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ABSTRACT KEYWORDS
Chondrosine [3-D-GIcpA-(1—3)-a,3-D-GalNH,] isanatural disaccharide Chondrosine;
access blefrom Chondroitin sulfate (CS). Wereport in thiscommunication Mutarotation;
the *H and *C NMR spectral data of the chondrosine methyl ester (3) in Pyranose;
D,O. Datarevealed that two isomers of (3) namely methyl [B-D-GlcpA- Hemiaceta;

NMR.

(1—>3)-a,3-D-GalNH,] (3a) and methyl [a-D-GlcpA-(1—3)-a,3-D-GalNH,]
(3b) are present in solution and undergoing mutarotation on the GalNH,
reducing end. Since the glycosidic linkage of the GIcpA residue can not
undergo interconversion, it isrationa to conclude that the a3 anomers of
thisresidue are either generated in an early step during the preparation of
chondrosineitself or both are natural products. Thisisthefirst experimen-
tal evidence for the presence of two combinations of mutarotated
condrosine methy! ester in agueous solution and thus the o3 designation
can be madefor the GlcpA residuein (3).

© 2008 Trade Science Inc. -INDIA

INTRODUCTION

Chondraitinsulfate(CS) (1) (SCHEME 1) isaclass
of glycosaminoglycans (GA Gs) among otherssuch as
heparin, heparan sulfate and dermatan sulfate¥. Bio-
synthesisof CSin animasbeginswiththe synthesis of

thelinkagetetrasaccharide D-glucuronic acid (GlcA)-
Gal-Gal-Xyl onthe serineresidues of core proteins.
The chainthen eongatesfrom thelinkage by the ater-
nate addition of N-acetyl-D-galactosamine (GalNAC)
and GlcA resduescadyzeby CS synthasesinthe Golgi
apparatus?. During the polymerization step thechain
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undergoes sulfation reaction catalyze by avariety of
sulfotransferases a variouspositions®. Structurd stud-
ies showed that (1) consists of adimeric unit of D-
glucuronic acid (GIcA) and 2-acetamido-2-deoxy-D-
gdactose (GalNAc), namely [4)-B-D-GlcpA-(1—3)-
B-D-GaNAc-(1—] . Chondrosine (2) is obtained
from (1) either by acid-catalyzed hydrolysis® or enzy-
matic degradation processes®. Variouschemica struc-
turesfor compound (2) have been proposed” and to
datetheformula[B-D-GlcpA-(1—3)-a,B-D-GaNH,]
with a-configuration of theglucuronidic linkage® is
established.

Despiteconsiderableinterest in chemistry of chon-
droitin sulfate and hyaluronic acid®, theuse of (2) as
starting material for glycoside synthesisislimitedi?,
Additionally, thereare no literature dataon spectro-
scopic™ or crystall ographic studiesfor any chondrosine
derivativeto unequivocaly establish the conformation
of the disaccharide and the configuration of the
interglycosdic (1—3)-linkage. Asacontinuation of our
work inthefield of natural carbohydrate oligosaccha:
rides 2% and their mimetic analogues™, wereportin
thiscommunicationastudy of configuration anayssof
chondrosine methyl ester (3) in aqueous sol ution based
on H and *C NMR spectral data.

Methyl esterification step was carried out by dow
addition of acetyl chloride(1 equiv.) to acold (0°C)
suspension of (2) inMeOH and themixturewas cooled
at -5°Cfor 4 d°to givethe corresponding ester (3) in
40% yield. Mass spectral analysis recorded for
CH,,CINO,, (Calc; M* 405.5) revealed amolecular
ion peak at m/z 370.1 (+MS) assigned for (M-
C1)*(100%) and amolecular ion peak at m/z 404.5 (-
MS) assigned for (M-1)*(100%). Signasof *H NMR
spectrum (D,0, 500 MHz, rt), assigned withtheaid of
1H-H-COSY, TABLE 1, for ester (3) indicated anum-
ber of anomerswith variable popul ations. For ingtance,
thetwo strong doubletsdisplayed at 5 5.33(d, J, ,3.5
Hz), 5.32(d, J, , 3.5Hz) and two additional weak dou-
bletsat 6 5.42 (d, J,, 1.8H2), 5.41 (d, J, , 3.65H2),
not includedin TABLE 1 clearly indicate the presence
of four anomeric o linkageswith different ratios. The
two broad doubletsof similar intensity displayed at 6
4.75(J=8.4Hz) and 4.78 (J= 8.4Hz) were assigned
asH-1p protons. Asindicated by the coupling con-
gant Jand integration values, the broadening of thelat-
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TABLE 1: 'H NM R spectroscopy (500M Hz, 5ppm, D,O) data
of ester (3)

H oanomer m J Hz B-anomer m J Hz
H-1 533 d J, 35 4.78 d J, 84
H-2 362 dd Js; 110 331 dd Xs 114
H-3 398 dd %, 30 397 dd %, 31
H-4 4.12-408 m 412-408 m -
H5 39 dd X 40 39 dd X 37
2H-6 3.58-356 m 358356 m -
MeO 3.66 S 3.66 s -
H-1» 411 d J.p»» 77 410 d Jy 77
H-22 345 dd %5 95 341 dd X3 95
H-3» 355 dd %, 51 355 dd %4 51
H-4 393 dd Jgs 68 393 dd Jys 6.8
H-5 3.58-3.56 m 358356 m -

TABLE 2: *C NM R spectroscopy (125M Hz, 8ppm, D,0O) data
of ester (3)

C Estim. Anomer-1 Anomer-2 Anomer-3 Anomer-4

CO 1720 171.10 171.04 171.16 171.13
C-1 100.1 103.71 103.80 103.77 89.44
C-2 50.1 49.83 49.79 49.86 49.73
C-3 718 71.97 71.13 - -
C-4 653 67.48 67.41 67.38

C-5 748 74.79 74.45 74.38

C-6 655 61.05 60.99 69.95 -
MeO 52.7 53.19 53.10 52.87 52.82
C-1" 996 103.63 92.98 92.88 89.37
C-22 738 72.62 72.52 - -
C-3 724 75.09 75.02 94.96

C-4 682 70.25 70.17 - -
C-5 789 77.55 77.49 77.45 77.39

ter sgnasisnot only duetovirtual coupling produced
by coupling with H-2, but also probably to the pres-
ence of other conformer of minor intensity. Thefirst
interpretation of the signalsobserved in tHNMR of (3)
pointed out to anomeric equilibrium of morethan one
conformer. Becauseanomerizationisrelated onlytoa
hemiacetal carbon, hencethere can bemutarotaionin
the GAlNH, residue of (3) andthe sameisnot truefor
the GlcpA residuethat can not interconvert because of
the C-1 acetd carbon. Anomeric equilibriumin adeu-
terated agueous solution of chondrosine (2) has been
studied previoudy by tHNM R studiesand resultsindi-
cated an o/ ratio of 65:35%%, Furthermore, literature
vauesof equilibrated solution of GAINH,.HCI inD,0
had indicated an o:3 ratio of 59:41(%61,

BCNMR spectroscopy isavaluabletool in ana-
lyzing the composition of equilibrated mixturesandin
detection of theminor componentg*™. 3C NMR spec-
trumat 125MHz displayed aclear pictureof theequili-
brated solution of ester (3) in D,O and its anomeric
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(30)
Methyl [a-D-GlcpA-
(1-3)-a,b-D-GalNH,)
Figure1: Twoisomersof chondrosinemethyl ester with
a- and b-glucuronidiclinkages, respectively, under going
mutar otation onthe GalNH2 reducing end and selected
3J coupling constants (Hz)

(3a)
Methyl [b-D-GlcpA-(1-3)
-a,b-D-GalNH,]

composition. Theconfigurationsat C-1and C-1’ were
assigned based on the chemical shift (5) values. As
showninTABLE 2, signdsat 6 103.71, 103.63, 103.80
and 103.77 ppm were diagnostic for al 3 anomers.
Strong signals at 6 92.98, 92.88, 89.44, 89.37 ppm
and other four weak peaks, not includedin TABLE 2,
resonated at & 89.57, 89.32, 89.24 and 89.21ppm,
respectively, werediagnosticfor al o.anomers.
Apparently, thisdatanot only indicated the“C, char
conformation of thedisaccharide (3) initsfour possible
anomersinsolution (i.e., ao, af, Bo.and B configu-
rations), but it aso unambiguoudy proved the presence
of a-(1—>3)-glucuronidiclinkage, whichisnot in agree-
ment withtheliterature datd®. Tothispoint, animpor-
tant question raised; Can o/ designationsbemadefor
the GIcpA residuein (3) ? As mentioned above the
GlcpA residuecan not interconvert in agueous solution
because acetal sdo not show mutarotation and in order
for anomeri zation to happen the disaccharidewould
subsequently haveto hydrolyzefirst then anomeric con-
version and reformation of glycosidic bond. Therefore,
itisrationa to concludethat the GIcpA anomerseither
generated in an early step during the preparation of
chondrosineitself or both arenaturally occurring prod-
ucts. Surprisingly, thepublished spectrd dataof methyl
hyaluronate, the closely and ogue of (3), showed simi-
lar o-glucuronidic linkage®. Theobserving major Sig-
nalsin the *H and ®*CNMR spectra of (3) are thus
corresponding to amixture of two isomers, Figurel,
onewith an §-(1—3)-linkage (3a) and onewith ac.-
(1—3)-linkage (3b) which are undergoing mutarota-
tion onthe GaNH, reducing end. Theadditiona minor
peaksresonated at 6 89.57-89.21 ppm range may be
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assigned asthe C-1 signalsof o and 3 types of fura-
noseformsof themutarotated GalNH, residue. Smilar
smdll valuesof J, , mentioned above have been reported
for 1,2-trans-2-amino-2-deoxy-f-D-gal actofuranose
hydrochlorideg?®.

In summary, wereport thefirst experimenta evi-
dence for the presence of two combinations of
mutarotated condros ne methyl ester in aqueous solu-
tion one with ao,—3 linkage and one with af3:—3
linkage. Theov/3 designation canbemadefor the GIcpA
residuein (3). Sincetheglycosidiclinkage of GIcpA
residue can not interconvert in aqueous solution,
anomersareeither generated in an early sep duringthe
preparation of chondrosineitself or both are natural
products.

EXPERIMENTAL

General methods

H and C NMR spectra were recorded using
JEOL at 500 MHz and 125MHz respectively inD,O
withthe chemica shiftsareexpressed onthed scalein
parts per million (ppm). Both positive-ion and nega-
tive-ion modes of mass spectral analysis were per-
formed onanAgilent MSD Trap-SL mass spectrom-
eter equipped with an e ectrospray ion source. Samples
weredissolvedin 1:1 water/methanol and introduced
intoion sourceat aflow rateof 6ul/min. Nebulizer pres-
sure was set to 15 psi and the dry nitrogen gas was
used at aflow rate at 5L/min and the dry temperature
was at 325°C.

(Methyl 3-D-glucopyranosyluronate)-(1—3)-2-
amino-2-deoxy-D-ga actopyranose hydro-chloride sdt
(3). Acetyl chloride (0.75mL, 10.5mmol) was added
to a stirred suspension of chondrosine (2)(3.00g,
8.44mmol) inMeOH (90mL) at 0°C then left for 4d at
- 5°C. tert-BuOH (20mL) was added and the solution
evaporated to dryness. The crude product was dis-
solved inwater (150mL), filtered through Celiteand
the solvent wasevaporated. Recrystalli zation by disso-
lutionin MeOH (20mL) and 1:1 MeOH/i-PrOH (40
mL) was added followed by the addition of morei-
PrOH (120mL). Thesolidswereremoved by filtration
and discarded and thefiltrate was evaporated to dry-
ness. Theresulting solidwasdissolvedinMeOH and it

— @)u;mic CHEMISTRY

Hn Tndéan g%wumé



124 Spectroscopic analysis of mutarotated galactopyranose

OCAIJ, 4(2) February 2008

FPull Paper =

was re-precipitated by addition of Et,O. The amor-
phouswhite solid wasfiltered off and driedinvacuoto
give 1.4g of (3), (40%). *H NMR (500 MHz, D,0);
see TABLE 1. ®*CNMR (125MHz, D,0) see TABLE
2.MS(ES): Cacdfor C H,,CINO,, (405.5); Found:
+MSm/z 370.1 (M-Cl)*(100%), -M Sm/z 404.5 (M-
1)*(100%).
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