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Novel Biologically Active Series of N-Acetylglucosaine Derivatives for the Suppressive

Activities on GAG Release

Tingting Cao, Yong Li, Lijuan Jiang, Li Yuan, Lin Dong, Ying Li, Shufan Yin’

College of Chemistry, Sichuan University, 29 Wangjiang Road, Chengdu 610064, Sichuaoe?Gtiina.

ABSTRACT

(D)-Glucosamine and other nutritional supplements have emergsafeaslternative therapies for osteoarthritis, a chronic and
degenerative articular joint disease. N-acetyl-(D)-glucosamairaampound that can be modified at the N position, is considered to
improve the oral bioavailability of (D)-glucosamine and has been pravgrossess greater in vitro chondroprotective activity
compared with the parent agent. In this study, to further utilizetheoperties, we focus on the modification of the N position with a
benzenesulfonyl and different isoxazole formyl groups. Among theseorordg, the 3-(2-chlorobenzene)-5-methyl-isoxazole formyl
chloride and p-methoxybenzenesulfonyl chloride modifying structuregegrto be the most active of the series and efficiently
processed the chondrocytes in vitro. These novel N-position substitutiggpeods may represent promising leads for osteoarthritis

drug development.
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1. Introduction

2-Amino-2-deoxy-(D)-glucose ((D)-glucosamirtggure 1, (1), an amino monosaccharide derivative of (D)-glucose, is found in
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numerous biologically potent molecules such as cell surface ddmlgteins, hyaluronic acid, glycosphingolipids,

glycosylphosphatidylinositol anchors, blood group antigens, bacterial wall, lipopolysaccharides, -chitin/chitosan, and

glycosaminoglycan (GAG) chaifigD)-glucosamine and its acetylated derivatieacetylglucosamine (GIcNAc), have been widely

used in food, cosmetics, pharmaceutical industries, and biomedical tippticand are currently produced by acid hydrolysis of
chitin (a linear polymer of GIcNAc) extracted from crab andinspr shells® Glucosamine (GIcN) is a precursor of the

glycosaminoglycans and proteoglycans that make up articuldaget@nd it plays an important role in the biosynthesis of GAGs,

which form proteoglycans (PGs) when covalently bonded to a proteidt®Gs are major components of chondrocytes, cellular
components that play a pivotal role in joint functfoRailure of chondrocytes to maintain the balance between syntmesis

degradation of the extracellular matrix may lead to osteoarthfitis.
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Figure 1. Structure of ) (D)-glucosamine an@) N-acetyl-(D)-glucosamine.

Osteoarthritis is the most common form of arthritis and ardggéive and progressive joint disorder characterized by paiint,
tenderness, limitation of movement, crepitus, occasional effusion, arableadegrees of joint inflammation, generally causing
significant disability*° The etiology of osteoarthritis is multifactorial. It can beated using analgesics and nonsteroidal
anti-inflammatory drugs, but these drugs can cause serioussadgastrointestinal and cardiovascular effects, especiatty wi
long-term use; moreover, they do not address the underlying physioldhe diseaskDisease-modifying drugs that interfere with
the progression of the condition are vital for effective treatment.

Over past several years, products containing chondroitin (GAGs)lanave been increasingly recommended by general
practitioners and rheumatologists worldwide, and nowadafeither as sulfate or chloride salts) represents one ahdsé common
agents used to treat osteoarthritis with no major known side €fféétActing as a substrate for cartilage repair by directly
stimulating PG synthesis by chondrocytes, glucosamine is antessomponent of PG in normal cartildge>®Various studies
have presented experimental evidence thanhd to a higher degree, N-acetyl-(D)-glucosamifigure 1, (2) possess a unique range
of anti-inflammatory activities, inhibit NO and cyclooxygenase %), and sequentially inhibit ILL*" N-acetyl-(D)-glucosamine

typically includes a single glucosamine unit & one of the building blocks for glycoproteins, formed from (D)-gluersiorl



during the in vivo biosynthesis of P&¥ Moreover, 2 is widely used as a supplement for treating ostetiarémd is reported to
show no adverse effett? However, an updated report from clinical trials of the drug inrétrhent of osteoarthritis indicated that
the single agent or 2 shows limited efficacy for osteoarthritis. Reasons for thescamplicated but should be mainly due to the
refractory of osteoarthritis and certain unknown imperfect progedfethese compounds. Therefore, the discovery of a new
generation of an inhibitor of GAG release with a potent anti-odteda activity that work against the degradation of used GA&G
cartilage cells is now required for drug research and developifi@xGlucosamine itself is a pharmacologically active,cadfit
anti-osteoarthritis compound. Osteoarthritis is actually conneetitdthe function mechanism of drugs such as COX-2 inhibitors,
which can significantly improve and effectively treat osteodishbly acting on COX-2 receptors. The structure of isoxazalebea
observed in some COX-2 inhibitor drugs such as valdecoxib. Studies lsaveshalwn that sulfonyl or sulfonamide groups are
effective specific COX-2 inhibitors, and a typical medicindechleflunomide tablets, which is used to treat rheumatoid arthsita
isoxazole derivative. To conduct further research on and modification of (D)-glugus the conjugation of two bioactive fragments,
now accepted as an effective approach for drug design, is appleedrhaddition, isoxazole has anti-inflammatory properties and is
biologically active; thus, it may perform more effectivelyrem it or sulfonyl is combined with (D)-glucosamine. Therefore,nin a
effort to discover an inhibitor of GAG release with a high potemgarst osteoarthritis, we performed a rational drug design in which
a new series of N-acetyl-(D)-glucosamine derivatives were syntdesize
2. Results and discussion
2.1 Chemistry.

All target compounds were easily prepared using standard metBgathetic approaches used to prepare the new compounds
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Scheme 1Reagents and conditions: (a}&H, DMF, EDCI, HOBt, TEA-5 °Cto rt, 24 h; (b) TEA, DMF, R*Cl, -5 °G 4 h; (c) TEA,

DMF, R3-CI, -5°C, 4 h.

An activated ester prepared by the reaction of commigrasahilable EDCI (1-(3-dimethylaminopropyl)-3-2 ethylcarbodeni
hydrochloride) together with 3-phenyl-5-methyl-4-isoxazole acid @rmmercially available HOBt (N- hydroxybenzotrizole) was
reacted with (D)-glucosamine hydrochloride to prodége Similarly, the target compounds,—As were prepared by the same

method using different acids as reactants in substitution. The compoerel®btained as mixtures with a range of yields between

60% and 70%Scheme 1)



The synthetic routes for compoundis-A; are outlined irScheme 11t is relatively simple to obtaiAs andA-; through the reaction
of acyl chloride and amide. Because the reaction is exothenmiperformed it in an ice bath, added the right amount of alkali to
catalyze the reaction, and then neutralized it by releasin@d¢udrchloride to protect the glucosamine from becoming an ammonium
salt. To make the reaction continue smoothly, it was best to ussseglucosamine as a reactant. After successfully optintizeng
reaction conditions, we attempted the synthesis of glucosamine aeskdg and A; using (D)-glucosamine hydrochloride with
different acyl chlorides. Results indicate that the reaction proceededndyngi@iding the target productss andA;.

In the synthesis of the series of glucosamine derivafi\¢éed1,, the mechanism and the reaction conditions were similar to the
synthesis ofAg and A;. Hence, sulfuryl chloride with (D)-glucosamine hydrochloride under Ibath conditions and with
TEA/pyridine resulted in the compoundg-A1, (Scheme 1)

2.2 Biological activity.

Regarding the pathogenesis of osteoarthritis, primary influgrfaictors have been identified as interleukin 1 (IL-1), the tumor

necrosis factof? and the hypoxia-inducible factdtin particular, IL-1 is a more important factor as researdicates that IL-1 in the

synovial fluid and serum of patients with osteoarthritis was higher than thaniainoeople*

Figure 2. Primary rabbit articular cartilage cells

To examine the effect of a series of new glucosamine deasaon the loss of aggrecan (cartilage PG) from articaldiage (an
early event in the development of matrix degradation in osteoa)jwe cultivated primary rabbit articular cartilage céfigure 2).
A model in vitro culture system was established whereby agetiexplants were exposed to IL-1 (to induce the loss of agdrecan
a tissue) in the presence or absence of glucosamine derivativegxposure led to an increase in levels of GAG released cetnhpar
with the untreated controls; this represents a loss of aggfemanthe tissue due to degradation by matrix proteZsks.each
experiment, a control level of the increasing GAG released frmrexplant as a result of exposure to IL-1 was determined. An
examination of cartilage explants cultured in the presence obgutne derivatives with IL-1 was also performed. The percentage
of reduction in GAG release, calculated through measuring teessive GAG content using an ELISA-kit, is showrnTaile 1
Thus, in the first set of experiments, where drug dose was 10 meMéan increase in GAG release in the control (i.e., IL-1 alone,
no glucosamine derivatives added) was higher than those groupd trgajkicosamine derivatives. Drug efficacy was measured as

the reduction in the increase of GAG released into the cultureamBdls, treatment with at 10 mM led to an approximately 20%



reduction relative to the control (IL-1 only treated explant cultureépAG released (before/after exposure) into the culture media
whereas that witR2 led to an approximately 39% reduction relative to the control. Idlglacgtotoxicity assays conducted using the
CKK 8 assay on a chondrocyte monolayer culture, ha@hd2 were cytotoxic at 10 mM with 70%—-80% cell viability relativethe
control. At present, whether the apparent inhibition of GAG releagdiielse agents was in part attributable to cytotoxicity iseancl

It was ascertained that these compounds were considerably tessxicyat 1 and 0.1 mM. However, it was difficult to inhibit
IL-1-induced aggrecan release from the tissue (percentage (®AGf reduction) for both compounds at lower concentrations.
Therefore, it is not impossible to deduce that the chondroprotective effeand® at 10 mM is simply due to cytotoxicity.

Almost all new compounds were more active that 10 mM, representing a 20% GAG reduction relativé. tdlostly, the new
compounds showed a lower percentage of GAG reduction at lower dilutions.

The first new compound series was-A;. This series was designed on the basis of the drug efficacy of the isogeagb and the
potency of glucosamine over a range of anti-osteoarthritis condif@r8; significantly reduced the level of GAG released into the
media after IL-1 exposuréd\(—A; at 10 mM). Nonetheless, compared Wit 1, A,, A4, andA;were less effectived;—A7 at 10 mM).
Surprisingly,As showed better effectiveness at reducing the level of GA€aset into the media at 10 mM. Moreoveywas more
effective than the other new compounds at 1 mM with 39% GAG reductiorfui@her dilution,A;—A; lost activity, becoming
inactive at 0.1 mM, although the potencyAafwas still better than that éfs. In addition, the percentage of GAG reduction changed
from 39% to 37%, i.e., a smaller rangg.was more cytotoxic at 10—0.1 mM than most of the other compounds; howevaighly
likely that its efficacy is connected to its cytotoxicity. Bv@,Agwas significantly more active, led to a reduction in GAG rekbase
into the culture media, and was less cytotoxic with a 64%—-85% cell viability-at1thM.

Table 1

Efficacy and Toxicity Data of GlucosamifigN-Acetylglucosamin, and Glucosamine Derivative& A1>)

10 mM 1 mM 0.1 mM

GAG content GAG CCK 8 GAG content GAG CCK 8 GAG content GAG CCK 8

ug/L (£SD) reduction (xSD) ug/L (£SD) reduction (xSD) ug/L (£SD) reduction (xSD)

(%) (%) (%)
1 1616.25 20.41 80.07 1212.81 40.28 101.72  1070.00 47.31 96.64
(0.04) (0.92) (0.05) (1.58) (0.04) (4.65)
2 1240.83 38.90 73.26 1511.88 25.55 68.74 1597.50 21.34 90.81



(0.02) (1.05) (0.04) (1.34) (0.01) (2.04)
A1 1357.50 33.15 70.47 1605.06 20.96 94.26 2159.77 -6.35 107.38
(0.01) (1.54) (0.05) (5.13) (0.04) (4.55)
As 1285.91 36.68 70.71 1447.84 28.71 70.71 1818.86 10.44 90.40
(0.04) (1.72) (0.04) (1.72) (0.00) (1.94)
As 1091.54 46.25 64.97 1303.52 35.81 83.68 1530.23 24.65 83.68
(0.02) (1.03) (0.04) (2.39) (0.02) (2.39)
Ay 1245.57 38.67 68.91 1301.25 35.92 85.89 1279.09 37.02 85.89
(0.03) (1.53) (0.03) (2.80) (0.01) (2.80)
As 1114.32 45.13 78.26 1284.77 36.73 96.72 1326.83 34.66 95.00
(0.05) (2.13) (0.07) (4.21) (0.03) (1.08)
As 1080.80 46.78 64.40 1233.07 39.28 74.57 1280.23 36.96 85.48
(0.04) (1.00) (0.01) (1.64) (0.05) (0.97)
A 1512.05 25.54 71.29 1247.27 38.58 88.52 1173.41 42.22 92.86
(0.02) (1.30) (0.06) (2.61) (0.01) (2.50)
As 1337.50 34.14 69.57 1346.25 33.71 87.28 1335.00 34.26 95.32
(0.03) (1.06) (0.03) (2.58) (0.00) (4.41)
Ag 1507.50 25.77 74.98 1690.63 16.75 84.17 1887.50 7.06 102.71
(0.04) (1.15) (0.03) (0.82) (0.03) (5.74)
A1o 1048.75 48.36 72.44 1501.88 26.04 94.01 1403.21 30.90 95.65
(0.04) (1.51) (0.05) (2.16) (0.02) (1.89)
Ay 855.00 57.90 69.24 1299.64 36.00 89.75 1313.75 35.31 95.90
(0.06) (4.38) (0.03) (14.34) (0.04) (3.43)
A1 1021.25 49.71 70.22 995.63 50.97 90.73 936.88 53.87 102.91
(0.02) (2.30) (0.03) (3.00) (0.01) (2.52)
control

GAG contentug/L 2030.80




The average increase in GAG released into the culture medlal. Treated culture is calculated using the appropriate control
(minus IL-1) for explants cultured in the absence (control GAG atnéad presence (GAG content) of glucosamine compounds at
concentrations ranging from 10 to 0.1 mM. The percentage of GAG redusths calculated using {[control GAG - sample
GAG]/(control GAG)} x 100. The effects of different concenbas of glucosamine compounds on chondrocyte viability were
assessed using the CKK 8 assay. The percentage of celltyial@b calculated relative to the control cells (absengguabsamine
compounds, taken as 100%). As shown in the table, some of the high standatibrd€¢8D) readings are due to the biological

variability of the cartilage obtained.

When the next batch of compournis-A;, was examined, it was clear that these compounds were mare thetnl and2 at 10
mM. A1, showed good biological activity at 10—-0.1 mM and led to a reduction i@ feased into the culture media, resulting in an
approximately 50% reduction relative to the control (IL-1 onlyte@aexplant culture) at 10mM and above 50% reduction at 1-0.1
mM. In addition,A;; was highly effective at 10 mM; however, it was only activaproximately 10 mM and not at 1 mM. If this in
vitro assay was reflected in vivo, such levels of drugs would tikedy not be feasibleA;, was quite effective at 1 and 0.1 mM
dilutions. Surprisingly, at 1 mMA;, was less toxic than the other compounds and showed 90% cell viabilityat 0.1 mM, it
exhibited no cytotoxicity and showed 102% cell viability.
3. Conclusion

In this study, a series of new glucosamine derivatives wagnaéelsand synthesized. The biological activity of these composnds i
discussed based on cellular activity. Numerous compounds showed high poteoitybiochemical and cell function assays. Among
these, two most active compounds were selected to conduct a prelimindro anti-osteoarthritis assay. In conclusion, cell viability
shows a decreasing trend with increasing concentrations of gluogsaompounds. The results of the GAG content indicate that
most of the compounds showed an obvious biological activity. In partidjashowed a strong biological activity at 10 mM,
whereasAg andA1, showed a good biological activity at three different concentratligen considering cell viabilityds andAj»
are presented as new viable compounds.
4. Experimental section
4.1 General

All reagents and solvents were obtained from commercial suppler used without further purification unless otherwise indicated.

Anhydrous solvents were dried and purified by conventional methods @nisiet Column chromatography was performed on silica



gel (200—-300 mesh). All reactions were monitored by thin-layer chiogragphy (TLC) and silica gel plates, which were made by
0.3% sodium carboxymethyl cellulose solution and visualized under UV #igltdMR and**C NMR spectra were recorded using a
Bruker AV[1-400 spectrometer at 400 and 100 MHz, respectively. Coupling constants (J) essectpn hertz. Spin multiplicities are
described as singlet (s), doublet (d), triplet (t), quartet (@) naultiplet (m). Chemical shiftg) are listed in parts per million relative
to tetramethylsilane as an internal standard. Mass spectral datacganed using a Water Q-TOF Premier mass spectrometer.

4.2 Chemistry

4.2.1. Synthesis of N-(3-phenyl-5-methyl-4-i soxazol €)-benzoyl ami no-2-deoxyglucose (A;).

A solution of 3-phenyl-5-methyl-4-isoxazole formic acid (0.2 gnmol) in DMF (5 mL) was stirred. EDCI (1-(3-dimethylamino
propyl)-3-2 ethyl carbon imine hydrochloride) (0.22 g, 1.2 mmol) an@H®-hydroxybenzotrizole) (0.16 g, 1.2mmol) were added
sequentially and activated for approximately 1 h. Glucosamine hydra#l(0.43 g, 2 mmol) and triethylamine (0.4 g, 4 mmol)
were then added, and the solution was stirred for an additional 24 bnattemperature. The reaction was monitored by TLC. The
mixture was extracted with ethyl acetate (EA) afterahed of the reaction. The organic layer was separated, washed sathrated
sodium chloride solution, dried over Mgi@nd concentrated in vacuo. The residue was washed with ethanol/dichloromethane (v/v =
2:5), and the title compourl, was obtained as a white solid (70% vyiel#§).NMR (400 MHz, DMSO) 8.27 (m, 2H), 7.65 (m, 3H),

6.60 (s, 1H, NH-CO), 5.04 (d, 1H) , 3.58 (m, 2H), 3.30J(d,25.2 Hz, 2H), 3.05 (] = 7.3 Hz, 1H), 2.53 (d] = 3.6 Hz, 3H,CH),

1.18 (s, 4H, OH).13C NMR (100 MHz, DMSO-d6p169.75, 161.44, 159.95, 128.71, 127.83, 112.85, 90.29, 72.10, 71.12, 70.12,
61.01, 54.80, 45.26, 10.93, 8.37. HRMS (ESI) calcd foH&N,0; [M+Na] *: 387.1179, found 387.1166.

4.2.2. Synthesis of N-(5-methyl-4-isoxazol e)-for mylamino-2-deoxyglucose (A).

A, was prepared in a same manneAas'H NMR (400 MHz, DMSO ) 6.28 (s,1H ), 5.42 (d, 1H), 4.53 (m, H), 3.79 (m, 1H),
3.72 (d,J = 33.6 Hz, 2H), 3.45 (d] = 13.7 Hz, 1H), 3.29 (m, H), 3.27 (s, 1H), 2.43 (s, 3H), 1.67 (s, 1H), 1.35 (s, 1H), 1.23.(s, 1H
3c NMR (100 MHz, DMSO-d6$170.11, 165.57, 152.96, 118.38, 93.90, 75.23, 71.19, 69.81, 61.95, 56.05, 13.27. HRMS (ESI) calcd
for C13H16N207 [M+H] *: 289.1044, found 289.1050.

4.2.3. Synthesis of N-(3-ethyl-5-methyl-4-i soxazol €)-for mylamino-2-deoxyglucose (Agz).

Az was prepared in a similar wayAq. *H NMR (400 MHz, DMSO % 6.77 (s, 1H), 6.12 (s, 1H), 5.27 (d, 1H), 4.13 (m, 1H), 3.81
(m, 1H), 3.69 (s, 1H), 3.45 (d,= 12.0 Hz, 2H), 3.22 (m, 1H), 3.07 = 7.8 Hz, 2H), 2.43 (s, 3H), 1.76 (s, 1H), 1.44 (s, 1H), 1.32 (t,
3H), 1.24 (s, 1H)**C NMR (100MHz, DMSO-d6p 169.67, 165.81, 165.46, 114.72, 93.90, 75.23, 71.19, 69.81, 61.95, 56.05, 20.54,

14.04, 11.54. HRMS (ESI) calcd fordBl,gN,07 [M+H] * : 317.1360, found 317.1365.



4.2.4. Synthesis of N-(3-benzi soxazol e)-for mylamino-2-deoxyglucose (As).
A4 was prepared by the same methodasH NMR (400 MHz, DMSO) 8.42-7.72 (m, 4H), 6.57 (s, 1H), 5.58 (d, 1H), 4.76 (q,
1H), 3.73 (qJ = 37.5 Hz, 1H), 3.55 (m 1H), 3.44 (d, 1H), 3.39 (d, 2H), 1.65 (s, 1H), 1.29 (s, 1H), 1.24 (s, 1H), 1.05'¢¢ M¥R
(100 MHz, DMSO-d6) 162.52, 161.57, 150.60, 133.55, 124.14, 121.90, 117.28, 111.20, 93.90, 75.23, 71.19, 69.81, 61.95, 56.05.
HRMS (ESI) calcd for @H1eN,0; [M+H] * : 325. 1037, found 325. 1045.
4.2.5. Synthesis of N-(5-isoxazol e)-for mylamino-2-deoxyglucose (As).
Aswas prepared by the same methodasH NMR (400 MHz, DMSO) 6.13 (s, 1H), 5.19 (d, 1H), 3.84 (m, 1H), 3.75 (m, 1H),
3.65 (d,J = 37.4 Hz, 2H), 3.42 (m, 1H), 2.02 (s,1H), 1.85 (s, 1H), 1.51 (s, 1H), 1.24 (s¥*€H)IMR (100 MHz, DMSO-d6p
161.12, 158.08, 153.55, 106.44, 93.90, 75.23, 71.19, 69.81, 61.95, 56.05. HRMS (ESI) cale#if.G; [M+H] *: 275.0880,
found 275.0888.
4.2.6. Synthesis of N-(3-(2-chlorophenyl)-5-methyl-4-isoxazol €)-for mylamino-2-deoxyglucose (As).
Glucosamine hydrochloride (0.43 g, 2 mmol) and triethylamine (0.4wgndl) were dissolved in DMF (5 mL) and cooled-®C.
Then, 3-(2-chlorophenyl)-5-methyl-4-isoxazole formyl chloride (0.23 gyol) was added and stirred-¢& °C for 4 h. The product
was extracted with EA. Extracts were washed with satussadadim chloride solution, dried over Mga@nd evaporated to yield a
crude product. The crude product was then purified using silica ganebtwgraphy, which resulted in a white solid product (90%
yield). *H NMR (400 MHz, DMSO) 8.15 (m, H), 7.55 (m, 3H), 6.53 (s, 1H, NH-CO), 5.04 (m, 1H) , 3.58 (m, 2H), 3.2H]d,
3.11 (9, = 7.3 Hz, H), 2.53 (d) = 3.6 Hz, 3H, Ch), 1.36 (s, 1H), 1.29 (s, 1H), 1.21 (s, 1H), 1.18 (s, 4H, BIE)NMR (100 MHz,
DMSO0-d6)6 170.36, 161.13, 160.35, 133.02, 131.68, 130.40, 127.39, 114.06, 96.05, 90.04, 77.09, 72.71, 71.06, 70.37, 61.08, 54.72,
12.81. HRMS (ESI) calcd for £H14CIN,O;7 [M+Na]*: 421.0779, found 421.0730.
4.2.7. Synthesis of N-(3-(2-chloro-5-fluorophenyl)-5-methyl-4-isoxazol €)-for mylamino-2-deoxyglucose (A7).
A; was prepared by the same methodas'H NMR (400 MHz, DMSO) 7.98 (s, 1H), 7.64 (m, 2H), 7.35 (s, 1H), 6.52Xd;
20.0 Hz, 1H), 5.10 (m, 1H), 4.70 (s, 1H), 4.65 (m, 2H), 4.43 (m, 1H), 3.60 (m, 1H), 3.44 (@,8%H}s, 3H), 2.54 (s, 3H)*C NMR
(100MHz, DMSO-d6)% 169.86, 159.47, 153.52, 130.87, 126.21, 114.53, 95.56, 90.53, 76.20, 74.25, 72.21, 70.86, 69.59, 60.54, 57.24,
53.93, 11.62. HRMS (ESI) calcd forE1CIFN,O7 [M+Na] *: 439.0685, found 439.0670.
4.2.8. Synthesis of N-benzenesulfonami do-2-deoxyglucose (Ag).
Glucosamine hydrochloride (0.43 g, 2 mmol) was charged in a 25 mL roumdrbitésk together with TEA (0.4 g, 4 mmol). Dry

DMF (5 mL) was then added; thereafter, benzenesulfonyl chloride (01L&gjol) at-5 °C was added. After addition, the resulting

10



solution was stirred for 4 h. After the reaction was compléy) acetate was added for extraction. The combined organie press
washed with saturated sodium chloride solution, dried over Mg&@ concentrated under vacuum. Chromatographic purification
with an EtOH/dichloromethane (v/v = 4:1) gradient yielded white a}i87% yield).'H NMR (400 MHz, DMSO) 7.79 (m, 2H),

7.71 (m, 3H), 4.91 (d, 1H), 4.72 (m, 1H), 4.62 (s, 1H), 4.44 (m, 1H), 3.83 (m, 1H), 3.76 \n8.44(d, 2H), 3.06 (m, 1H), 1.34 (s,
1H), 1.44 (s, 1H), 1.16 (s, 1HY)C NMR (100 MHz, DMSO-d6p 140.66, 133.99, 128.96, 128.02, 93.28, 75.23, 70.85, 69.81, 61.95,
58.91. HRMS (ESI) calcd forGH;7NO;S [M+H] *: 320.0805, found 320.0770.

4.2.9. Synthesis of N-(4-bromo)-benzenesulfonylamino-2-deoxyglucose (A).

Ag was prepareth asimilar manner adg. '"H NMR (400 MHz, DMSOY 7.79 (m,4H), 4.91 (d] = 6.8 Hz, 1H), 4.72 (m,1H), 4.62
(s, 1H), 4.44 (m, 1H), 3.39 (d, 2H), 3.06 (m,1H), 2.97 (m, 1H), 2.51 (s, 1H)(4..44), 1.34 (s, 1H), 1.16 (s,1HFC NMR (100
MHz, DMSO-d6)6 131.56, 130.49, 128.54, 127.19, 124.84, 120.86, 90.51, 69.20, 58.21, 45.57, 38.94, 8.60. HRMS (ESI) calcd for
C1oH16BrNO;S [M+H] *: 397.9910, found 397.9913.

4.2.10. Synthesis of N-(4-methyl)-benzenesulfonylamino-2-deoxyglucose (Aqo).

A1o was prepared in a similar mannerfas *H NMR (400 MHz, DMSO)% 7.48 (d, 2H), 7.11 (d] = 18.3 Hz, 2H), 4.91 (d, 1H),

4.61 (s, 1H), 4.02 (m, 1H), 3.65 (m, 1H), 3.37 (d, 2H), 3.14 (m,1H),3.02 (m, 1H), 2.51 (5,881)s,1H), 1.73 (s,1H), 1.30 (s,1H),
1.01 (s,1H).*C NMR (100 MHz, DMSO-d6)p 144.06, 138.77, 129.53, 126.91, 93.28, 75.23, 70.85, 69.81, 61.95, 58.91, 21.15.
HRMS (ESI) calcd for @H1gNO,;S [M+H] *: 334.0961, found 334.0967.

4.2.11. Synthesis of N-(4-nitro)-benzenesulfonylamino-2-deoxyglucose (Ag1).

A1, prepared in the same manne®as’H NMR (400 MHz, DMSO) 8.30 (d,J = 8.2 Hz, 2H), 8.05 (d, 2H), 5.92 (s, 1H), 4.92 (d,
1H), 4.57 (s,1H), 3.20-2.90 (m, 4H), 3.42 (d, 2H), 1.30 (s,1H), 1.21 (s, 1H), 1.01 (¢’3AMMR (100MHz, DMSO-d6p 151.91,
149.96, 129.99, 122.99, 93.28, 75.23, 70.85, 69.81, 61.95, 58.91. HRMS (ESI) caledHeN{DS [M+H]": 365.0656, found
365.0663.

4.2.12. Synthesis of N-(4-methoxyl)-benzenesul fonylamino-2-deoxyglucose (A;).

Ar,was prepared in the same manneAgasH NMR (400 MHz, DMSO 7.73 (d,J = 8.6 Hz, 2H), 7.05 (d] = 8.6 Hz, 1H), 6.85
(s, 1H), 4.92 (dJ = 6.1 Hz, 1H), 4.57 (s, 1H), 3.75 (s, 3H), 3.20-2.90 (m, 4H), 3.42 (d, 2H), 2.5 (s, 1H), 1.30 (s, 1H),1.21 (s, 1H), 1.01
(s, 1H).13C NMR (100 MHz, DMSO-d6p 162.20, 132.82, 128.54, 113.80, 91.19, 71.25, 60.56, 58.22, 54.91, 44.59, 8.31. HRMS
(ESI) calcd for GaH1gNOgS [M+H] *: 350.0900, found 350.0906.

4.3 Biological activity assay
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4.3.1. Isolation and culture of rabbit chondrocytes and CCK-8 cytotoxicity assay.

Monolayer chondrocyte cultures were obtained form the metacarpogkalgoints of mature rabbits. Full-depth articular cartilage
tissue slices were dissected under sterile conditions and sdbjecttandard methods to isolate the chondrocytes using well
established procedures.[22] In brief, the tissue was digested foB1h'@t 5% CQ with agitation, washed, and then further digested
in the same above media and incubated overnight with agitation ag.b€#dls were filtered through a 0.2# Nitex filter and
washed before cell numbers were established. Isolated rabbit chadedre@re cultured in 1 mL of serum-free media containing
gentamicin (5Qg/mL), 1% (V/V) HEPES buffer and supplemented with or withoutagropriate glucosamine compound (10-0.1
mM). After 96h of culture, the cell viability of the chondrocytesha presence or absence of each compound was determined using
the Cell Counting Kit (CCK-8) cell viability assay. This agss a colorimetric toxicity assay based on the detectiont@cellular
mitochondrial activity within viable cells. CCK-8 is converted toam soluble orange-yellow formazan product by succinate
dehydrogenase within the mitochondria of viable cells only. Chondieaultured in the absence of any glucosamine compound
were taken as 100% viable, and the percentage toxicity of exgr@al cultures was determined as [(OD at 540 nm treatexj/ (@D
at 540 nm untreated cells)] x 100.

4.3.2. Articular cartilage explant cultures and analysis of glycosaminoglycan concentration in media.

Full-depth articular cartilage explants were dissected fromummaabbits metacarpophalangeal joints. The explants underwent an
equilibration period by culture in media, after which explants weshed (3x 10 min). Explants were then cultured in triplicate in
individual wells of a 24-well tissue culture plate containing 1 minetlia in the presence or absence of the appropriate glucosamine
compound (10-0.1 mM), after which 10 ng/mL recombinant humarulixds added to half of the wells. After a further 96 h culture
period, the supernatant liquid was treated according to methodsrabthie GAG ELISA Kit (ELISA Kit measured the expressmin
GAG), the value of OD determined by ELISA combined with thedsded curve of GAG to obtained a value of GAG content. From
these data a increasing content in GAG release generatéé ldition of IL-1 was calculated relative to the appropriateraont
culture (i.e., with [GAG content, Table 1] or without [control GAG caohteTable 1] the addition of glucosamine,
N-acetylglucosamine, or the amidate dervivatives) as increasing Ga@nt, and % GAG reduction was calculated by a formula.
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Highlights:

1. New N-acetylglucosamine derivatives are synthesized.

2.The suppressive activities on GAG release of the derivatives rises as different
substituents.

3. The synthesized new derivatives posses excellent suppressive activities on

GAG release.





