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Synthesis and characterization of new carbohydrate-based organic Schiff bases
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Carbohydrate-based organic Schiff bases having biological, catalytic and pharmaceutical activities have great demand. A se-
ries of new organic Schiff bases were synthesized starting from diacetone-D-glucose following the general protocol of con-
densation between amine and aldehyde, either both having sugar moiety (condensation of amino sugar with aldehyde sugar),
and/or at least one component having sugar moiety. All the compounds that we synthesised were characterised by NMR, FT-
IR, and mass spectral studies. One of the organic Schiff base SSB-4 which was synthesized by condensation of amino sugar
with aldehyde sugar, expected to be a good precursor for the synthesis of macrocycle and might also show some biological

activity.
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Introduction

Carbohydrates, known to be the most abundant biogenic
class of compounds, play an important role in living organ-
isms' as they are involved in a wide range of functions. Apart
from storing energy?, they are also used for performing other
important functions, e.g. chiral pool for forming different chiral
ligands, chiral building blocks, important tool for stereoselec-
tive synthesis, precursors for synthesis of drug and chiral
catalysts in asymmetric synthesis®. Various strategies have
been adopted to develop carbohydrate-based bioactive sub-
stances such as antibacterial*, antiviral, antineoplastic5,
antiprotozoal®8, and antifungal®. Therefore, there is still need
to develop carbohydrate-based therapeutics and bioactive
substrates.

Schiff bases (“azomethine” group containing compounds)
are synthesized by condensation of an amine with carbonyl
(aldehyde and keto) compounds. Schiff bases have also been
used as very important class of compounds having several
biological applications such as antibacterial’®-'3, antifun-
gal'*-16 anticancer!”-18, anti-oxidant'? in pharmaceutical/
medicinal chemistry. Moreover, Schiff bases have immense
industrial applications in the food industry, dye industry and
agrochemical?%2". The nitrogen atom of the azomethine
group in Schiff base can coordinate with metal ions, and used

as ligands in catalysis?223. Afew imines have been reported,
both by the reaction of sugar aldehydes with amines, and by
the reaction of amino sugars with aldehydes2*. Schiff bases
and their sugar amino complexes have been applied to
synthesise large member ring compounds2®28, catalysts in
oxygenations?’, and macrocyclic compound?8-30.

Prompted by this knowledge, herein we describe the de-
sign, synthesis of four organic Schiff base compounds de-
rived from sugar (Fig. 1). Synthesis of carbohydrate-based
compounds is very challenging due to its synthetic and ana-
lytical difficulty. After a lot of strenuous effort, we have been
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Fig. 1. Structures of the sugar-based Schiff bases (SSB) synthesized.

2477



J. Indian Chem. Soc., Vol. 97, No. 11b, November 2020

able to synthesize such sugar appended organic Schiff base
compounds having sugar moiety in both carbonyl and amine
part.

Experimental
Material and method's:

Commonly available chemicals, without any purification
were used. Reagents and solvents of Sigma Aldrich and Mark
India were used. 1,2:5,6-Di-O-isopropylidene-oi-D-glucofura-
nose was purchased from Acros Organic. Monitoring of re-
actions were carried out by thin-layer chromatography using
E. Merck silica gel 60 F,z, percolated plates (No. 1.05554).
Organic extracts that we obtained were dried over anhydrous
sodium sulfate. For column chromatography, 150-200 mesh
silica gel was used. Solvents were distilled and dried prior to
use. Petroleum ether refers to a fraction boiling between 60-
80°C. "H NMR spectra were recorded on Bruker 400 MHz
with TMS as the internal standard. '3C NMR spectra were
recorded on a Bruker 100 MHz. Infrared spectroscopic data
were obtained using a Perkin-Elmer 250 FT-IR spectroscopy.

General procedure for the synthesis of Schiff bases SSB-
1- SSB-3:

To a solution of aldehyde 4 (5 mmol) in methanol (5 mL)
was added dropwise, a methanolic (10 ml) solution of the
appropriate amino derivatives (9 mmol). After refluxing for 2
h at 40°C, the reaction mixture was then cooled to room tem-
perature. Methanol was evaporated under reduced pressure
and further purification was done by column chromatogra-
phy yielding SSB-1 — SSB-3 respectively.

(E)-N-(((3aR,6S,6aR)-6-(allyloxy)-2, 2-dimethyltetra-
hydrofuro[2,3-d][1,3]dioxol-5-yl)methylene)-4-nitroaniline
(SSB-1):

FT-IR (KB, Ve cm™1): 1631 (medium, C=N stretching.
H NMR (400 MHz, CDCl;) 6 8.10-8.03 (m, 2H), 6.68-6.57
(m, 2H), 6.11-5.98 (dd, J 6.8, 3.7 Hz, 1H), 5.29-5.22 (m,
2H), 4.66-4.55 (m, 1H), 4.40-4.38 (m, 1H), 4.17-4.13 (d, J
12.7 Hz, 1H), 4.06-4.02 (m, 1H), 3.85-3.97 (dd, J 12.7, 6.0
Hz, 1H), 1.47 (s, 3H), 1.34 (s, 3H). '3C NMR (100 MHz,
CDCls) 6 162.19 (CH), 151.29 (q), 144.23 (q), 131.25 (q),
126.43 (CH), 126.36 (CH), 126.27 (CH), 118.26 (CH,), 106.20
(CH), 84.61(CH), 82.34 (CH), 80.47 (CH), 71.39 (CH,), 26.99
(CHj), 26.35 (CH,). Mass (ESI) C47HyqN,Og: m/z 349.1223
[M+H]* -
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2-((E)-(((3aR,6S,6aR)-6-(allyloxy)-2,2-dimethyltetra-
hydrofuro[2,3-d][1,3]dioxol-5-yl)methylene)amino)phenol
(SSB-2): To a solution of aldehyde 4 (1 g, 4.4 mmol) in metha-
nol (10 mL) was added dropwise, methanolic (5 ml) solution
of the 2-aminophenol (1 g, 9.1 mmol). After refluxing for 2 h,
the reaction mixture was then cooled to room temperature.
Solvent was evaporated first under reduced pressure and
further purification was done by column chromatography
yielding SSB-2 (1.9 g, 74%) as black sticky liquid.

FT-IR (KB, Vax cm™"): 3449 (broad, O-H stretching),
1665 (medium, C=N stretching). "H NMR (400 MHz, CDCly)
68.13(d,J7.1Hz, 2H), 7.64 (t, J8.0 Hz, 1H), 7.50 (t, J 7.7
Hz, 1H), 5.97 (t, J 3.0 Hz, 1H), 4.82 (t, J4.2 Hz, 1H), 4.66 (d,
J 3.4 Hz, 1H), 4.54 (d, J 3.8 Hz, 2H), 432 (dd, J 11.9, 6.7 Hz,
1H), 4.14 (q, J 7.1 Hz, 2H), 3.97 (dd, J 8.9, 6.6 Hz, 1H),
3.62-3.42 (m, 2H), 1.53 (s, 3H), 1.37 (s, 3H). 13C NMR (100
MHz, CDCl,) 6 160.59 (CH), 151.11 (q), 133.67 (q), 130.17
(CH), 128.49 (CH), 122.11 (CH): 121.18 (q), 118.38 (CH,),
115.04 (CH,), 113.02 (CH), 106.85 (CH), 85.44 (CH), 85.05
(CH), 82.43 (CH), 72.47 (CH,), 27.47 (CH,), 26.80 (CHj).
Mass (ESI) C47Hp4NOs: miz 320.1268 [M+H]*.

(E)-N-(((3aR,6S,6aR)-6-(allyloxy)-2, 2-dimethyltetra-
hydrofuro[2,3-d][1,3]dioxol-5-yl)methylene)naphthalen-1-
amine (SSB-3):

FT-IR (KB, Vijay: cm™1): 1626 (medium, C=N stretching).
TH NMR (400 MHz, CDCls) 8 8.13 (d, J 7.1 Hz, 1H), 7.64 (t,
J 8.0 Hz, 1H), 7.50 (t, J 7.7 Hz, 1H), 7.42-7.30 (m, 2H), 5.88
(d, J 3.5 Hz, 1H), 4.73 (t, J 4.2 Hz, 1H), 4.57 (d, J 3.5 Hz,
1H), 4.45 (d, J 3.8 Hz, 1H), 4.23 (dd, J 11.7, 6.8 Hz, 1H),
3.88 (dd, J8.9,6.5Hz, 1H), 3.44 (dd, J 8.8, 7.5 Hz, 1H), 1.44
(s, 3H), 1.29 (s, 3H). 3C NMR (100 MHz, CDCl3) § 160.59
(CH), 147.00 (q), 135.07 (CH), 133.67 (CH), 128.49 (CH),
126.15 (CH), 121.16 (q), 117.09 (CH,), 113.02 (CH), 106.85
(CH), 85.44 (CH), 85.05 (CH), 82.43 (CH), 72.42 (CH,), 27 47
(CHj), 26.80 (CHs). Mass (ESI) Cy4HysNO,: m/z 354.1766
[M+H]*.

Procedure for the synthesis of compound 8:

Sodium azide (0.4 g, 6.4 mmol) was added to the solu-
tion of compound 6 (0.5 g 1.6 mmol) in DMF (10 mL) and the
reaction mixture was stirred at 80°C for 5 h. It was then cooled
to room temperature, extracted with ethyl acetate (40 mL).
Organic layer was subsequently washed with water and then
dried over Na,SO, to give the desired azide intermediate 7
(0.31 g, 75%) as a sticky liquid. Next, to a stirred solution of
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azide 7 (0.31 g, 1.2 mmol) in THF (15 mL), LiAIH, (0.19.g, 5
mmol) at 0°C was added. Stirring was continued for 10 h at
room temperature. After full conversion confirmed by thin layer
chromatography (TLC), quenching was done by adding wa-
ter (7 ml). The residue part which we got after removal of
solvent was extracted with ether, washed with brine. It was
then dried and concentrated to obtain a yellow solid which
was further chromatographed (pet ether:ethyl acetate, 9:1)
to give 8 (0.2 g, 72%) as a yellow solid.

((3aR,6S,6aR)-6-(allyloxy)-2,2-dimethyltetrahydro-
furof2,3-d][1,3]dioxol-5-yl)methanamine (8):

FT-IR (KBr, Vi cm™): 3437 (broad, N-H stretching),
2994 (C-H stretching), 1356 (C-N stretching). "H NMR (400
MHz, CDCl,) 6 6.25-629 (dd, J 8.9, 6.5 Hz, 1H), 5.85-5.92
(m, 1H), 5.20-5.31 (d, J4.5 Hz, 2H), 5.00 (s, 1H), 4.75-4.85
(m, 2H), 4.51-4.00 (dd, J 9.2, 3.8 Hz, 1H), 4.01-4.10 (dd, J
9.9, 7.5 Hz, 2H), 3.47-3.60 (t, J 7.4 Hz, 1H), 2.80-2.90 (dd,
J8.7,3.4 Hz, 1H), 2.48-2.59 (dd, J 7.6, 4.0 Hz, 1H), 1.3 (s,
6H). 13C NMR (100 MHz, CD;0D) 6 139.06 (CH), 124.39
(q), 117.54 (CH,), 116.88 (CH), 94.12 (CH), 84.02 (CH), 79.61
(CH), 73.03 (CH,), 42.01 (CH,), 26.00 (CHs). Mass (ESI)
Cy4H1gNO4: m/z 230.0955 [M+H]*.

(E)-1-((3aR,6S,6aR)-6-(allyloxy)-2,2-dimethyltetrahydro-
furo[2,3-d][1,3]dioxol-5-yl)-N-(((3aR,6S,6aR)-6-(allyloxy)-2,2-
dimethyltetrahydrofuro[2,3-d][1,3]dioxol-5-yl)methylene)-
methanamine (SSB-4): Amino sugar 8 (0.51 g, 2.2 mmol)
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and compound 4 (0.50 g, 2.1 mmol) were mixed in a 50 mL
of round bottom flask and then methanol (20 mL) was added
and the whole mixture was stirred at 40°C for 2 h. It was then
cooled to room temperature. First under reduced pressure,
the solventwas evaporated and further purification was done
by column chromatography yielding SSB-4 (0.7 g, 76%) as
a yellowish sticky liquid.

FT-IR (KBr, Vg cM1): 3452 (broad), 1644 (m). THNMR
(400 MHz, CDCl5) & 6.01-6.00 (d, J 3.8 Hz, 1H), 5.89-5.80
(m, 2H), 5.30 (s, 1H), 5.24-5.18 (t, J 3.0 Hz, 1H), 4.59 (s,
1H), 4.54-4.50 (m, 2H), 4.33-4.24 (d, J 3.4 Hz, 1H), 4.19 (s,
1H), 4.16-4.10 (dd, J 11.9, 6.1 Hz, 1H), 3.99-3.93 (dd, J
11.9, 6.6 Hz, 1H), 3.87-3.80 (m, 2H), 3.66-3.60 (m, 1H),
1.46-1.43 (s, 6H), 1.35 (s, 3H), 1.29 (s, 3H). '3C NMR (100
MHz, CDCl;) & 160.80 (CH), 130.30 (CH), 121.35 (CH,),
112.23(q), 105.17 (CH), 82.28 (CH), 79.80 (CH), 78.90 (CH,),
68.25 (CH,), 64.35 (CH), 26.76 (CHj), 26.33 (CH,). Mass
(ESI) CyyH33NOg: m/z 440.1784 [M+H]".

Results and discussion

To synthesize the new Schiff bases, we followed the syn-
thetic procedure as shown in Scheme 1 and Scheme 2. Com-
pound 6 was already reported by us before®!. 1,2:5,6-Di-O-
isopropylidene-a-D-glucofuranose (1) was dissolved in
dichloromethane and subsequent treatment with allyl bro-
mide under the basic condition in presence of TBAB gave
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Scheme 1. Synthesis of the amino sugar intermediate 8.

Reagents and conditions: (a) 50% aq. NaOH, DCM, TBAB, allyl bromide, 12 h, rt, 95%; (b) 75% aq. CH3COOH, 20 h, rt, 82%; (c) NalO4-H,0,
CH30H, 2 h, 0°C, 80%; (d) NaBH,, MeOH, 6 h, rt, 75%; (e) Et3N, MsCl, DCM (anhydrous), 2 h, 0°C, 80%; (f) NaN3, DMF, 5 h, 80°C, 75%; (g)

LiAlH,, THF, 10 h, 0°C, 72%.
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the corresponding allylated product 2. Then subsequent
deprotection, oxidation, and finally reduction furnished the
alcohol 5, which on mesylation with MeSO,Cl gave mesyl
derivatives 6. The conversion of mesyl compound to azide,
and then reduction of the corresponding azide gave amine
compound containing sugar moiety (8). Next a solution of
aldehyde 4 in MeOH was mixed with appropriate amine (p-
nitroaniline, 2-aminophenol, 1-naphthylamine), and the whole
reaction was refluxed for 2-3 h to afford the desired Schiff
bases SSB-1 - SSB-3. Schiff base SSB-4 was synthesized
similarly by mixing aldehyde 4 and amino sugar 8.

In FT-IR spectra, the peak at 1720 cm™! indicates the
formation of sugar aldehyde 4. The broad peak at 3437 cm™’
in the IR spectrum of amino sugar (8) is due to N-H stretch-
ing. The compound 8 was also confirmed by NMR and mass
spectra. In the proton NMR spectrum, the multiplet peak at &
6.25 ppm indicates the presence of allyl group; and peak at
8 2.5-2.7 ppm indicates the presence of -CH, adjacent to -
NH,. In 13C spectrum, the peak at & 42 ppm indicates the
presence of the methylene group attached to the amine func-
tionality. On the other hand, the peak at m/z peak at230.0955
in the mass spectra due to [M+H]* strongly indicates the for-
mation of the desired compound 8. The formation of imine
bond in Schiff base SSB-4 containing sugar moiety both in
aldehyde and amine part was confirmed by the presence of
the broad peak at 1644 cm™"in the IR spectrum. The peak is
due to -C=N bond stretching. 'H NMR spectrum again con-
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firmed the presence of the imine group by showing the peak
at 8 2.15 ppm for the proton attached to the imine bond. In
13C NMR spectra, the peak at 160 ppm is for imine carbon.
In HRMS, peak at m/z 440.1784 due to [M+H]* was also in
accordance with results obtained from other spectral stud-
ies. IR spectrum of compound SSB-1 reveals the formation
of imine as it gives a peek at 1631 cm™". The peaks at 839
cm™', 1304 cm™", 1505 cm™" indicate the presence of -NO,
group. In "H NMR spectra, it shows peak at & 8.00-8.10
region which corresponds to protons of the aromatic ring. In
the '3C NMR, the peak at & 162 ppm is due to C=N and &
151 ppm is due to the carbon atom of benzene ring having -
NO, group; in HRMS spectra m/z 349.1223 is due to [M+H]".

In compound SSB-2, the peaks at 1665 cm~! and 3449
cm~"in the IR spectrum are due to C=N bond stretching and
hydroxyl group respectively. The peak at & 7.33-7.66 in 'H
NMR spectra corresponds to protons for aromatic rings. The
m/z peak at 320.1268 in HRMS spectra due to [M+H]",
strongly indicates the formation of the desired compound.
Similarly, in compound SSB-3, the peak at 1686 cm™" in FT-
IR spectrum is due to C=N bond stretching, and 3056 cm™’
is due to aromatic C-H bond stretching. In "H NMR spectra,
it shows some peaks at & 7.33-7.66 range indicating the
presence of naphthalene moiety. In HRMS spectra, m/z peak
at 354.1766 is due to [M+H]*. In all cases, the absence of
NH, and C=0 absorption bands and the apparence of a

_
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(

SSB-1: Ar = p-NO,-CcHg4, 89%
S8B-2: Ar = 0-OH-CgH,, 74%
8SB_3: Ar = 1-Naphthyl, 91%

LTI

o0

S5B-4, 76%

Scheme 2. Synthesis of sugar-based Schiff bases SSB-1 — SSB-4.

Reagents and conditions: (h) MeOH, reflux, 2-3 h, showing the overall synthetic yields.
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strong to moderate band at 1650-1670 cm™' (due to C=N
stretching) in the IR spectrum confirm the formation of de-
sired Schiff base compounds.

Conclusions

In summary, new series of carbohydrate-based organic
Schiff base were synthesized and characterized by NMR,
FT-IR and HRMS analysis. One of the Schiff base SSB-4
has unique structural feature as it is derived from the con-
densation between an amino sugar (8) and an aldehyde sugar
(4), expected to be a good precursor for the synthesis of
macrocycle. The newly synthesized Schiff bases might have
some biological activity which needs further research.
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