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Abstract

In this study, several novel peptidomimetics were designed and synthesized as potential anti-inflammatory
agents. Their anti-inflammatory activity was evaluated using a xylene-induced ear edema model assay. Some of the
compounds demonstrated inhibitory activity against xylene-induced inflammation similar to the positive control, aspirin.
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Introduction

Inflammation and various inflammatory disorders are widely
prevalent all over the world. They afflict large percentage of the
world's population. Inflammation is a normal protective response of
mammalian tissues to a variety of hostile agents including infectious
organisms, noxious chemicals, physical injury or tumor growth leading
to local accumulation of plasmic fluid and blood cells. Although
inflammation is a defense mechanism, the complex events and
mediators involved in the inflammatory reaction can induce, maintain
and aggravate many disorders. Inflammation are associated with many
pathophysiology of various clinical conditions like arthritis, cancer and
vascular diseases. Drugs used for the treatment of acute and chronic
inflammatory disorders are usually directed at the inflammatory
processes. Hence, the employment of anti-inflammatory agents may
be helpful in the therapeutic treatment of those pathologies associated
with inflammatory reactions. Through years of ingenious syntheses
and structural modifications, which usually accompany design and
development of new drug substances, many non-steroidal anti-
inflammatory agents have been prepared and marketed. These have
been of immense help in the management of various inflammatory
conditions like rheumatism, arthritis and breast pain. However, further
development of a novel class of anti-inflammatory agents is needed.

The carbohydrates of glycoproteins have been subjected to an
increasing interest during the last few years because they play important
roles in numerous biological processes including modification of
proteins, the immune response [1-3], cell adhesion [4-7], inflammation,
tumor metastasis [8], and substrate- receptor recognition [9,10]. The
effects of carbohydrates on biological activity and stability of glyco-
proteins has been studied previously [11,12].

Carbohydrates that coat the surfaces of bacteria are capable of
inducing an immune response that can recognize whole bacteria
[13-16], and some functional glycoproteins that are expressed on
tumour cell surfaces, have been shown to induce specific antitumour
cell antibody responses in mice and patients [17]. There is a growing
interest in carbohydrate mimetic peptides as vaccines to target cell
surface polysaccharides of infectious bacteria and tumour [18].

Owing to the inherent complexity of carbohydrates, glycosylation
can produce enormous structural diversity in proteins and induce
a variety of functional changes. Since glycosyl amino acids and
glycopeptides may be of value for medicinal chemistry, another
important issue is their stability toward enzymatic degradation
under physiological conditions. The field of glycobiology has grown
explosively, and the interest in the development of methods for the
synthesis of glycoconjugates is rapidly expanding as their biological
and medical roles come into focus. Recent progress in this area has

been remarkable, and relatively carbohydrate moieties have been
covalently attached to amino acids for incorporation into glycopeptide
sequences. Thus, many efforts have been devoted to establish easy and
efficient methods for glycopeptide synthesis [19,20].

The synthesis of monosaccharide conjugates is more straightforward
than disaccharide or higher order oligosaccharide conjugates and this
should facilitate a more rapid investigation of this possibility. We were
interested to develop compounds reduced in carbohydrate character
(monosaccharides). Amino sugars are widely distributed in living
organisms and occur as constituents of glycoproteins, glycolipids,
bacterial lipopolysaccharides, and proteoglycans. Glucosamine, an
amino monosaccharide, is the most common amino sugar and is
generally found as an N-acetylated and f-linked glycoside and is
a natural component of glycoproteins found in connective tissues
and gastrointestinal mucosal membranes. Glucosamine (GlcN) salts
(sulfate and chloride) represent a new generation of drugs, which
possess potentially chondroprotective or disease-modifying properties
and were originally suggested to promote the repair of damaged
cartilage. Since the first publication of Bohne in 1969 showing that
GIcN can be used as a single pharmacologic agent to relieve the
symptoms of osteoarthritis. Glucosamine has recently received a
great deal of attention from the public as a potential treatment for OA
[21]. Furthermore, the multiple antioxidant activity of glucosamine
was evident as it showed pronounced reducing power, superoxide/
hydroxyl-radical scavenging ability. Because it is non-toxic, it may be
a desired food supplement as a potential antioxidant. Experimental
evidence was presented that glucosamine possess a unique range of
anti-inflammatory activities and inhibit IL-1B- and TNF-a-induced
NO production in normal human articular chondrocytes. It is also a
therapeutic agent for inflammatory bowel diseases [22].

Peptides related to Arg-Gly-Asp (RGD) are known to contribute
various biologic functions. Integrin receptors constitute a large family
of proteins with structural characteristics of noncovalent heterodimeric
glycoproteins formed of a and B subunits [23,24]. One important
recognition site for many integrins is the arginine-glycine-asparagine
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tripeptide sequence. Regarding RGD-dependent integrins, a 3 and
a B5 receptors have received increasing attention as therapeutic targets,
as the integrins o 33 and a 5 can be expressed by both tumor cells and
tumor endothelial cells [25-27]. It is speculated that drugs that inhibit
the adhesive function of these integrins can inhibit tumor growth.
Among selective receptor-targeting small peptides, integrinmediated
RGD peptide appear attractive candidates. Moreover, it is well known
that RGD peptide can suppress platelet aggregation by blocking the
interaction between platelet and fibrinogen.

There is an increased interest in the use of hybrid molecules for
drug discovery against a multitude of disease indications [28-32]. A
twin drug bearing two different pharmacophoric entities is expected to
bind to the respective receptors for each monomeric ligand and could
elicit the corresponding effects derived from the individual receptors
[33]. Furthermore, a twin drug can sometimes show an unexpected
effect, which may not be predicted from each monomeric unit. The
present work is towards the development and identification of new
molecules as high potent anti- inflammatory agents.

Amide bond is very stable in buffer solution at pH 7.4 and in
culture medium. Amides are an important functional group widely
found in natural products, pharmaceuticals, and polymers. They
may be prepared by coupling reactions between carboxylic acids
and amines [34-36]. The synthetic design used for preparation of
glycosyl amides was based upon a number of reasons:(1) glucosamine
possess the biological activity; (2) N-acetylglucosamine has several
potential advantages over glucosamine as a potential therapeutic
anti-inflammatory agent. In addition, it has been reported that some
orally administered peptide analogues could be effectively absorbed
through the intestinal peptide transport system. Amino acids are
attractive because they possess structurally diverse side chains which
allow to manipulate of the pharmacokinetics profiles of the compounds
by using different amino acids. In this context, an interest has been
increased in linking glucosamine with RGD peptide by the addition
different lipophilic amino acid residues. Different lipophilic amino
acids were used as building units for the preparation of a series
tetrapeptide RGDAA (AA=amino acid residues) as building blocks:
these were RGD peptide derivatives C-linked via valine, phenyalanine
and serine. In this study, the synthesis of peptidomimetics in which
RGDAA were conjugated via an amide linkage to a monosaccharide
(glucosamine) with variations in the peptide part were reported [32].
Glucosamine and N-acetylglucosamine have been reported to possess
interesting biological activity [33-37], therefore the creation of these
compounds would be useful for further biological evaluation, as well as
for detailed structure-activity studies and may have potential as drugs
or as leads for drug development.

Materials and Methods
General procedures

Unless otherwise stated, all reactions were under a nitrogen
atmosphere (1 bar). The agents used in this work were purchased from
Sigma Chemical Co (USA). Optical rotations were determined with a
Schmidt+Haensch Polartromic D instrument (Germany). IR spectra
were recorded with an Avatar 330, Nicolet, USA spectrometer. 'H and
3C NMR spectra were recorded at 300 MHz on a VXR-300 instrument
or at 500 MHz on a Bruker Am-500 instrument in DMSO-d6 with
tetramethylsilane as internal standard and chemical shifts are expressed
in ppm (8). Chromatography was performed on Qingdao silica gel H
(Qingdao of China). TLC analysis was carried out on silica gel F,;,- The
purities (> 95%) of the intermediates and the products were confirmed
by TLC (Merck silica gel plates of type 60 F,_, 0.25 mm layer thickness,
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Germany) and HPLC (Waters, C, column 4.6x250 mm, Ireland). MS
was acquired on a Quattro Micro ZQ2000, Waters, USA instrument,
m/z values are reported. High-resolution mass spectra were recorded
with microTOF-Q mass spectrometer.

Syntheses

N-(Val-Asp(MeO)-Gly-Arg(NO,)-Boc)-2-amino-1,3,4,6-tetra-
O-benzyl-2-deoxy-D-glucoamine: HOBt (800 mg, 5.93 mmol) and
DCC (1.20 g, 5.83 mmol) were added to a solution of Boc-Arg(NO,)-
Gly-Asp(OMe)-Val-OH (3.48g, 5.76 mmol) in anhydrous THF (30
mL) at 0°C. The reaction mixture was stirred at 0°C for 30 min. The
solution of 2-amino-1,3,4,6-tetra-O-benzyl-2-deoxy-D-glucoamine
(2.95 g, 5.47 mmol) in anhydrous THF (20 mL) was added and adjusted
to pH 9 with N-methylmorpholine. The reaction mixture obtained was
keep at 0°C for 2 h followed by at room temperature for 24 h. DCU
formed was removed by filtration. The filtrate was evaporated under
reduced pressure and the residue was dissolved in EtOAc (50 mL). The
solution was washed successively with saturated NaHCO,, 5% KHSO,
and saturated NaCl and the organic phase was separated and dried over
Na,SO,. Following filtration and evaporation under reduced pressure,
the residue was purified by column chromatography (20:1 CH,CI.-
MeOH) to provide Compound 9a (4.23 g, 3.76 mmol, 69%, o : p =
1.8:1). 'HNMR (500 MHz, DMSO-d,): § 8.48 (1H, brs, N-H), 8.35 (1H,
d, J= 8.5 Hz, N-H), 8.29 (1H, d, J= 9.0 Hz, N-H), 8.24 (1H, d, ] = 8.0
Hz, N-H), 8.19 (1H, d, ] = 9.0 Hz, N-H), 8.15 (1H, m, N-H), 7.77 (1H,
d, J= 9.0 Hz, N-H), 7.66 (1H, d, J = 9.0 Hz, N-H), 7.44-7.15 (19H, m,
Ar-H), 6.94 (1H, t, ] = 6.9 Hz, Ar-H), 4.78 (1H, m, CH), 4.77 (1H, d, ] =
4.0 Hz, H-1a), 4.76 (1H, d, ] = 8.5 Hz, H-1p), 4.70 (4H, m, CH Ph), 4.66
(4H, m, CH_Ph), 4.37 (1H,d, ], = 9.0 Hz, ], = 6.0 Hz, CH), 431 (1H, dd,
J,= 9.0 Hz, ], = 6.0 Hz, CH), 3.94 (2H, dd, ], = 8.5 Hz, ], = 3.5 Hz, CH)),
3.83-3.64 (6H, m, CH H-2, H-3, H-4, H-5, H-6a), 3.59 (3H, 5, CH,),
3.57 (1H, m, H-6b), 2.73 (1H, m, CH), 2.54 (1H, m, CH), 2.08 (1H, m,
CH), 1.65 (1H, m, CH,), 1.51 (3H, m, CH.), 1.38 (9H, 5, CH,), 0.84 (3H,
d,J=6.5Hz, CH,),0.77 (3H,d, ] = 6.5 Hz, CH,), 0.76 (3H, d, ] = 6.5 Hz,
CH,),0.70 (3H, d, ] = 6.5 Hz, CH,); "CNMR(125MHz, CDCL) § 172.7,
171.4,171.2,171.0,170.9, 170.3, 170.2, 169.4, 169.1, 159.8, 155.9, 139.1,
139.0, 138.7, 138.6, 138.5, 137.9, 137.7, 128.8, 128.7, 128.6, 128.5, 128.4,
128.3, 128.2, 128.1, 127.9, 96.7, 79.9, 79.4, 79.9, 78.7, 74.7, 74.6, 74.3,
72.8,70.9, 69.1, 69.0, 58.1, 57.8, 54.4, 53.5, 52.0, 51.9, 49.8, 42.6, 42.4,
37.1, 36.2, 314, 31.2, 29.6, 28.7, 25.2, 19.8, 19.6, 18.3, 17.9; IR (cm,
KBr, neat): 3286, 1643, 741; ESIMS m/z 1148(M+Na); HRMS calcd for
: (C,H,N,0,_ + 1), m/z (1126.5455); found, m/z (1126.5366).
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N-(Phe-Asp(OMe)-Gly-Arg(NO,)-Boc)-2-amino-1,3,4,6-tetra-
O-benzyl-2-deoxy-a-D-glucosam-ine: HOBt (310 mg, 2.29 mmol) and
DCC (500 mg, 2.43 mmol) were added to a solution of Boc-Arg(NO,)-
Gly-Asp(OMe)-Phe-OH (1.46 g, 2.24 mmol) in anhydrous THF (10
mL) at 0°C. The reaction mixture was stirred at 0°C for 30 min. The
solution of 2-amino-1,3,4,6-tetra-O-benzyl-2-deoxy-D-glucoamine
(1.22 g,2.26mmol)) in anhydrous THF (20 mL) was added and adjusted
to pH 9 with N-methylmorpholine. The reaction mixture obtained was
keep at 0°C for 2 h followed by at room temperature for 24 h. DCU
formed was removed by filtration. The filtrate was evaporated under
reduced pressure and the residue was dissolved in EtOAc (50 mL). The
solution was washed successively with saturated NaHCO,, 5% KHSO,
and saturated NaCl and the organic phase was separated and dried over
Na,SO,. Following filtration and evaporation under reduced pressure,
the residue was purified by column chromatography (20:1 CH,Cl, -
MeOH) to provide Compound 9b (1.8 g, 1.53 mmol, 79%). [a] ¥, =
+21.5 (C = 0.7, MeOH); IR (cm’!, KBr, neat): 3287, 1636; 'THNMR (500
MHz, DMSO-d,): 6 8.33 (1H, d, J = 8.4 Hz, N-H), 8.03 (1H, d, J = 8.4
Hz,N-H), 7.94 (1H, d, J= 8.4 Hz, N-H), 7.41-7.14 (25H, m, Ar-H), 4.79
(1H, d, J= 3.0 Hz, H-1), 4.78-4.69 (7H, m, CH,Ph, CH ), 4.63 (1H, m,
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CH), 4.56 (2H, m, CH,Ph), 3.99 (2H, m, CH, H-2), 3.85 (1H, t, ] = 9.5
Hz, H-3),3.79 (1H, m, H-5), 3.68 (4H, m, CH,, H-6a, H-6b), 3.58 (1H,
t,J= 9.5 Hz, H-4), 3.52 (3H, s, CH,), 3.13 (2H, m, CH,), 2.94 (1H, dd,
J,= 132 Hz, J,= 33 Hz, CH,), 2.76 (1H, dd, ], = 13.2 Hz, ],= 3.0 Hz,
CH,),2.64 (1H,dd, ], = 16.2 Hz,],= 6.0 Hz, CH,), 2.44 (1H, dd, ] = 16.2
Hz,],=7.8 Hz, CH,), 1.66 (1H, m, CH,), 1.52 (3H, m, CH,), 1.38 (9H,
s, CH,); "CNMR(125MHz, CDCl,) § 172.8, 171.4, 171.0, 170.2, 169.1,
159.6,155.9, 139.1,139.0, 138.7, 138.6, 138.0, 137.9, 129.6, 128.8, 128.7,
128.5, 128.4, 128.3, 128.2, 128.1, 127.9, 127.8, 127.7, 126.7, 96.7, 79.8,
78.9, 78.8, 74.6, 744, 72.8, 71.0, 69.1, 54.4, 54.3, 53.5, 51.9, 49.5, 42.3,
38.0, 36.2, 29.5, 28.6, 25.2; ESIMS m/z 1196(M+Na); HRMS calcd for:
(C,H,N,0,+1), m/z (1174.5455); found, m/z (1174.5705).

N-(Ser(OBn)-Asp(OMe)-Gly-Arg(NO,)-Boc)-2-amino-1,3,4,6-
tetra-O-benzyl-2-deoxy-a-D-glu-cosamine: HOBt (135 mg, 1.00
mmol) and DCC (200 mg, 0.97 mmol) were added to a solution of
Boc-Arg(NO,)-Gly-Asp(OMe)-Ser(OBn)-OH (560 mg, 0.82 mmol) in
anhydrous THF (15 mL) at 0°C. The reaction mixture was stirred at 0°C
for 30 min. The solution of 2-amino-1,3,4,6-tetra-O-benzyl-2-deoxy-D-
glucoamine (493 mg, 0.91 mmol) in anhydrous THF (5 mL) was added
and adjusted to pH 9 with N-methylmorpholine. The reaction mixture
obtained was keep at 0°C for 2 h followed by at room temperature for 24
h. DCU formed was removed by filtration. The filtrate was evaporated
under reduced pressure and the residue was dissolved in EtOAc (50
mL). The solution was washed successively with saturated NaHCO,,
5% KHSO, and saturated NaCl and the organic phase was separated
and dried over Na,SO,. Following filtration and evaporation under
reduced pressure, the residue was purified by column chromatography
(20:1 CH,Cl,-MeOH) to provide Compound 9¢ (600 mg, 0.50 mmol,
61%). [a] **,=+28.2 (C=1.0, MeOH); IR (cm, KBr, neat): 3287, 1651;
'HNMR (500 MHz, DMSO-d,): § 8.23 (1H, d, J = 8.7 Hz, N-H), 8.10
(1H, d, J= 8.1 Hz, N-H), 7.39-7.14 (25H, m, Ar-H), 4.77 (1H, d, ] = 3.5
Hz, H-1), 4.76 (1H, m, CH ), 4.72 (5H, m, CH,Ph, CH), 4.52 (4H, m,
CH,Ph), 4.37 (2H, m, CH,Ph), 3.96 (2H, m, CH, H-2), 3.82 (1H, t, ] =
8.7 Hz, H-3), 3.78 (1H, m, H-5), 3.72 (2H, m, H-6a, H-6b), 3.66 (2H,
m, CH,), 3.59 (3H, m, H-4, CH,), 3.54 (3H, 5, CH,), 3.12 (2H, m, CH),
2.74(1H,dd,J,= 162 Hz,J,= 6.0 Hz, CH,), 2.57 (1H, dd, ], = 16.2 Hz, ],
=6.0 Hz, CH,), 1.65 (1H, m, CH,), 1.51 (3H, m, CH,), 1.38 (9H, 5, CH,);
PCNMR(125MHz, CDCL,) 6 172.7, 171.0, 170.5, 169.7, 169.2, 159.6,
155.9,139.1, 138.7, 138.6, 138.5, 137.9, 128.7, 128.6, 128.5, 128.3, 128.2,
128.1, 127.9, 127.8, 127.7, 96.7, 79.8, 78.8, 78.6, 74.6, 74.3, 72.8, 72.5,
71.0, 70.3, 69.1, 66.5, 55.5, 54.3, 53.5, 53.4, 51.9, 49.6, 42.4, 36.5, 29.5,
28.6, 25.1; ESIMS m/z 1204 (M+1); HRMS caled for: (C,H, N0, +1),
m/z (1204.5561); found, m/z (1204.5747).

N-(Val-Asp-Gly-Arg(NO,)-Boc)-2-amino-1,3,4,6-tetra-O-
benzyl-2-deoxy-a-D-glucosamine: The solution of 9a (1.50 g, 1.33
mmol) in 2M NaOH (4 mL) in methanol (20 mL) and dioxane (60
mL) was stirred at 0°C until all the starting material was consumed as
indicated by TLC (24 hr). The reaction mixture was neutralized (pH
7) with KHSO, and evaporated to remove the solvent. The residue was
added water at 0°C (50 mL) and KHSO, to pH 2. Following filtration,
the residue was purified by column chromatography (15:1 CH,CI.-
MeOH) to provide Compound 10a a-anomer (300 mg, 0.270 mmol,
74%) and 10a B-anomer (1.1g, 0.990 mmol, 20%). 10a a-anomer : [a]
3 = +88.6 (C = 0.2, MeOH); 'HNMR (500 MHz, DMSO-d,): & 7.40-
7.15 (20H, m, Ar-H), 4.77 (1H, m, CH), 4.76 (1H, d, ] = 3.5 Hz, H-1),
4.68 (4H, m, CH,Ph), 453 (4H, m, CH,Ph), 4.32 (1H, m, CH), 3.95
(2H, m, CH,), 3.83 (1H, m, CH), 3.80 (2H, m, H-2, H-3), 3.67 (3H,
m, H-4, H-6a, H-6b), 3.56 (1H, g, ] = 9.0 Hz, H-5), 3.13 (2H, m, CH,),
2.67 (1H, m, CH,), 2.56 (1H, m, CH,), 1.98 (1H, m, CH), 1.66 (1H,
m, CH,), 1.51 (3H, m, CH,), 1.38 (9H, s, CH,), 0.80 (6H, m, CH,);
PCNMR(125MHz, CDCL,) 6 172.7, 171.4, 170.6, 169.3, 168.9, 159.6,

155.9,139.1, 139.0, 138.7, 138.6, 137.9, 128.8, 128.7, 128.5, 128.4, 128.3,
128.2, 128.1, 127.9, 127.8, 96.7, 79.8, 79.4, 78.9, 78.7, 74.6, 74.4, 72.8,
70.9, 69.1, 57.9, 54.3, 53.5, 49.9, 42.3, 37.2, 36.2, 31.1, 29.6, 28.7, 25.0,
19.8,19.7, 18.3, 17.8; IR (cm!, KBr, neat): 3287, 1643, 741; ESIMS m/z
1111(M); HRMS calcd for : (C,;H, N, O, ), m/z (1110.515336); found,
m/z (1110.5226). 10a B-anomer: [a] * = +51.4 (C = 0.1, MeOH); IR
(cm™, KBr, neat): 3287, 1643, 741; '"HNMR (500 MHz, DMSO-d,): §
7.39-7.16 (20H, m, Ar-H), 4.79 (1H, d, J= 11.4 Hz, H-1), 4.76 (1H, m,
CH), 4.69 (3H, m, CHZPh), 4.55 (5H, m, CHZPh), 4.50 (1H, m, CH
), 432 (1H, m, CH), 3.95 (2H, m, CH,), 3.77 (3H, m, CH, H-2, H-3),
3.67 (3H, m, H-4, H-6a, H-6b), 3.55 (1H, m, H-5), 3.14 (2H, m, CHz)’
2.59 (2H, m, CHz)’ 1.92 (1H, m, CH), 1.68 (1H, m, CHz)’ 1.51 (3H, m,
CHZ), 1.38 (9H, s, CH3), 0.77 (3H, d, ] = 6.5 Hz, CHS), 0.71 BH, d, J=
6.5 Hz, CH3); BCNMR(125MHz, CDClS) 1739, 172.5, 171.9, 170.6,
169.7, 168.5, 159.6, 155.8, 139.2, 138.7, 138.6, 137.9, 137.8, 128.8, 128.7,
128.6, 128.5, 128.4, 128.3, 128.2, 128.1, 128.0, 127.9, 127.8, 127.7, 96.6,
79.3, 79.0, 78.6, 74.6, 74.3, 72.8, 70.9, 69.1, 68.9, 57.9, 54.3, 53.5, 42.3,
40.8, 38.6, 31.3, 29.7, 28.7, 25.4, 19.8, 19.6, 18.5, 18.0, 17.9; ESIMS m/z
1111(M); HRMS calcd for: (C, H,)N,O .- 1), m/z (1110.5153); found,
m/z (1110.5176).

N-(Phe-Asp-Gly-Arg(NO,)-Boc)-2-amino-1,3,4,6-tetra-
O-benzyl-2-deoxy-a-D-glucosamine: The solution of 9b (1.38g,
1.17mmol) in 2M NaOH (2 mL) in methanol (10 mL) and dioxane (30
mL) was stirred at 0°C until all the starting material was consumed as
indicated by TLC (24 hr). The reaction mixture was neutralized (pH
7) with KHSO, and evaporated to remove the solvent. The residue was
added water at 0°C (50 mL) and KHSO, to pH 2. Following filtration, the
residue was purified by column chromatography (15:1 CH,Cl -MeOH)
to provide Compound 10b (0.950 g, 0.820 mmol, 70%). [a] **° = +49.2
(C = 0.2, MeOH); IR (cm”, KBr, neat): 3294, 1643, 741; "HNMR (300
MHz, DMSO-d,): § 8.49 (1H, brs, N-H), 8.22 (1H, d, ] = 6.1Hz, N-H),
7.99 (1H, brs, N-H), 7.40-7.18 (25H, m, Ar-H), 6.93 (1H, d, J= 7.5Hz,
N-H), 4.78 (2H, m, CH), 4.72 (1H, d, ] = 3.3Hz, H-1), 470 (2H, m,
CH,Ph), 4.54 (6H, m, CH,Ph), 3.88 (4H, m, CH, H-2, H-3, H-5), 3.62
(5H, m, CH,, H-4, H-6a, H-6b), 3.13 (2H, m, CH,), 2.94 (1H, m, CH),
2.68 (2H, t,J= 12.0 Hz, CH), 2.39 (1H, m, CH), 1.70 (1H, m, CH,), 1.51
(3H, m, CH,), 1.37 (9H, s, CH,); *CNMR(125MHz, CDCL,) § 172.5,
172.1,172.0, 169.7, 168.6, 159.6, 155.8, 139.2, 139.1, 138.7, 138.6, 138.5,
138.2,137.9,129.5,129.4, 128.8, 128.7, 128.6, 128.5, 128.4, 128.3, 128.2,
128.1, 128.0, 127.9, 127.8, 127.7, 126.6, 96.8, 79.7, 78.9, 78.7, 74.6, 74.4,
72.8,71.0,69.1, 54.4, 53.6, 53.5, 49.6, 42.1, 38.1, 29.8, 28.7, 25.2; ESIMS
m/z 1158(M-1); HRMS calcd for: (C H N,O,. -1 ), m/z (1158.5153);
found, m/z (1158.5303).

N-(Ser-Asp-Gly-Arg(NO,)-Boc)-2-amino-1,3,4,6-tetra-O-
benzyl-2-deoxy-a-D-glucosamine: The solution of 9¢ (200 mg,0.166
mmol) in 2 M NaOH (0.8 mL) in methanol (50 mL) and dioxane (15
mL) was stirred at 0°C until all the starting material was consumed as
indicated by TLC (24 hr). The reaction mixture was neutralized (pH
7) with KHSO, and evaporated to remove the solvent. The residue was
added water at 0°C (50 mL) and KHSO, to pH 2. Following filtration,
the residue was purified by column chromatography (15:1 CH,CI.-
MeOH) to provide Compound 10c (147 mg, 0.123 mmol, 75%). [a]
25D= +24.4 (C=0.2, MeOH); IR (cm, KBr, neat): 3302, 1651; 'HNMR
(500 MHz, DMSO-d,): & 8.46 (1H, d, ] = 8.0 Hz, N-H), 8.26 (1H, d, J
= 6.5 Hz, N-H), 7.39-7.14 (25H, m, Ar-H), 4.78 (2H, m, H-1, CH ),
4.68 (4H, m, CH,Ph), 4.50 (5H, m, CH, CH,Ph), 4.35 (2H, m, CH,Ph),
3.98 (2H, m, CH, H-2), 3.80 (3H, m, H-3, CH, ), 3.64 (3H, m, H-5,
H-6a, H-6b), 3.53 (3H, m, H-4, CH.), 3.15 (2H, m, CH,), 3.02 (1H, m,
CH,), 2.65 (1H, m, CH,), 1.69 (1H, m, CH,), 1.52 (3H, m, CH,), 1.38
(9H, s, CH,); ®*CNMR(125MHz, CDCL,) § 172.6, 170.2, 168.5, 159.6,
155.8,139.2,138.7, 138.6, 138.5, 137.9, 137.8, 128.8, 128.5, 128.4, 128.3,
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128.2, 128.1, 127.9, 79.7, 78.7, 78.6, 74.6, 74.4, 72.8, 72.5, 70.9, 70.5,
69.1, 68.9, 54.3, 53.6, 51.9, 49.6, 42.2, 36.5, 29.6, 28.7, 25.2; ESIMS m/z
1189(M); HRMS calcd for: (C, H, N,O, -1 ), m/z (1188.5259); found,
m/z (1188.5345).

N-(Val-Asp-Gly-Arg)-2-amino-2-deoxy-a-D-glucosamine: The
solution of 10a (30 mg, 0.0270 mmol) in TFA (2.1 mL) and CF,SO,H
(0.7 mL) was stirred at 0°C until all the starting material was consumed as
indicated by TLC (3 hr). The reaction mixture was added Et,O (80 mL),
the precipitate was collected by filtration that was added NH,-H,O to
pH=9. Subsequently, The residue was added HAc to pH=4 and purified
by column chromatography (Sephadex G-10) to provide Compound
11a (6.2 mg, 0.008 mmol, 38%). IR (cm”, KBr, neat): 3132, 1678;
'HNMR (500 MHz, DMSO-d,): § 4.21-3.81 (7H, m, CH), 3.81-3.42
(5H, m, CH), 3.04 (2H, m, CH,), 2.21 (2H, m, CH,), 1.90 (1H, m, CH
), 1.52 (4H, m, CH, ), 0.84 (6H, d, ] = 6.0 Hz, CH,), 3.53 (3H, m, H-4,
CH,), 3.15 (2H, m, CH,), 3.02 (1H, m, CH), 2.65 (1H, m, CH,), 1.69
(1H, m, CH,), 1.52 (3H, m, CH,), 1.38 (9H, 5, CH,); "CNMR(125MHz,
CDClj) § 172.6, 170.2, 168.5, 159.6, 155.8, 139.2, 138.7, 138.6, 138.5,
137.9, 137.8, 128.8, 128.5, 128.4, 128.3, 128.2, 128.1, 127.9, 79.7, 78.7,
78.6, 74.6, 74.4, 72.8, 72.5, 70.9, 70.5, 69.1, 68.9, 54.3, 53.6, 51.9, 49.6,
42.2, 36.5, 29.6, 28.7, 25.2; ESIMS m/z 607(M+1); HRMS calcd for:
(C,H,_N,0, +1), m/z (607.3046); found, m/z (607.3358).

2377437 '8
N-(Phe-Asp-Gly-Arg)-2-amino-2-deoxy-a-D-glucosamine: The
solution of 10b (30 mg, 0.026 mmol) in TFA (2.1 mL) and CF,SO,H
(0.7 mL) was stirred at 0°C until all the starting material was consumed
as indicated by TLC (3 hr). The reaction mixture was added Et,0
(80 mL), the precipitate was collected by filtration that was added
NH,-H,O to pH=9. Subsequently, the residue was added HAc to pH=4
and purified by column chromatography (Sephadex G-10) to provide
Compound 11b (7.3 mg, 0.011 mmol, 43%). IR (cm’, KBr, neat):
3147, 1670; 'THNMR (500 MHz, DMSO-d,): § 4.69 (1H, d, ] = 5.5 Hz,
H-1), 4.66 (1H, m, CH), 4.52 (1H, m, CH), 4.37 (1H, m, CH), 4.14 (2H,
m, CH), 3.71 (4H, m, CH), 3.36 (2H, m, CH), 3.17 (1H, m, CH,), 3.08
(2H, m, CH,), 2.77 (1H, m, CH,), 2.31 (1H, m, CH,), 2.29 (1H, m, CH,),
1.83 (1H, m, CH,), 1.55 (3H, m, CH,); "CNMR(125MHz, CDCL,) &
176.1,174.1,173.9,171.4,160.7, 122.8, 122.4, 121.1, 119.8, 118.8, 116.4,
114.0, 90.1, 84.3, 81.1, 74.6, 63.6, 63.0, 54.3, 54.2, 45.1, 42.5, 35.3, 32.3,
30.7,24.8,22.9; ESIMS m/z 653(M-1); HRMS calcd for: (C27H43N80n+1
), m/z (655.3046); found, m/z (655.3363).

N-(Ser-Asp-Gly-Arg)-2-amino-2-deoxy-a-D-glucosamine: The
solution of 10¢ (30 mg,0.025 mmol) in TFA (2.1 mL) and CF,SO,H (0.7
mL) was stirred at 0°C until all the starting material was consumed as
indicated by TLC (3 hr). The reaction mixture was added Et,O (80 mL),
the precipitate was collected by filtration that was added NH,-H,O to
pH=9. Subsequently, The residue was added HAc to pH=4 and purified
by column chromatography (Sephadex G-10) to provide Compound
11c (6.5 mg, 0.011 mmol, 44%). IR (cm™”, KBr, neat): 3194, 1701;
'"HNMR (300 MHz, DMSO-d,): 6 7.31 (1H, brs, N-H), 4.57 (1H, m,

Boc-(NO,)Arg-Gly-OH + H,N-Asp(OMe)-AA-OBz1

1 2a-c

HO-AA-Asp(OMe)-Gly-Arg(NO,)-Boc
4a-c

AA =Val
Phe
Ser

CH), 4.43 (1H, m, CH), 4.31 (34, m, H-1, H-2, H-3), 4.08 (3H, m, CH
H-4, H-5),3.66 (6H, m, H-6a, H-6b, CH,), 3.11(2H, m, CH, ), 2.60 (2H,
m, CH, ), 1.79 (2H, m, CH, ), 1.58 (2H, m, CH, ); "CNMR(125MHz,
CDCL) & 176.1, 174.1, 173.9, 171.4, 160.7, 122.8, 122.4, 121.1, 119.8,
118.8, 116.4, 114.0, 90.1, 84.3, 81.1, 74.6, 63.6, 63.0, 54.3, 54.2, 45.1,
42.5, 35.3, 32.3, 30.7, 24.8, 22.9; ESIMS m/z 595(M+1); HRMS calcd
for: (C, H,N,0 +1), m/z (595.2682); found, m/z (595.2987).

Results and Discussion

Chemistry

As shown in Scheme 1, Boc-Arg(NO,)-OH and glycine benzylester
(NH,-Gly-OBzl) were reacted using the standard peptide coupling
method (dicyclohexylcarbodiimide (DDC), N-hydroxybenzotriazole
(HOBt) and N-methylmolpholine (NMM)) in solution followed by
purification by silica gel column chromatography to afford dipeptide
Boc-Arg(NO,)-Gly-OBzl.  Subsequently, removal of the benzyl
group with NaOH resulted in Boc-Arg(NO,)-Gly-OH (Compound
1) which was used to synthesize various tetrapeptides. The coupling
reaction of L-Boc-Asp(OMe)-OH with different lipophilic amino acids
benzylester, Val, Phe and Ser, yielded dipeptide Boc-Asp(OMe)-AA-
OBzl. Subsequently, removal of the Boc group with hydrogen chloride
in ethyl acetate led to N-terminal free intermediates (Compound 2a-
c) which was reacted with Compound 1 using the standard peptide
coupling method (DDC, HOBt, and N-methylmolpholine) to give
tetrapeptides (Comopunds 3a-c). Removal of the benzyl group from
Compound 3a-c was carried out by palladium catalyzed hydrogenolysis
to give the corresponding C-terminal free compound, (Compound 4a-
¢), in almost quantitative yield.

The preparation of 2-amino-1,3,4,6-tetra-O-benzyl-2-deoxy-
D-glucopyranoside (Compound 8) [38] using glucosamine (GIcN)
salt (chloride) as starting materials is presented in Scheme 2.
Initially, acylation of (GIcN) salt with (Boc),O resulted in N-Boc-
glucosamine (Compound 6). N-Boc-glucosamine was benzylated
with NaH and BnBr to give 1,3,4,6-tetra-O-benzyl-2- (tert-
butyloxycarbonylamino)-2-deoxy-D-glucopyranoside (Compound
7). Subsequently, removal of the Boc group with trifluoroacetic
acid in dichloromethane led to 2-amino-1,3,4,6-tetra-O-benzyl-2-
deoxy-D-glucopyranoside (Compound 8) as mixture of anomers
which was used for the facile preparation of mimetic peptides.
The synthetic routes for the preparation of mimetic peptides
from Compound 8 were presented in Schemes 3. Furthermore,
Compound 8 and protected tetrapeptides Boc-Arg(NO,)-Gly-
Asp(OMe)-AA-OH (RGDAA, AA = amino acid residues) with
various amino acid residues moiety as building blocks were explored
to synthesize various glycosylated mimetic peptides by standard
peptide coupling methods (DDC, HOBt and N-methylmolpholine)
in solution phase. The products obtained were purified by silica gel
column chromatography to afford 9a-c in 69%, 79% and 61% yield,

BzlO-AA-Asp(OMe)-Gly-Arg(NO,)-Boc
3a-c

Scheme 1: Synthesis of tetrapeptides. Reagents and conditions: (i)NMM, DDC, HOBY; (ii) H2 ,Pd/C.
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Scheme 2: Synthesis of 2-amino-1,3,4,6-tetra-O-benzyl-2-deoxy-D-glucosamine.

CF,COOH.

OBn
BnO 0 i
liSnO OBn —
NH; AA =Val
Phe
]
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il

HO 0
HO OH

Arg-Gly-Asp—AA—NH

11a-c

Scheme 3: Synthesis of mimetic Peptides containing glucosamine.Reagents and
(iii) CF,COOH, CF,SO,H.

respectively. The assignment of the configuration was performed
by '"HNMR spectroscopy. The '"HNMR spectra of 9a showed signals
for the anomeric protons as doublets with coupling constants of 4.0
Hz and 8.5 Hz as a mixture of anomers (a:3=1.8:1). 'HNMR spectra
of 9b-c showed signals for the anomeric protons as doublets with
coupling constants of 3.0 Hz and 3.5 Hz as single anomers, which
can be attributed to the anomeric effect. Subsequently, removal of
the Me group with NaOH led to a set of carboxylic acid 10a-c in
94%, 70% and 75% vyield, respectively. '"HNMR spectra indicated
that 10a was as a mixture of anomers which were separated by silica
gel column chromatography to afford a-anomer and p-anomer
in 74% and 20% yield, respectively (a:f=3.7:1) and 10b-c were
a-anomers. Problems were encountered at the removal of Boc
group of 10a-c where using hydrogen chloride in ethyl acetate is
failed. Unfortunately, the attempt to remove nitro and benzyl
groups by palladium catalyzed hydrogenolysis resulted in only an
intractable mixture of several products. Finally, Compound 11la-c
presented were obtained following the removal of the Boc group,
benzyl groups and nitro group with trifluoromethanesulfonic acid
in trifluoroacetic acid as a mixture of antiomers in 38%, 43% and
44% vyield respectively. The structures of glycopeptides are shown
in Table 1.

-

Reagents and conditions: (i) Boc,O and triethylamine; (ii) BnBr, NaH, DMF (iii)

OBn

(0]
BnO

Bno OBn

Boc-(0O,;N)Arg-Gly-(MeO)Asp—AA—NH

9a-c

|

OBn

BnO
n OBn
BnO

Boc-(O,N)Arg-Gly-Asp—AA—NH

10a-c
conditions: (i)NMM, DDC, HOBt, HO-AA-Asp(OMe)-Gly-Arg(NO,)-Boc; (ii) NaOH;

Evaluation of anti-inflammatory activity

xylene-induced mouse ear edema are the typical animal models
used to evaluate potential anti-inflammatory agents. They have a good
reputation for screening anti-inflammatory agents. Compounds 5,
9a-c, 10a-c, 11a-c were screened for their anti-inflammatory activity
by using a xylene-induced ear edema model assay [39]. The animal
protocol was approved by the Committee on Animal Care and Usage
(Capital Medical University). Male ICR mice (body weight, 18-20 g)
were used. The animals were maintained on a 12/12 h light/dark cycle
at constant temperature and humidity, and provided with free access
to food and water in the home cage. They were allowed to acclimate
to their new surroundings for 1 day before experiment. Mice were
divided into eight groups of twelve. Mice administered orally with 0.5%
CMC were used as the negative control group, and mice administered
orally with Aspirin (at a dosage of 100 mg/kg) in CMC were used as
positive control. The compounds to be tested were prepared as fine
homogenized suspensions in 0.5% CMC at the concentration of 1 mM
and were administered orally to the animals at a dosage of 10 pmol/
kg body weight 30 min before xylene was applied to both the anterior
and posterior surfaces of the right ear. The left ear was considered as
control. Two hours after xylene treatment, all mice were decapitated
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No Chemical structure
OBn
9a BnO O
1!
Bao OBn
Boc-(O,N)Arg-Gly-(MeO)Asp-Val-NH
OBn
9c BnO o
BnO
Boc-(O;N)Arg-Gly-(MeO)Asp—(BnO)Ser—NHOBR
OBn
(0]
10a(B) Bré?]o OBn
Boc-(O5N)Arg-Gly-Asp—Val—NH
OBn
10¢ Bno%
BnO
Boc-(OzN)Arg-GIy-AspfSerfNHoBn
OH
11b HO Q
Te) OH

HoN-Arg-Gly-Asp—Phe—NH

No Chemical structure
OBn
9b BnO Q
BnO
Boc-(OoN)Arg-Gly-(MeO)Asp—Phe-NHog,
OBn
O
10a(a) BnBcr)lO
Boc-(O2N)Arg-Gly-Asp—Val—NHgpgp,
OBn
o}
10b BnO
”Bnm
Boc-(O2N)Arg-Gly-Asp—Phe-NHgopgp,
OH
11 HO Q
a
HO OH
HoN-Arg-Gly-Asp—Val—NH
OH
11 HO Q
[
HO OH

HoN-Arg-Gly-Asp—Ser—NH

Table 1: Structures of glucosamine mimetic peptides derivatives.

Compound? Edema weight (X + SD mg) Inhibition ratio (%)
CcMC 76+28 31.8+23.9
Aspirin 0906 89.5+7.0°
5 35+22 64.3 + 23.0°
9a 1.2+1.1 87.5+11.8°
9b 26+16 78.5+13.1°
9c 1.7+11 86.8+9.0°
10a-a 19+15 84.5+12.1°
10a-B 20+1.4 81.1+15.7°
10b 1.6+1.3 86.7 + 10.5¢
10c 1.2+0.9 90.7 +7.1°
11a 24+14 82.6+11.0°
11b 1.9+13 85.7+9.9°
11c 1.7+0.8 86.9+6.3°

aAspirin=Positive control, CMC=Vehicle, Dose of mimetic peptides derivatives=10 ymol/kg,

dose of aspirin = 100 mg/kg; n = 12.
bCompared to CMC p<0.01.
°Compared to CMC p<0.01, Compared to 5 p<0.05.

Table 2: Anti-inflammatory activities of glucosamine mimetic peptides derivatives determined using an xylene-induced ear edema model.

by diethyl ether anesthesia and both ears were removed and weighed.
The increase in weight caused by xylene was measured through
subtracting the weight of the untreated left ear section from that of the
treated right ear section. The inhibition ratio (%) in describing the anti-
inflammatory effects was determined:

Inhibition ratio % = (1- A/B) x 100%
A: The increase in weight caused by xylene
B: The weight of the untreated left ear section

The efficacies of these derivatives anti-inflammatory activity
were compared with the positive control and the negative control,
respectively. The percentage of inhibition is used as an indication of
anti-inflammatory activity. The anti-inflammatory activity of these
derivatives is summarized in Table 2. The results revealed that all
the derivatives tested significantly reduced ear edema and exhibited
a significant inhibitory activity against xylene-induced inflammation

in mice in comparison with the negative control group. The tested
derivatives showed inhibition ratio ranging from 78.5% to 90.7%
(P <0.01) with Compound 10c being most effective. The ear edema
inhibition ratio for Compound 10c at 10 pmol/kg was calculated to be
90.7%, while that was 89.5% for aspirin at the dosage of 100 mg/kg.
Inhibition ratio of compound 10c was clearly better than that produced
by aspirin. To understand the contribution of the tetrapeptides
(RGDAA) containing RGD in glucosamine mimetic peptides to the
anti-inflammatory activities, glucosamine 5 was used as reference
compounds. Comparison of inhibition ratio values of tested derivatives
and glucosamine (64.3%) showed that the presence of tetrapeptides can
increased the activity, suggesting that the tetrapeptides structure had a
definite contribution to the activity. Further investigation is required
on the biological activity of these compounds in order to rationalize
these observations. This study provided useful information for the
further design of novel potent agents.
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Conclusions

In summary, a novel class of glucosamine mimetic peptides
containing bioactive RGD peptides derivatives were designed,
synthesized and evaluated for their anti-inflammatory effect. It
was found that Compounds 10c exhibited the most potent anti-
inflammatory activity. The tetrapeptides structure containing RGD had
a definite contribution to the activity.
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