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ABSTRACT 

Methanolysis of methylated hyaluronic acid, foliowed by acetylatron, gave, 
in 70 % yield, crystalline methyl 2-acetamido-2-deoxy-4,6-di-O-methyl-3-O-(methyl 

4-O-acetyl-2,3-di-O-methyl-~-D-glucopyranosyluronate)-a-D-glucopyranoside. Remo- 
val of the 0-acetyl and methyl ester groups gave compounds that are useful in the 
investigation, by ‘H-n-m-r. spectroscopy, of interaction within chams of hyaluronic 
acid in solution. 

INTRODUCTION 

Present studies by n.m.r. spectroscopy of the interaction between 2-acetamldo- 
2-deoxy and uranic residues within the hyaluronic acid chain m solution”‘, and by 
g.l.c.-m.s. of hyalobiuromc acid derivatives for the identification of hyaluronic acid, 
have renewed Interest u-t derivatives of hyalobiouronic acid, the disaccharide corrc- 
sponding to the repeating unit of hyaluromc acid. The methyl esters described herein 
were obtained about 30 years ago in a study of the structure of hyaIuronic acid 
methylation3, which confirmed’ the results of enzymic degradation obtained 
-Meyer and associates’. 

RESULTS AND DISCUSSION 

by 
by 

Hyaluronic acid obtained from human umbilical cord6 was methylated by the 
Haworth procedure 3*7 Although this procedure is more time-consuming than the . 

methods introduced later, which are based on methylsulfinyl sodmm’ or on solution 
in NJV-dimethylformamide’, it presents the advantage of avoiding IV-methylation 

*Amino Sugars 129. This is pubhcation No. 875 of the Robert W. Memorial Group for the Study 
of Crippling Diseases, Harvard Medical School at the Massachusetts General Hospital, Boston, MA. 
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(which inhibits the methanolysis of methylated polysacchandes’, and results in 
mixtures of N-methylated and X-acetylated compounds”) and degradation of the 
polymer . *’ The methyl ester of methylated hyaluronic acid (1) was methanolyzed 
with 5 o/o hydrogen chloride in methanol for 24 h. Increase of the time of reaction 
to 72 h did not appreciably change the yields of the products obtained, probably 

because the concentration of hydrogen chloride decreased rapldly. The resulting 
syrupy product was acetylated with acetic anhydride and pyridine, and the acetates 
were chromatographed on a column of silica gel, to give a crystalline fraction in 84 oA 
yield. Several recrystallizations gave, in 45 % yield, methyl 2-acetamido-2-deoxy- 
4,6-dl-O-methyl-3-O-(methyl 4-0-acetyl-2,3-di-O-methyl-~-D-~lucopyranosyluron- 

ate)-a-D-glucopyranosiae (2) having a double m p. between 105 and 155”. The a-D 

configuratlon was attributed to the 2-acetamido-2-deoxy-D-glucose residue (a) on 
the basis of the stereoselectibity of the gljjcosylation of 2-acetamido-2-deoxy-D- 
glucose”, (6) by analogy with the results of the methanolysls of the nonmethylated 
compoundi3, and (c) on the basis of the positive optical rotation. 

2 R = AC,,?” OMe 

3 R = U,R’= OMe 

2 R = H ,R’= OH 

5 R = Me,R’ = OMe 

6 R = H,R’= NH+ 

7 R = Me,R’= NW2 

MeOCWZ I 

4 
HCNCHCfoH9-2-OH 

0 I 
OR HOCH 

I 
Me0 OMe HCOMe 

HNAc I 
HCOH 

9R=H I 
1OR = AC 

HZCOLve 

11 

OMe 

Crude 1 was treated w&h barium methoxide in methanol at 0”, and then with 
diazomethane, to give, in S5% yield, a sharp-melting compound corresponding to 
methyl 2-acetamido-2-deoxy-4,6-di-O-methyl-3-O-(methyl 2,3-dl-O-methyl-j&D-gluco- 
pyranosyluronate)-a-D-glucopyranoside (3). Treatment of 3 with barium methoxide, 
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TABLE I 

1H-NMR.DATA~FORCOMPOUNDS 2-4 AND 7 

Compound Chemical shifts (S) (J ttt Hz) 

H-I 
(51 11 

H-l’ 

(JI .Z ) 
NHAc OMe NHAc Others 

2 4.76d 
(3 4) 

3 4.‘8d 
(3.4) 

4 4 67d 
(3.5) 

7 4.68d 
(3 4) 

4.40d 
(7 7) 

443d 
(7.4) 

4.42d 
(7 7) 

4 45d 
(7 4) 

5 63d 

5.7ld 

5 62d 

6 05d 

3 54s, 3.523s, 
3 519s, 3 42s, 
and 3 33s 

3.63s, 3.52s, 
3 51s, 3 42s, 
and 3 33s 
3 65s, 3 52s, 
3 50s. 3 43s, 
and 3 37s 
3 6Os, 3 55s, 
3 51s, 3 5os, 
3.43s, and 
3 37s 

2.01s 

2 01s 

3.71s (CO+le), 
and 2 08s 
@AC) 
3.81s (CO&le) 

2 0-k 

2 03s 6 94bs and 
and 5 60bs 
(CONH-) 

“At 270 MHz, for solutlons m chloroform-d 

but without treatment with diazomethane, gave, in 73 % yield, the free acid 4. Methyla- 
tion of 3 with the Purdle reagents’” gave, m good yield, the methyl ester of the fully 

methylated disaccharide 5. Treatment of 3 with ammonia in methanol gave the 
crystalline amide 6, and the same crystalline amide was obtamed directly from crude 

2 m 90% yield, thus confirming that 2 did not contam a mixture of L-acetamido-2- 
deoxy-a- and -F-D-glucopyranosyl residues. Simdarly, the fully methylated di- 

saccharide 5 was characterized by the crystalline amide 7. 
Because the low yield of the recrystalhzatlon, and the double meltmg-point 

of 2, might suggest” the presence of some B-D anomer in the crystalline product, or a 
mixture of compounds containin, = various interglycosldic linkages, compound 2 and 
the derivatives 3, 4, and 7 were re-investigated recently by ‘H-n.m.r. spectrometry 

(see Table I). In the spectra of the four compounds, only one slgnai, at 6 4 67-4.78, 
showed J1 ,Z 3.4-3.5 Hz, and one sIgnal, at 6 4.40-4.45, for H-l’ showed J1,,2, 7.4-7.7 
Hz, which were attributed to t(- and ,8-D-glycoslde bonds, respectively, and no P-D- 

glycosIde bond at C-l was observed. 
In order to establish the structure of 2 and 3, and, consequently, of hyaluromc 

acid, 2 or 3 was reduced with sodmm borohydnde, and then methanolyzed to give, 

in 57% yield, methyl 2-acetamido-2-deoxy-4,6-d~-O-methyl-cc-~-glucopyr~nos~de 
(9), characterized by the crystalline 3-acetate I5 10. The same compound was obtained 
by prolonged methanolysis of 1. Acid hydrolysis of 9 gave 2-emmo-2-deoxy-4,6-dl-O- 

methyl-D-glucose, characterized by the crystalline, 2-hydroxynaphthaldehyde Schiff 
base” Il. Reduction of 3 w&h hthium borohydrlde in oxolane led, in 83 o/0 yield, to 
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crystallme methyl 2-acetamido-2-deoxy-4,6-di-O-methyl-3-0-(2,3-di-O-n~ethyl-~-~- 
glucopyranosyl)-cr-D-glucopyranoside (S), which was hydrolyzed with sulfuric acid 
to give 2,3-di-U-methyl-D-glucose (12), identified by electrophoresis’ 6. 

Th: isolation of 3 in 60% yield, and of 2 in 70% yidd, indicates that most, 
if not all, of the linkages in hyaluronic acid are alternatively p-~-(1+3) and -(l-4). 
The degree of methylatlon of the startmg material 1 was only 4.55 methoxyl groups 
per disaccharide unit (theoretical value: 5.0 groups), suggesting a maxlmum yield of 
55 oA of 2. However, if underesterificatlon of the carboxyl group is taken into considera- 
tion, and is estimated to be similar to that of hyaluronic acid3 (caic. 7.9; found 5.35), 
a degree of methylatlon of 3.85 ether methoxyl groups per disaccharide umt (theoreti- 
cal value: 4.0 groups) is calculated, corresponding to a yield of 85% of 2. The yields 
of 2 and 3 obtamed are well within the two extreme values of 55 and 85 %, and suggest 

random nndermethylation. 

EXPERIMENTAL 

General methods. - Meltmg points were determined on a hot stage equipped 
with a mIcroscope, and correspond to “corrected melting pomts”. Rotations were 
determined with a polarimeter equipped with a Rudolph photoelectric polarimeter 
attachment ModeI 200, or with a Perkm-Elmer No. 141 polarimeter. The chloroform 
used was A.R. grade and contamed ~0.75% of ethanol. 1.r. spectra were recorded, 
for potassium bromide discs, with a Perkin-Elmer spectrophotometer Model 237. 

N-m-r. spectra were recorded with a Bruker HX-270 spectrometer for solutions m 
chloroform-d contaitung tetramethylsllane as the internal standard. Column chroma- 
tography was performed on “SIhca Gel Davison” (grade 950; 60-200 mesh), from 
the Davison Co., Baltimore, MD 21201, which was used without pretreatment. 
All mixtures of solvents are v/v_ The microanalyses were performed by Dr. Alicino, 
New Jersey; Drs Ritter, Welser, and Strauss, Zurich, Switzerland; and Dr. Manser, 
Zurich, Switzerland. 

Methyl 2-acetamido-2-deo~~~-4,6-dr-O-metf~yZ-3-0-(meti~yl 4-O-acetyi-2,3-di-O- 

r~let~~~~l-P-D-g(rrcopyranosy~~~ronate)-~-~-g~~~copyranoside (2) by methanolysis of methyl- 

ated hyahcronic acid metlzyl ester (1) - To methylated hyaluronic acid methyl ester3 
(0.88 g; OCH,, 31.9%; [a]g4 -51 o (c 0.53, methanol)) was added 5% hydrogen 
chloride in methanol (40 mL), and the solution was boiled for 20 h under reflux, with 
protection from moisture. After evaporation, the residue was dried by several addl- 
tions and evaporations of methanol, and then of toluene. The residue was treated 
overnight with pyridine (5 mL) and acetic anhydride (3 mL). The dark-red solution 

was poured mto ice-water, extracted with chloroform (3 times), and the extract 

successively washed with dilute sulfuric acid and sodium hydrogencarbonate, dried 
(Na,SO,), and evaporated, to give a residue (1.26 g) which was chromatographed 
on silica geel. Elutlon with dichloroethane-ether, ether, ether-ethyl acetate, and 49 : I 
ethyl acetate-acetone gave syrupy fractions (0.17 g) that were not further investigated. 
Elution with 19 : 1, 9 : 1, 4 : 1, and 2 - 1 ethyl acetate-acetone gave crystailine fractions 
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(0.83 g, 84%). Elution with 1: 1 ethyl acetate-acetone, acetone, and methanol gave 
syrupy fractions (0.07 g) that were not further investigated. Recrystallization from 
ether-pentane gave 2 as prisms (0.57 g, 45%), m.p. 95-l 15”, being transformed 
into long needles, m-p. 149-153”, [z]:” -1-65” (c 0.93, chloroform); vy: 3295 (NH), 
2855 (Me C-H), 1770, 1755 (ester C=O), 1655 (Amide I), 157&1560 (Amide II), 
1380 (Me C-H), and 1300 and i240 cm-’ (C = 0); for ‘H-n m r. data, see Table I. 

Anal. Calc. for C2,H3,N0r3: C, 50.47; H, 7.12; N, 2 68; AC, 16.44; OCH,, 
35.57; mol. wt. 523. Found: C, 50.68; H, 7.16; N, 2.37; AC, 16.52; OCH,, 35 74; 
mol. wt. (Rast) 542. 

Met~~y~2-acetamido-2-deo_~~~-4,6-di-O-metl~~~I-3-0-(tnetlt)~l 2,3-di-O-methyl-~-D- 

gl~tcopyra~rosyluronate)-~-D-g/~~c~~y~a~zo~~de (3). - To a solution of crude 2 (300 mg) 
in methanol (10 mL) was added 0.4&r barium methoxide in methanol (2 mL). The 
solution was kept overmght at O”, and then passed through a column of Amberhte 
IR-120 (Hf ) cation-exchange resin. The resin was extensively eluted with 1 -1 

methanol-water, and the combined eluates were evaporated, to give a crystalhne 
residue. In order to esterify any free carboxyl group that might have been formed 
by de-esterification during the processing, the residue was treated for 5 min with a 
5 % solution of diazomethane in ether. After evaporation, the residue (277 mg, 100 %) 
was dissolved in ethyl acetate, and chromatographed on ska gel Elution with 19 : 1, 
4: 1,3 : 1,2 : 1, and 1 : 1 ethyl acetate-acetone gave crystalhne fractrons (230 mg, 85 %) 
Recrystalbzation from acetone-ether gave 3 (165 mg, 60 %), m p. 157-158 O, [a]? 
-f-74” (c 1.05, chloroform); vzf; 3445, 3400 (OH), 3280 (NH), 2855 (Me C-H), 
1760, 1740 (ester C=O), 1665, 1640 (Amide I), 1565, 1485 (Amtde II), 1380 (Me 
C-H), and 1300 cm-’ (C=O); for ‘H-n.m r. data, see Table I 

Anal. Calc. for C,0H,,N0,2. - C, 49.89; H, 7.33; N, 2.91; OCH,, 38 67. Found- 
C, 49.70; H, 7.46; N, 2.87; OCH,, 38.35. 

Acetyiation of 3 (m-p. 157-l 58 “) wrth acetic anhydride-pyridine, and processing 
in the usual way, gave in nearIy quantitative yield, compound 2 having an indefinite 
m-p. between 116” and 146O. 

Methyl bacetanzido-2-deosy-4,6-dr-O-met~~y~-3-0-(2,3-di-O-metlryl-~-~-gIrcco- 

pyranosykronic acid)-a-D-ghrcopyrat?oslde (4). - A solution of 2 (395 mg) was 
treated with barium methoxide as descrrbed for the preparation of 3. After passage 
through the column of cation-exchange resin, and evaporation, the crystallme residue 
was recrystallized from acetone-ether, to give thick prisms (258 mg, 75X), m p. 
198-199”, [a];” -t-54” (c 0.82, methanol); vz: 3390 (OH), 3310 (NH), 2850 (Me 
C-H), 1690 (CO,H), 1615-1600 (C=O), 1555 (Amtde II), 1375 (Me C-H), and 
1300, 1275, and 1255 cm-’ (C=O); for ‘H-n-m-r. data, see Table I. 

Anal. Calc. for C1sH3sN0i2: C, 48.82; H, 7.12; OCHt, 33.12. Found. C, 48.42; 
H, 7.45; OCH,, 33.15. 

Esterification of 4 (105 mg) with 1 O? diazomethane in methanol for 10 min, 
followed by evaporation, gave 92 mg (85 %) of 3, m.p. 157-158”, showing no de- 
pression of the m-p. with the compound described in the preceding paragraph 

Methyl 2-acetan~ido-2-deoxy-4,6-di-O-metf~yl-3-O-(met~~y~ 2,3,4-tri-Q-methyl- 
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P-D-gI~tcop_i~lanos~ lwoizate)-a-D-glrtcopyranoside (5). - Compound 3 (30 mg) was 
treated overnight under reflux with methyl iodide (5 mL) and sdver oxide (100 mg-). 
The mixture was filtered through a pad of charcoal (Darco G-60~C&e, the sohd 
residue washed with acetone, and the filtrates were combined, and evaporated. The 
crystalline residue was recrystallized from acetone-ether-pentane, to give short 
prisms (22 mg, 70%), m-p. 175-176”, [a]? +70” (c 0.85, chloroform) 

Alzal. Calc. for C21H37N012: C, 50.90; H, 7.53; OCH,, 43.84. Found: C, 50.93; 
H, 7.57, OCH,, 43.20. 

Metiq I 2-acetamido-2-deoq -3-0-(2,3-dr-0-n~eti~~~l-P-D-,olttcopyra~~osyl~~rona~~~i- 

de)-4,&h-0-methyh-D-gkcopyrarzoside (6). - (n) From 3. A solution of 3 (10.4 mg) 
in methanol (1 mL) was saturated at 0” with ammoma, and then kept for 48 h at 
room temperature. Evaporation gave a crystallme residue that was recrystallized 
from acetone-ether, to give 6 as elongated prisms (9.6 mg, 95 %), m-p. 261-263”, 
[~]z i-75” (c 0.87, methanol) 

Anal. Calc. for C19H3SNZOll: C, 48.92; H, 7.35; N, 6.01. Found: C, 48.93; 
H, 7.23; N, 6.10. 

(b) From 2. An ldentlcal treatment of 2 (20 mg) with methanollc ammonia 
gave 16 mg (90%) of 6, m-p 261-263”, mixed m p. with the compound described 
under (a) 260-262”. 

Methyl 2-acetamido-2-deo_~y-4,6-di-O-~~~etf~~~I-3-0-(2,3,4-tri-O-met~~yl-B_D-g[~~- 

copyranoq Iuronamide)-a-D-glucopyranoside (7). - Treatment of 5 (27 mg) with 
methanolic ammonia, as described for the preparation of 6, gave 24 mg (92%) of 
needles, m-p. 212-215”, resolidifying, and second m-p. 224-228O, [a]Ao +43” (c 0 09, 
chloroform); v”,‘$ 3420, 3290, 3205 (NH), 2850 (Me C-H), 1685, 1640 (Amide I), 
1565 (Amide II), 1380 (Me C-H), and 1305 and 1240 cm-’ (C=O); for ‘H-n.m.r. 
data, see Table I. 

Anal. Calc. for C20H36N1011: C, 49.99; H, 7.55; N, 5.83. Found: C, 50.01; 
H. 7.49; N, 5.96. 

Methyl 2-acetamrdo-2-deos~-3-0-(2,3-di-O-metlz~~l-~-D-gf~~copyranosyI)-4,6-dr- 
0-methyl-~-D-gfLlco~_vra~ioside (8). - A solution of 3 (160 mg) m 0.5~ lithium boro- 
hydride in oxolane (125 mL) was ke$ for 24 h at room temperature. Iced water was 
added, and the solution was acidified with 5% acetrc acid, and passed through a 
column of Dowex 50 (H+) cation-exchange resin. After evaporation of the eluate, 
the residue was dried by bevera additions and evaporations of absolute ethanol. The 
crystallme residue was recrystalhzed from acetone-ether, to give thick prisms (126 mg, 
83%), m p_ 148-149”, [ali f81” (c 0.91, chloroform). 

Anal. Calc. for C,gH,,NO,,: C, &9_80; H, 7.78. Found: C, 50.19; H, 7.72. 
Hydrolysis of 8 with M sulfuric acid for 10 h at iOO”, followed by treatment 

with Dowex-1 X-S (AcO-) and Dowex-50 X-S (Hf) ion-exchange resins, and 
evaporation, gave a residue that was analyzed by paper electrophoresis in borate 
5ufferi6; it migrated ltke an authentic specimen of 2,3-di-O-methyl-D-glucose (12). 

Metlzyl 2-acetainido-Z-deo~y-4,6-di-O-metltyl-a-D-glucopyranoside (9). - A 
solution of 3 (320 mg) in water (5 mL) was treated with a solution of sodium boro- 
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hydride (200 mg) in water (5 mL) for 2 h at room temperature. After acidification to 
pH 6.2 with O.lM acetic acid, the solution was diluted with water (50 mL), and passed 
through a column of Dowex 50 (Hf ) cation-exchange resm. The eluate was evaporated, 

and the residue boiled under reflux for 2 h with a 5% solution of hydrogen chloride 

in methanol (5 mL). After neutralization of the acid with silver carbonate, filtration 
through Darco G-60 charcoal-Cehte, and evaporation of the filtrate, the residue was 
chromatographed on silica gel. Elutton with ethyl acetate-acetone gave fractions 
(55 mg) havmg m-p. > 165”. Recrystallization from methanol-ether-pentane gave 

long needles, m.p. 205-206 O, [a]r + 157 o (c 0 17, methanol), showmg no depression 
of m-p. in admixture with authentic ” 9; rKBr 3290, 2960, 2850, 1630 (Amide I), rnX#. 
1550, (Amide II), 1450, 138G, 1200, 1140-1125, 1050, 970, 955, 925, and 895 cm-‘, 
rdentrcal with the 1-r. data for authentici 9. 

Anal. Calc. for C,,H,,NO,. C, 50.18; H, 8.04; N, 5.32; OCH,, 35.36. Found: 
C, 50.20; H, 8.06; N, 5 28; OCH,, 35.44 

Compound 9 was acetylated with acetic anhydride and pyrtdme m the usual 
way, to give methyl 2-acetamido-3-O-acetyl-4,6-di-O-meti~yl-~-~-glucopyranos~de 
(lo), m-p. 10%log”, showing no depression of m.p. in admrxture with an authentic 
samp1e15. 

Anal. Calc for C,,H2sNO; C, 51.14; H, 7 59. Found: C, 51 13; H, 7.67. 
Hydrolysis of 2 (10 mg) with 5~ hydrochloric acid for S h under reflux, followed 

by evaporation, and treatment with 2_hydroxynaphthaldehyde, gave, after chromato- 
graphy on silica gel, with elution with acetone and 9 _ 1 acetone-methanol, crystalline 
fractions that were recrystallized from methanol-ether-pentane, to give 5.7 mg 
(75%) of the 2’-hydroxynaphthylidene derivative 11, m-p. 186188”, showing no 
depression of the m p_ in admixture with an authentic sample”. 
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