuration and 'Cy conformation was further
verified by the measured 3J1,2 values of 9.3 Hz to 9.6 Hz for the respective complex species. Hence,
in comparison to the free x-anomer, the 3J172 values are remarkably higher as any possibility of
a dynamic fluctuation by chair inversion is prevented by the occurring trans-vicinal chelatation.

Table 2.54. Selected '3C{'H} NMR chemical shifts (§/ppm) and shift differences (Ad) to the
free ligand of the detected monometalated N-alkyl-a-D-lyxopyranosylamines with Pd-en in D2O
at 4°C. The AJ values indicating a CIS are printed bold.

C1 C2 C3 C4 C5 Cuo

a-D-Lyx1NMe d 891 693 711 692 64.7 312
1Cy-a-D-LyxpINMe2H_; 6 91.0 753 723 696 67.9 368
kKZN1,0? Ad 1.9 6.0 12 04 32 5.6
a-D-Lyx1NEt 5 876 694 711 692 64.6 39.6
1C4-o-D-LyxpINEt2H _; § 862 752 724 693 679 424
k2N1,0? A —1.4 58 13 01 33 2.8
o-D-Lyx1NPr 5§ 879 694 712 692 64.7 473
1C4-o-D-LyxpINPr2H _; § 874 753 724 69.6 679 50.1
k2N1,0? A —-0.5 59 12 04 32 2.8
o-D-Lyx1NiPr § 8.7 69.7 711 69.3 64.7 45.0
1Cy-a-D-LyxpINiPr2H_; & 86.8 755 725 696 67.9 50.8
kKZN1,0? A 1.1 58 14 03 32 5.8

For all N-alkyl-D-lyxosylamines with unbranched methylamino moieties, a second complex species
featuring the ligand as cyclic pyranosylamine isomer was detected. The exceptional 3C{'H} NMR
chemical shifts and CIS values listed in table 2.55 indicate a possible cis-vicinal metalation of the
B-anomer. For this chelatation mode a dynamic fluctuation between the 'Cy and *C} conforma-
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tion is conceivable, although the 4C} conformation should be sterically favored. The fluctuation
hinders a direct comparison to the free 3-anomer, which, as shown in chapter 2.1.1.2, strictly
resides in the C conformation. Since this coordination mode was only detected as a minor
species, the most coupling constants could not be determined due to superposed 'H NMR sig-
nals. But as expected the determined 3J172 values of 4.3Hz to 5.1 Hz neither match the sole
presence of the *Cy or 'Cy conformation in the metalated B-lyxopyranosylamine species.

Table 2.55. Selected '3C{'H} NMR chemical shifts (§/ppm) and shift differences (Ad) to the
free ligand of the detected monometalated N-alkyl-B-D-lyxopyranosylamines with Pd-en in D2O
at 4°C. The AJ values indicating a CIS are printed bold.

Ci1 C2 C3 C4 C5 Cox

B-D-Lyx1NMe § 89.7 714 744 672 67.0 316
B-D-LyxpINMe2H_; & 93.0 788 72.6 688 61.0 37.0
kKZN1,0? A 33 74 —-18 16 —62 5.4
B-D-Lyx1NMe 5 87.8 716 744 672 67.0 395
B-D-LyxpINEt2H_; & 89.2 79.1 71.5 684 620 42.8
k2N1,0? Af 1.6 75 -29 12 -50 3.3
B-D-Lyx1NPr 5 882 716 745 672 67.0 471
B-D-LyxpINPr2H_; § 91.0 79.1 726 683 67.5 50.2
kK2N1,0? A 2.8 75 —-20 11 05 3.1

The «2N'!,0% metalation of the open-chain form led to the emergence of distinctive 'H and
I3C{'H} NMR signals in the downfield region of the recorded spectra which were assigned to
the respective imine functions. An overview of the 3C{!H} NMR signals for the mononuclear
imine species is given in table 2.56. The 'H NMR chemical 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 'H NMR was feasible for reaction solutions, in which the imine
complex species was clearly predominant, as in the case of D-LyxaINPr2H_;-k>N!,0%. The de-
termined coupling constants of 3J1,2:1.2 Hz, 3J2,3:6.3 Hz and 3J374:2.1 Hz match the expected
gauche-, anti- and gauche-orientation of the respective hydrogen atoms in the postulated zigzag
conformation of the open-chain form.

Table 2.56. Selected ¥C{'*H} NMR chemical shifts (§/ppm) of the detected monometalated
open-chain species of N-alkyl-D-lyxoamines with Pd-en in D2O at 4°C.

C1 C2 C3 C4 C5 Cu«

187.8 86.5 74.6 71.2 63.3 488
186.3 86.5 74.6 71.2 63.3 55.7
187.3 86.3 747 712 633 62.7
183.5 86.7 747 712 633 60.1
181.8 859 752 711 633 631

D-LyxalNMe2H_;-k2N1,0?
D-LyxaINEt2H_,-x2N1,0?
D-LyxalNPr2H_;-k2N'!,0?
D-LyxalNiPr2H_;-k2N'!,0?
D-LyxalNtBu2H_;-k2N1,0?

SHh S S O O

As can be seen in table 2.57, reactions of N-alkyl-D-lyxosylamines with two equivalents of Pd-en
led to only one binuclear coordination mode. These species feature a k2N!,0%:k20%% metalation
of the open-chain form and prevail in the respective reaction solutions of all derivatives. The pres-
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ence of this doubly metalated species was accompanied by the formation of the aforementioned
monometalated complex species and other not identified reaction products. All reaction solutions
showed more evident signs of decomposition than the corresponding equimolar reactions, easily
recognizable through the rapid formation of elemental palladium.

Table 2.57. Percentage distribution of the metalated species resulting from the treatment of
N-alkyl-D-lyxosylamines with Pd-en and iodic acid in the molar ratio 1:2:1 at 4°C.

Me Et Pr Pr tBu
D-LyxalNR2,3,4H_3-k2N' 0%:20%>* 33 58 50 100 73

1C4-0-D-LyxpINR2H _;-k2N1,0? 26 18 0 0 0
D-LyxalNR2H_;-k>N',0? 0 24 0 0 27
other species 41 0 50 0 0

The BC{'H} NMR chemical shifts of the detected doubly metalated open-chain species are
listed in table 2.58. The binding of a second PdNs-fragment was characterized by the observed
chemical shift differences in comparison to the monometalated imine species of about 13 ppm and
about 12 ppm found for the C3 and C4 atom, respectively. The 'H NMR signals (6 = 8.07 ppm
to 8.18 ppm) of the imine hydrogen atom appear slightly downfield shifted compared to their
monometalated analogues. The reduced quality of the recorded 'H NMR spectra, due to the
rapid formation of elemental palladium, hindered a more detailed determination of the exact
conformation of the doubly metalated imine ligand.

Table 2.58. Selected 3C{'H} NMR chemical shifts (§/ppm) of the detected doubly metalated
open-chain species of N-alkyl-D-lyxosylamines with Pd-en in DO at 4 °C.

C1 C2 C3 C4 C5 Cu

189.6 889 87.5 834 64.6 48.7
187.9 889 87.6 83.5 64.6 55.8
188.9 89.0 874 83.3 646 62.8
184.9 88.5 88.2 836 647 604
183.0 89.0 874 84.0 645 63.2

D-LyxalNMe2,3,4H_3-k2N',0%:x203*
D-LyxalNEt2,3,4H_3-k>N',0%:x20%4
D-LyxalNPr2,3 4H_3-k>N',0%:x20%4
D-LyxalNiPr2,3,4H_3-k2N',0%:203*
D-LyxalNtBu2,3,4H_;-k?N1,02:k203*

S 3 > O O

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 complex species in aqueous solution. All identified metalated species from
the reactions in the molar ratios 1:1:1 and 1:2:1 are depicted in figure 2.25.
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Figure 2.25. Complex species detected in reaction solutions resulting from the treatment of
N-alkyl-D-ribosylamines with Pd-en and iodic acid.

As shown in table 2.59, the k?N! O?*metalated B-anomer was detected as the main species in
equimolar reactions for all investigated N -alkyl-D-ribosylamines, except for the tert-butyl deriva-
tive. The determined amount of chelated open-chain isomer increases with growing complexity
of the alkylamino moiety, culminating in 60 % of complexed acyclic species for N-(tert-butyl)-
D-ribosylamine. An additional chelatation of the a-anomer was only observed in reactions with
N-methyl-D-ribosylamine.
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Table 2.59. Percentage distribution of the metalated species resulting from the treatment of
N-alkyl-D-ribosylamines with Pd-en and iodic acid in the molar ratio 1:1:1 at 4 °C.

Me Et Pr :Pr tBu
4C1-B-p-RibpINR2H_;-k2N1,0? 58 88 58 71 14

a-D-RibpINR2H_;-k2N*1,0? 25 0 0 0 0
D-RibaINR2H_;-k2N',0? 13 12 26 29 60
other species 4 0 16 0 26

The aforementioned k2/N',0? metalation of the -anomer was identified by the measured *C{*H}
NMR chemical shifts and associated CIS values shown in table 2.60. The calculated CIS values
for the C1, C2 and Co atoms all lie within the common range for the respective alkylamino moi-
ety featured in the ligand. The determined 3J1,2 values range between 9.1 Hz and 9.4 Hz, thus,
according to the KARPLUS relation, strongly suggesting the sole presence of the *C'; conforma-
tion in these species. These findings, indicating a trans-vicinal chelatation, are largely congruent
with the in chapter 2.1.1.3 described conformational behavior of free N-alkyl-f3-D-ribosylamines.

Table 2.60. Selected '3C{'H} NMR chemical shifts (§/ppm) and shift differences (Ad) to the
free ligand of the detected monometalated N-alkyl-f3-D-ribopyranosylamines with Pd-en in D2O
at 4°C. The AJ values indicating a CIS are printed bold.

C1 Cc2 C3 C4 C5 Cu

B-D-Rib1NMe 5 8.4 722 706 676 639 314
4C1-B-D-RibpINMe2H_; § 90.8 781 721 669 64.8 36.9
k2N1 02 AS 24 59 15 —-07 09 5.5
B-D-Rib1NEt 5 869 725 708 67.6 638 40.0
4C,-B-D-RibpINEt2H_, § 8.1 780 722 668 64.8 424
k2N1,0? Af —-0.8 55 14 -0.8 1.0 2.4
B-D-Rib1NPr 5§ 872 724 70.7 67.6 63.8 476
4C,-B-D-RibpINPr2H_; 5§ 873 781 722 669 64.8 50.2
k2N1,0? A 0.1 57 15 -0.7 1.0 2.6
B-D-Rib1NiPr § 8.1 727 710 676 63.7 452
4C1-p-D-RibpIN¢Pr2H_; 6 86.8 783 725 66.8 648 50.8
k2N 0? As 1.1 56 15 —-08 1.1 5.6

As previously outlined in chapter 2.1.1.3, uncomplexed «-D-Rib1NMe strictly resides in the
1Cy conformation. But upon addition of Pd-en, the measured 3J1,2 value for the a-anomer
increases to 2.5Hz (free ligand: 3.J; 5=1.1Hz) as a result of the occurring cis-vicinal k2Nt ,0?
chelatation and hence indicating a dynamic fluctuation between the 1¢y and 4C; conformation in
the yielded complex species. Although the observed *C{'H} NMR chemical shifts also indicate
the formation of this additional pyranoid species, the absence of comparative *C{'H} NMR
chemical shifts for the fluctuating free ligand impeded the determination of meaningful CIS
values for this coordination mode.

A metalation of the respective imine isomer was detected for all N-alkyl-D-ribosylamines and
unambiguously identified by the observed distinctive 3C{'H} NMR chemical shifts listed in
table 2.61. In the cases of RibIN¢Pr and Rib1N#¢Bu the corresponding open-chain species was
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also detected to a minimal extent for the free ligand in DMSO-dg. Although it must be noted that
the measurements were conducted in different solvents, this allows a comparison of the observed
13C{'H} NMR chemical shifts between the free and the complexed ligand. The resulting shift
differences are about 19 ppm and 15 ppm for the C1 and C2 atom, respectively. The Cx atom of
the alkylamino moiety, however, showed only a slight downfield shift upon coordination. While
the 'H NMR signals assigned to the imine hydrogen atom in the free open-chain isomer are found
at 7.70 ppm for Rib1N;Pr and 7.69 ppm for Rib1NtBu, the corresponding 'H NMR signals for
the metalated N-alkyl-D-ribosylamines open-chain species are located at 7.90 ppm and 7.99 ppm,
respectively.

Table 2.61. Selected ¥C{*H} NMR chemical shifts (§/ppm) of the detected monometalated
open-chain species of N-alkyl-D-riboamines with Pd-en in D50 at 4 °C.

C1 C2 C3 C4 C5 Cu

186.4 86.7 74.6 72.7 63.4 48.7
1849 86.8 742 725 634 55.6
185.8 86.6 744 728 634 62.7
182.0 872 741 722 634 60.0
180.3 86.7 74.1 723 63.5 57.0

D-RibalNMe2H_;-k>N1,0?
D-RibaINEt2H_;-k2N',0?
D-RibaINPr2H_;-k*N',0?
D-RibalNiPr2H_;-k?N',0?
D-RibalNtBu2H_;-k*N1,0?

S 3 S O O

In the reaction solutions with N-alkyl-D-ribosylamines and two equivalents of Pd-en, it could be
observed that a total of four binuclear coordination modes coexist simultaneously. These species
feature the k2N1,0%:x20%% and the k2 N',0%:k20%5 chelatation of the acyclic imine form as well
as the k2N1,02:x20%* metalation of the pyranoid «- and B-anomer. In the reaction including
B-D-RibIN¢Bu only the imine complex species could be identified with definite certainty. As
can be seen in table 2.62, the amount of metalated f-anomer clearly prevails in comparison
to the coordination of the corresponding o-anomer, especially for ligands with sterically more
demanding alkylamino moieties. On the contrary, the detected amounts of the two doubly
metalated imine species are almost equal in all investigated reaction solutions. The concentration
of the imine complexes species in the reaction solutions increases with the size of alkylamino
function of the featured N-alkyl-D-ribosylamines.

Table 2.62. Percentage distribution of the metalated species resulting from the treatment of
N-alkyl-D-ribosylamines with Pd-en and iodic acid in the molar ratio 1:2:1 at 4 °C.

Me Et Pr Pr tBu
4C1-B-D-RibpINR2H _3-k2N1,0%:x20%* 50 50 25 37 0

o-D-RibpINR2H _3-k2N1,0%:x2034 31 16 10 5 0
D-Riba1NR2,3,4H_3-k2N1,0%:k203* 8 17 23 27 22
D-Riba1NR2,4,5H_3-k2N1,02%:x20% 6 17 22 27 24
other species ) 0 20 4 54

In the case of doubly metalated N-alkyl-f3-D-ribosylamines the first Pd-en fragment binds in
trans-vicinal fashion to the alkylamino group at the C1 atom and the alkoxido group at the C2
atom. The second fragment is chelated in cis-vicinal fashion by the two deprotonated alkoxido
functions at the C3 and C4 atom. This coordination mode was confirmed by the measured
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IBC{'H} NMR chemical shifts and derived CIS values listed in table 2.63. Although superposition
of signals and poor signal to noise ratio in the recorded 'H NMR spectra allowed no definite
determination of the 3J172 or other coupling constants, a preference of the *C; conformation in
this species is assumed. This assumption is based on the previously verified presence of the *C}
conformation in the corresponding monometalated species as well as on the energetically favored
equatorial orientation of the majority of functional groups in this conformation.

Table 2.63. Selected *C{*H} NMR chemical shifts (6 /ppm) and shift differences (Ad) to the free
ligand of the detected doubly metalated N-alkyl--D-ribopyranosylamines with Pd-en in D2O at
4°C. The AJ values indicating a CIS are printed bold.

C1 C2 C3 C4 C5 Cu

B-D-Rib1NMe § 884 722 706 67.6 639 31.4
1C-B-D-RibpINMe2,34H_3 § 91.2 779 832 769 67.6 36.8
k2N 0?%:c2034 As 2.8 7.3 126 9.3 37 54
B-D-Rib1NEt 5§ 8.9 725 708 67.6 638 40.0
4C,-B-D-Ribp1NEt2,3,4H_3 § 862 77.7 832 T7.0 67.7 424
kK2N1,0%:x2034 A§ —-0.7 5.5 12.5 10.1 39 2.4
B-D-Rib1NPr § 872 724 70.7 67.6 638 476
4C1-B-D-Ribp1NPr2,3,4H_5 § 875 778 832 769 67.6 502
k2N, 0%:k203* A5 0.3 5.4 12,5 9.3 38 2.6
B-D-Rib1NiPr § 8.1 727 710 67.6 63.7 452
4C,-B-D-RibpINiPr2,34H_3 § 869 78.0 834 769 67.7 50.9
k2ZN1,0%:k2034 A 1.8 5.3 124 9.3 40 5.7

The chelatation of two PdNs-fragments by the a-anomer was observed for more ligand derivatives
as the corresponding monometalation, which was only detected in the case of D-Rib1NMe. The
13C{'H} NMR chemical shifts found for these binuclear species are listed in table 2.64. In the
case of the methyl derivative, the described cis-vicinal coordination of a second palladium (IT) ion
resulted in NMR shift differences of 4.9 ppm and 4.4 ppm for the C3 and C4 atom, respectively,
when compared to the analogue monometalated species. In contrast to the mononuclear species,
the assumption of a dynamic fluctuation between the 'Cy and *C'; conformation is not reasonable
for the doubly metalated oc-anomers.

Table 2.64. Selected 3 C{'H} NMR chemical shifts (§/ppm) and shift differences (Ad) to the free
ligand of the detected doubly metalated N-alkyl-a-D-ribopyranosylamines with Pd-en in D5O at
4°C.

Ci C2 C3 C4 C5 Cu

91.2 818 758 71.0 604 35.8
86.0 81.6 759 70.9 60.6 40.7
873 81.6 758 70.8 60.7 484
86.7 81.6 759 717 604 489

a-D-Ribp1NMe2,3,4H_3-k2N'!,0%:k20>*
a-D-Ribp1NEt2,3,4H_3-k?N1,0%:k2034
a-D-Ribp1NPr2,3,4H_35-k2 N1 02%:x20>*
a-D-Ribp1NiPr2,3,4H_3-k>?N1,02%:x203*

S S O

In all reaction solutions of N-alkyl-D-ribosylamines containing two equivalents of palladium
probe(II), two distinctive 'H and 3C{'H} NMR signals with almost similar integrals were de-
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tected in the downfield regions of the respective spectra. This observation derives from the
presence of two different doubly metalated open-chain species in the reaction solutions. Both
species differ in the coordination mode of the second PdNy fragment. While one species features
the anticipated k203* chelatation of the additional metal ion, k?O%® chelatation is realized in
the other species. The unusual binding of the terminal C5 hydroxy group was identified by the
observed downfield shift for the C5 atom, which is readily assigned through DEPT 135 NMR ex-
periments. The observed chemical shift differences upon coordination in comparison to the
corresponding monometalated species 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 case of a k203* binding the calculated
shift difference for the C5 atom averages about —1 ppm, which is in accordance with the non-
coordination of the associated hydroxy function. Conversely, for the k20%5 coordination mode
the signal assigned to the C3 atom experiences only a minor downfield shift of about 2.5 ppm.
An overview of all relevant 3C{'H} NMR chemical shifts for both species is given in table 2.65.

Table 2.65. Selected *C{'H} NMR chemical shifts (§/ppm) of the detected doubly metalated
open-chain species of N-alkyl-D-ribosylamines with Pd-en in D,O at 4 °C.

C1 C2 C3 C4 C5 Cuo

189.5 87.7 87.6 826 62.6 48.8
187.8 87.6 85.7 827 62.6 559
188.7 87.6 85.7 82.7 62.5 62.8
184.4 873 86.1 82.7 62.6 60.4
182.7 876 85.5 827 62.6 63.0

185.8 86.1 77.1 821 73.5 4838
184.3 86.1 77.0 822 73.5 559
185.2 86.0 77.0 823 73,5 629
181.3 86.2 77.0 824 73.5 629
179.5 86.7 769 825 735 634

D-Riba1lNMe2,3,4H_3-k2N1,0%:x203*
D-Riba1NEt2,3,4H_3-k2N1,02%:x203*
D-Riba1NPr2,3 4H_3-k2N',0%:x203*
D-RibalNiPr2,3,4H_3-k2N',0?:k20>*
D-RibalNtBu2,3,4H_3-k2N',0?:k203*

D-Riba1lNMe2,4,5H_3-k2 N1 ,0%:x20*%
D-Riba1NEt2,4,5H_3-k2N1,0%:x20%°
D-RibalNPr2,4,5H_3-k2N'1,0%:k20*°
D-RibalNiPr2,4,5H_3-k2N',02:k20%5
D-RibalNtBu2,4,5H_3-k2N1,0?:k20%5

S 3 S [ S O O O

2.2.1.4. N-Alkyl-D-xylosylamines

As described in chapter 2.1.1.4, & and B-pyranosylamine isomers are found in neutral and
alkaline aqueous solutions for all investigated uncomplexed N-alkyl-D-xylosylamines, with the (3-
anomer representing the strictly favored isomer. Upon addition of Pd-en and iodic acid, a variety
of palladium complexes featuring multiple forms of the N-alkyl-D-xylosylamines as bidentate
ligands were detected. The five different complex species identified by NMR spectroscopy in the
reaction solutions containing different amounts of the palladium (IT) metal probe are depicted in
figure 2.26.
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Figure 2.26. Complex species detected in reaction solutions resulting from the treatment of
N-alkyl-D-xylosylamines with Pd-en and iodic acid.

As can be seen in table 2.66, upon addition of equimolar amounts of Pd-en and iodic acid, all
investigated N-alkyl-D-xylosylamines except for the tert-butyl derivative showed a clear prefer-
ence of the k2N ,0? metalation of the B-pyranosylamine form. The chelatation of the acyclic
imine was observed for all derivatives, but in the case of D-XylplNMe and D-XylplNEt only
in minimal amounts. For 3-D-XylpIN¢Bu on the other hand, the metalation of the open-chain
form appears to be clearly favored. Furthermore, in reaction solutions with D-Xylp1NMe and
D-Xylp1N:Pr indications for a similar chelation of the respective a-anomer were found.

Table 2.66. Percentage distribution of the metalated species resulting from the treatment of
N-alkyl-D-xylosylamines with Pd-en and iodic acid in the molar ratio 1:1:1 at 4 °C.
Me Et Pr Pr tBu
101-p-D-XylpINR2H_; k2N1,02 85 98 76 78 12
a-D-XylpINR2H_;-k2N',02 3 0 0 8 0
D-XylaINR2H_;-k2N1,02 4 2 24 14 50
other species 8 0 0 0 38

The trans-vicinal chelation of the B-anomer was identified by the 3C{'H} NMR chemical shifts
and derived CIS values, listed in table 2.67. The measured 3J1,2 values of 7.8 Hz to 8.9 Hz verify
the anti-configuration of the respective hydrogen atom and thus the presence of the C; confor-
mation for the complex species. All other determined coupling constants are also in accordance
with the values found for the free N-alkyl-B-D-xylosylamines, previously described in chapter
2.1.1.4.
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Table 2.67. Selected '3C{'H} NMR chemical shifts (§/ppm) and shift differences (Ad) to the
free ligand of the detected monometalated N-alkyl-B-D-xylopyranosylamines with Pd-en in D2O
at 4°C. The AJ values indicating a CIS are printed bold.

C1 C2 C3 C4 C5 Cux

B-D-Xylp1NMe d 922 734 774 702 669 316
4C1-B-D-XylpINMe2H_, § 949 802 780 69.8 68.6 36.8
kZN1,0? A 27 6.8 06 —-04 15 5.2
B-D-Xylp1NEt § 908 73.6 775 702 66.9 40.0
4C1-B-D-XylpINEt2H_; § 902 80.0 780 69.7 686 42.3
kZN1,02 A —-0.6 6.4 05 -05 19 2.3
B-D-Xylp1NPr § 91.1 735 774 701 66.8 475
4C,-B-D-XylpINPr2H_, § 914 80.1 780 69.7 686 50.0
kZN1,0? AS 0.3 6.6 06 —-04 18 2.5
B-D-Xylp1NiPr 5§ 890 739 776 701 66.8 455
4C1-B-D-XylpINiPr2H_; & 909 80.3 781 69.7 685 50.9
k2N1,0? A 1.9 6.4 05 -04 1.7 5.4
B-D-Xylp1NtBu 5§ 875 738 775 703 66.2 51.1
4C1-B-D-XylpINtBu2H_; § 916 782 81.0 69.8 686 588
kZN1,02 Al 41 44 45 -05 24 7.7

From the equimolar reaction solution containing D-Xylp1NMe, colorless, block-like crystals of
[Pd(en)(*C1-B-D-XylpINMe2H _1-k2N1,0?)]10;4 tetrahydrate (8) were obtained after overlayer-
ing the solution with acetone and subsequent storage at 4 °C for one week. The crystals were
suitable for X-ray diffraction studies and the crystal structure was solved in the space group
P21212;. The Flack parameter for the structure of 8 was refined to be —0.004(8).

The determined molecular structure (depicted in figure 2.27) confirmed the results of the collected
NMR data: one single Pd(en)-fragment coordinates the equatorial methylamino function located
at the C1 atom and the equatorial alkoxido function at the C2 atom of the N-methyl-3-D-
xylosylamine in its C; conformation. The identified hydrogen bonds in the structure are listed
in table 2.68.
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04

Figure 2.27. The molecular structure of the [Pd(en)(*C1-B-pD-XylpINMe2H_1-k2N' 0?)]* ion in
8. ORTEP plot is drawn with 50 % probability ellipsoids. Interatomic distances (A) and angles
(°) (standard deviations of the last digit in parentheses): Pd1-N1 2.058(3), Pd1-0O2 2.003(3),
Pd1-N2 2.040(3), PA1-N3 2.033(4), N1-C1 1.468(4), N1-C6 1.483(4), O5-C1 1.418(4), C2-
C1 1.525(4), 02-C2 1.404(4), N1-Pd1-02 85.61, N2-Pd1-N3 84.16; chelate torsion angles (°):
N1-C1-C2-02 56.9, N2-C1-C2-N3 53.0; puckering parameters[*°l of the pyranose ring 05-C1-
02-C3-C4-C5: Q = 0.589(3) A, 6 = 0.0(3)°, ¢ = 26(14)°.

Table 2.68. Distances in A 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 calculated positions. Symmetry codes are given as footnotes at the bottom of the table.
D: donor, A: acceptor.

D H A D-H H---A D---A D-H---A

N2  H721 06" 0.85(4) 2.28(4) 3.082(4) 157(3)
N2  H722 O7% 091(4) 1.99(4) 2.893(4) 176(3)
091 H911 O7 0.83(1) 2.064(18) 2.870(3) 163(4)
091 H912 081 0.83(1) 1.876(17) 2.690(3) 165(4)
092 H921 093V 0.83(1) 1.938(14) 2.758(4) 172(4)
092 H922 091 0.83(1) 2.147(16) 2.953(4) 164(4)
093 H931 092" 0.83(1) 2.039(18) 2.855(4) 169(5)
093 H932 08 0.83(1) 2.01(2) 2.798(3)  159(5)
04 H84 0911 (.84 2.07 2.871(3) 159.7
03 H83 O7 084 1.87 2.690(3) 163.8
N3  H731 0921 0.89(4) 2.30(4) 3.140(4) 156(3)
N3  H732 06'" 0.80(4) 2.22(4) 2.987(4) 161(4)
N1  H711 06" 0.80(4) 2.04(4) 2.824(4) 169(4)

f—x+3/2, —y+1,z—12 F_z4ifs —y + 1,2 -1/ Wy 1,y 2
Va2, —y+ e, —24+1 Va+lyz Vo—12-y+3 -2+ 1
Wz, y 412, -z + 12

The additionally observed metalation of the x-anomer of D-XylplNMe and D-XylilNPr was
identified by the determined, in comparison to the complexed (-anomers smaller, 3J1,2 values
of 4.4Hz and 5.5 Hz. Although the possibility of a dynamic fluctuation could not be excluded
with absolute certainty, the obtained 3J1,2 values indicate a reasonable preference of the iy
conformation in the respective species, especially for the iso-propyl derivative. The correspond-
ing, partially unusual, CIS values listed in table 2.69, can be attributed to the for glycosylamine
complexes uncommon cis-vicinal coordination pattern in combination with the possibility of a
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dynamic fluctuation.

Table 2.69. Selected 3C{'H} NMR chemical shifts (§/ppm) and shift differences (Ad) to the
free ligand of the detected monometalated N-alkyl-a-D-xylopyranosylamines with Pd-en in DO
at 4°C. The AJ values indicating a CIS are printed bold.

Ci C2 C3 C4 C5 Cu

o-D-Xylp1NMe § 878 712 721 69.7 630 314
o-D-XylpINMe2H_; § 934 76.7 734 69.1 635 37.0
K2N1 0? AS 56 55 13 —-06 05 5.6
o-D-Xylp1NiPr § 834 T71.0 TL2 69.2 64.7 445
o-D-XylpINiPr2H_; § 889 782 753 69.1 640 52.3
kK2N1,0? A 55 7.2 41 -01 -07 7.8

An overview of the ¥C{'H} NMR chemical shifts assigned to the detected k2N',0?-chelated
acyclic imine species is given in table 2.70. These species were identified, even in small concentra-
tions, by their distinctive 'H and 3C{'H} NMR signals of the imine function between 7.90 ppm
to 7.99 ppm and 181.3 ppm to 187.4 ppm, respectively.

Table 2.70. Selected *C{*H} NMR chemical shifts (§/ppm) of the detected monometalated
open-chain species of N-alkyl-D-xyloamines with Pd-en in D2O at 4°C.

C1 C2 C3 C4 C5 Cuo

1874 873 727 711 63.3 48.6
1859 874 728 T71.0 63.3 555
186.7 873 725 714 632 62.6
183.2 877 729 709 633 59.7
181.3 8&r.2 728 711 632 629

D-Xyla1NMe2H_;-k2N1,0?
D-XylalNEt2H_;-k? N1 ,0?
D-XylaINPr2H_;-k>? N1 0?
D-Xyla1NiPr2H_;-k2N1,0?
D-XylalNtBu2H_;-k? N1 ,0?

Sh S S S

The treatment of N-alkyl-D-xylosylamines with up to two equivalents palladium(II) probe led
to the additional formation of two doubly metalated species in the respective reaction solutions.
This observation is accompanied by a decline of the concentration of the aforementioned mononu-
clear species, although varying amounts of these species are present in all investigated solutions.
Double metalation was observed for the pyranoid 3-anomer and the acyclic imine form. As can
be seen in table 2.71 the amount of detected species featuring the open-chain form as ligand is
remarkably higher in comparison to the equimolar reactions. This tendency becomes especially
evident for the derivatives featuring a sterically more demanding alkylamino function.

Table 2.71. Percentage distribution of the metalated species resulting from the treatment of
N-alkyl-D-xylosylamines with Pd-en and iodic acid in the molar ratio 1:2:1 at 4 °C.

Me Et Pr Pr tBu

4C1-B-D-XylpINR2H _3-k2N1,0%2:x20%* 68 31 35 60 0
D-Xyla1lNR2,3,4H_3-k2N',02%:x2034 24 12 50 29 75
other species 8 57 15 11 25
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The double metalation of the N-alkyl-f-D-xylopyranosylamines is realized in trans-vicinal fashion
for both Pd-en fragments and characterized by the 3C{'H} NMR chemical shifts and derived
CIS values listed in table 2.72. There were no indications found for the presence of a dynamic
fluctuation in this species or for a possible double metalation of the corresponding «-anomer.

Table 2.72. Selected 3C{'H} NMR chemical shifts (§/ppm) and shift differences (Ad) to the
free ligand of the detected doubly metalated N-alkyl-D-xylopyranosylamines with Pd-en in D5O
at 4°C. The AJ values indicating a CIS are printed bold.

C1 C2 C3 C4 C5 Cu

B-D-Xylp1lNMe § 922 734 774 702 669 31.6
1C1-p-D-XylpINMe2,34H_3 & 954 821 883 79.7 682 37.2
K2N1,0%:x20%4 AS 3.2 87 109 9.5 13 6.0
B-D-XylpINEt § 908 736 775 702 66.9 40.0
4C1-B-D-XylpINEt2,3,4H_3 § 906 819 884 79.7 682 425
K2N1,0%:x20%4 A —0.2 83 109 9.5 13 25
B-D-Xylp1NPr § 91.1 735 774 70.1 66.8 47.5
4C1-B-D-XylpINPr2,3,4H_3 § 91.8 820 884 79.7 682 50.2
k2N, 0%:x203%4 AS 0.7 85 11.0 9.3 14 2.7
B-D-Xylp1NiPr § 89.0 739 776 70.1 66.8 45.5
1C1-B-D-XylpINiPr2,34H_3 § 91.6 823 884 79.7 682 50.9
K2N1,0%:k2034 A 26 84 108 9.6 14 5.4
B-D-XylpINtBu § 875 738 775 70.3 662 51.1
1C1-p-D-XylpINtBu2,34H_3 § 973 828 894 785 684 57.0
K2N1,0%:x20%4 A 9.8 9.0 11.9 82 22 5.9

Regarding the double metalation of the open-chain form, no indications for other coordination
modes than the observed k2N1,02:x203* binding were found. The '3C{'H} NMR chemical shifts
assigned to these species are listed in table 2.73 and the respective signals of the imine hydrogen
atom appear with values from 8.72 ppm to 8.94 ppm clearly shifted downfield in comparison to
the signals found for their monometalated analogues. The 3C{'H} NMR chemical shifts of the
C3 and C4 atoms of the dimetalated species exhibit a downfield shift about 13 ppm and 9 ppm,
respectively, as result of the additional coordination.

Table 2.73. Selected *C{'H} NMR chemical shifts (§/ppm) of the detected doubly metalated
open-chain species of N-alkyl-D-xyloamines with Pd-en in D2O at 4°C.

Ci C2 C3 C4 C5 Cu

1879 882 852 799 65.6 48.7
186.1 883 852 799 65.6 555
187.1 88.2 854 80.1 66.5 62.8
183.3 885 854 80.0 65.6 59.5
181.9 88.0 855 80.3 654 61.1

D-XylalNMe2,3,4H_3-k>N1,0%:2034
D-XylalNEt2,3,4H_3-k2N1,0%:x20%4
D-XylalNPr2,3,4H_3-k2N1,0%:x2034
D-XylalNiPr2,3,4H_3-k>N1,0%:x2034
D-Xyla1N¢Bu2,3,4H_-k2N! 0%:2034

SHh S S S
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2.2.2. N-Alkylhexosylamines

Due to the additional hydroxy function, N-alkylhexosylamines provide more possible coordi-
nation modes for palladium(IT) probes than the previously discussed N-alkylpentosylamines.
As shown in chapter 2.1.2 all investigated free N-alkylhexosylamines are essentially found in
hexopyranosylamine forms in aqueous solution. The conformational fluctuation of these hex-
opyranosylamines through ring inversion between C; and 'Cy is frozen to the conformer that
carries the terminal hydroxymethyl moiety in equatorial position. These factors limit the num-
ber of possible coordination patterns for N-alkylhexosylamines in comparison to the previously
discussed N-alkylpentosylamines.

2.2.2.1. N-Alkyl-D-galactosylamines

The NMR spectra obtained from the reactions of N-alkyl-D-galactosylamines with Pd-en and
iodic acid are characterized by a remarkably distinct species distribution. All investigated reac-
tion solutions essentially show the three species depicted in figure 2.28.

4C,-0-D-GalpINR2,3,4H_3-k 2N?,02:k 2034
R = Me, Et, Pr, iPr, tBu

4C,-0-D-GalpINR2H_;-k2N1,02
R = Me, Et, Pr, iPr, tBu

D-GalalNR2H_;-k 2N1,02
R = Me, Et, Pr, iPr, tBu

Figure 2.28. Complex species detected in reaction solutions resulting from the treatment of
N-alkyl-D-galactosylamines with Pd-en and iodic acid.

As can be seen in table 2.74, all equimolar reactions yield k? N',0%-monometalated N-alkyl-f-D-
galactosylamines species as the prevailing product in aqueous solution. The respective k> N1,0?
metalation of the open-chain becomes more apparent in the measured NMR spectra of reactions
featuring an increased steric demand at the ligand’s alkylamino substituent. But even in the
reaction featuring N-(tert-butyl)-D-galactosylamine as ligand, the amount of acyclic species did
not exceed one quarter in the total species distribution. The presence of further species in
the reactions with 3-D-Galp1NPr, 3-D-Galp1NiPr and [3-D-Galp1N¢Bu is caused by the ligands
higher sensitivity towards hydrolysis, leading to the formation and subsequent complexation of
D-galactose.
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Table 2.74. Percentage distribution of the metalated species resulting from the treatment of
N-alkyl-D-galactosylamines with Pd-en and iodic acid in the molar ratio 1:1:1 at 4 °C.

Me Et Pr Pr tBu

B-D-GalpINR2H_;-k>N1,0? 98 95 76 81 58
D-GalelNR2H_;-k2N',0? 2 5 8 7 24
other species 0 0 16 12 18

Due to the superposition of signals in the obtained 'H NMR spectra, most coupling constants,
including 3J172, could not be determined with definite certainty. But the found characteristic
CIS values, listed in table 2.75, along with the preference of the 3-anomer for all investigated
N-alkyl-D-galactosylamines in water, clearly indicate a trans-vicinal k? N',0? metalation of the
[3-anomer.

Table 2.75. Selected 3C{'H} NMR chemical shifts (§/ppm) and shift differences (Ad) to the
free ligand of the detected monometalated N-alkyl-D-galactopyranosylamines with Pd-en in D5O
at 4°C. The AJ values indicating a CIS are printed bold.

C1 c2 C3 C4 C5 Cé Cu

B-nD-Galp1NMe 5§ 918 71.0 743 69.7 765 61.8 31.5
B-D-GalpINMe2H_; & 945 77.3 753 69.3 793 61.6 36.9
k2N 0? A 27 63 1.0 —-04 28 —-02 5.4
B-D-Galp1NEt 5 904 712 743 696 765 61.8 39.9
B-D-GalpINEt2H_; 5 89.6 772 754 693 793 615 422
k2N 0? AsS —0.8 6.0 1.1 —-03 28 -03 2.3
B-nD-Galp1NPr § 907 712 743 696 765 61.7 47.5
B-D-GalpINPr2H_, 5 908 773 754 692 792 614 49.9
k2N1,0? A 0.1 6.1 12 -04 2.7 -03 24
B-D-Galp1NiPr 5§ 8.6 716 745 696 764 61.8 455
B-D-GalpINiPr2H_;, 6 904 77.5 755 69.1 79.3 614 508
k2N 0? As 1.8 59 10 -05 29 —-04 5.3
B-D-GalplN¢Bu § 871 714 744 698 761 619 51.1
B-D-GalpINtBu2H_; 6 912 783 755 69.1 79.3 614 588
k2N1,0? A 41 69 11 -0.7 32 —05 7.9

The k2N',0?-chelation of the acyclic imine form of N-alkyl-D-galactopyranosylamines was iden-
tified by the determined characteristic *C{'H} NMR chemical shifts listed in table 2.76. Addi-
tionally, the respective metalated open-chain forms exhibit prominent downfield '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 percentage distribution shown in table 2.77 it becomes evi-
dent that in all performed reactions containing two equivalents of Pd-en the k2N' 02:x?03*
chelatation of the B-anomer prevails. The corresponding '*C{'H} NMR chemical shifts and CIS
values for the respective species are listed in table 2.78. Residues of monometalated species
were only found in reaction solutions containing the iso-propyl or tert-butyl derivative. Due to
their low concentration the other detected minor species were not unambiguously identified, but
appeared to be of cyclic nature. Furthermore, it is noteworthy that no indications for a possible
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K2N1,0%2:20%4- or k2N1,0%2:x20*5 metalation were found in the respective NMR spectra.

Table 2.76. Selected *C{'H} NMR chemical shifts (§/ppm) of the detected monometalated
open-chain species of N-alkyl-D-galactosylamines with Pd-en in D5O at 4 °C.

C1 C2 C3 C4 C5 C6 Cu

187.9 856 70.8 70.2 70.7 63.7 48.6
186.3 85.7 70.8 70.2 70.7 63.7 55.6
1874 858 70.7 70.2 70.6 63.7 62.6
183.5 86.0 709 70.2 70.8 63.7 60.0
181.5 856 712 70.2 70.8 63.7 629

D-GalalNMe2H _;-k2N',0?
D-GalaINEt2H_;-k>N1,0?
D-GalaINPr2H_;-k>N1,0?
D-Gala1NiPr2H_;-x2N',0?
D-GalalNtBu2H_;-k2N1,0?

Sh S S O O

Table 2.77. Percentage distribution of the metalated species resulting from the treatment of
N-alkyl-D-galactosylamines with Pd-en and iodic acid in the molar ratio 1:2:1 at 4 °C.

Me Et Pr Pr tBu

4C1-p-D-GalplNR2,3,4H_5-k>°N1,0%:k20%* 92 92 94 64 70
D-GalalNR2H_;-k?N',0? 0 0 0 11 20
4C1-a-D-GalplNR2H_;-k>N1,02 0 0 0 17 10
other species 8 8 6 8 0

Table 2.78. Selected '*C{'H} NMR chemical shifts (§/ppm) and shift differences (Ad) to the
free ligand of the detected doubly metalated N-alkyl-D-galactopyranosylamines with Pd-en in
D50 at 4°C. The Aé values indicating a CIS are printed bold.

C1 C2 C3 C4 C5 C6 Cu

B-D-Galp1NMe 5 918 710 743 69.7 765 618 31.5
B-D-GalpINMe2,34H_3 & 946 79.8 853 81.1 785 625 37.2
k2ZN1,0%:k2034 A 2.8 88 11.0 11.4 20 0.7 5.7
B-D-GalpINEt 5§ 904 712 743 696 765 61.8 39.9
B-D-GalpINEt2,3,4H_3 5 895 809 859 798 785 62.5 42.2
k2N1,0%:k2034 A —0.9 9.7 11.6 10.2 20 0.7 2.3
B-D-Galp1NPr § 907 712 743 696 76.5 61.7 47.5
B-D-GalpINPr2,3,4H_3 § 907 81.1 859 79.7 785 624 49.9
k2N 0?2034 A 0.0 9.9 11.6 10.1 20 07 2.4
B-D-GalplNiPr 5 8.6 716 745 696 764 61.8 45.5
B-D-GalpINiPr2,34H_3 &6 906 81.2 86.0 79.7 786 624 50.6
k2N 0?%:c2034 A 2.0 9.6 11.5 10.1 22 06 5.1
B-D-GalplN¢Bu § 871 714 744 698 761 619 51.1
B-D-GalpINtBu2H_, § 911 820 862 796 786 623 58.7
k2N1,0? A 4.0 106 11.8 9.8 25 04 7.6
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2.2.2.2. N-Alkyl-D-glucosylamines

As shown in chapter 2.1.2.2 the (-pyranosylamine form represents the preferred isomer in neu-
tral and alkaline aqueous solution for uncomplexed N-alkyl-D-glucosylamines. Upon addition
of Pd-en as coordinating agent and iodic acid, a variety of heteroleptic palladium complexes,
depicted in figure 2.29, with N-alkyl-D-glucosylamines as bidentate ligands were identified wia
NMR spectroscopy in aqueous solution.

B-D-GlcpINR2H_;1-k 2N1,02 a-D-GlepINR2H_;-k2N1,02
R = Me, Et, Pr, iPr, tBu R =Me D-GlcalNR2H_;-k2N?,02
R = Et, tBu
R
\N

\/[Pd]

N\./,"0

..é \\
..||O

[Pd]

B-D-GlcpINR2,3,4H_5-k 2N 02k 2034
R = Me, Et, Pr, iPr, tBu

D-GlcalNR2,3,4H_3-k2Nt,02:k 2034
R = Et, Pr, iPr, tBu

Figure 2.29. Complex species detected in reaction solutions resulting from the treatment of
N-alkyl-D-glucosylamines with Pd-en and iodic acid.

As shown in the table 2.79, the k2N',0? chelatation of the B-anomer represents the prevailing
coordination mode for equimolar reactions with N-alkyl-D-glucosylamines and Pd-en. A met-
alation of the respective q-anomer was only observed for the methyl derivative. Traces of the
complex species featuring the ligand in its open-chain form were only detected in reaction solu-
tions containing D-GIcINEt and D-Glc1INiPr. The equimolar experiments with D-Glc1N¢Pr and
D-GlcIN#Bu showed higher hydrolysis rates for the ligand and thus noticeable amounts of free
and complexed D-Glucose were detected in the reaction solutions. Associated to this sensitivity,
a rapid formation of palladium black was observed during these reactions.
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Table 2.79. Percentage distribution of the metalated species resulting from the treatment of
N-alkyl-D-glucosylamines with Pd-en and iodic acid in the molar ratio 1:1:1 at 4 °C.

Me Et Pr Pr tBu
B-D-GlcpINR2H_;-k2N1,02 84 76 94 78 52

a-D-GlepINR2H_;-k2N1,0? 12 0 0 0 0
D-GlcalNR2H_;-x2N1,02 0 4 0 0 7
other species 4 20 6 22 41

The presence of the sterically favored (3-anomer in the prevailing complex species is indicated
by the measured 3J1,2 values of 7.9Hz to 9.4 Hz. Additionally, all further determined coupling
constants in the complexes match the values found for the free N-alkyl-f3-D-glucopyranosylamine
isomers in aqueous solution. The 3C{'H} NMR chemical shifts and derived CIS values for the {3-
pyranosylamine complex species are listed in table 2.80 and are in accordance with the expected
values for a k2N ,0? coordination mode.

Table 2.80. Selected '*C{'H} NMR chemical shifts (§/ppm) and shift differences (Ad) to the
free ligand of the detected monometalated N-alkyl-D-glucopyranosylamines with Pd-en in D50
at 4°C. The AJ values indicating a CIS are printed bold.

C1 CcC2 C3 C4 C5 Cé Cu

B-D-GlcplNMe § 913 734 774 706 774 615 315
B-D-GlcpINMe2H _; § 941 80.2 79.0 69.8 779 61.1 368
K2N1,0? As 2.8 68 16 -08 05 —04 5.3
B-D-Glcp1NEt § 8.7 736 774 705 775 615 39.9
B-D-GlcpINEt2H _; 5§ 8.5 802 790 699 779 61.1 424
kK2N1,0? A —-0.2 6.6 16 -06 04 —04 2.5
B-D-Glcp1NPr § 902 736 774 705 775 61.5 476
B-D-GlepINPr2H_; § 907 80.1 79.0 69.7 779 61.0 50.1
k2N1,0? As 05 65 16 —-08 04 -05 2.5
B-D-Glep1NiPr § 882 740 773 70.6 776 61.6 455
B-D-GlepINiPr2H_; § 900 804 79.1 69.7 781 61.1 509
k2N1,0? A5 1.8 6.4 18 -09 05 —05 5.4
B-D-Glcp1NtBu 5§ 8.6 73.8 769 707 776 61.7 50.9
B-D-GlepINtBu2H_; & 90.7 810 79.1 69.9 782 61.3 588
kK2N1,0? AS 41 7.2 22 08 05 -05 7.9
o-D-Glep1NMe 5§ 8.2 714 736 706 712 614 314
a-D-Glep1NMe2H _; § 931 766 740 69.3 696 61.4 366
k2N1,0? A 49 5.2 04 -13 —-16 0.0 5.2

A metalation of the energetically less favorable o-anomer was only observed in the case of D-
GlcINMe and is indicated by the smaller 3J172 coupling constant of 6.0 Hz (free a-D-Glc1NMe:
5.0Hz). This complex species 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 Cx atom lies with 5.2 ppm within
the expected range. Unlike in the case of the chelation of the o-anomer for some N-alkyl-
D-xylosylamines described in chapter 2.2.1.4, the possibility of a dynamic fluctuation between
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the two chair conformations can be excluded for all D-glycosylamines derivatives as in the 'Cy
conformation the hydroxymethyl group at the C5 atom would adopt the sterically unfavorable
axial position.

The minimal amounts of open-chain complex species for D-GIcINEt and D-GlcINiPr were de-
tected by their prominent 3C{'H} NMR chemical shifts, listed in table 2.80, and the corre-
sponding 'H NMR signals assigned to the imine hydrogen atom at 7.98 ppm and 7.90 ppm,
respectively.

Table 2.81. Selected ¥C{*H} NMR chemical shifts (§/ppm) of the detected monometalated
open-chain species of N-alkyl-D-glucosylamines with Pd-en in D50 at 4 °C.

C1 C2 C3 C4 C5 Cé6 Cuo

D-GleaINEt2H _;-k?N1,0? 0 186.0 88.0 719 693 714 63.5 553
D-GlcaINtBu2H_;-«x2N1,0%? ¢ 181.5 879 720 69.1 714 63.6 628

The species distribution given in table 2.82 reveals a clear preference of the coordination of the f3-
pyranosylamine form for all N-alkyl-D-glucosylamines in experiments including two equivalents of
Pd-en. Despite the excess of palladium(IT) probe, all derivatives formed considerable amounts of
the previously described monometalated species, indicating a high a stability of the mononuclear
complexes. Nevertheless, the doubly metalated complex species prevail in all reaction solutions,
except in the reaction with D-GIcIN¢Bu. The amount of complexes including the ligand in its
open-chain form is noticeably higher in experiments with an excess of palladium probe than in
the corresponding equimolar reactions.

Table 2.82. Percentage distribution of the metalated species resulting from the treatment of
N-alkyl-D-glucosylamines with Pd-en and iodic acid in the molar ratio 1:2:1 at 4 °C.

Me Et Pr Pr tBu
B-D-GlcplNR2,34H_3-k2N',0%:k203* 72 54 68 48 20

D-GlcalNR2,3,4H_35-k2N1,0%:k20%* 0 6 14 12 14
B-D-GlepINR2H_;-k2N1,0? 12 32 10 40 40
other species 16 8 10 0 26

The experimental 3C{'H} NMR chemical shifts and CIS values listed in table 2.83 verify the
k2034 binding of a second Pd-en fragment in a trans-vicinal manner for all investigated N-alkyl-
D-glucosylamines.
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Table 2.83. Selected *C{*H} NMR chemical shifts (6 /ppm) and shift differences (Ad) to the free
ligand of the detected doubly metalated N-alkyl-D-glucopyranosylamines with Pd-en in D2O at
4°C. The AJ values indicating a CIS are printed bold.

Ci C2 C3 C4 C5 C6 Cuo

B-D-GlcplNMe § 913 734 774 706 774 615 315
B-D-GlcpINMe2,34H_3 § 95.0 822 883 80.1 792 616 37.2
kK2N1 0%:k2034 A 3.7 88 109 9.5 18 0.1 5.7
B-D-Glcp1NEt § 89.7 736 774 705 775 615 399
B-D-GlcpINEt2,3,4H_3 5 90.2 820 884 80.0 79.3 615 425
kK2N1,0%:x2034 A 0.5 84 11.0 9.5 1.8 00 2.6
B-D-Glcp1NPr § 902 736 774 705 775 615 476
B-D-GlcpINPr2,3,4H_5 § 913 821 883 799 792 615 50.3
k2N, 0%:k203* A 1.1 85 109 9.4 1.7 00 2.7
B-D-Glep1NiPr 5 88.2 740 773 70.6 776 616 455
B-D-GlcpINiPr2,34H_3 § 91.0 824 884 799 793 615 50.8
k2N1,0%:k2034 A 2.8 84 11.1 93 1.7 -01 5.3

(9]

B-D-Glep1NtBu 86.6 738 76.9 70.7 77.6 61.7 50.9
B-D-GlcpINtBu2,34H_3 § 91.7 834 883 80.2 79.0 617 588
kK2N1,0%:x2034 A 5.1 9.6 11.4 95 14 00 7.9

The doubly metalated open-chain species differ from the corresponding monometalated deriva-
tives in the 3C{'H} NMR chemical shifts measured for the C3 and C4 atoms. The calculated
shift differences average 13.4 ppm for the C3 atom and 11.6 ppm for the C4 atom, unambiguously
indicating a k?N',02:k?03* metalation of the acyclic isomers. No traces of species featuring
further possible coordination modes, as e.g. a k2N ,0?%:k20%® binding, were detected in the

reaction solutions.

Table 2.84. Selected C{'H} NMR chemical shifts (§/ppm) of the detected doubly metalated
open-chain species of N-alkyl-D-glucosylamines with Pd-en in D50 at 4 °C.

C1 C2 C3 C4 C5 C6 Cuo

186.4 88.7 85.4 80.7 73.5 652 553
1874 88.2 85.5 808 734 652 62.7
183.5 88.5 853 80.7 73.6 653 59.2
182.2 88.1 85.5 80.7 739 651 62.7

D-GlcalNEt2,3,4H_5-k?N1,02:2034
D-GlcalNPr2,3,4H_3-k>N'!,02%:x2034
D-GlcalNiPr2,3,4H_3-k>N1,02%:x2034
D-GlcalNtBu2,3,4H_3-k?N',0%:x2034

S O O

All reactions involving an excess of palladium(II) probe, showed notable signs for the formation of
elemental palladium during the reaction process. The rate of this formation appears to accelerate
with the steric demand of the alkylamino moiety of the included ligand and hence correlates with
the hydrolysis sensitivity of the ligand. Thus, as observed in the case of the tert-butyl derivative,
the through hydrolytic cleavage released tert-butylamine readily substitutes the hydroxide ligand
and forms competing complex species. Furthermore, the excess of palladium(IT) probe led to an
additional coordination of deprotonated D-glucose, indicated by the emergence of *C{'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 reaction solutions containing varying amounts of Pd-en, iodic acid and N-alkyl-L-gulosyl-
amines the single, doubly and triple metalated species depicted in figure 2.30 were identified.
While the characterized monometalated species feature the ligands in their cyclic and acyclic

form, double and triple metalation occurs on the open-chain imine form.

1C4-B-L-GulpINR2H_;-k 2N1,02
R = Me, Et, Pr, iPr, tBu L-GulalNR2H_;-k 2N,02 L-GulalNR2,3,4H_5-k>N%,0%:K 2034
R = Me, Et, Pr, iPr, tBu R = Me, Et, iPr, tBu

1C4-0-L-GUIpINR2H_;-k 2N 02
R = Me, Et, Pr, iPr

L-GulalNR2,4,5H_5-K 2N1,02:K 2045 L-GulalNR2,3,4,5,6H_s-
R = Me, iPr, tBu K2N,02:k20%4:k2056
R = Me, iPr, tBu

Figure 2.30. Complex species detected in reaction solutions resulting from the treatment of
N-alkyl-L-gulosylamines with Pd-en and iodic acid.

As shown in the table 2.85, the conducted equimolar experiments strictly led to a k?N!,0?
chelatation of the investigated N-alkyl-L-gulosylamines. The identified complex species only
distinguish from each other in the included isomer. For methyl and ethyl derivatives the com-
plexation of the (3-anomer prevailed, while also smaller amounts of metalated o-anomer were
found. The chelatation of the open-chain form became more apparent in experiments with iso-
propyl and tert-butyl derivatives. Other species identified in the reaction solutions were mostly
free N-alkyl-L-gulosylamines and the associated hydolytic cleavage product L-gulose.
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Table 2.85. Percentage distribution of the metalated species resulting from the treatment of
N-alkyl-L-gulosylamines with Pd-en and iodic acid in the molar ratio 1:1:1 at 4 °C.
Me Et Pr iPr {Bu
1C04-B-L-GulpINR2H_; k2N1,02 72 76 52 54 27
1Cy-a-1-GulpINR2H_,-k2N1,02 16 14 5 6 0
L-GulalNR2H_;-k2N1,0? 8 6 12 23 54
other species 4 4 31 17 19

In most cases the chelation of the N-alkyl-p-L-gulosylamines was favored in the reaction solution.
The corresponding complexes were readily identified by the characteristic CIS values found for
the C1, C2 and Cx atoms (listed in table 2.86) and the measured 3.J; 5 values, which range
between 9.2Hz and 9.5 Hz. Furthermore also all other determined coupling constants indicate
the expected strict presence of the 'Cy conformation for the ligands.

Table 2.86. Selected 3C{'H} NMR chemical shifts (6/ppm) and shift differences (Ad) to the
free ligand of the detected monometalated N-alkyl-L-gulopyranosylamines with Pd-en in D5O at
4°C. The Aé values indicating a CIS are printed bold.

Cl C2 C3 C4 C5 C6 Cu
B-L-GullNMe 5 884 682 T71.7 703 745 618 31.3
1C4-B-1-GulpINMe2H_; § 91.2 755 725 699 76,5 61.6 368
kZN1,0? A 2.8 73 08 04 20 -02 5.5
B-L-GullNEt 5 87.0 684 717 703 745 61.8 39.7
1C4-B-L-GulpINEt2H _, 5 863 752 725 698 765 61.5 423
kZN1,0? AS —-0.7 6.8 08 -05 20 -03 2.6
B-L-GullN1NPr 5 873 684 718 703 746 61.8 474
1C4-B-L-GulpINPr2H_, 5 875 754 725 69.8 76.5 614 50.0
k2N1,0? As 0.2 70 07 -05 19 -04 2.6
B-L-GullNiPr 5 8.2 688 718 704 745 618 452
1C4-B-L-GulpINsPr2H_; § 868 75.6 727 69.7 76.7 614 508
kKZN1,0? A 1.6 6.8 09 -07 22 -04 5.6
B-L-GullNtBu 5 8.7 685 TL7 706 742 618 511
1C4-B-L-GulpINtBu2H_; 6 873 763 733 697 77.1 614 588
kKZN1,0? A5 36 78 16 09 29 -04 7.7

The minor pyranoid species detected in all reaction solutions, except for those containing the
tert-butyl derivative, was identified as the k2 N',0%-chelated x-anomer. A direct comparison of
the BC{'H} NMR chemical shifts between those complexes and the corresponding free ligands
was not feasible since the free ax-anomer was not NMR-spectroscopically detected in D2O.

The complex species including the N-alkyl-L-gulosylamines in their acyclic imine form were
characterized by their downfield NMR signals assigned to the imine carbon and hydrogen atom.
The 'H NMR signals of the H1 atom are located between 8.04ppm and 8.08 ppm and the
corresponding C{H} NMR signals between 187.7 ppm and 181.6 ppm. Although no reference
values for the open-chain isomers of the free N-alkyl-L.-gulosylamines are available, the downfield-
shifted 13 C{'H} NMR signals of the C2 atoms listed in table 2.87 indicate a k2N',0? chelation.
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Table 2.87. Selected ¥C{*H} NMR chemical shifts (§/ppm) of the detected monometalated
open-chain species of N-alkyl-L-gulosylamines with Pd-en in D5O at 4 °C.

C1 C2 C3 C4 C5 Cé6 Cuo

187.7 86.5 752 708 73.2 63.0 488
186.2 86.5 753 708 733 63.0 558
187.3 86.3 753 708 733 63.0 62.8
183.3 86.7 753 70.7 733 63.0 60.2
181.6 86.1 75.7 706 73.3 629 63.1

L-GulalNMe2H_;-k2N',0?
L-GuleINEt2H_;-k>2N1,0?
L-GulalINPr2H_,-k?N!,0?
L-GulaelNiPr2H_;-x2N1,0?
L-Gula1NtBu2H_;-k>N1!,0?

Sh 3 S O O

If the amount of palladium(II) probe is increased to two equivalents, doubly and also triple
metalated species were detected in the resulting reaction solutions. Remarkably, all identified
multinuclear complexes feature the N-alkyl-L-gulosylamines in the respective open-chain imine
form as ligand. Furthermore, as shown in table 2.88, significant amounts of the monometalated
pyranoid species was found for the methyl, ethyl and proply derivative. This indicates a high
stability of the mononuclear species, even when exposed to an excess of palladium(IT) probe. In
the case of the iso-proply and tert-butyl derivatives, almost exclusively acyclic imine forms were
featured. This preference of acyclic species for all N-alkyl-1.-gulosylamines can be attributed to
the fact that the anti-orientation of the C3 and C4 hydroxy groups in the 'Cy conformation
is not suitable for a complexation of a second PdNs-fragment. Further species detected in the
experiments were mostly complexed and non-complexed D-gulose. In the case of 1.-GullNMe also
an additional pyranoid species was visible in the NMR spectra, but could not be unambiguously
characterized. For L-GullNPr rapid hydrolysis of the ligand and the vigorous formation of
elementary palladium yielded a NMR spectrum insufficient for detailed analysis.

Table 2.88. Percentage distribution of the metalated species resulting from the treatment of
N-alkyl-L-gulosylamines with Pd-en and iodic acid in the molar ratio 1:2:1 at 4 °C.

Me Et Pr Pr tBu

L-GulalNR2,3,4H_35-k>N1,02%:203* 27 46 O 46 23
L-Gula1NR2,4,5H_5-k>2N1,0%:20%° 0 0 0 35 61
1-Gula1NR2,3,4,5,6H_5-k2N1,02:k2034:20>6 8 0 0 15 16
1C4-B-D-GulplNR2H_;-k2N1,0? 46 48 38 4 0
other species 19 6 62 0 0

Two different dimetalated acyclic species, identified as the k2N ,02:k203* and k2N1,02:x20*°
chelate, were detected. While the k?N!,02%:x203* chelate was present in the reaction solution
of every N-alkyl-L-gulosylamines with two equivalents of palladium probe, the k2N1,02:x20*°
chelate was only found in experiments with L-GullN;Pr and L-GulIN¢Bu. An overview of the
IBC{H} NMR chemical shifts assigned to both species is given in table 2.89. The k2N!,02:x203
complex was characterized by shift differences of about 10 ppm for the C3 atom and 11 ppm
for the C4 atom in comparison to the respective monometalated open-chain species. The
k2N'1,0%:k20%5 complex on the other hand was identified by the shift difference 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 uncomplexed in this species and thus experienced no significant downfield shift.
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Table 2.89. Selected C{'H} NMR chemical shifts (§/ppm) of the detected doubly metalated
open-chain species of N-alkyl-L-gulosylamines with Pd-en in D5O at 4 °C.

C1 C2 C3 C4 C5 C6 Cu

190.3 88.0 85.8 81.5 739 623 488
188.6 88.3 85.7 81.5 74.0 624 558
185.3 88.3 85.7 81.5 74.0 624 60.1
183.9 88.2 86.2 814 74.0 623 629

190.9 88.8 79.5 81.3 92.0 63.3 48.7
185.5 88.8 79.6 814 922 633 60.3
182.9 87.7 79.7 820 92.6 633 63.0

L-Gula1NMe2,3,4H_5-k>N'!,02:x2034
L-Gula1NEt2,3,4H_5-k?N1,0?2:2034

L-Gulal1NiPr2,3,4H_3-k>N',02%:x2034
L-GulalNtBu2,3,4H_3-k>N',0%:x2034
L-Gula1NMe2,4,5H_5-k?N1,02:20*5
L-Gula1NiPr2,4,5H_5-k?N1,02:k20*5
L-Gula1NtBu2,4,5H_3-k> N1, 0%:x20*>

H S [ &9 S O

In reactions featuring 1.-GullN7Pr and 1.-GullN¢Bu and two equivalents of Pd-en a third acyclic
species was present in all recorded NMR spectra. The 3C{'H} NMR chemical shifts listed
in table 2.90 were assigned to this species and indicate the formation of a trinuclear complex.
All carbon atoms experience a significant downfield shift as result of the complexation, most
noticeably the C6 atom, which is easily identified in the performed DEPT135 NMR experiments.

Table 2.90. Selected 3C{'H} NMR chemical shifts (§/ppm) of the detected triple metalated
open-chain species of N-alkyl-L-gulosylamines with Pd-en in D5O at 4 °C.

C1 C2 C3 C4 C5 C6 Cuo

L-GulalNMe2,3,4,5,6H_5-k2N!,02:k20%4:x20%6  § 190.9 86.8 85.3 83.1 88.8 724 487
L-GulalNiPr2,3,4,5,6H_5-k2N1,02:20%4:k20%6  § 1859 86.9 85.6 83.4 89.0 724 60.2
L-GulalNtBu2,3,4,5,6H_5-k2N1,02:20%4:k205¢ § 184.0 874 86.7 83.5 88.8 725 63.1

The increase of the palladium concentration in a reaction with N-methyl-L-gulosylamines up to
three equivalents resulted in the NMR spectrum displayed in figure 2.31. The spectrum shows
all of the three above mentioned acyclic species 1.-GulalNMe2,3,4H_3-k>N!,0%:x20%* (37 %),
L-Gula1NMe2H_3-k2N1,0%:20%° (21 %) and 1.-Gula1NMe2,3,4,5,6H_5-k> N1 ,02:x20%*:x20>6
(17 %) next to the monometalated pyranoid !Cy-B-D-GulpINR2H _1-k2N1,0? (19 %) species and
small amounts of an unidentified cyclic species (6 %).
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Figure 2.31. Resulting *C{*H} NMR spectra for the treatment of L-GullNMe with Pd-en and
iodic acid in the molar ratio 1:3:1 after 3h at 4°C in Dy0O. Orange: 1-Gula1NMe2,3,4H_3-
K2N1,0%2:20%4, red: L-GulalNMe2,3,4H_3-k2N1,0%2:x20*?, green: 'C4-B-D-GulplNR2H_;-
k2N1,02, purple: L-GulalNMe2,3,4,5,6H_5-k>N1,0%:20%*:k?0%0, grey: Pd-en, EtOH and
MeOH.

2.2.2.4. N-Alkyl-D-mannosylamines

In the investigated reaction solutions containing equimolar amounts of N-alkyl-D-mannosyl-
amines, Pd-en and iodic acid two complex species were unambiguously identified. For the third
major species detected in solution, the configuration and conformation of the binding ligand
could only be assumed. These three species and the binuclear complex species resulting from
experiments with two equivalents of Pd-en are depicted in figure 2.32.

OH
6/ o—I[Pdl
4
5 |0 \ R
HO NH N
HO > N ~

- - R V4 [Pd]
4Cy-B-b-Manp1NR2H_;-k °NL,02 2
R = Me, Et, Pr, iPr, tBu Homlé
4"'OH
HO=—
6
HO

D-ManalNR2H_;-k?NL,O2  p-ManalNR2,3,4H_s-k2N?,02:K 2034
R = Me, Et, Pr, iPr, tBu R = Et, Pr, tBu

Figure 2.32. Complex species detected in reaction solutions resulting from the treatment of
N-alkyl-D-mannosylamines with Pd-en and iodic acid. Assumed complex species without clear
evidence for their presence are displayed grayed out.

The percentage distributions determined from the conducted equimolar experiments are listed
in table 2.91 and indicate a remarkable variability of the coordination behavior of N-alkyl-D-
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mannosylamines towards palladium(IT) probes. While for b-Man1NMe and D-ManINEt cyclic
isomers prevailed upon coordination, the sterically more demanding iso-propyl and tert-butyl
derivatives exhibited a tendency to favor the metalation of the open-chain form. In the case
of D-Man1NMe, D-Man1NEt and D-Man1NPr two differing cyclic species were detected in the
respective reaction solutions. Other detected species include the free reactant b-ManlNMe in
the corresponding experiment and not identifiable species in the reactions with D-Man1N¢Pr and
D-Man1N¢Bu. Indications for a hydrolysis of the ligand were only found in reaction solutions
containing N-tert-butyl-D-mannosylamine.

Table 2.91. Percentage distribution of the metalated species resulting from the treatment of
N-alkyl-D-mannosylamines with Pd-en and iodic acid in the molar ratio 1:1:1 at 4 °C.
Me Et Pr :Pr tBu
401-B-D-ManpINR2H_;-k>N1,0? 40 38 38 24 28
1C4-a-D-ManpINR2H_;-k2N1,0%? 22 36 22 0 0
D-Mang1NR2H_;-k>N',0? 20 22 40 62 46
other species 18 4 0 14 26

The predominant complex species including a cyclic ligand features the 3-mannopyranosylamine
form and hence a cis-vicinal k?N',0? chelatation of the palladium ion. Although the found
CIS values for these complexes, listed in table 2.92, are noticeably higher than in the previously
discussed cases, a k?N',0? binding is highly likely. This is mainly explained by the absence of
any other apparent configurations, which allow a reasonable coordination of the palladium ion.
Due to the problem of overlapping signals in the 'H NMR spectra of the respective experiments,
a definite assignment and determination of the coupling constants was not feasible.

Table 2.92. Selected '3C{'H} NMR chemical shifts (§/ppm) and shift differences (Ad) to the
free ligand of the detected monometalated N-alkyl-D-mannopyranosylamines with Pd-en in DsO
at 4°C. The AJ values indicating a CIS are printed bold.

Ci C2 C3 C4 C5 C6 Cu

B-D-Manp1NMe d 887 715 745 679 779 619 316
B-D-ManpINMe2H_; &6 942 786 72.6 67.5 787 61.8 36.5
k2N 0? A 55 7.2 —-19 —-04 0.7 -01 4.9
B-D-Manp1NEt 5 8.9 718 745 679 779 619 39.5
B-D-Manp1NEt2H_; 5 8.9 792 727 67.6 788 617 43.7
k2N1,0? Af 30 7.4 -18 -03 09 -03 4.2
B-D-Manp1NPr § 87.2 718 745 679 779 619 47.1
B-D-Manp1NPr2H_, 5§ 902 792 728 675 788 617 50.8
k2N1 02 AS 3.0 7.4 17 —-04 08 -03 3.7
B-D-Manp1NiPr d 84.5 720 747 679 779 619 438
B-D-ManpINiPr2H_; 6§ 928 79.2 73.0 67.0 79.0 61.6 52.1
k2N 0? A 83 7.2 —-17 -09 11 -03 8.3
B-D-Manp1NtBu 5 8.4 731 748 678 776 619 51.0
B-D-ManpINtBu2H_; & 935 80.0 73.1 66.8 788 61.5 57.7
k2N1,0? Af 9.1 6.9 -—-1.7 -10 12 -04 6.7
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The formation of a second complex species featuring a cyclic ligand was observed in some exper-
iments, but the associated coordination mode could not be initially elucidated. Conceivable sce-
narios include the ligand coordinating as furanoid isomer, a coordination of the PdNs-fragment
without involvement of the methylamino function or the fluctuation of the N-alkyl-D-manno-
sylamines from the *C; conformation to the unlikely 'Cy conformation. The reason why the
presence of the latter is assumed will be outlined in the discussion of this work.

The N-alkyl-D-mannosylamine complexes featuring the acyclic isomer as ligand are character-
ized by the prominent 'H and 3C{'H} NMR signals in the downfield region of the obtained
NMR spectra, assigned to the coordinating imine function. The corresponding 'H NMR signals
are unambiguously identified by their chemical shifts ranging from 8.02 ppm to 8.09 ppm. The
BC{'H} NMR signals assigned to the carbohydrate scaffold and Coc atom are listed in table 2.93.

Table 2.93. Selected ¥C{*H} NMR chemical shifts (§/ppm) of the detected monometalated
open-chain species of N-alkyl-D-mannosylamines with Pd-en in DO at 4 °C.

C1 C2 C3 C4 C5 C6 Co

188.2 86.6 73.8 70.2 71.2 63.7 488
186.6 86.5 73.9 70.2 71.2 63.7 55.7
187.4 858 74.0 70.2 71.1 63.7 628
183.7 86.6 74.0 70.2 71.1 63.7 60.1
182.1 858 74.7 70.1 7011 63.7 63.1

D-ManalNMe2H _;-k2N*1,0?
D-ManalNEt2H_;-k>N',0?
D-ManalNPr2H_;-k2N',0?
D-ManalNiPr2H_;-k2N',0?
D-ManaINtBu2H_;-k2N1,0?

S 3 > O O

In reaction solutions of N-alkyl-D-mannosylamines containing an excess of Pd-en only one doubly
metalated species, featuring the open-chain isomer as ligand, was detected. The chelatation of a
second PdNs-fragment by the acyclic imine strictly occurs on the alkoxide functions at the C3
and C4 atom and was verified by the chemical shift differences of between 13 ppm and 14 ppm for
both carbon atoms in comparison to the corresponding monometalated acyclic complex species.
An overview of the BC{'H} NMR chemical shifts assigned to the acyclic doubly metalated
species is given in table 2.94.

Surprisingly, no indications for a k?N',02:k?03* chelation of a pyranoid or furanoid isomer
were observed in the respective reactions. Only small amounts of the previously mentioned
monometalated species were detected next to the doubly metalated open-chain species.

Table 2.94. Selected 3 C{'H} NMR chemical shifts (§/ppm) of the detected doubly metalated
open-chain species of N-alkyl-D-mannosylamines with Pd-en in DO at 4 °C.

C1 C2 C3 C4 C5 C6 Cu

D-ManalNEt2,3,4H_3-k?N',0%:k20%* 6 188.1 88.6 87.8 83.9 733 642 558
D-ManalNPr2,3,4H_3-k*?N1',0%:x20%* 6§ 189.2 88.7 87.6 83.9 733 642 629
D-ManalNtBu2,3,4H_3-k?N',0%:k20%* § 183.1 884 879 842 733 644 63.1

It is noteworthy, that all reactions of N-alkyl-D-mannosylamines with two equivalents of pal-
ladium(IT) probe led to an immediate formation of a black precipitate, most likely palladium
black. Despite the reaction temperature of 4°C, most reaction vessels and NMR. tubes showed
a mirror of elementary palladium after the full reaction and analysis time. These side reactions
and accompanied reduction of palladium often resulted in not analyzable NMR spectra.
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2.2.2.5. N-Alkyl-L-rhamnosylamines

As anticipated because of the structural similarity, the observed coordination behavior of N-alkyl-
L-rhamnosylamines towards palladium(IT) probes is quite similar to the previously in chapter
2.2.2.4 described findings for N-alkyl-D-mannosylamines. Hence, the treatment of the investi-
gated rhamnosylamine derivatives with Pd-en and iodic acid also led to the characterization of
the three mononuclear species depicted in figure 2.33.

H R
HsC o) N H
HO 3 ‘ N
4 2 Pa] \ R
HO
O/ OH \[Pd]
1C,-B-L-Rhap1INR2H_;-k 2N*,02 4C;-0-L-Rhap1NR2H_;-k 2N%,0? CHs
R = Me, Et, iPr R = Me, Et, iPr

L-RhaalNR2H_;-k2N?,02
R = Me, Et, iPr

Figure 2.33. Complex species and conformational fluctuation detected in reaction solutions
resulting from the treatment of N-alkyl-L-rhamnosylamines with Pd-en and iodic acid.

As shown in table 2.95, for N-alkyl-L-rhamnosylamines the amount of metalation of the acyclic
isomer in equimolar reactions increases with the size of the alkylamino moiety in the ligand.
As a consequence, the concentration of complex species featuring the ligand in its pyranoid
form diminishes, especially the coordination of the x-anomer. While the NMR spectra obtained
from the equimolar reaction solutions were of good quality and showed almost no side products,
reactions of N-alkyl-L-thamnosylamines with an excess of palladium(II) probe showed a rapid
decomposition accompanied by the visible formation of elementary palladium and leading to the
reception of not analyzable NMR spectra.

Table 2.95. Percentage distribution of the metalated species resulting from the treatment of
N-alkyl-L-rhamnosylamines with Pd-en and iodic acid in the molar ratio 1:1:1 at 4 °C.
Me Et iPr
1C4-B-L-RhapINR2H_;-k2N',0? 58 42 42
4C1-0-L-RhapINR2H_-k2N',0? 28 26 12
L-RhaaINR2H_;-k2N1,0? 14 20 46
other species 0 12 0

The in table 2.96 listed CIS values for the chelatation of the B-L-rhamnopyranosylamine form
are similar to the values described in chapter 2.2.2.4 for N-alkyl-B-D-mannopyranosylamines.
Hence, a similar structure and cis-vicinal coordination mode is assumed. But unlike in the case
of their 6-hydroxy analogues, the majority of the coupling constants for the coordinating N -alkyl-
B-L-thamnosylamines could be obtained from the respective 'H NMR spectra. The determined
3J1,2 values of 1.0Hz to 1.2 Hz and also other coupling constants verify the coordination of the
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B-anomer and the presence of the 'C; conformation in this species.

Table 2.96. Selected 3 C{'H} NMR chemical shifts (§/ppm) and shift differences (Ad) to the free
ligand of the detected monometalated N-alkyl-L-rhamnopyranosylamines with Pd-en in DyO at
4°C. The Aé values indicating a CIS are printed bold.

Ci C2 C3 C(C4 C5 C6 Cu

B-L-RhalNMe § 887 718 742 730 73.8 174 316
1C4-p-L.-RhapINMe2H_; § 948 789 748 724 728 176 36.4
k2N1,0? A 6.1 7.1 06 -06 -1.0 02 4.8
B-L-RhalNEt 5 86.8 719 742 731 73.8 174 395
1C4-B-L-RhapINEt2H_; § 90.0 79.3 748 725 728 17.6 43.7
k2N 0? A5 32 74 06 —-06 —-10 02 4.2
B-L-RhalNiPr 5 843 721 743 731 73.8 17.4 437
1C4-B-L-RhapINiPr2H_; & 929 794 750 724 727 178 52.2
k2N1,0? A 86 7.3 07 -07 -11 04 8.5

For the other complex species featuring the ligands in their pyranoid form the metalation of
the respective o-anomers is assumed. This k2/N'!,0? chelatation would not feasible if the ligand
strictly resides in the energetically favored 'Cy conformation as the considered functional groups
would be anti-oriented. Conversely, in the C; conformation a trans-vicinal binding of the PdN,-
fragment is realizable. Due to the lower steric demand of the functional group in axial position
at the C5 atom (methyl vs. hydroxymethyl group), this coordination mode is not as improbable
as for the respective mannosylamine analogues. This assumption is further supported by the
determined 3J1,2 values which range from 5.9 Hz to 6.2 Hz and hence indicate the preference of
the 4Cy conformation.

The monometalation of the acyclic imine form is characterized by the immense downfield shift
of the NMR signals assigned to the C1 atom. The 'H NMR signals for the imine hydrogen
atom are located at 8.07 ppm to 8.08ppm in the respective 'H NMR spectra. The distinctive
IBC{'H} NMR chemical shifts for the chelated open-chain form are given in table 2.97.

Table 2.97. Selected ¥C{*H} NMR chemical shifts (§/ppm) of the detected monometalated
open-chain species of N-alkyl-L-rhamnosylamines with Pd-en in DoO at 4 °C.

C1 C2 C3 C4 C5 C6 Cu

-RhaalNMe2H_;-k2N1,02 § 187.9 86.8 746 738 67.4 19.7 488
L-RhacINEt2H_;-k2N1,02 § 1864 86.8 74.6 73.9 674 19.7 55.7
L-RhaaINiPr2H_;-«2N1,02 § 1834 87.0 74.6 740 674 19.7 60.1
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2.2.3. N-Alkyl-2-deoxy-D-glycosylamines
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 iodic acid in molar
ratios of 1:1:1 and 1:2:1 led to the characterization of the three complex species depicted in
figure 2.34 in the corresponding reaction solutions.

[Pd]

a-p-ery-dPentfINR3H_1-k2N%,03  p-ery-dPentalNR3H_;-k2N1,03  D-ery-dPentalN3,4,5H_5-k2NL,03:k 2045
R = Me, Et R = Me, Et R = Me, Et

Figure 2.34. Complex species detected in reaction solutions resulting from the treatment of
N -alkyl-2-deoxy-D-erythro-pentosylamines with Pd-en and iodic acid.

In the complexation reactions with the investigated N -alkyl-2-deoxy-D-erythro-pentosylamines a
severe susceptibility of the ligands towards hydrolysis became evident. This circumstance led in
most experiments to a predominant formation of hydrolysis products, such as free 2-deoxy-D-
erythro-pentose and associated complex species. A chelatation involving the alkylamino function
was only detected in reaction solutions containing the respective methyl and ethyl derivatives.
An overview of the determined percentage distribution between all species in the corresponding
solutions is given in table 2.98.

Table 2.98. Percentage distribution of the metalated species resulting from the treatment of N-
alkyl-2-deoxy-D-erythro-pentosylamines with Pd-en and iodic acid 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-dPentalNR3H_;-k>N',03 29 28 0 0
o-D-ery-dPentf INR3H_;-k2N',03 23 23 0 0
D-ery-dPenta1NR3,4,5H_3-k2N1,0%:20%° 0 3 88 74
other species 48 46 12 26

The, solely in equimolar reactions detected, complexation of a cyclic isomer features the k2 N1 ,03
chelatation of the a-furanosylamine isomer, thus leading to the formation of a six-membered
chelate ring. Although the resulting CIS values, listed in table 2.99, are not as conclusive
as expected, the prominent C{'H} NMR chemical shifts observed for the C4 atom clearly
suggest the presence of the furanoid form. This finding leads to the conclusion that the essential
1,3-binding mode favors the furanoid isomer over the pyranoid isomer, although a 1,3-diaxial
metalation of the respective «-pyranosylamine in the *C; conformation is conceivable without
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encountering energetic limitations. Furanose rings usually exhibit a dynamic puckering leading
to a variety of possible conformations, 3! but for the observed complex species it is assumed that
due to the k2N1,03 chelatation the “?E conformation is strictly realized. As a consequence of
the large amount of hydrolysis products in the investigated reaction solutions and the associated
overlapping of 'H NMR signals, no further verification of the coordination mode and structure
through the determination of coupling constants was possible. The lack of additional functional
groups inhibits the possibility of a second metalation of the a-furanosylamine isomer in reactions
including an excess of palladium(II) probe.

Table 2.99. Selected 3C{'H} NMR chemical shifts (§/ppm) and shift differences (Ad) to the
free ligand of the detected monometalated N-alkyl-2-deoxy-D-erythro-pentofuranosylamines with
Pd-en in D3O at 4°C. The A§ values indicating a CIS are printed bold.

C1 C2 C3 C4 C5 Cu

o-D-ery-dPentf INMe 6 919 393 715 845 62.1 31.5
a-D-ery-dPentf INMe3H_; § 924 381 728 90.7 62.7 36.8
k2N 03 A 05 -12 1.3 62 16 5.3
a-D-ery-dPentf 1INEt § 90.3 40.2 714 844 621 39.7
o-D-ery-dPentfINEt3H_; § 923 39.6 73.0 884 628 40.3
kK2N103 AS 20 —-06 1.6 40 0.7 0.6

The formation of six-membered chelate rings was also observed in the detected complex species
exhibiting a single and double metalation of the open-chain form of N-methyl- and N-ethyl-2-de-
oxy-D-erythro-pentosylamines. The presence of these chelated imine isomers in solution becomes
strikingly evident by the prominent 'H NMR signals, assigned to the imine hydrogen atom, at
7.75 ppm and 7.81 ppm for the mononuclear complex as well as 7.68 ppm and 7.75 ppm for the
binuclear species. All corresponding *C{*H} NMR chemical shifts and resulting CIS values are
listed in table 2.100. It has to be noted that the mentioned CIS values are calculated from values
obtained in different solvents since the imine form of the free ligand was only detected in DMSO-
dg. The binding of the first palladium fragment to the imine occurs at the N1 and O3 atoms
and appears to be slightly favored over the aforementioned chelatation of the furanoid isomer
in equimolar experiments. The doubly metalated species feature an additional PdNs-fragment
bound to the alkoxide groups at the C4 and C5 atom, exhibiting the common five-membered
coordination pattern. This coordination mode involving the terminal functional group is read-
ily identified by the induced downfield shift observed for the C5 atom in the DEPT 135 NMR
experiment and is only detected in reaction solutions containing two equivalents of palladium
probe. In the respective experiments the doubly metalated open-chain isomers clearly represents
the prevailing species.
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Table 2.100. Selected 3C{'H} NMR chemical shifts (§/ppm) and shift differences (Ad) to
the free ligand in DMSO-dg of the detected open-chain species of N-alkyl-2-deoxy-D-erythro-
pentosylamines with Pd-en in DoO at 4 °C.

C1 C2 C3 C4 C5 Cu

D-ery-dPenta1NMe 6 1653 39.0 69.5 746 632 474
D-ery-dPenta1NMe3H _ 6 179.8 372 751 684 63.0 488
k2N1,0° Af 145 —-18 5.6 —-62 —-02 1.4
D-ery-dPentalNMe3,4,5H 35 6 174.0 39.3 693 84.8 757 51.7
k2N1,03:20%5 A 87 —-02 1.0 10.2 12.5 4.3
D-ery-dPenta1NEt 6 163.2 389 69.6 74.6 63.2 54.7
D-ery-dPentalNEt3H_; § 1733 395 751 681 64.5 57.9
k2N1,0° Af 10.1 0.6 55 —6.5 13 3.2
D-ery-dPentaINEt3,45H_ 3 6 173.3 40.0 69.2 84.8 756 58.1
k2N1,03:20%5 Af 101 1.1 —-0.4 10.2 124 3.4

2.2.3.2. N-Alkyl-2-deoxy-D-arabino-hexosylamines

In reaction solutions containing N -alkyl-2-deoxy-D-arabino-hexosylamines, Pd-en and iodic acid
in the molar rations 1:1:1 and 1:2:1 the in figure 2.35 depicted complex species could be identified.

[Pd] 6 [Pd]
/6 5 / ~.H 5 / \H
HO o} N~gr o] o} ~gr
ud \_j-0 [0 \|©°
4 1 [Pd] 4 1
3 2 3 2
B-0-ara-dHexFINR3H_;-k2NL,03 B-p-ara-dHexfINR3,5,6H_5-k >N1,03:k 205¢
R = Me, Et R=Me

p-ara-dHexalNR3H_;-k2N?,03 p-ara-dHexalN3,5,6H_3-k 2N1,03:k 2056
R = Me, Et, iPr R =Me

Figure 2.35. Complex species detected in reaction solutions resulting from the treatment of
N-alkyl-2-deoxy-D-arabino-hexosylamines with Pd-en and iodic acid.

The only coordination mode detected for all three investigated N-alkyl-2-deoxy-D-arabino-hexo-
sylamine derivatives featured a k> N1,0? chelatation of the ligand as acyclic imine. A correspond-
ing metalation of a cyclic form was only observed for the methyl derivative and, to a smaller
extent, for the ethyl derivative. In these complex species the ligand adapts its 3-furanosyl form.
As strikingly becomes 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(IT) probe. The re-
spective NMR spectrum indicates the presence of two binuclear complex species. Both complex
species exhibit a k20%% binding of the second PdNs-fragment to the acyclic imine form and
-furanosylamine form, respectively. Surprisingly, all dimolar reaction attempts with the ethyl
and iso-propyl derivative only led to the formation of the same monometalated species already
identified in the aforementioned equimolar reaction solutions.

Table 2.101. Percentage distribution of the metalated species resulting from the treatment of
N -alkyl-2-deoxy-D-arabino-hexosylamines with Pd-en and iodic acid 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 Pr
B-D-ara-dHexfINR3H_;-k2N1,03 57 27 75 0 14 0
D-ara-dHexaINR3H_;-k2N1,03 17 67 0 0 60 64
B-D-ara-dHexf1NR3,5,6H_3-k?N1,03:x20%6 0 0 0 41 0 0
D-ara-dHexa1NR3,5,6H_3-k2 Nt ,03:k20%6 0 0 0 39 0 0
other species 26 6 25 20 26 36

Since, as described in chapter 2.1.3.2, no traces of N-alkyl-2-deoxy-D-arabino-hexofuranosyl-
amines were detected for the free ligands in aqueous solutions, a determination of CIS values
was not possible due to the lack of reference values. The presence of the furanoid form for
all investigated ligands in cyclic complex species wis indicated by the significantly downfield
shifted NMR signals assigned to the respective C4 atoms. The assumed (-configuration was
primarily derived from the fact that a reasonable coordination pattern can only be constructed
for the B-furnanosylamine isomer. Another thinkable coordination mode would feature the [3-
pyranosylamine isomer in the !Cy conformation as ligand, but seems highly unlikely due to the
energetically unfavorable axial position of the hydroxymethyl moiety.

The cyclic doubly metalated complex species found for D-ara-dHex1NMe was characterized by
the observed shift differences of about 10 ppm at the C5 and C6 atom in comparison to the cor-
responding monometalated species. This distinctive shift is a result of the exocyclic coordination
of a second PdNs-fragment to the respective alkoxide functions. An overview of the determined
13C{'H} NMR chemical shifts for all complex species featuring the ligands in their furanoid form
is given in table 2.102.

Table 2.102. Selected *C{*H} NMR chemical shifts (§/ppm) of the detected metalated N-alkyl-
2-deoxy-D-arabino-hexofuranosylamines with Pd-en in D2O at 4°C.

Ci C2 C3 C4 C5 C6 Cu

3-D-ara-dHexf 1INMe3H_; 6 89.6 386 70.1 849 70.3 64.6 37.0
3-D-ara-dHexf1NMe3,5,6H_3 ¢ 89.5 384 783 875 80.9 750 36.7
[3-D-ara-dHexf1INEt3H_; 6 919 381 741 887 723 633 407

The 3C{'H} NMR chemical shifts listed in table 2.103 were assigned to the metalated open-
chain species of the investigated N-alkyl-2-deoxy-D-arabino-hexosylamine. Most notably for the
formation of the imine species are the chemical shifts assigned to the C1 atom in the downfield
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region of the respective 3C{'H} NMR spectra. The associated 'H NMR shifts were detected
between 7.80 ppm to 7.88 ppm for the monometalated species and at 7.67 ppm for the sole iden-
tified doubly metalated imine species. The acyclic binuclear complex unexpectedly features a
k200 chelatation instead of k?O*® chelatation, which was identified by the significant downfield
shift of the terminal hydroxymethyl moiety in the DEPT 135 NMR experiment.

Table 2.103. Selected 3C{'H} NMR chemical shifts (6/ppm) of the detected metalated open-
chain species of N-alkyl-2-deoxy-D-arabino-hexosylamines with Pd-en in D2O at 4 °C.

C1 C2 C3 C4 C5 C6 Cu

175.3 41.1 73.6 671 734 633 50.7
178.8 408 83.7 70.5 86.7 76.0 50.9

173.9 417 73.7 66.6 73.2 634 57.6
171.3 424 739 66.5 733 635 61.1

D-ara-dHexalNMe2H_;-k2N',0?
D-ara-dHexalNMe2H_-k2 Nt ,0?%:k20%6

D-ara-dHexaINEt2H_;-k2 N1, ,0?
D-ara-dHexa1NiPr2H_;-k2N1 02

SHh | Sh | &9

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

The treatment of N-methyl- and N-ethyl-2-deoxy-D-lyzo-hexosylamine with Pd-en and iodic
acid in molar ratios 1:1:1 and 1:2:1 led to the formation of various species of which four complex
species could characterized with certainty. These species are depicted in figure 2.36.

Pl [Pd]\ y
/ SH o/ N
N
Q R 4_|-O R
4_|-O 1
6 & 1 6,.5
/, ,,,,, 7 o/ S 3 2
HO  OH N/
[Pd]
B-D-lyx-dHexfINR3H_;-k2N1,03 B-D-lyx-dHexfINR3,5,6H_;-k 2NL,03:k205€
R = Me, Et R = Me, Et

D-lyx-dHexalNR3H_;-k2N1,03 D-lyx-dHexa1N3,4,5H_3-k 2N1,03:k 2045
R = Me, Et R = Me, Et

Figure 2.36. Complex species detected in reaction solutions resulting from the treatment of
N -alkyl-2-deoxy-D-lyzo-hexosylamines with Pd-en and iodic acid.

The NMR spectra obtained from the reaction solutions show a metalation of the a-furanosyl
isomers as well as the open-chain imine form for both investigated ligands. As can be seen
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in table 2.104, a prevalence of the furanoid species over the open-chain species was detected
in all equimolar experiments. In the case of the methyl derivative an additional species with
comparable 3C{'H} NMR chemical shifts to those found for the furanoid species was observed,
but could not be further identified. This unidentified species was also not present in the equimolar
reaction including the ethyl derivative, but therefore significant amounts of hydrolysis products
and reactant were detected in the reaction solution.

If two equivalents of Pd-en were used, the double metalation of the open-chain form prevailed
over the double metalation of the furanoid isomer in the case of D-lyz-dHex1NMe and D-lyz-
dHex1NEt. For the methyl derivative also traces of the aforementioned mononuclear species
were detected in the corresponding NMR spectra.

Table 2.104. Percentage distribution of the metalated species resulting from the treatment of
N-alkyl-2-deoxy-D-lyzo-hexosylamines with Pd-en and iodic acid in the molar ratio 1:1:1 and
1:2:1 at 4°C.

1:1:1 1:2:1
Me Et Me Et
B-D-lyz-dHexfINR3H_;-k2N1,03 63 28 22 0
D-lyz-dHexaINR3H_;-k2N1,03 11 23 0 0
D-lyz-dHexa1NR3,4,5H_3-k2N1,03:x20%" 0 3 35 92
B-D-lyz-dHexf1NR3,5,6 H_3-k2N1,03:k2056 0 0 32 8
other species 26 46 11 0

The metalation of the B-furanosyl isomers was primarily characterized by the C{'H} NMR
chemical shift assigned to the C4 atom. A 1,3-diaxial coordination of a corresponding pyranoid
isomer would only be possible for the B-anomer in the 'C; conformation, but is highly un-
likely due to the energetically unfavorable axial orientation of the hydroxymethyl function. The
BC{'H} NMR chemical shifts and resulting CIS values are displayed in table 2.105. Although
the CIS values resulting from the k2 N',03 binding are exceptionally low, this coordination pat-
tern was assumed as consequence of the aforementioned arguments. The CIS values caused by
the binding of a second Pd;N-fragment to the exocylic alkoxide functions at C5 and C6 atom on
the other hand are with 9.4 ppm to 11.6 ppm within the expected range.
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Table 2.105. Selected 3C{'H} NMR chemical shifts (§/ppm) and shift differences (Ad) to the
free ligand of the detected monometalated N-alkyl-2-deoxy-D-lyzo-hexofuranosylamines with Pd-
en in D50 at 4°C. The A¢é values indicating a CIS are printed bold.

C1 C2 C3 C4 Cs Cé Cu

B-D-lyz-dHexf1NMe § 927 403 721 859 705 635 31.8
B-D-lyz-dHexfINMe3H_, § 920 380 739 909 722 632 36.9
k2N1,0° Af —-07 —-23 1.8 50 1.7 -03 5.1
B-D-lyz-dHexf1NMe3,5,6H_3 &  92.7 375 723 90.3 820 740 36.8
k2N1,03:x205 Af 0.0 -28 0.2 44 11.5 10.5 5.0
B-D-lyz-dHexf1NEt § 912 406 722 859 70.5 63.6 40.4
B-D-lyz-dHexfINEt3H_, § 919 381 741 887 723 633 40.7
k2N1,0° Af 07 -25 1.9 28 18 -03 0.3
B-pD-lyz-dHexfINEt3,56H_3 6 926 37.5 73.1 881 821 73.0 40.5
k2N1,03:x205 Af 1.4 -31 09 22 11.6 9.4 0.1

Single and double metalation was also detected for the acyclic imine isomer of D-lyz-dHex1NMe
and D-lyz-dHex1NEt. The distinct 'H NMR signals for the respective imine hydrogen atoms are
located at 7.76 ppm and 7.82 ppm for the mononuclear species and at 7.71 ppm and 7.77 ppm
for the binuclear species. The corresponding 3C{'H} NMR chemical shifts and determined
CIS values for the complex species are listed in table 2.105. The listed CIS values clearly
validate the assumed k?N!,03 and k?N',03:k?0O%> coordination pattern for these palladium-
imine complexes.

Table 2.106. Selected 3C{'H} NMR chemical shifts (§/ppm) and shift differences (Ad) to the free
ligand in DMSO-dg of the detected open-chain species of N-alkyl-2-deoxy-D-lyzo-hexosylamines
with Pd-en in D70 at 4°C.

C1 C2 C3 C4 Cs5 C6 Cu

D-lyz-dHexalNMe § 1655 399 686 69.9 729 63.0 474
D-lyz-dHexalNMe3H_; § 1743 398 716 672 73.8 63.7 514
k2N1,03 A5 88 —-01 3.0 —-27 09 07 4.0
D-lyr-dHexalNMe3,45H_ 3 & 1744 39.6 689 850 872 642 51.6
k2N1,0%:x20%° A 89 —-03 0.3 151 14.3 12 4.2
D-lyz-dHexa1NEt § 1632 36.2 687 69.1 729 63.0 548
D-lyzr-dHexaINEt3H_; § 1733 395 719 67.2 73.8 63.7 579
kZN1,03 A 10.1 3.3 32 —-19 09 07 3.1
D-lyr-dHexaINEt3,45H_ 3 6 173.2 399 686 84.8 873 64.5 58.1
k2N1,0%:x20%° Aj 10.0 33 —0.1 15.7 144 15 3.3
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2.2.4. N-Phenylglycosylamines

For the investigation of the coordination behavior of N-phenylglycosylamines towards palla-
dium(IT) probes D-AralNPh, D-LyxINPh, pD-RibINPh, p-XylINPh, D-GlcINPh, D-GullNPh
and D-ManlNPh were treated with Pd-en or Pd-tmeda and iodic acid in various molar ra-
tios. All applied ligands were synthesized using aniline-'>N and thus included a '®N enriched
aminophenyl moiety. This approach allows the measurement of meaningful >N NMR spectra
from the resulting reaction solutions, which allow a more lucid overview of the formed species.

2.2.4.1. N-Phenylpentosylamines

In the respective experiments including N-phenyl-D-pentosylamines as ligand the pyranoid form
prevailed in all detected complex species. The corresponding complexes are depicted in figure 2.37.
A double metalation of a cyclic isomer was only observed in the case of D-LyxINPh and D-
Rib1NPh. Furthermore, it is noteworthy that in all experiments no indications for the coordina-
tion of the corresponding other pyranoid anomer were found.

NH - NH 5 Q
(@] . (0] S~ HO
4 T~ O—=1[pq] s O—=[pd] A L-NH
HO o 0
OH OH [Pd]
1C4-0-D-ArapINPh2H_;-k 2N1,02 1C,4-a-D-LyxpINPh2H_;-k 2N2,02 4C,-B-D-RibpINPh2H_;-k 2N1,02

4 ; 4
5 o) 5 1 0
0 e
\ \
[Pd]

3

o]
Pd
o\ / [Pd]
[Pd]
4C4-B-D-Xylp1INPh2H_;-k 2N?,0? 1C4-0-D-ArapINPh2,3,4H_5-k 2N, 02k 2034 4C4-B-D-Xylp1INPh2,3,4H_5-k2N1,02:k 2034

Figure 2.37. Pyranoid complex species detected in reaction solutions resulting from the treatment
of N-phenyl-D-pentosylamines with Pd-en and iodic acid.

The k?N!,0? chelatation in the aforementioned species was primarily characterized by the dis-
tinct CIS values determined for the C1 and C2 atom. The comparison of the NMR signals for the
aminophenyl moiety in the free ligand and in the complexed ligand led to a rather unexpected
finding. While the CIS for the aromatic carbon atom in the ipso position adapted negative val-
ues in all experiments, the carbon atom in the ortho and para position showed CIS values from
about 7ppm to 9 ppm. The carbon atom in the meta position on the other hand appeared to be
largely unaffected by the coordination. The respective 3C{'H} NMR. chemical shifts and CIS
values are listed in table 2.107. The 3J1,2 values and further coupling constants determined for
the chelated N-phenyl-D-pentosylamines unanimously correlated to the coupling constants found
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for the complexes of their corresponding alkyl derivatives (see chapter 2.2.1). Each cyclic species
exhibits one specific signal in the respective N NMR spectrum and the determined >N NMR
chemical shifts range from —340 ppm to —332 ppm.

Table 2.107. Selected *C{'H} NMR chemical shifts (§/ppm) and shift differences (Ad) to the
free ligand of the detected metalated N-phenyl-D-pentopyranosylamines with Pd-en in DoO at
4°C. The Aé values indicating a CIS are printed bold.

C1 C2 C3 C4 C5 C; C, Cn C,

1Cy-a-D-Arap1NPh 5 8.1 709 739 69.5 67.6 146.3 115.1 130.2 120.3
LCy-a-D-ArapINPh2H _, 5 98.0 76.7 753 685 707 143.0 124.1 130.8 128.8
k2N1,0? Af 119 5.8 14 —-10 09 -—=33 9.0 0.6 8.5
'C4-o-D-ArapINPh2,34H_5 &6 979 813 85.2 788 69.7 1435 1249 131.6 128.9
k2N1,0%:k2034 Af 11.8 10.4 11.3 9.3 09 —-2.9 938 1.4 8.6
1Cy-o-D-Lyxp1NPh 5 8.8 687 711 69.7 651 146.2 1150 130.1 120.1
LCy-o-D-LyxplNPh2H _; 5 909 746 725 69.4 682 1429 1223 130.8 128.2
k2N1,0? Af 81 59 14 -03 31 -33 73 0.7 8.1
4C,-B-D-Ribp1NPh 5 815 705 69.8 66.7 629 145.0 114.3 129.5 119.4
4C1-B-D-RibpINPh2H_, 5 90.6 775 722 66.6 648 1428 1223 1309 128.1
k2N 0? A 9.1 7.0 24 —-01 19 —2.2 80 1.4 8.5
4C1-B-D-Xylp1NPh 5 8.2 732 775 70.0 664 146.1 115.1 130.2 120.3
4C1-B-D-XylpINPh2H _; 5 944 797 780 69.5 685 1425 1223 1309 128.2
k2N1,0? Af 82 6.5 05 —-05 21 —-3.6 7.2 0.7 7.9
4C1-p-D-XylpINPh2,34H_3; § 947 814 884 79.5 683 1428 122.0 130.5 128.1
kK2N1,0%:k2034 A5 85 82 109 95 19 —-3.3 69 0.3 7.8

In addition to the cyclic complex species, also k? N',0? metalation of the imine form was detected
for all N-phenyl-D-pentosylamines. The resulting complexes are depicted in figure 2.38.

The BC{'H} NMR chemical shifts assigned to these open-chain complex species are listed in
table 2.108. The respective 'H NMR signals of the imine hydrogen atom are located between
8.16 ppm and 8.28 ppm.

Table 2.108. Selected '*C{'H} NMR chemical shifts (§/ppm) of the detected k> N!,0? monomet-
alated and k>?N',0%:x20%* dimetalated open-chain species of N-phenyl-D-pentosylamines with
Pd-en in D20 at 4°C. Dashes indicate that due to the superposition of signals no definite values
could be determined.

C1 C2 C3 C4 G5 C; C, Cn C,
190.0 873 749 712 63.3 1485 1234 130.5 1294
188.3 87.8 741 7T1.7 63.5 148.2 1234 130.8 129.3

188.8 88.0 73.6 70.3 63.4 1485 122.2 130.5 129.2
190.2 889 85.7 79.8 659 148.6 - - -

D-Lyxa1NPh2H_,
D-Riba1NPh2H_,

D-XylaINPh2H_,
D-Xyla1NPh2,3,4H_,

0
0
]
]
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D-LyxalNPh2H_;-k2N1,02  p-RibalNPh2H_s-k2NL,0? D-XylalNPh2H_;-k®N?,02

OH
D-XylalNPh2,3,4H_3-k2Nt,02:k 2034

Figure 2.38. Imine complex species detected in reaction solutions resulting from the treatment
of N-phenyl-D-pentosylamines with Pd-en and iodic acid. Complex species which were only
detected in 'H and N NMR spectra are displayed grayed out.

Aside from the characteristic 'H and 3C{'H} NMR values, the presence of the open-chain
species became evident by the observed prominent N NMR signals between —145.9 ppm and
—137.4 ppm for monometalated species and between —153.4 ppm and —148.6 ppm for binuclear
species. Due to the high sensitivity of the >N NMR-spectroscopic methods it was even possible
to detect traces of the monometalated imine form of D-AralNPh, which was not observed in the
corresponding PC{*H} NMR spectrum because of the bad signal-to-noise ratio. All >N NMR
chemical shifts and their assignment to the associated species are listed in table 2.108.

Table 2.109. >N NMR chemical shifts (§/ppm) of the detected complex species of N-phenyl-D-
pentosylamines with Pd-en in DoO at 4°C. Values in parenthesis indicate that the species was
not detected in the corresponding 3C{'H} NMR spectrum.

D-Ara D-Lyx D-Rib D-Xyl
-302.5 () —303.5 (o) —303.8(B) —302.5(B)
—324.4 () —328.0 (¢) —330.2(B) —329.0(B)

Pentp1NPh
Pentp1lNPh2H 4

SH S| 9 |

PentpINPh2,3,4H_; —322.8 (x) - - —329.5 (B)
PentaINPh2H_, (—145.9) —137.4 —142.4 —145.2
PentaINPh2,3,4H_; - (-151.8)  (—153.4) —148.6
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2.2.4.2. N-Phenylhexosylamines

In comparison to their aforementioned pentosylamines analogues the investigated N-phenyl-
hexosylamines exhibited a smaller variety of formed complex species. All species detected in
the reaction solutions resulting from the treatment of the compounds with Pd-en and iodic
acid are depicted in figure 2.39. An increase of the Pd-en concentration up to two equivalents
yielded only in the case of D-GIc1NPh an analyzable NMR spectrum. The corresponding NMR-
spectroscopic data indicate the formation of a doubly metalated cyclic complex species. Reaction
solutions with L-GullNPh and D-ManlNPh and an excess of palladium(II) probe on the other
hand showed visible signs of decomposition within minutes and the associated NMR spectra
have a bad signal-to-noise ratio and mostly reveal signals that could be assigned to hydrolysis
products.

B-D-GlcpINPh2H_;-k 2N1,02 B-D-GlcpINPh2,3,4H_5-k 2N, 02K 2034
R
\N
\
V4 /[Pd]
o]
2
HO'
3
4' "OH
HO=—
6
B-L-GulpINPh2H_;-k 2N%,0? HO

D-ManalNR2H_;-k 2N?,02

Figure 2.39. Complex species detected in reaction solutions resulting from the treatment of N-
phenylhexosylamines with Pd-en and iodic acid. Complex species which were only detected in
the 'H and >N NMR spectra are displayed grayed out.

While D-GIc1NPh was only detected as ligand in its respective pyranoid form, solely the open-
chain form of D-ManlNPh was metalated. For 1L-GullNPh the acyclic and one cyclic isomer
were represented as ligand in the observed complex species, although it has to be noted that,
due to the minimal amount of the open-chain species, the corresponding NMR signals were only
detected in the respective 'H and >N NMR spectra and not in the 3C{'!H} NMR spectrum. An
overview of the 3C{'H} NMR chemical shifts and determined CIS values is given in table 2.110.
The obtained CIS values show similar trends as previously mentioned for the corresponding
N-phenyl-D-pentosylamines complexes.
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Table 2.110. Selected 3C{'H} NMR chemical shifts (§/ppm) and shift differences (Ad) to the
free ligand of the detected metalated N-phenylhexopyranosylamines with Pd-en in DoO at 4°C.
The A§ values indicating a CIS are printed bold.

Ci C2 C3 C4 C5 Cé6 C; C, Cn C,
B-D-Glecp1NPh § 8.5 733 771 704 775 614 1463 1150 1302 120.2
B-p-GlecpINPh2H_,; § 936 798 79.2 693 779 606 1428 1223 1308 128.1
k?N1,0? A5 81 65 21 —-11 04 -08 —-35 71 0.6 7.9
'!C4-a-D-GlcpINPh2,34H_ 3 § 942 818 883 798 791 61.4 143.1 1223 1309 128.2
K?N',0%:x20%4 A5 87 85 11.2 94 16 00 —3.2 7.3 0.6 7.9
B-L-Gulp1NPh § 826 682 715 700 742 615 146.4 1147 130.2 120.0
B-L-GulplNPh2H_; § 907 749 726 695 76.7 61.0 143.0 1222 130.8 128.0
k?N1,0? A5 81 67 11 —-05 15 —-05 —3.3 8.0 0.6 8.0
B-D-Manp1NPh § 815 705 69.8 66.7 66.7 629 1450 114.3 1295 1194
D-Mana1NPh2H_, 5§ 1892 86.2 73.3 693 70.3 628 1472 121.4 1205 1284

Table 2.111. N NMR chemical shifts (§/ppm) of the detected complex species of N-phenyl-
hexosylamines with Pd-en in DyO at 4°C. Values in parenthesis indicate that the species was
not detected in the corresponding 3C{'H} NMR spectrum.

Hex = D-Glc L-Gul D-Man
Hexp1NPh ) —302.7 () —302.2 (B) —304.2 (P)
HexpINPh2H_, 1) —328.6 () —329.0 (B) -
Hexp1lNPh2,34H_3 1) —329.0 (B) - -
Hexa1NPh2H_, ) (—137.4) —137.3
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3.1. Comparison of N-Substituted Glycosylamines to their
corresponding Glycoses

Similar to their glycose analogues most glycosylamines show a vivid isomerization between their
furanoid and pyranoid anomers in aqueous solution. Although it can be assumed that this iso-
merization proceeds via the hydrolysis of the glycosylamine to the corresponding reducing sugar,
there are two clear indications highlighted in this work for the involvement of the acyclic imine
form as intermediate product in the isomerization process. Firstly, this equilibrium between the
different isomers is also present and temperature-dependent in anhydrous DMSO. In the case of
some N-alkyl-D-ribosylamines, N-alkyl-2-deoxy-D-erythro-pentosylamines and N-alkyl-2-deoxy-
D-lyzo-hexosylamines traces of the imine form are even detected in small concentrations in the
respective NMR spectra. The imine function can be readily distinguished from a carbonyl func-
tion by the more upfield chemical shift of the associated NMR signals. Secondly, in many cases
the imine form can be trapped and fixed in aqueous solution through the addition of a palla-
dium(IT) probe. These findings collectively support the reaction mechanism initially formulated
by FrUSH and ISBELL. [

When the determined anomeric ratios of the investigated N-alkyl-D-glycosylamines in aqueous
solution are compared to the ratios listed for the corresponding glycoses in the literature, 5! it
stands out that configurations with the alkylamino function in the axial position are generally
less favored. As can be seen in table 3.1 and 3.2, this preference becomes especially apparent
for N-alkyl-D-lyxosylamines and N-alkyl-D-mannosylamines. In both cases the (-anomer pre-
vails in aqueous solution while for D-lyxose and D-mannose the equilibrium favors the a-anomer.
This observation can be attributed to the absence of the anomeric effect in pyranosides featuring
an amino group at the anomeric center. 24521 Furthermore, the influence of a possible reverse
anomeric effect can be considered, %l although it has been noted by MILJKOVIC that "the con-
troversy about the existence of the reverse anomeric effect is practically impossible to resolve by
using glycosylamine type of compounds due to solvent stabilization of the positive charge on the
nitrogen".[54] Thus, it is not possible to differentiate between the contribution of electronic and
steric effects.
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Table 3.1. Comparison of the anomeric ratios of N-methyl-D-pentosylamines with the corre-
sponding D-aldopentoses. The percentages of the various cyclic forms of pentosylamines were
determined from their 'H or ¥C{*H} NMR spectra in D3O at room temperature or at 4 °C(*).
The percentages of the different forms of the pentoses were NMR, spectroscopically determined
by Drew et al. at 30°C.15

Ara AralNMe Lyx LyxlNMe Rib RiblNMe* Xyl XyllNMe

xp 59 64 71 31 20 41 36 11
Bp 32 18 27 69 59 42 62 87
x/Bf 9 18 2 0 21 17 2 2

Table 3.2. Comparison of the anomeric ratios of N-methylhexoosylamines with the correspond-
ing D-aldohexoses. The percentages of the various cyclic forms of hexosylamines were determined
from their 'H or BC{'H} NMR spectra in DyO at room temperature or at 4°C(*). The per-
centages of the different forms of the hexoses were NMR spectroscopically determined by Zhu et
al. at 30°C'%l and in the case of D-gulose by ANGYAL and PICKLES at 40 °C.[56]

Gal GallNMe Glc Glc1NMe Gul GullNMe* Man ManlNMe

xp 31 6 37 9 16 0 66 16
Bp 63 90 62 91 78 100 33 84
x/Bf 6 4 1 0 6 0 1 0

Another finding associated to the absence of the anomeric effect is the detection of conforma-
tions for some N-alkyl-D-glycosylamines which are not adapted by their corresponding reducing
sugar analogues. For example, in the case of N-alkyl-D-arabinosylamines the (3-anomer shows a
dynamic fluxional behavior between the 'C,; and 40, conformation while p-D-arabinose strictly
sticks to the #Cy conformation in aqueous solution. %3] This preference of the 4C; conformation is
mainly attributed to the stabilization provided by the anomeric effect. This stabilization ceases
when the hydroxy function at the anomeric center is replaced by an alkylamino function. In
accordance to this finding, some sterically unfavorable conformations of glycoses, which are only
relevant because their stabilization by the anomeric effect, are not observed for the corresponding
glycosylamines. This, for example, is the case in the investigated N-alkyl-D-ribosylamines. Un-
like in D-ribose, these compounds show no dynamic fluxional behavior for neither of the detected
anomers. Generally speaking, the dynamic fluxional behavior between 'Cy and 4C} conformation
in glycosylamines is significantly shifted towards the conformation, which features no anomeric
effect in the respective reducing sugar counterpart.
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3.2. Effects of the Aglycon on the Configuration and
Conformation of N-Substituted Glycosylamines

The nature of the featured aglycon has a detectable influence on the isomerization behavior,
the anomeric ratio and the dynamic fluxional behavior between different conformations of gly-
cosylamines. In general, it can be stated that the concentration of the anomer featuring the
alkylamino moiety in axial position decreases with increasing bulkiness of the respective moiety
in most N-alkyl-D-glycosylamines.

For N-alkyl-D-pentosylamines the axial orientation of the alkylamino moiety can be avoided by
an alteration of the conformation via ring inversion. This behavior is detected for the investi-
gated N-alkyl-D-arabino- and N-alkyl-D-lyxosylamines. With an increasing steric demand of the
alkylamino moiety in these compounds, the determined 3J172 values indicate a shift of the con-
formational equilibrium towards the conformation featuring the alkylamino moiety in equatorial
position. In the case of N-alkyl-D-ribosylamines a conformation featuring an axial orientation
of the alkylamino moiety is not realized at all. As can be seen in table 3.3, only in the case
of N-alkyl-D-xylosylamines the potential ring inversion is sterically unfavored to such an extent
that an actual decrease of the amount of a-anomer veritably occurs.

A similar decrease of the amount of anomer featuring an axial substitution with increasing steric
demand of the alkyl group is observed for all investigated N-alkyl-D-hexosylamines. This ten-
dency derives from the fact that a ring inversion in the respective compounds is highly unlikely
due to the energetically unfavorable axial orientation of the hydroxymethyl moiety at the C6
atom upon ring inversion. This barrier hinders the system to evade the also energetically unfa-
vorable axial orientation of the bulky anomeric substituent by ring inversion as in the case of
the aforementioned N-alkyl-D-pentosylamines. As a consequence for the respective tert-butyl
derivatives not even traces of the anomer featuring the tert-butylamino moiety in axial position
are detected (see table 3.3).

Table 3.3. Percentage of the anomer featuring a axial orientation or a conceivable conformation
with axial orientation for the investigated N-alkyl-D-glysosylamines in relation to their alky-
lamino substitution. The values were determined from the respective 'H or 3C{'H} NMR
spectra in D2O.

AralNR LyxINR RiblINR XylINR GallNR GIlcINR GullNR ManlNR

Me 18 31 41 11 6 9 0 16
Et 15 27 34 11 4 6 0 13
Pr 18 26 44 10 5 ) 0 15
1Pr 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 Preferences of N-Substituted Glycosylamines

The most striking principal found for the chelatation of N-substituted glycosylamines is the
preference to always incorporate the neutral alkylamino or arylamino function at the anomeric
center in the binding of the first PdNy-fragment. This increased affinity of palladium towards
the nitrogen-containing function in comparison to the remaining alkoxide functions is in accor-
dance with the HSAB concept. There are no reactions described in this work in which the
addition of one equivalent palladium leads to a favored x*O,0 metalation instead of a k>N ,O
metalation, even at higher pH values. This observation was already described for non-substituted
glycosylamines by SCHWARZ and LINDNER.[21:22]

If the complex formation with palladium probes is regarded individually for each group of N-
substituted glycosylamines, a clear preference of a trans-vicinal chelation of the first PANs frag-
ment becomes apparent. In the case of N-alkyl-D-lyxosylamines for example, the -anomer in
the “C; conformation is sterically favored due to the lower number of axial functional groups,
and hence also prevails in aqueous solution. Upon addition of one equivalent palladium probe, an
accumulation of the a-anomer in the '!Cy conformation is observed as a consequence of the pre-
ferred trans-vicinal k2 N',0? metalation. A similar shift in the respective percentage distribution
is observed for all N-alkyl-D-pentosylamines.

In the case of N-alkyl-D-mannosylamines and N-alkyl-L-rhamnosylamines, the impact of the
preference of a trans-vicinal coordination mode becomes even more obvious. For both com-
pound classes the (3-anomer clearly prevails for the free ligand in aqueous solution, but after the
treatment with a palladium probe a mixture of various complex species is detected. Surprisingly,
the B-anomer featuring a cis-vicinal k2 N, 0?-metalation is only partially present in the obtained
reaction solutions. Further detected species include significant amounts of the metalated acyclic
imine form and even the corresponding a-anomers after ring inversion. The latter enables a trans-
vicinal chelation of the metal ion. This alteration of the conformation was considered as highly
unlikely for the N-alkyl-a-D-mannosylamines as the ring inversion leads to an axial orientation of
the hydroxymethyl moiety located at the C5 atom, but could be verified through the comparison
of the coordination behavior observed for its 6-deoxy analogues N-alkyl-a-L-rhamnosylamines.
As shown in table 3.4, a cis-vicinal chelation is also observed for the following N-substituted
glycosylamines, but only to a minimal extent: LyxINR, RibINR, Xyl1INR, GIc1NR, GullNR.
The amount of the species coordinated in a cis-vicinal fashion seems to also correlate with the
featured alkylamino moiety. While this coordination mode is more commonly detected for methyl
derivatives, it is rarely observed for the respective iso-propyl and tert-butyl derivatives.

Table 3.4. Percentage of complex species featuring a cis-vicinal k2N!,0? metalation determined
from the 3C{'H} NMR spectra of the reaction solutions resulting from the equimolar treatment
of N-alkyl-D-glysosylamines with Pd-en and iodic acid in D2O at 4°C.

LyxINR RibINR XylINR GIcINR GuliINR ManlNR RhalNR

Me 17 25 3 12 16 40 592
Et 18 0 0 0 14 38 42
Pr 8 0 0 0 5} 38 -
+Pr 0 0 8 0 6 24 42
tBu 0 0 0 0 0 28 -

96



3. Discussion

Investigations conducted by ALLSCHER on the chelatation of aldopentoses and aldohexoses by
various PAN,-fragments demonstrated a favored k202 metalation of cis-vicinal diolato functions
and in many cases an additional k20%2 metalation of furanoid isomers.[*l Both observations are
apparently not valid for N-alkylpentosylamines and N-alkylhexosylamines.

While the absence of metalated furanoid glycosylamines can be attributed to the enhanced steric
demand of the anomeric alkylamino moiety in comparison to a hydroxy function, the preference
of the trans-vicinal coordination mode is harder to clarify. When only the N-alkyl-D-hexosyl-
amines are taken into account, a cis-vicinal k2N'!,0? metalation, under the assumption of a fixed
40y conformation, is only conceivable for selected a-anomers. In these anomers the alkylamino
function is oriented in axial position, which is energetically unfavorable, especially in the case of
more bulky moieties. Furthermore, as previously discussed in chapter 3.1, the axial orientation of
the aminoalkyl function leads to no stabilization of the respective a-anomer due to the absence
of the anomeric effect. Conversely, a reverse anomeric effect, enhanced by the coordination of
the Pd?* ion to the nitrogen atom and resembling a protonation, could be discussed.

For the investigated N-alkyl-D-pentosylamines on the other hand, the aforementioned explana-
tions are not sufficient as these compounds can easily adapt another chair conformation without
encountering significant steric hindrances. Through this conformational change, the axial orien-
tation of the alkylamino function can be avoided in the cis-vicinal k2N',0%-metalated species.
As shown in table 3.4, this coordination mode and the associated dynamic fluxional behavior is
observed for all N-methyl-D-pentosylamines except the arabinose derivatives. A similar confor-
mational fluxional behavior within complex species featuring a k20O'? metalation was already
described by ALLSCHER for palladium(II)-arabinose and -xylose complexes.[*9]

Structural evidence for the preference of the trans-vicinal coordination mode in N-alkylglyco-
sylamines is provided by the crystal structure of [Pd(en)(*Ci-B-D-XylpINMe2H _1-k2N!,0?)]-
I05-tetrahydrate (8) described in this work. A crystal structure for an analogues palladium (IT)-
xylose complex was previously published by ARENDT et al. with [Pd(chxn)(*C}-0-D-Xylp1,2H_5-
k? N1 ,0?)]-monohydrate. [48] Since this structure features the xylose ligand in the a-configuration
and thus a cis-vicinal metalation, the comparison of these structures exemplifies the significantly
differing coordination patterns in palladium(II)-glycosylamime and -aldoglycose complexes.
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3.4. Influencing Factors for the Chelatation of the Imine Form

A chelatation of the open-chain form is observed for the majority of the investigated N-substituted
glycosylamines, but the percentage of the acyclic imine species in the total species distribution
seems to relate to various factors.

Firstly, and probably most important, the affinity to form a palladium(IT)-imine complex depends
on the glycosylamine applied as ligand. As previously discussed in chapter 3.3, the palladium (IT)-
glycosylamine complexes investigated in this work tend to favor a trans-vicinal binding mode.
If this coordination mode cannot be realized in the regarded system, it avoids a cis-vicinal
metalation or axial substitution at the anomeric center by, inter alia, the chelatation of the
open-chain form of the respective glycosylamine. This is especially the case for glycosylamines
which feature an axial oriented hydroxy function at the C2 atom as the investigated lyxosylamine
and mannosylamine derivatives.

But imine metalation is also detected for N-alkyl-D-glycosylamines which allow a facile trans-
vicinal binding of the PdNs-fragment in their preferred configuration and conformation. The
extent of the chelatation of the open-chain form seems to be essentially dependent from the
featured alkyl moiety at the alkylamino function. As can be derived from the percentages listed
in table 3.5 and 3.6, the affinity to form acyclic imine species increases in the following order:
Me < Et < Pr =~ iPr < tBu. The striking question if this tendency is attributed to electronic
or steric effects, could not be answered with definite certainty in this work.

Table 3.5. Percentage of complexed imine species in reaction solutions containing N-alkyl-D-
pentosylamine, Pd-en and iodic acid in the molar ratios 1:1:1 and 1:2:1 in DoO at 4°C.

AralNR Lyx1NR Rib1NR Xyli1NR
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. Percentage of complexed imine species in reaction solutions containing N -alkylhexo-
sylamine, Pd-en and iodic acid in the molar ratios 1:1:1 and 1:2:1 in DO at 4°C.

GallNR Glc1INR GullNR ManlNR RhalNR
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 ) 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 factor influencing the extent of the emergence of imine complex species is the amount
of palladium(II) probe in the reaction solution. As shown in table 3.5 and 3.6, in most cases
an increase of the palladium concentration results in an enhanced formation of acylic complex
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species, when compared to the percentages determined for the corresponding reactions with
stoichiometric amounts of palladium(II) probe and iodic acid.

This increase becomes particularly apparent when a k?0%? binding of the second PdNy frag-
ment is not feasible due to the anti-orientation of the respective hydroxy functions at the C3
and C4 atom of a species already boasting a trans-vicinal k2N ,0? metalation. From all ligands
investigated in this work, this is the case 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 reac-
tions involving these compounds and two equivalents palladium probe also showed rapid and
immediate signs of the formation of elementary palladium. In many cases these side reactions
hinder a comprehensive NMR-spectroscopic investigation.

For the successful binding of a second PdN, fragment to a N-alkylglycosylamines in its respective
open-chain form a cis-vicinal diolato function has to be present in the structure. This is not
the case in N-alkylarabinosylamines and N-alkylgalactosylamines which thus exhibit no double
metalation of their respective acyclic imine species. Alternatively, an energetically unfavorable
deviation from the imine’s zigzag comformation through the rotation around a C—C bond in order
to facilitate the binding of a second PdNs fragment is possible. This is realized for N-alkylribo-
sylamines in which through the rotation around the C3-C4 bond a k?20%% binding is enabled.
At the same time, due to the energetic downside of the aforementioned approach, almost the
same degree of k2O*® binding to the respective zigzag confomer is observed. This coordination
mode features a less adverse structural alteration as a rotation around the C4-C5 bond has
no effect on the zigzag conformation of the carbon scaffold, but it is also unfavorable since the
hydroxy atom at terminal C5 atom is less acidic than the other hydroxy functions. A similar
vivid competition between different coordination sites is observed for N-alkylgulosylamines for
which k2034, k20*5 and k20°6 binding modes are realized.

3.5. The exceptional Coordination Behavior of
N-Alkyl-2-deoxyglycosylamines

The trends established and discussed in chapter 3.3 and 3.4 for the chelatation and imine forma-
tion of glycosylamines, raise the question which coordination mode is preferably realized when
no hydroxy function is present at the C2 atom.

The reactions of the investigated N-alkyl-2-deoxy-D-glycosylamines with palladium(IT) probes
show a clear preference of their respective furanoid and acyclic imine forms when featured as
ligand. In the case of both investigated N-alkyl-2-deoxy-D-hexosylamines this observation comes
as no surprise as the 1,3-diaxial orientation of two functional groups, one of them being the
alkylamino moiety, required for a chelatation is only realized for the respective f-anomers in the
1C, conformation. In this conformation the hydroxymethyl at C5 atom would adopt the ener-
getically unfavorable axial position, and hence the system avoids this conceivable coordination
mode. The resulting prefered k2N' 03 metalation of the furanoid forms for the corresponding
non-substituted 2-deoxy-D-hexosylamines was already described by ScHwARz.[21°7 Tt is also
noteworthy that SCHWARZ has found no indication for a metalation of the respective open-chain
forms in his studies.

Unexpectedly, the investigated N-alkyl-2-deoxy-D-erythro-pentosylamines showed no signs for
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a 1,3-diaxial metalation of their respective pyranoid o-anomer as well, although no substan-
tial steric hindrances would be present in the *C; conformation. This observation indicates a
clear preference of the metalation of furanosylamine structures over pyranosylamines when the
formation of a six-membered chelate ring is mandatory.

The k2N',03 metalation of the open-chain species also comes with some energetic disadvantages
since an alteration from the zigzag conformation in form of a C1-C2 bond rotation is required
to facilate the formation of a six-membered chelate ring. The percentage of metalated imine
species detected in the respective reaction solutions increases with increasing steric demand
of the alklyamino moiety in the featured N-alkyl-2-deoxy-D-glycosylamine. The preference of
N-alkylglycosylamines with bulky alkyl substituents to avoid the formation of furanoid isomers
already becomes obvious from the percentage distributions for the free ligands in aqueous solution
listed in chapter 2.1. This tendency also seems to apply for the respective complex species as,
for example, in the case of D-ara-dHex1NiPr solely a chelatation of the imine form is observed
(aside from the formation of hydrolysis products).

The affinity of N-alkyl-2-deoxy-D-glycosylamines to reside as ligand in their respective open-chain
form further increases when two equivalents of palladium probe are used in the reaction. This is
especially the case for N-alkyl-2-deoxy-D-erythro-pentosylamines which lack additional functional
groups for the chelatation of a second PdNs-fragment in the respective furanoid form. For the
investigated N-alkyl-2-deoxy-D-hexosylamines a exocyclic coordination of the second Pd?* ion
by the a-furanosylamine form is observed but always in an equilibrium with the corresponding
binuclear acyclic imine complex species.

For the imine form of N-alkyl-2-deoxy-D-erythro-pentosylamines the less acidic terminal hydroxy
group is involved in the k20O*® coordination of the second PdNy-fragment due to the fact that
there are no alternative binding sites present in this species. Despite featuring an additional
hydroxy function, the same behavior is observed for open-chain N -alkyl-2-deoxy-D-arabino-hex-
osylamines, which boast a k2?06 chelatation of the second Pd?* ion. This observation can be
primarily attributed to the unfavorable trans-orientation of the hydroxy functions at the C4 and
Cb atom. In order to provide a sufficient binding site a rotation around the C4-C5 bond, and
thus a further deviation from the ideal zigzag conformation, would be required. This seems to be
disadvantageous to such an extent that the involvement of the terminal hydroxy function in the
chelatation as alternative binding mode is clearly preferred. Conversely, in the C4 epimeric N-
alkyl-2-deoxy-D-lyzo-hexosylamines a k?0O*° chelatation is feasibly realized due to the favorable
cis-orientation of the respective functional groups.
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4. Summary

In order to gain a better understanding of the chelation properties of N-substituted glycosyl-
amines and the associated uncommon affinity of some representatives to bind Pd?* ions in their
respective open-chain form, a large variety of N-substituted glycosylamines was synthesized and
subsequently treated with various palladium(II) probes.

The synthesis of N-substituted glycosylamines was achieved through the reaction of aldoses
with primary amines. The applied aldoses include D-arabinose, D-lyxose, D-ribose, D-xylose,
D-galactose, D-glucose, L-gulose, D-mannose, L-rhamnose, 2-Deoxy-erythro-D-pentose, 2-Deoxy-
arabino-D-hexose and 2-Deoxy-lyro-D-hexose while methyl, ethyl, propyl, iso-propyl and tert-
butyl as well as aniline were used as amines. The thereby obtained compounds were characterized
by NMR spectroscopy, elemental analysis, mass spectrometry and single crystal X-ray diffraction.
Crystal structures which have not yet been in described in the literature could be obtained
for two N-alkyl- and five N-phenyl-D-glycosylamines: 4C;-B-D-GleplNMe-MeNH, (1), 1Cy-B-
L-RhapINEt (2), 4C1-B-D-LyxpINPh (3), *Ci-a-D-Ribp1NPh-0.5H,0 (4), *C;-B-D-XylpINPh
(5), C1-B-D-ara-dHexpINPh (6) and 4C;-B-D-lyz-dHexp1NPh-0.33H,0 (7). These structures
represent in most cases the prevailing isomer of the respective compound in aqueous solution.
It was shown that for N-substituted glycosylamines the equilibrium in solution between the cyclic
isomers and the open-chain form is, aside from the structure of the glycon, primarily influenced
by the steric and electronic properties of the amino substituent. Furthermore, the comparison
of the determined percentages with those known for the corresponding aldose analogues are in
accordance with the inexistence of an anomeric effect for amino functions.

In contrast to their non-substituted counterparts, N-alkyl-D-glycosylamines show a substantial
higher susceptibility to hydrolysis. This complicates the investigation of chelatation reactions as
there is always a competition between the hydrolysis and the metalation of the ligand. A rapid
hydrolysis is characterized by the accompanying formation of elemental palladium induced by
the presence of a reducing sugar. A rapid metalation on the other hand seems to reduce the
potential of the ligand to hydrolyze. Thus, some reaction solutions could be stored for few days
before showing signs of decomposition.

Taking advantage of this stabilization, crystallization occurred in one reaction attempt. The
determined crystal structure of [Pd(en)(*C1-B-D-XylpINMe2H_;1-k N1 ,k0?)]105-4H50 (8) rep-
resents the first molecular structure of an alkylglycosylamine-palladium complex. The found
structure displays the clearly prevailing species in the reaction solution, which should be, along-
side with the featured hydrogen bond network, a beneficial factor for the crystallization. Un-
fortunately, the majority of the reaction attempts showed more diverse species distributions or
higher affinity towards hydrolysis, so that only a NMR spectroscopic characterization of most
complex species was feasible.
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4. Summary

The following rules for the formation of glycosylamine-palladium complexes could be derived
from the results of the NMR spectroscopic investigations described in this work. Firstly, the
amino function always participates in the chelation of the first PdNs-fragment. Secondly, for
this binding a trans-vicinal coordination pattern is always favored over a cis-vicinal metalation.
Thirdly, for the binding of a second PdNy-fragment there is no preference between a trans- and
cis-orientation of the hydroxy groups at the C3 and C4 atom. Additionally, a formation of six-
membered chelate rings and metalation of furanoid isomers is only observed for N-substituted
2-deoxyglycosylamines.

If one of the above mentioned criteria cannot be met, the chelatation of the open-chain form
becomes significantly favored. As, for example, in N-substituted lyxosylamines, where the trans-
vicinal chelatation is linked to an energetically unfavorable all-axial orientation of the remaining
functional groups. Or even worse in mannosylamine, the hexosyl analogue of lyxosylamine, in
which a trans-vicinal chelatation is only possible in a conformation with the terminal hydroxy-
methyl function occupying 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 acyclic
binuclear complex species are formed.

But aside from the configuration of the glycon, there are more factors favoring a chelation of
the open-chain form. One is the type of amino group featured in the regarded N-substituted
glycosylamine. For N-alkyl-D-glycosylamines the trend for a higher amount of imine chelatation
is as follows: Me < Et < Pr =~ iPr < tBu. This tendency is reflected in the detection of at least
minimal amounts of imine-palladium complex for the iso-propyl and tert-butyl derivatives of all
investigated N-alkyl-D-glycosylamines. The corresponding N -phenyl-D-glycosylamines show a
rather low tendency towards the metalation of the open-chain form, quantitatively comparable
to the affinity of N-methyl-D-glycosylamines.

In the case of N-phenyl-D-glycosylamines the availability of "N-enriched aniline provided the
opportunity for the establishment of an additional analytical approach for the investigation of
phenylglycosylamine-palladium complexes. With the use of N NMR spectroscopic methods
more lucid insights in the species distribution are enabled as each species can be assigned to one
particular NMR signal. Furthermore, this analytical method provides further evidence for the
presence of the imine form in respective acyclic complex species: Firstly, the distinct N NMR
shift for Schiff base compounds and associated complexes and secondly the spin-spin splitting
observed for the ¥C{'H} NMR signals assigned to the imine group as a result of its vicinity to
the 1°N-enriched nitrogen atom.
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5. Experimental Section

5.1. Methods and Materials

Unless not specifically stated otherwise, all syntheses were carried out in oven-dried glassware
in an atmosphere of argon (purity 5.0, Air Liquide) and with exclusion of water using standard
Schlenk techniques. Filtrations were performed using Schlenk-frits (pore size G4), and in some
cases pressure in the bottom part of the filter was lowered in order to accelerate the filtration.
Alkaline solutions containing palladium precursors were stored at —25 °C in Schlenk tubes guar-
anteeing the exclusion of air and therefore minimizing the uptake of carbon dioxide and the
formation of elemental palladium. N-Substituted glycosylamines were stored in the same man-
ner to prevent their hydrolysis.

Reactions solutions containing glycosylamine palladium complexes were slowly covered with the
same amount of acetone and stored at 4°C in order to obtain crystals at the boundary layer
between both liquids.

5.2. NMR Spectroscopy

NMR spectra were recorded at room temperature or at 4 °C on a Bruker AV400 spectrometer (*H:
400 MHz, '3C: 101 MHz, '5N: 41 MHz). Measurements at 4 °C were performed utilizing a BCU-I
(Bruker Cooling Unit I). All 3C NMR spectra were recorded broadband proton decoupled, ®N
NMR spectra were measured broadband proton decoupled and coupled. When necessary, the
'H and 3C{'H} signals were assigned by means of 'H,'H-COSY, 'H,"*C-HMQC, 'H,"*C-HMBC
and DEPT135 NMR experiments in DoO. NMR data were processed and visualized using the
MestReNova software by the company Mestrelab Research.

The signals of the deuterated solvent and the residual protons therein were used as internal
secondary reference for the chemical shift (*H: D3O 4.79 ppm, DMSO-dg: 2.50 ppm; 2C: DMSO-
d¢ 39.52 ppm). When D2O was used as solvent, one drop of methanol was added to the sample
tube in order to obtain a reference signal in the '3C{'H} spectra. The position of this signal
was defined to 49.5 ppm, as suggested by GOTTLIEB et al.[’8! Since the chemical shift of the
HDO signal is highly temperature dependent, this signal is not suitable as an internal secondary
reference in 'H NMR measurements in DyO not performed at room temperature. The value of
the HDO reference signal can be corrected by the equation 6 = 5.051 —0.01117" (T in °C) for the
0-50 °C range and, thus, is set to 5.00 ppm for all measurements at 4°C. 15859 15N NMR spectra
were recorded for samples containing N labeled N-phenylglycosylamines and no secondary
internal reference was added. All shifts are given in regard to Nitromethane as internal standard
and reference sample, although liquid ammonia is commonly used as reference compound in the

literature. [60-61]
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5.3. Reagents and Solvents

All reagents were purchased in high quality and used without further purification. Anhydrous
solvents over molecular sieves were purchased from Acros 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-Aldrich
2-deoxy-lyzo-D-pentose 98% Sigma-Aldrich
aniline > 99.5% Merck
aniline-1N 98 atom % '°N Merck
D-arabinose > 99.0% Merck
tert-butylamine > 99.5% Sigma-Aldrich
deuterium oxide 99.9%D Euriso-Top
diethyl ether 99.9% VWR
dimethyl sulfoxide-dg 99.8%D Euriso-Top
ethan-1,2-diamine > 99.5% Sigma-Aldrich
ethylamine 2™ in MeOH Sigma-Aldrich
D-galactose > 99.5% Sigma-Aldrich
D-glucose > 99.5% Merck
L-gulose > 98.0% TCI
hydrochloric acid 3% Biesterfeld Graen
iodic acid > 99.5% Fluka

D-lyxose > 99.0% ABCR
methanol > 99.8% Acros Organics
methylamine 33 wt. % in EtOH  Acros Organics
D-mannose 99% ABCR
palladium(IT) chloride 99.9% ABCR
potassium hydroxide p.a. Bernd Kraft
potassium tetrachloropalladate(IT)  99% ABCR
propylamine > 99.0% Sigma-Aldrich
iso-propylamine > 99.5% Sigma-Aldrich
L-rhamnose monohydrate 99.0% ABCR
D-ribose 98% ABCR

silver(I) oxide 99.9% Sigma-Aldrich
sulfuric acid p.a. Fluka

water deionized house installation
D-xylose > 99.0% Glycon Biochemicals
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5.4. Preparation of Palladium Precursor Compounds

Dichlorido(ethylenediamine)palladium(l1), [Pd(en)Cl,][6%

To a suspension of palladium(IT) chloride (5.02 g, 28.3 mmol, 1.00eq.) in 25 mL water, hydrochlo-
ric acid (37 %, 5mL) was added upon stirring. After 5min a brown solution was obtained. A
mixture of ethan-1,2-diamine (7.00mL, 6.29 ¢, 105 mmol, 3.70 eq.) in water (15 mL) was added
dropwise to the reaction mixture and a pink precipitate formed. After the addition of two-thirds
of the ethan-1,2-diamine solution the reaction mixture was heated to 45°C and the remaining
ethan-1,2-diamine solution was added subsequently. causing the pink precipitate to dissolve and
a pale yellow solution formed. The solution was acidified to pH 2 with hydrochloric acid (semi-
conc.) to precipitate the yellow product. After cooling the suspension to 4 °C, the precipitate
was filtered off, washed with cold water (5 x 20 mL) dried in vacuo, yielding 5.95g (25.1 mmol,
89.0 % of theory) of the product.

EA: caled.: C 10.12%, H 3.40%, N 11.80 %, Cl 29.89 %
found: C 10.18 %, H 3.37%, N 11.88 %, C1 29.88 %

Dihydroxido(ethylenediamine)palladium(Il), [Pd(en)(0OD),][*7]

[Pd(en)Cly] (5.34g, 22.5 mmol, 1.00eq.), silver(I) oxide (5.63 g, 24.3mmol, 1.08eq.) and deu-
terium oxide (50 mL) were stirred in the dark for 30 min at 40 °C. The precipitated silver chloride
was removed from the resulting suspension wvia filtration, yielding a yellow, alkaline solution of
Dichloro(ethylenediamine)palladium(IT) (0.45 m).

'H NMR (400 MHz, D50, 130R10-2017): 6/ppm = 2.61 (CHy).
I3C{'H} NMR (101 MHz, D20, 130R11-2017): §/ppm = 46.4 (CHy).
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5.5. Preparation of N-Substituted Alkylglycosylamines

5.5.1. Preparation of N-Alkylpentosylamines
5.5.1.1. Preparation of N-Alkylarabinosylamines
N-Methyl-p-arabinosylamin (p-AralNMe)

OH Nﬁ oHy
MeNH -
° OH — ° OH + HO H
EtOH ~
H 0°C,4h HG
OH OH OH
HO
0_OH !
+
AN
HO

D-Arabinose (4.00g, 26.6 mmol, 1.00eq.) was dried and subsequently stirred with a solution of
methylamine in ethanol (33%, 10.0mL, 74.5 mmol, 2.80 eq.) for 4h under ice cooling. The
reaction solution was stored at 4 °C overnight, whereupon colorless crystals were obtained. The
crystals were filtered off, washed with ethanol (1 x 10mL) and diethyl ether (2 x 10 mL), and
dried in vacuo. The product was obtained as a colorless powder in a yield of 3.23 g (19.8 mmol,
49.6 % of theory).

EA: caled.: C 44.17%, H 8.03%, N 8.58%
found: C 44.13%, H 8.05%, N 8.56 %

MS (FAB+): caled.: 164.2 ([M+H]™)
found: 164.2

N-Methyl-a-D-arabinopyranosylamine — D,O: 64 % (RT), 95% (4°C) — DMSO-dg: 36 %

'H NMR (400 MHz, D20 410R1-2015): §/ppm = 3.91 (dd, 1H, H4, 3J 5¢,=2.3 Hz, 3 J4 50, =1.2 Hz),
3.83 (dd, 1H, Hbeq, 2Js5eq.502=—13.0Hz), 3.78 (d, 1H, HI1, 3J; »=8.6 Hz), 3.61 (dd, 1H, Hbax),
3.60 (dd, 1H, H3, 3.J34=3.6 Hz), 3.44 (d, 1H, H2, 3J5 3=9.5Hz), 2.43 (s, 3H, CHj).

BBC{'H} NMR (101 MHz, D20, 410R2-2015): §/ppm — 92.2 (C1), 73.8 (C3), 70.9 (C2), 69.4
(C4), 67.7 (C5), 31.5 (CH3).

BC{'H} NMR (101 MHz, DMSO-dg, 410R5-2015): 6/ppm — 91.8 (C1), 73.0 (C3), 70.7 (C2),
70.6 (C4), 67.5 (C5), 31.8 (CHg).

N-Methyl-B-D-arabinopyranosylamine — D,O: 18 % (RT), 4% (4°C) - DMSO-dg: 32%

'H NMR (400 MHz, D20, 410R1-2015): §/ppm = 4.30 (d, H1, 3J; »=2.6 Hz), 2.36 (s, 3H, CH3).
I3C{'H} NMR (101 MHz, D50, 410R2-2015): §/ppm = 87.1 (C1), 70.4 (C3), 70.3 (C2), 66.1
(C4), 63.6 (C5), 31.7 (CH3).

I3C{'H} NMR (101 MHz, DMSO-dg, 410R5-2015): 6/ppm = 86.2 (C1), 71.0 (C3), 70.7 (C2),
64.9 (C5), 64.8 (C4), 32.2 (CH3).
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N-Methyl-a-D-arabinofuranosylamine — D,O: 10 % (RT), 1% (4°C) — DMSO-ds: 20 %

'H NMR (400 MHz, D20, 410R1-2015): §/ppm = 4.44 (d, H1, 3J; 2=5.1Hz), 2.43 (s, 3H, CH3).
3C{'H} NMR (101 MHz, D50, 410R2-2015): §/ppm = 95.1 (C1), 81.9 (C4), 79.9 (C2), 76.0
(C3), 61.8 (C5), 31.1 (CH3).

I3C{'H} NMR (101 MHz, DMSO-dg, 410R5-2017): 6/ppm = 96.1 (C1), 82.6 (C4), 80.2 (C2),
76.4 (C3), 62.0 (C5), 31.6 (CH3).

N-Methyl-B-p-arabinofuranosylamine — D,O: 8% (RT), >1% (4°C) — DMSO-dg: 12%

'H NMR (400 MHz, D20, 410R1-2015): §/ppm = 4.64 (d, H1, 3.J; 2=3.7 Hz).

BC{'H} NMR (101 MHz, D50, 410R2-2017): §/ppm — 92.8 (C1), 83.1 (C3), 77.2 (C2), 76.3
(C4), 62.5 (C5), 32.3 (CH3).

BBC{'H} NMR (101 MHz, DMSO-dg, 410R5-2017): 6/ppm — 92.8 (C1), 83.5 (C4), 77.0 (C2),
76.3 (C3), 62.3 (C5), 32.7 (CH3).

N-Ethyl-p-arabinosylamin (p-AralNEt)

OH oH
0 _ ENH, HO - H
W)H T MeoH W /?Q/N\/
HO RT, 16 h
OH OH
k_% N

D-Arabinose (1.50g, 9.99 mmol, 1.00eq.) was dried and subsequently stirred with a solution
of ethylamine in methanol (2M, 10.0 mL, 20.0 mmol, 2.00eq.) for 16h at room temperature.
The reaction mixture was concentrated by evaporation of the solvent until a colorless precipi-
tate formed, which was filtered off, washed with cold methanol (2 x 10mL) and dried in vacuo.
The product was obtained as a yellowish powder in a yield of 1.58 g (8.96 mmol, 89.7 % of theory).

EA: caled.: C 47.45%, H 8.53%, N 7.90%
found: C 46.99 %, H 8.55%, N 7.64 %

MS (FAB+): caled.: 178.2 (|[M+H]|*)
found: 178.2

N-Ethyl-a-D-arabinopyranosylamine — D50: 66 %, 85 % (4 °C) — DMSO-dg: 60 %

'H NMR (400 MHz, D50, 4°C, 450R1-2018): §/ppm = 3.91 (ddd, 1H, H4), 3.87 (d, 1H,
H1, 3J;2=8.6 Hz) 3.80 (dd, 1H, H5eq, 3Jy5eq=2-3Hz, 2J5e450:=—13.0Hz), 3.62 (dd, 1H, H3,
3J34=3.5Hz), 3.59 (dd, 1H, Hbax), 3.44 (d, 1H, H2, 3J53=9.5Hz), 2.87-2.82 (m, 1H, CH,),
2.64-2.54 (m, 1H, CHs), 1.04 (t, 3H, CH3).

BC{'H} NMR (101 MHz, D50, 430R20-2015): &/ppm — 90.8 (C1), 73.8 (C3), 71.2 (C2), 69.4
(C4), 67.7 (C5), 39.9 (CHy), 14.5 (CH3).
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BC{'H} NMR (101 MHz, DMSO-dg, 430R5-2018): 6/ppm — 90.3 (C1), 72.9 (C3), 70.8 (C2),
67.4 (C4), 65.7 (C5), 39.3 (CHy), 15.4 (CH3).

N-Ethyl-B-p-arabinopyranosylamine — Dy0: 15%, 7% (4°C) — DMSO-dg: 19%

'H NMR (400 MHz, D20, 4°C, 450R1-2018): 6 /ppm = 4.39 (d, H1, 3J; »=2.2 Hz), 2.36 (s, 3H,
CI{3)

I3C{'H} NMR (101 MHz, D50, 450R1-2018): §/ppm = 85.1 (C1), 71.1 (C3), 70.7 (C2), 64.6
(C4), 63.6 (C5), 39.0 (CH3), 15.4 (CH3).

BC{'H} NMR (101 MHz, DMSO-dg, 430R5-2018): 6/ppm — 84.3 (C1), 70.7 (C3), 70.5 (C2),
65.7 (C4), 63.8 (C5), 39.8 (CH3), 14.2 (CH3).

N-Ethyl-a-D-arabinofuranosylamine — D,O: 12%, 6 % (4°C) — DMSO-dg: 13 %

'H NMR (400 MHz, D20, 4°C, 450R1-2018): 6 /ppm = 4.51 (d, H1, 3J; 2=5.2 Hz), 2.43 (s, 3H,
CI{3)

I3C{'H} NMR (101 MHz, D50, 430R20-2015): §/ppm = 93.8 (C1), 81.9 (C4), 80.4 (C2), 76.1
(C3), 61.8 (C5), 39.7 (CHy), 14.4 (CH3).

I3C{'H} NMR (101 MHz, DMSO-dg, 430R5-2018): 6/ppm = 94.7 (C1), 82.6 (C4), 80.6 (C2),
76.4 (C3), 62.0 (C5), 39.9 (CHy), 15.5 (CHg).

N-Ethyl-B-D-arabinofuranosylamine — D,O: 7%, 2% (4°C) — DMSO-dg: 8%

'H NMR (400 MHz, D20, 4°C, 450R1-2018): &/ppm = 4.74 (d, H1, 3.J; —3.8 Hz).

BC{'H} NMR (101 MHz, D50, 430R20-2015): &/ppm — 91.2 (C1), 83.3 (C3), 77.3 (C2), 76.4
(C4), 62.5 (C5), 40.7 (CHy), 14.5 (CH3).

BC{'H} NMR (101 MHz, DMSO-dg, 430R5-2018): §/ppm = 90.8 (C1), 83.6 (C3), 76.9 (C2),
76.4 (C4), 62.3 (C5), 39.9 (CHy), 15.5 (CHs).

N-Propyl-p-arabinosylamin (p-AralNPr)

O

OH / OH,
MeOH ~ TN
g RT, 16 h HO
OH H OH
HO OH

O H
+ N\/\

HO

D-Arabinose (1.50 g, 9.99 mmol, 1.00 eq.) was dried and subsequently solved in 5 mL dry methanol.
Propylamine (2.10mL, 1.51g, 25.6 mmol, 2.56 eq.) was added and the reaction mixture stirred
for 16 h at room temperature. The resulting yellow solution was evaporated until it reached
dryness and the obtained yellowish solid further dried in vacuo. Due to the high hygroscopy of
the compound no yield was determined.
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EA: caled.: C 50.25%, H 8.96 %, N 7.32%
found: C 49.15%, H 8.71%, N 7.26 %

MS (FAB+): caled.: 192.2 (|[M+H]|*')
found: 192.4

N-Propyl-a-D-arabinopyranosylamine — DyO: 70 % — DMSO-dg: 55 %

'H NMR (400 MHz, D0, 4°C, 370R6-2017): §/ppm — 3.91-3.89 (sp, 1H, H4), 3.87 (d, 1H,
H1, 3J,,=8.6Hz), 3.80 (dd, 1H, Hba, 3Jy5,=2.3Hz, ?J5,5=—12.9Hz), 3.60 (dd, 1H, H3,
3J23=9.4Hz 3J3,4=3.6Hz), 3.59 (dd, 1H, H5b, 3J, 5=1.2Hz), 3.42 (dd, 1H, H2), 2.78-2.72
(s, 1H, NH-CHy), 2.59-2.51 (s, 1H, NH-CHy), 1.52-1.39 (sp, 2H, CHy), 1.52-1.39 (sp, 2H,
CH,), 0.86 (t, 3H, CH3).

BC{'H} NMR (101 MHz, D50, 4°C, 370R7-2017): §/ppm = 91.1 (C1), 73.8 (C3), 71.1 (C2),
69.4 (C4), 67.7 (C5), 47.6 (NH-CHy), 22.9 (CHy), 11.8 (CH3).

BBC{'H} NMR (101 MHz, DMSO-dg, 37T0OR2-2017): 6/ppm — 90.5 (C1), 72.9 (C3), 70.8 (C2),
67.4 (C4), 64.6 (C5), 47.1 (NH-CHy), 23.1 (CHy), 11.8 (CH3).

N-Propyl-B-D-arabinopyranosylamine — D,O: 18 % — DMSO-dg: 23 %

'H NMR (400 MHz, D20, 4°C, 370OR6-2017): /ppm = 4.38 (d, H1, 3.J; 5=2.1 Hz).

I3C{'H} NMR (101 MHz, D50, 4°C, 37TOR7-2017): §/ppm = 85.3 (C1), 70.8 (C3), 70.8 (C2),
65.6 (C4), 63.9 (C5), 47.5 (NH-CHy), 22.7 (CH,), 11.8 (CHjy).

I3C{'H} NMR (101 MHz, DMSO-dg, 37T0R2-2017): 6/ppm = 84.7 (C1), 71.1 (C3), 70.7 (C2),
64.7 (C4), 63.6 (C5), 47.1 (NH-CHy), 23.1 (CH,), 11.8 (CHjy).

N-Propyl-a-D-arabinofuranosylamine — D,0: 8 % — DMSO-dg: 13%

'H NMR (400 MHz, D20, 4°C, 370OR6-2017): §/ppm = 4.51 (d, H1, 3.J; 5=5.1 Hz).

BC{'H} NMR (101 MHz, D50, 4°C, 37TOR7-2017): /ppm — 94.1 (C1), 81.9 (C4), 80.2 (C2),
75.9 (C3), 61.7 (C5), 47.3 (NH-CHy), 22.9 (CHy), 11.8 (CH3).

BC{'H} NMR (101 MHz, DMSO-dg, 370R2-2017): §/ppm = 96.1 (C1), 82.6 (C4), 80.2 (C2),
76.4 (C3), 62.0 (C5), 47.0 (NH-CH,), 23.2 (CHy), 11.7 (CH3).

N-Propyl-B-D-arabinofuranosylamine — D,O: 4% — DMSO-dg: 9%

'H NMR (400 MHz, D20, 4°C, 370OR6-2017): §/ppm = 4.74 (d, H1, 3.J; 5=3.7 Hz).

BC{'H} NMR (101 MHz, D50, 4°C, 37TOR7-2017): §/ppm — 91.7 (C1), 83.1 (C3), 77.2 (C2),
76.3 (C4), 62.5 (C5), 48.3 (NH-CHy), 23.0 (CHy), 11.8 (CH3).

BC{'H} NMR (101 MHz, DMSO-dg, 37T0OR2-2017): 6/ppm — 92.8 (C1), 83.5 (C4), 77.0 (C2),
76.3 (C3), 62.3 (C5), 47.9 (NH-CHy), 23.2 (CHy), 11.7 (CH3).
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N-(iso-Propyl)-p-arabinosylamin (p-AralNiPr)

OH oH
~0
o _iPrNH, NH HO H
OH ™ veonw N
Ha RT, 16 h HG
OH OH OH
HO
oPH 4
N
HO 7/

D-Arabinose (1.50g, 9.99 mmol, 1.00eq.) was dried and subsequently solved in 2.5mL dry
methanol. iso-Propylamine (2.10mL, 1.44g, 24.4mmol, 2.45eq.) was added and the reac-
tion mixture stirred for 16 h at room temperature. The resulting yellow solution was evaporated
until it reached dryness and the obtained beige powder further dried in vacuo. Due to the high
hygroscopy of the compound no yield was determined.

N-(iso-Propyl)-a-D-arabinopyranosylamine — DyO: 78 % — DMSO-dg: 56 %

'H NMR (400 MHz, D50, 4°C, 370R8-2017): §/ppm = 3.95 (d, 1H, H1, 3.J; 5=8.5Hz), 3.91 (td,
1H, H4) 3.79 (dd, 1H, H5a, 3J45,=2.3Hz, 2J5, 5=—13.0Hz), 3.61 (dd, 1H, H3, 3J53=9.4 Hz
3J34=3.6 Hz), 3.60 (dd, 1H, H5b, 3J, 5,=1.2 Hz), 3.37 (dd, 1H, H2), 3.12-3.01 (sp, 1H, CH), 1.02
(sp, 6H, CHjs).
BC{IH} NMR
69.4 (C4), 67.7
BC{'H} NMR
67.3 (C4), 64.4

101 MHz, D,0, 4°C, 37TOR9-2017): §/ppm — 91.1 (C1), 73.8 (C3), 71.1 (C2),
C5), 47.6 (CH), 23.3 (CHj), 21.2 (CHs).
101 MHz, DMSO-dg, 370R10-2017): §/ppm — 88.2 (C1), 72.8 (C3), 71.0 (C2),
C5), 43.9 (CH), 24.4 (CHs), 22.1 (CHs).

~~ N N~

N-(iso-Propyl)-p-D-arabinopyranosylamine — DyO: 14 % — DMSO-dg: 22 %

IH NMR (400 MHz, D20, 4°C, 370R8-2017): §/ppm = 4.47 (d, H1, 3J; ,=1.8 Hz).

BO{IH} NMR (101 MHz, D20, 4°C, 370R9-2017): §/ppm — 85.3 (C1), 70.8 (C3), 70.8 (C2),
65.6 (C4), 63.9 (C5), 47.5 (CHy), 23.4 (CH3), 20.3 (CH;).

13G{1H} NMR (101 MHz, DMSO-dg, 37OR10-2017): §/ppm = 81.9 (C1), 71.3 (C3), 70.8 (C2),
64.6 (C4), 63.6 (C5), 43.1 (CH), 24.4 (CHj), 22.1 (CHy).

N-(iso-Propyl)-a-D-arabinofuranosylamine — DyO: 6 % — DMSO-dg: 15%

'H NMR (400 MHz, D20, 4°C, 370OR8-2017): &/ppm = 4.62 (d, H1, 3.J; 5=4.9 Hz).

BC{'H} NMR (101 MHz, D50, 4°C, 37TOR9-2017): &/ppm — 94.1 (C1), 81.9 (C4), 80.2 (C2),
75.9 (C3), 61.7 (C5), 47.3 (CH), 23.5 (CH3), 20.4 (CH3).

BC{'H} NMR (101 MHz, DMSO-dg, 370R10-2017): §/ppm = 92.7 (C1), 82.9 (C4), 80.9 (C2),
76.6 (C3), 62.1 (C5), 43.7 (CH), 24.4 (CH3), 21.9 (CH3).

N-(iso-Propyl)-pB-D-arabinofuranosylamine — Dy0: 2% — DMSO-dg: 7%

'H NMR (400 MHz, D20, 4°C, 370OR8-2017): &/ppm = 4.87 (d, H1, 3.J; 5=3.6 Hz).
BBC{'H} NMR (101 MHz, D50, 4°C, 37TOR9-2017): &/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 (CH3), 20.5 (CH3).
13C{'H} NMR (101 MHz, DMSO-dg, 370R10-2017): §/ppm — 88.5 (C1), 83.6 (C4), 76.9 (C2),
76.5 (C3), 62.3 (C5), 44.7 (CH), 24.5 (CH3), 22.2 (CH3).

N-(tert-Butyl)-p-arabinosylamin (p-AralNtBu)

o '

o tBuNH, 0 NH
OH MeOH > OH
Ho RT, 24 h Ho
OH OH

D-Arabinose (1.50 g, 9.99 mmol, 1.00 eq.) was dried and subsequently solved in 8 mL dry methanol.
tert-Butylamine (2.10 mL, 1.47 g, 20.1 mmol, 2.01 eq.) was added and the reaction mixture stirred
for 24 h at room temperature. The resulting yellow solution was evaporated until it reached dry-
ness and the obtained beige powder further dried in vacuo. Due to the high hygroscopy of the
compound no yield was determined.

N-(tert-Butyl)-a-D-arabinopyranosylamine — D,O: 100 % (4 °C) — DMSO-dg 30 %

'H NMR (400 MHz, D50, 4°C, 370R10-2017): 6/ppm = 3.97 (d, 1H, H1, 3.J; ,=8.7Hz), 3.85~
3.83 (sp, 1H, H4) 3.70 (sp, H5a, 3Js 5,=1.9 Hz, 2 J5, 5,=—13.0 Hz), 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, (9xCHjs).

BC{'H} NMR (101 MHz, D50, 4°C, 370R11-2017): §/ppm = 87.6 (C1), 73.9 (C3), 71.3 (C2),
69.6 (C4), 67.3 (C5), 51.2 (C,), 29.4 (CH3).

BBC{'H} NMR (101 MHz, DMSO-dg, 37T0OR2-2017): 6/ppm — 87.1 (C1), 73.1 (C3), 71.1 (C2),
68.0 (C4), 65.2 (C5), 49.5 (C,), 30.3 (3xCHjy)).

N-(tert-Butyl)-f-D-arabinopyranosylamine — D,O: 0% (4 °C) — DMSO-dg 27 %
BBC{'H} NMR (101 MHz, DMSO-dg, 37T0OR2-2017): 6/ppm — 81.2 (C1), 71.3 (C3), 70.8 (C2),
64.6 (C4), 63.6 (C5), 49.3 (Cy)), 30.6 (3xCHj).

N-(tert-Butyl)-a-D-arabinofuranosylamine — Dy0: 0% (4°C) — DMSO-dg: 22 %
I3C{'H} NMR (101 MHz, DMSO-dg, 37T0R2-2017): 6/ppm = 91.4 (C1), 82.3 (C4), 81.6 (C2),
76.3 (C3), 62.1 (C5), 49.4 (C,), 30.2 (3xCHj).

N-(tert-Butyl)-B-D-arabinofuranosylamine — D,O: 0% (4°C) - DMSO-dg: 21 %

BC{'H} NMR (101 MHz, DMSO-dg, 37T0OR2-2017): 6/ppm — 86.3 (C1), 83.4 (C4), 77.0 (C2),
76.4 (C3), 62.3 (C5), 49.5 (C,), 30.5 (3xCHj).

111



5. Experimental Section

5.5.1.2. Preparation of N-Alkyllyxosylamines
N-Methyl-p-lyxosylamin (p-Lyx1NMe)

D-Lyxose (1.00g, 6.66 mmol, 1.00eq.) was dried and subsequently stirred with a solution of
methylamine in ethanol (33 %, 12.0 mL, 89.2 mmol, 13.4 eq.) for 16 h at room temperature. The
resulting solution was evaporated in vacuo until it reached dryness. The product was obtained
as a colorless powder in a yield of 1.06 g (6.47 mmol, 97.2% of theory).

EA: caled.: C 44.17%, H 8.03%, N 8.58%
found: C 44.05%, H 8.16 %, N 8.65%

MS (FAB+): caled.: 164.2 (|[M+H]|*")
found: 164.2

N-Methyl-B-D-lyxopyranosylamine — D5O: 69 % — DMSO-dg: 56 %

'H NMR (400 MHz, D20, 190R15-2016): §/ppm = 4.07 (d, 1H, H1, 3.J; »=1.2Hz), 3.90 (dd,
1H, H5a, 3Jy5,=5.5Hz, 2J5q 5p——11.3Hz), 3.84 (dd, 1H, H2, 3.J, 3—3.3Hz), 3.77 (dd, 1H, H4),
3.55 (dd, 1H, H3, 3.J54—9.6 Hz), 3.18 (dd, 1H, H5b, 3.J4 5,—10.4 Hz), 2.41 (s, 3H, CHj).
3C{'H} NMR (101 MHz, D50, 190R16-2016): §/ppm = 89.7 (C1), 74.4 (C3), 71.4 (C2), 67.2
(C4), 67.0 (C5), 31.6 (CH3).

BC{'H} NMR (101 MHz, DMSO-dg, 190R8-2016): &§/ppm = 89.4 (C1), 74.5 (C3), 70.9 (C2),
67.0 (C4), 66.1 (C5), 31.8 (CH3).

N-Methyl-o-D-lyxopyranosylamine — D5O: 31 % — DMSO-dg: 44 % :

'H NMR (400 MHz, D20, 190R15-2016): 6/ppm = 4.19 (d, 1H, H1, 3J; »=6.8 Hz), 3.92-3.88
(sp, 1H, H3), 3.84-3.76 (sp, 2H, H4/H5a), 3.69 (dd, 1H, H2, 3J53=3.3 Hz), 3.60 (dd, 1H, H5b,
3Jy50—4.7THz, % J5q 5o——13.3Hz), 2.39 (s, 3H, CH3).

BC{'H} NMR (101 MHz, D20, 190R16-2016): §/ppm — 89.1 (C1), 71.1 (C3), 69.3 (C2), 69.2
(C4), 64.7 (C5), 31.2 (CH3).

BC{'H} NMR (101 MHz, DMSO-dg, 190R8-2016): &§/ppm = 88.9 (C1), 70.6 (C3), 69.0 (C2),
68.9 (C4), 64.3 (C5), 31.8 (CH3).

N-Ethyl-p-lyxosylamin (p-Lyx1NEt)

OH_ OH OH /
_ 0
HO MeOH HO ~

oH RT, 16 h
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D-Lyxose (1.00g, 6.66 mmol, 1.00eq.) was dried and subsequently stirred with a solution of
ethylamine in methanol (2 M, 13.6 mL, 40.0 mmol, 6.00 eq.) for 16 h at room temperature. After
subsequent storage at 4°C for 48 h a precipitate formed, which was filtered off, washed with
cold methanol (2 x 10 mL) and dried in vacuo. The product was obtained as a slightly yellowish
powder in a yield of 278 mg (1.57 mmol, 23.6 % of theory).

EA: caled.: C 47.45%, H 8.53%, N 7.90%
found: C 47.42%, H 8.56 %, N 7.88 %

MS (FAB+): caled.: 178.2 ([M+H]™)
found: 178.2

N-Ethyl-B-D-lyxopyranosylamine — D5O: 74 % — DMSO-dg: 57 %

'H NMR (400 MHz, DO, 190R19-2016): &§/ppm = 4.17 (d, 1H, HI1, 3.J; »=1.1Hz), 3.89 (dd,
1H, Hba, 3Jy 5,=5.5 Hz, 2 Js5q 5p=—11.3 Hz), 3.84 (dd, 1H, H2, 3J53=3.4Hz), 3.78 (dd, 1H, H4),
3.56 (dd, 1H, H3, 3J5,4,=9.6 Hz), 3.18 (dd, 1H, H5b, 3.Jy 5,—10.4 Hz), 2.92-2.82 (sp, 1H, CHy),
2.69-2.61 (sp, 1H, CHy), 1.06 (t, 3H, CH3).

BBC{'H} NMR (101 MHz, D20, 200R2-2016): §/ppm — 87.8 (C1), 74.4 (C3), 71.6 (C2), 67.2
(C4), 67.0 (C5), 39.5 (CHy), 14.2 (CH3).

13C{'H} NMR (101 MHz, DMSO-dg, 190R11-2016): §/ppm — 87.7 (C1), 74.5 (C3), 70.9 (C2),
66.9 (C4), 66.3 (C5), 39.0 (CHs), 15.4 (CH3).

N-Ethyl-a-D-lyxopyranosylamine — DyO: 26 % — DMSO-dg: 43 %

'H NMR (400 MHz, D,0O, 190R19-2016): &/ppm = 4.29 (d, 1H, H1, 3J; »=6.8 Hz), 3.90-3.85
(sp, 1H, H3), 3.82-3.76 (sp, 2H, H4/H5a), 3.69 (dd, 1H, H2, 3J53=3.3Hz), 3.62-3.58 (dd, 1H,
H5b) 2.92-2.82 (sp, 1H, CHy), 2.69-2.61 (sp, 1H, CHy), 1.07 (t, 3H, CH3).

BBC{'H} NMR (101 MHz, D50, 200R2-2016): §/ppm — 87.6 (C1), 71.1 (C3), 69.4 (C2), 69.2
(C4), 64.6 (C5), 39.6 (CHy), 14.3 (CH3).

13C{'H} NMR (101 MHz, DMSO-dg, 190R11-2016): §/ppm — 87.5 (C1), 70.7 (C3), 69.1 (C2),
69.0 (C4), 64.4 (C5), 39.4 (CHy), 15.4 (CH3).

N-Propyl-b-lyxosylamin (p-Lyx1NPr)

D-Lyxose (1.00 g, 6.66 mmol, 1.00eq.) was dried and subsequently solved in 6 mL dry methanol.
Propylamine (4.80 mL, 3.46 g, 58.5 mmol, 8.78eq.) was added and the reaction mixture stirred
for 48 h at room temperature. Half of the solvent was evaporated and the formed precipitate
was filtered off, washed with cold methanol (2 x 10mL) and dried in vacuo. The product was

113



5. Experimental Section

obtained as a slightly rose powder in a yield of 1.17g (6.12mmol, 91.9 % of theory).

EA: caled.: C 50.25%, H 8.96 %, N 7.32%
found: C 50.25%, H 9.04%, N 7.27%

MS (FAB+): caled.: 192.2 (|[M+H]|*")
found: 192.4

N-Propyl-B-D-lyxopyranosylamine — DyO: 73 % — DMSO-dg: 59 %

'H NMR (400 MHz, D50, 220R4-2016): §/ppm = 4.17 (d, 1H, H1, 3J;2=1.1Hz), 3.90 (dd,
1H, H5a, 3J45,=5.6 Hz, 2J5, 5p——11.3Hz), 3.86 (dd, 1H, H2, 3.J, 3—3.4Hz), 3.78 (dd, 1H, H4),
3.56 (dd, 1H, H3, 3J5,4=9.6 Hz), 3.18 (dd, 1H, H5b, 3.J4 5,—10.4 Hz), 2.83-2.71 (sp, 1H, CHy),
2.83-2.71 (sp, 2H, CHy), 1.55-1.41 (sp, 1H, CHy), 0.89 (t, 3H, CH3).

I3C{'H} NMR (101 MHz, D50, 220R5-2016): §/ppm = 88.2 (C1), 74.5 (C3), 71.6 (C2), 67.2
(C4), 67.0 (C5), 47.1 (NH-CHy), 22.7 (CHy), 11.6 (CH3).

I3C{'H} NMR (101 MHz, DMSO-dg, 190R11-2016): §/ppm = 88.1 (C1), 74.5 (C3), 70.9 (C2),
66.9 (C4), 66.2 (C5), 46.8 (NH-CHy), 23.1 (CHy), 11.8 (CH3).

N-Propyl-a-D-lyxopyranosylamine — D,0: 27 % — DMSO-dg: 31 %

'H NMR (400 MHz, D20, 220R4-2016): §/ppm = 4.28 (d, 1H, H1, 3.J; 5=6.9Hz), 3.90-3.85
(sp, 1H, H3), 3.82-3.76 (sp, 2H, H4/H5a), 3.70 (dd, 1H, H2, 3.J23=3.1 Hz), 3.62 (dd, 1H, H5b)
2.92-2.82 (sp, 1H, CHy), 2.83-2.71 (sp, 1H, CHy), 2.83-2.71 (sp, 2H, CHy), 1.55-1.41 (sp, 1H,
CHs), 0.89 (t, 3H, CHj3).

3C{'H} NMR (101 MHz, D50, 220R5-2016): §/ppm = 87.9 (C1), 71.2 (C3), 69.4 (C2), 69.2
(C4), 64.7 (C5), 47.3 (NH-CHy), 22.7 (CHy), 11.6 (CH3).

I3C{'H} NMR (101 MHz, DMSO-dg, 190R11-2016): §/ppm = 87.7 (C1), 70.7 (C3), 69.11 (C2),
69.06 (C4), 64.4 (C5), 47.2 (NH-CH,), 23.1 (CHy), 11.8 (CH3).

N-(iso-Propyl)-p-lyxosylamin (p-Lyx1NiPr)

oH_ OH OH >/
_ . _0
HO iPrNH, HO%H . -5 NH
HO MeOH HO N OH
oH RT, 14 h Y
OH

D-Lyxose (800 mg, 5.33 mmol, 1.00 eq.) was dried and subsequently solved in 10 mL dry methanol.
iso-Propylamine (1.37mL, 945 mg, 16.0 mmol, 3.00eq.) was added and the reaction mixture
stirred for 14h at room temperature. Upon evaporation of the solvent a precipitate formed,
which was filtered off, washed with cold methanol (2 x 5mL) and dried in vacuo. The product
was obtained as a slightly yellow powder in a yield of 734 mg (3.89 mmol, 72.9 % of theory).

EA: caled.: 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+): caled.: 192.2 (|[M+H]|*")
found: 192.4

N-(iso-Propyl)-p-D-lyxopyranosylamine — D,O: 77 % — DMSO-dg: 62 %

'H NMR (400 MHz, DO, 190R22-2016): §/ppm = 4.26 (d, 1H, H1, 3.J; »=1.1Hz), 3.87 (dd,
1H, Hba, 3Jy 5,=5.6 Hz, 2 Js5q 5p=—11.2 Hz), 3.82 (dd, 1H, H2, 3J53=3.4Hz), 3.77 (dd, 1H, H4),
3.56 (dd, 1H, H3, 3J34=9.6 Hz), 3.17 (dd, 1H, H5b, 3J, 5,=11.3Hz), 3.18-3.05 (sp, 1H, CH),
1.07-1.00 (sp, 6H, 2xCHjg).

I3C{'H} NMR (101 MHz, D50, 190R23-2016): §/ppm = 85.4 (C1), 74.5 (C3), 71.8 (C2), 67.2
(C4), 67.1 (C5), 43.8 (CH), 23.3 (CH3), 20.3 (CHj3).

BBC{'H} NMR (101 MHz, DMSO-dg, 280R2-2015): 6/ppm — 85.3 (C1), 74.6 (C3), 70.9 (C2),
66.9 (C4), 66.4 (C5), 42.7 (CH), 24.4 (CH3), 21.7 (CH3).

N-(iso-Propyl)-o-D-lyxopyranosylamine — D,O: 23 % — DMSO-dg: 38 %

'H NMR (400 MHz, D20, 190R22-2016): 6/ppm = 4.36 (d, 1H, H1, 3J; 2=6.9 Hz), 3.90-3.85
(sp, 1H, H3), 3.82-3.76 (sp, 2H, H4/H5a), 3.70 (dd, 1H, H2, 3.J53=3.1Hz), 3.62 (dd, 1H, H5b)
2.92-2.82 (sp, 1H, CHy), 2.83-2.71 (sp, 1H, CHy), 3.18-3.05 (sp, 1H, CH), 1.07-1.00 (sp, 6H,
2XCH3).

I3C{'H} NMR (101 MHz, D50, 190R23-2016): &/ppm = 85.7 (C1), 71.1 (C3), 69.7 (C2), 69.4
(C4), 64.7 (C5), 45.0 (CH), 23.3 (CH3), 21.1 (CHj3).

13C{'H} NMR (101 MHz, DMSO-dg, 280R2-2015): ¢ /ppm = 85.5 (C1), 70.9 (C3), 69.24 (C2),
69.17 (C4), 64.4 (C5), 44.3 (CH), 24.4 (CH3), 22.4 (CH3).

N-(tert-Butyl)-p-lyxosylamin (p-Lyx1NtBu)

o _ OH OH >L
_ e,
HO tBUNH, HO%H . -5 NH
oH RT, 16 h K
OH

D-Lyxose (1.00 g, 6.66 mmol, 1.00eq.) was dried and subsequently solved in 2mL dry methanol.
tert-Butylamine (1.50 mL, 1.05 g, 14.4 mmol, 2.16 eq.) was added and the reaction mixture stirred
for 16 h at room temperature. The resulting yellow solution was evaporated until it reached dry-
ness and the obtained beige powder further dried in vacuo. The compound showed immediate
signs of hydrolysis, when exposed to air and no yield was determined.

EA: caled.: C 52.67%, H 9.33%, N 6.28%
found: C 54.09 %, H 10.00 %, N 8.28%

N-(tert-Butyl)-B-D-lyxopyranosylamine — DyO: 76 % — DMSO-dg: 46 %

'H NMR (400 MHz, D20, 4°C, 170R13-2019): §/ppm = 4.31 (d, 1H, H1, 3.J; »=1.1 Hz).
I3C{'H} NMR (101 MHz, D50, 4°C, 170R14-2019): §/ppm = 85.3 (C1), 74.7 (C3), 71.1 (C2),
67.2 (C4), 66.6 (C5), 51.1 (C,), 29.8 (3xCHjg).
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BC{'H} NMR (101 MHz, DMSO-dg, 320R8-2015): &/ppm — 84.7 (C1), 74.6 (C3), 70.8 (C2),
66.9 (C4), 65.8 (C5), 49.6 (C,), 30.7 (3xCHs).

N-(tert-Butyl)-a-D-lyxopyranosylamine — DyO: 24 % — DMSO-dg: 54 % :

'H NMR (400 MHz, D20, 4°C, 170R13-2019): §/ppm = 4.39 (d, 1H, H1, 3.J; »=7.6 Hz).
I3C{'H} NMR (101 MHz, D50, 4°C, 170R14-2019): §/ppm = 84.3 (C1), 71.1 (C3), 69.8 (C2),
69.4 (C4), 64.7 (C5), 51.2 (C,), 29.5 (3xCHjg).

BC{'H} NMR (101 MHz, DMSO-dg, 320R8-2015): 6/ppm — 83.6 (C1), 70.8 (C3), 69.3 (C2),
69.3 (C4), 64.3 (C5), 49.3 (C,), 30.3 (3xCHj).

5.5.1.3. Preparation of N-Alkylribosylamines
N-Methyl-p-ribosylamin (p-Rib1NMe)

0 0 Nﬁ
HO MeNH, _  Ho H o, o
EtOH N
OH OH RT, 16 h OH HO

OH OH

D-Ribose (1.00g, 6.66 mmol, 1.00eq.) was dried and subsequently stirred with a solution of
methylamine in ethanol (33 %, 3.0 mL, 22.3 mmol, 3.35 eq.) for 16 h at room temperature. The
resulting solution was evaporated until it reached dryness. The brownish syrup-like residue was
frozen, crushed and further dried in vacuo several times to remove remnants of solvent and
amine. Due to the significant hydrolysis sensitivity of the product no yield was determined.

N-Methyl-B-D-ribopyranosylamine — D,O: 43 % (4°C) — DMSO-dg: 44 %

'H NMR (400 MHz, D0, 4°C, 260R10-2019): §/ppm = 4.08 (d, 1H, H1, 3.J; »=8.5 Hz), 4.07
(t, 1H, H3, 3.J23=2.8 Hz, 3.J3,4=2.8 Hz), 3.87 (dd, 1H, H4, 3Jy 5c,=4.9 Hz, Jy5.,—11.1Hz), 3.73
(ddd, 1H, H5eq), 3.64 (dd, 1H, Hbax, 2J544 504=—11.1 Hz), 3.38 (dd, 1H, H2), 2.37 (s, 3H, CH3).
13C{'H} NMR (101 MHz, D50, 4°C, 260R11-2019): §/ppm — 88.4 (C1), 72.2 (C2), 70.6 (C3),
67.6 (C4), 63.9 (C5), 31.4 (CHg).

BC{'H} NMR (101 MHz, DMSO-dg, 260R2-2019): 6/ppm — 88.4 (C1), 71.4 (C2), 70.6 (C3),
67.7 (C4), 63.7 (C5), 31.9 (CH3).

~ o~

N-Methyl-a-D-ribopyranosylamine — D5O: 41 % (4°C) — DMSO-dg: 32 %

'H NMR (400 MHz, D20, 4 °C, 260R10-2019): §/ppm = 4.00 (d, H1, 3.J; »=1.1 Hz), 2.41 (s, 3H,
CH3)

3C{'H} NMR (101 MHz, D50, 4°C, 260R11-2019): §/ppm — 89.4 (C1), 71.2 (C2), 69.3 (C3),
69.2 (C4), 63.5 (C5), 31.6 (CHg).

BC{'H} NMR (101 MHz, DMSO-dg, 260R2-2019): 6/ppm — 88.8 (C1), 70.1 (C2), 69.6 (C3),
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68.6 (C4), 63.7 (C5), 32.0 (CH;).

N-Methyl-B-D-ribofuranosylamine — D;0: 9% (4°C) — DMSO-dg: 17%

'H NMR (400 MHz, D20, 4 °C, 260R10-2019): §/ppm = 4.44 (d, H1, 3.J; »=4.8 Hz), 2.31 (s, 3H,
CHjs).

I3C{'H} NMR (101 MHz, D50, 4°C, 260R11-2019): §/ppm = 95.5 (C1), 82.9 (C4), 74.5 (C3),
71.2 (C2), 62.4 (C5), 31.7 (CH3).

BBC{'H} NMR (101 MHz, DMSO-dg, 260R2-2019): 6/ppm — 95.7 (C1), 82.7 (C4), 73.7 (C3),
70.8 (C2), 62.5 (C5), 31.7 (CH3).

N-Methyl-a-D-ribofuranosylamine — D,O: 7% (4°C) — DMSO-dg: 7%

'H NMR (400 MHz, D30, 4°C, 260R11-2019): &/ppm — 4.67 (d, H1, 3.J; 5—3.3 Hz), 2.40 (s, 3H,
CH3)

BC{IH} NMR
71.8 (C3), 61.8
BC{IH} NMR
71.1 (C3), 61.8

101 MHz, D50, 4°C, 410R2-2017): §/ppm = 92.5 (C1), 81.0 (C4), 72.1 (C2),
C5), 31.8 (CHs).
101 MHz, DMSO-dg, 260R2-2019): §/ppm = 91.6 (C1), 81.3 (C4), 71.4 (C2),
C5), 31.7 (CHs).

Y~ A~ N/~

N-Ethyl-p-ribosylamin (p-Rib1NEt)

O fe) >
HO _BNH, | Ho H 0 NH
MeOH Nt
OH “OH RT.4h OH HO

OH OH

D-Ribose (1.00g, 6.66 mmol, 1.00eq.) was dried and subsequently stirred with a solution of
ethylamine in methanol (2M, 7.00 mL, 14.0 mmol, 2.10 eq.) for 4h at room temperature. The
resulting yellow reaction solution was concentrated by evaporation until the product was ob-
tained as a syrup-like liquid. The brownish residue was frozen, crushed and further dried in
vacuo several times to remove remnants of solvent and amine. Due to the significant hydrolysis
sensitivity of the product no yield was determined.

N-Ethyl-B-p-ribopyranosylamine — Dy0: 62 % (4°C) — DMSO-dg: 42%

'H NMR (400 MHz, D50, 4°C, 260R13-2019): §/ppm = 4.17 (d, 1H, H1, 3.J; »=8.4 Hz), 4.07
(t, 1H, H3, 3.J23=3.0 Hz, 3.J34=3.0Hz), 3.87 (dd, 1H, H4, 3J4 5.,=4.9 Hz, Jy5.,—11.1Hz), 3.73
(ddd, 1H, Hbeq), 3.66 (dd, 1H, H5ax, 2J50, 5¢q=—11.5Hz), 3.38 (dd, 1H, H2), 2.82 (dq, 1H,
CH,), 2.60 (dq, 1H, CHy), 1.05 (t, 2H, CH3).

13C{TH} NMR (101 MHz, D50, 4°C, 260R14-2019): §/ppm — 86.9 (C1), 72.5 (C2), 70.8 (C3),
67.6 (C4), 63.9 (C5), 40.0 (CHy), 14.4 (CH3).
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3C{'H} NMR (101 MHz, DMSO-dg, 260R05-2019): §/ppm — 87.0 (C1), 71.5 (C2), 70.8 (C3),
67.7 (C4), 63.7 (C5), 39.8 (CHy), 15.5 (CH3).

N-Ethyl-a-D-ribopyranosylamine — D5O: 25 % (4°C) — DMSO-dg: 35%

'H NMR (400 MHz, D20, 4°C, 260R13-2019): §/ppm = 4.10 (d, H1, 3J; »=1.0 Hz).

I3C{'H} NMR (101 MHz, D50, 4°C, 260R14-2019): §/ppm = 87.6 (C1), 70.9 (C2), 69.4 (C3),
69.2 (C4), 63.5 (C5), 39.5 (CHy), 14.5 (CH3).

13C{'H} NMR (101 MHz, DMSO-dg, 260R05-2019): §/ppm — 87.1 (C1), 70.0 (C2), 69.6 (C3),
68.6 (C4), 63.7 (C5), 38.9 (CH»), 15.4 (CH3).

N-Ethyl-B-D-ribofuranosylamine — DyO: 8 % (4°C) — DMSO-dg: 16 %

'H NMR (400 MHz, D20, 4°C, 260R13-2019): §/ppm = 4.52 (d, H1, 3J; 2=4.6 Hz).

I3C{'H} NMR (101 MHz, D50, 4°C, 260R14-2019): §/ppm = 94.1 (C1), 82.9 (C4), 74.9 (C3),
71.2 (C2), 62.4 (C5), 40.3 (CH3), 14.5 (CHs).

I3C{'H} NMR (101 MHz, DMSO-dg, 260R05-2019): §/ppm = 94.3 (C1), 82.7 (C4), 74.1 (C3),
70.7 (C2), 62.4 (C5), 39.4 (CH3), 15.6 (CHj).

N-Ethyl-a-D-ribofuranosylamine — DyO: 4% (4°C) - DMSO-dg: 7%

'H NMR (400 MHz, D20, 4°C, 260R13-2019): §/ppm = 4.77 (d, H1, 3J; 2=3.2 Hz).

13C{'H} NMR (101 MHz, D50, 4°C, 410R14-2017): §/ppm — 90.8 (C1), 80.9 (C4), 72.1 (C2),
72.0 (C3), 61.8 (C5), 40.1 (CH3), 14.2 (CH3).

13C{'H} NMR (101 MHz, DMSO-dg, 260R05-2019): §/ppm — 90.0 (C1), 81.2 (C4), 71.45 (C2),
71.1 (C3), 61.8 (C5), 40.2 (CH3), 15.4 (CHj).

N-Propyl-b-ribosylamin (p-Rib1NPr)

k—?“w

D-Ribose (1.00g, 6.66 mmol, 1.00eq.) 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-
action mixture was stirred for 4h at room temperature. The resulting yellowish solution was
concentrated by evaporation until an orange syrup-like liquid was obtained. The residue was
frozen, crushed and further dried in vacuo to remove all remains of the solvent and amine. Due
to the immense hydrolysis sensitivity of the viscous product no yield was determined.
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N-Propyl-B-D-ribopyranosylamine — Dy0: 44 % (4°C) — DMSO-dg: 40 %

'H NMR (400 MHz, D50, 4°C, 380R16-2019): &§/ppm = 4.16 (d, 1H, H1, 3.J; »=8.5 Hz, 4.07
(t, 1H, H3, 3J34=3.0Hz), 3.87 (dd, 1H, H4, 3Js5.,,=4.8 Hz, Jy50,=11.1Hz), 3.73 (m, 1H,
H5eq), 3.66 (dd, 1H, H5ax, 2J544 5¢g=—11.5Hz), 3.38 (dd, 1H, H2, 3J5 3=3.0Hz), 2.81 (m, 1H,
NH-CH,), 2.72 (m, 1H, NH-CHy,), 1.47 (sp, 2H, CHy), 0.85 (t, 3H, CH3).

I3C{'H} NMR (101 MHz, D50, 4°C, 380R17-2019): §/ppm = 87.2 (C1), 72.4 (C2), 70.7 (C3),
67.6 (C4), 63.8 (C5), 47.6 (NH-CH,), 22.8 (CHy), 11.7 (CH3).

13C{'H} NMR (101 MHz, DMSO-dg, 370R11-2019): §/ppm — 87.4 (C1), 71.4 (C2), 70.8 (C3),
67.7 (C4), 63.8 (C5), 47.4 (NH-CHy), 23.2 (CHy), 11.8 (CH3).

N-Propyl-a-D-ribopyranosylamine — D5O: 44 % (4°C) — DMSO-dg: 35 %

'H NMR (400 MHz, D20, 4°C, 380R16-2019): §/ppm = 4.08 (d, H1, 3J; 2=0.9 Hz).

BC{'H} NMR (101 MHz, D50, 4°C, 380R17-2019): §/ppm = 87.9 (C1), 71.0 (C2), 69.4 (C3),
69.2 (C4), 63.5 (C5), 47.1 (NH-CH,), 22.9 (CHy), 11.7 (CHj3).

BC{'H} NMR (101 MHz, DMSO-dg, 370R11-2019): §/ppm = 87.4 (C1), 70.1 (C2), 69.7 (C3),
68.6 (C4), 63.7 (C5), 46.7 (NH-CH,), 23.1 (CHy), 11.7 (CH3).

N-Propyl-B-D-ribofuranosylamine — D;0: 8 % (4°C) — DMSO-dg: 15%

'H NMR (400 MHz, D20, 4°C, 380R16-2019): §/ppm = 4.51 (d, H1, 3J; 2=4.6 Hz).

13C{'H} NMR (101 MHz, D50, 4°C, 380R17-2019): §/ppm — 94.5 (C1), 82.8 (C4), 74.8 (C3),
71.2 (C2), 62.3 (C5), 47.8 (NH-CHy), 22.9 (CHy), 11.7 (CH3).

13C{'H} NMR (101 MHz, DMSO-dg, 370R11-2019): §/ppm — 94.6 (C1), 82.7 (C4), 74.1 (C3),
70.7 (C2), 62.4 (C5), 47.6 (NH-CH,), 23.2 (CHy), 11.8 (CH3).

N-Propyl-a-D-ribofuranosylamine — D,O: 4% (4°C) — DMSO-dg: 10%

'H NMR (400 MHz, D20, 4°C, 380R16-2019): §/ppm = 4.76 (d, H1, 3.J; »=3.2 Hz).

I3C{'H} NMR (101 MHz, D50, 4°C, 380R17-2017): §/ppm = 91.1 (C1), 80.9 (C4), 72.1 (C2),
72.0 (C3), 61.8 (C5), 47.6 (NH-CHy), 22.9 (CHy), 11.6 (CH3).

13C{'H} NMR (101 MHz, DMSO-dg, 370R11-2019): §/ppm — 90.3 (C1), 81.3 (C4), 71.5 (C2),
71.1 (C3), 61.9 (C5), 47.2 (NH-CHy), 23.3 (CHy), 11.8 (CH3).

N-(iso-Propyl)-p-ribosylamin (p-Rib1NiPr)

s
%—?v

D-Ribose (1.00g, 6.66 mmol, 1.00eq.) was dried and subsequently suspended in 5mL dry
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methanol. iso-Propylamine (1.50 mL, 1.03g, 17.5mmol, 2.62 eq.) was slowly added and the
reaction mixture was stirred for 4h at room temperature. The resulting solution was concen-
trated in vacuo to about one third of its previous volume, leading to precipitation of a white
solid. The precipitate was filtered off, washed with cold methanol (2 x 5mL) and dried in vacuo.
The product was obtained as an off-white powder in a yield of 877mg (4.59 mmol, 68.9% of
theory).

EA: caled.: C 50.25%, H 8.96 %, N 7.32%
found: C 49.98%, H 9.17%, N 7.28%

N-(iso-Propyl)-p-D-ribopyranosylamine — DyO: 50 % (4 °C) — DMSO-dg: 40 %

'H NMR (400 MHz, D0, 4°C, 260R16-2019): §/ppm = 4.26 (d, 1H, H1, 3.J; »=8.4Hz), 4.08
(t, 1H, H3, 3.J23=2.7Hz, 3.J3,4=2.7Hz), 3.87 (dd, 1H, H4, 3J4 5c,=4.9 Hz, Jy5.,—11.1Hz), 3.73
(ddd, 1H, H5eq), 3.64 (dd, 1H, Hbax, 2J54s 56g=—11.1Hz), 3.34 (dd, 1H, H2), 3.09 (m, 1H, CH),
1.00 (s, 6H, 2xCH3).

13C{'H} NMR (101 MHz, D50, 4°C, 260R17-2019): §/ppm — 85.1 (C1), 72.7 (C2), 71.0 (C3),
67.6 (C4), 63.7 (C5), 45.2 (CH), 23.8 (CH3), 20.5 (CH3).

I3C{'H} NMR (101 MHz, DMSO-dg, 340R02-2015): §/ppm = 85.0 (C1), 71.7 (C2), 71.1 (C3),
67.7 (C4), 63.6 (C5), 44.5 (CH), 24.4 (CH3), 22.4 (CH3).

N-(iso-Propyl)-a-D-ribopyranosylamine — D,0: 38 % (4°C) — DMSO-dg: 36 %

'H NMR (400 MHz, D20, 4°C, 260R16-2019): §/ppm = 4.21 (d, H1, 3J; »=1.2 Hz).

BC{'H} NMR (101 MHz, D50, 4°C, 260R17-2019): §/ppm — 85.0 (C1), 71.0 (C2), 69.4 (C3),
69.2 (C4), 63.5 (C5), 44.5 (CH), 23.5 (CH3), 20.4 (CH3).

13C{'H} NMR (101 MHz, DMSO-dg, 340R02-2015): §/ppm — 84.7 (C1), 71.0 (C2), 69.6 (C3),
68.7 (C4), 63.6 (C5), 42.8 (CH), 24.4 (CH3), 21.8 (CH3).

N-(iso-Propyl)-p-D-ribofuranosylamine — DyO: 8% (4°C) — DMSO-dg: 13%

'H NMR (400 MHz, D50, 4°C, 260R16-2019): §/ppm = 4.62 (d, H1, 3.J; »=4.7 Hz).

I3C{'H} NMR (101 MHz, D50, 4°C, 260R17-2019): §/ppm = 91.7 (C1), 82.9 (C4), 75.3 (C3),
71.2 (C2), 62.3 (C5), 43.6 (CH), 23.4 (CH3), 20.2 (CH3).

I3C{'H} NMR (101 MHz, DMSO-dg, 340R02-2015): §/ppm = 92.1 (C1), 82.7 (C4), 74.7 (C3),
70.6 (C2), 62.4 (C5), 44.7 (CH), 24.4 (CH3), 22.2 (CH3).

N-(iso-Propyl)-a-D-ribofuranosylamine — D5O: 4% (4°C) — DMSO-dg: 9%

'H NMR (400 MHz, D20, 4°C, 260R16-2019): §/ppm = 4.84 (d, H1, 3J; ,=3.7 Hz).

13C{'H} NMR (101 MHz, D50, 4°C, 410R17-2017): §/ppm — 88.1 (C1), 80.9 (C4), 72.2 (C2),
72.1 (C3), 61.8 (C5), 45.3 (CH), 23.3 (CH3), 21.2 (CH3).

I3C{'H} NMR (101 MHz, DMSO-dg, 340R02-2015): §/ppm = 87.7 (C1), 81.2 (C4), 71.7 (C2),
71.1 (C3), 61.9 (C5), 45.8 (CH), 24.6 (CH3), 22.1 (CH3).

N-(iso-Propyl)-D-ribosylamine (imine form) — D,0O: 0% (4°C) — DMSO-dg: 2%
'H NMR (400 MHz, D20, 4°C, 340R1-2015): §/ppm = 7.70 (d, H1, 3.J; 5=—4.1 Hz).
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13C{'H} NMR (101 MHz, DMSO-dg, 340R2-2015): 6 /ppm — 162.8 (C1), 74.4 (C3), 72.9 (C4),
72.0 (C3), 63.2 (C5), 59.6 (CH), 24.0 (CH3), 22.8 (CHj3).

N-(tert-Butyl)-p-ribosylamin (p-Rib1NtBu)
tBUNH2 NH
T meon
RTe4h K HO

D-Ribose (500mg, 3.33mmol, 1.00eq.) was dried and subsequently suspended in 2mL dry
methanol. tert-Butylamine (1.00 mL, 700 mg, 9.57 mmol, 2.87 eq.) was slowly added and the re-
action mixture was stirred for 4 h at room temperature. The resulting solution was concentrated
in vacuo until a white, foam-like residue formed. The residue was frozen, crushed and further
dried in vacuo to removewiederholung all remains of the solvent and amine. After repeating this
procedure three times the product was obtained as an off-white powder. Due to the significant
hydrolysis sensitivity of the product no yield was determined.

N-(tert-Butyl)-B-D-ribopyranosylamine — Dy0: 52% (4°C) — DMSO-dg: 42 %

'H NMR (400 MHz, D0, 4°C, 380R13-2019): §/ppm = 4.32 (d, 1H, H1, 3.J; »=8.6 Hz), 4.08
(dd, 1H, H3, 3.J5,4=2.7Hz), 3.90-3.52 (sp, H4/Hbax/Hbeq), 3.27 (dd, 1H, H2, 3J53=2.4Hz),
1.08 (9H, 3xCH3).

I3C{'H} NMR (101 MHz, D50, 4°C, 380R14-2019): §/ppm = 83.5 (C1), 73.7 (C2), 71.1 (C3),
67.6 (C4), 63.5 (C5), 51.1 (Cy), 30.3 (3xCHs).

BC{'H} NMR (101 MHz, DMSO-dg, 37TOR8-2019): 6/ppm — 83.1 (C1), 71.6 (C2), 71.1 (C3),
67.7 (C4), 63.5 (C5), 49.5 (Cy), 30.4 (3xCHs).

N-(tert-Butyl))-a-D-ribopyranosylamine — D,O: 39% (4 °C) — DMSO-dg: 23 %

'H NMR (400 MHz, D20, 4°C, 380R13-2019): §/ppm = 4.26 (d, H1, 3.J; »=0.9 Hz).

I3C{'H} NMR (101 MHz, D50, 4°C, 380R14-2019): §/ppm = 85.1 (C1), 72.4 (C2), 69.4 (C3),
69.3 (C4), 63.3 (C5), 50.9 (Cq), 29.6 (3xCHj3).

I3C{'H} NMR (101 MHz, DMSO-dg, 37T0R8-2019): 6/ppm = 83.7 (C1), 71.8 (C2), 69.9 (C3),
68.4 (C4), 63.5 (C5), 49.2 (Cq), 30.7 (3xCHjs).

N-(tert-Butyl))-B-D-ribofuranosylamine — D,O: 9% (4°C) — DMSO-dg: 19%

'H NMR (400 MHz, D20, 4°C, 380R13-2019): §/ppm = 4.69 (d, H1, 3J; »=5.0 Hz).

13C{'H} NMR (101 MHz, D50, 4°C, 380R14-2019): §/ppm — 90.6 (C1), 82.9 (C4), 76.1 (C3),
71.2 (C2), 62.4 (C5), 51.1 (Cq), 29.9 (3xCHj3).

BC{'H} NMR (101 MHz, DMSO-dg, 37T0R8-2019): §/ppm = 90.6 (C1), 82.7 (C4), 75.3 (C3),
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70.4 (C2), 62.4 (C5), 49.6 (Cq), 30.4 (3xCHj3).

N-(tert-Butyl)-a-D-ribofuranosylamine — Dy0: 0% (4°C) — DMSO-dg: 14%
I3C{'H} NMR (101 MHz, DMSO-dg, 37T0R8-2019): 6/ppm = 86.2 (C1), 81.4 (C4), 71.3 (C2),
71.0 (C3), 62.0 (C5), 49.3 (Cq), 30.6 (3xCHjs).

N-(tert-Butyl)-D-ribosylamine (imine form) — D,0: 0% (4°C) — DMSO-dg: 2%
'H NMR (400 MHz, D20, 4°C, 370OR7-2019): &/ppm = 7.69 (d, H1, 3.J; 5=3.5 Hz).
13C{'H} NMR (101 MHz, DMSO-dg, 370R8-2019): ¢/ppm — 159.7 (C1).

5.5.1.4. Preparation of N-Alkylxylosylamines
N-Methyl-p-xylosylamin (p-Xyl1NMe)

(0] (0]
HO EtOH HO ~

OH OH 0°C,5h OH

D-Xylose (1.97g, 13.1 mmol, 1.00eq.) was dried and subsequently stirred with a solution of
methylamine in ethanol (33%, 9.00mL, 72.3 mmol, 5.52 eq.) for 5h under ice cooling. The
reaction mixture was concentrated by evaporation of the solvent until a colorless precipitate
formed. The precipitate was filtered off, washed with cold methanol (2 x 10mL) and dried in
vacuo. The product was obtained as a slightly yellowish, moisture sensitive powder in a yield of
816 mg (5.00 mmol, 38.2% of theory).

EA: caled.: C 44.17%, H 8.03%, N 8.58%
found: C 43.44%, H 8.14 %, N 8.46 %

MS (FAB+): caled.: 164.1 (|[M+H]|*")
found: 164.1

N-Methyl-B-D-xylopyranosylamine — D,O: 87 % (RT), 94 % (4°C) — DMSO-dg: 72%

'H NMR (400 MHz, D20, 480R15-2016): §/ppm — 3.89 (dd, 1H, H5a, ?J5,5,——11.4 Hz), 3.85
(d, 1H, H1, 3.J; »=8.8 Hz), 3.57 (dd, 1H, H4, 3.J45,=5.4 Hz), 3.40 (¢, 1H, H3, 3J3 4=9.1 Hz), 3.26
(t, 1H, H5b, 3J4 5,—10.6 Hz), 3.13 (t, 1H, H2, 3.J53—9.0 Hz), 2.40 (s, 3H, CHj).

I3C{'H} NMR (101 MHz, D50, 4°C, 480R16-2016): §/ppm = 92.2 (C1), 77.4 (C3), 73.3 (C2),
70.0 (C4), 66.7 (C5), 31.5 (CH3).

BC{'H} NMR (101 MHz, DMSO-dg, 480R19-2016): J/ppm = 92.8 (C1), 77.4 (C3), 73.3 (C2),
70.0 (C4), 66.7 (C5), 32.0 (CH3).

N-Methyl-a-D-xylopyranosylamine — D;,O: 11 % (RT), 6% (4°C) — DMSO-dg: 23 %

'H NMR (400 MHz, D50, 480R15-2016): &/ppm = 4.37 (d, H1, 3J;,=3.7Hz), 2.37 (s, 3H,
CHg)

13C{'H} NMR (101 MHz, D50, 4°C, 480R16-2016): §/ppm — 87.8 (C1), 72.0 (C3), 71.1 (C2),
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69.6 (C4), 63.1 (C5), 31.4 (CHs).
13C{'H} NMR (101 MHz, DMSO-dg, 480R19-2016): §/ppm — 87.6 (C1), 71.6 (C3), 71.5 (C2),
69.5 (C4), 63.1 (C5), 32.3 (CHs).

N-Methyl-B-D-xylofuranosylamine — D,O: 2% (RT), 0% (4°C) - DMSO-dg: 3%

'H NMR (400 MHz, D0, 480R15-2016): &/ppm = 4.40 (d, H1, 3J; ,=3.0Hz), 2.38 (s, 3H,
CH3)
BC{'H} NMR
76.1 (C3), 61.2
BC{'H} NMR
75.6 (C3), 60.4

101 MHz, D50, 4°C, 480R16-2016): §/ppm = 96.7 (C1), 80.5 (C4), 80.2 (C2),
C5), 31.7 (CHj).
101 MHz, DMSO-dg, 480R19-2016): §/ppm — 97.5 (C1), 80.6 (C4), 80.5 (C2),
C5), 32.1 (CHs).

N-Methyl-a-D-xylofuranosylamine — D,O: 0% (RT), 0% (4°C) - DMSO-dg: 2%
3C{'H} NMR (101 MHz, DMSO-dg, 480R19-2016): &/ppm = 92.2 (C1), 79.0 (C4), 75.8
(C2/C3), 60.2 (C5), 32.8 (CH3).

N-Ethyl-p-xylosylamin (D-Xyl1NEt)

0 0
HO MeOH HO ~

OH OH RT, 16 h OH

D-Xylose (1.00g, 6.66 mmol, 1.00eq.) was dried and subsequently stirred with a solution of
ethylamine in methanol (2 M, 20.0 mL, 40.0 mmol, 6.01eq.) for 16 h at room temperature. The
reaction mixture was concentrated by evaporation of the solvent until a colorless precipitate
formed, which was filtered off, washed with cold methanol (2 x 10 mL) and dried in vacuo. The
product was obtained as a yellowish, moisture sensitive powder in a yield of 1.02 g (5.72 mmol,
86.0 % of theory).

EA: caled.: C 47.45%, H 8.53%, N 7.90%
found: C 46.82 %, H 8.50%, N 7.73%

MS (FAB+): caled.: 178.2 ([M+H]™)
found: 178.2

N-Ethyl-B-D-xylopyranosylamine — D,O: 87 % (RT), 97 % (4°C) — DMSO-dg: 84 %

'H NMR (400 MHz, D50, 4°C, 330R1-2017): §/ppm = 3.91 (d, 1H, H1, 3.J; ,=8.8 Hz), 3.84 (dd,
1H, Hba, 3J45,=5.5Hz, 2J505——11.4Hz), 3.53 (dd, 1H, H4), 3.36 (t, 1H, H3, 3.J5,—9.1 Hz),
3.23 (t, 1H, H5b, 3.J4 5,=11.0 Hz), 3.12 (t, 1H, H2, 3J53=8.9 Hz), 2.89-2.75 (m, 1H, CH,), 2.68-
2.54 (m, 1H, CHy), 1.03 (t, 3H, CH3).

I3C{'H} NMR (101 MHz, D50, 480R22-2016): &/ppm = 90.7 (C1), 77.5 (C3), 73.5 (C2), 70.1
(C4), 66.8 (C5), 39.9 (CHy), 14.6 (CH3).

I3C{'H} NMR (101 MHz, DMSO-dg, 480R25-2016): §/ppm = 91.2 (C1), 77.2 (C3), 73.3 (C2),
69.9 (C4), 66.5 (C5), 39.4 (CHs), 15.3 (CHg).

123



5. Experimental Section

N-Ethyl-a-D-xylopyranosylamine— D,0: 11 % (RT), 3% (4°C) — DMSO-dg: 12%

'H NMR (400 MHz, D20, 4°C, 330R1-2017): &/ppm = 4.45 (d, H1, 3.J; 5=3.5 Hz).

I3C{'H} NMR (101 MHz, D50, 480R22-2016): &/ppm = 85.9 (C1), 71.6 (C3), 71.1 (C2), 69.4
(C4), 63.1 (C5), 39.8 (CHy), 14.3 (CH3).

BC{'H} NMR (101 MHz, DMSO-dg, 480R25-2016): &/ppm = 85.6 (C1), 71.3 (C2/C3), 69.3
(C4), 63.1 (C5), 39.9 (CHy), 15.3 (CH3).

N-Ethyl-B-D-xylofuranosylamine — D;O: 2% (RT), 0% (4°C) — DMSO-dg: <2%

'H NMR (400 MHz, D50, 480R21-2016): &/ppm = 4.46 (d, H1, 3.J; 5—2.9 Hz).

3C{'H} NMR (101 MHz, D50, 480R22-2016): &/ppm — 95.2 (C1), 80.7 (C4), 80.6 (C2), 76.1
(C3), 61.1 (C5), 40.1 (CHy), 14.4 (CH3).

13C{'H} NMR (101 MHz, DMSO-dg, 480R25-2016): §/ppm — 95.7 (C1), 80.6 (C4), 80.4 (C2),
75.7 (C3), 60.3 (C5), 15.5 (CH3).

N-Ethyl-a-D-xylofuranosylamine — D,O: 0% (RT), 0% (4°C) — DMSO-dg: <2%
1BC{1H} NMR (101 MHz, DMSO-dg, 480R25-2016): &/ppm — 90.3 (C1), 78.9 (C4), 75.4
(C2/C3), 60.1 (C5), 15.2 (CH).

N-Propyl-p-xylosylamin (p-Xyl1NPr)

o) o)
HO MeOH HO N

OH OH RT, 16 h OH

D-Xylose (1.00 g, 6.66 mmol, 1.00 eq.) was dried and subsequently solved in 20.0 mL dry methanol.
Propylamine (4.00 mL, 2.88 g, 48.7mmol, 7.32eq.) was added and the reaction mixture stirred
for 16 h at room temperature. The resulting solution was evaporated until it reached dryness and
the obtained colorless solid further dried in vacuo. Due to the high hygroscopy of the compound
no yield was determined.

EA: caled.: C 50.25%, H 8.96%, N 7.32%
found: C 50.18 %, H 8.96 %, N 7.59%

MS (FAB+): caled.: 192.2 (|[M+H]|*")
found: 192.2

N-Propyl-B-D-xylopyranosylamine — D,O: 90 % (RT), 98 % (4°C) — DMSO-dg: 85%

'H NMR (400 MHz, DO, 110R27-2016): §/ppm = 3.93 (d, 1H, HI, 3.J; »=8.8 Hz), 3.87 (dd,
1H, H5a, 3Jy5,=5.5Hz, 2J5,55=—11.4Hz), 3.56 (dd, 1H, H4), 3.39 (t, 1H, H3, 3J54=9.1Hz),
3.25 (dd, 1H, H5b, 3.J4 5,=11.0 Hz), 3.17 (t, 1H, H2, 3.J53=8.9 Hz), 2.65-2.51 (sp, 2H, NH-CH,)
1.63-1.30 (sp, 2H, CHy), 0.87 (t, 3H, CH3)).

I3C{'H} NMR (101 MHz, D50, 110R28-2016): §/ppm = 91.1 (C1), 77.4 (C3), 73.5 (C2), 70.1
(C4), 66.8 (C5), 47.5 (NH-CHy), 22.9 (CHy), 11.6 (CH3).

13C{'H} NMR (101 MHz, DMSO-dg, 110R31-2016): §/ppm — 91.6 (C1), 77.3 (C3), 73.4 (C2),
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70.0 (C4), 66.6 (C5), 47.5 (NH-CH,), 23.1 (CHy), 11.8 (CHs).

N-Propyl-a-D-xylopyranosylamine — D5O: 10 % (RT), 2% (4°C) — DMSO-dg: 15%

'H NMR (400 MHz, D20, 110R27-2016): &/ppm = 4.46 (d, H1, 3.J; 5=3.4 Hz).

I3C{'H} NMR (101 MHz, D50, 110R28-2016): §/ppm = 86.2 (C1), 71.7 (C3), 71.2 (C2), 69.5
(C4), 63.6 (C5), 47.4 (NH-CHy), 22.6 (CHy), 11.7 (CH3).

I3C{'H} NMR (101 MHz, DMSO-dg, 110R31-2016): §/ppm = 86.1 (C1), 71.4 (C3), 71.4 (C2),
69.4 (C4), 63.1 (C5), 47.8 (NH-CHy), 23.0 (CHy), 11.8 (CH3).

N-(iso-Propyl)-p-xylosylamin (p-Xyl1NiPr)

o) , o)
HO iPrNH, Homn
HO MeOH HO
OH

OH OH 0°C,5h

D-Xylose (1.00 g, 6.66 mmol, 1.00 eq.) was dried and subsequently solved in 4.0 mL dry methanol.
iso-Propylamine (4.00mL, 2.75g, 46.6 mmol, 6.99eq.) was added and the reaction mixture
stirred for 5h under ice cooling. The resulting solution was evaporated until it reached dryness.
Upon further drying in vacuo a highly viscous sirup, which showed significant signs of hydrolysis,
was obtained in a yield of 753 mg (5.73 mmol, 57.7 % of theory).

EA: caled.: C 50.25%, H 8.96 %, N 7.32%
found: C 50.45%, H 9.34 %, N 8.44 %

N-(iso-Propyl)-p-D-xylopyranosylamine — D,O: 94 % (RT), 94 % (4°C) — DMSO-dg: 88 %

'H NMR (400 MHz, D50, 4°C, 320R4-2017):6 /ppm = 4.00 (d, 1H, H1, 3.J; 5=8.7 Hz), 3.83 (dd,
1H, Hb5a, 3 Jy 5,=5.3 Hz, % J54 5p=—11.3 Hz), 3.57-3.50 (m, 1H, H4), 3.37 (t, 1H, H3, 3J5 4=9.1 Hz),
3.24 (t, 1H, H5b, 3J, 5,=11.0 Hz), 3.11-3.03 (sp, 2H, H2/CH), 1.07-0.96 (sp, 6H, 2x CHj).
I3C{IH} NMR (101 MHz, D50, 4°C, 320R5-2017): §/ppm = 89.0 (C1), 77.6 (C3), 73.9 (C2),
70.1 (C4), 66.8 (C5), 45.5 (CH), 23.3 (CH3), 21.3 (CH3).

13C{'H} NMR (101 MHz, DMSO-dg, 100R48-2016): §/ppm — 89.5 (C1), 77.3 (C3), 73.6 (C2),
70.0 (C4), 66.5 (C5), 44.6 (CH), 24.4 (CH3), 22.4 (CH3).

N-(iso-Propyl)-a-D-xylopyranosylamine — D;,O: 6 % (RT), 6 % (4°C) — DMSO-dg: 12%

'H NMR (400 MHz, D20, 4°C, 320R4-2017): &/ppm = 4.52 (d, H1, 3.J; 5—2.8 Hz).

I3C{'H} NMR (101 MHz, D50, 4°C, 320R5-2017): §/ppm = 83.4 (C1), 71.2 (C3), 71.0 (C2),
69.2 (C4), 64.7 (C5), 44.5 (CH), 23.3 (CH3), 20.6 (CH3).

13C{'H} NMR (101 MHz, DMSO-dg, 100R48-2016): §/ppm = 83.7 (C1), 71.4 (C3), 71.2 (C2),
69.4 (C4), 63.3 (C5), 44.4 (CH), 24.4 (CH3), 22.2 (CH3).
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N-(tert-Butyl)-p-xylosylamin (p-Xyl1NtBu)

o} 0o
HO MeOH HO
OH OH

OH 0°C,7h

D-Xylose (1.00 g, 6.66 mmol, 1.00 eq.) was dried and subsequently solved in 11.5 mL dry methanol.
tert-Butylamine (3.50 mL, 2.45 g, 33.5 mmol, 5.03 eq.) was added and the reaction mixture stirred
for 7h under ice cooling. The resulting suspension was filtered and the filtrate evaporated until it
reached dryness. Upon further drying in vacuo a highly viscous sirup, which showed significant
signs of hydrolysis, was obtained in a yield of 326 mg (1.59 mmol, 23.8 % of theory).

EA: caled.: C 52.67%, H 9.33%, N 6.82%
found: C 53.16 %, H 10.04 %, N 8.02 %

N-(tert-Butyl)-f-D-xylopyranosylamine — D,O: >98 % (RT, 4°C) — DMSO-dg: 67 %

'H NMR (400 MHz, D50, 4°C, 320R7-2017):6 /ppm = 4.06 (d, 1H, H1, 3.J; =8.7 Hz), 3.78 (dd,
1H, Hb5a, 3J45,—5.4Hz, 2J5, 5——11.4Hz), 3.52 (m, 1H, H4), 3.38 (t, 1H, H3, 3.J5,—9.1Hz),
3.24 (t, 1H, H5b, 3J, 5,—11.0 Hz), 3.03 (t, 1H, H2, 3J53—8.9Hz), 1.08 (s, 9H, 3xCH3).
BC{'H} NMR (101 MHz, D50, 4°C, 320R8-2017): §/ppm — 87.5 (C1), 77.5 (C3), 73.8 (C2),
70.3 (C4), 66.2 (C5), 51.1 (C,), 29.5 (3xCHj3).

BC{'H} NMR (101 MHz, DMSO-dg, 100R53-2016): §/ppm = 87.7 (C1), 77.3 (C3), 73.5 (C2),
70.0 (C4), 66.4 (C5), 49.6 (C,), 30.3 (3xCHj).

N-(tert-Butyl)-a-D-xylopyranosylamine — D,O: <2 % (RT, 4°C) — DMSO-dg: 33 %

'H NMR (400 MHz, D20, 4°C, 320R7-2017): §/ppm = 4.68 (d, H1, 3.J; 5=3.7 Hz).

13C{'H} NMR (101 MHz, DMSO-dg, 100R53-2016): §/ppm — 82.0 (C1), 72.1 (C3), 71.6 (C2),
69.7 (C4), 62.1 (C5), 49.4 (C,), 30.1 (3xCHj).

5.5.2. Preparation of N-Alkylhexosylamines

5.5.2.1. Preparation of N-Alkylgalactosylamines

N-Methyl-p-galactosylamin (p-GallNMe)

OH oHn PH on LOH
R MeNH, 0 H + Q
HO > N
HO EtOH HO - HO
OH OH RT, 18 h OH OH
HN
HO o) H A
HO, <\~ N
* HO_ - AN
OH

D-Galactose (2.00 g, 11.1 mmol, 1.00 eq.) was dried and suspended in a solution of methylamine in
ethanol (33 %, 12.0 mL, 89.2 mmol, 8.04 eq.). In order to obtain a clear solution 20.0 mL methanol
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were added and the reaction mixture was stirred for 18 h at room temperature. The during the
reaction formed white precipitate was filtered off, washed with cold methanol (2 x 10 mL) and
dried in vacuo. The product was obtained as a white powder in a yield of 1.25g (6.50 mmol,
58.5 % of theory).

EA: caled.: C 43.52%, H7.83%, N 7.25%
found: C 43.26 %, H 7.86 %, N 7.23 %

MS (FAB+): caled.: 194.1 ([M+H]™)
found: 194.3

N-Methyl-B-p-galactopyranosylamine — D5O: 90 % — DMSO-dg: 52 %

'H NMR (400 MHz, D20, 370R1-2016): §/ppm = 3.88 (dd, 1H, H4, 3J5 4=3.5 Hz, 3.J; 5=1.0 Hz),
3.82 (d, 1H, H1, 3.J; 5=8.5Hz), 3.70 (m, 2H, H6/H6’), 3.60 (dd, 1H, H5), 3.57 (dd, 1H, H3), 3.39
(dd, 1H, H2, 3J53=9.7 Hz), 2.41 (s, 3H, CHj).

BC{'H} NMR (101 MHz, D50, 370R2-2016): §/ppm — 91.8 (C1), 76.5 (C5), 74.3 (C3), 71.0
(C2), 69.7 (C4), 61.8 (C6), 31.5 (CH3).

13C{'H} NMR (101 MHz, DMSO-dg, 370R11-2016): §/ppm — 92.4 (C1), 75.8 (C5), 74.2 (C3),
70.6 (C2), 68.5 (C4), 60.6 (C6), 32.0 (CH3).

N-Methyl-a-D-galactopyranosylamine — DyO: 6 % — DMSO-dg: 11 %

'H NMR (400 MHz, D20, 37TOR1-2016): §/ppm = 4.49 (d, H1, 3.J; »=5.3 Hz).

BC{'H} NMR (101 MHz, D50, 370R2-2016): §/ppm = 88.4 (C1), 69.9 (C5), 69.7 (C4), 69.4
(C3), 68.3 (C4), 61.6 (C6), 31.0 (CHs).

BC{'H} NMR (101 MHz, DMSO-dg, 37TOR11-2016): §/ppm = 88.5 (C1), 70.0 (C5), 69.6 (C4),
68.9 (C3), 68.3 (C2), 60.7 (C6), 32.6 (CHs).

N-Methyl-B-D-galactofuranosylamine — D5O: 4 % — DMSO-dg: 21 %

'H NMR (400 MHz, D20, 37TOR1-2016): §/ppm = 4.42 (d, 1H, H1, 3.J; =5.7 Hz).

BBC{'H} NMR (101 MHz, D50, 370R2-2016): §/ppm — 94.9 (C1), 80.9 (C4), 79.5 (C2), 76.3
(C3), 71.6 (C5), 63.4 (C6), 31.5 (CHj3).

BC{'H} NMR (101 MHz, DMSO-dg, 370R11-2016): §/ppm = 95.8 (C1), 80.9 (C4), 79.6 (C2),
76.6 (C3), 71.1 (C5), 62.8 (C6), 31.3 (CH3).

N-Methyl-a-D-galactofuranosylamine — DyO: 0 % — DMSO-dg: 16 %

13C{'H} NMR (101 MHz, DMSO-dg, 370R11-2016): §/ppm — 91.9 (C1), 82.4 (C4), 76.7 (C2),
76.3 (C3), 70.8 (C5), 62.7 (C5), 32.7 (CH3).
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N-Ethyl-p-galactosylamin (p-Gall1NEt)

OH OH OH OH OH
HO ° EtNH, ° y + 0
HO MeOH HO ~." HO
OH OH RT, 18 h OH OH
HN
HO ~
pre} H
HO, N
+ HO-_ > N
OH

D-Galactose (1.00g, 5.55 mmol, 1.00eq.) was dried and subsequently stirred for 18 h at room
temperature with a solution of ethylamine in methanol (2 M, 22.2 mL, 44.4 mmol, 4.00 eq.). Dur-
ing the reaction 10 mL methanol were added. The resulting colorless precipitate was filtered off,
washed with cold methanol (2 x 10mL) and dried in vacuo. The product was obtained as a
white powder in a yield of 553 mg (2.67 mmol, 24.0 % of theory).

BA: caled.: C 46.37%, H 8.27%, N 6.79%
found: C 46.01 %, H 8.29%, N 6.73%

MS (FAB+): caled.: 208.2 ([M+H]™)
found: 208.4

N-Ethyl-B-D-galactopyranosylamine — D,0O: 92 % — DMSO-dg: 44 %

'H NMR (400 MHz, DO, 110R19-2016): §/ppm = 3.90 (d, 1H, HI, 3.J; »=8.8 Hz), 3.88 (dd,
1H, H4, 3J34=3.6Hz, 3J,5=1.0Hz), 3.70 (m, 2H, H6/H6’), 3.59 (dd, 1H, H5), 3.57 (dd, 1H,
H3), 3.39 (dd, 1H, H2, 3.J53=9.7Hz), 2.89 (dq, 1H, CHs), 2.68-2.62 (sp, 1H, CHy), 1.04 (t, 3H,
CHg)

3C{'H} NMR (101 MHz, D50, 37T0R5-2016): §/ppm = 90.4 (C1), 76.5 (C5), 74.3 (C3), 71.2
(C2), 69.6 (C4), 61.8 (C6), 39.9 (CH,), 14.5 (CHjs).

I3C{'H} NMR (101 MHz, DMSO-dg, 370R13-2016): §/ppm = 91.1 (C1), 75.8 (C5), 74.2 (C3),
70.8 (C2), 68.5 (C4), 60.6 (C6), 39.5 (CH,), 15.3 (CHj).

N-Ethyl-a-D-galactopyranosylamine — D;O: 4 % — DMSO-dg: 14 %

'H NMR (400 MHz, D50, 110R19-2016): &/ppm = 4.62 (d, H1, 3.J; 5=5.3 Hz).

BBC{'H} NMR (101 MHz, D20, 370R5-2016): §/ppm — 86.9 (C1), 70.4 (C5), 69.6 (C4), 69.4
(C3), 68.3 (C4), 61.6 (C6), 39.6 (CHy), 14.2 (CH3).

13C{'H} NMR (101 MHz, DMSO-dg, 370R13-2016): §/ppm — 87.1 (C1), 70.0 (C5), 69.8 (C4),
68.9 (C3), 68.2 (C2), 60.6 (C6), 40.1 (CHy), 15.3 (CHj).

N-Ethyl-B-D-galactofuranosylamine — D5O: 4% — DMSO-dg: 21 %

'H NMR (400 MHz, D20, 110R19-2016): &/ppm = 4.49 (d, 1H, H1, 3.J; ,=5.6 Hz).

3C{'H} NMR (101 MHz, D50, 370R5-2016): §/ppm = 93.6 (C1), 80.9 (C4), 80.1 (C2), 76.4
(C3), 71.6 (C5), 63.4 (C6), 40.1 (CHy), 14.5 (CH3).

13C{'H} NMR (101 MHz, DMSO-dg, 370R13-2016): §/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,), 15.3 (CHs).

N-Ethyl-a-D-galactofuranosylamine — D5O: 0% — DMSO-dg: 21 %
13G{1H} NMR (101 MHz, DMSO-dg, 370R13-2016): 6/ppm — 90.0 (C1), 82.4 (C4), 76.7 (C2),
76.3 (C3), 70.8 (C5), 62.7 (C5), 40.1 (CHy), 15.1 (CHj).

N-Propyl-p-galactosylamin (p-GallNPr)

oH OH on JOH
_ PiNHp
HO T meoH
RT, 18 h OH
HO,
HO-_ = \/\
OH

D-Galactose (2.00g, 11.1 mmol, 1.00eq.) was dried and subsequently solved in 26.5mL dry
methanol. Propylamine (5.47 mL, 3.94 g, 66.6 mmol, 6.00 eq.) was added and the reaction mix-
ture stirred for 18 h at room temperature. The reaction solution was concentrated by evapo-
ration until a white precipitate formed. The solid was filtered off, washed with cold methanol
(2 x 10mL) and dried in vacuo. The product was obtained as a yellowish powder in a yield of
1.12¢g (5.07 mmol, 91.4% of theory).

EA: caled.: C 48.86 %, H 8.66 %, N 6.33 %
found: C 48.66 %, H 8.68 %, N 6.34 %

MS (FAB+): caled.: 222.3 ([M+H]™)
found: 222.4

N-Propyl-B-D-galactopyranosylamine — DyO: 90 % — DMSO-dg: 49 %

'H NMR (400 MHz, D50, 37T0R7-2016): §/ppm = 3.90 (d, 1H, H1, 3J; »=8.8 Hz), 3.87 (dd,
1H, H4, 3J34=3.5Hz, 3J,5=1.0Hz), 3.69 (m, 2H, H6/H6’), 3.59 (dd, 1H, H5), 3.57 (dd, 1H,
H3), 3.39 (dd, 1H, H2, 3.J23=9.7Hz), 2.80 (m, 1H, NH-CHy), 2.62-2.54 (sp, 1H, NH-CHy),
1.53-1.37 (sp, 2H, CHy), 0.86 (t, 3H, CHj).

BC{'H} NMR (101 MHz, D50, 370R8-2016): §/ppm — 90.7 (C1), 76.5 (C5), 74.3 (C3), 71.2
(C2), 69.6 (C4), 61.7 (C6), 47.5 (NH-CHy,), 22.9 (CHs), 11.6 (CHg).

I3C{'H} NMR (101 MHz, DMSO-dg, 370R15-2016): §/ppm = 91.4 (C1), 75.8 (C5), 74.1 (C3),
70.8 (C2), 68.5 (C4), 60.6 (C6), 47.5 (NH-CHs,), 23.2 (CHs), 11.7 (CHg3).

N-Propyl-a-D-galactopyranosylamine — DyO: 5% — DMSO-dg: 11 %

'H NMR (400 MHz, D20, 37TOR7-2016): §/ppm = 4.61 (d, H1, 3.J; 2=5.3 Hz).

BBC{'H} NMR (101 MHz, D20, 370R8-2016): §/ppm — 87.1 (C1), 70.3 (C5), 69.8 (C4), 69.4
(C3), 68.3 (C4), 61.6 (C6), 47.1 (NH-CHy,), 22.5 (CHs), 11.7 (CH3).
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3C{'H} NMR (101 MHz, DMSO-dg, 370R15-2016): §/ppm — 87.1 (C1), 70.0 (C5), 69.5 (C4),
68.8 (C3), 68.2 (C2), 60.6 (C6), 48.0 (NH-CHy), 22.8 (CHy), 11.7 (CH3).

N-Propyl-B-D-galactofuranosylamine — D5O: 5% — DMSO-dg: 21 %

'H NMR (400 MHz, D20, 37TOR7-2016): §/ppm = 4.49 (d, 1H, H1, 3.J; 5=5.5 Hz).

I3C{'H} NMR (101 MHz, D50, 370R8-2016): §/ppm = 94.0 (C1), 80.9 (C4), 79.9 (C2), 76.4
(C3), 71.6 (C5), 63.4 (C6), 47.8 (NH-CHs,), 22.9 (CHs), 11.6 (CH3s).

13C{'H} NMR (101 MHz, DMSO-dg, 370R15-2016): §/ppm — 94.8 (C1), 81.0 (C4), 80.0 (C2),
76.5 (C3), 71.1 (C5), 62.8 (C6), 47.0 (NH-CHs,), 23.2 (CHs), 11.8 (CHgs).

N-Propyl-a-D-galactofuranosylamine — D;O: 0 % — DMSO-dg: 19 %
13C{'H} NMR (101 MHz, DMSO-dg, 370R15-2016): §/ppm — 90.5 (C1), 82.4 (C4), 76.7 (C2),
76.4 (C3), 70.9 (C5), 62.7 (C5), 48.1 (NH-CHy), 22.9 (CHy), 11.7 (CHj3).

N-(iso-Propyl)-p-galactosylamin (p-Gal1NiPr)

% e % %
ﬂ_? -

D-Galactose (501 mg, 2.78 mmol, 1.00 eq.) was dried and subsequently suspended in 16.5 mL dry
methanol. iso-Propylamine (1.50 mL, 1.03g, 17.5 mmol, 6.28 eq.) was added and the reaction
mixture stirred for 16 h. The resulting solution was concentrated by evaporation until it reached
dryness. Upon further drying in vacuo the product was obtained as a yellowish powder in a yield
of 547 mg (5.47 mmol, 88.9 % of theory).

EA: caled.: C 48.86 %, H 8.66 %, N 6.33 %
found: C 47.28 %, H 8.88%, N 6.27%

MS (FAB+): caled.: 222.3 ([M+H]™)
found: 222.4

N-(iso-Propyl)-pB-D-galactopyranosylamine — DyO: >98 % — DMSO-dg: 45 %

'H NMR (400 MHz, D50, 180R16-2016): §/ppm = 3.97 (d, 1H, H1, 3.J; »=8.7Hz), 3.87 (dd,
1H, H4, 3J3,=3.8Hz, 3J,5=1.0Hz), 3.74 — 3.63 (sp, 3H, H5/H6/H6"), 3.59 (dd, 1H, H3,
3J23=9.9Hz), 3.42 (dd, 1H, H2), 3.15 (m, 1H, CH), 1.05-1.00 (sp, 6H, 2x CHj).

I3C{'H} NMR (101 MHz, D50, 180R17-2016): §/ppm = 88.6 (C1), 76.4 (C5), 74.5 (C3), 71.6
(C2), 69.6 (C4), 61.8 (C6), 45.5 (CH), 23.2 (CH3), 21.4 (CH3).

13C{'H} NMR (101 MHz, DMSO-dg, 370R17-2016): §/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 (CHs), 22.5 (CHg).

N-(iso-Propyl)-a-D-galactopyranosylamine — Dy0: 0% — DMSO-dg: 11 %
130{1H} NMR (101 MHz, DMSO-dg, 37OR17-2016): §/ppm = 85.5 (C1), 70.0 (C5), 69.4 (C4),
68.7 (C3), 68.0 (C2), 60.4 (C6), 46.3 (CH), 24.3 (CHj), 22.7 (CHs).

N-(iso-Propyl)-B-D-galactofuranosylamine — D,O: <2 % — DMSO-dg: 21 %

'H NMR (400 MHz, D20, 180R16-2016): &/ppm = 4.58 (d, 1H, H1, 3.J; ,=5.3 Hz).

BC{'H} NMR (101 MHz, D20, 180R17-2016): §/ppm — 91.6 (C1), 80.9 (C4), 80.7 (C2), 76.5
(C3), 70.3 (C5), 63.4 (C6), 46.0 (CH), 23.3 (CHs), 20.9 (CH3).

13C{'H} NMR (101 MHz, DMSO-dg, 370R17-2016): §/ppm — 92.7 (C1), 81.1 (C4), 80.5 (C2),
76.6 (C3), 71.2 (C5), 62.7 (C6), 44.0 (CH), 24.5 (CH3), 22.4 (CH3).

N-(iso-Propyl)-a-D-galactofuranosylamine — Dy0: 0% — DMSO-dg: 23 %
130{1H} NMR (101 MHz, DMSO-dg, 37OR17-2016): §/ppm — 88.3 (C1), 82.3 (C4), 76.6 (C2),
76.4 (C3), 70.8 (C5), 62.7 (C5), 45.6 (CH), 23.9 (CHs), 22.4 (CHs).

N-(tert-Butyl)-bp-galactosylamin (p-GallNtBu)

oH CH on JOH
_ BuNH,
HO T Meon
RT,5d OH

D-Galactose (600 mg, 3.33 mmol, 1.00eq.) was dried and subsequently suspended in 40 mL dry
methanol. tert-Butylamine (1.00 mL, 700 mg, 9.57 mmol, 2.87eq.) was added and the reaction
mixture stirred for 5d. The resulting yellowish solution was concentrated by evaporation until
it reached dryness. The foam-like residue was frozen, crushed and further dried in vacuo. The
product was obtained as a hygroscopic, off-white powder in a yield of 679 mg (2.89 mmol, 86.7 %
of theory).

N-(tert-Butyl)-B-D-galactopyranosylamine — D;0: 100 % (4 °C) — DMSO-dg: 40 %

'H NMR (400 MHz, D0, 4°C, 380R18-2019): §/ppm = 4.03 (d, 1H, H1, 3.J; »=8.8 Hz), 1.13
(s, 9H, 3xCH3).

13C{'H} NMR (101 MHz, D50, 4°C, 380R19-2019): §/ppm — 87.1 (C1), 76.1 (C5), 74.4 (C3),
71.4 (C2), 69.8 (C4), 61.9 (C6), 51.1 (Cy), 30.4 (3xCHy).

13C{'H} NMR (101 MHz, DMSO-dg, 380R11-2019): §/ppm — 87.4 (C1), 75.5 (C5), 74.1 (C3),
71.0 (C2), 68.4 (C4), 60.5 (C6), 49.0 (Cy), 30.4 (3xCHj).

N-(tert-Butyl)-a-D-galactopyranosylamine — DyO: 0% (4°C) — DMSO-dg: 12%
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13C{'H} NMR (101 MHz, DMSO-dg, 380R11-2019): §/ppm — 82.5 (C1), 70.0 (C5), 69.8 (C4),
68.6 (C3), 68.1 (C2), 60.3 (C6), 49.4 (Cy), 29.8 (3xCHjy).

N-(tert-Butyl)-p-D-galactofuranosylamine — Dy0: 0% (4°C) — DMSO-dg: 15%
I3C{'H} NMR (101 MHz, DMSO-dg, 380R11-2019): §/ppm = 90.9 (C1), 81.1 (C4), 80.3 (C2),
76.0 (C3), 71.0 (C5), 63.1 (C6), 49.6 (Cy), 30.3 (3xCHj).

N-(tert-Butyl)-a-D-galactofuranosylamine — D,O: 0% (4°C) — DMSO-dg: 33 %

13C{'H} NMR (101 MHz, DMSO-dg, 380R11-2019): §/ppm — 85.2 (C1), 82.1 (C4), 76.5 (C2),
76.2 (C3), 70.4 (C5), 62.9 (C5), 49.6 (Cq), 29.6 (3xCHs).

5.5.2.2. Preparation of N-Alkylglucosylamines

N-Methyl-b-glucosylamin (p-Glc1NMe)

OH OH OH
) 0 o)
HO MeNH» HO H + HO
HO EtOH HO . HO
OH ™oH  RT,24h OH OH
HN
N

D-Glucose (1.00g, 5.55 mmol, 1.00eq.) was dried and subsequently stirred for 24h at room
temperature with a solution of methylamine in ethanol (33 %, 10.00 mL, 74.4 mmol, 13.4 eq.).
The reaction mixture was concentrated by evaporation of the solvent until a colorless precipitate
formed. The precipitate was filtered off, washed with cold methanol (2 x 5mL) and dried in
vacuo. The product was obtained as a slightly yellowish, moisture sensitive powder in a yield of
995 mg (5.15 mmol, 92.8% of theory).

EA: caled.: C 43.52%, H 7.83%, N 7.25%
found: C 43.36 %, H 8.07%, N 6.98%

MS (FAB+): caled.: 194.1 ([M+H]™)
found: 194.1

N-Methyl-B-D-glucopyranosylamine — D5O: 91 % — DMSO-dg: 85 %

'H NMR (400 MHz, D20, 070R41-2016): §/ppm = 3.92 (d, 1H, HI, 3.J; »=8.9Hz), 3.90 (dd,
1H, H6a, 3.J;56,—2.0 Hz, 2Jg, 66— —12.3Hz), 3.71 (dd, 1H, H6b, 3J56,—5.5 Hz), 3.47 (¢, 1H, H3,
3J34=8.9Hz), 3.38 (dd, 1H, H5), 3.36 (sp, H4), 3.20 (t, 1H, H2, 3J5 3=9.0 Hz), 2.44 (s, 3H, CHj).
I3C{'H} NMR (101 MHz, D50, 210R11-2016): §/ppm = 91.3 (C1), 77.44 (C5), 77.42 (C3), 73.4
(C2), 70.6 (C4), 61.5 (C6), 31.5 (CHj3).

BC{'H} NMR (101 MHz, DMSO-dg, 210R11-2016): §/ppm = 91.9 (C1), 77.6 (C5), 77.5 (C3),
73.3 (C2), 70.6 (C4), 61.5 (C6), 32.0 (CH3).

N-Methyl-a-D-glucopyranosylamine — DyO: 9% — DMSO-dg: 15 %
I'H NMR (400 MHz, D50, 07TORA1-2016): §/ppm — 4.50 (d, H1, 3J;0—4.9 Hz), 2.34 (s, CH).
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BC{IH} NMR (101 MHz, D50, 210R11-2016): §/ppm = 88.2 (C1), 73.6 (C3), 71.4 (C2), 71.2
(C5), 70.6 (C4), 61.4 (C6), 31.4 (CH3).

I3C{'H} NMR (101 MHz, DMSO-dg, 210R2-2016): 6/ppm = 88.3 (C1), 73.8 (C3), 71.8 (C2),
71.0 (C5), 70.8 (C4), 61.3 (C6), 32.4 (CH3).

N-Ethyl-p-glucosylamin (p-Glc1NEt)

OH OH /OH
o) o) o)
HO EINH:  _ HO ¥ + HO
HO MeOH HO ~. HO
OH OH OH OH

D-Glucose (1.00g, 5.55 mmol, 1.00eq.) was dried and subsequently stirred for 16h at room
temperature with a solution of ethylamine in methanol (2 M, 20.0 mL, 40.0 mmol, 7.21eq.). The
reaction mixture was concentrated by evaporation of the solvent until a colorless precipitate
formed, which was filtered off, washed with cold methanol (2 x 10 mL) and dried in vacuo. The
product was obtained as a colorless powder in a yield of 855 mg (4.27 mmol, 76.9 % of theory).

EA: caled.: C 46.37%, H 8.27%, N 6.79%
found: C 46.07%, H 8.65%, N 6.97%

MS (FAB+): caled.: 208.2 (|[M+H]|*')
found: 208.2

N-Ethyl-B-D-glucopyranosylamine — DyO: 94 % — DMSO-dg: 93 %

'H NMR (400 MHz, D50, 4°C, 090R4-2016): §/ppm = 3.97 (d, 1H, H1, 3.J; ,=8.8 Hz), 3.86 (dd,
1H, H6a, 3J56,=1.9Hz), 3.64 (dd, 1H, H6b, 3J5 ,=5.5 Hz, 2Jg, o=—12.3Hz), 3.44 (t, 1H, H3,
3J34=8.8Hz), 3.38-3.29 (m, 2H, H4/H5), 3.15 (t, 1H, H2, 3J53=9.0Hz), 2.88 (dd, 1H, CH,),
2.66 (dd, 1H, CHs), 1.05 (t, 3H, CH3).

I3C{'H} NMR (101 MHz, D20, 090R5-2016): §/ppm = 89.7 (C1), 77.5 (C5), 77.4 (C3), 73.6
(C2), 70.5 (C4), 61.5 (C6), 39.9 (CHy), 14.5 (CH3).

13C{'H} NMR (101 MHz, DMSO-dg, 090R14-2016): §/ppm — 90.6 (C1), 77.6 (C5), 77.5 (C3),
73.6 (C2), 70.6 (C4), 61.4 (C6), 39.7 (CHy), 15.5 (CH3).

N-Ethyl-o-D-glucopyranosylamine — DyO: 6 % — DMSO-dg: 7%

'H NMR (400 MHz, D20, 4°C, 090R4-2016): &/ppm = 4.60 (d, H1, 3.J; =—4.5 Hz).

BC{'H} NMR (101 MHz, D50, 090R5-2016): &/ppm = 86.8 (C1), 73.6 (C3), 71.3 (C2), 71.2
(C5), 69.5 (C4), 61.4 (C6), 39.7 (CHy), 14.2 (CH3).

BC{'H} NMR (101 MHz, DMSO-dg, 090R14-2016): §/ppm = 86.8 (C1), 73.6 (C3), 71.6 (C2),
71.0 (C5), 70.8 (C4), 61.3 (C6), 40.2 (CH,), 15.3 (CHj).
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N-Propyl-p-glucosylamin (p-Glc1NPr)

OH OH OH
/
(@] (0] (o]
HO _ PNH; | Ho H + HO
HO MeOH HO ~_" HO
OH ™on RT,48h OH OH

D-Glucose (1.00 g, 5.55 mmol, 1.00eq.) was dried and subsequently solved in 6 mL dry methanol.
Propylamine (4.00 mL, 2.88 g, 48.7mmol, 8.78eq.) was added and the reaction mixture stirred
for 48 h at room temperature. The resulting solution was evaporated until it reached dryness
and the solid residue further dried in vacuo. The product was obtained as a yellowish powder in
a yield of 1.18 g (5.33 mmol, 96.1 % of theory).

EA: caled.: C 48.86 %, H 8.66 %, N 6.33%
found: C 48.71%, H 9.14%, N 6.66 %

MS (FAB+): caled.: 222.2 ([M+H]™)
found: 222.2

N-Propyl-B-D-glucopyranosylamine — Dy0: 95 % — DMSO-dg: 95 %

'H NMR (400 MHz, D50, 220R1-2016): §/ppm = 3.98 (d, 1H, HI1, 3J; »=8.8 Hz), 3.88 (dd,
1H, H6a, 3J56,=1.9Hz), 3.70 (dd, 1H, H6b, 3J56=5.5Hz, 2Js,ep=—12.3Hz), 3.46 (t, 1H,
H3, 3J34=9.0Hz), 3.41-3.28 (m, 2H, H4/H5), 3.18 (t, 1H, H2, 3.J,3=9.0Hz), 2.81 (dd, 1H,
NH-CHy), 2.61 (dd, 1H, NH-CHg, 1.52-1.42 (sp, 2H, CHy), 0.89 (t, 3H, CH3)).

BBC{'H} NMR (101 MHz, D20, 220R2-2016): §/ppm — 90.2 (C1), 77.5 (C5), 77.4 (C3), 73.6
(C2), 70.5 (C4), 61.5 (C6), 47.6 (NH-CHy), 22.8 (CHs), 11.6 (CH3).

13C{'H} NMR (101 MHz, DMSO-dg, 220R14-2016): §/ppm — 90.8 (C1), 77.6 (C5), 77.5 (C3),
73.5 (C2), 70.6 (C4), 61.4 (C6), 47.5 (NH-CHs), 23.1 (CHy), 11.8 (CHj3).

N-Propyl-a-D-glucopyranosylamine — DyO: 5% — DMSO-dg: 5%

'H NMR (400 MHz, D20, 220R1-2016): §/ppm = 4.42 (d, H1, 3.J; 2=4.9 Hz).

I3C{'H} NMR (101 MHz, D50, 220R2-2016): §/ppm = 87.0 (C1), 73.5 (C3), 71.4 (C2), 71.2
(C5), 70.6 (C4), 61.5 (C5), 47.7 (NH-CHy), 22.5 (CHs), 11.7 (CH3).

13C{'H} NMR (101 MHz, DMSO-dg, 220R14-2016): §/ppm — 86.9 (C1), 73.7 (C3), 71.6 (C2),
71.0 (C5), 70.8 (C4), 61.2 (C6), 47.9 (NH-CHs), 22.7 (CHy), 11.4 (CH3).

N-(iso-Propyl)-p-glucosylamin (p-Glc1NiPr)

OH OH OH
(0] . (0] O
HO |P|'NH2 HO H + HO
HO MeOH HO

HO
OH OH RT,24h OH OH
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D-Glucose (1.00 g, 5.55 mmol, 1.00eq.) was dried and subsequently solved in 6 mL dry methanol.
iso-Propylamine (4.00mL, 2.75g, 46.6 mmol, 8.39eq.) was added and the reaction mixture
stirred for 24 h at room temperature. The resulting solution was concentrated by evaporation
until it reached dryness. Upon further drying in vacuo the product was obtained as a yellow
powder, showing eminent signs of spontaneous hydrolysis. Due to the high hygroscopy of the
compound no yield was determined.

EA: calcd.: C 48.86 %, H 8.66 %, N 6.33%
found: C 49.29%, H 9.19%, N 7.65%

MS (FAB+): caled.: 222.3 ([M+H]™)
found: 222.3

N-(is0)-Propyl-B-D-glucopyranosylamine — Dy0: 92 % — DMSO-dg: 85 %

'H NMR (400 MHz, D50, 4°C, 210R43-2016):5/ppm = 4.05 (d, 1H, H1, 3J; »=8.8 Hz), 3.86
(dd, 1H, H6a, 3J5 6,—1.9 Hz), 3.67 (dd, 1H, H6b, 3.J5 6,=5.5 Hz, 2Jge 6p——12.3 Hz), 3.46 (t, 1H,
H3, 3J54=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, 2xCH3).

13C{'H} NMR (101 MHz, D50, 4°C, 210R44-2016): §/ppm — 88.2 (C1), 77.6 (C5), 77.3 (C3),
74.0 (C2), 70.6 (C4), 61.6 (C6), 45.5 (CH), 23.2 (CH3), 21.4 (CH3).

BC{'H} NMR (101 MHz, DMSO-dg, 4°C, 210R47-2016): 6/ppm = 88.7 (C1), 77.6 (C5), 77.5
(C3), 73.8 (C2), 70.6 (C4), 61.4 (C6), 44.6 (CH), 24.4 (CH3), 22.5 (CHjs).

N-(iso)-Propyl-a-D-glucopyranosylamine — D,0: 8 % — DMSO-dg: 15 %

'H NMR (400 MHz, DMSO-dg, 210R46-2016): 6 /ppm = 4.52 (d, H1, 3.J; ,=2.8 Hz).

13C{'H} NMR (101 MHz, DMSO-dg, 210R47-2016): §/ppm — 85.7 (C1), 73.7 (C3), 71.4 (C5),
70.8 (C2/C4), 61.2 (C6), 46.4 (CH), 24.3 (CH3), 22.7 (CH3).

N-(tert-Butyl)-p-glucosylamin (p-Glc1NtBu)

OH OH OH
0 0 0
HO BuNH,  _ HO ¥ + HO
HO MeOH HO HO
OH ™OH RT,24h OH OH

D-Glucose (2.40 g, 13.3 mmol, 1.00 eq.) was dried and subsequently solved in 50 mL dry methanol.
tert-Propylamine (9.73mL, 6.81g, 93.1mmol, 7.00eq.) was added and the reaction mixture
stirred for 24 h at room temperature. The resulting solution was concentrated by evaporation
until it reached dryness. The colorless residue was crushed and further dried in vacuo. Due to
the high hygroscopy of the obtained product no yield was determined.
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EA: caled.: C 51.05%, H 9.00%, N 5.95%
found: C 51.67%, H 9.77%, N 7.55%

MS (FAB+): caled.: 236.3 (|[M+H]|*")
found: 236.3

N-(tert)-Butyl-B-D-glucopyranosylamine — D,0: 100 % — DMSO-dg 78 %

'H NMR (400 MHz, D0, 270R4-2018):5/ppm = §/ppm = 4.14 (d, 1H, HI1, 3.J; ,—8.8 Hz),
3.86 (dd, 1H, H6a, 2Jg,6=—12.7Hz), 3.70 (dd, 1H, H6b, 3J5=5.5Hz), 3.49 (t, 1H, H3,
3J34=8.6 Hz), 3.37-3.31 (m, 2H, H4/H5), 3.10 (t, 1H, H2, 3J53=8.9Hz), 1.13 (d, 9H, 3xCH3).
I3C{'H} NMR (101 MHz, D50, 270R4-2018): §/ppm = 86.6 (C1), 77.6 (C5), 76.9 (C3), 73.8
(C2), 70.7 (C4), 61.7 (C6), 50.9 (C,), 29.5 (3xCHg).

I3C{'H} NMR (101 MHz, DMSO-dg, 270R11-2018): §/ppm = 86.9 (C1), 77.5 (C5), 77.3 (C3),
73.6 (C2), 70.7 (C4), 61.5 (C6), 49.7 (C,), 30.3 (3xCHs).

N-(tert)-Butyl-a-D-glucopyranosylamine — D5O: 0 % — DMSO-dg 22 %
13C{'H} NMR (101 MHz, DMSO-dg, 270R11-2018): §/ppm — 82.2 (C1), 73.8 (C3), 71.2 (C2),
70.8 (C5), 70.1 (C4), 61.2 (C5), 49.6 (C,), 29.8 (3xCH3).

5.5.2.3. Preparation of N-Alkylgulosylamines
N-Methyl-L-gulosylamin (L-Gul1NMe)

HN
HO QH OH HO OH H HO OH
-0 MeNH, -0 N/ . -0
OH EtOH OH OH
RT, 16 h
OH OH OH

L-Gulose (500 mg, 2.78 mmol, 1.00 eq.) was dried and subsequently stirred for 16 h at room tem-
perature with a solution of methylamine in ethanol (33 %, 5.00 mL, 37.2 mmol, 13.4 eq.). The
reaction mixture was concentrated by evaporation of the solvent until a syrup-like residue was
obtained. The residue was frozen in liquid nitrogen, crushed and dried in vacuo several times
until the product was obtained as a colorless, moisture sensitive powder. Due to the hygroscopy
of the product no yield was determined.

EA: caled.: C 43.52%, H 7.83%, N 7.25%
found: C 42.76 %, H 8.34%, N 6.60 %

MS (FAB+): caled.: 194.1 (|[M+H]|*")
found: 194.1

N-Methyl-B-L-gulopyranosylamine — D,0: 100 % — DMSO-dg: 86 %
I'H NMR (400 MHz, D>0, 130R30-2017): §/ppm — 4.14 (d, 1H, H1, 3J; ,—9.3 Hz), 4.01 (t, 1H,
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H3), 3.89 (ddd, 1H, H5, 3J4 5—1.8 Hz, 3.J5 s—4.4 Hz, 3J5 ¢ —8.7Hz), 3.78 (d, 1H, H4, 3.J5 ,~3.3 Hz),
3.71 (sp, 2H, H6/H6"), 3.58 (dd, 1H, H2, 3J5 3=3.5 Hz), 2.43 (s, 3H, CH3).

I3C{'H} NMR (101 MHz, D50, 130R31-2017): §/ppm = 88.4 (C1), 74.5 (C5), 71.7 (C3), 70.3
(C4), 68.2 (C2), 61.8 (C6), 31.3 (CH3).

BC{'H} NMR (101 MHz, DMSO-dg, 130R5-2017): §/ppm = 88.4 (C1), 73.5 (C5), 71.2 (C3),
69.2 (C4), 68.0 (C2), 60.6 (C6), 31.8 (CH3).

N-Methyl-o-L-gulopyranosylamine — D,0: 0% — DMSO-dg: 14 %
BBC{'H} NMR (101 MHz, DMSO-dg, 130R5-2017): 6/ppm — 87.7 (C1), 72.0 (C3), 69.5 (C4),
65.2 (C5), 64.8 (C2), 60.6 (C6), 31.4 (CH3).

N-Ethyl-p-gulosylamin (D-Gul1NEt)

OH
HO oH HO OH W
-0 EtNH, -0 N /
OH MeOH OH HN
RT,6h HO OH
OH OH N

OH

OH

L-Gulose (1.00g, 5.55mmol, 1.00eq.) was dried and subsequently stirred for 6h at room tem-
perature with a solution of ethylamine in methanol (2M, 15.0mL, 30.0 mmol, 5.41eq.). The
reaction mixture was concentrated by evaporation of the solvent until a syrup-like liquid was
obtained. The residue was frozen in liquid nitrogen, crushed and dried in vacuo several times
until the product was obtained as a yellowish, moisture sensitive powder. Due to the hygroscopy
of the product no yield was determined.

EA: caled.: C 46.37%, H 8.27%, N 6.79 %
found: C 46.16 %, H 8.54%, N 7.60 %

MS (FAB+): caled.: 208.2 ([M+H]™)
found: 208.2

N-Ethyl-B-L-gulopyranosylamine — D5O: 100 % — DMSO-dg: 82 %

'H NMR (400 MHz, D0, 4°C, 130R16-2017): §/ppm = 4.20 (d, 1H, H1, 3.J; »=9.3 Hz), 3.98
(t, 1H, H3), 3.86 (ddd, 1H, H5, 3Jy5=1.3Hz, 3J56=5.1Hz, 3J5=7.3Hz), 3.76 (dd, 1H, H4,
3J34=3.6 Hz), 3.69-3.66 (sp, 2H, H6/H6’), 3.55 (dd, 1H, H2, 3J53=3.4 Hz), 2.89 (m, 1H, CH,),
2.66 (m, 1H, CHy), 1.05 (t, 3H, CH3).

BBC{'H} NMR (101 MHz, D20, 130R17-2017): §/ppm — 87.0 (C1), 74.5 (C5), 71.7 (C3), 70.3
(C4), 68.4 (C2), 61.8 (C6), 39.7 (CHy), 14.5 (CH3).

I3C{'H} NMR (101 MHz, DMSO-dg, 090R14-2016): §/ppm = 87.1 (C1), 73.5 (C5), 71.2 (C3),
69.2 (C4), 68.2 (C2), 60.6 (C6), 39.4 (CHy), 15.6 (CHj).
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N-Ethyl--L-gulopyranosylamine — D;O: 0 % — DMSO-dg: 18 %
BC{'H} NMR (101 MHz, DMSO-dg, 130R8-2017): 6/ppm — 86.2 (C1), 72.0 (C3), 69.4 (C4),
65.2 (C5), 64.7 (C2), 60.5 (C6), 38.9 (CHy), 15.5 (CHj).

N-Propyl-p-gulosylamin (p-Gul1NPr)

HO, OH OH
OH HO,
H
-0 PrNH, -0 N/\/ /
OH MeOH OH HN
RT,3h HO OH
H
o OH .

OH

OH

L-Gulose (1.00g, 5.55mmol) was dried and subsequently suspended in 2mL dry methanol.
Propylamine (1.25 mL, 900 mg, 15.2 mmol, 2.74eq.) was added and the reaction mixture stirred
for 3h at room temperature. The resulting solution was concentrated by evaporation until it
reached dryness. The thereby obtained residue was frozen in liquid nitrogen, crushed and further
dried in vacuo to give the product as a yellowish, moisture sensitive powder in a yield of 1.01 g
(4.57 mmol, 82.3% of theory).

N-Propyl-B-L-gulopyranosylamine — D5O: 100 % — DMSO-dg: 80 %

'H NMR, (400 MHz, D50, 4°C, 350R1-2019): &/ppm = 4.20 (d, 1H, H1, 3.J; 5=9.4 Hz), 3.98
(t, 1H, H3), 3.86 (ddd, 1H, H5, 3Js5=1.3Hz, 3J56=5.1Hz, 3J56—7.3Hz), 3.76 (dd, 1H, H4,
3J34=3.7THz), 3.69-3.66 (sp, 2H, H6/H6"), 3.56 (dd, 1H, H2, 3.J5 3=3.4 Hz), 2.82 (m, 1H, NH—-CH,),
2.55 (sp, 1H, NH-CHy), 1.42 (m, 2H, CH,) 0.86 (t, 3H, CHs).

BC{'H} NMR (101 MHz, D50, 4°C, 350R2-2019): §/ppm = 87.3 (C1), 74.6 (C5), 71.8 (C3),
70.3 (C4), 68.4 (C2), 61.8 (C6), 47.4 (NH-CHy), 23.0 (CHy), 11.8 (CHj3).

BC{'H} NMR (101 MHz, DMSO-dg, 350R2BT-2019): 6 /ppm = 87.4 (C1), 73.5 (C5), 71.2 (C3),
69.2 (C4), 68.2 (C2), 60.6 (C6), 47.3 (NH-CHy), 23.3 (CHy), 11.8 (CH3).

N-Propyl-a-L-gulopyranosylamine — D5O: 0 % — DMSO-dg: 20 %
13C{'H} NMR (101 MHz, DMSO-dg, 350R2BT-2019): 6 /ppm — 86.5 (C1), 72.0 (C3), 69.4 (C4),
65.2 (C5), 64.7 (C2), 60.5 (C6), 46.7 (NH-CHy), 23.0 (CHy), 11.8 (CH3).

N-iso-Propyl-p-gulosylamin (p-GullNiPr)

HO I OH HO o H/k
-0 iPrNH, -0 N
OH MeOH OH HN
RT,3h

OH OH

HO OH

OH

OH
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L-Gulose (1.00 g, 5.55 mmol, 1.00 eq.) was dried and subsequently suspended in 2 mL dry methanol.
iso-Propylamine (1.25 mL, 860 mg, 14.5 mmol, 2.62 eq.) was slowly added and the reaction mix-
ture stirred for 3 h at room temperature. The resulting solution was concentrated by evaporation
of the solvent until it reached dryness. The obtained residue was frozen in liquid nitrogen, crushed
and further dried in vacuo to give the product as a yellowish, moisture sensitive powder in a
yield of 747 mg (3.38 mmol, 60.8 % of theory).

N-(iso-Propyl)-p-L-gulopyranosylamine — D,0: 100 % — DMSO-dg: 80 %

'H NMR, (400 MHz, D50, 4°C, 350R5-2019): &/ppm = 4.28 (d, 1H, H1, 3.J; 5=9.3 Hz), 3.98
(t, 1H, H3), 3.85 (ddd, 1H, H5, 3J,5=1.3Hz, 3J56=5.1Hz, 3J5¢—7.3Hz), 3.76 (dd, 1H, H4,
3J34=3.6 Hz), 3.69-3.66 (sp, 2H, H6/H6’), 3.51 (dd, 1H, H2, 3.J5 3=3.3Hz), 3.19 (m, 1H, CH),
1.01 (t, 6H, 2xCH3).

BC{'H} NMR (101 MHz, D50, 4°C, 350R6-2019): §/ppm = 85.2 (C1), 74.5 (C5), 71.8 (C3),
70.4 (C4), 68.8 (C2), 61.8 (C6), 45.2 (CH), 23.3 (CH3), 21.3 (CHjs).

BC{'H} NMR (101 MHz, DMSO-dg, 350R5BT-2019): 6/ppm = 85.1 (C1), 73.4 (C5), 71.2 (C3),
69.2 (C4), 68.4 (C2), 60.6 (C6), 44.3 (CH), 24.4 (CH3), 22.6 (CHs).

N-(iso-Propyl)-a-L-gulopyranosylamine — D,O: 0 % — DMSO-dg: 20 %
13C{'H} NMR (101 MHz, DMSO-dg, 350R5BT-2019): 6 /ppm — 84.1 (C1), 71.9 (C3), 69.3 (C4),
65.3 (C5), 64.6 (C2), 60.4 (C6), 43.5 (CH), 24.5 (CH3), 21.9 (CH3).

N-tert-Butyl-p-gulosylamin (p-Gul1NtBu)

HO T OH HO " H/k
-0 tBUNH,

OH MeOH OH HN
RT,3h HO OH
OH OH

OH

OH

L-Gulose (600mg, 6.66 mmol, 1.00eq.) was dried and subsequently suspended in 10 mL dry
methanol. tert-Butylamine (1.00 mL, 700 mg, 9.57 mmol, 2.87eq.) was slowly added and the
reaction mixture stirred for 3h at room temperature. The resulting solution was concentrated
by evaporation of the solvent until it reached dryness. The obtained residue was frozen in liquid
nitrogen, crushed and further dried in vacuo to give the product as a white, slightly hygroscopic
powder in a yield of 668 mg (2.84 mmol, 85.3 % of theory).

N-(tert-Butyl)-p-L-gulopyranosylamine — DyO: 100 % — DMSO-dg: 78 %

'H NMR (400 MHz, D20, 4°C, 380R7-2019): 6 /ppm = 4.20 (d, 1H, H1, 3J; 2=9.2 Hz), 1.10 (s,
9H, 3xCHj3).

I3C{'H} NMR (101 MHz, D50, 4°C, 380R8-2019): §/ppm = 83.7 (C1), 74.2 (C5), 71.7 (C3),
70.6 (C4), 68.5 (C2), 61.8 (C6), 51.1 (Cy), 30.8 (3xCHj).

BC{'H} NMR (101 MHz, DMSO-dg, 350R7-2019): 6/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,)), 30.5 (3xCH3)).

N-(tert-Butyl)-a-1-gulopyranosylamine — D5O: 0% — DMSO-dg: 18 %
I3C{'H} NMR (101 MHz, DMSO-dg, 37T0R2-2019): 6/ppm = 82.6 (C1), 71.9 (C3), 69.1 (C4),
64.5 (C2), 64.2 (C5), 60.3 (C6), 49.1 (Cq), 30.3 (3xCHy).

5.5.2.4. Preparation of N-Alkylmannosylamines
N-Methyl-p-mannosylamin (p-Man1NMe)

OH OH OH
OH OH OH

-0 o) -0
HO % HO HO
HO EtOH HO N HO

OH 4°C,5h

ZT
+

HN

AN

D-Mannose (1.96 g, 10.9mmol, 1.00eq.) was dried and subsequently stirred with a solution of
methylamine in ethanol (33 %, 9.00 mL, 66.9 mmol, 6.14 eq.) for 5h at 4°C. Upon storage of
the resulting solution at 4 °C for 48 h a white precipitate formed. The product was filtered off,
washed with cold methanol (2 x 5mL) and dried in vacuo. The product was obtained as a col-
orless powder in a yield of 1.85g (9.65 mmol, 87.7% of theory).

EA: caled.: C 43.52%, H 7.83%, N 7.25%
found: C 42.69 %, H 8.46 %, N 8.26 %

MS (FAB+): caled.: 194.2 (|[M+H]|*")
found: 194.2

N-Methyl-B-D-mannopyranosylamine — Dy0: 84 % — DMSO-dg: 86 %

'H NMR (400 MHz, D20, 070R44-2016): &§/ppm = 4.12 (d, 1H, H1, 3.J; »=1.0Hz), 3.92 (dd,
1H, H6a, 3J5 6,=2.4 Hz, 2Jg, 6p=—12.2 Hz), 3.86 (dd, 1H, H2, 3J53=3.4 Hz), 3.70 (dd, 1H, H6b,
3J5,60=6.6 Hz), 3.63 (dd, 1H, H3, 3.J3,=9.6 Hz), 3.52 (t, 1H, H4, 3J,5=9.7Hz), 3.32 (dd, 1H,
H5), 2.45 (s, 3H, CHj).

BC{'H} NMR (101 MHz, D50, 07T0OR45-2016): §/ppm — 88.7 (C1), 77.9 (C5), 74.5 (C3), 7T1.5
(C2), 67.9 (C4), 61.9 (C6), 31.6 (CH3).

13C{'H} NMR (101 MHz, DMSO-dg, 390R34-2015): §/ppm — 88.6 (C1), 77.9 (C5), 74.7 (C3),
71.4 (C2), 67.6 (C4), 61.7 (C6), 31.9 (CH3).

N-Methyl-a-D-mannopyranosylamine — Dy0: 16 % — DMSO-dg: 14 %

'H NMR (400 MHz, D20, 070R44-2016): 6 /ppm = 4.40 (d, 1H, H1, 3.J; »=1.6 Hz), 2.33 (s, 3H,
CH3)

I3C{'H} NMR (101 MHz, D50, 07OR45-2016): 89.8 (C1), 72.4 (C5), 71.5 (C2), 71.2 (C3), 67.6
(C4), 61.7 (C6), 31.0 (CH3).

13C{'H} NMR (101 MHz, DMSO-dg, 390R34-2015): §/ppm — 89.6 (C1), 72.1 (C5), 71.3 (C2),
71.3 (C3), 67.9 (C4), 61.6 (C6), 31.6 (CH3).
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N-Ethyl-p-mannosylamin (p-Man1NEt)

OH OH OH
OH OH OH
_0 e ~0
HO EtNH, HO H . HO
HO MeOH HO ~ HO
OH RT, 16 h
HN\/

D-Mannose (2.00g, 11.1 mmol, 1.00eq.) was dried and subsequently stirred with a solution of
ethylamine in methanol (2 M, 20.0 mL, 40.0 mmol, 3.60 eq.) for 16 h at room temperature. Upon
storage of the resulting solution at 4°C for 48 h a white precipitate formed. The product was
filtered off, washed with cold methanol (2 x 5mL) and dried in vacuo. The product was obtained
as a white powder in a yield of 942 mg (4.55 mmol, 41.0 % of theory).

EA: caled.: C 46.37%, H 8.27%, N 6.76 %
found: C 46.23 %, H 8.36 %, N 6.66 %

MS (FAB+): caled.: 206.2 (|[M+H]|*")
found: 206.2

N-Ethyl-B-D-mannopyranosylamine — D,O: 87 % — DMSO-dg: 81 %

'H NMR (400 MHz, D20, 090R7-2016): §/ppm = 4.21 (d, 1H, H1, 3J;2=1.1Hz), 3.90 (dd,
1H, H6a, 3J5 6,—2.3 Hz, 2 Jg, 6p——12.2 Hz), 3.84 (dd, 1H, H2, 3J, 3—3.4 Hz), 3.68 (dd, 1H, H6b,
3J56—6.6 Hz), 3.62 (dd, 1H, H3, 3.J5,—9.6 Hz), 3.51 (t, 1H, H4, 3J,5—9.7Hz), 3.32 (sp, 1H,
H5), 2.99-2.90 (m, 1H, CHy), 2.73-2.63 (m, 1H, CHy), 1.07 (s, 3H, CH3).

I3C{'H} NMR (101 MHz, D50, 410R11-2017): §/ppm = 86.9 (C1), 77.9 (C5), 74.5 (C3), 71.8
(C2), 67.9 (C4), 61.9 (C6), 39.5 (CHy), 14.2 (CH3).

BC{'H} NMR (101 MHz, DMSO-dg, 090R17-2017): §/ppm = 86.9 (C1), 77.9 (C5), 74.7 (C3),
71.5 (C2), 67.6 (C4), 61.7 (C6), 39.0 (CHy), 15.4 (CHj).

N-Ethyl-a-D-mannopyranosylamine — D,0: 13% — DMSO-dg: 19%

'H NMR (400 MHz, D20, 090R7-2016): §/ppm = 4.50 (d, 1H, H1, 3.J; =1.5 Hz).

13C{'H} NMR (101 MHz, D50, 410R11-2017): 88.3 (C1), 72.4 (C5), 71.6 (C2), 71.2 (C3), 67.6
(C4), 61.7 (C6), 39.2 (CHy), 13.9 (CH3).

3C{'H} NMR (101 MHz, DMSO-dg, 090OR17-2017): §/ppm = 87.9 (C1), 72.0 (C5), 71.3 (C2),
71.2 (C3), 67.9 (C4), 61.6 (C6), 39.0 (CHy), 15.0 (CHj).

N-Propyl-p-mannosylamin (p-Man1NPr)

OH OH OH
{ OH OH OH
0 -0 -0
HO —PMNR: | ho H + HO
HO MeOH HO ~T HO
oH RT,3h

HN

141



5. Experimental Section

D-Mannose (2.00g, 11.1 mmol) was dried and subsequently suspended in 4 mL dry methanol.
Propylamine (5.40 mL, 3.87g, 65.5mmol, 5.90eq.) was added and the reaction mixture stirred
for 3h at room temperature. The resulting yellowish solution was concentrated by evaporation
of half of the solvent and 20 mL diethyl ether were added. The reaction mixture was stored at
4°C for 24 h and the thereby formed white precipitate was filtered off, washed with isopropanol
(1 x 10mL) and diethyl ether (1 x 20mL) and dried in vacuo. The product was obtained as a
white powder in a yield of 2.36 g (10.7 mmol, 96.3 % of theory).

EA: caled.: C 48.86 %, H 8.66 %, N 6.33%
found: C 47.55%, H 8.96 %, N 6.15%

MS (FAB+): caled.: 222.3 ([M+H]™)
found: 222.4

N-Propyl-B-D-mannopyranosylamine — Dy0: 85 % — DMSO-dg: 90 %

'H NMR (400 MHz, D50, 390R7-2015): §/ppm = 4.19 (d, 1H, HI, 3J;2=1.1Hz), 3.89 (dd,
1H, H6a, 3J5 6,—2.3 Hz, 2 Jg, 6p——12.2 Hz), 3.84 (dd, 1H, H2, 3J, 3—3.4Hz), 3.68 (dd, 1H, H6b,
3J56—6.5Hz), 3.61 (dd, 1H, H3, 3J3,—9.6 Hz), 3.51 (t, 1H, H4, 3J,5—9.6 Hz), 3.32 (sp, 1H,
H5), 2.85 (dd, 1H, NH-CHy), 2.60 (dd, 1H, NH-CH,, 1.55-1.39 (sp, 2H, CHs), 0.87 (t, 3H,
CHjs)).

BC{'H} NMR (101 MHz, D50, 390R8-2015): §/ppm = 87.2 (C1), 77.9 (C5), 74.5 (C3), 71.8
(C2), 67.9 (C4), 61.9 (C6), 47.1 (CHy), 22.7 (CHy), 11.6 (CH3).

BC{'H} NMR (101 MHz, DMSO-dg, 400R2-2015): §/ppm = 87.3 (C1), 77.9 (C5), 74.7 (C3),
71.5 (C2), 67.6 (C4), 61.7 (C6), 46.8 (CHy), 23.2 (CHy), 11.8 (CH3).

N-Propyl-o-D-mannopyranosylamine — DyO: 15% — DMSO-dg: 10%

'H NMR (400 MHz, D20, 390R7-2015): §/ppm = 4.48 (d, 1H, H1, 3.J; =1.6 Hz).

BC{'H} NMR (101 MHz, D50, 390R8-2015): 88.6 (C1), 72.4 (C5), 71.6 (C2), 71.2 (C3), 67.6
(C4), 61.7 (C6), 47.1 (CHy), 22.4 (CHs), 11.7 (CH3).

BC{'H} NMR (101 MHz, DMSO-dg, 400R2-2015): 6/ppm — 88.2 (C1), 72.0 (C5), 71.3 (C2),
71.2 (C3), 67.9 (C4), 61.6 (C6), 46.9 (CHy), 22.6 (CHy), 11.9 (CHj3).

N-(iso-Propyl)-p-mannosylamin (p-Man1NiPr)

OH OH OH
OH OH OH

_0 , -0 _0
HO IPNHo HO H + HO

HO MeOH HO HO
OH RT, 24 h

D-Mannose (2.88g, 16.0mmol, 1.00eq.) was dried and subsequently suspended in 10mL dry
methanol. iso-Propylamine (1.65mL, 1.13g, 19.2mmol, 1.20eq.) was added and the reaction

142



5. Experimental Section

mixture stirred for 24 h at room temperature. The resulting yellowish solution was concentrated
by evaporation of the solvent until a white precipitate formed. The precipitate was filtered off,
washed with cold methanol (1 x 10mL) and diethyl ether (1 x 20mL) and dried in vacuo. The
product was obtained as a white powder in a yield of 2.86 g (12.9 mmol, 80.9 % of theory).

EA: caled.: C 48.86 %, H 8.66 %, N 6.33 %
found: C 47.63 %, H 8.98%, N 6.13%

MS (FAB+): caled.: 222.3 ([M+H]™)
found: 222.3

N-(iso-Propyl)-f-D-mannopyranosylamine — DyO: 90 % — DMSO-dg: 88 %

'H NMR (400 MHz, D50, 410R32-2017): §/ppm = 4.27 (d, 1H, H1, 3.J; »=1.1Hz), 3.86 (dd,
1H, H6, 3J56=2.3Hz, 2Js¢=—12.1Hz), 3.79 (dd, 1H, H2, 3.J53=3.1Hz), 3.65 (ddd, 1H, H6’,
3J5¢=6.5Hz), 3.60 (dd, 1H, H3, 3J34=9.6Hz), 3.49 (t, 1H, H4, 3.J45—9.8 Hz), 3.32 (sp, 1H,
H5), 3.06-3.01 (m, 1H, CH), 1.02 (dd, 6H, 2xCH3).

13C{'H} NMR (101 MHz, D1;0, 410R31-2017): §/ppm — 84.5 (C1), 77.9 (C5), 74.7 (C3), 72.0
(C2), 67.9 (C4), 61.9 (C6), 43.8 (CH), 23.3 (CH3), 20.4 (CH3).

13C{'H} NMR (101 MHz, DMSO-dg, 330R22-2015): §/ppm — 84.5 (C1), 77.9 (C5), 74.8 (C3),
71.7 (C2), 67.7 (C4), 61.7 (C6), 42.6 (CH), 24.4 (CH3), 21.9 (CH3).

N (iso-Propyl)-a-D-mannopyranosylamine — DyO: 10 % — DMSO-dg: 12%

'H NMR (400 MHz, D20, 410R31-2017): 6 /ppm = 4.58 (d, 1H, H1, 3.J; ,=1.8 Hz).

I3C{'H} NMR (101 MHz, D20, 410R32-2017): 86.1 (C1), 72.4 (C5), 71.9 (C2), 71.2 (C3), 67.7
(C4), 61.7 (C6), 44.3 (CH), 23.1 (CH3), 20.4 (CHj3).

13C{'H} NMR (101 MHz, DMSO-dg, 330R22-2015): §/ppm — 86.1 (C1), 72.0 (C5), 71.6 (C2),
71.2 (C3), 68.0 (C4), 61.6 (C6), 44.1 (CH), 24.1 (CH3), 22.0 (CH3).

N-(tert-Butyl)-p-mannosylamin (p-Man1NtBu)

OH OH OH
OH e { oH
o] -0 -0
HO MeOH HO HO
OH RT,5h

D-Mannose (4.00g, 2.22mmol, 1.00eq.) was dried and subsequently suspended in 60 mL dry
methanol. tert-Butylamine (16.7mL, 11.7 g, 160 mmol, 7.20eq.) was added and the reaction
mixture stirred for 5h at room temperature. The resulting slightly brown solution was con-
centrated in vacuo until a orange syrup-like residue was obtained. The residue was solved in
50 mL diethyl ether and stored for a week at 4°C. Since no precipitation of the desired product
occurred, the diethyl ether was removed in vacuo. Thereby the product was obtained as a highly
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hygroscopic white powder in a yield of 4.70 g (20.0 mmol, 90.0 % of theory).

EA: caled.: C 51.05%, H 9.00 %, N 5.95%
found: C 51.59%, H 9.75%, N 7.31%

MS (FAB+): caled.: 236.3 (|[M+H]|*")
found: 236.4

N-(tert-Butyl)-f-D-mannopyranosylamine — D,O: 100 % — DMSO-dg: 76 %

'H NMR (400 MHz, D20, 430R39-2015): &/ppm = 4.34 (d, H1, 3.J; 5=1.0 Hz).

I3C{'H} NMR (101 MHz, D50, 430R40-2015): §/ppm = 84.4 (C1), 77.6 (C5), 74.8 (C3), 73.1
(C2), 67.8 (C4), 61.9 (C6), 51.0 (C,), 29.8 (3xCHg).

13C{'H} NMR (101 MHz, DMSO-dg, 430R43-2015): §/ppm — 84.0 (C1), 77.6 (C5), 74.9 (C3),
72.6(C2), 67.7 (C4), 61.9 (C6), 49.4 (C,), 30.8 (3xCHs).

N-(tert-Butyl)-a-D-mannopyranosylamine — D,O: 0% — DMSO-dg: 24 % :
13C{'H} NMR (101 MHz, DMSO-dg, 430R43-2015): §/ppm — 84.2 (C1), 72.4 (C5), 71.4 (C2),
71.1 (C3), 68.1 (C4), 61.5 (C6), 49.7 (Cy), 29.9 (3xCHg).

5.5.2.5. Preparation of N-Alkylrhamnosylamines
N-Methyl-L-rhamnosylamin (L.-RhalNMe)

HN
OH H
HsC o MeNH; HaC o N~ HsC o
_— +
HO EtOH HO HO
G RT,24h HO HG
OH OH OH

L-Rhamnose (500 mg, 2.74 mmol, 1.00eq.) was dried and subsequently suspended in a solution
of methylamine in ethanol (33 %, 5.00 mL, 37.2mmol, 13.4 eq.). After stirring the clear reaction
solution for 16 h a white precipitate formed. The reaction solution was stored for 24 h at 4°C
to increase the precipitation of the product. The white solid was separated from the reaction
solution by filtration, washed with cold methanol (2 x 10 mL) and dried in vacuo. The product
was obtained as a white powder in a yield of 418 mg (2.36 mmol, 86.1 % of theory).

EA: caled.: C 47.45%, H 8.53%, N 7.90 %
found: C 47.21%, H 8.71%, N 7.76 %

MS (FAB+): caled.: 178.2 ([M+H]™)
found: 178.2

N-Methyl-B-L-rhamnnopyranosylamine — DyO: 86 % — DMSO-dg: 80 %
IH NMR (400 MHz, D0, 160R13-2017): §/ppm — 4.06 (d, 1H, H1, 3J; 5—1.1 Hz), 3.81 (dd, 1H,
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H2, 3.J53=3.4Hz), 3.54 (dd, 1H, H3, 3J34=9.4Hz), 3.31-3.29 (dd, H4/H5), 2.43 (s, 3H, CHj),
1.25 (d, 3H, 3xH6).

I3C{'H} NMR (101 MHz, D50, 160R14-2017): §/ppm = 88.7 (C1), 74.2 (C3), 73.8 (C5), 73.0
(C4), 71.8 (C2), 31.6 (CH3), 17.4 (C6).

I3C{'H} NMR (101 MHz, DMSO-dg, 17T0R5-2017): 6/ppm = 88.5 (C1), 74.4 (C3), 72.5 (C5),
72.4 (C4), 71.5 (C2), 31.9 (CH3), 18.1 (C6).

N-Methyl-a-L-rhamnnopyranosylamine — D,0: 14 % — DMSO-dg: 20 %

'H NMR (400 MHz, D20, 160R13-2017): 6 /ppm = 4.29 (d, 1H, H1, 3J; »=1.6 Hz), 2.29 (s, 3H,
CHg)

BC{'H} NMR (101 MHz, D20, 160R14-2017): §/ppm — 89.9 (C1), 72.8 (C4), 71.6 (C2), 70.9
(C4), 68.1 (C2), 31.0 (CH3), 17.3 (C6).

I3C{'H} NMR (101 MHz, DMSO-dg, 17T0R5-2017): 6/ppm = 89.7 (C1), 72.7 (C4), 71.4 (C2),
71.0 (C4), 66.5 (C2), 31.7 (CH3), 18.1 (C6).

N-Ethyl-p-rhamnosylamin (p-RhalNEt)

HN

OH H
HsC o EtNH, HsC o N~ N HC o
—_— > +
HO MeOH HO HO
HO RT.3h HO HO

OH OH OH

L-Rhamnose (1.00g, 5.79 mmol, 1.00eq.) was dried and subsequently suspended in a solution
of ethylamine in methanol (2 M, 15.0 mL, 30.0 mmol, 5.46 eq.). After stirring the clear reaction
solution for 3h a white precipitate formed. The reaction solution was stored for 24h at 4°C
to increase the precipitation of the product. The white solid was separated from the reaction
solution by filtration, washed with cold methanol (2 x 10 mL) and dried in vacuo. The product
was obtained as a white powder in a yield of 939 mg (4.91 mmol, 89.4 % of theory).

EA: caled.: C 50.25%, H 8.96 %, N 7.32%
found: C 50.33%, H 9.26 %, N 7.34 %

MS (FAB+): caled.: 192.2 ([M+H]™)
found: 192.3

N-Ethyl-B-L-rhamnopyranosylamine — DyO: 87 % — DMSO-dg: 80 %

'H NMR (400 MHz, DO, 160R10-2017): §/ppm = 4.16 (d, 1H, H1, 3.J; »=1.1Hz), 3.81 (dd,
1H, H2, 3J53=3.4Hz), 3.54 (dd, 1H, H3, 3J3,=9.5Hz), 3.31-3.29 (dd, H4/H5), 2.89 (m, 1H,
CHs), 2.63 (m, 1H, CHs), 1.24 (d, 3H, 3xH6), 1.04 (td, 3H, CHj).

I3C{'H} NMR (101 MHz, D50, 160R11-2017): §/ppm = 86.8 (C1), 74.2 (C3), 73.8 (C5), 73.1
(C4), 71.9 (C2), 39.5 (CHy), 17.4 (C6), 14.2 (CH3).
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BC{'H} NMR (101 MHz, DMSO-dg, 17T0R8-2017): 6/ppm — 86.8 (C1), 74.4 (C3), 72.5 (C5),
72.4 (C4), 71.6 (C2), 39.0 (CHy), 18.1 (C6), 15.4 (CH3).

N-Ethyl-a-L-rhamnopyranosylamine — D;O: 13% — DMSO-dg: 20 %

'H NMR (400 MHz, D20, 160R10-2017): &/ppm = 4.41 (d, H1, 3.J; 5=1.6 Hz).

I3C{'H} NMR (101 MHz, D50, 160R11-2017): §/ppm = 88.3 (C1), 72.8 (C4), 71.8 (C2), 70.9
(C4), 68.1 (C2), 39.5 (CHy), 17.3 (C6), 13.8 (CH3).

BC{'H} NMR (101 MHz, DMSO-dg, 17T0R8-2017): 6/ppm — 88.1 (C1), 72.8 (C4), 71.5 (C2),
71.1 (C4), 66.5 (C2), 39.3 (CHy), 18.0 (C6), 15.1 (CH3).

N-(iso-Propyl)-p-rhamnosylamin (p-RhalNiPr)

HN
o P
H3C fo) IPI’NHZ H3C le) N . H3C o
HO MeOH HO HO
RT, 16 h
HO ' HO HO
OH OH OH

D-Rhamnose monohydrate (1.00g, 3.29 mmol, 1.00eq.) was dried and subsequently suspended
in 5mL dry methanol. iso-Propylamine (1.50 mL, 1.03g, 17.5 mmol, 5.31eq.) was added and
the reaction mixture stirred for 16 h at room temperature. Subsequent storage at 4 °C for 24 h
resulted in the precipitation of a white solid. The solid was separated from the reaction solution
by filtration, washed with cold methanol (2 x 5mL) and dried in vacuo. The product was ob-
tained as a white powder in a yield of 175 mg (853 pmol, 25.9 % of theory).

N-(iso-Propyl)-p-L-rhamnopyranosylamine — Dy0: 90 % — DMSO-dg: 88 %

'H NMR (400 MHz, D50, 390R3-2017): §/ppm = 4.26 (d, 1H, H1, 3.J; »=1.1Hz), 3.79 (dd, 1H,
H2, 3.J53=3.4Hz), 3.54 (dd, 1H, H3, 3J;,4=8.8 Hz), 3.31-3.29 (dd, H4/H5), 3.16 (m, 1H, CH),
1.24 (d, 3H, 3xH6), 1.01 (dd, 6H, 2xCHj3).

I3C{'H} NMR (101 MHz, D50, 390R4-2017): §/ppm = 84.3 (C1), 74.3 (C3), 73.8 (C5), 73.1
(C4), 72.1 (C2), 43.7 (CH), 22.3 (CH3), 20.3 ((CH3), 17.4 (C6).

N-(iso-Propyl)-a-L-thamnopyranosylamine — D,O: 10 % — DMSO-dg: 12% :

'H NMR (400 MHz, D20, 390R3-2017): §/ppm = 4.57 (d, H1, 3J; 2=1.6 Hz).

BBC{'H} NMR (101 MHz, D20, 390R4-2017): §/ppm — 86.2 (C1), 72.9 (C4), 72.0 (C2), 70.8
(C4), 68.1 (C2), 44.4 (CH), 23.0 (CH3), 20.4 (CH3), 17.3 (C6).
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5.5.3. Preparation of N-Alkyl-2-deoxy-D-glycoamines
5.5.3.1. Preparation of N-Alkyl-2-deoxy-D-erythro-pentosylamines

N-Methyl-2-deoxy-D-erythro-pentosylamine (p-ery-dPent1NMe)

O fe) /
HO MeNH,  _  Ho Ho o, o NH
EtOH N
OH 4°C,4h HO

OH OH

2-Deoxy-D-erythro-pentose (614 mg, 4.58 mmol, 1.00eq.) was dried and subsequently stirred for
4h at 4°C with a solution of methylamine in ethanol (33 %, 4.50 mL, 33.5 mmol, 7.31eq.). The
reaction mixture was concentrated by evaporation until a syrup-like residue was obtained. The
residue was frozen, crushed and dried in vacuo. This procedure was repeated three times until
the product was obtained as an orange gelatinous substance in a yield of 727 mg (4.94 mmol,
93.2% of theory).

EA: caled.: C 48.97%, H 8.90%, N 9.52%
found: C 48.53%, H 9.05%, N 8.70 %

MS (FAB+): caled.: 148.2 ([M+H]™)
found: 148.3

N-Methyl-2-deoxy-B-D-erythro-pentopyranosylamine — D,O: 53 % — DMSO-dg: 30 %

I3C{'H} NMR (101 MHz, D50, 450R21-2015): §/ppm = 88.0 (C1), 68.5 (C4), 67.9 (C5), 67.6
(C3), 34.1 (C2), 31.1 (CHs).

13C{'H} NMR (101 MHz, DMSO-dg, 450R30-2015): §/ppm — 87.2 (C1), 68.1 (C4), 67.0 (C3),
65.6 (C5), 35.5 (C2), 31.8 (CH3).

N-Methyl-2-deoxy-a-D-erythro-pentopyranosylamine — D5O: 24 % — DMSO-dg: 35%

BBC{'H} NMR (101 MHz, D50, 450R21-2015): §/ppm — 85.1 (C1), 67.6 (C4), 66.5 (C3), 63.6
(C5), 35.6 (C2), 31.2 (CHg).

I3C{'H} NMR (101 MHz, DMSO-dg, 450R30-2015): §/ppm = 84.4 (C1), 67.5 (C4), 66.4 (C3),
63.8 (C5), 37.7 (C2), 31.5 (CH3).

N-Methyl-2-deoxy-B-D-erythro-pentofuranosylamine — DyO: 14 % — DMSO-dg: 16 %

BBC{'H} NMR (101 MHz, D50, 450R21-2015): §/ppm — 92.5 (C1), 85.9 (C4), 72.2 (C3), 62.9
(C5), 39.3 (C2), 31.5 (CH3).

13C{'H} NMR (101 MHz, DMSO-dg, 450R30-2015): §/ppm — 91.7 (C1), 85.7 (C4), 71.1 (C3),
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62.8 (C5), 40.1 (C2), 31.9 (CHs).

N-Methyl-2-deoxy-a-D-erythro-pentofuranosylamine — D50: 9% — DMSO-dg: 13%

I3C{'H} NMR (101 MHz, D50, 450R21-2015): §/ppm = 91.9 (C1), 84.5 (C4), 71.5 (C3), 62.1
(C5), 39.3 (C2), 31.5 (CHg).

I3C{'H} NMR (101 MHz, DMSO-dg, 450R30-2015): §/ppm = 91.2 (C1), 84.5 (C4), 70.9 (C3),
62.1 (C5), 40.0 (C2), 31.7 (CH3).

N-Methyl-2-deoxy-erythro-D-pentosylamine (imine form) — D,O: 0 % — DMSO-dg: 6 %
13C{'H} NMR (101 MHz, DMSO-dg, 450R30-2015): §/ppm — 165.3 (C1), 74.6 (C4), 69.5 (C3),
63.2 (C5), 47.4 (CHj), 39.0 (C2).

N-Ethyl-2-deoxy-bp-erythro-pentosylamine (p-ery-dPent1NEt)
O o) >
HO EiNH: | HO H o NH
MeOH N~ 7
OH RT, 20 h o
OH OH oH
HO
o} H
N
RN
HO

2-Deoxy-D-erythro-pentose (402mg, 3.00mmol, 1.00eq.) was dried, suspended in a solution of
ethylamine in methanol (2M, 9.00 mL, 18.0 mmol, 6.00eq.) and stirred for 20h at room tem-
perature. The resulting clear reaction solution was concentrated by evaporation until it reached
dryness. The obtained syrup-like residue was frozen, crushed and further dried in vacuo. The
product was obtained as a orange gelatinous substance in a yield of 448 mg (2.78 mmol, 92.7 %
of theory).

EA: caled.: C 52.16%, H 9.38%, N 8.69%
found: C 50.81%, H 9.26%, N 7.85%

MS (FAB+): caled.: 162.2 (|[M+H]|*")
found: 162.3

N-Ethyl-2-deoxy-B-D-erythro-pentopyranosylamine — D,O: 64 % — DMSO-dg: 30 %

BC{'H} NMR (101 MHz, D20, 450R24-2015): §/ppm — 86.5 (C1), 68.5 (C4), 67.9 (C5), 67.5
(C3), 39.4 (CHg), 34.3 (C2), 14.3 (CHjs).

I3C{'H} NMR (101 MHz, DMSO-dg, 440R26-2015): §/ppm = 85.6 (C1), 68.1 (C4), 67.0 (C3),
65.5 (C5), 38.9 (CHs), 35.6 (C2), 15.4 (CHjs).
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N-Ethyl-2-deoxy-a-D-erythro-pentopyranosylamine — D,0: 24 % — DMSO-dg: 33 %

BC{'H} NMR (101 MHz, D50, 450R24-2015): §/ppm — 83.4 (C1), 67.5 (C4), 66.7 (C3), 63.7
(C5), 39.5 (CHs), 35.9 (C2), 14.2 (CHj3).

I3C{'H} NMR (101 MHz, DMSO-dg, 440R26-2015): §/ppm = 82.8 (C1), 67.5 (C4), 66.4 (C3),
63.8 (C5), 39.1 (CHs), 37.9 (C2), 15.4 (CHjs).

N-Ethyl-2-deoxy-B-D-erythro-pentofuranosylamine — DyO: 8 % — DMSO-dg: 17 %

BBC{'H} NMR (101 MHz, D20, 450R24-2015): §/ppm — 91.0 (C1), 86.0 (C4), 72.2 (C3), 62.9
(C5), 39.2 (CHy), 14.4 (CH3).

13C{'H} NMR (101 MHz, DMSO-dg, 440R26-2015): §/ppm — 90.3 (C1), 85.7 (C4), 71.1 (C3),
62.8 (C5), 40.6 (C2), 39.7 (CHy), 15.5 (CH3).

N-Ethyl-2-deoxy-a-D-erythro-pentofuranosylamine — D5O: 4 % — DMSO-dg: 14 %

I3C{'H} NMR (101 MHz, D50, 450R24-2015): §/ppm = 90.3 (C1), 84.4 (C4), 71.4 (C3), 62.1
(C5), 39.7 (CHy), 14.5 (CH3).

I3C{'H} NMR (101 MHz, DMSO-dg, 440R26-2015): §/ppm = 89.7 (C1), 84.5 (C4), 71.0 (C3),
62.1 (C5), 40.2 (C2), 39.2 (CH»), 15.5 (CH3).

N-Ethyl-2-deoxy-erythro-D-pentosylamine (imine form) — D,O: 0% — DMSO-dg: 6 %
13C{'H} NMR (101 MHz, DMSO-dg, 440R26-2015): §/ppm — 163.2 (C1), 74.6 (C4), 69.6 (C3),
63.2 (Cb), 54.7 (CHs), 38.9 (C2), 16.3 (CHjs).

N-Propyl-2-deoxy-p-erythro-pentosylamine (p-ery-dPent1NPr)

PTNHZ HO 0 H .
MeOH N\/\
RT,3h HO
OH OH
HO
0] H
N\/\
HO

2-Deoxy-D-erythro-pentose (496 mg, 3.70 mmol, 1.00 eq.) was dried and subsequently suspended
in 1 mL dry methanol. After the addition of propylamine (1.79mL, 1.29 g, 21.8 mmol, 5.90eq.)
the resulting yellowish solution was stirred for 3h at room temperature. The reaction mixture
was concentrated by evaporation of the solvent until it reached dryness and the obtained residue
solved in diethyl ether (10 mL). Concentration of the solution to about one third of its previous
volume and subsequent storage at 4 °C for 3d resulted in the precipitation of a white solid. The
precipitate was separated by filtration, washed with diethyl ether (2 x 5 mL) and dried in vacuo.
The product was obtained as a white powder in a yield of 254 mg (1.45 mmol, 39.2 % of theory).
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EA: caled.: C 54.84%, H 9.78 %, N 7.99 %
found: C 53.33%, H 9.46 %, N 7.81%

MS (FAB+): caled.: 176.2 (|[M+H]|*")
found: 176.3

N-Propyl-2-deoxy-B-D-erythro-pentopyranosylamine — D,O: 65 % — DMSO-dg: 76 %

BC{'H} NMR (101 MHz, D50, 470R2-2015): §/ppm = 86.9 (C1), 68.5 (C4), 67.9 (C5), 67.5
(C3), 39.4 (NH-CH,), 34.2 (C2), 22.8 (CHy), 11.7 (CH3).

13C{'H} NMR (101 MHz, DMSO-dg, 460R14-2015): §/ppm — 85.9 (C1), 68.1 (C4), 67.0 (C3),
65.4 (C5), 46.7 (NH-CHy), 35.6 (C2), 23.1 (CHy), 11.8 (CHs).

N-Propyl-2-deoxy-a-D-erythro-pentopyranosylamine — D5,O: 22 % — DMSO-dg: 6 %

BBC{'H} NMR (101 MHz, D20, 470R2-2015): §/ppm — 83.8 (Cl), 67.5 (C4), 66.7 (C3), 63.7
(C5), 47.1 (NH-CHa), 36.0 (C2), 22.1 (CHy), 11.7 (CH3).

I3C{'H} NMR (101 MHz, DMSO-dg, 460R14-2015): §/ppm = 83.1 (C1), 67.5 (C4), 66.4 (C3),
63.8 (C5), 47.0 (NH-CHy), 38.0 (C2), 23.0 (CHy), 11.8 (CH3).

N-Propyl-2-deoxy-p-D-erythro-pentofuranosylamine — DyO: 11 % — DMSO-dg: 8 %

BBC{'H} NMR (101 MHz, D50, 470R2-2015): §/ppm — 91.4 (C1), 85.9 (C4), 72.2 (C3), 62.9
(C5), 47.7 (NH-CHy), 22.9 (CH,), 11.7 (CHg).

13C{'H} NMR (101 MHz, DMSO-dg, 460R14-2015): §/ppm — 90.7 (C1), 85.7 (C4), 71.1 (C3),
62.8 (C5), 47.6 (NH-CHy), 40.5 (C2), 23.2 (CHy), 11.8 (CH3).

N-Propyl-2-deoxy-o-D-erythro-pentofuranosylamine — DyO: 2% — DMSO-dg: 6%

I3C{'H} NMR (101 MHz, D50, 470R2-2015): §/ppm = 90.6 (C1), 84.4 (C4), 71.5 (C3), 62.1
(C5), 47.2 (NH-CHy,), 23.0 (CHy), 11.7 (CHs).

I3C{'H} NMR (101 MHz, DMSO-dg, 460R14-2015): §/ppm = 90.0 (C1), 84.5 (C4), 71.0 (C3),
62.1 (C5), 47.2 (NH-CHy), 40.2 (C2), 23.0 (CHy), 11.8 (CH3).
N-Propyl-2-deoxy-erythro-D-pentosylamine (imine form) — DyO: 0 % — DMSO-dg: 4 %

13C{'H} NMR (101 MHz, DMSO-dg, 460R14-2015): §/ppm — 163.7 (C1), 74.6 (C4), 69.6 (C3),
63.2 (C5), 62.3 (NH-CHy), 38.8 (C2), 23.5 (CHy), 11.6 (CH3).

N-(iso-Propyl)-2-deoxy-p-erythro-pentosylamine (p-ery-dPent1NiPr)
_PMNH, g A w o) NH
N +
T meon
RT,20 h Y HO
OH OH
HO
o H
e
HO
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2-Deoxy-D-erythro-pentose (402 mg, 3.00 mmol, 1.00 eq.) was dried and subsequently suspended
in 5mL dry methanol. Upon addition of iso-propylamine (1.50 mL, 1.03 g, 17.5 mmol, 5.72eq.) a
clear solution formed within 15 min. The reaction mixture was stirred for 20 h at room tempera-
ture and afterwards the solution was concentrated until it reached dryness. The resulting residue
was frozen, crushed and dried in vacuo three times. The product was obtained as a yellowish
solid in a yield of 124 mg (0.71 mmol, 23.6 % of theory).

EA: caled.: C 52.67%, H9.33%, N 6.82%
found: C 52.22%, H 9.41%, N 6.85%

MS (FAB+): caled.: 205.3 ([M+H]™)
found: 206.3

N-(iso-Propyl)-2-deoxy-pB-D-erythro-pentopyranosylamine — D,0: 62% — DMSO-dg: 31 %
BC{H} NMR (101 MHz, D50, 470R2-2015): §/ppm = 84.0 (C1), 68.6 (C4), 67.9 (C5), 67.6
(C3), 44.0 (CH), 34.2 (C2), 23.4 (CHs), 20.5 (CHj).

13C{'H} NMR (101 MHz, DMSO-dg, 460R14-2015): §/ppm — 83.1 (C1), 68.1 (C4), 67.1 (C3),
65.4 (C5), 43.7 (CH), 35.8 (C2), 24.4 (CH;), 21.8 (CH;).

N-(iso-Propyl)-2-deoxy-o-D-erythro-pentopyranosylamine — DyO: 24 % — DMSO-dg: 39 %
1BC{'H} NMR (101 MHz, D50, 470R2-2015): §/ppm = 80.9 (C1), 67.5 (C4), 66.9 (C3), 63.6
(C5), 44.1 (CH), 36.7 (C2), 23.4 (CHg), 20.5 (CHg3).

BC{'H} NMR (101 MHz, DMSO-dg, 460R14-2015): §/ppm = 80.4 (C1), 67.5 (C4), 66.6 (C3),
63.9 (C5), 43.3 (CH), 38.4 (C2), 24.3 (CHj), 22.0 (CHs).

N-(iso-Propyl)-2-deoxy-f-D-erythro-pentofuranosylamine — D,O: 12% — DMSO-dg: 13 %
BC{'H} NMR (101 MHz, D50, 470R2-2015): §/ppm — 88.6 (C1), 86.1 (C4), 72.2 (C3), 62.9
(C5), 45.3 (CH), 23.6 (CH3), 20.6 (CH3).

13C{'H} NMR (101 MHz, DMSO-dg, 460R14-2015): §/ppm — 88.2 (C1), 85.9 (C4), 71.2 (C3),
62.8 (C5), 44.7 (CH), 40.5 (C2), 24.5 (CH3), 21.9 (CH3).

N-(iso-Propyl)-2-deoxy-a-D-erythro-pentofuranosylamine — Dy0: 2% — DMSO-dg: 11 %
I3C{'H} NMR (101 MHz, D50, 470R2-2015): §/ppm = 87.7 (C1), 84.4 (C4), 71.5 (C3), 62.2
(C5), 44.5 (CH), 23.6 (CH3), 20.6 (CHs).

I3C{'H} NMR (101 MHz, DMSO-dg, 460R14-2015): §/ppm = 87.7 (C1), 84.4 (C4), 71.5 (C3),
62.2 (C5), 44.5 (CH), 40.5 (C2), 24.6 (CHs), 22.2 (CHs).

N-(iso-Propyl)-2-deoxy-erythro-D-pentosylamine (imine form) — D,O: 0% — DMSO-dg: 6 %

13C{'H} NMR (101 MHz, DMSO-dg, 460R14-2015): §/ppm — 161.1 (C1), 74.6 (C4), 69.6 (C3),
63.9 (CH), 63.2 (C5), 42.2 (C2), 24.2 (CH3), 21.9 (CH3).
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N-(tert-Butyl)-2-deoxy-erythro-p-pentosylamine (p-ery-dPent1NtBu)
tBuNH2 HO 0 H o NH
N +
MeOH
4°C,3h K HG
OH OH
HO
o H
S
HO

2-Deoxy-erythro-D-pentose (499 mg, 3.72 mmol, 1.00 eq.) was dried and subsequently suspended
in 10 mL dry methanol. tert-Butylamine (2.80mL, 1.96 g, 26.8 mmol, 7.20eq.) was added and
the reaction mixture stirred for 3h at 4 °C. The reaction mixture was concentrated until reached
dryness and the obtained residue was resolved in diethyl ether (20mL). Storage at 4°C for 3d
resulted in the precipitation of a white solid. The precipitate was separated by filtration, washed
with diethyl ether (2 x 10mL) and dried in vacuo. The product was obtained as a white solid
in a yield of 290 mg (1.53 mmol, 41.2% of theory).

MS (FAB+): caled.: 176.2 ([M+H]™)
found: 176.3

N-(tert-Butyl)-2-deoxy-f-D-erythro-pentopyranosylamine — D,O: 100 % — DMSO-dg: 50 %
BC{'H} NMR (101 MHz, D50, 480R11-2015): &/ppm — 82.4 (C1), 68.3 (C4), 66.9 (C5), 65.4
(C3), 49.6 (C,), 36.8 (C2), 30.6 (3 xCHjy).

BC{'H} NMR (101 MHz, DMSO-dg, 500R5-2015): 6/ppm — 82.4 (C1), 68.3 (C4), 67.0 (C3),
65.4 (C5), 49.5 (C,), 36.9 (C2), 30.6 (3 xCHj).

N-(tert-Butyl)-2-deoxy-o-D-erythro-pentopyranosylamine — DyO: 0 % — DMSO-dg: 11 %
BC{H} NMR (101 MHz, DMSO-dg, 500R5-2015): &/ppm = 79.4 (C1), 67.3 (C4), 66.7 (C3),
63.6 (C5), 49.6 (Cy), 39.1 (C2), 30.5 (3 xCHj).

N-(tert-Butyl)-2-deoxy-p-D-erythro-pentofuranosylamine — DyO: 0 % — DMSO-dg: 17%
BBC{'H} NMR (101 MHz, DMSO-dg, 500R5-2015): 6/ppm — 86.5 (C1), 85.9 (C4), 71.1 (C3),
62.9 (C5), 49.5 (C,), 42.1 (C2), 30.5 (3 xCHz).

N-(tert-Butyl)-2-deoxy-a-D-erythro-pentofuranosylamine — DyO: 0% — DMSO-dg: 11 %
BC{H} NMR (101 MHz, DMSO-dg, 500R5-2015): &/ppm = 86.3 (C1), 84.1 (C4), 70.8 (C3),
62.1 (C5), 49.7 (Cy), 41.5 (C2), 30.5 (3 xCHj).

N-(tert-Butyl)-2-deoxy-erythro-nD-pentosylamine (imine form) — DyO: 0 % — DMSO-dg: 11 %

13C{'H} NMR (101 MHz, DMSO-dg, 500R5-2015): ¢ /ppm = 158.0 (C1), 74.6 (C4), 69.7 (C3),
63.1 (C5), 56.4 (C,), 39.2 (C2), 29.5 (3 xCHjy).
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5.5.3.2. Preparation of N-Alkyl-2-deoxy-D-arabino-hexosylamines

N-Methyl-2-deoxy-p-arabino-hexosylamine (p-ara-dHex1NMe)

OH OH OH
/
HO ———— 1o + HO
EtOH N
HO HO HO
RT, 19h ™~
OH
HN
\

2-Deoxy-D-arabino-hexose (1.00g, 6.09 mmol, 1.00eq.) was dried and subsequently stirred for
19h at room temperature with a solution of methylamine in ethanol (33 %, 5.00 mL, 37.2 mmol,
6.10eq.). The reaction mixture was concentrated by evaporation of the solvent until a colorless
precipitate formed, which was filtered off, washed with cold methanol (2 x 10 mL) and dried in
vacuo. The product was obtained as a colorless solid in a yield of 967 mg (5.46 mmol, 89.6 % of
theory).

EA: caled.: C 47.45%, H 8.53%, N 7.90%
found: C 47.44%, H 8.43%, N 7.79%

MS (FAB+): caled.: 178.2 ([M+H]™)
found: 178.2

N-Methyl-2-deoxy-B-D-arabino-hexopyranosylamine — DyO: 85 % — DMSO-dg: 81 %

3C{'H} NMR (101 MHz, D50, 430R2-2016): §/ppm = 87.5 (C1), 77.6 (C5), 71.9 (C3), 71.9
(C4), 61.7 (C6), 38.6 (C2), 31.1 (CH3).

I3C{'H} NMR (101 MHz, DMSO-dg, 070R35-2016): §/ppm = 87.3 (C1), 77.7 (C5), 72.2 (C3),
71.8 (C4), 61.6 (C6), 40.0 (C2), 31.6 (CHs).

N-Methyl-2-deoxy-a-D-arabino-hexopyranosylamine — DyO: 15 % — DMSO-dg: 19 %

'H NMR (400 MHz, D50, 430R1-2016): §/ppm = 4.51 (d, H1, 3.J; 2=4.8 Hz).

BC{'H} NMR (101 MHz, D50, 4°C, 430R2-2016): &/ppm — 85.2 (C1), 72.0 (C5), 71.8 (C4),
68.8 (C3), 61.5 (C6), 36.4 (C2), 30.8 (CH3).

BC{'H} NMR (101 MHz, DMSO-dg, 07OR35-2016): §/ppm = 84.6 (C1), 72.6 (C5), 71.1 (C4),
68.2 (C3), 61.4 (C6), 37.8 (C2), 31.5 (CH3).

N-Ethyl-2-deoxy-p-arabino-hexosylamine (p-ara-dHex1NEt)

OH OH OH
/
(0] EtNH, (0] (0]
HO ——————— HO H + HO
N
HO MeOH HO ~_" HO
OH RT,19h

HN\/
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2-Deoxy-D-arabino-hexose (860 mg, 5.24 mmol, 1.00eq.) was dried, subsequently suspended in
a solution of ethylamine in methanol (2M, 13.0mL, 26.0 mmol, 5.00eq.) and stirred for 19h
at room temperature. The resulting reaction solution was concentrated by evaporation of the
solvent until it reached dryness. The thereby formed white solid was crushed and further dried
in vacuo. The product was obtained as a white solid in a yield of 912 mg (4.77 mmol, 91.0 % of
theory).

EA: caled.: C 50.25%, H 8.96 %, N 7.32%
found: C 50.19%, H 8.90 %, N 7.20 %

MS (FAB+): caled.: 192.2 ([M+H]T)
found: 192.3

N-Ethyl-2-deoxy-f-D-arabino-hexopyranosylamine — 83 %:

BBC{'H} NMR (101 MHz, D50, 070R32-2016): §/ppm — 86.0 (C1), 77.7 (C5), 72.0 (C3), 71.9
(C4), 61.8 (C6), 39.5 (CHy), 38.8 (C2), 14.3 (CHjs).

13C{'H} NMR (101 MHz, DMSO-dg, 070R35-2016): §/ppm — 85.8 (C1), 77.7 (C5), 72.3 (C3),
71.8 (C4), 61.6 (C6), 40.2 (C2), 39.0 (CHy), 15.4 (CHy).

N-Ethyl-2-deoxy-a-D-arabino-hexopyranosylamine — 17 %:

I3C{'H} NMR (101 MHz, D50, 07OR32-2016): §/ppm = 83.6 (C1), 72.1 (C5), 71.8 (C4), 68.8
(C3), 61.5 (C6), 37.6 (CHy), 37.6 (C2), 13.9 (CHjs).

I3C{'H} NMR (101 MHz, DMSO-dg, 070R35-2016): §/ppm = 83.0 (C1), 72.6 (C5), 71.1 (C4),
68.2 (C3), 61.4 (C6), 39.0 (CHy), 37.9 (C2), 15.0 (CHy).

N-Propyl-2-deoxy-p-arabino-hexosylamine (p-ara-dHex1NPr)

OH OH OH
/
0 PrNH, 0 H 0
HO —— > HO N + HO
HO MeOH HO S~ HO
oy RT.3h

HN\/\

2-Deoxy-D-arabino-hexose (500 mg, 3.04 mmol, 1.00eq.) was dried and subsequently suspended
in 1 mL dry methanol. After the addition of propylamine (1.50 mL, 1.06 g, 18.0 mmol, 5.90eq.)
the resulting solution was stirred for 3h at room temperature. The reaction mixture was concen-
trated by evaporation of the solvent to about one third of its previous volume and diethyl ether
(20 mL) was added. Storage at 4°C for 3d resulted in the precipitation of a white solid. The
precipitate was separated by filtration, washed with diethyl ether (2 x 5 mL) and dried in vacuo.
The product was obtained as a white solid in a yield of 548 mg (2.67 mmol, 87.7% of theory).

EA: caled.: 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+): caled.: 206.3 (|[M+H]|*")
found: 206.4

N-Propyl-2-deoxy-B-D-arabino-hexopyranosylamine — D,O: 88 % — DMSO-dg: 83 %

BC{'H} NMR (101 MHz, D50, 420R8-2015): §/ppm — 86.4 (C1), 77.7 (C5), 72.0 (C3), 71.9
(C4), 61.8 (C6), 47.2 (CH), 38.9 (C2), 22.9 (CHy), 11.7 (CH3).

I3C{'H} NMR (101 MHz, DMSO-dg, 420R11-2015): §/ppm = 86.2 (C1), 77.7 (C5), 72.3 (C3),
71.8 (C4), 61.6 (C6), 46.9 (CH), 40.2 (C2), 23.1 (CHs), 11.8 (CH3).

N-Propyl-2-deoxy-o-D-arabino-hexopyranosylamine — Dy0: 12% — DMSO-dg: 17%

BC{'H} NMR (101 MHz, D50, 420R8-2015): §/ppm — 83.8 (C1), 72.1 (C5), 71.9 (C4), 68.9
(C3), 61.5 (C6), 46.9 (CH), 37.7 (C2), 22.4 (CHy), 11.8 (CH3).

13C{'H} NMR (101 MHz, DMSO-dg, 420R11-2015): §/ppm — 83.2 (C1), 72.6 (C5), 71.1 (C4),
68.2 (C3), 61.4 (C6), 46.9 (CH), 37.9 (C2), 22.6 (CHy), 11.9 (CH3).

N-(iso-Propyl)-2-deoxy-p-arabino-hexosylamine (p-ara-dHex1NiPr)

OH OH OH

0 iPrNH 0 0
HO "W | wo H + HO
HO MeOH HO Y HO

OH RT,20h
HNY

2-Deoxy-D-arabino-hexose (501 mg, 3.05 mmol, 1.00eq.) was dried and subsequently suspended
in 5mL dry methanol. Upon addition of iso-propylamine (1.50mL, 1.03 g, 17.5 mmol, 5.72eq.)
a clear solution formed within 15 min. The reaction mixture was stirred for 20 h at room temper-
ature. The solution was concentrated by evaporation of the solvent until the precipitation of a
white solid was observed. After storage for a day at —20 °C, the precipitate was separated from
the reaction solution by filtration, washed with cold methanol (2 x 5mL) and dried in vacuo.
The product was obtained as a white solid in a yield of 351 mg (1.71 mmol, 56.1 % of theory).

EA: caled.: C 52.67%, H9.33%, N 6.82%
found: C 52.22%, H 9.41%, N 6.85%

MS (FAB+): caled.: 205.3 ([M+H]™)
found: 206.3

N-(iso-Propyl)-2-deoxy-f-D-arabino-hexopyranosylamine — D,O: 89 % — DMSO-dg: 85%
BC{'H} NMR (101 MHz, D20, 380R37-2016): §/ppm — 83.6 (C1), 77.7 (C5), 72.1 (C3), 72.0
(C4), 61.8 (C6), 44.2 (CH), 39.4 (C2), 23.3 (CH3), 20.7 (CHg).

13C{'H} NMR (101 MHz, DMSO-dg, 390R17-2016): §/ppm — 83.5 (C1), 77.7 (C5), 72.3 (C3),
72.0 (C4), 61.8 (C6), 43.1 (CH), 40.5 (C2), 24.3 (CHj), 22.1 (CHs).
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N-(iso-Propyl)-2-deoxy-a-D-arabino-hexopyranosylamine — D,O: 11 % — DMSO-dg: 15%

'H NMR (400 MHz, D50, 380R36-2016): &/ppm = 4.51 (d, H1, 3.J; ,—4.8 Hz).

I3C{'H} NMR (101 MHz, D50, 4°C, 380R37-2016): §/ppm = 81.1 (C1), 72.1 (C5), 71.9 (C4),
68.8 (C3), 61.6 (C6), 43.8 (CH), 37.8 (C2), 23.1 (CH3), 20.2 (CH3).

I3C{'H} NMR (101 MHz, DMSO-dg, 390R17-2016): §/ppm = 81.0 (C1), 72.6 (C5), 71.1 (C4),
68.2 (C3), 61.4 (C6), 43.9 (CH), 38.0 (C2), 24.1 (CH3), 21.9 (CH3).

N-(tert-Butyl)-2-deoxy-Dp-arabino-hexosylamine (p-ara-dHex1NtBu)

OH OH OH

(o} o} o
HO MeOH HO \K HO

oH 4°C.3h
HN\K

2-Deoxy-arabino-D-hexose (501 mg, 3.05 mmol, 1.00eq.) was dried and subsequently suspended
in 20 mL dry methanol. tert-Butylamine (2.29mL, 1.61g, 22.0 mmol, 7.20eq.) was added and
the reaction mixture stirred for 3h at room temperature. The clear reaction mixture was con-
centrated by evaporation of the solvent to about one third of its previous volume and diethyl
ether (20mL) was added. Storage at 4°C for 3d resulted in the precipitation of white solid.
The precipitate was separated by filtration, washed with diethyl ether (2 x 10mL) and dried in
vacuo. The product was obtained as a white solid in a yield of 460 mg (2.10 mmol, 68.8 % of
theory).

EA: caled.: C 54.77%, H9.65%, N 6.39%
found: C 54.22%, H 9.64%, N 6.23 %

MS (FAB+): caled.: 220.3 ([M+H]™)
found: 220.4

N-(tert-Butyl)-2-deoxy-p-D-arabino-hexopyranosylamine — DMSO-dg: 88 %:
I3C{'H} NMR (101 MHz, DMSO-dg 430R2-2016): §/ppm = 82.6 (C1), 77.4 (C5), 72.3 (C3),
72.0 (C4), 61.8 (C6), 49.6 (C,), 41.4 (C2), 30.6 (3xCHy).

N-(tert-Butyl)-2-deoxy-a-D-arabino-hexopyranosylamine — DMSO-dg: 12 %:

BC{'H} NMR (101 MHz, DMSO-dg, 480R8-2015): 6/ppm — 79.2 (C1), 72.8 (C5), 70.4 (C4),
68.2 (C3), 61.4 (C6), 49.6 (Cy), 39.1 (C2), 29.9 (3xCHj).
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5.5.3.3. Preparation of N-Alkyl-2-deoxy-D-lyxo-hexosylamines

N-Methyl-2-deoxy-b-lyxo-hexosylamine (b-lyx-dHex1NMe)

on OH on OH oy POH
0 MeNH, &/H N 0
HO EtOH HO N HO
OH RT,19 h
HN
HO o} H A
HO, - N
* HO-_> AN

2-Deoxy-D-Ilyzo-hexose (5.01 mg, 3.05mmol, 1.00eq.) was dried and subsequently stirred for
19h at room temperature with a solution of methylamine in ethanol (33 %, 4.10 mL, 30.5 mmol,
10.0 eq.). The reaction mixture was concentrated by evaporation of the solvent until a syrup-like
residue formed. The residue was frozen in liquid nitrogen, crushed and dried in vacuo three
times to obtain the product as a colorless solid. Due to the immense hygroscopy of the product
no yield was determined.

N-Methyl-2-deoxy-B-D-lyzo-hexopyranosylamine — DyO: 62 % — DMSO-dg: 52 %

BBC{'H} NMR (101 MHz, D50, 450R21-2015): §/ppm — 87.9 (C1), 76.8 (C5), 69.2 (C4), 67.7
(C3), 62.2 (C6), 34.2 (C2), 31.1 (CH3).

13C{'H} NMR (101 MHz, DMSO-dg, 450R30-2015): 87.7 (C1), 76.1 (C5), 69.0 (C4), 66.8 (C3),
60.9 (C6), 35.3 (C2), 31.6 (CH3).

N-Methyl-2-deoxy-o-D-lyzo-hexopyranosylamine — DyO: 16 % — DMSO-dg: 12 %

3C{'H} NMR (101 MHz, D50, 450R21-2015): §/ppm = 85.3 (C1), 69.1 (C5), 68.2 (C4), 65.5
(C3), 62.3 (C6), 31.7 (C2), 31.0 (CH3).

13C{'H} NMR (101 MHz, DMSO-dg, 450R30-2015): §/ppm — 84.8 (C1), 69.4 (C5), 67.7 (C4),
64.8 (C3), 61.2 (C6), 32.8 (C2), 31.7 (CH3).

N-Methyl-2-deoxy-B-D-lyzo-hexofuranosylamine — DyO: 14 % — DMSO-dg: 20 %

BBC{'H} NMR (101 MHz, D20, 450R21-2015): §/ppm — 92.7 (C1), 85.9 (C4), 72.1 (C3), 70.5
(C5), 63.5 (C6), 40.3 (C2), 31.8 (CH3).

BC{'H} NMR (101 MHz, DMSO-dg, 450R30-2015): §/ppm = 92.0 (C1), 85.4 (C4), 72.0 (C3),
71.4 (C5), 63.1 (C6), 41.7 (C2), 32.3 (CH3).

N-Methyl-2-deoxy-a-D-lyzo-hexofuranosylamine — D,0: 8 % — DMSO-dg: 12%

BBC{'H} NMR (101 MHz, D20, 450R21-2015): §/ppm — 92.2 (C1), 84.0 (C4), 73.1 (C3), 72.0
(C5), 63.6 (C6), 39.8 (C2), 31.1 (CH3).

13C{'H} NMR (101 MHz, DMSO-dg, 450R30-2015): §/ppm — 91.5 (C1), 83.5 (C4), 71.6 (C3),
71.2 (C5), 63.1 (C6), 40.5 (C2), 31.5 (CH3).

N-Methyl-2-deoxy-lyzo-D-hexosylamine (imine form) — DyO: 0% — DMSO-dg: 4%
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13C{'H} NMR (101 MHz, DMSO-dg, 450R30-2015): §/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-b-lyxo-hexosylamine (p-lyx-dHex1NEt)

OH OH OH
_ EiNH,
MeOH
RT,19h
H <
HO . \/

2-Deoxy-D-Ilyzo-hexose (860 mg, 5.24mmol, 1.00eq.) was dried, subsequently suspended in a
solution of ethylamine in methanol (2M, 7.00 mL, 14.0 mmol, 4.59eq.) and stirred for 19h at
room temperature. The reaction mixture was concentrated by evaporation of the solvent until a
syrup-like residue formed. The residue was frozen in liquid nitrogen, crushed and dried in vacuo
three times to obtain the product as a colorless solid. Due to the immense hygroscopy of the
product no yield was determined.

N-Ethyl-2-deoxy-B-D-lyzo-hexopyranosylamine — DyO: 75 % — DMSO-dg: 54 %

3C{'H} NMR (101 MHz, D50, 450R21-2015): §/ppm = 86.3 (C1), 76.8 (C5), 69.2 (C4), 67.7
(C3), 62.2 (C6), 39.4 (CHy), 34.4 (C2), 14.3 (CHs).

13C{'H} NMR (101 MHz, DMSO-dg, 450R30-2015): 86.3 (C1), 76.1 (C5), 68.0 (C4), 66.8 (C3),
60.9 (C6), 39.1 (CHs), 35.6 (C2), 15.5 (CHjs).

N-Ethyl-2-deoxy-a-D-lyzo-hexopyranosylamine — D,O: 13 % — DMSO-dg: 12%

I3C{'H} NMR (101 MHz, D50, 450R21-2015): §/ppm = 83.7 (C1), 69.2 (C5), 68.2 (C4), 65.4
(C3), 62.3 (C6), 39.3 (CHy), 31.7 (C2), 13.9 (CHj3).

I3C{'H} NMR (101 MHz, DMSO-dg, 450R30-2015): §/ppm = 83.3 (C1), 69.4 (C5), 67.7 (C4),
64.8 (C3), 61.1 (C6), 39.2 (CHy), 32.9 (C2), 15.1 (CHjy).

N-Ethyl-2-deoxy-fB-D-lyzo-hexofuranosylamine — DyO: 9 % — DMSO-dg: 20 %

BC{'H} NMR (101 MHz, D20, 450R21-2015): §/ppm — 91.2 (C1), 85.9 (C4), 72.2 (C3), 70.5
(C5), 63.6 (C6), 40.6 (C2), 40.4 (CHy), 14.4 (CH3).

13C{'H} NMR (101 MHz, DMSO-dg, 450R30-2015): §/ppm — 90.4 (C1), 85.4 (C4), 72.0 (C3),
71.4 (C5), 63.1 (C6), 41.7 (C2), 40.1 (CHy), 14.4 (CH3).

N-Ethyl-2-deoxy-a-D-lyzo-hexofuranosylamine — Dy0: 3% — DMSO-dg: 10 %

I3C{'H} NMR (101 MHz, D50, 450R21-2015): §/ppm = 90.6 (C1), 83.8 (C4), 73.1 (C3), 72.0
(C5), 63.6 (C6), 40.4 (CH,), 40.0 (C2), 14.4 (CHy).

13C{1H} NMR (101 MHz, DMSO-dg, 450R30-2015): §/ppm = 90.1 (C1), 83.5 (C4), 71.6 (C3),
71.2 (C5), 63.1 (C6), 40.8 (C2), 39.2 (CH,), 14.4 (CHs).
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N-Ethyl-2-deoxy-lyzo-D-hexosylamine (imine form) — D,O: 0% — DMSO-dg: 4%
13C{'H} NMR (101 MHz, DMSO-dg, 450R30-2015): §/ppm — 163.4 (C1), 72.9 (C5), 69.1 (C3),
68.7 (C4), 63.0 (C6), 54.8 (CHy), 36.2 (C2), 16.3 (CHj).

N-Propyl-2-deoxy-p-lyxo-hexosylamine (p-lyx-dHex1NPr)

oH OH on OH oH OH
_ PNH
MeOH
RT, 24 h

J@Ww

2-Deoxy-D-Ilyzo-hexose (1.09g, 6.66 mmol, 1.00eq.) was dried and subsequently suspended in
2.5 mL dry methanol. After the addition of propylamine (1.50 mL, 1.08 g, 18.3 mmol, 2.74eq.)
the resulting solution was stirred for 24 h at room temperature. The reaction mixture was con-
centrated by evaporation of the solvent until a syrup-like residue formed. The residue was frozen
in liquid nitrogen, crushed and dried in vacuo three times to obtain the product as a colorless
solid. Due to the immense hygroscopy of the product no yield was determined.

N-Propyl-2-deoxy-p-D-lyzo-hexopyranosylamine — D5O: 85 % — DMSO-dg: 48 %

BC{'H} NMR (101 MHz, D50, 380R37-2019): §/ppm — 86.8 (C1), 76.9 (C5), 69.3 (C4), 67.7
(C3), 62.3 (C6), 47.1 (NH-CHy), 34.4 (C2), 22.9 (CHs), 11.8 (CH3).

13C{'H} NMR (101 MHz, DMSO-dg, 370R11-2019): 86.3 (C1), 76.1 (C5), 68.0 (C4), 66.8 (C3),
60.9 (C6), 39.1 (NH-CHzs), 35.6 (C2), 39.1 (CH,), 15.5 (CHjy).

N-Propyl-2-deoxy-a-D-lyzo-hexopyranosylamine — DyO: 11 % — DMSO-dg: 18 %

I3C{'H} NMR (101 MHz, D50, 380R37-2019): §/ppm = 84.0 (C1), 69.3 (C5), 68.2 (C4), 65.5
(C3), 62.3 (C6), 47.1 (NH-CHs), 31.7 (C2), 23.0 (CHs), 11.9 (CH3s).

I3C{'H} NMR (101 MHz, DMSO-dg, 370R11-2019): §/ppm = 85.3 (C1), 69.4 (C5), 67.6 (C4),
64.8 (C3), 61.0 (C6), 47.0 (NH-CH,), 32.0 (C2), 23.0 (CHs), 11.4 (CHgs).

N-Propyl-2-deoxy-B-D-lyzo-hexofuranosylamine — DyO: 4% — DMSO-dg: 21 %

BC{'H} NMR (101 MHz, D20, 380R37-2019): §/ppm — 91.8 (C1), 86.1 (C4), 72.3 (C3), 70.6
(C5), 63.6 (C6), 48.2 (NH-CHy), 40.6 (C2), 23.0 (CHy), 11.8 (CH3).

13C{'H} NMR (101 MHz, DMSO-dg, 370R11-2019): §/ppm — 90.8 (C1), 85.3 (C4), 72.0 (C3),
71.4 (C5), 63.1 (C6), 47.9 (NH-CH,), 41.6 (C2), 23.0 (CHy), 11.8 (CH3).

N-Propyl-2-deoxy-a-D-lyzo-hexofuranosylamine — Dy0: 0% — DMSO-dg: 13 %

1BC{1H} NMR (101 MHz, DMSO-dg, 370R11-2019): §/ppm = 90.1 (C4), 83.5 (C4), 71.6 (C3),
71.2 (C5), 63.1 (C6), 47.1 (NH-CH,), 40.8 (C2), 23.0 (CHy), 11.8 (CHj).
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N-(iso-Propyl)-2-deoxy-p-lyxo-hexosylamine (p-lyx-dHex1NiPr)

OH on O oH PH
_ iPNH, o]
MeOH HO
RT, 24 h

2-Deoxy-D-Ilyzo-hexose (501 mg, 3.05 mmol, 1.00eq.) was dried and subsequently suspended in
2mL dry methanol. After the addition of iso-propylamine (1.00 mL, 688 mg, 11.6 mmol, 3.82eq.)
the resulting solution was stirred for 24 h at room temperature. The reaction mixture was con-
centrated by evaporation of the solvent until a syrup-like residue formed. The residue was frozen
in liquid nitrogen, crushed and dried in vacuo three times to obtain the product as a colorless
solid. Due to the immense hygroscopy of the product no yield was determined.

N-(iso-Propyl)-2-deoxy-f-D-lyzo-hexopyranosylamine — DyO: 96 % — DMSO-dg: 48 %

BBC{'H} NMR (101 MHz, D20, 350R4-2019): §/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;), 20.3 (CH;).

1BC{'H} NMR (101 MHz, DMSO-dg, 350R8-2019): 83.9 (C1), 76.0 (C5), 69.0 (C4), 66.8 (C3),
60.8 (C6), 43.1 (CHa), 35.9 (C2), 24.3 (CH;), 22.1 (CH;).

N-(iso-Propyl)-2-deoxy-a-D-lyzo-hexopyranosylamine — DyO: 2% — DMSO-dg: 12%

BBC{'H} NMR (101 MHz, D20, 350R4-2019): §/ppm — 81.0 (C1), 69.3 (C5), 68.2 (C4), 65.3
(C3), 62.4 (C6), 43.6 (CHy), 32.8 (C2), 23.6 (CH3), 20.4 (CH3).

BC{'H} NMR (101 MHz, DMSO-dg, 350R8-2019): 6/ppm — 81.2 (C1), 69.3 (C5), 67.6 (C4),
64.7 (C3), 60.9 (C6), 44.0 (CHy), 33.0 (C2), 24.0 (CH3), 22.0 (CH3).

N-(iso-Propyl)-2-deoxy-p-D-lyzo-hexofuranosylamine — DyO: 2% — DMSO-dg: 22 %

BO{IH} NMR (101 MHz, D»0, 350R4-2019): &/ppm — 88.8 (C1), 86.1 (C4), 72.3 (C3), 70.6
(C5), 63.6 (C6), 45.3 (CH), 41.1 (C2), 23.1 (CHy), 19.9 (CHy).

BO{IH} NMR (101 MHz, DMSO-dg, 350R8-2019): §/ppm — 88.3 (C1), 85.3 (C4), 72.0 (C3),
71.4 (C5), 63.1 (C6), 45.0 (CH), 42.0 (C2), 24.2 (CHj), 22.4 (CHs).

N-(iso-Propyl)-2-deoxy-o-D-lyzo-hexofuranosylamine — DyO: 0 % — DMSO-dg: 14 %
BC{'H} NMR (101 MHz, DMSO-dg, 350R8-2019): 6/ppm — 87.9 (C1), 83.4 (C4), 71.6 (C3),
71.3 (C5), 63.1 (C6), 43.8 (CH), 41.2 (C2), 24.6 (CHj), 22.1 (CHs).

N-(iso-Propyl)-2-deoxy-lyzo-D-hexosylamine (imine form) — DyO: 0% — DMSO-dg: 4%

1BC{1H} NMR (101 MHz, DMSO-dg, 350R8-2019): §/ppm = 161.2 (C1), 72.9 (C5), 69.9 (C3),
68.7 (C4), 63.0 (C6), 60.5 (CH), 40.0 (C2), 24.4 (CHs), 22.3 (CHj).
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N-(tert-Butyl)-2-deoxy-D-lyxo-hexosylamine (p-lyx-dHex1NtBu)

OH on O oH POH
tBUNHZ O
MeOH HO
RT, 24 h

2-Deoxy-lyzro-D-hexose (547 mg, 3.33 mmol, 1.00eq.) was dried and subsequently suspended in
5mL dry methanol. tert-Butylamine (1.00 mL, 700 mg, 9.57 mmol, 2.87eq.) was added and the
reaction mixture stirred for 24 h at room temperature. The reaction mixture was concentrated
by evaporation of the solvent until a syrup-like residue formed. The residue was frozen in liquid
nitrogen, crushed and dried in vacuo three times to obtain the product as a colorless solid. Due
to the immense hygroscopy of the product no yield was determined.

N-(tert-Butyl)-2-deoxy-f-D-lyzo-hexopyranosylamine — DMSO-dg: 36 %
13C{'H} NMR (101 MHz, DMSO-dg, 37TOR5-2019): 83.4 (C1), 76.3 (C5), 69.6 (C4), 67.0 (C3),
61.3 (C6), 50.1 (C), 37.2 (C2), 31.1 (3xCH;).

N-(tert-Butyl)-2-deoxy-o-D-lyzo-hexopyranosylamine — DMSO-dg: 15 %
BO{'H} NMR (101 MHz, DMSO-dg, 37OR5-2019): §/ppm = 80.0 (C1), 69.1 (C5), 68.0 (C4),
65.4 (C3), 61.1 (C6), 50.0 (C), 34.6 (C2), 31.0 (3xCHy).

N-(tert-Butyl)-2-deoxy-f3-D-lyzo-hexofuranosylamine — DMSO-dg: 25 %
BC{'H} NMR (101 MHz, DMSO-dg, 37TOR5-2019): 6/ppm — 86.7 (C1), 85.7 (C4), 72.3 (C3),
71.8 (C5), 63.8 (C6), 50.2 (C), 43.3 (C2), 30.6 (3xCHs).

N-(tert-Butyl)-2-deoxy-o-D-lyzo-hexofuranosylamine — DMSO-dg: 15 %
BO{'H} NMR (101 MHz, DMSO-dg, 37OR5-2019): §/ppm — 87.0 (C1), 83.4 (C4), 71.9 (C3),
71.2 (C5), 63.8 (C6), 50.2 (C), 42.8 (C2), 30.4 (3xCHy).

N-(tert-Butyl)-2-deoxy-lyzo-D-hexosylamine (imine form) — DMSO-dg: 9%

13C{'H} NMR (101 MHz, DMSO-dg, 370R5-2019): ¢ /ppm — 158.6 (C1), 73.4 (C5), 70.3 (C3),
69.3 (C4), 63.5 (C6), 56.8 (C), 40.5 (C2), 30.0 (3xCHs).
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5.5.4. Preparation of N-Phenylglycosylamines
N-Phenyl-p-arabinosylamine (p-AralNPh)

OH Aniline
o H,S0y4 (cat)
OH MeOH
i a1 O
OH
o OH H
N

To a solution of aniline (304 pL, 310 mg, 3.33 mmol, 1.00 eq.) in 2.5 mL dry methanol D-arabinose
(500 mg, 3.33mmol, 1.00eq.) and sulfuric acid (0.1 N, 30.0 pL) were added. The resulting sus-
pension was stirred for 1.5h at 60 °C and for another 14 h at room temperature. The resulting
solution was concentrated by evaporation of the solvent until it reach dryness. The residue was
frozen, crushed, washed with cold methanol (3 x 5mL) and dried in vacuo. The product was
obtained as a slight beige powder in yield of 628 mg (2.79 mmol, 83.7 % of theory).

N-Phenyl-«-D-arabinopyranosylamine — D,0: 100 % — DMSO-dg: 37%

'H NMR, (400 MHz, D20, 410R5-2018): §/ppm = 7.27 (t, 2H, H,,), 6.90-6.86 (sp, 3H, H,/H,),
4.67 (d, 1H, H1, 3J; 2=8.6 Hz), 3.91 (m, 1H, H4), 3.84-3.65 (sp, 4H, H2/H3/H5ax/H5eq).
BCO{'H} NMR (101 MHz, D50, 410R6-2018): ¢/ppm = 146.3 (C;), 130.3 (C,,), 120.3 (Cp),
115.1 (C,), 86.1 (C1), 73.9 (C3), 70.9 (C2), 69.5 (C4), 67.6 (C5).

I3C{'H} NMR (101 MHz, DMSO-dg, 400R8-2018): §/ppm = 147.0 (C;), 128.8 (Cy,), 117.0
(Cy), 113.7 (C,), 85.3 (C1), 73.4 (C3), 70.2 (C2), 68.0 (C4), 65.6 (C5).

15N NMR (41 MHz, D50, 410R7-2018): §/ppm = —302.5.

15N NMR. (41 MHz, DMSO-dg, 400R11-2018): §/ppm = —298.8 (d, 2J=88.3 Hz).

N-Phenyl-B-D-arabinopyranosylamine — D,O: 0 % — DMSO-dg: 31 %

BC{'H} NMR (101 MHz, DMSO-dg, 400R8-2018): §/ppm = 146.6 (C;), 128.8 (C,,), 117.4
(Cp), 113.2 (C,), 79.6 (C1), 70.6 (C3), 70.4 (C2), 64.8 (C4), 63.3 (C5).

15N NMR (41 MHz, DMSO-dg, 400R11-2018): &§/ppm = —304.8 (d, 2J=88.0 Hz).

N-Phenyl-a-D-arabinofuranosylamine — D5O: 0 % — DMSO-dg: 21 %

I3C{'H} NMR (101 MHz, DMSO-dg, 400R8-2018): §/ppm = 147.0 (C;), 128.8 (Cy,), 117.2
(Cp), 113.7 (C,), 88.2 (C1), 81.9 (C4), 80.9 (C2), 76.0 (C3), 61.6 (C5).

15N NMR (41 MHz, DMSO-dg, 400R11-2018): §/ppm = —295.4 (d, 2J=87.8 Hz).

N-Phenyl-B-D-arabinofuranosylamine — D,0: 0% — DMSO-dg: 11 %

BC{'H} NMR (101 MHz, DMSO-dg, 400R8-2018): §/ppm = 146.4 (C;), 128.8 (C,,), 117.4
(Cp), 114.0 (C,), 84.5 (C1), 83.6 (C4), 77.1 (C2), 76.2 (C3), 62.4 (C5).
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15N NMR (41 MHz, DMSO-dg, 400R11-2018): §/ppm = —303.6 (d, 2J=88.4 Hz).

N-Phenyl-p-lyxosylamine (p-Lyx1NPh)

Aniline OH OH f
o T weon  HO N OH
RT, 24 h \©
OH

To a solution of aniline (1.44 mL, 1.47 mg, 15.8 mmol, 1.00eq.) in 25 mL dry methanol D-lyxose
(2.37g, 15.8 mmol) and sulfuric acid (0.1N, 300uL) were added. The resulting solution was
stirred for 24 h at room temperature, leading to the precipitation of a white solid. The precipi-
tate was filtered off, washed with cold methanol (3 x 5mL) and dried in vacuo, yielding 1.55g
(6.88 mmol, 43.7% of theory) of the product as a white powder. In addition, colorless crystals
were obtained from the filtrate after storage at 4°C for a few days.

EA: caled.: C 58.66 %, H 6.71%, N 6.22%
found: C 58.65%, H 6.69%, N 6.18 %

MS (FAB+): caled.: 226.2 ([M+H]™)
found: 226.0

N-Phenyl-B-b-lyxoopyranosylamine — DyO: 58 % — DMSO-dg: 55 %

'H NMR (400 MHz, D50, 020R16-2018): & /ppm = 7.25 (t, 2H, H,,), 6.88-6.85 (sp, 3H, H,/H,),
4.96 (d, 1H, H1, 3.J; »=1.3 Hz).

BC{'H} NMR (101 MHz, D50, 020R18-2018): §/ppm = 145.3 (C;), 130.2 (Cy,), 120.6 (Cp),
115.6 (C,), 83.7 (C1), 74.3 (C3), 71.1 (C2), 67.1 (C4), 66.3 (C5).

BC{'H} NMR (101 MHz, DMSO-dg, 270R33-2015): §/ppm = 146.3 (C;), 128.8 (C,,), 117.4
(Cp), 113.6 (C,), 82.1 (C1), 73.9 (C3), 69.6 (C2), 67.1 (C4), 65.1 (C5).

15N NMR (41 MHz, D0, 020R17-2018): 6/ppm — —304.7.

15N NMR (41 MHz, DMSO-dg, 020R21-2018): §/ppm = —299.8 (d, 2J=87.8 Hz).

N-Phenyl-a-D-lyxoopyranosylamine — DyO: 42 % — DMSO-dg: 45 %

'H NMR (400 MHz, D50, 020R16-2018): & /ppm = 7.26 (t, 2H, H,,), 6.88-6.85 (sp, 3H, H,/H,),
4.98 (d, 1H, H1, 3.J; »=8.0 Hz).

BC{'H} NMR (101 MHz, D50, 020R18-2018): §/ppm = 146.2 (C;), 130.1 (C,,), 120.1 (Cp),
115.0 (C,), 82.8 (C1), 71.1 (C3), 69.7 (C4), 68.7 (C2), 65.1 (C5).

BC{'H} NMR (101 MHz, DMSO-dg, 270R33-2015): §/ppm = 147.3 (C;), 128.7 (C,,), 116.9
(Cp), 113.21(C,), 82.3 (C1), 71.0 (C3), 69.2 (C4), 68.2 (C2), 64.4 (C5).

15N NMR (41 MHz, D0, 020R17-2018): 6/ppm — —303.5.

15N NMR (41 MHz, DMSO-dg, 020R21-2018): §/ppm = —298.0 (d, 2J=88.5 Hz).
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N-Phenyl-p-ribosylamine (p-Rib1NPh)

Aniline o) N;H
H2$O4 (cat.) HO H + 0
MeOH
RT, 24 h OH HO
OH OH OH

To a solution of aniline (905uL, 923 mg, 9.91 mmol, 1.00eq.) in 10mL dry methanol D-ribose
(1.49 ¢, 9.91 mmol, 1.00eq.) and sulfuric acid (0.1 N, 100 uL) were added. After stirring for 24 h
at room temperature a white precipitate formed in the reaction solution. The precipitate was fil-
tered off, washed with cold methanol (2 x 5mL) and dried in vacuo, yielding 894 mg (3.97 mmol,
40.1 % of theory) of the product as a white powder. In addition, colorless crystals were obtained
from the filtrate after further storage at 4°C for a few days.

EA: caled.: C 58.66 %, H 6.71%, N 6.22%
found: C 58.28%, H 6.71%, N 6.19%

MS (FAB+): caled.: 226.2 (|[M+H]|*')
found: 226.4

N-Phenyl-B-D-ribopyranosylamine — D,O: 100 % — DMSO-dg: 37 %

'H NMR (400 MHz, D20, 210R4-2018): §/ppm = 4.92 (d, H1, 3.J; 2=8.9 Hz).

BCO{'H} NMR (101 MHz, D20, 210R5-2018): ¢/ppm = 145.0 (C;), 129.5 (C,,), 119.4 (Cp),
114.3 (C,), 81.5 (C1), 70.5 (C2), 69.8 (C3), 66.7 (C4), 62.9 (C5).

I3C{'H} NMR (101 MHz, DMSO-dg, 320R5-2015): §/ppm = 146.3 (C;), 128.8 (C,,), 117.3
(Cp), 114.3 (C,), 81.4 (C1), 70.5 (C2), 70.2 (C2), 67.5 (C4), 63.3 (C5).

15N NMR (41 MHz, D50, 210R6-2018): §/ppm = —303.8.

15N NMR. (41 MHz, DMSO-dg, 210R19-2018): §/ppm = —300.0 (d, 2J=88.6 Hz).

N-Phenyl-«-D-ribopyranosylamine — DyO: 0 % — DMSO-dg: 31 %

BC{IH} NMR (101 MHz, DMSO-dg, 320R5-2015): §/ppm = 147.3 (C;), 128.7 (Cy,), 117.7
(Cp), 113.1 (C,), 81.7 (C1), 70.1 (C2), 69.8 (C3), 67.8 (C4), 62.9 (C5).

15N NMR (41 MHz, DMSO-dg, 210R19-2018): §/ppm = —296.9 (d, 2J=86.7 Hz).

N-Phenyl-B-pD-ribofuranosylamine — D50: 0% — DMSO-dg: 21 %

I3C{'H} NMR (101 MHz, DMSO-dg, 320R5-2015): &/ppm = 147.2 (C;), 128.8 (Cy,), 117.1
(Cp), 113.3 (C,), 88.1 (C1), 83.2 (C4), 74.1 (C3), 70.3 (C2), 62.4 (C5).
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N-Phenyl-«-D-ribofuranosylamine — D;O: 0% — DMSO-dg: 11 %
BBC{'H} NMR (101 MHz, DMSO-dg, 320R5-2015): &/ppm — 146.3 (C;), 128.8 (C,,), 117.3
(Cp), 113.7 (C,), 83.9 (C1), 81.7 (C4), 70.9 (C3), 70.5 (C2), 62.4 (C5).

N-Phenyl-p-xylosylamine (p-Xyl1NPh)

/o) Aniline o
HO H,S0, (cat.) Homn
HO MeOH HO
OH OH OH

To a solution of aniline (2.68 mL, 2.73 g, 29.4mmol, 1.00eq.) in 12mL dry methanol D-xylose
(4.41 g, 29.4 mmol, 1.00 eq.) and sulfuric acid (0.1 N, 0.12mL) were added. The resulting suspen-
sion was stirred for 24h at room temperature. The formed precipitate was filtered off, washed
with cold methanol (5 x 20mL) and dried in vacuo, yielding 3.03 g (13.5 mmol, 45.9 % of theory)
of the product as a white powder. In addition, colorless crystals were obtained from the filtrate
after storage at 4 °C for a few days.

EA: caled.: C 58.66 %, H 6.71%, N 6.22%
found: C 58.64%, H 6.74%, N 6.17%

MS (FAB+): caled.: 226.3 ([M+H]™)
found: 226.3

N-Phenyl-B-D-xylopyranosylamine — D,O: 92% (RT) 100 % (4°C) — DMSO-dg: 100 %

'H NMR (400 MHz, D0, 370R2-2017): §/ppm = 7.31 (t, 2H, H,,), 6.97-6.81 (m, 3H, H,/H,),
4.73 (d, 1H, H1, 3J; 5=8.7Hz), 3.91 (dd, 1H, H5a, 3J, 5,=5.3 Hz, 2J5, 5p=—11.4Hz), 3.73-3.61
(m, 1H, H4), 3.55 (¢, 1H, H3, 3.J3,4=9.0 Hz), 3.49-3.34 (sp, 2H, H5b/H2).

BC{'H} NMR (101 MHz, D20, 280R17-2015): §/ppm = 146.1 (C;), 130.2 (Cy,), 120.3 (Cp),
115.1 (C,), 86.2 (C1), 77.5 (C3), 73.2 (C2), 70.0 (C4), 66.4 (C5).

BC{'H} NMR (101 MHz, DMSO-dg, 280R47-2015): §/ppm = 147.1 (C;), 128.7 (C,,), 117.1
(Cp), 113.2 (C,), 85.7 (C1), 77.6 (C3), 72.9 (C2), 69.9 (C4), 66.3 (C5).

15N NMR (41 MHz, D50, 500R10-2017): 6 /ppm = —302.5.

15N NMR (41 MHz, DMSO-dg, 500R15-2017): §/ppm = —298.3 (d, 2J=90.1 Hz).

N-Phenyl-a-D-xylopyranosylamine — D,O: 8% (RT) 0% (4°C) - DMSO-dg: 0%

'H NMR (400 MHz, D20, 280R16-2015): &/ppm = 5.24 (d, H1, 3.J; 5=4.2 Hz).

BC{'H} NMR (101 MHz, D50, 280R17-2015): §/ppm = 146.0 (C;), 130.1 (Cy,), 120.1 (Cp),
115.0 (C,), 82.1 (C1), 72.6 (C3), 70.8 (C2), 69.7 (C4), 62.3 (C5).

15N NMR (41 MHz, D50, 500R10-2017): 6/ppm — —310.8.

15N NMR (41 MHz, DMSO-dg, 500R15-2017): §/ppm = —298.3 (d, 2J=90.1 Hz).
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N-Phenyl-p-glucosylamine (p-Glc1NPh)

OH OH OH
o Aniline o o
HO H,SOy4 (cat.) HO H + HO
HO MeOH HO HO
OH OH 55°C,5h OH OH

HN

O

To a solution of aniline (224 uL, 226 mg, 2.43 mmol, 1.00eq.) in 5mL dry methanol D-glucose
(438 mg, 2.43 mmol, 1.00eq.) and sulfuric acid (0.1N, 0.05 mL) were added. The resulting sus-
pension was stirred for 5h at 55 °C. The clear solution was stored for a week at —25 °C resulting
in precipitation of the desired product. The colorless solid was filtered off, washed with cold
methanol (2 x 5mL) and dried in vacuo, yielding 288 mg (2.43 mmol, 46.4 % of theory) of the
product as a white powder.

EA: caled.: C 56.46 %, H 6.71%, N 5.49%
found: C 55.78%, H 6.71%, N 5.56 %

MS (FAB+): caled.: 256.3 ([M+H]™)
found: 256.4

N-Phenyl-B-D-glucopyranosylamine — DyO: 86 % — DMSO-dg: 72 %

'H NMR (400 MHz, D50, 280R13-2015): §/ppm = 7.29 (t, 2H, H,,), 6.90-6.87 (m, 3H, H,/H,),
4.73 (d, 1H, H1, 3J; 2=8.7Hz), 3.86 (dd, 1H, H6a, 3J5 6,=2.3 Hz, 2Js, s=—12.4Hz), 3.70 (dd,
1H, H6b, 3J;56,=5.5Hz), 3.58 (t, 1H, H3, 3J34=9.1Hz), 3.52 (dd, 1H, H5), 3.45-3.40 (sp, 2H,
H4, H2).

BC{'H} NMR (101 MHz, D20, 280R14-2015): §/ppm = 146.3 (C;), 130.2 (Cy,), 120.2 (Cp),
115.0 (C,), 85.5 (C1), 77.5 (C5), 77.1 (C3), 73.3 (C2), 70.4 (C4), 61.4 (C6).

BC{'H} NMR (101 MHz, DMSO-dg, 280R23-2015): 147.3 (C;), 128.8 (C),), 117.1 (Cp), 113.2
(Cy), 85.1 (C1), 77.7 (C5), 77.3 (C3), 73.1 (C2), 70.3 (C4), 61.0 (C6).

15N NMR (41 MHz, D50, 030R2-2018): §/ppm — —302.7.

15N NMR (41 MHz, DMSO-dg, 030R6-2018): §/ppm = —298.4 (d, 2J=89.4 Hz).

N-Phenyl-a-D-glucopyranosylamine — DyO: 14 % — DMSO-dg: 28 %

'H NMR (400 MHz, D20, 280R13-2015): &/ppm = 5.24 (d, H1, 3.J; 5=4.2 Hz).

BC{'H} NMR (101 MHz, D50, 280R14-2015): §/ppm = 146.6 (C;), 130.1 (C,,), 119.9 (Cp),
114.9 (C,), 82.7 (C1), 73.9 (C3), 71.1 (C2), 71.0 (C5), 70.6 (C4), 61.2 (C6).

BC{'H} NMR (101 MHz, DMSO-dg, 280R23-2015): §/ppm = 147.7 (C;), 128.7 (C,,), 117.4
(Cp), 113.7 (C,), 82.7 (C1), 73.5 (C3), 71.3 (C2), 71.2(C5), 70.7 (C4), 61.1 (C6).

15N NMR (41 MHz, D50, 030R2-2018): §/ppm — —312.6.

15N NMR (41 MHz, DMSO-dg, 030R6-2018): §/ppm = —308.7 (d, 2J=87.8 Hz).
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N-Phenyl-L-gulosylamine (L-GullNPh)

HO OH Aniline H OH
-0 OH H,S0O4 (cat.) © H +
o 50M°%og h OH HN
’ HO, OH

OH

OH

To a solution of aniline (154 uL, 157 mg, 1.67 mmol, 1.00eq.) in 5mL dry methanol L-gulose
(301 mg, 1.67mmol, 1.00eq.) and sulfuric acid (0.1 N, 25.0 uL)) were added. The resulting sus-
pension was stirred for 5h at 50°C. Since subsequent storage at 4°C led to no precipitation of
the desired product, the reaction solution was concentrated in vacuo until it reached dryness.
After repeating this procedure three times, the product was obtained as an off-white powder in
a yield of 320 mg (1.25 mmol, 75.1 % of theory).

N-Phenyl-B-L-gulopyranosylamine — D,0: 100 % — DMSO-dg: 84 %

'H NMR (400 MHz, D0, 130R1-2018): &/ppm = 7.25 (dd, 2H, H,,), 6.85-6.82 (m, 3H, H,/H,),
5.04 (d, 1H, H1, 3.J; =9.2 Hz), 4.08 (t, 1H, H3), 4.03 (td, 1H, H5), 3.83 (dd, 1H, H4, 3.J5 4=3.7 Hz,
3J45=1.2Hz), 3.80 (sp, 2H, H6/H6’), 3.66 (dd, 1H, H2, 3.J5 3=6.2 Hz).

BCO{'H} NMR (101 MHz, DO, 130R3-2018): ¢/ppm = 146.4 (C;), 130.2 (C,,), 120.0 (Cp),
114.7 (C,), 82.6 (C1), 74.2 (C5), 71.5 (C3), 70.0 (C4), 68.2 (C2), 61.5 (C6).

BC{'H} NMR (101 MHz, DMSO-dg, 130R10-2018): 147.5 (C;), 128.7 (Cy,), 116.7 (C,), 113.1
(Co), 81.8 (C1), 73.2 (C5), 71.4 (C3), 69.3 (C4), 67.4 (C2), 60.6 (C6).

15N NMR (41 MHz, D50, 130R2-2018): §/ppm = —302.2.

15N NMR (41 MHz, DMSO-dg, 130R8-2018): §/ppm = —298.2 (d, 2J=88.9 Hz).

N-Phenyl-«-L-gulopyranosylamine — DyO: 0% — DMSO-dg: 16 %

BC{'H} NMR (101 MHz, DMSO-dg, 130R10-2018): §/ppm = 146.8 (C;), 128.9 (C,,), 116.9
(Cp), 112.9 (C,), 81.6 (C1), 71.8 (C3), 69.0 (C4), 65.9 (C5), 64.1 (C2), 60.1 (C6).

15N NMR (41 MHz, DMSO-dg, 130R8-2018): §/ppm = —306.1 (d, 2J=90.7 Hz).

N-Phenyl-p-mannosylamine (p-Man1NPh)

OH OH OH
OHO Aniline OHO OHO
HO HSO4(cat) o H + HO

HO MeOH HO HO
OH 55°C,5h
HN

To a solution of aniline (1.33mL, 1.36 g, 14.6 mmol, 1.00eq.) in 25 mL dry methanol D-mannose
(2.63 g, 14.6 mmol, 1.00 eq.) and sulfuric acid (0.1N, 0.1 mL) were added. The resulting suspen-
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sion was stirred for 5h at 55°C. The clear solution was stored for a week at 4 °C resulting in the
crystallization of the desired product. The colorless plate-like crystals were filtered off, washed
with cold methanol (3 x 5mL) and dried in vacuo, yielding 3.04 g (11.9 mmol, 81.5% of theory)
of the product.

EA: caled.: C 56.46 %, H 6.71%, N 5.49%
found: C 55.16 %, H 6.68%, N 5.46 %

MS (FAB+): caled.: 256.3 ([M+H]™)
found: 256.4

N-Phenyl-f-D-mannopyranosylamine — D,O: 100 % — DMSO-dg: 74 %

'H NMR (400 MHz, D0, 500R1-2017): §/ppm = 7.26 (t, 2H, H,,), 6.89-6.87 (m, 3H, H,/H,),
4.99 (d, 1H, H1, 3J; »=1.1Hz), 4.01 (dd, 1H, H2, 3J5 3=3.5 Hz), 3.84 (dd, 1H, H6a, 3.J5 6,=2.3 Hz,
2 Joa,66=—12.3Hz), 3.68 (dd, 1H, H6b, 3.J5,=6.6 Hz), 3.65 (dd, 1H, H3, 3.J5,=9.6 Hz), 3.58 (t,
1H, H4, 3J,5=9.7 Hz).

BC{'H} NMR (101 MHz, D20, 500R3-2017): &/ppm = 145.5 (C
115.5 (C,), 83.0 (C1), 77.6 (C5), 74.5 (C3), 71.6 (C2), 67.6 (C4), 61
BC{'H} NMR (101 MHz, DMSO-dg, 500R17-2017): 147.3 (C;),
(Cyp), 85.1 (C1), 77.7 (C5), 77.3 (C3), 73.1 (C2), 70.3 (C4), 61.0 (C
15N NMR (41 MHz, D50, 030R2-2018): §/ppm — —304.2.

15N NMR. (41 MHz, DMSO-dg, 500R20-2017): §/ppm = —306.1 (d, 2J=88.5 Hz).

J), 130.2 (Cpy), 1205 (C,),
7 (C6).

128.8 (Cpn), 117.1 (C,), 113.2
6).

N-Phenyl-a-D-mannopyranosylamine — D;O: 0% — DMSO-dg: 26 %

I3C{'H} NMR. (101 MHz, DMSO-dg, 500R17-2017): §/ppm = 147.7 (C;), 128.7 (C,,), 117.4
(Cp), 113.7 (C,), 82.7 (C1), 73.5 (C3), 71.3 (C2), 71.2 (C5), 70.7 (C4), 61.1 (C6).

15N NMR (41 MHz, DMSO-dg, 500R20-2017): §/ppm = —305.9 (d, 2J=88.4 Hz).

N-Phenyl-2-deoxy-p-erythro-pentosylamine (p-ery-dPent1NPh)

[e) Aniline
HO HzSO4 (cat.)
MeOH
OH RT, 24 h

OH

2-Deoxy-D-erythro-pentose (708 mg, 5.28 mmol, 1.00eq.) was solved in 5mL dry methanol and
subsequently aniline (492 pL, 492 mg, 5.28 mmol, 1.00eq.) and sulfuric acid (0.1N, 0.05mL)
were added. The reaction solution was stirred for 24 h at room temperature. The obtained clear
solution was stored overnight at 4 °C resulting in the precipitation of the desired product. The
colorless solid was filtered off, washed with cold methanol (3 x 5mL) and dried in vacuo, yielding
497 mg (2.38 mmol, 45.0 % of theory) of the product.

EA: caled.: 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+): caled.: 210.3 (|[M+H]|*")
found: 210.1

N-Phenyl-2-deoxy-3-D-erythro-pentopyranosylamine

BC{'H} NMR (101 MHz, D50, 430R34-2015): 130.1 (Cy,), 120.1 (Cp), 115.4 (C,), 82.3 (C1),
68.6 (C4), 67.4 (C3), 63.4 (C5), 35.6 (C2).

BC{'H} NMR (101 MHz, DMSO-dg, 430R37-2015): 146.5 (C;), 128.7 (C,,), 117.0 (Cp), 113.3
(Cy), 80.0 (C1), 68.0 (C4), 66.8 (C3), 65.8 (C5), 34.7 (C2).

15N NMR (41 MHz, DMSO-dg, 210R24-2018): §/ppm = —294.7 (d, 2J=88.5 Hz).

N-Phenyl-2-deoxy-D-arabino-hexosylamine (bp-ara-dHex1NPh)

OH OH

o Aniline o
HO H2SOy4 (cat.) HO H
HO MeOH HO x
OH RT, 72 h |

To a solution of aniline (588 pL, 600 mg, 6.44 mmol, 1.00 eq.) in 40 mL dry methanol 2-Deoxy-D-
arabino-hexose (1.06 g, 6.44 mmol, 1.00eq.) and sulfuric acid (0.1N, 0.13 mL) were added. The
resulting suspension was stirred for 72h at room temperature. The clear solution was stored for
a week at 4°C resulting in the crystallization of the desired product. The brownish plate-like
crystals were filtered off, washed with cold methanol (3 x 5mL) and dried in vacuo, yielding
519mg (2.17 mmol, 33.7% of theory) of the product.

EA: caled.: C 60.24%, H 7.16 %, N 5.85%
found: C 59.97%, H 7.06 %, N 5.79%

MS (FAB+): caled.: 240.3 (|[M+H]|*')
found: 240.1

N-Methyl-2-deoxy-f3-D-arabino-hexopyranosylamine

BC{'H} NMR (101 MHz, D50, 440R13-2015): &§/ppm = 146.3 (C;), 130.2 (C,), 120.3 (Cp),
115.2 (C,), 82.0 (C1), 77.3 (C5), 72.0 (C4), 71.8 (C3), 61.7 (C6), 38.7 (C2).

BC{'H} NMR (101 MHz, DMSO-dg, 440R16-2015): 146.7 (C;), 128.7 (C,,), 116.9 (Cp), 113.2
(C,), 80.1 (C1), 77.5 (C5), 71.7 (C4), 71.6 (C3), 61.1 (C6), 39.0 (C2).

15N NMR (41 MHz, D0, 060R6-2018): &§/ppm — —298.5.

15N NMR (41 MHz, DMSO-dg, 050R17-2018): §/ppm = —294.5 (d, 2J=89.2 Hz).

N-Phenyl-2-deoxy-D-lyxo-hexosylamine (p-lyx-dHex1NPh)

H OH

oH PH o
Aniline
S H,S0, (cat.) O H
_—
HO MeOH HO N

OH 50°C,2h \©
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2-Deoxy-D-lyzo-hexose (300 mg, 1.83 mmol, 1.00eq.) was solved in 5mL dry methanol and sub-
sequently aniline (169 pL, 172mg, 1.83 mmol, 1.00eq.) and sulfuric acid (0.1N, 250 pL) were
added. The reaction solution was stirred for 2h at 50°C. The obtained clear solution was re-
duced to about one third of it previous volume by evaporation and stored overnight at 4°C,
resulting in the crystallization of the desired product. The colorless block-like crystals were fil-
tered off, washed with cold methanol (3 x 5mL) and dried in vacuo, yielding 185 mg (1.83 mmol,
42.3 % of theory) of the product.

N-Methyl-2-deoxy-p-D-lyzo-hexopyranosylamine

BC{'H} NMR (101 MHz, D0, 120R15-2018): §/ppm = 146.0 (C;), 130.1 (C.,), 120.1 (Cp),
115.1 (C,), 82.2 (C1), 76.2 (C5), 69.2 (C4), 67.5 (C3), 61.9 (C6), 33.7 (C2).

BC{'H} NMR (101 MHz, DMSO-dg, 110R22-2018): 146.0 (C;), 128.7 (C,,), 116.8 (Cp), 113.2
(C,), 80.4 (C1), 75.8 (C5), 68.8 (C4), 66.8 (C3), 60.8 (C6), 34.5 (C2).

15N NMR (41 MHz, D0, 120R14-2018): 6/ppm = —297.6.

15N NMR (41 MHz, DMSO-dg, 110R20-2018): §/ppm = —294.2 (d, 2J=89.0 Hz).

5.6. Preparation of Complexes with Palladium(Il)

General reaction procedure: Unless not specifically noted otherwise, a 0.45M solution of
the palladium(IT) reagent [Pd(en)(OD)s] in deuterium oxide was treated with iodic acid. Sub-
sequently the glycosylamine was added and the solution stirred for 3h at 4°C. All steps were
performed in an atmosphere of argon to avoid the uptake of carbon dioxide. Since the NMR-
spectroscopic investigations focus on the shifts of the hydrogen and carbon atoms of the car-
bohydrate ligands, all NMR signals deriving from the Pd-en fragment are not explicitly listed
in the following chapters. In all cases the peaks for the ethylene moiety of the ethylenediamine
are located around 2.5 ppm in the 'H NMR spectra and around 46 ppm in the 3C{'H} NMR
spectra.

5.6.1. Complexes featuring N-Alkyl-p-arabinosylamines

N-Methyl-bp-arabinosylamine and Pd-en

D-AralNMe Pd-en HIO; Pd-en chelate %
1:1:1  110mg 1.50mL  119mg 10y4-o-D-ArapINMe2H _-k2N1,0? 100
675 pmol 675pumol 675 nmol
1:2:1  55.1mg 1.50mL 59.4mg 1Cy--D-AraplNMe2,3,4H_3-k2 N1 ,0%:k20%* 73
338 umol 675umol  338umol  'Cy-a-D-AraplNMe2H_3-k2N1,0? 19
2 n. i. species 8
1:2:2  110mg 1.50mL 119mg 1Cy--D-AraplNMe2H_-k2N1,0? 100

675 pmol 675pumol 675 nmol

[Pd(en)(*Cy-o-D-ArapINMe2H_1-k2N1 0?)|+
'H NMR (400 MHz, D20, 4°C, 450R4-2018): 4/ppm = 3.89 (dd, 1H, Hb5a, 3J;5,~1.8 Hz,
2J5a50——13.1Hz), 3.72 (ddd, 1H, H4), 3.61 (d, 1H, H1, 3J,,=8.7Hz), 3.57 (dd, 1H, H5b,
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Ju5,—0.8Hz), 3.50 (dd, 1H, H3, 3J53—9.7Hz, 3J3,—3.5Hz), 3.34 (dd, 1H, H2), 2.49 (s, 3H,
CHg)

I3C{'H} NMR (101 MHz, D50, 4°C, 450R5-2018): §/ppm = 94.8 (C1), 77.2 (C2), 75.3 (C3),
70.5 (C5), 69.0 (C4), 36.7 (CHs).

[{Pd(en)}s(1Cs-a-D-ArapINMe2,3 4H_5-k2 N1 ,02:2k2034) |+

I3C{'H} NMR (101 MHz, D50, 4°C, 450R11-2018): §/ppm = 94.7 (C1), 85.1 (C3), 80.9 (C2),
79.2 (C4), 69.6 (C5), 37.0 (CHj).

N-Ethyl-p-arabinosylamine and Pd-en

D-AralNEt Pd-en HIO; Pd-en chelate %
1:1:1 120mg 1.50 mL 119mg 1C4--D-ArapINEt2H_;-k2N1,0? 82
675 umol 675umol 675umol D-AracINEt2H_;-k2N',0? 10
D-arabinose 8
1:2:1  59.8mg 1.50 mL 59.4mg 1C4-o-D-ArapINEt2,3,4H_3-k2N',0%:k20%* 66
338 pmol 675pmol  338pmol  !Cy-o-D-ArapINEt2H_-k2N1!,0? 21
1 n. i. species 9
D-AraaINEt2H_;-k>N1,0? 4

[Pd(en)(!Cy-o-D-ArapINEt2H _1-k2N1 O?)]*

'H NMR (400 MHz, D50, 4°C, 450R13-2018): §/ppm = 3.87 (dd, 1H, H5a, 3J45,=1.8 Hz,
2 J5a,50——13.0Hz), 3.72 (d, 1H, H4, 3J5,4=3.4Hz), 3.65 (d, 1H, H1, 3.J; ,—8.9 Hz), 3.59 (dd, 1H,
H5b, 3J,5—1.3Hz), 3.49 (dd, 1H, H3, 3J53-9.6 Hz), 3.49 (dd, 1H, H2), 2.88 (dq, 1H, CHy),
2.52 (dq, 1H, CHy), 1.36 (t, 3H, CH3).

13C{'H} NMR (101 MHz, D50, 4°C, 450R14-2018): §/ppm — 89.9 (C1), 77.0 (C2), 75.4 (C3),
70.5 (C5), 69.0 (C4), 42.2 (CHy), 12.9 (CH3).

[Pd(en)(p-AraaINEt2H_1-k2N1 0?)]*

'H NMR (400 MHz, D50, 4°C, 450R13-2018): §/ppm = 7.92 (s, H1).

I3C{'H} NMR (101 MHz, D50, 4°C, 450R14-2018): §/ppm = 186.1 (C1), 85.8 (C2), 71.7 (C3),
71.5 (C4), 63.5 (C5), 55.6 (CHy), 15.1 (CH3).

[{Pd(en)}s (! C4-a-D-ArapINEt2,3 4H_3-k>2N! 02:2x2034)|+

3C{'H} NMR (101 MHz, D50, 4°C, 450R17-2018): §/ppm — 89.6 (C1), 85.2 (C3), 80.7 (C2),
79.1 (C4), 69.6 (C5), 42.2 (CHy), 12.9 (CH3).
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N-Propyl-p-arabinosylamine and Pd-en

D-AralNPr Pd-en HIO; Pd-en chelate %
1:1:1 129mg 1.50mL  119mg 1C4-a-D-ArapINPr2H_;-k2N1,0? 75
675 umol 675pmol  675pmol  D-AraalNPr2H_-k2N',0? 10
D-arabinose 8
1 n. i. species 7
1:2:1 64.5mg 1.50mL  59.4mg  'Cy-a-D-AraplNPr2,3 4H_3-k2N',0%:k20%* 64
338 pmol 675pmol 338 pmol 1 n. i. species 18
1C4-a-D-ArapINPr2H_;-k2N1,0? 12
D-AraaINPr2H_;-k?2N1,0? 6

[Pd(en)(*Cy-a-D-ArapINPr2H_;-k2N1,0?)]*

'H NMR (400 MHz, D20, 4°C, 410R13-2018): ¢/ppm = 3.86 (dd, 1H, Hba, 3J;5,~1.8 Hz,
2 J5a,50——13.1Hz), 3.72 (d, 1H, H4, 3J5,4—3.6 Hz), 3.65 (d, 1H, H1, 3.J; ,—8.8 Hz), 3.57 (dd, 1H,
H5b, 3.J, 5—1.3Hz), 3.48 (dd, 1H, H3, 3.J53—9.7 Hz), 3.37 (dd, 1H, H2), 2.76 (dt, 1H, NH-CH,),
2.45 (dt, 1H, NH-CHy), 1.84-1.78 (m, 1H, CHy), 0.91 (t, 3H, CHj3).

I3C{'H} NMR (101 MHz, D50, 4°C, 410R14-2018): §/ppm = 91.1 (C1), 77.1 (C2), 75.4 (C3),
70.5 (C5), 69.0 (C4), 49.9 (NH-CH,), 21.6 (CHy), 11.4 (CH3).

[Pd(en)(p-AraaINPr2H_;-k2N1 O?)]*

'H NMR (400 MHz, D50, 4°C, 410R13-2018): §/ppm — 7.91 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 410R14-2018): §/ppm — 187.2 (C1), 85.7 (C2), 71.7 (C3),
71.4 (C4), 63.4 (C5), 62.7 (NH-CHy), 22.9 (CH3), 11.6 (CHj3).

[{Pd(en)}s(o-D-ArapINPr2,3,4H_3-1k N1 kO0?:2k2034)|+

I3C{'H} NMR (101 MHz, D50, 4°C, 410R16-2018): §/ppm = 90.8 (C1), 85.2 (C3), 80.9 (C2),
79.2 (C4), 69.6 (C5), 50.0 (NH-CHy), 21.6 (CHy), 11.4 (CHj).

N-(iso-Propyl)-p-arabinosylamine and Pd-en

D-AralNiPr Pd-en HIO; Pd-en chelate %
1:1:1  129mg 1.50mL  119mg 1Cy-a-D-ArapINiPr2H_-k2N1,0? 76
675 pmol 675umol 675umol 1 n. i. species 14
D-AraalNiPr2H_;-k2N1,0? 10
1:2:1 64.5mg 1.50mL  59.4mg  'Cy-x-D-AraplNiPr2,3,4H_3-x>N',0%:k20%* 52
338 pmol 675pmol 338 pumol 1 n. i. species 24
D-AraalNiPr2H_;-k2N1,0? 15

1C4-o-D-ArapINiPr2H_;-k2N1,0? 9

[Pd(en)(*Cy-o-D-ArapINiPr2H_;-k? N1 0?)|*

'H NMR (400 MHz, D20, 4°C, 410R17-2018): ¢/ppm = 3.85 (dd, 1H, Hba, 3J;5,~1.8 Hz,
2J5a,50——13.1Hz), 3.71 (d, 1H, H4, 3J5,4,—2.8 Hz), 3.64 (d, 1H, H1, 3.J; ,—8.5 Hz), 3.58 (dd, 1H,
H5b, 3Jy 5,—1.3 Hz), 3.44 (dd, 1H, H3, 3J53—9.7Hz), 3.37 (dd, 1H, H2), 3.06 (m, 1H, CH), 1.32
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(t, 3H, CH3), 1.24 (t, 3H, CHj).
13C{'H} NMR (101 MHz, D50, 4°C, 410R18-2018): §/ppm — 90.8 (C1), 77.4 (C2), 75.5 (C3),
70.5 (C5), 68.9 (C4), 50.9 (CH), 22.5 (CH3), 21.0 (CH3).

[Pd(en)(p-AraaINiPr2H_;-k2N1,0?)]*+

'H NMR (400 MHz, D50, 4°C, 410R17-2018): §/ppm = 7.97 (s, H1).

I3C{'H} NMR (101 MHz, D50, 4°C, 410R14-2018): §/ppm = 183.3 (C1), 86.1 (C2), 71.8 (C3),
71.6 (C4), 63.5 (C5), 60.0 (CH), 22.3 (CHj), 21.1 (CHz).

[{Pd(en)}s(o-D-ArapINiPr2,3 4H_3-k2N1 02:2k2034)|+
13C{'H} NMR (101 MHz, D50, 4°C, 410R20-2018): §/ppm — 90.9 (C1), 85.4 (C3), 81.0 (C2),
79.2 (C4), 69.7 (C5), 50.6 (CH), 22.3 (CH3), 21.1 (CH3).

5.6.2. Complexes featuring N-Alkyl-p-lyxosylamines

N-Methyl-bp-lyxosylamine and Pd-en

D-LyxINMe Pd-en HIO; species %
1:1:1 110mg 1.50mL  119mg 1Cy-a-D-LyxpINMe2H_;-k2N1,0? 36
675 pmol 675pmol  675pmol D-LyxalNMe2H_;-k2N1,0? 28
B-D-LyxpINMe2H_1-k2N?,02 17
D-Lyx1NMe 15

1 n. i. species 4
1:2:1  55.1mg 1.50mL  59.4mg 2 n. i. species 41
338 umol 675pmol  338pmol D-LyxalNMe2,3,4H_3-k2N',02:20%* 33
1C4-0-D-LyxpINMe2H_1-k2N?,02 26

[Pd(en)(*Cy-a-D-LyxpINMe2H _1-k2N1,02)|*+

'H NMR (400 MHz, D20, 4°C, 200R7-2016): 6 /ppm = 3.97 (t, 1H, H3, 3.J3,4=3.7Hz), 3.91 (d,
1H, H1, 3J; ,=9.4Hz), 3.59 (dd, H4), 3.40 (dd, 1H, H2, 3J53=3.1Hz), 2.48 (s, 3H, CHj).
I3C{'H} NMR (101 MHz, D50, 4°C, 200R8-2016): &/ppm = 91.0 (C1), 75.3 (C2), 72.3 (C3),
69.6 (C4), 67.9 (C5), 36.8 (CH3).

[Pd(en)(p-LyxalNMe2H _;-k2N1 02)]*

'H NMR (400 MHz, D20, 4°C, 200R7-2016): J/ppm = 8.09 (s, H1), 4.56 (m, H2), 3.32 (s,
CHg)

13C{'H} NMR (101 MHz, D50, 4°C, 200R8-2016): ¢/ppm — 187.8 (C1), 86.5 (C2), 74.6 (C3),
71.2 (C4), 63.3 (C5), 48.8 (CHs).

[Pd(en)(1Cy-B-D-LyxpINMe2H_1-k2Nt 0?)]*"

'H NMR (400 MHz, D50, 4°C, 200R7-2016): §/ppm = 4.42 (d, H1, 3.J; 5=5.1 Hz), 2.38 (s,
CH3)

I3C{'H} NMR (101 MHz, D50, 4°C, 200R8-2016): &/ppm = 93.0 (C1), 78.8 (C2), 72.6 (C3),
68.7 (C4), 61.0 (C5), 37.0 (CH3).
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[{Pd(en)}o(D-LyxalNMe2,3,4H_3-k2N1 0%:2k20%4)|+

'H NMR (400 MHz, D50, 4°C, 200R10-2016): 6/ppm = 8.11 (s, H1).

I3C{'H} NMR (101 MHz, D50, 4°C, 200R11-2016): §/ppm = 189.6 (C1), 88.9 (C2), 87.5 (C3),
83.4 (C4), 64.6 (C5), 48.7 (CH3).

N-Ethyl-p-lyxosylamine and Pd-en

D-LyxINEt Pd-en HIO; species %

1:1:1 120mg 1.50mL  119mg 1Cy-a-D-LyxpINEt2H_;-k2N1,0? 28
675 pmol 675pmol 675umol  D-lyxose 28
D-LyxaINEt2H_;-k>N1,0? 16

B-D-LyxplNMe2H_-k2N',0? 15

1 n. i. species 13

1:2:1  59.8mg 1.50mL  59.4mg  D-LyxalNEt2,3,4H_3-k2N' 0%:x20%* 58
338 pmol 675pmol  338pmol D-LyxalNEt2H_;-x2N!,02 24
1C4-o-D-LyxpINEt2H_;-k2N 1,02 18

[Pd(en)(*Cy-a-D-LyxpINEt2H_1-k2N1,0?)|*

'H NMR (400 MHz, D50, 4°C, 200R13-2016): §/ppm = 3.97 (d, 1H, H1, 3.J; »=9.4Hz), 3.45
(dd, 1H, H2, 3J23=3.1 Hz).

I3C{'H} NMR (101 MHz, D50, 4°C, 200R14-2016): §/ppm = 86.2 (C1), 75.3 (C2), 72.4 (C3),
69.6 (C4), 67.9 (C5), 42.4 (CHy), 13.0 (CH3).

[Pd(en)(p-LyxalNEt2H_1-k? N1 0?)]*

'H NMR (400 MHz, D50, 4°C, 200R13-2016): §/ppm = 8.07 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 200R14-2016): §/ppm — 186.3 (C1), 86.5 (C2), 74.6 (C3),
71.2 (C4), 63.3 (C5), 55.7 (CHy), 15.1 (CH3).

[Pd(en)(*Cy-B-D-LyxpINEt2H_;-k2N1 0?)|*+

'H NMR (400 MHz, D20, 4°C, 200R13-2016): §/ppm = 4.49 (d, H1, 3J; ,=4.6 Hz).

I3C{'H} NMR (101 MHz, D50, 4°C, 200R14-2016): §/ppm = 89.2 (C1), 79.1 (C2), 71.5 (C3),
68.4 (C4), 62.0 (C5), 42.8 (CHy), 12.7 (CH3).

[{Pd(en)}2(D-LyxalNEt2,3,4H_3-k2N',02:2k20%4)]

'H NMR (400 MHz, D50, 4°C, 330R17-2017): 6/ppm = 8.13 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 330R18-2017): §/ppm — 187.9 (C1), 88.9 (C2), 87.6 (C3),
83.5 (C4), 64.6 (C5), 55.8 (CHy), 15.2 (CH3).
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N-Propyl-D-lyxosylamine and Pd-en

D-LyxINPr Pd-en HIO; species %
1:1:1  129mg 1.50mL  119mg D-LyxalNPr2H_;-x2N1,0? 78
675 umol 675pmol  675pmol  'Cy-o-D-LyxpINPr2H_-k2N1,0? 10
1 B-D-LyxpINPr2H_;-k>N',0? 8
D-LyxalNPr2,3,4H_3-x2N1,0%2:c203* 4
1:2:1 64.5mg 1.50mL  59.4mg  D-LyxalNPr2,3,4H_3-k2N' 0%:x20%* 50
338 pmol 675pmol 338 pmol 3 n. i. species 50

[Pd(en)(p-LyxalNPr2H_1-k? N1 0?)]*

'H NMR (400 MHz, D0, 4°C, 220R69-2016): §/ppm = 8.08 (d, 1H, H1, 3.J; »=1.2Hz), 4.63
(dd, 1H, H2, 3.J, 3=6.3Hz), 3.82 (ddd, 1H, H4), 3.76 (dd, 1H, H3, 3J34=2.2Hz), 3.65 (m, 2H,
Hba/H5b), 2.66 (t, 2H, NH-CHy), 1.60 (m, 2H, CHs), 0.88 (t, 3H, NH-CH3).

I3C{'H} NMR (101 MHz, D50, 4°C, 220R70-2016): §/ppm = 187.3 (C1), 86.3 (C2), 74.7 (C3),
71.2 (C4), 63.3 (C5), 62.7 (NH-CHy), 22.8 (CHy), 10.7 (CH3).

[Pd(en)(*Cy-o-D-LyxpINPr2H_1-k2N1 0?)|*

'H NMR (400 MHz, D20, 4°C, 220R69-2016): &/ppm = 4.01 (d, 1H, HI, 3.J;2=9.3Hz).
13C{'H} NMR (101 MHz, D50, 4°C, 220R70-2016): §/ppm — 87.4 (C1), 75.3 (C2), 72.4 (C3),
69.6 (C4), 67.9 (C5), 50.1 (NH-CH,), 21.3 (CH,), 11.1 (CHj).

[Pd(en)(1Cy-B-D-LyxpINPr2H_;-k2 N1 ,0?)]*+

'H NMR (400 MHz, D20, 4°C, 220R69-2016): &/ppm = 4.49 (d, 1H, H1, 3J; ,=4.3Hz).
I3C{'H} NMR (101 MHz, D50, 4°C, 220R70-2016): §/ppm = 91.0 (C1), 79.1 (C2), 72.6 (C3),
68.3 (C4), 67.5 (C5), 50.3 (NH-CHy), 21.7 (CHy), 11.4 (CH3).

[{Pd(en)}s(D-LyxalNPr2,3 4H 3-k2N' 02:2k2034)|+

'H NMR (400 MHz, D0, 4°C, 230R1-2016): §/ppm = 8.11 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 230R2-2016): ¢/ppm — 188.8 (C1), 89.0 (C2), 87.4 (C3),
83.3 (C4), 64.6 (C5), 62.8 (NH-CH,), 23.1 (CH,), 10.8 (CH3).

N-(iso-Propyl)-bp-lyxosylamine and Pd-en

D-LyxINiPr Pd-en HIO; species %
1:1:1  129mg 1.50mL  119mg D-LyxalNiPr2H_;-x2N1 02 64
675 pmol 675pmol  675pmol  'Cy-o-D-LyxpINiPr2H_,-k2N1!,0? 36
1:2:1  64.5mg 1.50mL  59.4mg  D-LyxalNiPr2,34H_3-«>N!,0%:k20%* 100
338 pmol 675nmol 338 pmol

[Pd(en)(p-LyxalNiPr2H_;-k2N1,02)]*
'H NMR (400 MHz, D50, 4°C, 200R1-2016): &/ppm = 8.08 (s, 1H, H1), 4.56 (d, 1H, H2,
3J23=6.2Hz), 1.20 (t, 6H, 2x CHs).
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13C{'H} NMR (101 MHz, D50, 4°C, 200R2-2016): ¢/ppm = 183.5 (C1), 86.7 (C2), 74.7 (C3),
71.2 (C4), 63.3 (C5), 60.1 (CH), 22.2 (CH3), 21.7 (CH3).

[Pd(en)(!Cy-a-D-LyxpINiPr2H_1-k2 N1 0?)]*"

'H NMR (400 MHz, D20, 4°C, 220R69-2016): &/ppm = 3.99 (d, 1H, H1, 3J; 2,=9.6 Hz).
I3C{'H} NMR (101 MHz, D50, 4°C, 220R70-2016): §/ppm = 86.8 (C1), 75.5 (C2), 72.5 (C3),
69.6 (C4), 67.9 (C5), 50.8 (CH), 22.5 (CH3), 21.2 (CH3).

[{Pd(en)}s(D-LyxalNiPr2,3,4H_3-k> N1 ,0%:2k2034)|*

'H NMR (400 MHz, D0, 4°C, 230R4-2016): §/ppm = 8.18 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 230R5-2016): ¢/ppm — 184.9 (C1), 88.5 (C2), 88.2 (C3),
83.6 (C4), 64.7 (C5), 60.4 (CH), 22.5 (CH3), 21.7 (CH3).

N-(tert-Butyl)-p-lyxosylamine and Pd-en

D-LyxINtBu Pd-en HIO; species %
1:1:1  139mg 1.50mL  119mg D-lyxose 74
675 nmol 675umol  675pmol  D-LyxalNtBu2H_;-k>N'!,0? 36

1 n. i. species 9
1:2:1  69.5mg 1.50mL  59.4mg  D-LyxalNtBu2,3,4H_3-k2N1,0%:x203* 73
338 pmol 675pmol  338pmol D-LyxalNtBu2H_;-«2N1,0? 27

[Pd(en)(D-LyxalNtBu2H_;-k2N*1,0?)|*

'H NMR (400 MHz, D50, 4°C, 170R7-2019): 6/ppm = 8.01 (d, 1H, H1), 4.49 (d, 1H, H2,
3J12=1.3Hz, 3J,3=6.1Hz), 3.82 (d, 1H, H4), 3.77 (m, 1H, H3), 3.65 (m, 2H, H5a/H5b), 1.31
(s, 9H, 3x CH3).

I3C{'H} NMR (101 MHz, D50, 4°C, 170R8-2019): ¢ /ppm = 181.8 (C1), 85.9 (C2), 75.2 (C3),
71.1 (C4), 63.3 (C5), 63.1 (C,), 19.8 (CHs), 29.1 (3xCHj).

[{Pd(en)}s(D-LyxalNtBu2,3,4H_3-k?N',0%:2k2034)]*

'H NMR (400 MHz, D50, 4°C, 170R10-2019): 6 /ppm = 8.07 (s, H1, J; 2=1.5 Hz), 4.37 3 J5 3=6.1 Hz.
13C{'H} NMR (101 MHz, D50, 4°C, 170R10-2019): §/ppm — 183.0 (C1), 89.0 (C2), 87.4 (C3),
84.0 (C4), 64.5 (C5), 63.2 (C,), 29.2 (3xCHjy).

176



5. Experimental Section

5.6.3. Complexes featuring N-Alkyl-D-ribosylamines

N-Methyl-p-ribosylamine and Pd-en

D-Rib1INMe Pd-en HIO; Pd-en chelate %
1:1:1 110mg 1.50 mL 119mg 4C1-B-D-Ribp1NMe2H_;-k2N1,0? 58
675 umol 675pmol  675umol  4Ci-a-D-Ribp1NMe2H_-k2N1,0? 25
D-Riba1NMe2H_;-k2N1,0? 13
2 n. i. species 4
1:2:1  55.1mg 1.50 mL 59.4mg 4C1-B-D-Ribp1NMe2,3,4H_3-k2N1,0%:x20%* 50
338 numol 675pumol  338pmol  «-D-RibplNMe2,3,4H_3-k?N1,0%:x2034 31
D-Riba1lNMe2,3,4H_3-k2N1,0%:x203* 8
D-RibalNMe2,4,5H_3-k2N1,0%:x20%° 6
1 n. i. species 5

[Pd(en)(*C1-B-D-RibpINMe2H _1-k2N1,0?)]*+

'H NMR (400 MHz, D20, 4°C, 350R7-2018): 4.04 (d, 1H, H1, 3.J; =9.1Hz), 3.99 (t, 1H, H3,
3J23=2.9Hz, 3J3,=2.9Hz), 3.94 (dd, 1H, H4), 3.77-3.72 (m, 1H, Hb5eq), 3.65-3.58 (m, 1H,
Hb5ax), 3.26 (dd, 1H, H2), 2.45 (s, 3H, CH3).

I3C{'H} NMR (101 MHz, D50, 4°C, 350R8-2018): §/ppm = 90.8 (C1), 78.1 (C2), 72.1 (C3),
66.9 (C5), 64.8 (C4), 36.9 (CH3).

[Pd(en)(x-D-RibpINMe2H_;-k2N1,0?)|+

'H NMR (400 MHz, D20, 4°C, 350R8-2018): &/ppm = 4.12 (d, H1, 3.J; 5=2.5 Hz).

BC{'H} NMR (101 MHz, D50, 4°C, 450R5-2018): &/ppm — 92.1 (C1), 73.3 (C2), 70.9 (C3),
66.6 (C4), 59.1 (C5), 36.8 (CHs).

[Pd(en)(p-RibalNMe2H_;-k2N1 02)]*

'H NMR (400 MHz, D50, 4°C, 350R8-2018): §/ppm = 7.99 (s, H1).

I3C{'H} NMR (101 MHz, D50, 4°C, 350R8-2018): J/ppm = 186.4 (C1), 86.7 (C2), 74.4 (C3),
72.7 (C4), 63.4 (C5), 48.7 (CH3).

[{Pd(en)}2(*C1-B-D-RibpINMe2,3,4H_3-k®? N1 ,0%:2k2034)|*
BC{'H} NMR (101 MHz, D50, 4°C, 360R2-2018): &/ppm — 91.2 (C1), 83.2 (C3), 77.9 (C2),
76.9 (C4), 67.6 (C5), 36.8 (CHs).

[{Pd(en)}s(a-D-Ribp1NMe2,3,4H_3-k? N1 ,0%:2k2034)]

'H NMR (400 MHz, D50, 4°C, 360R1-2018): §/ppm = 8.11 (s, H1).

I3C{'H} NMR (101 MHz, D50, 4°C, 360R2-2018): §/ppm = 91.2 (C1), 81.8 (C2), 75.8 (C3),
71.0 (C4), 60.4 (C5), 35.8 (CH3).

[{Pd(en)}2(D-RibalNMe2,3,4H_3-k> N1 0%:2k2034)|+

'H NMR (400 MHz, D0, 4°C, 360R1-2018): §/ppm = 7.94 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 360R2-2018): ¢/ppm — 189.5 (C1), 87.7 (C2), 85.6 (C3),
82.6 (C4), 62.6 (C5), 48.8 (CHs).
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[{Pd(en)}s(D-RibalNMe2,4,5H_3-k> N1 ,0%:2k20%5)|+
I3C{'H} NMR (101 MHz, D50, 4°C, 360R2-2018): J/ppm = 185.8 (C1), 86.1 (C2), 82.1 (C4),
77.1 (C3), 73.5 (C5), 48.8 (CH3).

N-Ethyl-p-ribosylamine and Pd-en

D-RibINEt Pd-en HIO3 Pd-en chelate %

1:1:1  120mg 1.50mL  119mg 4C1-B-D-RibpINEt2H_;-k?N1,0? 88
675 umol 675pumol  675umol D-RibaINEt2H_-k2N1,0? 12

1:2:1  59.8mg 1.50mL  59.4mg  *Ci-B-D-RibpINEt2,3,4H_3-k2N'1,0%2:k203* 58
338 numol 675pumol  338umol  D-RibalNEt2,3,4H_3-k>N'!,0%:x2034 17
D-Riba1NEt2,4,5H_3-k? N1 ,02%:k20*5 17

a-D-RibpINEt2,3 4H_3-k>?N1,02:k2034 16

[Pd(en)(*C1-B-D-RibpINEt2H_;-k2 N1 0?)|+

'H NMR (400 MHz, D20, 4°C, 280R1-2018): §/ppm = 4.14 (d, 1H, H1, 3.J; »=9.1 Hz), 4.00 (¢,
1H, H3, 3.J5 3=2.8 Hz, 3.J3 4=2.8 Hz), 3.76-3.71 (m, 1H, Hbeq), 3.63 (dd, 1H, Hbax, 3Jy 54,=5.2 Hz,
2 Jsaz 5eq=—11.5Hz), 3.52-3.46 (m, 1H, H4), 3.33-3.30 (sp, 1H, H2), 2.81 (dq, 1H, CHy) 2.49 (dq,
1H, CHy), 1.34 (t, 3H, CH3).

BC{'H} NMR (101 MHz, D50, 4°C, 280R2-2018): &/ppm — 86.1 (C1), 78.0 (C2), 72.2 (C3),
66.9 (C5), 64.8 (C4), 42.4 (CHs), 13.0 (CH3).

[Pd(en)(D-RibaINEt2H_;-k> N1 02)|*

'H NMR (400 MHz, D50, 4°C, 280R1-2018): §/ppm = 7.99 (s, H1).

I3C{'H} NMR (101 MHz, D50, 4°C, 280R2-2018): J/ppm = 184.9 (C1), 86.8 (C2), 74.2 (C3),
72.5 (C4), 63.4 (C5), 55.6 (CHs), 15.0 (CHj).

[{Pd(en)}2(*C1-B-D-RibpINEt2,3 4H 3-k2N1 ,02:2x2034)]*+
BC{'H} NMR (101 MHz, D50, 4°C, 280R5-2018): §/ppm — 86.2 (C1), 83.2 (C3), 77.7 (C2),
77.0 (C4), 67.7 (C5), 42.4 (CHy), 13.0 (CH3).

[{Pd(en)}o(D-RibalNEt2,3 4H 3-k2N! ,02:2k2034)|+

'H NMR (400 MHz, D0, 4°C, 280R4-2018): §/ppm = 8.12 (s, H1).

BCO{'H} NMR (101 MHz, D50, 4°C, 280R5-2018): §/ppm = 187.8 (C1), 87.6 (C2), 85.7 (C3),
82.7 (C4), 62.6 (C5), 55.9 (CHy), 15.3 (CH3).

[{Pd(en)}(D-RibalNEt2,4,5H_5-k2N1,02:2k20%9)|+

'H NMR (400 MHz, D0, 4°C, 280R4-2018): §/ppm = 7.95 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 280R5-2018): ¢/ppm — 184.3 (C1), 86.1 (C2), 82.2 (C4),
77.0 (C3), 73.5 (C5), 55.9 (CHy), 12.4 (CH3).

[{Pd(en)}s(a-D-Ribp1NEt2,3,4H_3-k2N1 ,02:2k20%4)|+
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BC{'H} NMR (101 MHz, D50, 4°C, 280R5-2018): &/ppm — 86.0 (C1), 81.6 (C2), 75.9 (C3),
70.9 (C4), 60.6 (C5), 40.7 (CHy), 12.0 (CH3).

N-Propyl-p-ribosylamine and Pd-en

D-RibINPr Pd-en HIO; Pd-en chelate %

1:1:1  129mg 1.50mL  119mg  *Ci-B-D-RibpINPr2H_;-k2N1,0? 58
675 pmol 675pmol 675pmol D-RibalNPr2H_;-k2N1,0? 26

1 n. i. species 16

1:2:1 64.5mg 1.50mL  594mg  *Ci-B-D-RibpINPr2,3 4H_3-x>2N',0%2:k20%* 25
338 pmol 675nmol  338pmol D-RibalNPr2,3,4H_3-k2N',02%:x2034 23
D-Riba1NPr2,4,5H_3-k2N1,0%:k20%° 22

1 n. i. species 20

a-D-RibpINP1r2,3,4H_5-k2N1,02:k2034 10

[Pd(en)(*C1-a-D-RibpINPr2H_1-k2 N1, 0?)|*+

'H NMR (400 MHz, D20, 4°C, 380R30-2018): §/ppm = 4.12 (d, 1H, H1, 3.J; 5=9.4 Hz), 4.01 (¢,
1H, H3, 3J53=2.8 Hz, 3.J3,4=2.8 Hz), 3.77-3.71 (m, 1H, Hb5eq), 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,), 2.45 (dt, 1H, NH-CHy),
1.84-1.78 (m, 1H, CHy), 0.91 (t, 3H, CHj).

I3C{'H} NMR (101 MHz, D50, 4°C, 380R31-2018): §/ppm = 87.3 (C1), 78.1 (C2), 72.2 (C3),
66.9 (C4), 64.8 (C5), 50.2 (NH-CHy), 21.7 (CHy), 11.4 (CHj).

[Pd(en)(D-RibalNPr2H_;-k>N1,02)|*

'H NMR (400 MHz, D50, 4°C, 380R30-2018): 6/ppm = 7.98 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 380R31-2018): §/ppm — 185.8 (C1), 86.6 (C2), 74.4 (C3),
72.8 (C4), 63.4 (C5), 62.7 (NH-CHy), 22.9 (CH3), 10.8 (CH3).

[{Pd(en)}2(*C1-B-D-RibpINPr2,3 4H 3-k>N1 02:2x2034)]*+
I3C{'H} NMR (101 MHz, D50, 4°C, 280R5-2018): §/ppm = 91.2 (C1), 83.2 (C3), 77.8 (C2),
76.9 (C4), 67.6 (C5), 50.2 (NH-CHy), 21.7 (CHy), 11.4 (CH3).

[{Pd(en)}o(D-RibalNPr2,3 4H 3-k2N' 02:2k2034)|+

'H NMR (400 MHz, D0, 4°C, 280R4-2018): §/ppm = 8.09 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 280R5-2018): ¢/ppm — 188.7 (C1), 87.6 (C2), 85.6 (C3),
82.7 (C4), 62.8 (NH-CHy), 62.5 (C5), 23.0 (CH,), 10.8 (CH3).

[{Pd(en)}(D-RibalNPr2,4,5H_5-k2N1 ,02:2k20%9)|+

'H NMR (400 MHz, D50, 4°C, 280R4-2018): §/ppm = 7.92 (s, H1).

I3C{'H} NMR (101 MHz, D50, 4°C, 280R5-2018): ¢ /ppm = 185.2 (C1), 86.0 (C2), 82.3 (C4),
77.0 (C3), 73.5 (C5), 62.9 (NH-CHy), 23.0 (CHs), 10.7 (CH3).

[{Pd(en)}s(a-D-Ribp1NPr2,3 4H_3-k2N1 02:2k20%4)|+
BC{'H} NMR (101 MHz, D50, 4°C, 280R5-2018): §/ppm — 87.3 (C1), 81.6 (C2), 75.8 (C3),
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70.8 (C4), 60.7 (C5), 48.4 (NH-CH,), 20.8 (CHy), 11.6 (CHs).

N-(iso-Propyl)-bp-ribosylamine and Pd-en

D-Rib1Ni;Pr Pd-en HIO; Pd-en chelate %
1:1:1 129mg 1.50 mL 119mg 4C1-B-D-RibpINiPr2H_;-k2N1,0? 71
675 umol 675pmol  675umol  D-RibalNiPr2H_;-k2N1,0? 29
1:2:1 64.5mg 1.50mL  59.4mg  *Ci-B-D-Ribp1NiPr2,3 4H_3-x*?N',0%:k20%* 37
338 pmol 675pumol  338pmol  D-RibalNiPr2,3,4H_3-k>N',0%:x2034 27
D-Riba1NiPr2,4,5H_5-k2N1,02:x20%5 27

o-D-RibpINiPr2,3 4H_5-k2N1,02:20%4 5

1 n. i. species 4

[Pd(en)(*C1-o-D-RibpINiPr2H_1-k2N'1,0?)]*+

'H NMR (400 MHz, D0, 4°C, 280R7-2018): §/ppm = 4.13 (d, 1H, H1, 3.J; 5=9.4Hz), 4.00 (d,
1H, H3, 3J34=2.8 Hz), 3.86-3.81 (m, 1H, Hb5eq), 3.74 (dd, 1H, H5ax), 3.62 (dd, 1H, H4), 3.38
(dd, 1H, H2, 3.J23=2.8 Hz), 3.00 (m, 1H, CH), 1.30 (d, 3H, CH3), 1.24 (d, 3H, CH3).

BC{'H} NMR (101 MHz, D50, 4°C, 280R8-2018): &/ppm — 86.6 (C1), 78.3 (C2), 72.3 (C3),
66.8 (C4), 64.8 (C5), 50.9 (CH), 22.4 (CH3), 21.1 (CH3).

[Pd(en)(p-Riba1NiPr2H_;-k2N1 0?)]*

'H NMR (400 MHz, D50, 4°C, 280R7-2018): §/ppm = 7.98 (s, H1).

I3C{'H} NMR (101 MHz, D50, 4°C, 280R8-2018): ¢ /ppm = 182.0 (C1), 87.2 (C2), 74.1 (C3),
72.2 (C4), 63.4 (C5), 60.0 (CH), 22.2 (CH3), 21.5 (CH3).

[{Pd(en)}2(*C1-B-D-RibpINiPr2,3,4H_3-k? N1 ,0%:2k2034)|*
13C{'H} NMR (101 MHz, D50, 4°C, 280R11-2018): §/ppm — 86.9 (C1), 83.4 (C3), 78.0 (C2),
76.9 (C4), 67.7 (C5), 50.9 (CH), 22.5 (CH3), 21.1 (CH3).

[{Pd(en)}2(D-RibalNiPr2,3,4H_3-k2N1 ,0%:2k20%4)|*

'H NMR (400 MHz, D50, 4°C, 280R10-2018): §/ppm = 8.14 (s, H1).

I3C{'H} NMR (101 MHz, D50, 4°C, 280R11-2018): §/ppm = 184.4 (C1), 87.3 (C2), 86.1 (C3),
82.7 (C4), 62.6 (C5), 60.4 (CH), 22.3 (CH3), 21.7 (CH3).

[{Pd(en)}s(D-RibalNiPr2,4,5H_3-k> N1 ,0%:2k20%5)] "

'H NMR (400 MHz, D50, 4°C, 280R10-2018): 6/ppm = 7.95 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 280R11-2018): §/ppm — 181.3 (C1), 86.2 (C2), 82.4 (C4),
77.0 (C3), 73.5 (C5), 60.5 (CH), 22.5 (CH3), 21.9 (CH3).

[{Pd(en)}s(a-D-Ribp1NiPr2,3,4H_3-k>N1,0%:22034)|*

I3C{'H} NMR (101 MHz, D50, 4°C, 280R11-2018): §/ppm = 86.7 (C1), 81.6 (C2), 75.9 (C3),
71.7 (C4), 60.4 (C5), 48.9 (CH), 21.6 (CH3), 20.9 (CH3).
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N-(tert-Butyl)-p-ribosylamine and Pd-en

D-RibINtBu Pd-en HIO; species %

1:1:1 139mg 1.50mL  119mg D-RibalNtBu2H_;-k2N',0? 60
675 nmol 675nmol 675pumol 1 n. i. species 26
4C1-B-D-RibpINtBu2H_,-k2N'!,0? 14

1:2:1  69.5mg 1.50mL  59.4mg  D-RibelNtBu2,3,4H_;-k>N' 0? 32
338 pmol 675pmol  338pmol  D-RibalNtBu2,4,5H_3-k>2N',0%:x20%5 24
D-RibalN#Bu2,3,4H_3-k2N1,0%2:k203* 22

2 n. i. species 22

[Pd(en)(p-Riba1NtBu2H_1-k2 N1 O?)]*

'H NMR (400 MHz, D0, 4°C, 380R1-2018): §/ppm = 7.90 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 380R2-2018): ¢/ppm — 180.3 (C1), 86.7 (C2), 74.1 (C3),
72.2 (C4), 63.5 (C5), 63.0 (Cq), 27.5 (3 xCH3).

[Pd(en)(*C1-a-D-RibpINiPr2H_1-k2N1,0?)|*"
I3C{'H} NMR (101 MHz, D50, 4°C, 380R2-2018): &/ppm = 94.4 (C1), 82.6 (C2), 71.6 (C3),
67.7 (C4), 63.6 (C5), 57.1 (Cy), 27.5 (3 xCHj).

[{Pd(en)}2(P-Riba1NtBu2,3,4H_3-k>N'1,02:2k2034)|+

'H NMR (400 MHz, D0, 4°C, 380R4-2018): §/ppm = 8.03 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 380R5-2018): ¢/ppm — 182.7 (C1), 87.6 (C2), 85.5 (C3),
82.7 (C4), 63.0 (Cy), 62.6 (C5), 29.3 (3 xCH3).

[{Pd(en)}2(D-RibalNtBu2,4,5H_3-k>N*1 ,0%:2k20%5)|*+

'H NMR (400 MHz, D0, 4°C, 380R4-2018): §/ppm = 7.79 (s, H1).

BCO{'H} NMR (101 MHz, D50, 4°C, 380R5-2018): §/ppm = 179.5 (C1), 86.7 (C2), 82.5 (C4),
76.9 (C3), 73.5 (C5), 63.4 (Cy), 29.1 (3 xCHs).

5.6.4. Complexes featuring N-Alkyl-D-xylosylamines
N-Methyl-p-xylosylamine and Pd-en

D-XylINMe Pd-en HIO; Pd-en chelate %

1:1:1 110mg 1.50mL  119mg  4Ci-p-D-XylpINMe2H_;-k2N1,0? 85
675 pmol 675nmol 675pmol D-XylalNMe2H_,-k2N',0? 4
a-D-XylplNMe2H_-k2N1,0? 3
1 n. i. species 8

1:1.5:1 73.4mg 1.50 mL 79.2mg 4C1-B-D-XylplNMe2,3,4H_5-k2N1,0%:x20%* 47

450 pmol 675pumol 450 pmol  4C1-B-D-XylpINMe2H_;-k2N1,0? 40

D-XylalNMe2,3,4H_5-k2N1,02:k2034 13

1:2:1 55.1mg 1.50mL  59.4mg  *Ci-B-D-XylplNMe2,3,4H_3-k2N1,0%:x20%* 68

338 pmol 675pumol  338pmol  D-XylalNMe2,3,4H_3-k2N1,0%:x2034 24
4C1-B-D-XylpINMe2H _;-k2N1,0? 8
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After overlaying the aqueous reaction mixture containing all reactants in equimolar amounts
with acetone and storing it at 4°C for one week, colorless crystals of 810;-tetrahydrate were
obtained that were suitable for structure analysis via single-crystal X-ray diffraction.

[Pd(en)(*C1-B-D-XylpINMe2H _1-k2N1,0%)]*

'H NMR (400 MHz, D50, 4°C, 330R15-2017): §/ppm = 3.90 (dd, 1H, H5a, 3J45,=5.4 Hz,
2 Jsas=—11.5Hz), 3.81 (d, 1H, H1, 3J;2,=8.9Hz), 3.61 (dd, H4), 3.50 (sp, H3), 3.26 (t, 1H,
H5b, 3.J4 5,—10.6 Hz), 3.16 (t, 1H, H2, 3.J3—9.1 Hz), 2.46 (s, 3H, CHj).

13C{'H} NMR (101 MHz, D50, 4°C, 330R16-2017): §/ppm — 94.9 (C1), 80.2 (C2), 78.0 (C3),
69.8 (C4), 68.6 (C5), 36.8 (CHg).

[Pd(en)(D-XylalNMe2H _;1-k2N1,0?)]*

'H NMR (400 MHz, D50, 4°C, 330R15-2017): §/ppm = 7.94 (s, H1).

I3C{'H} NMR (101 MHz, D50, 4°C, 330R16-2017): §/ppm = 187.4 (C1), 87.3 (C2), 72.7 (C3),
71.1 (C4), 63.3 (C5), 48.6 (CH3).

[Pd(en)(o-D-XylpINMe2,3 4H_3-x2N1.0?)]*

'H NMR (400 MHz, D50, 4°C, 330R15-2017): 3.81 (d, 1H, H1, 3.J; 5=5.5 Hz).

13C{'H} NMR (101 MHz, D50, 4°C, 330R16-2017): §/ppm — 93.4 (C1), 76.7 (C2), 73.4 (C3),
69.1 (C4), 63.5 (C5), 37.0 (CHs).

[{Pd(en)}2(*C1-B-D-XylpINMe2,3,4H—3-k> N1 ,02:2k2034) |+
I3C{'H} NMR (101 MHz, D50, 4°C, 330R18-2017): §/ppm = 95.4 (C1), 88.3 (C3), 82.1 (C2),
79.7 (C4), 68.2 (C5), 37.2 (CH3).

[{Pd(en)}s(D-XylalNMe2,3,4H_3-k? N1 ,0%:22034)] T

'H NMR (400 MHz, D0, 4°C, 330R17-2017): 6/ppm = 8.91 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 330R18-2017): §/ppm — 187.9 (C1), 88.2 (C2), 85.2 (C3),
79.9 (C4), 65.6 (C5), 48.7 (CHs).
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N-Ethyl-pD-xylosylamine and Pd-en

D-XylINEt Pd-en HIO; Pd-en chelate %

1:1:1  120mg 1.50mL  119mg  *C;-B-p-XylpINEt2H_;-k?N'1,0? 98
675 pmol 675pmol 675 pmol  D-XylaINEt2H_;-k?N1,0? 2

1:1.5:1 79.7mg 1.50mL  79.2mg  4C;i-B-D-XylpINEt2H_;-k>N'1,0? 58
450 pmol 450 pmol 450 pmol  4C-B-D-XylpINEt2,3,4H_3-k2N1,0%:20%* 27
D-Xyla1NEt2,3,4H_3-k?N',0%:x2034 9

D-XylaINEt2H_;-k2N1,0? 6

1:2:1  59.8mg 1.50mL  59.4mg  *Ci-B-D-XylpINEt2H_-k>N',0? 48
338 pmol 675umol 338 pumol  4C;-B-D-XylpINEt2,3,4H_3-k2N! 0%:x20%* 31
D-XylaINEt2,3,4H_3-k>N1,0%:x20%4 12

D-XylaINEt2H_;-k2N1,0? 4

1 n. i. species 5)

[Pd(en)(*C1-B-D-XylpINEt2H _1-k2N1,0?)|*

'H NMR (400 MHz, D50, 4°C, 330R4-2017): 3.89-3.84 (sp, 1H, H5a) 3.85 (d, 1H, H1, 3.J; »=7.8 Hz),
3.50 (td, 1H, H4), 3.29-3.22 (m, 3H, H3/H5b/H2), 2.83 (dd, 1H, CHy) 2.49 (dd, 1H, CH,), 1.35

(t, 3H, CH3).

BCO{'H} NMR (101 MHz, D20, 4°C, 330R5-2017): §/ppm = 90.2 (C1), 80.0 (C2), 78.0 (C3),
69.7 (C4), 68.6 (C5), 42.3 (CHy), 12.9 (CH3).

[Pd(en)(D-XylaINEt2H_;-k2 N1 0?)|*

'H NMR (400 MHz, D50, 4°C, 330R7-2017): §/ppm — 7.96 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 330R8-2017): ¢/ppm — 185.9 (C1), 87.4 (C2), 72.8 (C3),
71.0 (C4), 63.3 (C5), 55.5 (CHy), 14.8 (CH3).

[{Pd(en)}2(*C1-B-D-XylpINEt2,3,4H_3-k> N1 ,0%:2k2034)|*
BC{'H} NMR (101 MHz, D50, 4°C, 330R8-2017): §/ppm = 90.6 (C1), 88.4 (C3), 81.9 (C2),
79.7 (C4), 68.2 (C5), 42.5 (CHy), 12.8 (CH3).

[{Pd(en)}2(D-XylaINEt2,3,4H_3-k2N',02:2k2034)|+

'H NMR (400 MHz, D0, 4°C, 330R7-2017): §/ppm = 8.91 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 330R8-2017): ¢/ppm — 186.1 (C1), 88.3 (C2), 85.2 (C3),
79.9 (C4), 65.6 (C5), 55.5 (CHy), 14.9 (CH3).
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N-Propyl-D-xylosylamine and Pd-en

D-XylINPr Pd-en HIO; Pd-en chelate %

1:1:1  129mg 1.50mL  119mg 401-B-p-XylpINPr2H_;-k2N1,0? 76
675 pmol 675pmol  675pmol  D-XylalNPr2H_;-k2N1,0? 24

1:2:1 64.5mg 1.50mL 59.4mg D-XylalNPr2,3,4H_3-k>N1,02:2034 50
338 pmol 675pmol  338pmol  4Ci-B-D-XylpINPr2,3,4H_s-k2N',0%:x20%* 35

n. i. species 15

[Pd(en)(*C1-B-D-XylpINPr2H_;-k2N1,0?)]*+

'H NMR (400 MHz, D50, 4°C, 120R1-2016): 3.85 (d, 1H, H1, 3J; »=8.2 Hz), 3.62 (dd, 1H, H5a,
3J450=5.5Hz), 3.48 (dd, 1H, H4), 3.30-3.11 (m, 3H, H3/H5b/H2), 2.65-2.61 (sp, 2H, NH-CHy)
1.82-1.73 (q, 2H, CHy), 0.90 (t, 3H, CHg).

BC{'H} NMR (101 MHz, D50, 4°C, 120R2-2016): &/ppm — 91.4 (C1), 80.1 (C2), 78.0 (C3),
69.7 (C4), 68.6 (C5), 50.0 (NH-CHy), 21.6 (CHy), 11.4 (CH3).

[{Pd(en)}o(D-XylalNPr2,3,4H_3-k2N1 02:2k20%4)|+

'H NMR (400 MHz, D0, 4°C, 120R1-2016): §/ppm = 7.94 (s, H1).

I3C{'H} NMR (101 MHz, D50, 4°C, 120R2-2016): J/ppm = 186.7 (C1), 87.3 (C2), 72.5 (C3),
71.4 (C4), 63.2 (C5), 62.6 (NH-CH,), 22.8 (CH,), 10.8 (CHj3).

[Pd(en)(p-XylalNPr2H_1-k2 N1 0?)]*+

'H NMR (400 MHz, D50, 4°C, 120R4-2016): §/ppm — 8.83 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 120R5-2016): ¢/ppm — 187.1 (C1), 88.2 (C2), 85.4 (C3),
80.1 (C4), 66.5 (C5), 62.8 (NH-CHy), 23.1 (CH,), 11.0 (CHjz).

[{Pd(en)}o(*C1-B-D-XylpINPr2,3,4H_3-k>N1,0%:2k2034)|*

I3C{IH} NMR (101 MHz, D50, 4°C, 120R5-2016): §/ppm = 91.8 (C1), 88.4 (C3), 82.0 (C2),
79.7 (C4), 68.2 (C5), 50.2 (NH-CHy), 21.5 (CHy), 11.3 (CH3).

N-(iso-Propyl)-p-xylosylamine and Pd-en

D-XylINiPr Pd-en HIO; Pd-en chelate %
1:1:1 129mg 1.50 mL 119mg 4C1-B-D-XylpINiPr2H_;-k2N1,0? 78
675 pmol 675pmol  675pmol  D-XylalNiPr2H_;-k2N1,0? 14

4012 -D-XylpINiPr2H_1-k2N',0 8
1:2:1 64.5mg 1.50mL  59.4mg  *Ci-p-D-XylpINiPr2,3,4H_3-k>N',02:20%* 60
338 pmol 675pmol  338pmol  D-XylalNiPr2,3,4H_3-k2N! 02:k2034 29
1 n. i. species 11

[Pd(en)(*C1-B-D-XylpINiPr2H_;-k2N1,0?)|*
'H NMR (400 MHz, D50, 4°C, 320R10-2017): 3.85 (d, H1, 3.J; 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, 2xCH3).
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13C{'H} NMR (101 MHz, D50, 4°C, 320R11-2017): §/ppm — 90.9 (C1), 80.3 (C2), 78.1 (C3),
69.7 (C4), 68.5 (C5), 50.9 (CH), 22.4 (CH3), 21.0 (CH3).

[Pd(en)(p-XylalNiPr2H_;-k2N1 0?)]*

'H NMR (400 MHz, D50, 4°C, 320R10-2017): §/ppm = 7.99 (s, H1), 1.24 (d, 2x CH3).
I3C{'H} NMR (101 MHz, D50, 4°C, 320R11-2017): §/ppm = 183.2 (C1), 87.7 (C2), 72.9 (C3),
70.9 (C4), 63.3 (C5), 59.7 (CH), 22.1 (CH3), 21.4 (CH3).

[Pd(en)(x-D-XylpINiPr2H_1-k2N1,0?)|*+

'H NMR (400 MHz, D20, 4°C, 320R10-2017): 4.66 (d, H1, 3.J; 5=4.4Hz), 1.18 (d, 2xCHj3).
13C{'H} NMR (101 MHz, D50, 4°C, 320R11-2017): §/ppm — 88.9 (C1), 78.2 (C2), 75.3 (C3),
69.1 (C4), 64.0 (C5), 52.3 (CH), 22.3 (CH3), 21.1 (CH3).

[{Pd(en)}s(*C1-B-D-XylpINiPr2,3,4H_3-k>N' 0%:2k2034)|*
I3C{'H} NMR (101 MHz, D50, 4°C, 320R14-2017): §/ppm = 91.6 (C1), 88.4 (C3), 82.2 (C2),
79.7 (C4), 68.2 (C5), 50.9 (CH), 22.3 (CH3), 20.8 (CH3).

[{Pd(en)}s(D-XylalNiPr2,3,4H_3-k>N1 0%:2k2034)|*

'H NMR (400 MHz, D20, 4°C, 320R13-2017): 6/ppm = 8.94 (s, H1), 1.16 (d, 2x CHs).
13C{'H} NMR (101 MHz, D50, 4°C, 320R14-2017): §/ppm — 183.3 (C1), 88.5 (C2), 85.4 (C3),
80.0 (C4), 65.6 (C5), 59.5 (CH), 22.8 (CH3), 21.2 (CHj3).

N-(tert-Butyl)-p-xylosylamine and Pd-en

D-XylIN#Bu Pd-en HIO; Pd-en chelate %

1:1:1 139mg 1.50mL 119mg D-Xyla1NtBu2H_;-k?>N',0? 49
675 pmol 675pmol  675pmol  *Ci-B-D-XylplN¢Bu2,3,4H_3-k2N1,0%:x20%* 20
D-XylalNtBu2,3,4H_35-k2N'!,0%:x2034 18

101-B-p-XylpINtBu2H_;-k2N1,02 11

1:2:1  69.5mg 1.50mL 59.4mg D-Xyla1NtBu2,3,4H_5-k>?N1,0%:k2034 75
338 pmol 675pumol  338umol n. i. species 25

[Pd(en)(D-XylaINtBu2H_;-k?N1,0?)|*

'H NMR (400 MHz, D50, 4°C, 320R16-2017): 6/ppm = 7.90 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 320R17-2017): §/ppm — 181.3 (C1), 87.2 (C2), 72.8 (C3),
71.1 (C4), 63.2 (C5), 62.9 (C,), 29.0 (CHg).

[{Pd(en)}2(*C1-B-D-XylpINtBu2,3,4H_3-k2N! 0%:2k2034)|*
I3C{'H} NMR (101 MHz, D50, 4°C, 320R17-2017): §/ppm = 97.3 (C1), 89.4 (C3), 82.8 (C2),
78.5 (C4), 68.4 (C5), 58.8 (C,), 29.2 (CH3).

[{Pd(en)}2(D-XylalNtBu2,3,4H_3-k2N1,0%:2k2034)|+
'H NMR (400 MHz, D20, 4°C, 320R16-2017): §/ppm = 8.72 (s, H1).
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13C{'H} NMR (101 MHz, D50, 4°C, 320R17-2017): §/ppm — 181.9 (C1), 88.0 (C2), 85.5 (C3),
80.3 (C4), 65.4 (C5), 61.1 (C,), 28.6 (CHg).

[Pd(en)(*C1-B-D-XylpINtBu2H_;-k2N1,0%)]*

'H NMR (400 MHz, D20, 4°C, 320R10-2017): 4.06 (d, H1, 3.J; 5=12.9 Hz).

I3C{'H} NMR (101 MHz, D50, 4°C, 320R17-2017): §/ppm = 91.6 (C1), 81.0 (C2), 78.2 (C3),
69.8 (C4), 68.6 (C5), 57.0 (C,), 29.9 (CHs).

5.6.5. Complexes featuring N-Alkyl-pD-galactosylamines

N-Methyl-b-galactosylamine and Pd-en

D-GallNMe Pd-en HIO; Pd-en chelate %
1:1:1 110mg 1.50mL  119mg B-D-GalplNMe2H_-k> N 0? 98

675 pmol 675pumol  675umol  D-GalalNMe2H_;-k2N1,02 2
1:2:1 55.1mg 1.50mL  59.4mg  B-D-GalplNMe2,3,4H_3-k2N1,0%:x203* 92

338 pmol 675numol  338pumol 2 n. i. species 8

[Pd(en)(*C1-B-D-GalpINMe2H _1-k2N*1,0?)|*

'H NMR (400 MHz, D50, 4°C, 110R1-2016): §/ppm = 3.72 (m, 4H, H1/H4/H6 /H6’), 3.63 (m,
1H, H5), 3.48 (dd, 1H, H3, 3.J5 3=9.8 Hz, 3.J3,4=3.5 Hz), 3.35 (dd, 1H, H2), 2.52 (s, 3H, CHj3).
I3C{'H} NMR (101 MHz, D50, 4°C, 110R2-2016): &§/ppm = 94.5 (C1), 79.3 (C5), 77.3 (C2),
75.3 (C3), 69.3 (C4), 61.6 (C6), 36.9 (CH3).

[Pd(en)(D-GalalNMe2H _;1-k2N1,0?)]*

'H NMR (400 MHz, D0, 4°C, 110R1-2016): 7.94 (d, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 110R2-2016): ¢/ppm = 187.9 (C1), 85.6 (C2), 70.8 (C3),
70.7 (C5), 70.2 (C4), 63.7 (C6), 48.6 (CH3).

[{Pd(en)}s(*C1-B-D-GalpINMe2,3,4H_3-k>2N',02:2x2034)|+
I3C{'H} NMR (101 MHz, D50, 4°C, 110R5-2016): &§/ppm = 94.6 (C1), 85.3 (C3), 81.1 (C2),
79.8 (C4), 78.5 (C5), 62.5 (C6), 37.1 (CH3).

N-Ethyl-p-galactosylamine and Pd-en

D-GallNEt Pd-en HIO; Pd-en chelate %
1:1:1  140mg 1.50mL  119mg B-D-GalpINEt2H _;-k2>N1,0? 95

675 pmol 675pumol  675umol D-GalaelNEt2H_-k2N1,0? 5
1:2:1  69.9mg 1.50mL  59.4mg  P-D-GalpINEt2,34H_;-k2N!,02:k20%* 92

338 pmol 675nmol 338 pumol 2 n. i. species 8

[Pd(en)(*C1-B-D-GalpINEt2H _1-k2 N1, 0?)|*+
'H NMR (400 MHz, D20, 4°C, 180R7-2016): §/ppm = 3.73 (m, 4H, H1/H4/H6/H6’), 3.63 (m,
1H, H5), 3.47 (dd, 1H, H3, 3.J23=9.7 Hz, 3.J3,4=3.4Hz), 3.35 (dd, 1H, H2), 2.96 (m, 1H, CHy),
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2.50 (m, 1H, CHy), 1.37 (t, 3H, CHj).
BC{'H} NMR (101 MHz, D50, 4°C, 180R8-2016): &/ppm — 89.6 (C1), 79.3 (C5), 77.2 (C2),
75.4 (C3), 69.3 (C4), 61.5 (C6), 42.2 (CH,), 13.0 (CH3).

[Pd(en)(p-GalaINEt2H_;-k2N1 0%)]*"

IH NMR. (400 MHz, D»0, 4°C, 210R31-2016): 6 /ppm — 7.96 (s, H1).

13C{1H} NMR (101 MHz, D50, 4°C, 18OR8-2016): 6/ppm — 186.3 (C1), 85.7 (C2), 70.8 (C3),
70.7 (C5), 70.2 (C4), 63.7 (C6), 55.6 (CHy), 15.1 (CHg).

[{Pd(en)}2(*C1-B-D-GalpINEt2,3,4H_3-k> N1 ,02:2k2034) |+
13C{'H} NMR (101 MHz, D50, 4°C, 180R11-2016): §/ppm — 89.5 (C1), 85.9 (C3), 80.9 (C2),
79.8 (C4), 78.5 (C5), 62.5 (C6), 42.2 (CHy), 13.0 (CH3).

N-Propyl-b-galactosylamine and Pd-en

D-GalINPr Pd-en HIO; Pd-en chelate %

1:1:1 149mg 1.50 mL 119mg B-D-GalpINPr2H_;-k2N',0? 76
675 pmol 675nmol 675pumol 1 n. i. species 9
D-GalalNPr2H_;-k2N1,0? 8
B-D-GalplNPr2,3,4H_3-k>2N' 0%:x203* 7

1:2:1 74.7mg 1.50mL  59.4mg  B-D-GalplNPr2,3 4H_3;-k>N'1,0%:k20%* 94
338 pmol 675nmol 338 pumol 2 n. i. species 6

[Pd(en)(*C1-B-D-GalpINPr2H_1-k2 N1, 0?)|*

'H NMR (400 MHz, D50, 4°C, 230R4-2016): §/ppm — 3.72 (m, 4H, H1/H4/H6/H6’), 3.61
(m, 1H, H5), 3.46 (dd, 1H, H3, 3.J53=9.7Hz, 3J3,=3.4Hz), 3.38 (dd, 1H, H2), 2.82 (m, 1H,
NH—CH,), 2.45 (m, 1H, NH—CH,), 1.82 (m, 2H, CHy), 0.92 (t, 3H, CH3).

I3C{'H} NMR (101 MHz, D50, 4°C, 230R5-2016): &§/ppm = 90.8 (C1), 79.2 (C5), 77.3 (C2),
75.4 (C3), 69.2 (C4), 61.4 (C6), 49.9 (NH-CH,), 21.7 (CHy), 11.4 (CH3).

[Pd(en)(D-GalaINPr2H_;-k2N1,02)|+

'H NMR (400 MHz, D0, 4°C, 230R4-2016): §/ppm = 7.92 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 230R5-2016): ¢/ppm — 187.4 (C1), 85.8 (C2), 70.7 (C3),
70.6 (C5), 70.2 (C4), 63.7 (C6), 62.6 (NH-CHy), 22.9 (CHs), 11.5 (CH3).

[{Pd(en)}2(*C1-B-D-GalpINPr2,3 4H_3-k2N*1 02:2k20%4)| *

1BC{1H} NMR (101 MHz, D50, 4°C, 230R8-2016): §/ppm = 90.7 (C1), 85.9 (C3), 81.1 (C2),
79.7 (C4), 78.5 (C5), 62.4 (C6), 49.9 (NH-CH,), 21.8 (CHy), 11.5 (CHj).
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N-(iso-Propyl)-p-galactosylamine and Pd-en

D-GallIN;Pr Pd-en HIO; Pd-en chelate %
1:1:1  149mg 1.50 mL 119mg B-D-GalpINiPr2H_;-k2>N',0? 81
675 pmol 675pmol  675pmol  D-GalalNiPr2H_;-k2N1,0? 7
D-Galactose 7
1 n. i. species b)
1:2:1 74.7mg 1.50mL  59.4mg  B-D-GalpINiPr2,34H_s-k2N1,02:20%4 64
338 pmol 675pumol  338pumol  4Ci-B-D-GalpINiPr2H_;-k?N1,0? 17
D-GalalNiPr2H_;-k>N',0? 11
1 n. i. species 8

[Pd(en)(*C1-B-D-GalpINiPr2H_1-k2N'1,0?)]*+
BCO{'H} NMR (101 MHz, D20, 4°C, 380R8-2016): §/ppm = 90.4 (C1), 79.3 (C5), 77.5 (C2),
75.5 (C3), 69.1 (C4), 61.4 (C6), 50.8 (CH), 22.5 (CHj), 21.0 (CHs).

[Pd(en)(D-GalaINiPr2H_1-k2N! ,0?)]*+

'H NMR (400 MHz, D0, 4°C, 380R7-2016): §/ppm = 7.99 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 380R8-2016): ¢/ppm — 183.5 (C1), 86.0 (C2), 70.9 (C3),
70.8 (C5), 70.2 (C4), 63.7 (C6), 60.0 (CH), 24.5 (CH3), 21.2 (CH3).

[{Pd(en)}2(*C1-B-D-GalpINiPr2,3,4H_3-k2N' 0%:2k2034)]*
I3C{'H} NMR (101 MHz, D50, 4°C, 380R11-2016): §/ppm = 90.6 (C1), 86.0 (C3), 81.2 (C2),
79.7 (C4), 78.6 (C5), 62.4 (C6), 50.6 (CHy), 22.4 (CH3), 21.2 (CH3).

N-(tert-Butyl)-p-galactosylamine and Pd-en

D-GalINtBu Pd-en HIO; Pd-en chelate %

1:1:1 159 mg 1.50mL  119mg B-D-GalpINtBu2H_;-k?N'!,0? 58
675 pmol 675pmol  675pmol D-GalalNtBu2H_;-k2N1,0? 24

3 n. i. species 18

1:2:1  79.4mg 1.50mL  59.4mg  B-D-GalpINtBu2,34H_3-k’N',0%:k20%* 70
338 umol 675pumol  338umol D-GaleINtBu2H_;-k2N1,0? 20
B-D-GalpINtBu2H_,-k>N',0? 10

[Pd(en)(*C1-B-D-GalpINtBu2H_;-k2N1,0?)]*
I3C{'H} NMR (101 MHz, D50, 4°C, 380R25-2019): §/ppm = 91.2 (C1), 79.4 (C5), 78.3 (C2),
75.5 (C3), 69.0 (C4), 61.4 (C6), 58.8 (C), 30.0 (3xCH3).

[Pd(en)(p-Gala1NtBu2H_;-k2N! O?)]*"

'H NMR (400 MHz, D50, 4°C, 380R24-2019): 6/ppm = 7.89 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 380R25-2019): §/ppm — 181.5 (C1), 85.6 (C2), 71.2 (C3),
70.8 (C5), 70.2 (C4), 63.7 (C6), 62.9 (C), 29.1 (3xCHs).
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[{Pd(en)}2(*C1-B-D-GalpINtBu2,3,4H_3-k2N',0%:2k2034)|*

13C{'H} NMR (101 MHz, D50, 4°C, 380R28-2019): §/ppm — 91.1 (C1), 86.2 (C3), 82.0 (C2),
79.6 (C4), 78.6 (C5), 62.3 (C6), 58.7 (CHy), 30.0 (3xCHj3).

5.6.6. Complexes featuring N-Alkyl-D-glucosylamines

N-Methyl-b-glucosylamine and Pd-en

D-GlcINMe Pd-en HIO; Pd-en chelate %
1:1:1  110mg 1.50mL  119mg B-D-GlepINMe2H _;-k2 N1 02 84
675 pmol 675pumol  675umol  o-D-GlepINMe2H_-k2N1,0? 12

1 n. i. species 4
1:2:1 55.1mg 1.50mL  59.4mg B-D-GlecplNMe2,3 4H_3-k>N1,0%2:k20%* 72
338 pmol 675numol  338pumol 2 n. i. species 16
B-D-GlcplNMe2H_,-k2N1,0? 12

[Pd(en)(*C1-B-D-GlepINMe2H_1-k2 N1 0?)|+

'H NMR (400 MHz, D20, 4°C, 210R25-2016): &/ppm = 3.87 (d, 1H, H1, 3.J; 5=9.1 Hz), 3.85~
3.76 (m, 1H, H6a), 3.68 (dd, 1H, H6b, 3J5 ,=5.4 Hz, 2Jg, p=—12.2 Hz), 3.39 (dd, 1H, H5), 3.34-
3.27 (sp, H3/H4), 3.16 (t, 1H, H2, 3J53=9.1Hz), 2.49 (s, 3H, CH3). *C{'H} NMR (101 MHz,
D0, 4°C, 080R5-2016): ¢/ppm = 94.1 (C1), 80.2 (C2), 79.0 (C3), 77.9 (C5), 69.8 (C4), 61.1
(C6), 36.8 (CH3).

[Pd(en)(*C1-a-D-GlepINMe2H_1-k2 N1 0?)|+

'H NMR (400 MHz, D20, 4°C, 210R25-2017): 4.61 (d, H1, 3.J; »=5.8 Hz), 2.40 (s, 3H, CHj).
I3C{'H} NMR (101 MHz, D50, 4°C, 080R5-2016): &/ppm = 93.1 (C1), 76.6 (C2), 74.0 (C3),
69.6 (C5), 69.3 (C4), 61.4 (C6), 36.6 (CH3).

[{Pd(en)}2(*C1-B-D-GlepINMe2,3 4H_3-k2 N1 ,02:2k2034)]*+

13C{'H} NMR (101 MHz, D50, 4°C, 210R29-2016): §/ppm — 95.0 (C1), 88.3 (C3), 82.2 (C2),
80.1 (C4), 79.2 (C5), 61.6 (C6), 37.2 (CH3).

N-Ethyl-p-glucosylamine and Pd-en

D-GlcINEt Pd-en HIO; Pd-en chelate %
1:1:1 140mg 1.50 mL 119mg B-D-GlepINEt2H_-k2N1,0? 76
675 pmol 675nmol  675pmol  D-Glc1INEt 10
2 n. i. species 10

D-GlcaINEt2H_;-k2N1,0? 4
1:2:1  69.9mg 1.50mL  59.4mg  PB-D-GlepINEt2,34H_5-k2N',0%:20%4 54
338 umol 675pmol  338pmol  B-D-GlepINEt2H_1-k2N1,0? 32

1 n. i. species 8

D-GlcalNEt2,3,4H_3-k>N1,0%:k203* 6
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[Pd(en)(*C1-B-D-GlepINEt2H _1-k2N1,0%)|*

'H NMR (400 MHz, D50, 4°C, 210R31-2016): §/ppm = 3.93 (d, 1H, H1, 3.J; 5—9.4 Hz), 3.84
(dd, 1H, H6a, 3J5 6,=2.3 Hz), 3.70 (dd, 1H, H6b, 3J5 6,=5.2 Hz, 2 Jsq6o=—12.4 Hz), 3.42 (m, 1H,
H3), 3.39-3.29 (sp, 2H, H4/H5), 3.24 (t, 1H, H2, 3.J,3=8.9Hz), 2.92 (dd, 1H, CH,), 2.66 (dd,
1H, CHy), 1.38 (t, 3H, CHj).

I3C{'H} NMR (101 MHz, D50, 4°C, 210R32-2016): §/ppm = 89.5 (C1), 80.2 (C2), 79.0 (C3),
77.9 (C5), 69.9 (C4), 61.1 (C6), 42.4 (CHy), 13.0 (CH3).

[Pd(en)(D-GlcaINEt2H_1-k2N1,0%)]*

'H NMR (400 MHz, D50, 4°C, 210R31-2016): 6 /ppm = 7.98 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 210R32-2016): §/ppm — 186.0 (C1), 88.0 (C2), 71.9 (C3),
71.4 (C5), 69.3 (C4), 63.5 (C6), 55.3 (CHy), 14.6 (CH3).

[{Pd(en)}2(*C1-B-D-GlepINEL2,3,4H_3-k2N1 0%:2k2034)|+
I3C{'H} NMR (101 MHz, D50, 4°C, 210R35-2016): §/ppm = 90.2 (C1), 88.4 (C3), 82.0 (C2),
80.0 (C4), 79.3 (C5), 61.5 (C6), 42.5 (CHy), 12.8 (CH3).

[{Pd(en)}s(D-GlealNEt2,3,4H_3-k2 N1 0%:22034)|*

'H NMR (400 MHz, D50, 4°C, 210R34-2016): §/ppm = 9.18 (s, H1). 3C{'H} NMR (101 MHz,
D-0, 4°C, 210R35-2016): §/ppm = 186.4 (C1), 88.7 (C2), 85.4 (C3), 80.7 (C4), 73.5 (C5), 65.2
(C6), 55.3 (CHy), 14.8 (CH3).

N-Propyl-b-glucosylamine and Pd-en

D-GlcINPr Pd-en HIO; Pd-en chelate %

1:1:1 149mg 1.50 mL 119mg B-D-GlepINPr2H_-k2N1,0? 94
675 pmol 675nmol 675pumol 2 n. i. species 6

1:2:1  74.7mg 1.50mL  59.4mg  B-D-GleplNPr2,3,4H_5-k2N',0%:x203* 68

338 pmol 675pmol  338pmol  B-D-GlepINPr2H_;-k2N1,0? 14

GlcalNPr2,3,4H_3-k2N1,02%:x2034 10

1 n. i. species 10

[Pd(en)(*C1-B-D-GlepINPr2H_1-k2N1,0%)|*

'H NMR (400 MHz, D50, 4°C, 220R63-2016): §/ppm = 3.93 (d, 1H, H1, 3.J; 5—9.4 Hz), 3.84
(dd, 1H, H6a, w3J;56,—2.3Hz), 3.70 (dd, 1H, H6b, 3.J56,—5.2 Hz, 2Jg, 6p——12.4 Hz), 3.42 (m
1H, H3), 3.39-3.29 (sp, 2H, H4/H5), 3.24 (t, 1H, H2, 3J53=8.9Hz), 2.92 (dd, 1H, CH,), 2.66
(dd, 1H, CHy), 1.38 (t, 3H, CH3).

I3C{'H} NMR (101 MHz, D50, 4°C, 220R64-2016): §/ppm = 90.7 (C1), 80.1 (C2), 79.0 (C3),
77.9 (C5), 69.7 (C4), 61.0 (C6), 50.1 (CHy), 21.7 (CHy), 11.4 (CHj3).

[{Pd(en)}o(*C1-B-D-GlepINPr2,3 4H _3-k2N1 02:2x2034)|+

13C{'H} NMR (101 MHz, D50,4°C, 220R67-2016): §/ppm — 91.3 (C1), 88.3 (C3), 82.1 (C2),
79.9 (C4), 79.2 (C5), 61.5 (C6), 50.3 (CHy), 21.5 (CHy), 11.4 (CH3).
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[{Pd(en)}2(D-GlealNPr2,34H_3-k2 N1 0%:22034)|*

'H NMR (400 MHz, D50, 4°C, 220R66-2016): 6/ppm = 9.10 (s, H1).

I3C{'H} NMR (101 MHz, D50, 4°C, 220R67-2016): §/ppm = 187.4 (C1), 88.2 (C2), 85.5 (C3),
80.8 (C4), 73.4 (C5), 65.2 (C6), 62.7 (NH-CHy), 62.7 (NH-CHy), 23.0 (CHs), 11.1 (CH3).

N-(iso-Propyl)-b-glucosylamine and Pd-en

D-Glc1NiPr Pd-en HIO; Pd-en chelate %
1:1:1 149mg 1.50 mL 119mg B-D-GlepINiPr2H_-k2N1,0? 78
675 pmol 675nmol 675pumol 2 n. i. species 22
1:2:1 74.7mg 1.50mL  59.4mg  B-D-GleplNiPr2,3 4H_5-k2N' 0%:x203* 48
338 umol 6751mol  338pmol  B-D-GlepINiPr2H_;-k2N1,0? 40

D-GlealNiPr2,34H_5-k2N1,02:k20%4 12

[Pd(en)(*C1-B-D-GlepINiPr2H_1-k? N1 0?)|*

'H NMR (400 MHz, D50, 4°C, 270R13-2018): §/ppm = 3.92 (d, 1H, H1, 3.J; 5=7.9 Hz), 3.81
(dd, 1H, H6a, w3.J5¢,=2.2Hz), 3.70 (dd, 1H, H6b, 3J5 6,=5.0 Hz, 2 Jga6p=—12.4 Hz), 3.39 (m,
1H, H3), 3.39-3.28 (sp, 3H, H4/H5/H2), 3.07 (s, 1H, CH), 1.27 (d, 6H, 2x CH3).

I3C{'H} NMR (101 MHz, D50, 4°C, 270R14-2018): §/ppm = 90.0 (C1), 80.4 (C2), 79.1 (C3),
78.1 (C5), 69.7 (C4), 61.1 (C6), 50.9 (CH), 22.4 (CH3), 21.0 (CH3).

[{Pd(en)}o(*C1-B-D-GlepINiPr2,3 4H _3-k2N1 0%:2k20%4)|+
3C{'H} NMR (101 MHz, D50,4°C, 270R17-2018): §/ppm — 91.0 (C1), 88.4 (C3), 82.4 (C2),
79.9 (C4), 79.3 (C5), 61.5 (C6), 50.8 (CH), 22.3 (CH3), 20.9 (CHj).

[{Pd(en)}2(D-GlealNiPr2,3 4H _3-k?N! 02:2x2034)|*

'H NMR (400 MHz, D50, 4°C, 270R16-2018): 6 /ppm = 9.18 (s, H1).

BCO{'H} NMR (101 MHz, D50, 4°C, 270R17-2018): §/ppm = 183.5 (C1), 88.5 (C2), 85.3 (C3),
80.7 (C4), 73.0 (C5), 65.3 (C6), 59.2 (CH), 23.2 (CH3), 21.4 (CHs).

N-(tert-Butyl)-p-glucosylamine and Pd-en

D-GlcINtBu Pd-en HIO; Pd-en chelate %
1:1:1  159mg 1.50mL  119mg B-D-GlepINtBu2H_;-k2N1,0? 52
675 pmol 675nmol 675pumol  D-glucose 31
2 n. i. species 10
D-Glca1NtBu2H_;-k2N1,0? 7
1:2:1  79.4mg 1.50mL  59.4mg  B-D-GlepINtBu2H_;-k2N1 02 40
338 pmol 675pmol  338umol  D-GlcalNtBu2,3,4H_3-k>N',0%:x2034 20
2 n. i. species 16
B-D-GlcpINtBu2,3,4H_3-k2N',0%:k20%* 14
D-Glca1NtBu2H_;-k2N1,0? 10

[Pd(en)(*C1-B-D-GlepINtBu2H_1-k2N1,0?)|+
I3C{'H} NMR (101 MHz, D50, 4°C, 270R20-2018): §/ppm = 90.7 (C1), 81.0 (C2), 79.1 (C3),

191



5. Experimental Section

78.2 (C5), 69.9 (C4), 61.3 (C6), 58.8 (Cy), 29.9 (CHs).

[Pd(en)(p-GlcaINtBu2H_1-x2N1,0?)]*

'H NMR (400 MHz, D50, 4°C, 270R19-2017): §/ppm = 7.90 (s, H1).

I3C{'H} NMR (101 MHz, D50, 4°C, 270R20-2018): §/ppm = 181.5 (C1), 87.9 (C2), 72.0 (C3),
71.4 (C4), 69.7 (C5), 63.6 (C6), 62.7 (C,), 29.0 (CHs).

[{Pd(en)}2(D-GlealNtBu2,3,4H_3-k2N',02:2x2034)|+

'H NMR (400 MHz, D50, 4°C, 320R25-2017): §/ppm = 9.02 (s, H1). 3 C{'H} NMR (101 MHz,
D-0, 4°C, 270R26-2018): §/ppm = 182.2 (C1), 88.1 (C2), 85.5 (C3), 80.9 (C4), 73.9 (C5), 65.1
(C6), 62.7 (C,), 29.8 (CH3).

[{Pd(en)}2(*C1-B-D-GlepINtBu2,3,4H_3-k2N1 02:2k2034)|+

I3C{'H} NMR (101 MHz, D50, 4°C, 270R26-2018): §/ppm = 91.7 (C1), 88.3 (C3), 83.4 (C2),
80.2 (C5), 79.0 (C4), 61.4 (C6), 58.8 (C,), 29.6 (CH3).

5.6.7. Complexes featuring N-Alkyl-L-gulosylamines

N-Methyl-L-gulosylamine and Pd-en

L-GulINMe Pd-en HIO; Pd-en chelate %
1:1:1 110mg 1.50mL  119mg  'Cy-B-L-GulpINMe2H_,-k2N1,0? 72
675 pmol 675pmol  675umol  1Cy-a-L-GulpINMe2H_;-k2N1,0? 16
L-Gula1NMe2H_;-k2N1,0? 8
1 n. i. species 4
1:2:1  55.1mg 1.50 mL 59.4mg LCy4-B-L-GulplNMe2H_;-k? N1 ,0? 46
338 pmol 675pmol  338umol L-Gula1NMe2,3 4H_5-k2N1 ,0%:x2034 27
1 n. i. species 19
L-Gula1NMe2,3,4,5,6H_5-k>2N',0%:x2034:x20%6 8
1:3:1 36.7mg 1.50 mL 39.7mg L-Gula1NMe2,3,4H_3-k2 N1 ,02%:x20%4 37
225 pmol 675pumol  225pumol  L-GulalNMe2,4,5H_3-k2N1,02:x20% 21
1C4-B-L-GulplNMe2H_;-k2N1,0? 19
L-Gula1NME2,3,4,5,6H_5-k2N1,02:x2034:x20%6 17
1 n. i. species 6

[Pd(en)(1Cy-B-1-GulpINMe2H_1-k2 N1 ,0?)]+

'H NMR (400 MHz, D50, 4°C, 240R7-2016): J/ppm = & /ppm = 4.01 (d, 1H, H1, 3.J; ,=9.4 Hz),
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, 3J53=3.2 Hz), 2.51 (s, 3H, CHj).

I3C{'H} NMR (101 MHz, D50, 4°C, 240R8-2016): &§/ppm = 91.2 (C1), 76.5 (C5), 75.5 (C2),
72.5 (C3), 69.9 (C4), 61.6 (C6), 36.8 (CH3).

[Pd(en)(*Cy-o-1-GulpINMe2H_1-k2 N1 0?)|+

'H NMR (400 MHz, D20, 4°C, 240R7-2016): &/ppm = 4.54 (d, H1, 3.J; 5=5.9 Hz).
BC{'H} NMR (101 MHz, D50, 4°C, 240R8-2016): &/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 (CHj).

[Pd(en)(r-Gula1NMe2H_1-k? N1 ,0?)]*+

'H NMR (400 MHz, D50, 4°C, 250R7-2016): 8.05 (s, H1).

I3C{'H} NMR (101 MHz, D50, 4°C, 240R8-2016): J/ppm = 187.7 (C1), 86.5 (C2), 75.2 (C3),
73.2 (C5), 70.8 (C4), 63.0 (C6), 48.8 (CH3).

[{Pd(en)}s(1-GulalNMe2,3,4H_3-k?N' ,02:2k2034)|+

'H NMR (400 MHz, D0, 4°C, 140R4-2017): 8.21 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 140R5-2017): ¢/ppm = 190.3 (C1), 88.0 (C2), 85.8 (C3),
81.5 (C4), 73.9 (C5), 62.3 (C6), 48.8 (CH3).

[{Pd(en)}3(1-GulalNMe2,3,4,5,6H _5-k2N'! 0%:2k2034:3k20%9)]+

'H NMR. (400 MHz, D20, 4°C, 140R4-2017): 8.10 (s, H1).

I3C{'H} NMR (101 MHz, D50, 4°C, 140R5-2017): ¢/ppm = 190.9 (C1), 88.8 (C2), 86.8 (C3),
85.3 (C4), 83.1 (C5), 72.4 (C6), 48.7 (CH3).

[{Pd(en)}s(1-GulalNMe2,4,5H _3-k?N!1 02:2k2049)|+
13C{'H} NMR (101 MHz, D50, 4°C, 240R35-2017): §/ppm — 190.1 (C1), 92.0 (C5), 88.8 (C2),
81.3 (C4), 79.5 (C3), 63.3 (C6), 48.7 (CH3).

N-Ethyl-L-gulosylamine and Pd-en

L-GullINEt Pd-en HIO; Pd-en chelate %
1:1:1  140mg 1.50mL 119mg 1C4-B-L-GulpINEt2H_;-k>N1,0? 76
675 pmol 675umol 675 pmol  'Cy-a-L-GulpINEt2H_;-k>N1,0? 14
L-GuleINEt2H_;-k2N1,0? 6
1 n. i. species 4
1:2:1 69.9mg 1.50mL 59.4mg 1C4-B-L-GulpINEt2H_;-k>N1,0? 48
338 pmol 675umol  338pmol  L-GulalNEt2,3,4H_3-k>?N1,0%:20%* 46
1C4-0-L-GulpINEt2H_,-k2N'1,02 6

[Pd(en)(1Cy-B-1-GulpINEt2H_1-k2N1 0?)]*

'H NMR (400 MHz, D50, 4°C, 240R2-2016): 6 /ppm = & /ppm = 4.09 (d, 1H, H1, 3.J; 5=9.5 Hz),
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, 3J53=3.4Hz), 2.72-2.51 (sp, CHa), 1.37 (s, 3H, CH3).

13C{'H} NMR (101 MHz, D50, 4°C, 140R11-2017): §/ppm — 86.3 (C1), 76.5 (C5), 75.5 (C2),
72.5 (C3), 69.8 (C4), 61.5 (C6), 42.3 (CHy), 13.2 (CH3).

[Pd(en)(!Cy-a-1-GulpINEt2H_-k2N1 0?)]*

'H NMR (400 MHz, D20, 4°C, 240R2-2016): &/ppm = 4.65 (d, H1, 3.J; 5=6.0 Hz).

I3C{'H} NMR (101 MHz, D50, 4°C, 140R11-2017): §/ppm = 87.0 (C1), 70.2 (C2), 69.3 (C3),
69.3 (C4), 68.0 (C5), 61.8 (C6), 41.7 (CHy), 12.3 (CH3).
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[Pd(en)(L-GulaINEt2H_1-k2N1,0%)]*

'H NMR (400 MHz, D50, 4°C, 240R2-2016): 8.07 (s, H1).

I3C{'H} NMR (101 MHz, D50, 4°C, 140R11-2017): §/ppm = 186.2 (C1), 86.5 (C2), 75.2 (C3),
73.3 (C5), 70.8 (C4), 63.0 (C6), 55.8 (CHy), 15.0 (CH3).

[{Pd(en)}2(L-GulpINEt2,3,4H_3-k2N1,02:2k20%4)|*

'H NMR (400 MHz, D0, 4°C, 240R31-2016): 8.24 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 240R32-2016): §/ppm — 188.8 (C1), 88.3 (C2), 85.7 (C3),
81.5 (C4), 74.0 (C5), 62.4 (C6), 55.8 (CHy), 15.3 (CH3).

N-Propyl-L-gulosylamine and Pd-en

L-GulINPr Pd-en HIO; Pd-en chelate %
1:1:1 149mg 1.50mL  119mg 1C4-B-L-GulpINPr2H_;-x2N1,0? 52
675 pmol 675umol  675pmol  L-GullNPr 25
L-Gule1NPr2H_;-k2N1,0? 12

L-gulose 6

1C4-0-L-GulpINPr2H_;-k2N1,0? 5
1:2:1 74.7mg 1.50mL  59.4mg 2 n. 1. species 62

338 pmol 675pmol  338umol  'C4-B-L-GulpINPr2H_;-x*’N',0? 38

[Pd(en)(!Cy-B-1-GulpINPr2H_;-k2N1.0?)]*

'H NMR (400 MHz, D50, 4°C, 360R4-2019): 6 /ppm = & /ppm = 4.07 (d, 1H, H1, 3.J; ,=9.2 Hz),
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, 3.J5 3=3.4Hz), 2.67-2.60 (sp, NH-CHy), 2.53 (t, NH-CH,), 1.62 (m, CHs), 0.89 (¢, 3H,
CHg)

BC{'H} NMR (101 MHz, D50, 4°C, 360R5-2019): &/ppm — 87.5 (C1), 76.5 (C5), 75.4 (C2),
72.5 (C3), 69.8 (C4), 61.4 (C6), 50.0 (NH-CHs), 21.9 (CHy), 11.5 (CH3).

[Pd(en)(r-GulaINPr2H_;-x2N1,0?)]*

IH NMR. (400 MHz, D»0, 4°C, 360R4-2019): 8.04 (s, H1).

13C{1H} NMR (101 MHz, D50, 4°C, 360R5-2019): 6/ppm — 187.3 (C1), 86.3 (C2), 75.3 (C3),
73.3 (C5), 70.8 (C4), 63.0 (C6), 62.8 (NH-CHy), 22.9 (CHy), 10.7 (CH).

[Pd(en)(}Cy-B-1-GulpINPr2H_1-k2N*1,0%)|*

'H NMR (400 MHz, D20, 4°C, 360R4-2019): &/ppm = 4.61 (d, H1, 3.J; 5—6.2 Hz).

BC{'H} NMR (101 MHz, D50, 4°C, 360R5-2019): &/ppm — 88.2 (C1), 70.1 (C2), 69.4 (C3),
69.3 (C3), 68.0 (C5), 61.6 (C6), 49.4 (CHy), 20.9 (CHy), 11.3 (CH3).
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N-(iso-Propyl)-L-gulosylamine and Pd-en

L-GullNiPr Pd-en HIO; Pd-en chelate %
1:1:1 149mg 1.50 mL 119mg LC4-B-L-Gulp1NiPr2H_;-k>N1,0? 55
675 pmol 675pmol  675pmol  L-GulalNiPr2H_;-k?>N!,0? 23
L-Gul1N¢Pr 10

1 n. i. species 7

LC4-0-L-GulplNiPr2H_;-k2N1,0? 5
1:2:1  74.7mg 1.50 mL 59.4mg L-GulalNiPr2,3,4H_5-k>?N1,0%2:2034 46
338 pmol 675pumol  338pmol  L-GulalNiPr2,3,4H_3-k2N',0%:k20%5 35
L-Gula1NiPr2,3,4,5,6H_5-k2N',0%:x203%:20%6 15

1C4-B-L-GulplNiPr2H_;-k2N1,0? 4

[Pd(en)(1Cy-B-1-GulpINiPr2H_1-x2N1,0?)]*+

'H NMR (400 MHz, D50, 4°C, 360R10-2019): §/ppm = §/ppm = 4.09 (d, 1H, H1, 3.J; =9.2 Hz),
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, 3J53=2.9Hz), 3.09 (m, CH), 1.29 (sp, 6H, 2xCHj3).

13C{'H} NMR (101 MHz, D50, 4°C, 360R11-2019): §/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 (CH3), 21.2 (CHj3).

[Pd(en)(L-Gula1NiPr2H_1-k2N1 0?)|*

'H NMR (400 MHz, D0, 4°C, 360R10-2019): 8.08 (s, H1).

BCO{'H} NMR (101 MHz, D50, 4°C, 360R11-2019): §/ppm = 183.3 (C1), 86.7 (C2), 75.3 (C3),
73.3 (C5), 70.7 (C4), 63.0 (C6), 60.2 (CH), 22.2 (CH3), 21.7 (CHs).

[Pd(en)(!Cy-o-1-GulpINiPr2H_1-k2 N1, 0?)]+

'H NMR (400 MHz, D20, 4°C, 360R10-2019): §/ppm = 4.58 (d, H1, 3.J; »=6.0 Hz).

13C{'H} NMR (101 MHz, D50, 4°C, 360R11-2019): §/ppm — 88.2 (C1), 70.0 (C2), 69.4 (C3),
69.3 (C4), 67.8 (C5), 61.8 (C6), 51.3 (CH), 22.0 (CH3), 20.7 (CHs).

[{Pd(en)}o(L-GulpINiPr2,3 4H 3-k2N' ,02:2k20%4)|+

'H NMR (400 MHz, D0, 4°C, 360R13-2019): 8.16 (s, H1).

BC{'H} NMR (101 MHz, D50, 4°C, 360R14-2019): §/ppm = 185.1 (C1), 88.3 (C2), 85.7 (C3),
81.5 (C4), 74.0 (C5), 62.4 (C6), 60.1 (CH), 22.3 (CH3), 22.0 (CH3).

[{Pd(en)}2(r-Gulp1NiPr2,4,5H_3-k>N1,02:2k20%)|+

'H NMR (400 MHz, D0, 4°C, 360R13-2019): 8.26 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 360R14-2019): §/ppm — 185.5 (C1), 92.2 (C5), 88.8 (C2),
81.4 (C4), 79.5 (C3), 63.3 (C6), 60.3 (CH), 22.3 (CH3), 22.2 (CHj).

[{Pd(en)}3(L-GulpINiPr2,3,4,5 6H_5-k>N! 02%:2203*:3k2056)|

'H NMR (400 MHz, D50, 4°C, 360R13-2019): 8.30 (s, H1).

BC{'H} NMR (101 MHz, D50, 4°C, 360R14-2019): §/ppm = 185.9 (C1), 89.0 (C5), 86.9 (C2),
85.6 (C3), 83.4 (C5), 72.4 (C6), 60.2 (CH), 22.4 (CH3), 21.8 (CH3).
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N-(tert-Butyl)-L-gulosylamine and Pd-en

L-GuliINtBu Pd-en HIO; Pd-en chelate %

1:1:1 159mg 1.50 mL 119mg L-GulelNtBu2H_;-k2N1,0? 54
675 pmol 675umol  675pmol  'Cy-B-L-GulpINtBu2H_;-k2N1,0? 27
D-gulose 19

1:2:1  79.4mg 1.50mL  59.4mg  1-GulalNtBu2,4,5H 3-k>N',0%:k20%5 61
338 pmol 675pmol  338pumol  L-GulalNtBu2,3,4H_3-k2N',02:k2034 23

L-Gula1NtBu2,3,4,5,6H_5-k2N1,02:k2034:k2056 16

[Pd(en)(L-GulaINtBu2H_1-x>N1,0?)|*

'H NMR (400 MHz, D50, 4°C, 370R4-2019): 8.00 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 370R5-2019): ¢ /ppm = 181.6 (C1), 86.1 (C2), 75.7 (C3),
73.3 (C5), 70.6 (C4), 63.1 (C), 62.9 (C6), 29.1 (3xCH3).

[Pd(en)(1Cy-B-1-GulpINtBu2H_;-k2N1 0?)]*
BCO{'H} NMR (101 MHz, D50, 4°C, 370R5-2019): §/ppm = 87.3 (C1), 77.1 (C5), 76.3 (C2),
73.3 (C3), 69.7 (C4), 61.4 (C6), 58.8 (C), 27.4 (3xCH3z).

[{Pd(en)}o(L-GulpINtBu2,4,5H 3-k2N1 ,02:2k20*5)|+

'H NMR (400 MHz, D0, 4°C, 37TOR7-2019): 8.02 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 370R8-2019): ¢/ppm — 182.9 (C1), 92.6 (C5), 87.7 (C2),
82.0 (C4), 79.7 (C3), 63.3 (C6), 63.0 (C), 29.4 (3xCHs).

[{Pd(en)}o(1-GulpINtBu2,3,4H_3-k2N1 ,02:2k2034)]+

'H NMR (400 MHz, D20, 4°C, 37T0R7-2019): 8.18 (s, H1).

13C{1H} NMR (101 MHz, D50, 4°C, 370R8-2019): 6/ppm — 183.6 (C1), 88.2 (C2), 86.2 (C3),
81.4 (C4), 74.0 (C3), 62.9 (C), 62.3 (C6), 29.3 (3xCHy).

[{Pd(en)}3(L-GulpINtBu2,3,4,5,6H_5-k>N! 02:2k2034:32056)|*

'H NMR (400 MHz, D0, 4°C, 37TOR7-2019): 8.20 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 370R8-2019): ¢/ppm — 184.0 (C1), 88.8 (C5), 87.4 (C2),
85.7 (C3), 83.5 (C5), 72.5 (C6), 63.1 (CH), 29.5 (3xCH3)).

5.6.8. Complexes featuring N-Alkyl-D-mannosylamines

N-Methyl-pD-mannosylamine and Pd-en

D-Man1lNMe Pd-en HIO; Pd-en chelate %

1:1:1  110mg 1.50mL  119mg B-D-ManpINMe2H _;-k?N!,0? 40
675 pmol 675pmol  675pmol D-Man1NMe 22
1C4-a-D-Manp1lNMe2H_1-k2N1,0? 20

D-ManalNMe2H_;-k2N1,02 18

[Pd(en)(*C1-B-D-ManpINMe2H _1-k2N1,0%)|*
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BC{'H} NMR (101 MHz, D50, 4°C, 100R5-2016): &/ppm — 94.2 (C1), 78.7 (C5), 78.6 (C2),
72.6 (C3), 67.5 (C4), 61.8 (C6), 36.5 (CH3).

[Pd(en)(!Cy-a-D-ManpINMe2H_;-k2N1 0?)]*
I3C{'H} NMR (101 MHz, D50, 4°C, 100R5-2016): &/ppm = 97.0 (C1), 79.1 (C2), 77.2 (C3),
72.8 (C5), 67.4 (C4), 61.8 (C6), 37.3 (CH3).

[Pd(en)(D-ManalNMe2H _;-k2N*1,0?)|*

'H NMR (400 MHz, D50, 4°C, 100R4-2016): 8.08 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 100R5-2016): ¢/ppm — 188.2 (C1), 86.6 (C2), 73.8 (C3),
71.5 (C5), 70.2 (C4), 63.7 (C6), 48.8 (CH3).

N-Ethyl-pD-mannosylamine and Pd-en

D-ManlNEt Pd-en HIO; Pd-en chelate %
1:1:1 140 mg 1.50 mL 119mg B-D-ManpINEt2H_;-k?>N1,0? 38
675 pmol 675pmol  675pmol  D-ManalNEt2H_;-k2N1,0? 36
1C4-o-D-ManpINEt2H_-k>N'1,0? 22
1 n. i. species 4
1:1.5:1 93.3mg 1.50mL  79.3mg  D-ManalNEt2,3,4H_3-k2N',0%2:20%* 33
450 pmol 675umol 450 pmol  B-D-ManpINEt2H_,-k>N!,0? 27
D-ManaINEt2H_,-k2N',0? 24
1Cy-o-D-ManpINEt2H_-k>N'1,0? 16
1:2:1 70.0mg 1.50mL  59.5mg  D-ManalNEt2,3,4H_3-k2N',0%2:k20%* 95
338 pmol 675pmol  338umol D-ManaeINEt2H_-k2N1,0? 3
B-D-ManpINEt2H_,-k>N!,0? 2

[Pd(en)(*C1-B-D-ManpINEt2H _;1-k2N1,0?)|*
BC{'H} NMR (101 MHz, D50, 4°C, 450R5-2015): &/ppm — 89.9 (C1), 79.2 (C2), 78.8 (C5),
72.7 (C3), 67.6 (C4), 61.7 (C6), 43.7 (CH,), 11.6 (CH3).

[Pd(en)(nD-ManaINEt2H_;-k2N1 0?%)]*

I'H NMR (400 MHz, D20, 4°C, 450R4-2015): 8.09 (s, H1).

13C{1H} NMR (101 MHz, D50, 4°C, 450R5-2015): 6/ppm — 186.6 (C1), 86.5 (C2), 73.9 (C3),
71.2 (C5), 70.2 (C4), 63.7 (C6), 55.7 (CH), 15.1 (CHg).

[Pd(en)(*Cy-a-D-ManpINEt2H _1-k2N1,0?)|*"
BC{'H} NMR (101 MHz, D50, 4°C, 450R5-2015): &/ppm — 94.8 (C1), 79.0 (C2), 77.9 (C3),
72.9 (C4), 67.3 (C5), 61.7 (C6), 45.3 (CHy), 14.1 (CH3).

[{Pd(en)}s(D-ManpINEt2,3,4H_3-k?N1,0%:22034)] T

'H NMR (400 MHz, D50, 4°C, 460R13-2015): 8.18 (s, H1).

I3C{'H} NMR (101 MHz, D50, 4°C, 460R14-2015): §/ppm = 188.1 (C1), 88.6 (C2), 87.8 (C3),
83.9 (C4), 73.3 (C5), 64.2 (C6), 55.9 (CHy), 15.4 (CH3).
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N-Propyl-D-mannosylamine and Pd-en

D-ManlNPr Pd-en HIO; Pd-en chelate %

1:1:1  149mg 1.50mL  119mg D-ManalNPr2H_;-k2N1,0? 40

675 pmol 675pmol  675pmol  B-D-ManpINPr2H_;-k2N!,0? 38

D-Manf1NPr2H_;-k2N',0? 22

1:2:1  74.7mg 1.50mL 59.4mg D-Mana1NPr2,3,4H_3-k2N1,0%:x20%* 93
338 umol 675umol  338umol D-ManalNPr2H_-k2N1, 02 5
B-D-ManplNPr2H_,-k>N',0? 2

[Pd(en)(nD-ManaINPr2H_;-k2N1 0?)]*

'H NMR (400 MHz, D0, 4°C, 47T0R16-2015): 6/ppm — 8.07 (s, H1).

13C{1H} NMR (101 MHz, D0, 4°C, 47OR17-2015): 6/ppm — 187.7 (C1), 86.3 (C2), 74.0 (C3),
71.1 (C5), 70.2 (C4), 63.7 (C6), 62.8 (NH-CHs), 22.9 (CH,), 11.2 (CHy).

[Pd(en)(*C1-B-D-ManpINPr2H_;1-k2N1,0?)|*+
13C{'H} NMR (101 MHz, D50, 4°C, 470R17-2015): §/ppm — 90.2 (C1), 79.2 (C2), 78.8 (C5),
72.8 (C3), 67.5 (C4), 61.7 (C6), 50.8 (NH-CHy), 19.6 (CHs), 10.8 (CH3).

[Pd(en)(*Cy-a-D-ManpINPr2H_;1-k2N1,0?)|*+
BCO{'H} NMR (101 MHz, D50, 4°C, 470R17-2015): §/ppm = 94.9 (C1), 79.0 (C2), 77.8 (C3),
72.8 (C4), 67.2 (C5), 61.7 (C6), 52.1 (NH-CHy), 22.5 (CHs), 11.3 (CH3).

[{Pd(en)}(D-ManpINPr2,3,4H_3-k?N1,0%:22034)] T

'H NMR (400 MHz, D0, 4°C, 470R19-2015): 8.15 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 470R20-2015): §/ppm — 189.2 (C1), 88.7 (C2), 87.6 (C3),
83.9 (C4), 73.3 (C5), 64.2 (C6), 62.9 (NH-CHy), 23.2 (CHy), 10.9 (CH3).

N-(iso-Propyl)-p-mannosylamine and Pd-en

D-ManlNiPr Pd-en HIO; Pd-en chelate %

1:1:1  149mg 1.50mL  119mg D-ManalNiPr2H_;-k>N1,0? 62
675 pumol 675nmol 675pmol  PB-D-ManpINiPr2H_;-k>N'1,0? 24

3 n. i. species 14

[Pd(en)(D-ManaINiPr2H_;-k2N!,0?)|*

'H NMR (400 MHz, D50, 4°C, 360R13-2015): 6/ppm = 8.09 (s, H1).

I3C{'H} NMR (101 MHz, D50, 4°C, 360R14-2015): §/ppm = 183.7 (C1), 86.6 (C2), 74.0 (C3),
71.1 (C5), 70.2 (C4), 63.7 (C6), 60.1 (CH), 22.3 (CH3), 21.6 (CH3s).

[Pd(en)(*C1-B-D-ManpINiPr2H_;-k2N1,0%)]*

I3C{'H} NMR (101 MHz, D50, 4°C, 360R14-2015): §/ppm = 92.8 (C1), 79.2 (C2), 79.0 (C5),
73.0 (C3), 67.0 (C4), 61.6 (C6), 52.1 (CH), 23.0 (CH3), 21.2 (CH3).
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N-(tert-Butyl)-b-mannosylamine and Pd-en

D-ManlN¢tBu Pd-en HIO; Pd-en chelate %
1:1:1 159mg 1.50mL 119mg D-ManalNtBu2H_;-k>N1,0? 47
675 pmol 675pmol  675pmol  B-D-ManpINtBu2H_;-k2N',0? 29
1 n. i. species 24
1:2:1  79.4mg 1.50mL  59.4mg  D-ManalNtBu2,3,4H_3-k2N',0%:k20*° 100
338 numol 675pumol 338 pmol

[Pd(en)(D-ManaIN¢tBu2H_;-k2N*1,0?)|*

'H NMR (400 MHz, D20, 4°C, 470R4-2015): §/ppm = 8.02 (s, H1).

I3C{'H} NMR (101 MHz, D50, 4°C, 470R5-2015): ¢ /ppm = 182.1 (C1), 85.8 (C2), 74.7 (C3),
71.1 (C5), 70.1 (C4), 63.7 (C6), 63.1 (C), 29.1 (3xCH3).

[Pd(en)(*C1-B-D-ManpINtBu2H_;-k2N1,0%)]*
BCO{'H} NMR (101 MHz, D50, 4°C, 470R5-2015): §/ppm = 93.5 (C1), 80.0 (C2), 78.8 (C5),
73.1 (C3), 66.8 (C4), 61.5 (C6), 57.7 (C), 29.9 (3xCH3).

[{Pd(en)}s(D-ManalNtBu2,3,4H_3-k>N' 0%:2k2034)|*

'H NMR (400 MHz, D20, 4°C, 47T0R7-2015): §/ppm = 8.12 (s, H1).

I3C{'H} NMR (101 MHz, D50, 4°C, 470R8-2015): J/ppm = 183.1 (C1), 88.4 (C2), 87.9 (C3),
84.2 (C5), 73.3 (C4), 64.4 (C6), 63.1 (C), 29.3 (3xCH3).

5.6.9. Complexes featuring N-Alkyl-L.-rhamnosylamines

N-Methyl-L-rhamnosylamine and Pd-en

L-RhalNMe Pd-en HIO; Pd-en chelate %

1:1:1  120mg 1.50mL  119mg 1C4-B-L-RhaplNMe2H_;-k2N', 0% 58
675 pumol 675umol 675umol  *Ci-a-L-RhaplNMe2H_;-k2N1,0? 28
L-RhaalNMe2H_;-k2N',0? 14

[Pd(en)(!Cy-B-1-RhapINMe2H_1-k2 N1 0%)]*"

'H NMR (400 MHz, D50, 4°C, 170R10-2017): §/ppm = §/ppm = 4.05 (d, 1H, H1, 3.J; »=1.0 Hz),
3.81 (dd, 1H, H2, 3J53=3.2Hz), 3.57 (dd, 1H, H3, 3J34=9.6 Hz), 3.49-3.45 (spj, H4/H5), 2.32
(s, 3H, CH3), 1.38 (d, 3H, 3xHS6).

I3C{'H} NMR (101 MHz, D50, 4°C, 170R11-2017): §/ppm = 94.8 (C1), 78.9 (C2), 74.8 (C3),
72.8 (C5), 72.4 (C4), 36.4 (CH3), 17.6 (C6).

[Pd(en)(*C1-a-1-RhapINMe2H _1-k2N1,02)|*

'H NMR (400 MHz, D50, 4°C, 170R10-2017): ¢/ppm = 4.54 (d, H1, 3J; 2=5.9 Hz), 1.34 (d,
3H, 3xH6).

I3C{'H} NMR (101 MHz, D50, 4°C, 170R11-2017): §/ppm = 97.0 (C1), 77.2 (C2), 75.1 (C3),
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72.5 (C4), 72.5 (C5), 37.3 (CHs), 17.7 (C6).

[Pd(en)(r-RhaalNMe2H _;-k2N1 02)]*

'H NMR (400 MHz, D50, 4°C, 170R10-2017): 8.08 (s, H1), 1.34 (d, 3H, 3xH6).

I3C{'H} NMR (101 MHz, D50, 4°C, 170R11-2017): §/ppm = 187.9 (C1), 86.8 (C2), 74.6 (C3),
73.8 (C4), 67.4 (C5), 48.8 (CH3), 19.7 (C6).

N-Ethyl-L-rhamnosylamine and Pd-en

L-RhalNEt Pd-en HIO; Pd-en chelate %

1:1:1  129mg 1.50mL  119mg 1C4-B-L-RhapINEt2H_;-k2N1 0% 42
675 pmol 675umol 675umol  *Ci-a-L-RhapINEt2H_;-k?N1 0% 26
L-RhaaINEt2H_,-k2N1,0? 20

2 n. i. species 12

[Pd(en)(*Cy-B-1-RhapINEt2H_1-k2N1,0?)|*

'H NMR (400 MHz, D50, 4°C, 240R43-2016): §/ppm = 4.34 (d, 1H, H1, 3J; »=1.2Hz), 3.79
(dd, 1H, H2, 3J53=3.4Hz), 3.54 (dd, 1H, H3, 3J;4=8.8 Hz), 3.31-3.29 (dd, H4/H5), 3.16 (m,
1H, CH), 1.35 (d, 3H, 3xH6), 1.20 (d, 6H, 2xCH3).

I3C{'H} NMR (101 MHz, D50, 4°C, 240R44-2016): §/ppm = 94.8 (C1), 78.9 (C2), 74.8 (C3),
72.8 (C5), 72.4 (C4), 36.4 (CH3), 17.6 (C6).

[Pd(en)(*C1-a-1-RhapINEt2H_1-k2N1,0?)|*

'H NMR (400 MHz, D50, 4°C, 240R43-2016): ¢/ppm = 4.54 (d, H1, 3J; 2=6.2Hz), 1.35 (d,
3xH6), 1.23 (d, 2xCH3).

13C{'H} NMR (101 MHz, D50, 4°C, 240R44-2016): §/ppm — 97.0 (C1), 77.2 (C2), 75.1 (C3),
72.5 (C4), 72.5 (C5), 37.3 (CH3), 17.7 (C6).

[Pd(en)(r-RhaaINEt2H _1-k2N1 0?)]*"

'H NMR (400 MHz, D50, 4°C, 240R43-2016): 8.07 (s, H1), 1.44 (d, 2xCH3), 1.35 (d, 3xH6).
I3C{'H} NMR (101 MHz, D50, 4°C, 240R43-2016): §/ppm = 186.4 (C1), 86.8 (C2), 74.6 (C3),
73.9 (C4), 67.4 (C5), 55.7 (CHy), 19.7 (C6), 15.1 (CHj).

N-(iso-Propyl)-L-rhamnosylamine and Pd-en

L-RhalNiPr Pd-en HIO; Pd-en chelate %
1:1:1  73.9mg 800 pL 79.3mg  1-RhaalNiPr2H_;-x?N1,0? 46
360 pmol 360pmol  360pmol  'Cy4-B-L-RhapINiPr2H_;-k2N' 0% 42

1C4-0-L-RhapINiPr2H_;-k2N1,0% 12

[Pd(en)(*Cy-B-1-RhapINiPr2H_1-k2N1,0?)|*"
'H NMR (400 MHz, D50, 4°C, 400R1-2017): 6 /ppm = & /ppm = 4.34 (d, 1H, H1, 3.J; ,=1.2 Hz),
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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, 3J53=3.2 Hz), 2.51 (s, 3H, CHj).

I3C{'H} NMR (101 MHz, D50, 4°C, 400R2-2017): §/ppm = 94.8 (C1), 78.9 (C2), 74.8 (C3),
72.8 (C5), 72.4 (C4), 36.4 (CH3), 17.6 (C6).

[Pd(en)(*C1-o-1-RhapINiPr2H_1-k2 N1 ,0?)]*+

'H NMR (400 MHz, D20, 4°C, 400R1-2017): &/ppm = 4.54 (d, H1, 3.J; 5=5.9 Hz).

BC{'H} NMR (101 MHz, D50, 4°C, 400R2-2017): &/ppm — 97.0 (C1), 77.2 (C2), 75.1 (C3),
72.5 (C4), 72.5 (C5), 37.3 (CH3), 17.7 (C6).

[Pd(en)(L-RhaalNiPr2H_1-k2N1,02)|*+

'H NMR (400 MHz, D0, 4°C, 400R1-2017): 8.08 (s, H1).

I3C{'H} NMR (101 MHz, D50, 4°C, 400R2-2017): ¢ /ppm = 183.4 (C1), 87.0 (C2), 74.6 (C3),
74.0 (C4), 67.4 (C5), 60.1 (CH), 22.3 (CH3), 21.6 (CH3), 19.7 (C6).

5.6.10. Complexes featuring N-Alkyl-2-deoxy-D-erythro-pentosylamines

N-Methyl-2-deoxy-bD-erythro-pentosylamine and Pd-en

D-ery-dPent1NMe Pd-en HIO3 Pd-en chelate %

1:1:1 124mg 1.87mL 148 mg D-ery-dPent 35
843 pmol 843 pmol 843 pmol  D-ery-dPentalNMe3H_;-k2N1,0? 29
a-D-ery-dPentf INMe3H _;-k2N1,03 23

1 n. i. species 13

1:2:1 73.9mg 2.23mL 88.3mg  D-ery-dPentalNMe3,4,5H_3-k2N1,03:k20*> 88
502 pmol 1.00mmol 502pmol complexed D-ery-dPent 12

[Pd(en)(o-D-ery-dPentf INMe3H_1-k2N1 03)]*
BC{'H} NMR (101 MHz, D50, 4°C, 460R8-2015): &/ppm — 92.4 (C1), 90.7 (C4), 72.8 (C3),
62.8 (C5), 38.1 (C2), 36.8 (CHs).

[Pd(en)(D-ery-dPentalNMe3H_1-k2N*1,0%)|*

'H NMR (400 MHz, D20, 4°C, 460R7-2015): §/ppm = 7.75 (s, H1).

I3C{'H} NMR (101 MHz, D50, 4°C, 460R8-2015): J/ppm = 179.8 (C1), 75.1 (C3), 68.4 (C4),
63.0 (C5), 51.1 (CH3), 37.2 (C2).

[{Pd(en)}a(D-ery-dPentalNMe3,4,5H_3-k2 N1, 03:2k20%5)|+

'H NMR (400 MHz, D0, 4°C, 460R10-2015): 6/ppm = 7.68 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 460R11-2015): §/ppm — 174.0 (C1), 84.8 (C3), 75.7 (C5),
69.3 (C4), 51.7 (CH3), 39.3 (C2).
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N-Ethyl-2-deoxy-D-erythro-pentosylamine and Pd-en

D-ery-dPent1INEt Pd-en HIO; Pd-en chelate %
1:1:1  197mg 2.71mL 215mg D-ery-dPent 34
1.22 mmol 1.22mmol 1.22mmol D-ery-dPentalNEt3H_;-k>N',03 31
o-D-ery-dPentf INEt3H_;-k2N',03 20
D-ery-dPent1NEt 12

complexed D-ery-dPent 3
1:2:1 23.1mg 636 1L 25.2mg B-D-ery-dPentf 1NMe3,5,6H_3-k>?N',03:k20%>6 74
143 pmol 286 pmol 143 pmol complexed D-ery-dPent1NMe 26

[Pd(en)(a-D-ery-dPentf INEt3H _1-k2N1,0%)]*
3C{'H} NMR (101 MHz, D50, 4°C, 460R2a-2015): §/ppm — 92.3 (C1), 88.4 (C4), 73.0 (C3),
62.8 (C5), 40.3 (CH,), 39.6 (C2), 14.0 (CH3).

[Pd(en)(p-ery-dPentaINEt3H_1-k> N1 ,0%)]*"

'H NMR (400 MHz, D50, 4°C, 460R1a-2015): §/ppm = 7.81 (s, H1).

I3C{'H} NMR (101 MHz, D50, 4°C,460R2a-2015): §/ppm = 173.3 (C1), 75.1 (C3), 68.1 (C4),
64.5 (C5), 57.9 (CHy), 39.5 (C2), 16.4 (CH3).

[{Pd(en)}s(D-ery-dPentaINEt3,4,5H 3-k> N1 03:2«20%°)|*

'H NMR (400 MHz, D0, 4°C, 460R4-2015): §/ppm = 7.75 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 460R5-2015): ¢/ppm — 173.3 (C1), 84.8 (C3), 75.6 (C5),
69.2 (C4), 58.1 (CH,), 40.0 (C2), 16.4 (CH3).

5.6.11. Complexes featuring N-Alkyl-2-deoxy-D-arabino-hexosylamines

N-Methyl-2-deoxy-p-arabino-hexosylamine and Pd-en

D-ara-dHex1NMe Pd-en HIO; Pd-en chelate %

1:1:1  120mg 1.50mL  119mg B-D-ara-dHexfINMe3H _;-k2N*',03 57
675 pmol 675pmol  675pmol 1 n. i. species 26
D-ara-dHexa1NMe3H_;-k? N1, 03 17

1:2:1  59.8mg 1.50mL  59.4mg B-D-ara-dHexf1NMe3,5,6H_3-k>N',03:x20%6 41
338 pmol 675pmol  338pmol  D-ara-dHexalNMe3,5,6H_3-k>N1,03:x2056 39

1 n. i. species 20

[Pd(en)(B-p-ara-dHexf INMe3H_;-k2N1 03)]*
I3C{'H} NMR (101 MHz, D50, 4°C, 440R2-2016): &§/ppm = 89.6 (C1), 84.9 (C4), 70.3 (C5),
70.1 (C3), 64.6 (C6), 38.6 (C2), 37.0 (CH3).

[Pd(en)(D-ara-dHexalNMe3H_1-k2N1,03)|+

'H NMR (400 MHz, D50, 4°C, 420R1-2016): §/ppm — 7.80 (s, H1).
13C{'H} NMR (101 MHz, D50, 4°C, 440R2-2016): ¢/ppm — 175.3 (C1), 73.6 (C3), 73.4 (C5),
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67.1 (C4), 63.3 (C6), 50.7 (CHj), 41.1 (C2).

[{Pd(en)}s(-D-ara-dHexf 1NMe3,5,6H_3-k2N! 03:2k20%9)]+
BO{IH} NMR (101 MHz, D,0, 4°C, 440R5-2016): §/ppm = 89.5 (C1), 87.5 (C4), 80.9 (C5),
78.3 (C3), 75.0 (C6), 38.4 (C2), 36.7 (CHj).

[{Pd(en)}2(D-ara-dHexa1NMe3,5,6H_3-k> N1 ,03:2k20%6)]*+

'H NMR (400 MHz, D0, 4°C, 440R4-2016): §/ppm = 7.67 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 440R5-2016): ¢/ppm — 178.8 (C1), 86.7 (C5), 83.7 (C3),
76.0 (C6), 70.2 (C4), 50.9 (CHj3), 40.8 (C2).

N-Ethyl-2-deoxy-D-arabino-hexosylamine and Pd-en

D-ara-dHex1NEt Pd-en HIO; Pd-en chelate %
1:1:1  129mg 1.50mL  119mg  D-ara-dHexaINEt3H_;-k>N!,03 67
675 pumol 675pmol  675pmol  B-D-ara-dHexf1NEt3H_,-k>N',03 27

1 n. i. species 6
1:2:1  64.5mg 1.50mL  59.4mg  D-ara-dHexaINEt3H_;-«x2N1,03 60
338 pmol 675pmol 338 pmol 2 n. i. species 26

B-D-ara-dHexfINEt3H_;-k2N1,0® 14

[Pd(en)(D-ara-dHexaINEt3H_1-k> N1 03)|*

'H NMR (400 MHz, D50, 4°C, 420R22-2015): 6 /ppm = 7.87 (s, H1).

I3C{'H} NMR (101 MHz, D50, 4°C, 420R23-2015): §/ppm = 173.9 (C1), 73.7 (C3), 73.2 (C5),
66.6 (C4), 63.4 (C6), 57.6 (CHy), 41.1 (C2), 16.3 (CH3).

[Pd(en)(B-D-ara-dHexf INEt3H_1-k2 N1 03)]*
I3C{'H} NMR (101 MHz, D50, 4°C, 440R2-2016): &/ppm = 87.1 (C1), 84.2 (C4), 70.4 (C5),
70.2 (C3), 64.7 (C6), 41.7 (CHy), 38.9 (C2), 16.3 (CHg).

N-(iso-Propyl)-2-deoxy-p-arabino-hexosylamine and Pd-en

D-ara-dHex1NiPr Pd-en HIO; Pd-en chelate %

1:1:1 120mg 1.30mL  103mg D-ara-dHexaINiPr3H_;-«2N',0% 75
585 pmol 585 umol  585pumol  D-ara-dHex 15
D-ara-dHex1NiPr 10

1:2:1  69.2mg 1.50mL  59.3mg  D-ara-dHexaINiPr3H_;-x2N',03% 64
337 pmol 674pmol  337pmol  D-ara-dHex 24

2 n. i. species 12

[Pd(en)(p-ara-dHexaINiPr3H_;-k2 N1 03)]*+

'H NMR (400 MHz, D50, 4°C, 150R1-2016): §/ppm = 7.87 (s, H1).

I3C{'H} NMR (101 MHz, D50, 4°C, 150R2-2016): J/ppm = 171.3 (C1), 73.9 (C3), 73.3 (C5),
66.5 (C4), 63.5 (C6), 61.1 (CH), 42.4 (C2), 23.8 (CH3), 21.5 (CH3).
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5.6.12. Complexes featuring N-Alkyl-2-deoxy-D-lyxo-hexosylamines

N-Methyl-2-deoxy-b-lyxo-hexosylamine and Pd-en

D-lyz-dHex1NMe Pd-en HIO; Pd-en chelate %

1:1:1 120mg 1.50mL  119mg B-D-lyz-dHexf1INMe3H_;-k2N1,03 63
675 pmol 675pmol  675pmol 1 n. i. species 26
D-lyz-dHexalNMe3H_;-k?N1,03 11

1:2:1  59.8mg 1.50mL  59.4mg  D-lyz-dHexalNMe3,4,5H_3-k2N1,0%:20%° 35
338 pmol 675pmol  338pmol  B-D-lyz-dHexf1NMe3,5,6H_35-k2N1,03:k20%6 32

40 -B-D-lyz-dHexp1NMe3H_;-k>N1,03 22

1 n. i. species 11

[Pd(en)(B-D-lyz-dHexf 1INMe3H_;-k2N1 03)]*
BCO{'H} NMR (101 MHz, D50, 4°C, 430R17-2016): &/ppm = 92.0 (C1), 90.9 (C4), 73.9 (C3),
72.2 (C5), 63.2 (C6), 38.0 (C2), 36.9 (CH3).

[Pd(en)(D-lyz-dHexaINMe3H_1-k2N*1,0%)|*

'H NMR (400 MHz, D50, 4°C, 430R16-2016): 6/ppm = 7.76 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 430R17-2016): §/ppm — 174.3 (C1), 73.8 (C5), 71.6 (C3),
67.2 (C4), 63.7 (C6), 51.4 (CH3), 39.8 (C2).

[{Pd(en)}2(D-lyz-dHexa1NMe3,4,5H_3-k>N1,03:2k20%%)|+

'H NMR (400 MHz, D50, 4°C, 430R19-2016): §/ppm = 7.71 (s, H1).

I3C{'H} NMR (101 MHz, D50, 4°C, 430R20-2016): §/ppm = 174.4 (C1), 87.2 (C5), 85.0 (C4),
68.9 (C3), 64.2 (C6), 51.6 (CH3), 39.6 (C2).

[{Pd(en)}s(=D-lyz-dHexf 1NMe3,5,6H_3-k>N1,03:2k2056)|*+
13C{'H} NMR (101 MHz, D50, 4°C, 430R19-2016): §/ppm — 92.7 (C1), 90.3 (C4), 82.0 (C5),
74.0 (C6), 72.3 (C3), 37.5 (C2), 36.8 (CH3).

N-Ethyl-2-deoxy-D-lyxo-hexosylamine and Pd-en

D-lyz-dHex1NEt  Pd-en HIO; Pd-en chelate %
1:1:1  129mg 1.50mL  119mg B-D-lyz-dHexfINEt3H_;-x2N1,03 28
256 pmol 512pmol 256 pmol  D-lyz-dHex1N 28
D-lyz-dHexaINEt3H_;-k>N1,03 23
D-lyz-dHex1NEt 11
1 n. i. species 7
D-ery-dPentalNEt3,4,5H_3-k2N1,03:c20*% 3
1:2:1  49.0mg 1.14mL  45.0mg  D-lyz-dHexalNEt3,4,5H_3-k>N!,03:x20*5 92
338 pmol 675umol  338pmol  B-D-lyz-dHexf1NEt3,5,6H_3-k>N',03:x20°%6 8

[Pd(en)(*C1-B-D-lyz-dHexp INEt3H_1-k2N 1 ,03)]*
13C{'H} NMR (101 MHz, D50, 4°C, 430R23-2016): §/ppm — 91.9 (C1), 88.7 (C4), 74.1 (C3),
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72.3 (C5), 63.3 (C6), 40.7 (CHy), 38.1 (C2), 14.0 (CHs).

[Pd(en)(D-lyz-dHexa INEt3H_1-k> N1 ,03)]*+

IH NMR (400 MHz, D50, 4°C, 430R22-2016): §/ppm = 7.82 (s, H1).

BC{IH} NMR (101 MHz, D,0, 4°C, 430R23-2016): §/ppm = 173.3 (C1), 73.8 (C5), 71.9 (C3),
67.2 (C4), 63.7 (C6), 57.9 (CH,), 39.5 (C2), 16.4 (CHsy).

[{Pd(en)}s(D-lyz-dHexalNEt3,4,5H_3-k>N*1,0%:2k20%%)|

'H NMR (400 MHz, D50, 4°C, 430R27-2016): 6 /ppm = 7.77 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 430R26-2016): §/ppm — 173.2 (C1), 87.3 (C5), 84.8 (C4),
68.6 (C3), 64.5 (C6), 58.1 (CHy), 39.9 (C2), 16.3 (CH3).

[{Pd(en)}s(-D-lyz-dHexf INEt3,5,6H_3-k2 N1 03:2k20%9)]+

I3C{'H} NMR (101 MHz, D50, 4°C, 430R26-2016): §/ppm = 92.6 (C1), 88.1 (C4), 82.1 (C5),
73.1 (C3), 73.0 (C6), 40.5 (CH,), 37.5 (C2), 13.9 (CH;).

5.6.13. Complexes featuring N-phenyl-p-glycosylamines

N-Phenyl-p-arabinosylamine and Pd-en

D-AralNPh Pd-tmeda HIO3 Pd-en chelate %

1:1:1  152mg 1.50mL 119 mg D-Arabinose 55
675 pmol 675pmol  675pumol D-AralNPh 24
1C4-a-D-ArapINPh2H_-k?N1,0? 21

1:2:1  76.0mg 1.50mL  59.4mg  'Ci-a-D-AraplNPh2,34H_5-k2N1,02:k2034 60
338 pmol 675pmol  338pmol  'Cy-a-D-ArapINPh2H_,-k?N1,0? 40

[Pd(tmeda)(!Cy-o-D-ArapINPh2H _1-k2N1,0?)|*

'H NMR (400 MHz, D20, 4°C, 410R21-2018): §/ppm = 4.47 (d, H1, 3J; »=7.8 Hz).

BC{IH} NMR (101 MHz, D50, 4°C, 410R23-2018): &/ppm = 143.0 (C;), 130.8 (C,,), 128.8
(Cp), 124.1 (C,), 98.0 (C1), 76.7 (C2), 75.3 (C3), 70.7 (C5), 68.5 (C4).

15N NMR (101 MHz, D20, 4°C, 410R22-2018): §/ppm = —324.4.

[{Pd(tmeda)}s(*C1-a-D-ArapINPh2,3 4H_3-k2N1,0%:2k2034)] T

3C{'H} NMR (101 MHz, D0, 4°C, 410R25-2018): 6/ppm = 143.0 (C;), 130.8 (C,,), 128.8
(Cp), 124.1 (C,), 98.0 (C1), 76.7 (C2), 75.3 (C3), 70.7 (C5), 68.5 (C4).

15N NMR (101 MHz, D20, 4°C, 410R26-2018): 6/ppm — —322.8.

N-Phenyl-p-lyxosylamine and Pd-en

D-LyxINPh Pd-en HIO; Pd-en chelate %
1:1:1 152mg 1.50mL  119mg  'Cu-a-D-LyxpINPh2H_;-k2N1,0? 88
675 pumol 675pmol  675pmol  D-LyxalNPh2H_;-k2N1,0? 12
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[Pd(en)(*Cy-o-D-LyxpINPh2H _1-k2 N1 ,0%)|*

'H NMR (400 MHz, D20, 4°C, 040R12-2018): §/ppm = 4.60 (d, H1, 3.J; 2=9.3 Hz).

3C{'H} NMR (101 MHz, D0, 4°C, 040R14-2018): &/ppm = 142.9 (C;), 130.8 (C,,), 128.2
(Cp), 122.3 (C,), 90.9 (C1), 74.6 (C2), 72.5 (C3), 69.4 (C4), 68.2 (C5).

15N NMR (101 MHz, D20, 4°C, 040R13-2018): §/ppm = —328.0.

[Pd(en)(D-LyxalNPh2H_;-k2N!,0?)]*

'H NMR (400 MHz, D50, 4°C, 040R12-2018): 6/ppm = 8.28 (s, H1).

BC{IH} NMR (101 MHz, D20, 4°C, 040R14-2018): §/ppm = 190.0 (C1), 148.5 (C;), 130.5
(Ci), 129.4 (Cp), 123.4 (C,), 87.3 (C2), 74.9 (C3), 71.2 (C4), 63.3 (C5).

15N NMR (101 MHz, D20, 4°C, 040R13-2018): 6/ppm — —137.4.

N-Phenyl-p-ribosylamine and Pd-en

D-RibINPh  Pd-en HIO; Pd-en chelate %

1:1:1  152mg 1.50mL  119mg 4C1-B-D-RibpINPh2H_;-k2N1,0%? 69
675 pmol 675pmol 675pmol  D-RibalNPh2H_,-k2N!,0? 17

1 n. i. species 14

[Pd(en)(*C1-B-D-RibpINPh2H _1-k2N1,0%)|*

'H NMR (400 MHz, D50, 4°C, 220R9-2018): §/ppm = 4.75 (d, 1H, H1, 3.J; 5=9.2 Hz)).
BC{'H} NMR (101 MHz, D0, 4°C, 220R10-2018): ¢/ppm — 142.8 (C;), 130.9 (C,,), 128.1
(Cp), 122.3 (C,), 90.6 (C1), 77.5 (C2), 72.2 (C3), 66.6 (C4), 64.8 (C5).

15N NMR (101 MHz, D20, 4°C, 220R12-2018): §/ppm = —330.2.

[Pd(en)(D-Ribal1NPh2H_;-k2N!,0?)]*

'H NMR (400 MHz, D50, 4°C, 220R9-2018): §/ppm = 8.15 (s, H1).

BC{IH} NMR (101 MHz, D20, 4°C, 220R10-2018): §/ppm = 188.3 (C1), 148.2 (C;), 130.8
(Ci), 129.3 (Cp), 123.4 (C,), 87.8 (C2), 74.1 (C3), 71.7 (C4), 63.5 (C5).

15N NMR (101 MHz, D20, 4°C, 220R12-2018): 6/ppm — —142.4.

N-Phenyl-b-xylosylamine and Pd-en

D-XylINPh  Pd-en HIO; Pd-en chelate %

1:1:1 152mg 1.50mL  119mg 4C1-B-p-XylpINPh2H _1-k2 N1, 02 95
675 pmol 675pmol 675 pmol  D-XylalNPh2H_,-k2>N!,0? 5

1:1.5:1 101mg 1.50mL  79.2mg  *C;-B-D-XylpINPh2H_;-k2N1,0? 62

450 pmol 675nmol 450 pmol  4Ci-B-D-XylplNPh2,3,4H_3-k?N',0%2:k20%* 31
D-XylalNPh2,3,4H_3-k2N1,0?%:x2034 7

1:2:1 76.0mg 1.50mL  59.4mg  *C;-B-D-XylpINPh2,34H_3-x2N!,0%:k20%* 75

338 pmol 675pumol 338 pmol  D-XylalNPh2,3,4H_3-k2N!,0%:x2034 15

4C1-B-p-XylpINPh2H _-k2N1,0? 10

1:2:2  76.0mg 1.50mL  119mg  *C;-B-D-XylpINPh2H_;-k2N1,0? 85
338 pmol 675pmol  675pmol  D-XylalNPh2H_,-k2>N!,0? 9
1 n. i. species 6
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[Pd(en)(*C1-B-D-XylpINPh2H ;-2 N1 0?)|*

'H NMR (400 MHz, D50, 4°C, 370R7-2017): §/ppm — 7.54 (d, 2H, H,), 7.45 (t, 2H, H,,), 7.31
(t, 1H, H,), 4.49 (d, 1H, H1, 3.J; »=8.4 Hz), 3.73 (dd, 1H, Hba, 3.J4 5,=5.5 Hz, 2J5, 5p=—11.4 Hz),
3.54 (dt, 1H, H4), 3.47-3.35 (m, 2H, H3/H5b), 3.15 (t, 1H, H2, 3.J,5,=10.9 Hz).

BC{'H} NMR (101 MHz, D50, 4°C, 37TOR8-2017): ¢/ppm = 142.5 (C;), 130.9 (C,,), 128.2
(Cp), 122.3 (C,), 94.4 (C1), 79.7 (C2), 78.0 (C3), 69.5 (C4), 68.5 (C5).

15N NMR (101 MHz, D50, 4°C, 510R2-2017): §/ppm = —329.0.

[Pd(en)(D-XylaINPh2H_1-k2 N1 ,0%)|*

'H NMR (400 MHz, D50, 4°C, 370R7-2017): §/ppm — 8.16 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 370R8-2017): §/ppm — 189.8 (C1), 148.5 (C;), 130.5 (Cy),
129.2 (Cp), 122.2 (C,), 88.0 (C2), 73.6 (C3), 70.3 (C4), 63.4 (C5).

15N NMR (101 MHz, D50, 4°C, 510R2-2017): §/ppm = —145.2.

[{Pd(en)}2(*C1-B-D-XylpINPh2,3 4H_3-k2N'1,02:2k2034)|+

I3C{'H} NMR (101 MHz, D0, 4°C, 370OR11-2017): 6/ppm = 142.8 (C;), 130.5 (C,,), 128.1
(Cp), 122.0 (C,), 94.7 (C1), 88.4 (C3), 81.4 (C2), 79.5 (C4), 68.3 (C5).

15N NMR (101 MHz, D50, 4°C, 510R5-2017): §/ppm — —329.5.

[{Pd(en)}o(D-XylalNPh2,3 4H_3-k2N! 02:2k2034)|*

'H NMR (400 MHz, D50, 4°C, 370R10-2017): §/ppm — 9.22 (s, H1).

13C{'H} NMR (101 MHz, D50, 4°C, 330R11-2017): §/ppm — 190.2 (C1), 148.6 (C;), 88.9 (C2),
85.7 (C3), 79.8 (C4), 65.9 (C5).

15N NMR (101 MHz, D50, 4°C, 510R5-2017): §/ppm = —148.6.

N-Phenyl-b-glucosylamine and Pd-en

D-GlcINPh Pd-en HIO; Pd-en chelate %
1:1:1  172mg 1.50mL  119mg  *Cy-B-D-GlepINPh2H_-k2N1,0? 100
675 nmol 675pumol 675 umol
1:2:1  76.0mg 1.50mL  59.4mg  *C;-B-D-GlepINPh2H_;-k2N1,0? 51
338 pmol 675pmol  338pmol  4C;-B-D-GleplNPh2,3,4H_3-k2N1,0%:x20%* 49
1:2:2  76.0mg 1.50mL  119mg  *Cy-B-D-GlepINPh2H_;-k2N1,0? 81

338 pmol 675umol  675pmol  4C;-B-D-GleplNPh2,3,4H_5-k>N'1,0%:x20%* 19

[Pd(en)(*C1-B-D-GlepINPh2H _1-k2N1,0?)|*+

'H NMR. (400 MHz, D50, 4°C, 350R31-2015): §/ppm = 7.56 (d, 2H, H,), 7.45 (t, 2H, H,,),
7.31 (t, 1H, H,), 4.57 (d, 1H, H1, 3.J; »=8.6 Hz).

I3C{'H} NMR (101 MHz, D50, 4°C, 350R32-2015): J/ppm = 142.8 (C;), 130.8 (C,,), 128.1
(Cy), 122.3 (C,), 93.6 (C1), 79.8 (C2), 79.2 (C3), 77.9 (C5), 69.3 (C4), 60.6 (C6).

ISN{'H} NMR (41 MHz, D50, 4°C, 040R2-2018): §/ppm = —328.6.

[{Pd(en)}o(*C1-B-D-GlepINPh2,3 4H _3-k2N1 0%:2k20%4)|+
'H NMR (400 MHz, D50, 4°C, 350R31-2015): §/ppm = 4.36 (d, 1H, H1, 3.J; »=7.3 Hz).
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BC{IH} NMR (101 MHz, D50, 4°C, 040R6-2018): 6/ppm = 143.1 (C;), 130.9 (C,,), 128.2
(Cp), 122.3 (C,), 94.2 (C1), 88.3 (C3), 81.8 (C2), 79.8 (C4), 79.3 (C3), 61.4 (C6).
ISN{'H} NMR (41 MHz, D50, 4°C, 040R2-2018): §/ppm = —329.0.

N-Phenyl-L-gulosylamine and Pd-en

L-GullNPh Pd-en HIO; Pd-en chelate %

1:1:1  115mg 1.00mL  79.2mg  1-Gulose 57

450 pmol 450 pmol 450 pmol  'Cy-B-L-GulpINPh2H_,-k2N',0? 37
L-GullNPh 6

[Pd(en)(*Cy-B-1-GulpINPh2H _1-k2N1,0?)|*+

'H NMR (400 MHz, D20, 4°C, 140R1-2018): &/ppm = 4.86 (d, H1, 3.J; ,—8.4 Hz).

BC{IH} NMR (101 MHz, D50, 4°C, 140R3-2018): 6/ppm = 143.0 (C;), 130.8 (C,,), 128.0
(Cp), 122.2 (C,), 90.7 (C1), 76.7 (C5), 74.9 (C2), 72.6 (C5), 69.5 (C4), 61.0 (C6).

ISN{'H} NMR (41 MHz, D50, 4°C, 140R2-2018): §/ppm = —329.0.

N-Phenyl-pD-mannosylamine and Pd-en

D-Man1lNPh Pd-en HIO; Pd-en chelate %
1:1:1  115mg 1.00mL  79.2mg  D-ManalNPh2H_;-k2N!1,0? 74
450 pmol 450 pmol 450 pmol  D-Man1NPh 26

[Pd(en)(D-ManaINPh2H_;-k2N1,0%)|*

'H NMR (400 MHz, D50, 4°C, 020R1-2018): §/ppm = 8.31 (d, H1).

I3C{'H} NMR (101 MHz, D50, 4°C, 020R2-2018): §/ppm = 189.2 (C1), 147.2 (C;), 129.5 (Cy,),
128.4 (C,), 121.4 (C,), 86.2 (C2), 73.3 (C3), 70.3 (C5), 69.3 (C5), 62.8 (C6).

ISN{'H} NMR (41 MHz, D50, 4°C, 020R3-2018): §/ppm = —137.3.
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A. PC{'H} NMR Spectra of coordinated
Glycosylamines
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Figure A.1. Resulting *C{'H} NMR spectra for the treatment of D-AralNMe with Pd-en and iodic acid in the
molar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in D,O. Green: 'Cy-o-D-AraplNMe2H_;, cyan: *Ci-a-D-
AraplNMe2,3,4H_3, grey: D-AralNMe, Pd-en and MeOH.
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Figure A.2. Resulting *C{'H} NMR spectra for the treatment of D-AralNEt with Pd-en and iodic acid in the molar
ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in D,O. Green: 'Cj-o-D-ArapINEt2H_;, magenta: D-AraaINEt2H_;,
cyan: *Ci-a-D-ArapINEt2,3,4H_3, grey: D-arabinose, Pd-en and MeOH.
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Figure A.3. Resulting 13C{'H} NMR spectra for the treatment of D-AralNPr with Pd-en and iodic acid in the molar
ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in DyO. Green: 'Cj-o-D-ArapINPr2H_;, magenta: D-AraaINPr2H_;,
cyan: *Ci-a-D-ArapINPr2,3,4H_3, grey: Pd-en and MeOH.
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Figure A.4. Resulting C{'H} NMR spectra for the treatment of D-AralNiPr with Pd-en and iodic acid in
the molar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in D,O. Green: 'Cj-o-D-ArapINiPr2H_;, magenta: D-
AraalNiPr2H_q, cyan: 4Cy-o-D-AraplNiPr2,3,4H_3, purple: not identified species, grey: Pd-en and MeOH.
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Figure A.5. Resulting *C{'H} NMR spectra for the treatment of D-LyxINMe with Pd-en and iodic acid in
the molar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in D,O. Green: 'Cy-a-D-LyxpINMe2H_, magenta: D-
LyxalNMe2H_; , yellow: 'Cj-a-D-LyxplNMe2H_q, orange: D-LyxalNMe2,3,4H_3, grey: D-Lyx1NMe, Pd-en,
MeNH, and MeOH.
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Figure A.6. Resulting '3C{'H} NMR spectra for the treatment of D-LyxINEt with Pd-en and iodic acid in the molar

ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in Dy0. Green: 'Cy-a-D-LyxpINEt2H_;, magenta: D-LyxaINEt2H_,
yellow: 'C4-o-D-LyxpINEt2H_ 1, orange: D-LyxalNEt2,3,4H_3, grey: D-lyxose, Pd-en, EtNHy and MeOH.

SOUIUIR[ASOOATE) pajeuIpI000 Jo v1320dG YN {H /D¢ 'V



91¢

a) 1:1:1

D Y B T AT | W L hL

b) 1:2:1

B et ——— *.“‘WW

190 90 85 80 75 70 65 60 55 50 45 25 20 15 10

Figure A.7. Resulting 13 C{'H} NMR spectra for the treatment of D-Lyx1NPr with Pd-en and iodic acid in the molar
ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in D,O. Magenta: D-LyxalNPr2H_y, green: 'Cy-o-D-LyxpINPr2H_,
yellow: 'C4-o-D-LyxpINPr2H_1, orange: D-LyxalNPr2,3,4H_3, grey: Pd-en and MeOH.
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Figure A.8. Resulting *C{'H} NMR spectra for the treatment of D-LyxINiPr with Pd-en and iodic acid in
the molar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in D,O. Magenta: D-LyxalNiPr2H_;, green: 'Cy-a-D-
LyxplNiPr2H_;, orange: D-LyxalN¢Pr2 3,4H_3, grey: Pd-en, +PrNH, and MeOH.
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Figure A.9. Resulting C{'H} NMR spectra for the treatment of D-LyxIN¢Bu with Pd-en and iodic acid
in the molar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in D,0. Magenta: D-LyxalNtBu2H_;, orange: D-
LyxalNtBu2,3,4H_3, grey: D-lyxose, Pd-en, tBuNH, and MeOH.
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Figure A.10. Resulting *C{*H} NMR spectra for the treatment of D-RibINMe with Pd-en and iodic acid in the
molar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in D,O. Green: *C;-B-D-RibpINMe2H_1, yellow: *Cj-a-D-
RibpINMe2H_;-k?>N',02, magenta: D-RibalNMe2H_;-k? N1 ,0?, cyan: *C;-B-D-Ribp1NMe2,3,4H_3, purple: o-
D-Ribp1NMe2,3,4H_3, orange: D-RibalNMe2,3,.4H_3, red: D-RibalNMe2,4,5H_3, grey: Pd-en, EtOH and MeOH.

SOUIUIR[ASOOATE) pajeuIpI000 Jo v1320dG YN {H /D¢ 'V



1144

a) 1:1:1

b) 1:2:1

i

190188186184 88 86 84 82 80 78 76 74 72 70 68 66 64 62 60 58 56 54 52 50 48 46 44 42 40 14 12

Figure A.11. Resulting C{!H} NMR spectra for the treatment of D-RibINEt with Pd-en and iodic acid
in the molar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in D,O. Green: *Ci-B-D-RibpINEt2H_;, ma-
genta: D-RibalNEt2H_-k?N1,0?, cyan: *Ci-B-D-RibplNEt2,3,4H_3, orange: D-RibalNEt2,3,4H_3, red: D-
Ribal1NEt2,4,5H_3, purple: a-D-Ribp1NEt2,3,4H_3, grey: Pd-en and MeOH.
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Figure A.12. Resulting C{!H} NMR spectra for the treatment of D-RibINPr with Pd-en and iodic acid
in the molar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in D,O. Green: *Ci-B-D-RibpINPr2H_;, ma-
genta: D-RibalNPr2H_;-k?N',0?, cyan: *Ci-B-D-RibplNP12,3,4H_3, orange: D-RibalNP1r2,3,4H_3, red: D-
RibalNPr2,4,5H_5, purple: o-D-Ribp1NPr2.3,4H_3, grey: Pd-en and MeOH.
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Figure A.13. Resulting *C{!H} NMR spectra for the treatment of D-Rib1NiPr with Pd-en and iodic acid
in the molar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in D,O. Green: *C;-B-D-RibpINiPr2H_;, ma-
genta: D-RibalNiPr2H_;-k?N',0?, cyan: *C;-B-D-Ribp1NiPr2,3,4H_3, orange: D-RibalNiPr2,3,4H_3, red: D-
Ribal1N%Pr2,4 5H_3, purple: a-D-RibpI1NiPr2.34H_3, grey: Pd-en and MeOH.
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Figure A.14. Resulting *C{'H} NMR spectra for the treatment of D-RibIN#Bu with Pd-en and iodic acid in

the molar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in D,O. Magenta: D-RibalNtBu2H_;-k2N! 02, orange:
D-Ribal1NtBu2,3,4H_3, red: D-RibalNtBu24,5H_3, grey: Pd-en, tBuNH, and MeOH.

SOUIUIR[ASOOATE) pajeuIpI000 Jo v1320dG YN {H /D¢ 'V



[(4¢

a) 1:1:1

A A ) L Q.JL M A P—

b) 1:1.5:1

m'cJ-m-vn L.._l‘ . y . e Jn.J

c) 1:2:1

e ! L

190 185 95 20 85 80 75 70 65 60 55 50 45 40 35

Figure A.15. Resulting 3C{*H} NMR spectra for the treatment of D-XylINMe with Pd-en and iodic acid in the
molar ratios a) 1:1:1, b) 1:1.5:1 and ¢) 1:2:1 after 3h at 4°C in D,0. Green: *C1-B-D-XylpINMe2H_ 1, yellow: a-D-
XylpINMe2H_;, magenta: D-XylalNMe2H_, cyan: 4C1-B-D-Xylp1NMe2,3 4H_3, orange: D-XylalNMe2,3 4H_3,
grey: Pd-en, EtOH and MeOH.

SOUIUIR[ASOOATE) pajeuIpI000 Jo v1320dG YN {H /D¢ 'V



144

a) 1:1:1

b) 1:1.5:1

- [T ..,Jﬂ

c) 1:2:1
-J‘M ceedivara -l-_ v ,...J‘ " l " weneds J JLL
188 186 184 92 90 88 86 84 82 80 78 76 74 72 70 68 66 64 62 60 58 56 54 52 50 48 46 44 42 16 14 12

Figure A.16. Resulting *C{'H} NMR spectra for the treatment of D-XylINEt with Pd-en and iodic acid in the
molar ratios a) 1:1:1, b) 1:1.5:1 and c) 1:2:1 after 3h at 4°C in DyO. Green: *C;-B-D-XylpINEt2H 1, magenta:
D-XylaINEt2H_;, cyan: *Ci-p-D-XylpINEt2,3 4H_3, orange: D-Xyla1NEt2,3,4H_3, grey: Pd-en and MeOH.
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Figure A.17. Resulting '3C{'H} NMR spectra for the treatment of D-XylINPr with Pd-en and iodic acid in
the molar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in D,O. Green: “Ci-B-D-XylpINPr2H_;, magenta: D-
XylaINPr2H_1, orange: D-XylalNPr2,3 4H_3, cyan: *C1-B-D-XylplNPr2.3,4H_3, grey: Pd-en and MeOH.
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Figure A.18. Resulting '3C{'H} NMR spectra for the treatment of D-XylINiPr with Pd-en and iodic acid in
the molar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in D,O. Green: *C;-B-D-XylpINiPr2H_;, magenta: D-
XylalNiPr2H_;, orange: D-XylalNiPr2,3,4H_s3, cyan: *Ci-B-D-XylpINiPr2,3,4H_3, grey: Pd-en, iPrNH, and

MeOH.
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Figure A.19. Resulting *C{!H} NMR spectra for the treatment of D-XylIN#Bu with Pd-en and iodic acid in
the molar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in D,O. Green: *Ci-B-D-XylpINtBu2H_;, magenta: D-
XylalNtBu2H_1, orange: D-XylalNtBu2,3,4H_3, cyan:*C;-B-D-XylpINtBu2,3,4H_3, grey: Pd-en, tBuNH, and
MeOH.
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Figure A.20. Resulting 3C{*H} NMR spectra for the treatment of D-GallNMe with Pd-en and iodic acid in the
molar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in D,O. Green: B-D-GalplNMe2H_;, magenta: D-GalalNMe2H_,
cyan: B-D-GalplNMe2,3,4H_3, grey: Pd-en, EtOH and MeOH.
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Figure A.21. Resulting *C{'H} NMR spectra for the treatment of D-GalINEt with Pd-en and iodic acid in the
molar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in D,O. Green: B-D-GalplNEt2H_;, magenta: D-GalaINEt2H_;,
cyan: B-D-GalplNEt2,3,4H_3, grey: Pd-en and MeOH.
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Figure A.22. Resulting *C{'H} NMR spectra for the treatment of D-GallNPr with Pd-en and iodic acid in the
molar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in D,O. Green: B-D-GalplNPr2H_;, magenta: D-GalaINPr2H_,
cyan: B-D-GalplNPr2,3,4H_3, grey: Pd-en and MeOH.
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Figure A.23. Resulting 1*C{'H} NMR spectra for the treatment of D-GallNiPr with Pd-en and iodic acid in the mo-

lar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in D,O. Green: B-D-GalplNiPr2H_;, magenta: D-Gala1NiPr2H_q,
cyan: *C1-B-D-GalpIlNiPr2,3,4H_3, grey: Pd-en, iPrNH, and MeOH.
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Figure A.24. Resulting *C{'H} NMR spectra for the treatment of D-GallN#Bu with Pd-en and iodic acid in the mo-
lar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in D,O. Green: 3-D-GalpINtBu2H_;, magenta: D-GalalNtBu2H_;,
cyan: *C1-B-D-GalpINtBu2,3,4H_3, grey: Pd-en, tBuNH, and MeOH.
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Figure A.25. Resulting 3C{*H} NMR spectra for the treatment of D-GlcINMe with Pd-en and iodic acid in the
molar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in D,O. Green: B-D-GlcplNMe2H_q, yellow: a-D-GlepINMe2H_q,
cyan: B-D-GlecplNMe2,3,4H_3, grey: Pd-en, EtOH and MeOH.
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Figure A.26. Resulting *C{'H} NMR spectra for the treatment of D-GIcINEt with Pd-en and iodic acid in the
molar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in DyO. Green: B-D-GlcpINEt2H_;, magenta: D-GlcaINEt2H_4,
cyan: B-D-GleplNEt2,3,4H_3, orange: D-GlcalNMe2,3,4H_3, grey: D-Glc1NEt, Pd-en and MeOH.
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Figure A.27. Resulting 3C{'H} NMR spectra for the treatment of D-Glc1NPr with Pd-en and iodic acid in the mo-
lar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in D,O. Green: B-D-GlcpINPr2H_4, cyan: B3-D-GlepINPr2,3,4H_3,
orange: D-GlcalNEt2,3,4H_3, grey: Pd-en, PrNHy and MeOH.
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Figure A.28. Resulting 1*C{*H} NMR spectra for the treatment of D-Glc1N4Pr with Pd-en and iodic acid in the mo-
lar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in DyO. Green: B-D-Glep1NiPr2H_;, cyan: -D-Glep1NiPr2,3,4H 3,
orange: D-GlcalN:Pr2 3, 4H_3, grey: Pd-en, +PrNH, and MeOH.
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Figure A.29. Resulting *C{'H} NMR spectra for the treatment of D-Glc1N#Bu with Pd-en and iodic acid in the mo-
lar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in D,O. Green: B-D-GlcpIN¢tBu2H_;, magenta: D-GlcalNtBu2H_;,
orange: D-GlcalNtBu2,3,4H_3, cyan: B-D-GlcplNtBu2,3,4H_3, grey: Pd-en, D-glucose, tBuNH, and MeOH.

SOUIUIR[ASOOATE) pajeuIpI000 Jo v1320dG YN {H /D¢ 'V



6€¢

a) 1:1:1

b) 1:2:1

J e |

192190188 96 94 92 90 88 86 84 82 80 78 76 74 72 70 68 66 64 62 60 58 56 54 52 50 48 46 44 42 40 38 36

Figure A.30. Resulting 3C{'H} NMR spectra for the treatment of D-GullNMe with Pd-en and iodic acid in
the molar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in Dy0O. Green: B-D-GalpINMe2H_;, yellow: 'Cy-a-D-
GulplNMe2H_;, magenta: D-GulalNMe2H_;, orange: L-Gula1lNMe2 3,4H_5, purple: L-GulalNMe2,3,4,5,6H_5,
grey: Pd-en, EtOH and MeOH.
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Figure A.31. Resulting *C{'H} NMR spectra for the treatment of D-GulINEt with Pd-en and iodic acid in the
molar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in D,O. Green: 'Cy-B-D-GulpINEt2H 1, yellow: 'Cy-a-D-
GulpINEt2H_1, magenta: D-Gula1NEt2H_;, orange: L-Gula1NEt2,3,4H_3, grey: Pd-en and MeOH.
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Figure A.32. Resulting *C{'H} NMR spectra for the treatment of D-GulINPr with Pd-en and iodic acid in
the molar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in DyO. Green: 'Cy-B-pD-GulpINPr2H_;, yellow: 'Cy-
o-D-GulpINPr2H_, magenta: D-GulaINPr2H_;, yellow: 'C4-a-D-GulplNPr2H_q, grey: D-GullNPr, Pd-en and
MeOH.
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Figure A.33. Resulting 3C{*H} NMR spectra for the treatment of D-GullNiPr with Pd-en and iodic acid in
the molar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in DyO. Green: 'C4-B-D-GulpINiPr2H_;, magenta: D-
GulalNR2H_1, yellow: 'C4-a-D-Gulp1NiPr2H_, orange: L-GulalNiPr2,3,4H_3, red: L-GulalNiPr2,4,5H_3, pur-
ple: L-Gula1N¢Pr2 3.4,5,6H_5, grey: D-GullN¢Pr, Pd-en, {PrNH, and MeOH.
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Figure A.34. Resulting *C{'H} NMR spectra for the treatment of D-GullN#Bu with Pd-en and iodic acid in
the molar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in D,O. Magenta: D-GulaltBu2H_;, green: 'Cj4-B-D-
GulpINtBu2H_1, red: .-Gula1lNtBu2,4,5H_3, orange: L-GulalN¢Bu2,3,4H_3, purple: L-Gula1NtBu2,3,4,5,6H_5,
grey: Pd-en, tBuNH, and MeOH.

R w— .

SOUIUIR[ASOOATE) pajeuIpI000 Jo v1320dG YN {H /D¢ 'V



¥ve

a) 1:1:1

_ Jl | J — — l
b) 1:1.5:1
e .| IR WA W W LJL“LMJU—-L—J‘-——-M L—-—-—’L
c) 1:2:1

190 185 95 90 85 80 75 70 65 60 55 50 45 40 15 10

Figure A.35. Resulting *C{'H} NMR spectra for the treatment of D-ManINEt with Pd-en and iodic acid in
the molar ratios a) 1:1:1, b)1:1.5:1 and ¢) 1:2:1 after 3h at 4°C in DyO. Green: (B-D-ManpINEt2H_;, yellow:
1Cy-o-D-Manp1NEt2H_;; magenta: D-ManalNEt2H_;, orange: D-ManalNEt2,3 4H_3, grey: Pd-en and MeOH.

SOUIUIR[ASOOATE) pajeuIpI000 Jo v1320dG YN {H /D¢ 'V



Sve

a) 1:1:1

190 185 95 90 85 80 75 70 65 60 55 50 45 25 20 15 10

Figure A.36. Resulting '3C{'H} NMR spectra for the treatment of D-ManINPr with Pd-en and iodic acid in
the molar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in D,O. Green: B-D-ManpINPr2H_;, yellow: 'Cy-a-D-
ManpINPr2H_;; magenta: D-ManalNPr2H_;, orange: D-ManalNPr2,3,4H_3, grey: Pd-en and MeOH

SOUIUIR[ASOOATE) pajeuIpI000 Jo v1320dG YN {H /D¢ 'V



9¥¢

a) R=Me

‘_j do A l ol JL,HLJLLJ_ oo L | Al A A
b) R=Et

Jl 1 | L J
c) R=Pr

2 " 1[1
d) R=iPr ||
A ln AL A A LAV |

e) R = tBu

— ;

190 185 180 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10

Figure A.37. Resulting 3C{'H} NMR spectra for the equimolar reactions of D-ManlNMe, D-ManlNEt, D-
ManlNPr, D-ManlN¢Pr and D-ManlN¢Bu with Pd-en and iodic acid after 3h at 4°C in DyO. Green: [(3-D-
ManpINR2H_, yellow: 'C4-o-D-ManpINR2H_;, magenta: D-ManalNR2H_1, grey: Pd-en, EtOH and MeOH.
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Figure A.38. Resulting 3C{'H} NMR spectra for the equimolar reactions of rL-RhalNMe, L-RhalNEt and L-
RhalNiPr with Pd-en and iodic acid after 3h at 4°C in D,O. Green: B-D-RhaplNR2H_;, yellow: 'Cj-o-D-

RhapINR2H_;, magenta: D-RhaalNR2H_4, grey: Pd-en, EtOH and MeOH.
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Figure A.39. Resulting 3C{'H} NMR spectra for the treatment of D-ery-dPent1NMe with Pd-en and iodic acid
in the molar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in D,O. Green: *Cj-o-D-ery-dPentf INMe3H_;, magenta:
D-ery-dPentalNMe3H_1, orange: D-ery-dPentalNMe3,4,5H_3, grey: Pd-en, EtOH and MeOH.
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Figure A.40. Resulting 3C{'H} NMR spectra for the treatment of D-ery-dPent1NEt with Pd-en and iodic acid
in the molar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in D,O. Green: *Cj-a-D-ery-dPentf INEt3H_;, magenta:
D-ery-dPentaINEt3H_;-k N1, kO3, orange: D-ery-dPentalNEt3,4,5H_3-k N!,kO3:kO*?, grey: Pd-en, EtOH.
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Figure A.41. Resulting 3C{'H} NMR spectra for the treatment of D-ara-dHex1NMe with Pd-en and iodic acid
in the molar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in DyO. Green: B-D-ara-dHexfI1NMe3H_;, magenta:
D-ara-dHexa1NMe3H_1, cyan: (-D-ara-dHexf1NMe3,5,6H_3, orange: D-ara-dHexalNMe3,4,5H_3, grey: Pd-en,
EtOH and MeOH.
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Figure A.42. Resulting *C{*H} NMR spectra for the treatment of D-ara-dHexINEt with Pd-en and iodic acid
in the molar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in D,0. Green: *C;-B-D-ara-dHexfINEt3H_1, magenta:
D-ara-dHexa1NEt3H_1, grey: Pd-en and EtOH.
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Figure A.43. Resulting 3C{'H} NMR spectra for the treatment of D-ara-dHex1N7Pr with Pd-en and iodic acid in
the molar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in D,0. Magenta: D-ara-dHexalNiPr3H_;, grey: D-lyz-dHex,
D-lyz-dHex1NiPr, Pd-en and EtOH.
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Figure A.44. Resulting *C{'H} NMR spectra for the treatment of D-lyz-dHex1NMe with Pd-en and iodic acid
in the molar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in D,0. Green: *Cy-B-D-lyz-dHexf INMe3H_;, magenta:
D-lyz-dHexalNMe3H_;, orange: D-lyz-dHexalNMe3,4,5H_3, cyan: (-D-lyz-dHexf1NMe3,5,6H_3, grey: Pd-en,
EtOH and MeOH.
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Figure A.45. Resulting 3C{'H} NMR spectra for the treatment of D-lyz-dHexINEt with Pd-en and iodic acid in
the molar ratios a) 1:1:1 and b) 1:2:1 after 3h at 4°C in D5O. Green: *C;-B-D-lyz-dHexf INEt3H_;, magenta: D-
lyz-dHexa1NEt3H_1, orange: D-lyz-dHexalNEt3,4,5H_3, cyan: [3-D-ara-dHexf1NEt3,5,6H_3, grey: D-lyz-dHex,
D-lyz-dHex1NEt, Pd-en, EtOH.
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B. Packing Diagrams of the Crystal
Structures
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Figure B.1. Packing diagram of 1 in the monoclinic space group C2 with view along [001]. The
symmetry elements of the space group C'2 are overlaid. Atoms: carbon (grey), hydrogen (white),
nitrogen (blue) and oxygen (red).
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B. Packing Diagrams of the Crystal Structures

Figure B.2. Packing diagram of 2 in the monoclinic space group P2; with view along [010].
The symmetry elements of the space group P2; are overlaid. Atoms: carbon (grey), hydrogen
(white), nitrogen (blue) and oxygen (red).
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B. Packing Diagrams of the Crystal Structures

Figure B.3. Packing diagram of 3 in the orthorhombic space group P2;212; with view along

[100]. The symmetry elements of the space group P21212; are overlaid. Atoms: carbon (grey),
hydrogen (white), nitrogen (blue) and oxygen (red).
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B. Packing Diagrams of the Crystal Structures

Figure B.4. Packing diagram of 4 in the orthorhombic space group P2:212; with view along
[100]. The symmetry elements of the space group P212;2; are overlaid. Atoms: carbon (grey),
hydrogen (white), nitrogen (blue) and oxygen (red).
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B. Packing Diagrams of the Crystal Structures

Figure B.5. Packing diagram of 5 in the triclinic space group P1 with view along [100]. Atoms:
carbon (grey), hydrogen (white), nitrogen (blue) and oxygen (red).
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B. Packing Diagrams of the Crystal Structures
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Figure B.6. Packing diagram of 6 in the orthorhombic space group P2:212; with view along
[100]. The symmetry elements of the space group P21212; are overlaid. Atoms: carbon (grey),
hydrogen (white), nitrogen (blue) and oxygen (red).
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B. Packing Diagrams of the Crystal Structures

Figure B.7. Packing diagram of 7 in the orthorhombic space group P2;212; with view along
[100]. The symmetry elements of the space group P21212; are overlaid. Atoms: carbon (grey),
hydrogen (white), nitrogen (blue) and oxygen (red).
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B. Packing Diagrams of the Crystal Structures
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Figure B.8. Packing diagram of 8 in the orthorhombic space group P2;212; with view along
[100]. The symmetry elements of the space group P212;2; are overlaid. Atoms: carbon (grey),
hydrogen (white), iodine (purple), nitrogen (blue), oxygen (red) and palladium (turquoise).
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C. Crystallographic Tables

C. Crystallographic Tables

Table C.1. Crystallographic data of 4C;-B-D-GleplNMe-MeNHj (1), 1Cy-B-L-RhapINEt (2) and

401-B-D-Lyxp1NPh (3).

compound 1 2 3

empirical formula CgH20N205 CgH17NO4 011H15NO4
M./g mol ! 224.26 191.22 225.24

crystal system monoclinic monoclinic orthorhombic
space group c2 P2 P2:2:2;

a/A 23.5559(12) 10.4023(5) 6.0390(3)

b/A 4.4523(3) 4.6613(2) 6.4195(3)

c/A 12.3134(7) 10.8357(5) 28.4944(12)
a/° 90 90 90

B8/° 117.1375(18) 115.211(2) 90

v/° 90 90 90

V /A3 1149.24(12) 475.36(4) 1104.65(9)

7Z 4 2 4

p/g cm™3 1.296 1.336 1.354

p/mm=1 0.107 0.106 0.103

crystal size/mm 0.40x0.10x0.03 0.10x0.10x0.03 0.12x0.09x0.04
temperature/K 100(2) 100(2) 100(2)
diffractometer Bruker D8Venture Bruker D8Venture Bruker D8Venture
radiation MoK 4 MoK 4 MoK 4

anode rotating anode rotating anode rotating anode
rate input/kW 2.5 2.5 2.5

0 range/° 3.245-26.37 3.583-29.61 3.253-27.12
reflexes for metric 3025 4183 5538
absorption correction multi-scan multi-scan multi-scan
transmission factors 0.6980-0.7454 0.6482-0.7459 0.7015-0.7455
reflexes measured 11123 9138 10430
independent reflexes 2327 2631 2438

Rint 0.0466 0.0308 0.0223

mean o(I)/I 0.0494 0.0465 0.0202

reflexes with I > 20 (1) 2067 2292 2240

z, y (weighting scheme)
hydrogen refinement

Flack parameter
parameters

restraints

R(Fobs)

RW(F 2)

S

shift /errormax

max. electron density/e A3
min. electron density/e A3

0.0429, 1.2670
a
0.3(10)
254

1
0.0464
0.1090
1.030
0.001
0.515
~0.298

0.0391, 0.0824
a

1.6(7)
126

1
0.0400
0.0934
1.031
0.001
0.370
—0.188

0.0317, 0.2016
a

—0.4(3)
214

0
0.0296
0.0694
1.056
0.001
0.206
—0.136

& Coordinates of hydrogen were calculated in idealized positions, riding on their parent atoms.
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C. Crystallographic Tables

Table C.2. Crystallographic data of C;-«-D-Ribp1NPh-0.5H50 (4), *C;-B-D-XylpINPh (5) and
4C1-B-p-ara-dHexpINPh (6).

compound 4 5 6

empirical formula C22H32N2 09 011H15NO4 012H17NO4
M, /g mol~! 468.49 225.24 239.26

crystal system orthorhombic triclinic orthorhombic
space group P2,212; P1 P2,2,12;

a/A 6.1211(2) 7.4696(5) 6.3074(5)

b/A 10.9298(4) 10.1415(7) 6.8393(6)

c/A 34.0162(12) 14.0776(9) 28.194(2)

a/° 90 87.934(2) 90

B8/° 90 87.0775(18) 90

v/° 90 86.3508(19) 90

v /A3 2275.77(14) 1062.30(12) 1216.24(17)

7 4 4 4

p/g cm™3 1.367 1.408 1.307
p/mm~! 0.106 0.107 0.098

crystal size/mm 0.10%x0.03x0.10 0.25x0.15%0.10 0.05%x0.03x0.02
temperature/K 298(2) 100(2) 100(2)
diffractometer Bruker D8Venture Bruker D8Venture Bruker D8Venture
radiation MoK 4 MoK 4 MoK 4

anode rotating anode rotating anode rotating anode
rate input/kW 2.5 2.5 2.5

6 range/° 3.035-25.73 2.442-27.14 3.065-23.28
reflexes for metric 9524 7322 3239
absorption correction multi-scan multi-scan multi-scan
transmission factors 0.7102-0.7453 0.6434-0.7455 0.6027-0.7449
reflexes measured 47125 19581 8864
independent reflexes 4329 8370 1742

Ring 0.0584 0.0410 0.0616

mean o([)/I 0.0299 0.0560 0.0503
reflexes with I > 20() 3585 7356 1432

z, y (weighting scheme) 0.0338, 0.5078 0.0726, 1.0605 0.0338, 0.2823
hydrogen refinement a b b

Flack parameter —0.2(4) —0.1(5) —1(2)
parameters 320 602 155

restraints 0 9 0

R(Fons) 0.0398 0.0551 0.0417

Ry (F5) 0.0858 0.1488 0.0840

S 1.062 1.077 1.062

shift /errormax 0.001 0.005 0.001

max. electron density/e A3 0.145 0.460 0.168

min. electron density/e A3 —0.152 —0.341 —0.147

& Coordinates of hydrogen atoms bonded to aqua ligands were refined freely, all other hydrogen atoms
were calculated in idealized positions, riding on their parent atoms. ® Coordinates of hydrogen were
calculated in idealized positions, riding on their parent atoms.
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C. Crystallographic Tables

Table C.3. Crystallographic data of *Cy-B-D-lyz-dHexp1NPh-0.33H,0 (7) and [Pd(en)(*C1-B-
D-XylpINMe2H _1-k N1 k0?)]104-4H,0 (8).

compound 7 8

empirical formula 037H55N3 013 CgH261N3010Pd
M, /g mol~! 749.84 557.62

crystal system orthorhombic orthorhombic
space group P2,212; P2,2:2;

a/A 6.9077(2) 6.1659(2)

b/A 18.1692(6) 13.3545(5)
c/A 29.7678(9) 20.2868(9)
a/° 90 90

B8/° 90 90

v/° 90 90

V /A3 3736.1(2) 1670.47(11)

7 4 4

p/g cm™3 1.333 2.217
p/mm=1 0.101 3.013

crystal size/mm 0.10x0.08x0.03 0.09%0.07x0.03
temperature/K 100(2) 100(2)
diffractometer Bruker D8Venture Bruker D8Venture
radiation MoK 4 MoK 4

anode rotating anode rotating anode
rate input/kW 2.5 2.5

6 range/° 3.155-25.70 3.212-27.15
reflexes for metric 9847 7322
absorption correction multi-scan multi-scan
transmission factors 0.7006-0.7453 0.6897-0.7455
reflexes measured 100757 66324
independent reflexes 7146 3693

Rint 0.0592 0.0416

mean o(I)/I 0.0317 0.0213
reflexes with I > 20(I) 6465 3602

z, y (weighting scheme) 0.0307, 1.4989 0.0114, 0.5094
hydrogen refinement a a

Flack parameter 0.8(3) —0.004(8)
parameters 501 248

restraints ) 9

R(Fops) 0.0355 0.0138

Ry (F2) 0.0802 0.0309

S 1.060 1.070

shift /errormax 0.001 0.002

max. electron density/e A3 0.195 0.437

min. electron density/e A3 —0.176 —0.367

& Coordinates of hydrogen atoms bonded to aqua ligands were refined freely, all other hydrogen atoms
were calculated in idealized positions, riding on their parent atoms.
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