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Abstract

The starting materials, 2-amino-4-phenylthiazole and 2-amino-4,5,6,7-
tetrahydrobenzo[d]thiazole, were prepared by reacting thiourea with acetophenone
and cyclohexanone in the presence of iodine under heating on a water bath with
occasional stirring, respectively. Reaction of 2-amino-4-phenylthiazole and 2-
amino-4,5,6,7-tetrahydrobenzo[d]thiazole ~ with  various sugars  afforded
corresponding N-glycoside derivatives in good vyields. The structures of the
synthesized N-glycosides derivatives have been established on the basis of their IR
and NMR spectral data. The obtained compounds were screened for their
antimicrobial activity. Some of them were found to possess significant activities,

when compared to standard drugs.
Keywords: Aminothiazole, sugar, N-Glycoside, antimicrobial activity.

2-AgiBiov-4-idbiBj vguiRvy I 2-A'giBibi-4,5,6,7-1UUkBiWebiRid] vqviRv]
cek thiMdg AvdquWibi DciiZtZ vtqBDiiqui mi_ Treetg GimtUridibib |
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miBK#N - vtbibtK Iqivi evt DERKitYi gva'tg vZii Kiv nigiQ] 2-A'vgiBibi-4-
idbvBj _vaiiRvy 1 2-A"giBibi-4,5,6,7-fUUmiBiWrkebiR[d]_vaqiRvj ierfhoayiii
mi  Rfe= wartg Abyic N-M@tKimBW RiZK fij cligitY Drcbasti| mstkdZ
N-MB:KimBW RiZKmgiai MVb Zit™i IR 1 NMR eY@ Z " 1 iK c@6Z Ki
niqiQ] c® thiMmgini AYRieletdr et fodfa <w=r =iqiQ] c@dY WetMi Zybig
IKQy=T ©f= Atz 1 Lug |

1. Introduction

Heterocyclic compounds are widely distributed in nature and occupy a prominent
place in medicinal chemistry as pharmaceuticals and drug intermediates [1]. They
play a significant role in the metabolism of all living cells and many are clinically
used for the treatment of various diseases. The therapeutic importance of
heterocycles has generated much interest in the synthesis of new classes of
heterocyclic systems in order to explore their biodynamic properties [2]. Various
heterocycles those are used for developing pharmaceutically important molecules,
thiazoles, fused thiazoles, and thiazoles linked to various heterocylic rings through
different linkages have recently attracted great attention [3]. These were found to
be associated with a wide range of chemotherapeutic activities including
antimicrobial [4-6], antifungal [7,8], antiparasitic [9], and antiviral [10,11]
activities. On the other hand, thiazole-containing compounds were reported to
contribute to a variety of anticancer potentials including antitumor [12,13],
cytotoxic [14,15], antiproliferative [16,17], DNA-cleaving [18,19], and
angiogenesis inhibiting [20] activities. Interest in the chemotherapeutic activity of

thiazoles was potentiated after the discovery of the natural antineoplastic antibiotics
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tiazofurin [21,22], bleomycin, netropsin, and thiazole netropsin [23]. Most of these

natural drugs have the thiazole carboxamide moiety as a common feature.

N-Glycosides belong to the compounds with a wide range of biological activities.
Some N-glycosides show antineoplastic effects [24]. The indigo N-glycosides (blue
sugar), the analogues of naturally occurring akashins [25] showed considerable
effect against various human cancer cell. As a review article [26] summarizes the
synthesis, structure and evaluation of biological activities of the N-glycosides
containing quinazoline skeleton has been published. Therefore the synthesis of new

N-glycosides based compounds is an actual topic.

Based on the above facts and as a continuation of our ongoing program on thiazole
derivatives [27,28], the present work describes the synthesis, characterization and
antimicrobial evaluation of some new N-glycosides having substituted thiazole

moiety.

2. Experimental
Melting points were recorded with Electrothermal melting point apparatus and are

uncorrected. Evaporation of solvents was performed under reduced pressure on a
Buchi rotary evaporator. Thin layer chromatography was performed on Kieselgel
GF254 and visualization was accomplished by lodine Flask or UV Lamp. Column
chromatography was carried out with silica gel G60 (100-200 mesh). *H-NMR
(400 MHz) and *C-NMR (100 MHz) spectra were recorded for solutions in
deuterioted chloroform CDCl; as solvent. Chemical shifts were reported in & unit

(ppm) with reference to TMS as an internal standard.
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Preparation of 2-amino-4-phenyl-(1,3)-thiazole (1):

Thiourea (15.20 gm 200 mmol), and iodine (25.20 gm 200 mmol) were triturated
and mixed with acetophenone (11.65 ml, 100 mmol). The mixture was heated on a
water bath with occasional stirring for about 8 hours. The conversion was checked
by TLC (ethyl acetate: n-hexane, 1:6, v/v) on silica gel which showed conversion
of starting material into one moving faster product. The product was cooled and the
obtained solid was triturated with diethyl ether solution to remove unreacted
acetophenone. Then washed with aqueous sodium thiosulphate solution to remove
excess of iodine and then with water. The crude product was dissolved in hot water,
filter to remove sulphone and required 2-amino-4-phenyl-(1,3)-thiazole, 1 was
precipitated by addition of NH; x H;O. The obtained precipitated was
recrystallized from ethanol to give the white solid crystals, yield 65%, mp 146-148
°C.

IR: 3420, 3240, 1600, 770, 710 cm™

'H NMR: & 7.87 (m, 2H, aromatic), 7.54 (m, 3H, aromatic), 7.47 (s, 1H, thiazole-H)
BC-NMR: § 170.03, 149.30, 137.32, 128.7, 127.5, 126.6, 102.9

Preparation of 2-amino-4,5,6,7-tetrahydrobenzo[d]thiazole (2):

The titled compound was prepared from cyclohexanone using same procedure as
mentioned for the synthesis of compound 1 and recrystallized from ethanol as
white solid crystals, yield 85% and mp 188-190 °C.

IR (KBr): vmax 3261.40, 3130.25, 29.35.46, 1612.38, 1519 cm™.

'H NMR: § 4.90 (hump, 2H, NH,), 2.50 (m, 4H, 2xCH,), 1.81 (m, 4H, 2xCH,).
BC-NMR: § 169.75, 139.39, 117.32, 25.51, 24.09, 23.62, 23.24.
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General procedure for synthesis of N-Glycosides

A mixture of thiazolo amine 1 or 2 (1.0 mmol) and sugar (1.5 mmol) was refluxed
in methanol (8 ml) in the presence of acetic acid (0.3 ml) for 8-10 hrs. The progress
of reaction was checked by TLC (methanol : chloroform, 1:8, v/v) on silica gel. A
slower moving spot indicated the conversion of reaction and formation of the
product. Mixture was then cooled and purified by column chromatography.
Recrystallization was carried out with proper solvent.

2-[N-(D)-Glucopyranosyllamino-4-phenyl-(1,3)-thiazole (3):

Brownish solid crystal, mp 120-124 °C, yield: 65%.

IR (KBr): vmax 3500-3200, 2935, 1630, 1527 cm™.

'H-NMR: & 7.36 (m, 3H, Ar-H), 7.28 (d, 2H, J = 7.56 Hz, Ar-H), 7.14 (s, 1H, -CH,
Thiazole), 5.33 (d, 1H, J = 5.4 Hz, H-1), 4.67 (m, 1H, H-5), 4.4 (hump -NH), 3.63
(dd, 1H, J = 11.6 and 5.4 Hz, H-2), 3.48 (t, 1H, J = 9.6 Hz, H-3), 3.25 (m, 1H, H-
4), 3.14 (m, 2H, H-6), 1.89 (s, 4H, OH).

3C-NMR: § 168.01 (C-2, thiazole), 149.6 (C-4, thiazole), 134.8 (C-1, Ph), 128.5
(C-3&5, Ph), 127.3 (C-4, Ph), 125.5 (C-2&6, Ph), 102.7 (C-5, thiazole), 85.8
(anomeric), 78.3, 76.8, 72.7, 70.3, 60.8 (CHy).
2-[N-(D)-Galactopyranosyl]amino-4-phenyl-(1,3)-thiazole (4):

Brownish coloured solid crystal, mp 128-130 °C, yield: 65%.

IR (KBr): vmax 3450-3210, 2925, 2862, 1547 cm'™.

'H-NMR: & 7.37 (m, 3H, Ar-H), 7.27 (d, 2H, J = 7.02 Hz, Ar-H), 7.12 (s, 1H, -CH,
Thiazole), 4.84 (d, 1H, J = 5.4 Hz, H-1), 4.67 (dd, 1H, J = 8.64 and 5.4 Hz, H-2),
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4.63 (m, 2H, H-6), 4.4 (broad -NH), 3.71 (m, 1H, H-3), 3.44 (m, 2H, H-4 & H-5),
3.35 (s, OH).

C-NMR: § 168.2, 149.8, 134.8, 128.5, 127.2, 125.6, 101.9, 86.2, 76.4, 74.2, 69.9,
68.2, 60.4.

2-[N-(D)-Rhamnopyranosyl]amino-4-phenyl-(1,3)-thiazole (5):

Brownish colored solid crystal, mp 157-159 °C, yield: 60%.

IR (KBT): vmax 3420-3200, 2928, 1629, 1535 cm™.

'H-NMR: & 7.38 (m, 3H, Ar-H), 7.27 (d, 2H, J=7.02 Hz, Ar-H), 7.13 (s, 1H, -CH,
Thiazole), 6.10 (dd, 1H, J = 8.10 and 3.78 Hz, H-3), 5.07 (t, 1H, J = 9.18 Hz, H-4),
4,55 (dd, 1H, J = 5.4 and 4.05 Hz, H-2), 4.48 (m, 1H, H-5), 3.74 (hump -NH), 3.56
(d, 1H, J = 2.97 Hz, H-1), 3.39 (s, OH), 1.08 (d, 3H, J = 6.21 Hz.).

C-NMR: § 167.3, 149.6, 134.8, 128.6, 127.4, 125.7, 102.8, 94.1, 73.5, 72.4, 70.4,
67.8, 18.1.

2-[N-(D)-Xylopyranosyllamino-4-phenyl-(1,3)-thiazole (6):

Brownish coloured solid crystal, mp 125-126 °C, yield: 65%.

IR (KBr): vmax 34400-3260, 2927, 2860, 1640 cm™.

'H-NMR: & 7.36 (m, 3H, Ar-H), 7.27 (d, 2H, J=7.30 Hz, Ar-H), 7.15 (s, 1H, -CH,
Thiazole), 5.0 (hump -NH), 4.62 (d, 1H, J = 2.97 Hz, H-1), 3.70 (m, 2H, H-5), 3.36
(m, 1H, H-4), 3.18 (t, 1H, J = 4.00 Hz, H-2), 3.10 (t, 1H, J = 4.00 Hz, H-3), 1.89 (s,
OH).

BC-NMR: §167.9, 149.8, 134.7, 128.5, 127.4, 125.6, 102.1, 86.5, 77.6, 72.6, 69.7,
67.2.

2-[N-(D)-Arabinopyranosyllamino-4-phenyl-(1,3)-thiazole (7):
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Ash colored solid crystal, mp 160-162 °C, yield: 60%.

IR (KBr): vmax 3450-3250, 2928, 2852, 1568 cm'™.

'"H-NMR: & 7.37 (m, 3H, Ar-H), 7.27 (d, 2H, J =7.00 Hz, Ar-H), 6.9 (s, 1H, -CH,
Thiazole), 5.28 (d, 1H, J = 8.90 Hz, H-1), 4.8 (hump -NH), 4.63 (t, 1H, J = 8.10
Hz, H-2), 3.79 (m, 1H, H-5), 3.66 (m, 1H, H-3), 3.50 (m, 1H, H-4), 1.89 (s, OH).
BC-NMR: 3, 168.2, 149.7, 134.8, 128.5, 127.3, 125.6, 102.1, 86.1, 73.4, 69.9,
67.9, 66.7.

2-[N-(D)-Glucopyranosyllamino-4,5,6,7- tetrahydrobenzothiazole (8):

Reddish viscous liquid, yield 90%.

IR (KBr): vmax 3500-3200, 2925.81, 1627.81, 1527.62 cm™.

'"H-NMR: §4.88 (d, 1H, J = 5.4 Hz, H-1), 4.54 (m, 1H, H-5), 4.46 (hump, 1H,
NH), 3.64 (dd, 1H, J = 11.3 and 5.4 Hz, H-2), 3.39 (t, 1H, J = 9.6 Hz, H-3), 3.22
(m, 1H, H-4), 3.16 (m, 2H, H-6), 2.49 (m, 4H, 2xCH,), 1.89 (s, OH), 1.70 (m,
4H, 2xCH,).

BC-NMR: & 165.18, 144.61, 115.13, 85.25, 78.01, 77.74, 77.54, 72.35, 69.99,
26.38, 23.18, 22.68, 22.52.

2-[N-(D)-xylopyranosyl]lamino-4,5,6,7- tetrahydrobenzothiazole (9):

Reddish viscous liquid, yield 87%.

IR (KBr): umax 3500-3250, 2921.96, 2852.52, 1637.45 cm™.

'H-NMR: & 4.96 (hump, 1H, NH), 4.84 (d, 1H, H-1, J = 4.30 Hz), 3.96 (m, 2H, H-5),
3.69 (dd, 1H, J = 6.75 and 1.60 Hz, H-2), 3.65 (t, 1H, J = 7.00 Hz, H-3), 3.40 (m,
1H, H-4), 2.49 (m, 4H, 2xCH,), 1.69 (br, OH), 1.15 (m, 4H, 2xCHy).
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BC-NMR: § 165.18, 144.61, 115.13, 85.25, 78.80, 75.69, 75.11, 62.90, 39.20,
38.57, 22.67, 15.17.

2-[N-(L)-arabinopyranosyllamino-4,5,6,7- tetrahydrobenzothiazole (10):
Reddish viscous liquid, yield 89%.

IR (KBr): vmax 3500-3250, 2920.03, 2850.59, 1564.16 cm™.

'H-NMR: § 5.12 (hump -NH), 4.80 (d, 1H, J = 8.90 Hz, H-1), 4.53 (m, 2H, H-5),
3.61 (t, 1H, J = 12.40 Hz, H-2), 3.42 (m, 1H, H-3), 3.20 (m, 1H, H-4), 2.49 (m, 4H,
2XCHy), 2.00 (s, OH), 1.71 (m, 4H, 2xCH,).

BC-NMR: § 164.84, 144.70, 115.21, 85.57, 73.28, 69.87, 67.7, 66.18, 26.34, 23.14,
22.65, 22.48.
2-[N-(D)-galactopyranosyl]lamino-4,5,6,7-tetrahydrobenzothiazole (11):
Reddish viscous liquid, yield 82%.

IR (KBr): vmax 3487-3217, 2920.03, 2850.59, 1542.95 cm™.

'H-NMR: & 4.56 (d, 1H, J = 8.60 Hz, H-1), 4.36 (dd, 1H, J = 8.60 and 5.40 Hz, H-
2), 4.60 (m, 2H, H-6), 4.4 (broad -NH), 3.68 (m, 1H, H-3), 3.33 (m, 2H, H-4 & H-
5), 2.49 (m, 4H, 2xCH,), 1.89 (s, OH), 1.11 (t, 4H, 2xCH,, J=7.02 Hz).

3C-NMR: & 165.17, 144.61, 119.98, 85.66, 77.21, 76.15, 74.24, 72.17, 68.15,
26.38, 23.15, 22.67, 22.49.

3. Antimicrobial Screening
Materials and Methods
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The antibacterial activities of thiazolo sugar derivatives were studied against six
bacteria and antifungal activities of the same compounds were also studied against
five fungi. For the detection of antibacterial activity, the disc diffusion method [29]
was followed. The antifungal activity was assessed by poisoned food technique
[30].

Name of the organism:

1. Bacteria:
) Bacillus cereus BTCC 19 Gram-Positive
i) Bacillus subtilis Gram-Positive
i) Staphylococcus aureus ATCC 6538 Gram- Negative
iv) Shigella dysenteriae AE 14396 Gram-Negative
V) Salmonella typhi AE 14612 Gram-Negative
Vi) Pseudomonous sp. Gram-Negative

2 Fungi:

) Aspergillus niger

i) Penicillium notatum

iii) Aspergillus funiculosus

iv) Collectotrichum corchori Ikata (Yoshida).

V) Curvularia lunata

Disc Diffusion method:
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Paper disc of 4 mm in diameter and Petri plate of 100 mm in diameter were used
throughout the experiment culture plated were made with sterilized methods NA
(45 °C) and after solidification of agar medium, the test organizations (suspensions)
were pressed uniformly over the plate with sterilized glass rod separately. The
paper discs after soaking with test chemicals at the rate 10 mg/disc (100 mg/disc)
were placed at the center on the inoculated pour plate. A control plate was also
maintained in each case with DMF. These were kept for 4 hours at low temperature
(4 °C) and test chemicals diffused from disc to the surrounding medium by this
time. The plates were than incubated at (35+2) °C for growth of test organisms and
were observed at 24 hours intervals for two days. The activity is expressed in terms
of diameters of 24 hours intervals for two days. The activity is expressed in terms
of diameters of zone of inhibition in mm. Each experiment was reported thrice.

Table 1: Inhibition against the Gram-Positive and Gram-Negative organisms by the
test chemicals.

Compound Diameter of zone of inhibition in mm(100 mg (dw)/ disc)
No. B. B. S.aureus | S. S. typhi | Pseudomonous
cereus subtilis dysenteria sp.
3 12 14 18 10 9 14
4 8 7
5 7 8
6 14 9 12 14 12 17
7 8 11 9 12 9 14
8 10 12 14 7 7 10
9 12 8 10 11 12 13
10 8 10 8 10 12
11 6 6
Ampicillin 21 19 29 30 24 27
25pg(dw)/disc

N.B.:-  “(...)” Means no inhibition, dw. Denotes dry weight.
Food poison technique:
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The test chemicals (1%) were mixed with sterilized potato dextrose agar (PDA)
medium (42 °C) of the rate 100 mg/ml PDA. The medium was poured in sterilized
patriplate and after solidification the equal diameter of fungal inoculums block (10
mm mycelial block) was pleased on the center of the petriplates. Radial growth of
fungal colony was measured in mm after 3-5 of incubation at (25+2)°C a control set
was maintained in each experimental using only PDA with DMF of 1% as growth
medium. Each experiment repeated thrice. The percentage inhibition of mycelial
growth of the test fungi was calculated as follows:

€-1

| = x100

Where,
I = Percentage of inhibition
C = Diameter of the fungal colony in control (DMF)
T = Diameter of the fungal colony in treatment.

Table 2: Percent inhibitions of mycelial growth of treated with different chemicals
(100mg(dw)/ml PDA) develop in organic laboratory.

| Comp. | % inhibition of mycelial growth (100 pg(dw) ml PDA |
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No. Aspergillus | Penicillium | Aspergillus | Colletotrichum Curvularia
niger notatum funiculosus | corchori lunata

3 49.25 *65.38 *65.62 40.90 *72.24
4 *68.96 57.69 59.37 *54.54 *73.83
5 58.62 50.00 *68.75 45.45 66.76
6 62.09 *61.54 46.75 49.11 69.88
7 58.62 43.43 43.75 40.91 *70.26
8 40.20 55.30 60.60 35.65 60.50
9 45.30 54.20 40.55 45.35 60.20
10 50.45 40.30 35.85 38.20 58.40
11 53.85 49.80 45.50 47.10 60.45

Nystatin 71.78 61.55 54.70 54.51 75.00

100pg
(dw)/PDA

N.B:-  “*’ Means good inhibition, dw. Denotes dry weight.

4. Results and Discussion

The starting materials, 2-amino-4-phenylthiazole (1) and 2-amino-4,5,6,7-
tetrahydrobenzo[d]thiazole (2), were prepared by reacting thiourea with
acetophenone and cyclohexanone in the presence of iodine under heating on a
water bath with occasional stirring, respectively. These were then reacted with
various sugars in methanol in presence of acetic acid under reflux condition to

produce N-glycoside derivatives (3-11) (Scheme 1).

)
i, E,O
CH, > ii. Na,$,0,
+ + |2 —_— / »\
H,N~ “NH, ii. NH,, H,0 s NH,

1
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i. Et,0
040 j\ ii. Na,S,0, QT
+ | >
*HNT NH, 7 i NHHO S)\NHZ
/ N sugar
Z N MeOH/H*
S NH, reffux NH ~sug
1 _
(Y g &
)\ MeOH/H* )\NH -sug
NH, reffux
2 8-11

3: sug = D-glucose; 4: sug = D-galactose; 5: sug = L-rhamnose; 6: sug = D-xylose;
7:sug = L-arabinose; 8: sug = D-glucose; 9: sug = D-xylose; 10: sug = L-
arabinose;  11: sug = D-galactose

Scheme 1

The structures of the synthesized glycosides containing thiazolo moiety were
confirmed from their IR and NMR spectral data.

For example in the *H-NMR of compound 3 the appearance of H-1 at & 5.33 as
doublet with small coupling constant (J = 5.4 Hz) indicated that it is equatorially

oriented. So, the glycosidic (C-1) thiazoloamine group must be a. H-2 proton
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appeared at 6 3.63 as dd with J values of 11.6 and 5.4Hz. Other peaks are also in
accordance with the assigned structure. In the *C-NMR spectrum the anomeric
carbon appeared at 5 85.8. Other carbons of the sugar moiety appeared at 6 78.3,
76.8, 72.7, 70.3, 60.8 respectively. Similarly, structures of the rest compounds were

confirmed from their spectral data.

The synthesized products were screened for antibacterial activity against six human
pathogenic bacteria, viz. Bacillus cereus, Bacillus subtilis, Staphylococcus aureus,
Shigella dysenteria, Salmonella typhi and Pseudomonous sp. (Table 1). For
antifungal activities of the same chemicals were also studied against five
phytopathoganic fungi. viz. Aspergillus niger, Penicillium notatum, Aspergillus
funiculosus, Collectrocium chorcori, Curvularia lunata (Table 2). Some of the
synthesized compounds exhibited poor antibacterial activities but most of the

compounds exhibited pronounced antifungal activities.

5. Conclusion

In this work, we have demonstrated the syntheses of sugar induced N-glycosides
with promising antibacterial and antifungal activity. The activity data obtained
during the study will be certainly useful to go for further research for drug

designing and synthesizing new thiazole derivatives.
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