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Abstract: It is shown by *H and 13C NMR spectroscopy (1D and 2D) that 8-N-propylgalactosylamine (Sa)
is the major species present in an equimolar aqueous solution of D-galactose (1a) and propylamine (PA).
In equimolar solutions of aldohexoses (1a-c) and cthylenediamine (EN) or 1,3-diaminopropane (DAP) in
addition to mono- (9) and diglycosylamines (12) tetra-imidazole (8, n=1) and hexahydropyrimidine
derivatives (8, n=2), respectively, are formed. Hydrogenation of equimolar solutions of aldohexoses (1a-c)
and primary amines (PA, EN, and DAP) at 100 atm. and 50 °C, using 5% Pt on carbon as the catalyst, gave
amino sugars 13-16 in good yields. Carboxymethylation of 14a-b resulted in sugar based EDTA type
complexing agents (17a-b) with promising chelating abilities towards Cd(IT) and Ca(II) at high pH.

INTRODUCTION

There are a variety of synthetic pathways leading towards 1-(alkyl)-amino-1-deoxyalditols!, of
which catalytic reductive amination of reducing carbohydrates through the action of a (noble) metal
catalyst is the most used one??, A direct, commercially applied, route to 1-amino-1-deoxy-D-glucitol, is
the reductive amination of D-glucose with ammonia using a fixed-bed Ni catalyst'?, The synthesis of 1-
alkylamino-1-deoxy-D-glucitol has been described as a two-step process in which the first step is the
formation of the N-alkylglycosylamine which is then hydrogenated in the second step in the presence
of a Ni catalyst!!, Catalytic reductive aminations of several disaccharides have also been reported.
Isomaltamine, the equimolar mixture of D-glucopyranosyl-a(1,6)-2-amino-2-deoxy-D-mannitol and its D-
glucitol (sorbitol) analog, is obtained by reductive amination with ammonia or hydrazine of isomaltulose,
an isomerization product of sucrose, using Raney Ni as the catalyst'2. 1-Amino-1-deoxyalditols derived
from cellobiose, lactose and maltose were synthesized via reductive amination with benzylamine and
subsequent catalytic removal of the benzyl group at atmospheric pressureB. N-alkyllactamines are
obtained by a similar two-step proces as mentioned above using either Raney Ni or Pd (10%) on carbon
as the catalyst. Higher yields, however, were obtained by reduction with NaBH4l4.

N-alkyl substituted amino sugar derivatives are readily biodegradable and do not cause any skin
irritant effects and are therefore being studied as new components for detergents and cosmetics®,

Further potential applications are as surfactants'5, polymers!S, sweeteners!” and as liquid crystalline
p pp q
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compoundsls.

In this paper we report the reductive amination of the aldohexoses D-galactose (1a), D-mannose
(1b), and D-glucose (1¢) with propylamine (PA), ethylenediamine (EN) and 1,3-diaminopropane (DAP)
through the action of a Pt catalyst. The equilibria and species involved in these reactions are investigated
with the aid of 'H and 3C NMR. The amino sugars obtained by reductive amination with EN are
converted into EDTA (ethylenediaminetetraacetate) type complexing agents by carboxymethylation. The
Cd(1I) and Ca(II) sequestering capacities of the newly synthesized ligands are given.

RESULTS AND DISCUSSION

Study of Aqueous Solutions Containing Aldohexoses and Primary Amines

Upon addition of an equimolar amount of PA to an aqueous solution of an aldohexose, a new
set of signals appeared in the 13C NMR spectrum next to the signals of the starting compounds. These
signals have to be ascribed to an adduct of the amine and the aldohexose. Characteristically this new
species has a signal at about 90 ppm and no signal for an imine function (6§ = 150 - 170 ppm). In order
to elucidate its structure, the system D-galactose (1a)/ PA was studied in more detail. The possible

equilibria involved are outlined in Scheme 1.
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The first step is a nucleophilic addition of the primary amine onto the acyclic form (2a) yielding
the acyclic carbinolamine (3a). This latter species can be in equilibrium with the imine (4a) and/ or with
the N-propylgalactosylamine (5a). As no imine is observed, the new species present in solution is either
3a or 5a. In a 0.5 M solution of D-galactose containing an excess of PA ( 5 eq., pH= 11.6) a nearly
OIS CHIRTS Ul S EHUTRA R IR TR SRS ok Pt Tie B o 1 RMR pecemeress
«©f 1mis componnd are summarnzed 1 Iane ).

It is known that free alditols in water prefer a planar carbon thain except when this results in a
1,3 paraliel arrangement of twa C-G bonds**2®, Therefore when carbinotamine 3a wouid be present in
solustion e wupling vwnsem 753 4 208 75 4 s would be wbou £ w18 H, vespectively, which & ot
in agresment with the abserved vatues. Since the Ty ;7 coupting canstants of the carbatydrate maiety
closely resemble those of D-galactose?, it can be concluded that the compound formed is N-propyl-
galactosylamine (5a). The large diaxial H,-H, coupling constant (3JL2 = 9.2 Hz) shows that we are
dealing with the 8-anomer which strongly prefers the 4C1 conformation?,

Pure 5a could be obtained by reacting D-galactose (1a) with 1.1 eq. PA in a minimum amount

Table 1. NMR Data of B-N-propylgalactosylamine (5a) in D,O at pH 11.6 and 25 °C*

Chemical shifts (ppm)

1 2 3 4 5 6a 6b 1'a 1'b 2’ 3
Beb 916 721 753 706 774 627 627 485 485 238 126

1H® 389 338 355 387 358 369 373 279 257 143 085

H-H coupling constants (Hz)

J(1,2) = 9.2 J(5.6a) = 7.6 J(1'a2'a) = 8.7 2'3') =15
J23) = 98 J(5,6b) = 43 J(12,2'b) = 6.6
I(34) = 3.7 J(6a,6b) = -12.0 J(1'b2'a) = 6.1
J@45) = 12 J(1'a,1’b) = -11.6 J(1’b2'b) = 85

2 obtained from a sample prepared from 0.5 M D-galactose (1a) and 2.5 M PA
® 100.6 MHz
€ 400 MHz
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of water?®. After 2h the N-propylgalactosylamine crystallized from the reaction mixture. Dissolution of
pure Sa (0.55 M) resulted, after 1h, in a mixture with the same composition as that obtained when D-
galactose (1a) and PA (0.55 M) were mixed in equimolar amounts, demonstrating that the
thermodynamic equilibrium was reached. When the pH of equimolar mixtures of aldohexoses and
primary amines was lowered the molar concentration of the starting aldohexose and primary amine
increased. At low pH (<6) a complete hydrolysis to the starting aldohexose and primary amine
occurred>26,

Since in the solutions studied only 1a and 5a were observed, we suppose that the ring opening of
these compounds is rate determining in the establishment of the equilibrium. The equilibrium is reached
relatively slow starting from Sa. Therefore, the ring opening of 5a is probably slower than that of 1a,
which is consistent with the molar ratio 5a/ 1a in the equilibrium (see Table 2).

In equimolar solutions of aldohexoses and the bifunctional amines EN or DAP similar species were
observed by 13C NMR, but in addition to that two other new compounds could be detected. One of them
resembled that of the glycosylamines (see e.g. Table 1). The relative intensities of the signals for this
compound as a function of the molar ratio aldohexose,/ amine suggested that it was the diglycosylamine.
In the case of EN this was supported by characteristic signals at 46 and 90 ppm, for the ethylenediamine
function and C1, respectively. Because of the S,-symmetry of the diglycosylamine, the methylene groups
of the ethylenediamine unit give only a signal at 46 ppm. The 13C resonances in the carbohydrate region
(60 - 80 ppm) of the diglycosylamine coincide with those of the monoglycosylamine. The diglycosylamines
derived from aldohexoses and DAP similarly show characteristic resonances at 30 (8-CH,), 44 (a-CH,),
and 90 ppm (C1). The 13C resonances in the carbohydrate region of the DAP derived diglycosylamines
also coincide with those of the corresponding monoglycosylamines. Diglycosylamines derived from D-
glucose and ammonia already have been described, but no spectral data have been reported up to now?’.
In an equimolar solution of D-galactose (1a) and DAP the other new species is the major component
(see Fig 1). The signals at 39.8 and 35.6 ppm are corresponding to DAP. The resonances with the highest
intensities at 73.1, 72.9, 71.8, 71.0, 70.9, 64.8, 45.8, 45.7, and 27.0 ppm indicate the presence of a
hexahydropyrimidine derivative (8a, n=2; see Scheme 2). Due to the presence of the chiral carbohydrate
moiety the a-methylene carbons are not equivalent resulting in two resonances (45.8 and 45.7 ppm), the
signal for the 8-methylene group of the heterocyclic ring is located at 27.0 ppm The chemical shift of
C6 (64.8 ppm) is characteristic for alditol derivatives?. In solutions of aldohexoses and EN a similar
species is observed, but in a much lower concentration. Consequently the signals were difficult to observe
in this case, especially in the carbohydrate region signals do overlap. The C6 resonance at 64 ppm and
the (coinciding) NCH,CH,N signals at 46 ppm, however, were easily observed.

On the basis of the species identified, it can be concluded that, for example, the equilibria given
in Scheme 2 occur in solutions of D-galactose (1a) and EN (n=1) or DAP (n=2). The imine 7a is

formed after elimination of water from the carbinolamine 6a. Nucleophilic attack of the primary amino
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group on the imine C-atom results in the formation of 8a. The nucleophilic attack of the C5 hydroxyl
group results in the galactosylamine 9a, which is in equilibrium with the digalactosylamine 12a via

intermediates 10a and 11a.

75 70 65 Ppm

T T T T T T T T r LGRS s

45 40 3s 30 pPpm

Figure 1. 100.6 MHz 3C NMR spectrum of 0.5 M D-galactose (1a) and 0.5 M DAP in D,O at pH
11.7 and 25 °C. * internal standard (t-BuOH).

The equilibria of D-galactose (1a) or D-mannose (1b) with the primary amines PA, EN, and DAP
are established relatively fast (0.5h) compared to those of D-glucose (1¢) (7h) with these primary amines.
At 50 °C the equilibria for D-glucose (1c) were reached in 1.5 h. A decrease of the N-glycosylamine
concentration occurred after 2h due to non-enzymatic browningzs. Also in solutions containing D-
galactose (1a) or D-mannose (1b) and primary amines non-enzymatic browning occurred after 2h at 50
°C.



8108 H. LAMMERS et al.

HO_ _N
o 0 '53:\"1: —Nfi;/'"‘
o &Nf\}k’“ oH 0 — M
—n O ————— HO ——— )
HO e T =
on A OH Ho Ho HRO
oH ] — OH
] OH — OH
1o 26 % 7a
/S
oH OH y

%
gx] i
s
7

¢!

100

o
»%kﬁﬂ;\ = X%%,W %m

11a

28

120

g g

Scheme 2

The speciations in aqueous solutions of aldohexoses and mono- and bifunctional amines as
determined at pH 11.6 by quantitative BBC NMR are summarized in Table 2. The results show that the
hexahydropyrimidines (8a-c, n=2) are thermodynamically more stable than the tetrahydro-imidazole
derivatives (8a-c, n=1),

Table 2. Distribution of Aldohexoses and Derivatives in Equimolar Solutions of Aldohexoses and Amines
(mol %) at pH 11.6 and at room temperature.

aldohexose amine 1 S 8 9 12
la PA 30 70
la EN S 10 60 25
1a DAP 10 60 25 5
ib PA 25 75
1b EN 10 10 60 20
1b DAP 10 55 25 10
1c PA 25 75
1c EN 15 5 60 20

1c DAP 10 30 45 15
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Reductive Amination of Aldohexoses with Mono- and Bifunctional Amines

All reductive aminations were carried out at 50 °C in aqueous medium (0.55 M based on aldohexose)
using 5% platinum supported on carbon as the catalyst using a hydrogen pressure of 100 atm. Similar
reaction conditions were applied for the synthesis of dialditylamines via hydrogenation of the
corresponding aldoximes®. Heating of the reaction mixture prior to hydrogenation must be carried out
in the absence of catalyst in order to avoid dehydrogenation of the aldohexose towards the corresponding
aldonic acid®, At temperatures above 50 °C non-enzymatic browning occurred during hydrogenation.
From 13C NMR data of the hydrogenated products it can be concluded that during the reductive
amination there is retention of configuration of the polyhydroxy chain.

The reductive amination of a 0.55 M D-galactose (1a) solution with 1 mol equivalent PA was
monitored by quantitative 1Bc NMR using dioxane as the internal standard (Figure 2a). The
hydrogenation, was started immediately after mixing D-galactose and PA, and was completed within 2
h. Under the reaction conditions applied a considerable amount of D-galactitol is obtained (15 mol %)
as a result of the direct hydrogenation of D-galactose. The molar ratio of 13a/ alditol in the final product
is higher than that of 5a/ 1a at t= 0, and the hydrogenation rate of Sa is higher than that of la.
Apparently conversion of 1a into 5a (see Scheme 1) is relatively fast with respect to the hydrogenation
rates.

The non-enzymatic browning, as mentioned earlier, is observable after 2 h at 50 °C. At higher reaction
temperatures considerable browning was observed, which was expected since it is known that the rate

of non-enzymatic browning has an exponential dependence on the tcmperaturezs.

100 100
Mol *% Mol */
75 75
50 50
25 25
0 0
time (h) time (h)
Figure 2a Figure 2b

Product distribution of the hydrogenation of an equimolar mixture (0.55 M) D-galactose (1a)
and propylamine (Figure 2a) and of a 0.55 M solution N-propyl-galactosylamine (5) (Figure 2b);
(O N-propylgalactosylamine (5);0 D-galactose (1a); x 1-Deoxy-1-(propylamino)-D-galactitol (13a);

a D-galactitol),
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The hydrogenation of a 0.55 M solution of 5a in water was also followed by quantitative 3C NMR
(Figure 2b). During hydrogenation the concentration of 1a initially increases due to the hydrolysis of 5a
and a relatively low hydrogenation rate of 1a. The hydrolysis of 5a, however, is rather slow resulting in
a higher molar ratio Sa/la at the initial stage of the hydrogenation in comparison with the above
described reaction starting from an equimolar sugar/amine solution, and consequently the molar ratio
of 13a/ galactitol in the final product is higher in this case. This behaviour is in agreement with the
conclusion of the speciation studies on solutions of 1a and PA, that ring opening of 5a is relatively slow
with respect to that of 1a.
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Scheme 3

The reductive amination of 1a-¢ with 1 mol equivalent PA gave the corresponding amino sugars 13a-c
in good yields (70%), when a 5-fold excess of amine was used higher yields (85%) were obtained
(Scheme 3). Using 1 mol equivalent EN in the reductive amination resulted in mixtures of mono- and
diadducts (and alditol). The monoadducts 14a-c and diadducts 16a-c were obtained in yields of 55%, and
15%, respectively. All compounds were isolated as white solids except 14¢ which was obtained as a syrup
from which sorbitol could not be removed. The ratio mono-/diglycosylamine in the starting solutions of
aldohexoses and EN closely resembles the ratio mono-/diadduct in the hydrogenated products. Since the
equilibration of D-glucose with EN is rather slow (7h at 25 °C), hydrogenation must start after the
equilibration is completed. Hydrogenation before equilibrium is reached results in different product
compositions and lower yields of the amino sugars. The product composition can be altered in favour
of the monoadduct by application of 5 mol equivalents of EN. This resulted in higher yields (75%) of
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14a-c, compound 1l4c was still obtained as a syrup containing sorbitol. The amino sugars 15a and 15b

were obtained in 50% yield by reductive amination of D-galactose (1a), and D-mannose (1b), respectively

with 5 mol equivalents DAP.

Cadmium(Il) and Calcium(ll) Sequestering Capacities of the Compounds

Carboxymethylated Adducts 17a-b

their

The monoadducts 14a-b were carboxymethylated using bromoacetate with a yield of 45% (Scheme

4). The thus obtained compounds 17a-b are EDTA type complexing agents in which one of the acetate
groups is substituted by a sugar moiety. In Table 3 the Cd(II) and Ca(Il) sequestering capacities (CdSC
and CaSC, respectively) of the ligands 14a-b, 15a-b, and 17a-b and EDTA at pH 11.6 are presented.
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The monoadducts 14a-b are poor Ca(lII) sequestrants, attachment of the acetate groups increases their

Table 3. Cadmium(II) and Calcium(IT) Sequestering Capacities in mg/gram (mol/mol) Ligand at pH

11.6 and at room temperature.

ligand CdsC CaSC
14a 224 (04) 20 (0.1)
14b 279 (0.7) 8 (0.04)
15a 82 (02) 10 (0.05)
15b 68 (0.1) 15 (0.08)
17a 225 (09) 90 (1.0)
17b 226 (09) 86 (L0)
EDTA 342 (10) 142 (13)
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Ca(II) sequestering abilities significantly. The ligands 14a-b possess good CdCS abilities, the attachment
of acetate groups did not improve the Cd(II) complexing abilities as much as with the sequestering
capacities of the hard Ca(II)*! cation, The CaSC of 15a-b are comparable with those of ligands 14a-b.
The CdSC of 15a-b are significantly lower than those of 14a-b. The decrease in complex stability of the
Cd(IT) complexes caused by increase of the chelate ring size from five- to six-membered can be ascribed
to an enthalpy effect>?. The strong CdSC and CaSC of the sugar-based EDTA type ligands 17a-b can
be ascribed to additional coordination of one of the hydroxyl groups of the polyhydroxy chain besides
the coordination of the nitrogen-atoms and carboxylate groups. Further studies on the structures of these

complexes are in progress33.

CONCLUSIONS

The major species present in equimolar aqueous solutions (0.55 M) of aldohexoses and PA or EN are
the N-alkylglycosylamines, with DAP as the amine hexahydropyrimidines are predominant.
Hydrogenation of the aqueous solutions with the primary amines (PA, EN, and DAP) at 50 °C and 100
atm. H,, using a 5% Pt on carbon catalyst, gave the desired amino sugars in good yields. The amino
sugars 14a-b obtained by reductive amination of 1a-b with EN can be carboxymethylated to give the
sugar based EDTA type complexing agents 17a-b, which show promising Cd(II) and Ca(II) sequestering
properties at high pH.

EXPERIMENTAL SECTION

The 13C NMR spectra were recorded at 50.3 MHz with a Nicolet NT-200 WB NMR spectrometer
or at 100.6 MHz with a Varian VXR-400 S NMR spectrometer with D,O/H,O (4:1 v/v) as the solvent
and t-butanol as the internal reference (§ (ppm): 31.2 (methyl)). The quantitative 3C NMR spectra were
recorded with 45° flip angle, an acquisition delay of 30 s, 32 K datapoints with 'H decoupling during the
acquisition only. Product ratios were determined by deconvolution of the 13C signals using Lorentzian
line shapes. 'H NMR spectra were recorded using the Varian VXR-400 S NMR spectrometer with
D,0/H,0 (4:1v/v) as the solvent and t-butanol as internal reference (§ (ppm); 1.20. The complete H
and 3C NMR analysis of 5a was carried out by means of H homonuclear correlation spectroscopy, 4.
13¢ chemical shift correlation spectroscopy (HETCOR) and selective proton decoupling experiments.
With J-resolved 2D NMR the 3JH_H coupling constants (first order systems) could be determined. FAB
mass spectra were obtained with a VG 70-250 SE mass spectrometer.

The starting materials were all purchased from Janssen Chimica. The hydrogenations were carried
out in a 300 m! Hastelloy C276 autoclave model 4562, manufactured by Parr. The autoclave was
equipped with a motor-driven impeller stirrer, a sampling device and a temperature programming system
(M 4841 Parr). The aldohexose/ amine solutions were thermostatted at 50 °C by a water bath before
transferring to the autoclave. The catalyst (5% Pt/C) was added and the mixtures were hydrogenated
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for 12 h at 100 atm. H, and 50 °C. After hydrogenation the catalyst was filtered off, the solvent and
amine were removed by evaporation. Purification of the reaction product was carried out by
recrystallization. When using DAP, the amine could not removed by evaporation. The products derived
from DAP crystallized upon addition of MeOH to the crude reaction mixture after removal of the
solvent. The quantitative 3C NMR analyses have been carried out with 3 ml samples taken at certain
intervals. From the samples the catalyst was removed by centrifugation, 0.8 ml D,O was added and then
the 13C NMR spectrum was measured. Dioxane was used as internal standard (& (ppm): 66.6. The pH
values given are direct meter readings.

Metal-ion sequestering capacities were determined according to a procedure used by AKZO Chemical
Research Center Deventer’* or according to Mehitretter et al>>. Cadmium(Il) and calcium(II)
sequestering capacities, at ambient temperature, were determined by adding a solution of Cd(II) or
Ca(II) chioride to a solution containing approximately 100 mg ligand. The CdSC and CaSC were
determined at pH 11.6 using NaOH/ Na,CO, as indicator. As endpoint of a titration the first turbidity
that not disappeared within 30 seconds was taken. The estimated errors in the metal-ion sequestering
capacities are 20%.

1-Deoxy-1-(propylamino)-D-galactitol (13a). To a mixture of 15 g (83 mmol) D-galactose (1a) and 24.6
g (417 mmol) PA dissolved in 150 ml H,O 2 g catalyst were added. Recrystallization of the hydrogenated
mixture from MeOH/H,0 (9/1) and drying in vacuo yielded 15.8 g (85%) pure 13a. 'H NMR (pH =
10.7): & (ppm) 3.98 (ddd, 1H, H2, J,,, =8.7 Hz, J,,, =4.2 Hz, J,; =1.6 Hz); 3.92 (m, 1H, H5, J, =14
Hz, J5¢ =6.7 Hz); 3.65 (d, 2H, H6); 3.62 (dd, 1H, H4, J,5= 9.3 Hz); 3.54 (dd, 1H, H3); 2.75 (dd, 1H,
Hila, Jj 3= -12.7 Hz); 2.67 (dd, 1H, H1b); 2.55 (m, 2H, HY’, J;,,14, = -11.7 Hz); 1.45 (m, 2H, H2', J»p, =
7.3 Hz); 0.88 (t, 3H, H3"). 3C NMR (pH = 11.6): § (ppm) 72.4, 71,7, 71.0 (C3, C4, C5); 69.9 (C6); 52.9,
51.9 (C1, CT’); 23.3 (C2’); 12.6 (C3’). FAB-MS (glycerol matrix): m/z 224 (M + H™*).

1-Deoxy-1-(propylamino)-D-mannitol (13b). The procedure described for 13a was followed. From 15
g (83 mmol) D-mannose (1b) 15.3 g (82 %) pure 13b was obtained. 'H NMR (pH = 10.5): § (ppm) 3.81
(dd, 1H, Héa, J,5 =2.4 Hz, J6a,6p =-11.6 Hz); 3.78-3.66 (m, 4H, H2, H3, H4, H5); 3.61 (dd, 1H, Héb,
Jobs =5.9 Hz); 2.87 (dd, 1H, Hla, Jy;; =4.0 Hz, J,,y, =-12.7 Hz); 2.62 (dd, 1H, H1b, J,, =8.3 Hz);
2.54-2.50 (m, 2H, HY’); 1.46 (m, 2H, H2’, J,.,, =7.3 Hz); 0.88 (1, 3H, H3"). 13C NMR (pH = 104): &
(ppm) 72.9, 72.4, 70.9 (C3, C4, CS); 70.4 (C2); 64.8 (C6); 52.5, 51.8 (C1, C1'); 22.7 (C2’); 12.4 (C3).
FAB-MS (glycerol matrix): 224 (M + H*).

1-Deoxy-1-(propylamino)-D-glucitol (13c). The procedure described for 13a was followed. From 15 g
(83 mmol) D-glucose (Ic) 14.8 g (80%) pure 13c was obtained. 'H NMR (pH = 10.6): § (ppm) 3.85
(ddd, 1H, H2, J5;, =3.7 Hz, J5yy, =8.1 Hz, J,3 =6.0 Hz); 3.78 (dd, 1H, H6a, J¢,q, =-11.7 Hz, J,5 =2.9
Hz); 3.72 (m, 1H, HS, Jsq, =6.3 Hz, J54 =8.1 Hz); 3.70 (dd, 1H, H3, J,4 =2.1 Hz); 3.60 (dd, 1H, H6b);
3.59 (dd, 1H, H4); 2.70 (dd, 1H, H1a, J;,;,, =-12.7 Hz); 2.61 (dd, 1H, H1b); 2.54 (dt, 1H, HI'a, J;», 1y
=-11.7Hg, 1,5 =7.3 Hz); 249 (dt, 1H, HI’b, J,5y,, =7.3 Hz); 1.45 (m, 2H, H2’, J,.,, =7.3 Hz); 0.88 (1,
3H, H3). BC NMR (pH = 11.6): § (ppm) 72.6 (broad, C3, C4, C5); 72.4 (C2); 64.4 (C6); 51.9, 51.8 (C1,
C1’); 23.2 (C2’); 12.5 (C3'). FAB-MS (glycerol matrix): 224 (M + H*).

1-(2-Aminoethylamino)- 1-deoxy-D-galactitol (14a). To a mixture of 10 g (S5 mmol) D-galactose (1a)
and 16.7 g (278 mmol) EN dissolved in 100 ml H,O 1.5 g catalyst was added. Recrystallization of the
hydrogenated mixture from MeOH/H,O (1/1) and drying in vacuo yielded 9.3 g (75 %) pure 14a. ¢t
NMR (pH = 10.5): § (ppm) 3.97 (ddd, 1H, H2, J,,, =4.2 Hz, J,;;, =8.8 Hz, J,; =1.5 Hz); 3.92 (dt, 1H,
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H3, J56 =6.0 Hz, J5, =1.5 Hz); 3.63 (d, 2H, H6); 3.61 (dd, 1H, H4, J3, =9.3 Hz); 3.54 (dd, 1H, H3); 2.77
(dd, 1H, H1a, J;,, =-12.6 Hz); 2.66 (dd, 1H, H1b); 2.74-2.60 (m, 4H, HI’, H?). BCNMR (pH = 11.7):
§ (ppm) 72.5, 71.8, 71.1 (C3, C4, C5); 70.0 (C2); 64.8 (C6); 53.0 (C1); 52.0 (C1’); 41.4 (C2'). FAB-MS
(glycerol matrix): 225 (M + H*).

1-(2-Aminoethylamino)- 1-deoxy-D-mannitol (14b). The procedure for 14a was followed. From 10 g (55
mmol) D-mannose (1b) 9.0 g (72 %) pure 14b was obtained. 'H NMR (pH = 10.5): § (ppm) 3.81 (dd,
1H, Hba, Jg,5 =2.5 Hz, Jg,q, =-11.6 Hz); 3.75 (m, 1H, H2, J;;, =3.7 Hz, J5,;, =83 Hz); 3.70 (m, 3H,
H3, H4, HS); 3.61 (dd, 1H, Héb, Jg,5 =5.6 Hz); 2.90 (dd, 1H, Hla, J,,;, =-12.7 Hz); 2.64 (dd, 1H,
H1b); 2.78-2.66 (m, 4H, H1’, H2’). 3C NMR (pH = 11.4): § (ppm) 72.9, 72.4, 70.9 (C3, C4, C5); 70.8
(C2); 52.8 (C1); 51.4 (CI’); 41.1 (C2’). FAB-MS (glycerol matrix): 225 (M + H*).

1-(2-Aminoethylamino)- 1-deoxy-D-glucitol (14c). The procedure for 14a was followed. From 10 g (55
mmol) D-glucose (1c) 9.0 g of a mixture containing 14c and sorbitol was obtained as a syrup. Estimated
yield of 70% based on quantitative 3C NMR. 13C NMR (pH = 11.4): § (ppm) 72.7 (broad, C3, C4, CS);
72.5 (C2); 64.4 (C6); 52.0, 51.9 (€1, CY’); 41.4 (C2)).

1-(3-Aminopropylamino)-1-deoxy-D-galactitol (15a). To a mixture of 10 g (55 mmol) D-galactose (1a)
and 20.6 g (278 mmol) DAP 1.5 g catalyst was added. Removal of the solvent and subsequent addition
of MeOH to the remaining solution resulted in the precipitation of 15a. After filtration and drying in
vacuo 6.0 g (45%) pure 8a was obtained. 'H NMR (pH = 10.4): § (ppm) 3.97 (dd, 1H, H2, J,,, =8.7
Hz, J,y, =4.0 Hz, J3 =1.4 Hz); 3.92 (m, 1H, H5, J54 =6.6 Hz, J5, =1.2 Hz); 3.65 (d, 2H, H6); 3.61 (dd,
1H, H4, J ;3 =9.3 Hz); 3.55 (dd, 1H, H3); 2.76 (dd, 1H, Hla, J,,,,, =-12.5 Hz); 2.67 (dd, 1H, H1b); 2.62
(m, 4H, HY’, H3"); 1.61 (m, 2H, H2"). 3C NMR (pH = 11.4): § (ppm) 72.5, 71.8, 71.1 (C5, C4, C3); 70.0
(C2); 64.8 (C6); 53.0, 47.7, 40.1 (C1, CT’, C3’); 32.7 (C2"). FAB-MS (glycerol matrix): 239 (M + H*).

1-(3-Aminopropylamino)-1-deoxy-D-mannitol (15b). The procedure described for 15a was followed.
From 10 g (SSmmol) D-mannose (1b) 6.4 g (48%) pure 15b was obtained. 'H NMR (pH = 10.6): &
(ppm) 3.80 (dd, 1H, H6a, Jg,5 =2.6 Hz, J5.q, =-11.9); 3.82-3.66 (m, 4H, H2, H3, H4, H5); 3.61 (dd, 1H,
Héb, Jg,s =5.8 Hz); 2.87 (dd, 1H, Hla, J,,, =3.8 Hz, J,,,,, =-12.5 Hz); 2.63 (dd, 1H, H1b, J;, = 8.1
Hz); 2.67-2.57 (m, 4H, HT’, H3"); 1.66-1.54 (m, 2H, H2"). 3C NMR (pH = 11.4): § (ppm) 73.0, 72.4,
71.0 (C3, C4, C5); 70.9 (C2); 64.8 (C6); 52.8, 47.7, 40.2 (C1, C1’, C3’); 32.9 (C2'). FAB-MS (glycerol
matrix): 239 (M + H™).

N,N’-ethylenedi- (1-imino-1-deoxy-D-galactitol) (16a). To a mixture of 10 g (55 mmol) D-galactose (1a)
and 3.33 g (55 mmol) EN 1.5 g catalyst was added. Recrystallization of the hydrogenated mixture from
MeOH and drying in vacuo yielded 1.62 g (15%) pure 16a. 'H NMR (pH = 10.3): § (ppm) 3.99 (ddd,
2H, H2, J;;, =88 Hz, J,,, =4.1 Hz, Jp3 =1.6 Hz); 3.92 (dt, 2H, H5, J55 =6.0 Hz, J5;, =1.6 Hz); 3.64
(d, 4H, H6); 3.62 (dd, 2H, H4, J,; =9.4 Hz); 3.55 (dd, 2H, H3); 2.80 (dd, 2H, H1a, J,,;;, =-12.6 Hz);
2.68 (dd, 2H, H1b); 2.80-2.70 (m, 4H, HI’). 13C NMR (pH = 11.2): § (ppm) 72.5, 71.8, 71.1 (C3, C4,
C5); 70.0 (C2); 64.8 (C6); 53.0, 49.1 (C1, C1’). FAB-MS (glycerol matrix): 389 (M + H*).

N,N'-ethylenedi-(1-imino- I-deoxy-D-mannitol) (16b). The procedure for 16a was followed. From 10 g
D-mannose (1b) 1.2 g (11%) pure 16b was obtained. 1H NMR (pH = 10.2): § (ppm) 3.81 (dd, 2H, Hé6a,
Jgas =2.7 Hz, Jg,q, =-11.8 Hz); 3.78-3.68 (m, 8H, H2, H3, H4, H5); 3.62 (dd, 2H, Hé6b, Jg,5 =5.6 Hz);
2.94 (dd, 2H, H1a, J,,, =3.5 Hz, J,,;, =-12.6 Hz); 2.85-2.75 (m, 4H, HY’); 2.68 (dd, 2H, H1b, J;;, =8.3
Hz). 3C NMR (pH = 11.3): § (ppm) 72.9, 72.3, 70.9 (C3, C4, C5); 70.6 (C2); 64.8 (C6); 52.9, 48.9 (C1,
CT’). FAB-MS (glycerol matrix): 389 (M + H*).

N, N’-ethylenedi-(1-imino-1-deoxy-D-glucitol) (16c). The procedure for 16a was followed. From 10 g (55
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mmol) D-glucose (1I¢) 1.1 g (10%) pure 16¢ was obtained. 1H NMR (pH = 10.3): § (ppm) 3.87 (ddd, 2H,
H2, J,,, =3.7 Hz, Iy, =85 Hz, J,; =2.1 Hz); 3.78 (dd, 2H, H6a, Jg,q, =-11.7 Hz, J,5 =3.0 Hz); 3.73
(dd, 2H, HS, Jsq =6.2 Hz, J5, =8.1 Hz); 3.71 (dd, 2H, H3, I3, =2.1 Hz); 3.60 (dd, 2H, Héb); 3.59 (dd,
2H, H4); 2.76 (dd, 2H, H1a, J;,;, =-12.6 Hz); 2.70-2.75 (m, 4H, HY’); 2.68 (dd, 2H, H1b). 3C NMR
(pH = 11.4): § (ppm) 72.6, 72.5 (C3, C4, C5); 72.3 (C2); 52.0, 49.1 (C1, C1’). FAB-MS (glycerol matrix):
380 (M + HY).

1-Deoxy-1-(2-aminoethylamino)-D-galactitol-N-triacetate (17a). In 40 ml H,O 2 g (9 mmol) 14a and
7.45 g (54mmol) bromoacetic acid were dissolved. The pH was raised to 11 with LiOH. The reaction
mixture was heated for S h at 90 °C. The reaction mixture was concentrated in vacuo and fractionated
on a Dowex S0W (H™) cation exchange column. A gradient was applied from 0 to 0.7 M NH,OH. The
fractions were concentrated, 1.74 g (43 %) pure 17a was obtained. >C NMR (pH = 1.5): § (ppm) 172.3,
172.2 (-CH,COOH); 71.9, 71.6, 70.9 (C3, C4, CS); 67.3 (C2); 64.8 (C6); 59.6 (-CH,COOH); 58.9 (2 x
CH,COOH); 58.1, 53.1, 52.8, (C1, CT’, C2’). FAB-MS (glycerol matrix): 399 (M + H*).

1-Deoxy-1-(2-aminoethylamino)-D-mannitol-N-triacetate (17b). The procedure described for 10a was
followed. From 2 g (14b) (9 mmol) 1.76 g (44%) pure 17b was obtained. 3C NMR (pH = 1.6): & (ppm)
176.3, 176.0 (-CH,COOH); 72.7, 72.4, 70.6, (C3, C4, C5); 68.1 (C2); 64.8 (C6); 59.8 (-CH,COOH); 59.0
(-CH,COOH); 58.2, 53.2, 52.6, (C1, CY’, C2’). FAB-MS (glycerol matrix): 399 (M + H*).
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