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Reduction of fB-lactosylnitromethane, B-cellobiosylnitromethane, and
B-maltosylnitromethane with ferrous hydroxide in situ afforded B-lactosyl-
methylamine, B-cellobiosylmethylamine, and f-maltosylmethylamine. In the
prepared derivatives the primary amino group, in comparison to the primary
hydroxyl group, causes a shift of the ?°C NMR signal of the a-carbon towards
higher values of magnetic field. The primary nitro group in the nitro-precursors
exhibits an opposite effect. The INEPT pulse technique was used to assign the
signals of the nitromethyl carbon atoms.

BoccraHoBleHHEM [3-TaKTO3WIHHTPOMETaHa, P-1eo6HO3MIHHTPOMETA-
Ha ¥ [-MadbTO3WIHMTPOMETaHa THAPOOKHChlo xene3a(Il) in situ 6oLl
nojiyyeHbl [3-IaKTO3HIMETHIAMHH, [-LHEeJJIOOHO3WIMETHIAMUE H f-Malib-
TO3WIMeTHIaMHH. B mony4yeHHbIX COEAMHEHUAX NMEepBHYHAs aMHHOTpYIIa, MO
CPaBHEHMIO C TIEPBHYHOM THIPOKCHIILHOM Ipynnoi, Bei3biBaeT casur °C SIMP
CHrHaja a-yriepoia B CTOpOHY GoJsiee CHIBLHOro MarHuTHoro mois. IlepBuy-
Has HUTPOrpPYMNNa B HCXOMHBIX HUTPOCOEXMHEHHAX 06JafjaeT MPOTHBOMOMIOX-
HbIM 3¢pexToM. [l COOTHECEHHs! CHIHAJIOB HMUTPOMETHIILHBIX aTOMOB Yr-
nepopa 6bU1 mpuMeHeH uMIyabcHbIA MeTon INEPT.

Glycosylmethylamines, as saccharide derivatives suitable e.g. for protein
glycosylation, are known only for monosaccharides [1—4]. In a previous paper [5]
we have described an efficient way of the preparation of glycosylmethylamines by
reduction of the corresponding nitro-precursors with ferrous hydroxide in situ.
Application of this method to some disaccharides and a study of *C NMR effects
of the nitromethyl and aminomethyl groups in disaccharide and monosaccharide
derivatives form the subjects of the present communication.

A treatment of fB-lactosylnitromethane in aqueous solution with ferrous sulfate
and ammonia at 100 °C for 15 min gave B-lactosylmethylamine (I) which was
isolated from the reaction mixture in 70 % yield. The same reaction with
B-cellobiosylnitromethane or B-maltosylnitromethane afforded B-cellobiosyl-
methylamine (II) and f-maltosylmethylamine (III) in 73 % and 63 % yields,
respectively.
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Chromatographically homogeneous amino derivatives I—III, as well as
3-p-glucopyranosylmethylamine (IV), B-p-galactopyranosylmethylamine (V),
and nitro derivatives f-lactosylnitromethane (VI), [-cellobiosylnitromethane
(VII), B-maltosylnitromethane (VIII), B-p-glucopyranosylnitromethane (IX),
B-p-galactopyranosylnitromethane (X), a-p-galactopyranosylnitromethane (XI),
B-p-galactofuranosylnitromethane (XII), and a-p-galactofuranosylnitromethane
(XIIT) were subjected to *C NMR spectral measurements.

CH.,0H
2 I R,=CH;NH., R,=R.=H, R,=0H

II R1=CH2NH1, R2=R3=H, R4=OH
VI Rn =CH2N01, R2=R4=H, R3=OH
VII R,=CH.NO., R:=R;=H, Ri=0H
IV R|=CH2NH2, R2=R3=H, R4=0H
V R;=CH;NH;, R.=Rs=H, Ry;=0OH
IX R|=CH2N01, R2=RJ=H, R.=OH
X R;=CH:NO., R.=Rs=H, R;=0H
XI Rl = R4 = H, Rz = CH:NO:, Rs = OH

III R,=CH:NH, R:= H
VIII R;=CH.NO;, R;=H
XII R,=CH:NO,, R,=H
CH,0H XII R,=H, R,=CH:NO;

3C NMR chemical shifts of the carbon atoms of the CH,NH, group in
compounds I—V (Table 1) occur between 42.5 and 43.1 ppm, thus pointing to
a strong shielding effect of the amino group of the equatorial aminomethyl group.
A comparison to the chemical shifts of the equatorial hydroxymethyl groups of
these compounds shows that, due to the negative a-effect of the equatorial
aminomethyl group, the signals are shifted to higher values of magnetic field by
18.9—19.8 ppm. A similar effect of the amino group has been reported with some
other amino derivatives of saccharides [6]. Other signals were assigned on the basis
of *C NMR spectral data of unsubstituted saccharides [7]. The selective decoupling
could not be used because the 100 MHz 'H NMR spectra of all studied compounds
were of a high order.

The signals of the nitromethyl groups of derivatives VI—XIII occur in the region
of the resonance of the majority of carbon atoms of the pyranoid or furanoid rings
(Table 1). In such cases the OFF resonance technique could not be applied for the
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Table 1
13C NMR chemical shifts of compunds I—XIII and a-effects of the primary NH; and NO; groups

Chemical shift 8./ppm

a-Effect**
Compound Y

CH.R C-1 c2 €3 C4 €5 C6 C1 C2 C3 C4 C5 C-6 +/ppm
I 430 810 738 79.5* 80.1* 772 623 1042 723 723 699 767 61.7 -19.3
I 429 803 724 772 795 768 618 1038 744 772 707 768 618 -18.9
b1 429 806 73.0 79.0¢+ 79.2* 786 623 101.0 725 73.9* 70.6 741* 617 -19.4

v 425 806 726 784 710 784 623 —_— = — — — — 198
\% 431 818 704 753 701 797 629 — — — — — — -19.8
VI 777 796 738 792 792 770 623 1041 715 722 698 766 619 +15.4
viI 777 795 715 712 795 767 611 1037 744 715 707 767 619 +16.6
vl 778 794 716 77.8¢ 787 77.0+ 617 101.0 705 741 705 741 617 +16.1
IX 773 809 718 784 707 712 618 — — — — — e +15.5
X 778 801 702 750 690 778 624 — — — — — — +15.4
XI 743 747 681  70.9* 70.0* 735 622 - - — - — — +12.1
XII 73.5  79.1* 80.1* 78.1 834 721 638 — — — — — + 9.7

XII 763 860 783 779 790 723 638 — — = e e e

+12.3

R=NH, for I—V, R=NO; for VI—XIII.
* Chemical shifts can be reversely assigned.

** Calculated as a difference Ad,=8,(CH.R) — 6:(C-6),
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assignments of the signal of the nitromethyl groups since the signals of the CH, and
CH groups lie very closely or even overlap. Therefore, the INEPT pulse technique
[8] was used for their differentiation. A noise decoupled spectrum and an INEPT
spectrum of compound X is shown in Fig. 1.

As it follows from Table 1, the amino and nitro groups exhibit reverse effects on
the shift of the *C NMR signals. Due to the deshielding effect of the nitro group
the signals of the equatorial nitromethyl groups of compounds VI—X are shifted
to lower values of the magnetic field and occur between 77.3 and 77.8 ppm. The
value of the observed positive a-effect is 15.4—16.6 ppm. In the compound with
the axial nitromethyl group (compound XI) the value of the a-effect is lower by
3 to 4 ppm. Differences in the chemical shifts and a-effects were also observed
with nitromethyl groups differently bound in the furanoid structures of isomers XII
and XIII.

From the above analysis of the *C NMR spectral data of amino derivatives [—V
and nitro derivatives VI—XIII it follows that *C NMR spectra can be used for
determination of the stereochemistry of both nitromethyl and aminomethyl groups
linked to a saccharide pyranoid ring. Since >C NMR spectrometry affords also data
for amino derivatives, it appears to be a more general method for elucidation of
stereochemistry of the nitromethyl group in glycosylnitromethanes than the
method based on the measurement of circular dichroism spectra [9].

C-2 C-4

Cc-1 C-3 ‘

C-5 b

CH2N02

CH,OH .
| \ \ Fig. 1. C NMR spectra (v=25.14 MHz) of
80 70 60 B-D-galactopyranosylnitromethane (X).
q /ppm a) Noise decoupled; b) INEPT.
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DISACCHARIDE GLYCOSYLMETHYLAMINES

Experimental

Specific rotations were measured on a Perkin—Elmer 141 polarimeter and the melting
points were determined on a Kofler stage. Elemental analyses were done with an automatic
Perkin—Elmer 240 analyzer. ’C NMR spectra were recorded with a FT-NMR spectrometer
Jeol FX-100 in deuterium oxide at compound concentrations of 70 mg cm™ and room
temperature using methanol as internal standard (its chemical shift related to TMS is
50.15 ppm). Other parameters of measurements: pulse width 4 us, sweep width 2500 Hz,
flip angle 30°, repetition time 1.5 s, and average number of accumulations 2000. The puise
sequence INEPT (Jcu =130 Hz) was used to resolve the signals of the nitromethyl and
hydroxymethyl groups. All glycosylnitromethanes and monosaccharide glycosylmethyl-
amines were prepared according to the literature [5, 10].

B-Lactosylmethylamine (I)

A solution of fS-lactosylnitromethane (2 g) in water (10 cm®) was added into a stirred
boiling solution of ferrous sulfate heptahydrate (10.1 g) in water (24 cm®). While still
agitated intensively, the solution was alkalized (pH > 8) with concentrated aqueous solution
of ammonia added by portions (4 3 cm®) and then boiled for another 10 min. The alkalinity
of the solution was maintained.by addition of ammonia. The precipitate was filtered off and
washed with a 2% aqueous solution of ammonia (50cm®). The filtrate was cooled and mixed
with an anion exchanger in the hydroxide form (ca. 50 g) and the liquid phase was then
concentrated in vacuo (ca. 5 kPa) to about a half volume. The anex was removed by
filtration and washed with water (3 X 50 cm®). The filtrate was evaporated to give pure
B-lactosylmethylamine (yield=1.3 g (70 %)) which crystallized from methanol in the
atmosphere of carbon dioxide on the vessel walls as f-lactosylmethylammonium hydrogen
carbonate, m.p. 139—140 °C, [a] (D; 20 °C; water; 0=20gdm™)= +19°

For C;HuNO,,-H,CO; wi(calc.): 40.28 % C, 6.52 % H, 3.36 % N; w(found):
40.36 % C, 6.72 % H, 3.36 % N.

B-Cellobiosylmethylamine (II)

The procedure for the preparation of I carried out with B-cellobiosylnitromethane (1 g)
up to the stage of the concentration of the final filtrate (5 kPa, 40 °C, 5 h) afforded
amorphous glassy hygroscopic f-cellobiosylmethylamine monohydrate (yield=0.7g
(73 %)), [a] (D; 20 °C; water; 0 =20 gdm™>)= +2°.

For Ci;HisNOyw-H,O wi(calc.): 41.82% C, 7.29 % H, 3.75 % N; wi(found):
42.17 % C, 7.39 % H, 3.53 % N.

B-Maltosylmethylamine (III)

The procedure for the preparation of II carried out with B-maltosylnitromethane (2 g)
gave f-maltosylmethylamine monohydrate (yield=1.2 g (63 %)), an amorphous glassy
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hygroscopic compound, [a] (D; 20 °C; water; 0 =20 gdm™)= +93°.
For Ci;H2sNO,o-H;O wi(found): 42.04 % C, 7.43 % H, 3.50 % N.
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