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I.. Introfluction.

1. Biochemistry of the Mucopolysaccharides,

Of the various polysaccharides found in living organisms,
the mucopoclysaccharides are of significance from biochemical

()’

and physiological points of view. These subsiances are
known to exist widely‘in animal kingdom, and the modes of
their existence are different, being due %o their sources.
Mostly, they are considered to exist in conjugated form with
proteins(2’4) or 1ipids(4) in living organisms. These sub-
stances have been clagsified and defined by Meyer,(5) Stacey(é)
. and Masamune,(7) respectively, and in most cases the Tucopoly—
saccharides contain 2-amino-2-deoxy-D-hexose (hexosamine)

as a component.

In this dissertation, acid mucopolysaccharides donsisting
of 2—amino-2—deoxy72-hexose and uronic acid, some of which
contain sulfate ester group, are studied for their chemical
structure and the elucidation of the structure is referred
to chondroitin sulfate C obtained from shark cartilage.

Chondroitin sulfates are present in cartilage, tendon,

aorta, skin and other connective tissues.(l’s'll) Thege are
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clagsified according to their physical and chemicel properties
into chondroitin sulfate A, B (A-heparin) and ¢, (12,13)

Hyaluronic acid is distributed widely without or with
chondroitin sulfates iﬁ skin, connective tissues,(l) hyaline
" cartilage, (14) umbilical cord,(lﬁ) synovial fiuid, (16)
hemolytic streptococed, (3,17) and other tissues.

Heparin(1938) is found in lung and liver, and has the
blood anticoagulant activity, and, moreover, it has a relation
with 1ipid metabolism in circulatory tissues.

Along with the development of enzyme chewistry, the
enzymic degradation and blosynthesis of mucopolysaccharides
are also studied by many investigators. Hyaluronic acid and
chondroitin sulfate A and C are hydrolyzed by hyaluronidases
from narmalisn testis and leech to give mainly tetrasacca-
rides,(lg':zo) vhile by bacterial hyaluronidases (Pneumococci,
Streptococei, Staphyrococei, ete.) it yields 44~5 unsaturated
disaccharide (Fig, 1.2).1920) Ghondroitin sulfatase(24-26)
and heparinase(19’27) have also been reported.

Studies on the metabolism of 2-—amino—2—deoxy—1;—glucose(28'
39) and pglucuronic acia(®33) nade it possible to investi-
gate the biogyntheses of mucopolysaccharides. Biosynthesis
of hyaluronic acid(28’31"’35 ) was successfully worked outb

through uridine diphospho-2-acetamino—-R2-deoxy—-D-glucose and
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uridine diphospho-D-glucuronic acid. The biogynthesis of
chondroitin sulfate(36"39) and heparin(ag’Ao) is also under-

taken by many biochemists.

2. Chemical Structure of the Mucopolysaccharides.

Although biogynthesis and degradation mechanism are
lmown to some extent, chemical structure of the mucopolysaccha-
rides has not been solved until recently.

Hyaluronic acid (Fig. I;l.I), which is composed of
2-acetanino-2-deoxy-D-glucopyranose and D-glucuronic acid,
was vhe first in this field whose chemical structure was
clarified, Weissmann aﬁd Meyer isolated a hyalobiuronic
acid{4l) from the acid hydrolysate of hyaluromic acid and
characterized it as 3-0-(f-D-glucurcnosyl)-R2-acetamino~2-
deoxyag—glucose,(Az) and afterwords, Hoffman and Hirano(43)
determined 2—amino-2-deoxy—2—glucosidié linkage of hyaluronic
acid as AFQ—(ﬁkz—acetamino—E—deoxyﬁg—glucosyl)—Q;glucuronic
acid.

Chondroitin sulfate A and C (Fig. I.1.IT, IV) are consisted
of 2~acetamino-2~deoxy-D-galactose, D-glucuronic acid and

sulfate. The marked difference of these substances Was
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observed in [Ap and in infraved spectrum. The former sub-
stance has {#]p ~30°, while the latter [#lp -20%. Infrared

spectrun of chondroitin suifate c{44:45) snous equatorial

€ 1

sulfate absorption bands at 1000 cm.-l, 820 em,” and 775 em. T,
which would indicate that the sulfate group is conjugated to
equatarial hydroxyl group of carbon 6 of 2-acetamino-2-
deéxyhgrgalactose. While chondroitin sulfate A shows absorp—
tion bands at 928 cm.'l, 852 om.™l and 725 cm._l, which would
indicate that the sulfate group does not attach to equatorial
hydroxyl group, namely, it would attach to carbon 4 of 2-
acetamino—2~deoxy-D-galactose. These facts were supported
further by Strominger and Suzuki(Ab) by periodate oxidation
studies.

The linkage of D~glucuronic acid *o 2-acetamino-2-deoxy—~
D-galaclose was investigated with chondroitin sulfate A.
Before the report of Davidson and Meyer was published(50),
there had been some arguments about the position which links
each other;(47"49) Chondrosin isolated ffom chondroitin
sulfate & by acid hydrolysis ﬁas revealed to be 3-0~(4-D-
gluguronosyl)-2~acetamino—2—deoxyhgﬁgalactose, and this
structure was supported by Seno(51) with periodate oxidation

of chondrosin. On the other hand, 2-acetamino~2-deoxy-D-

galactosidic linkage could be speculated to be g-l:/ from the

5.



result obtained from the studies of bacterial hyaluronidase,
vhich gave A4-5 unsaturated g-glucuronide disaccharide

(Fig. T.2).(19-21)

CH,0H

CooH
% E\ HO
OH ‘
10,21
' o= NHAc

Fig, T.2 AL Uhsaturated.Q-glucuronide

disaccharide

Chondroitin sulfate B or #-heparin (Fig. I,1.III) is
consisted of 2~acetamino~2—deoxyLQ¢galactose and L-iduronic
acid,(54) and carbon 4_0f 2—acetamino—2—deoxyﬁ9—galactose
moiety is considered to be esterified with sulfate group.
Total methylation of this substance with dimeﬁhyl silfate
and alkali vag performed, and R—amino—2~deoxy—/ ., 6-di-0~me thyl~
D-galactose hydrochloride was isolated.(55) This result in-
dicates that E—iduronic acid has the 1:3 glycosidic linkage.

The chemical structure of heparin has been propésed by
Wolfrom and his CO—I-IOI‘l{eI'S(Sé) as ghowm in Fig, I,1.V. It
is considered that 2-emino~2-deoxy-D-glucose and D-glucuronic

acid are linked in o/~type, and that the amino group of 2-
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amino=2-deoxy-D~glucose is substituted by sulfate group. The
only evidence lknown about the glycosidic linkage is that
there exists 4—Q—(dr2—glucuronosy1)—2—acetamino-2—deoxy—2—
glucose.(sv) However, futher investigations on chemical

structure of this substance are desired.

3. The Object and Significance of the Present Studies.

Although the mucopolysaccharides are lmown to play a
important role in living orgariismg, their chemical structures
have not yet been solved completely, except hyaluronic acid.

In studying chemical structure of the mucopolysaccharides,
isolation of unit disaccharide is an essential problem., Since
the ﬁucopolysaccharides are heteroglycans consisting of
2—amino-2—deoxy—g¢hexose and uronic acid, the ease of acid
hydrolysis of the glycosidic linkages is different.. The only
obtained unit disaccharide was uronidé éiéaccharide such as
hyalobiuronic acid and chondrosin. Isolation of an alternative
2—amino—2-deoxyﬁg-hexoside disaccharide is also desired, bub
the hydrolytic condition has not been established.

Accordingly, it is necessary to lmow the difference of

the ease in acid hydrolysis of methyl glycosides of 2-amino-
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R~deoxy-D-glucose and of Q___-glucurqnic acide.

At the first step in the present studies, syntheses of
glycosides of 2—amino-2—deoxy~£—glucose and of D-glucuronic
acid were carried out.(58”60) Then, acid hydrolysis with
various concentrations of hydrochloric acid was performed with
synthesized'glycosides.(éo) The results.of acid hydrolysis
(Table III.I) would indicate that the hydrolytic bebavior
depends upon the nature of 2—amino—2—deoxng—glucose,WJIf ‘the
amino-group of 2-amino-2-deoxy-D-hexose is substituted. with
‘acetyl group, the obtained unit disaccharide would be an
uronide disaccharide because of the resistance of methyl, D~
glucopyranogide uronamide to acid hydrolysis.. When the.:amino
group is not substituted or substituted with acid labile group,
2—amino-2~deoxy-D-hexoside disaccharide could be obtained
as the unit disaccharide because of the resistance of methyl
2~amino-2-deoxy-D-glucopyranoside to acid hydrolysis.

Based on the working hypothesis deduced from the fundamen-
tal data, acid hydrolysis of chondroitin sulfate from shark
cartilage (chondroitin sulfate C)} was performed, and the
uronide disaccharide, chondrosin, wes isolated. This was
characterized as chondrosin methyl ester hydrochloride.

On the other hand, hydrazinolysis of carboxyl-reduced

chondroitin was carried out in order %o remove adetyl group
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attached to amino group of 2~amino-2-deoxy-D-galactose.
Acid hydrolysis of this hydrazinolyzed carboxyl-reduced
chondroitin was performed, and 2—amino—2—deoxy52—galactoside
disac;haride, "earboxyl-reduced isochondrosin®, was obtained.

Finally, methylation of carboxyl-reduced chondroitin was
performed and 2,3.6-tri-0-methyl~D~glucopyranose was identified
as a product in the hydrolysate of the methylated compound.
This fact would indicate that 2-acetamino-2-deoxy-D-galacto-
side linkage of chondroitin sulfate is 1:4,(6L)

From these results, it is concluded that the chemical
structure of chondroitin sulfate from shark cartilage is
4~04 £ -D~glucuronosyl-3-0~( & -2-acetamino-2-deoxy-D-
galactopyranosyl)] (Fig. T 1.IV).

It seems possible to elucidate the chemical structure
of other mucopolysaccharides with the application of the pro-
cedures described above, and it is our hope that the biological
and physiological significances of ‘the mucopolysaccharides

will be revealed in near fubture.



IT, Syntheses of Methyl Glycosides of Component Sugars

of ‘the Mucopolysaccharides.

1. Historicals.

HMethyl glycosidation has hitherto been performed by
several ways, and the most commonly used method which was
established by E. Fischer(62) is that in which methanolic.
hydrogenchloride is used. However, the yield of glycosideSA
is rather poor and the mixture of o - and 4 —glycosides is
generally obtaired. & -Glycoside was synthesized specifically
by Kanigs—lﬁmrr rea.c'tion,(63 ) but an acylmigratien was
observed under hydrous conditions(64'66)~ #ith l-d-bromo—2-
acetamino~2-deoxy-3.4.6-tri~-0-acetyl-D-hexopyranose, which
undergoes no acylmigration under anhydrous conditions.
A—Glycoside vas also expected to be synthesized by trichloro-
aceltylsougars. (67)

4 novel and simpler method has been developed for
synthesizing methyl glycosides of the component sugars of the
mucopolysaccharides. Strong cation lon-exchange resin Amberlite
IR 120 (") or Dowex 50 (#Y) was used as a catelyst in methanol

solution, (58,59,68~70) In this reaction, a mixture of o=
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and g-glycosides of 2—acetamino—2—deo5cy—__]}-glucose vas formed
and, besgides, furanoside was also obltained in a small amoun'b.(n)
In the synthesis of glucuronide, however, o ~D~gl lucopyranoside
could not be obtained.(sa)

Methyl o~ and g ~2-benzyloxycarbonyl amino—-2-deoxy-D~
glucopyranosides were synthesized by using 0.7% methanolic
hydrorenchlorlde but the yields were very 101:.(72:73) Reflixing
2-benzyloxycarbonylamino~2-deoxy=-p-glucose with Amberlite IR
120 (H+) and methanol, the mixture of methyl 2-benzyloxycarbonyl~
amino-2-deoxy-d— and S-D-glucopyranosides was obtained in good
yield, and the separation of both the anomers was successful

(58) from ethanol.

by ‘the recrystallization of the acetates
L.3.446-Tetra~0-acetyl-2-benzyloxycarbonylamino-2-deoxy-
D-glycopyranose was expected to form Llegbromo-3.4. 6-tri-O-
ace’cyl—-Z—benzylo:rycarbonylamino—?l—deoxy-g—.-glucopyranose by the
usual glycosylbromide formation reaction with 'acefic acid-—
hydrogen bromide. However, in this reaction ciebenzyloxy—
carbonylation occurred with concomitant evolubion of carbon
dioxide and formation of benzylbromide. A similar reaction
was reported by Weidmann and Zimmerman J’r.('m)' with 1.3.4.6;—
tetra-g-.-'benzoyl-2-benzyloxycarbonylamino-2-deoxy-—2—-glucopyranose-;
end May and Mosettig(75) with 1.344.6-tetra-0-acetyl-2-

ben z;rlowcarbonyla:ﬁino—2—deoxy—-g—g1u'copyranose .
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2 Syntheses of Methyl D-glucuronides.

(a) Synthesis of Methyl A~ and F~D-glucofururonoside—

X—lactones(68’69)

Procedure A —— D-glucurono~y-lactone (II.T)(10 2.) Vas

sispended in methanol (500 ml,) and to this was added Amberlite

R 120 (HY)(20 g.). The mixture was refluxed for 2.5 hr.,

and during the reaction time the solution became slightly

yellowish., The reaction mixture was then cooled to room

temperature, Ion-exchange resin was separated by filitration

and was washed thoroughly with methanol., The filtrate was

concentrated to a sirup. It was dissolved in dioxane or

ethanol and the solution was decolorized. To this was added

a gmall amount of ether and the solution was kept in a re-

frigerator overnight. White prisms deposited. Upon

recrystallization from dioxane or ethanol-ether white prisms

were obtained. Yield, 5.5 g. (51 %), m.p. 138°, D*]EB

-550(0 1, water); Anal. Calcd. for Ol 0gs C 44.21; H.. 5.30.

Found, C, 44.37; H, 5.38. [oL]D showed that the above

crystal was methyl #£-D-glucofururonoside~Y-lactone (II.V).-
The filtrate was concentrated under reduced pressure to

a small volume and the solution was kept in a refrigerator.



A white erystalline substance deposited. Upon recrystalliza-
tion from dioxane or ethanol~ether fine needles were obtained.
Yield, 1.1 g« (10 %), m.p. 148°, B*JEB + 148,2° (c 1, water).
fnal, Found, C, Z4.243 N, 5.47.‘ B%]D shoved that the above

crystal was methyl o -D-glucofururonoside~y-lactone (II.IV).

Procedure 5(58) ___ E—glucqronamide(76’77) (I1.11)(5 g.) was
suspended in methanol (400 ml.) and the solution was refluxed
for 15 hr. in the presence of Amberlite IR 120 {(H")(10 g.).
Q—Glucuronamide dissolved gradually in methanol. The;reactioﬁ
mixture was then treated in a similar procedure as that
described in procedure A. Uvon recrystallization from ethancl-~
ether vhite prisms were obtained., Yield, 2.0 g., Mepe 137~
138°, &:L]E‘B ~54i5° (¢ 1, vater). Anal., Found, C, 44.17;
H, 5.39. The melting point on admixture with the authentic
specimen of methyl g-D-glucofururonoside-T-lactone (II.V)
shoved no depression.

The filtrate was treated in a similar procedure as that
deseribed in procedure A. A vhite crystalline substance
deposited, Recrystallization was effected from ethanol-ecther
which afforded fine needles. Yield, 0.6 g. (12 %), m.p. 148°,

E%]SB + 148° (¢ 1, water). Anal., Found, C, 44.04; H, 5.47.
The melting point on admixture with the authentic specimen of

methyl ol ~D-glucofururonoside—T—lactone (II.IV) showed no

15—



depressicn,

Procedure C ——- D-Glucuronic acid methyl ester (IT.III) (78-80)

(13 gs) was dissolved in methenol. (500 ml.) and the solution

was refluxed for 3 hr, in the presence of Amberlite IR 120

(at) (26 g.). The reaction mixture was treated in a similar

procedure as that described in procedure A. White prisms were

obtained, Tield, 6 g. (43 %), m.p. 137-13¢%, (127 _55°

(¢ 1, wvater)., Anal., Found, G, 44.25; H. 5.42. The melting

point on admiwture with the authentic specimen of methyl

p’—g—glucofururonoside—?{-—lactone (II.V) showed no depression.
Upon treating the filtrate with the procedure A described

above? fine needles separated., Yield,, 1.5 g. (11 %), m.p.

147—1480, E"‘—JEB + 148.1° (¢ 1, water). Anal., Found, C, 44.25;

H, 5.33. The melting point on admixture with the authentic

specimen of mebhyl ot~D-glucofururonogide-r~lactone (II.IV)

shoved no depression.

(b) Synthesls of Methyl g-D-glucopyranoside uronamide
(IT.1X). |

(b,1) l-o(ubromo—Z.3.4—tri—_Q~acetyl—-'__]}—glucuronic acid methyl
ester (IL.VII).

“16-



oAy fL.243eL~Tetra~0~acetyl-D-glucuronic acid methyl
ester (II.VI)(78"80) (22.5 g.) vas suspended in acetic acid
saturated with dry hydrogen bromide {120 ml.), and the
reaction mixture was shaken for 24 hr. under the exclusion
of moisture. The solution changed to yellow, and to this
Was addéd chloroform (50 ml.} and the solution was washed
with a saturated agueous solution of sodium bicarbonate.
Extraction with chloroform was repeated and the chiloroform
layer was separated and washed with water twice, and dried
with anhydrous sodiwm sulfate, Chloroform was evaporated
under reduced pressure and a sirup was obtained. Yield,
11.9 g. (50 ). This sirup was dried over phosphorous pento-

xide and was used for the next reaction.

(b.2) Methyl 2.3.4-tri-Q-acetyl- -/-D-glucuronic acid
methyl ester (IT.VIII), 8L)

The above obtained dried sirup (IT.VIT)(29 g.), silver
oxide (9 g.) and methanol (40 ml.) were added to chloroform
(50 m1,), and the mixture was shaken for 24 hr. Silver
oxide was removed by filtration, and the chloroform solution

Was washed with water, dried with anhydrous sodium sulfate,

]l



and concentirated under reduced pressure 1170 a small volume
until fine needles separated. Yield, 12.6 g. (6d %)
Recrystallizabtion was effected from hot ethanol, U «Pa 150~
1510, [‘7"]1]3'8 —28.7° (¢ 1, chloroform). Anal., Calcd. for

0141-120010, C, 48,273 H, 5,79, Found, C, 48.16; H, 5.97.

(b.3) Methyl #-D-glucopyranoside uronamide (II.IX).

Methyl 2.3 .4—-‘bri-g—ace‘byl—-/ﬂ-g—glucuronic wacid: methyl
ester (II.VIII)(5 g.) was suspended in methanol (125-ml.),
and the solution was cooled with ice-water.and: then. saturated
with dry ammonis gas. The reéction mixture vas -left-to gtand
at room temperature for 3 hr., and was concentrated under |
reduced pressure to a small volume,. Upon cooling with ice,
a crystalline substance separated. Recrystallization from
methanol afforded fine needles. Yield, 2.1 g., Mspe 194—-19;5)0,
A5 ~53.9° (c 1, vater). Anal., Caled. for Gy 306N,
Gy 40458; H, 64323 N. 6.76. Found, C, 40.30; H, 6,60; N, _6.4.9.

=18~



3. Syntheses of Methyl 2-amino-2—deoxy-D-glucopyranosides.,

(a) Synthesis of Methyl 2~acetamino-2-deoxy-d- and

£ =D-glucopyranosides (II.XII, XVI).

{a.1) Methyl 2-acetamino-2-deoxy-ot-D-glucopyranoside (II.XII).
Methyl R-acetamino-2-deoxy-s-D-glycopyranoside (IT.XII)

was prepared by the reported procédures.(70382’85) The

synthetic processes are showm in FMig. II,2, The procduct showed

mep. 178°, E*]%O +131.5° (¢ 1, water). These constants were

the same as that reported previously.(vo)

(a.2) Methyl 2-acetamino-2-deoxy-g-D-glucopyranoside (IT.XVI).

Methyl 2-acetamino—2—deoxy3p52~glucopyranoside (II.XVI)
Was prepared by the reported procedures.(65’7o’86"88)
The synthetic processes are shown in Mg, II.2. The product
shoved m.p. 199—2000, Di]g ~39.3° (c 1, water). These con-

stantsmmme the same as that reported previously.
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NHs in CHsOH

CH, O
. 5
Hi Of
NHAc
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Fig, 1.2
(b) Synthesis of Methyl 2-deoxy-2-sulfamino—{— and A=D~

glucopyranoside sodiwm salts (IT.XXTV, xevrrr). (59)

(b.1) 2-Benzyloxycarbonylamino~2-deoxy-D-glucopyranose

(rz.xvzT) . (73)

A-fmino-2-deoxy-D-glucopyranose hydrochloride (II.X)
(107.6 g.) dissolved in water (500 wl,) was treated in the
usual procedure with sodiwm hydroxide (50 g.) and benzyl-
E:hlorofox;ﬁa‘oe (124 g.).(89) Two recrystallizations from

nethanol~vater afforded white crystals (XVII), Yield, 164 g.
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(95 %), m.p. 214°. Inal., Caled. for Gy H;gOqN, G, 53.67;

H, 6:11; N, 4.4A7. ¥ound, C, 53.44; H, 6.30; W, 4.28.

(be2) Methyl 2-benzyloxycarbonylamino—2-deoxy—o, f~D-

glucopyranoside {(II.VIII).

2-Benzyloxycarbonylamino-2-deoxy-D-glicopyranose (II.XVILL)
(10 g.) vas dissolved in methanol (500 ml.) and the solution
was refluxed for 3 to 3.5 hr, with Amberlite IR 120 (H)(20 g.)
as the ca%alyst.(68~7o) After removal of ion-exchange resin,
the pale yellow methanolic solution was decolorized and was
concentrated under reduced pressure to dryness. The white
pasty product was dried in a vacuum desiccator to yiéld white
pouder, Recrystalliéation from ethanol afforded white crystals.
Yield, 104. g. (92 %), Rep. 156-159°, Ei]gg +18° (e 1,

‘pyridine). Anal., Caled. for ClSHQiO7N’ C, 55.04; H, 6,143
N, 4e28. Tound, G, 55,13; H, 5.91; N, 4.206,

Although the product obtained from this reaction was in
good agreement with analytical valﬁe, the melting point showed
nelther that of d-glycoside (m.p. 154—1550,(88) 158—1590(73)),
nor of A—glycoside (map. 166~l680,(88) 168-1700(73)), ana.

.



L&]D showed neither that of & —glycoside ( [oL]D +
(88)

+ 88°(73) | pyriaine), nor of S-glycoside ( [y =357,
_350(73), pyridine). Consequently, this substance was con-
sidered to be a mixture of methyl 2-benzyloxycarbonylamino-—2-
deoxy~d—~ and f-D-glucopyranosides. The separation of = and

p-isomers was uot successful at this step.

(ba3) Methyl 2-benzyloxycarbonylamino~2-deoxy—3e4.6~tri-

O-acetyled—~ and § ~D-glucopyranosides (IL.XIX, XX).

A mixture of methyl 2-benzyloxycarbonylamino—-2-deoiy-
ol= and guD-glucopyranosides (IL.XVIII) (10 g.) vas acebylabed
with pyridine (50 ml.) and acetic anhydride (50 ml.) at room
temperature for 20 hr, The reaction mixture was poured onto
ice-water and was stirred vigorously, The solid matter was
collected by filtration, and then was dissolved in a large
amount of hot ethanol and was decolorized. After standing
the solution in a refrigerator white crystalline matter
separated. This was collected by filitration and was re-
cryS'Fallized from ethanol. TYield, 3.3 g. (50 %), mip. 147~
ug°, B §9 + 34° (e 1; pyridine), Anal., Caled. for

ConBaOy s ©, 55,625 H, 6.00; N, 3.09. Tound, 0, 55.12;
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H, 5.93; H, 3.33. Eg]D showed that the above crystal was
the 4-form {IL.XX).

The filtrate was concentrated under reduced pressure to
a small volime and was placed in a refrigefatorj whereupon
crystals separated. Repeated recrystallization from ethanol
yielded 3.0 g. (45 %) of fine needles. M.p. 102-105°, E#]%g
+104° (¢ 1, pyridine). 4nel., Found, C, 55.39; H, 5.95;
N, 3.30. The constants shoved that the crystal vas the ol-

ismmr(ILXDU.wg)

~

(b.4) Methyl 2-amino-2-deoxy-—3.4.6-tri-0-acetyl-d-D-
glucopyranoside hydrochloride (IT,XXI).

Methyl 2—benzy10xycar5$nylamino—2~deoxy—3.L.6—tri—g-
aceﬁyl—drg—glucopjranoside (I1.XTX)(5 g.) was dissolved in
methanol (100 ml,) and to this Was'added palladium—on—barivm-
sulfate catalyst (L g.). The solution was stirred for few
ninutes, being passed with dry hydrogen gas, and to this was
added a half an amowmt of 0,011 mole of dry methanolic
hydrogenchloride. Another half portion of methanolic hydrogen-—
chloride was added after 1.5 hr., and the reaction was

completed within 3 hr, After removal of catalyst the solution
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vas concentrated under reduced pressure to a small volume, and
to this wvas added a large amount of ether., A white crystalline
gubstance separated. Recrystallization was effected from
ethanol-ether. Yield, 3.1 g. (80 %), m.p. 225-233°(decomp.).
Ef]gs +157.8° (c 1, water). Anal,, Caled. for 013H2208N01,

C, 4.3-89; Hg 6.23; N'g 3-940 Found, G, 43-79; H, 6.28; N, 3.85.

(b.5) Methyl 2-amino—2-deoxy-3a4.6~tri-O-acetyl-ge=D-

glucopyranoside (II.XXITI).

Methyl 2-amino-2-deoxy-3.4..6~tri-O-acetyley-D-gluco-
pyranoside hydrochloride (II.XXT)(5 g.) vas dissolved in a
small amount of 50 % aqueous methanol and the solution was
passed through a colum (20 % 2 cm. diam.) of Amberlite IRA
400 (OH™) and the_effiuent wag concentrated under reduced
pressure. The product vas a sirup, dried over phosphorous

pentoxide, and was used in the next reaction.

(b.6) Methyl 2-Qeoxy—2-sUlfamino=3.4. 6mtri-O-acetylmcm

D-glucopyranoside sodium salt (II.XXIII).
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Sulfation processeslmve hitherto been reported by several
investigators, but selective sulfation is needed to prepare
methyl 2iamino—2—deoxyh3.4.6—tri—g—acetylndjg—gluco—
pyranoside (II.XXII-). For this purpose mild sulfation condition
is prefarable. Therefor, the use of sulfur trioxide-pyridine
complex(73’89"93) seenms suitable instead of using chlorosulfonic

acid(94’99) and sulfamine(loo)

, which are suitable for the
reaction wder rather severe conditions.

Methyl 2-amino-2-deocxy—3.4.6~tri-O-acetyl-o-D-gluco-
pyrancside (II.XXII) was disselved in anhydrous pyridine
(60 ml,) and to this was added the sulfation'reagent(Sg’go)
vhich was freshly prepared by slow addition of sulfur trioxide
63 ml,) to anhydrous pyridine (50 ml.) previcusly cooled to
-15°, The reaction mixture was shaken for 20 hr. at room
temperature with the exclusion of moisture. A pale-yellow
sirupy substance was obtained. This was poured into water
(700 ml.) containing sodiwm bicarbonate (4 g.), and the |
resultant solution was concentrated under reduced pressure.

It was extracted three times with ethylacetate-methanol, and

the extract was concentrated under reduced pressure to a sirup,



(be7) Methyl. 2-deoxy-2-sulfamino-g~D-glucopyranoside

godimm salt (II.XXIV).

The above obtained sirup (II.XXIII) was dissolved in
methanol and to this was added 0,05 mole of sodium methoxide
to effect deacetylation. The reaction mixture was kept at room
temperature for 20 hr., and the solvent vas removed under
reduced pressure to give a sirup. To this was added a large
amount of ethanoi, and the golution was stored overnight in a
refrigerator. The amorphous precipitate was collected by
centrifugation. Repeated recrystallizations from methanol—
ethanol yielded 2.3 g. (4.6 %, based on TI.XXI) of white
powder, which was very hygroscopic., The product was negative
for the ninhydrin test and the Elson-lMorgan reaction, but was
positive for both the tests after hydrolysis with 2,5 N hydro-
chloric acid at 100°. M,p, 175-178° (decomp. ), Ld]§5 +105.9°
{e 1, water). 4nal., Calcd. for Gty 0gWSHa" 1,0, C, 26.8;
H, Seli My 4a5; Na, 7.3; S, 10.2. Found, C, 27.3; H, 5.3;
N, hel; Ha, 7e7; 8, 10.1. This compoind seemes to be a

monohydrate,
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(b.8) Methyl 2-amino-2-deoxy-3.4sb-tri-O-acetyl-4-D-

glucopyrancside hydrochloride (IT.XXV).

Methyl 2-benzyloxycarbonylamino=2-deoxy-3.4,6-tri-0-
acetyl~g~D-glucopyranoside (IL.XX)(5 g.) was dissolved in
methanol (lOO-ﬁl.) and to this was added palladium-on-barium
sulfate catalyst ( 1 g.). The reaction mixture was treated in
a similar procedure as that described in (b.4). Yield, 3.0-
342 g. (78-83 %), m.p. 216-227° (decomp.). @Q%§ + 10°
(c 1, water), Anal., Calcd. for Cy 5H,,0gMC1, c,nz,,3.89;

H, 6.23; N, 3.94. Found, C, 43.99; H, 6.45; N, 4.11.

(b.9) Methyl R-amino-2-deoxy-3.4.6-tri-O0-acetyl-4-D-

glucopyranoside (II.XXVI).

Methyl R-amino~-2-deoxy-3.4.6-tri-O-acetyl-g-D-gluco—
pyranoside bydrochloride (IT.XXV)(5 g.) was dissolved in a
small amouht of 50 % aqueous methanol and the solubion was
treated in a similar procedure as that described in (be5).

The product was a sirup,
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{ (p.10) Methyl 2-deoxy-2-sulfamino-3.4. 6~tri-O-acetyl-g-D-

- glucopyranoside sodium salt (II.XXVII).

Methyl 2-emino-2-deoxy-3.4.6~tri-O-acetyl-feD-gluco~
pyranogide (II.XXVI) obtained above was dissolved in anhydrous
pyridine (60 ml.) end to this was added the sulfation reagent.
The reaction mixture was treated in a similar procedure as +that

described in (b.6). The product was also a sirup.

(b,11) Methyl 2-deoxy-2-sulfamino-/~D-glucopyranoside

sodiwm salbt (IT.XXVIII).

Methyl 2-deoxy-2-sulfamino-3.4.6~tri-Q-acetyl-g-D-gluco~
pyranoside sodiwm salt (II.XXVII) was dissolved in methanol
and to this was added 0,05 mole of sodiim methoxide to effect
deacetyla'bion.' The reaction mixture was treated in a similar
procedure as that desecribed in (b.7). Yield, 2 gz. (4 %, based
on IT.XXV)., M.p. 193-197° (decomp, ), Ei]? +5.0% (¢ 1, water).
Ana.l.,» Caled, for C7PIM08NSN3.‘H20, C, 26.8; H, 5.1; N, 4.5;
Na, 7.'_._'_3; S, 10.2. Found, G, 27.3; Hy 5:3; N, 435 Na 7.4 3

S, 10:3+ This compound seems to be a monohydrate.
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Methyl 2-deoxy—-2-sulfamino~d-D-glucopyranoside

sodiwm salt (monohydrate)(IL.XXIV) (XBr)

1200

3000 2000

Methyl 2-deoxy-2-sulf amino~g-D-glucopyranoside

sodiun Salt (monohydrate)(II.XXVIII) (XBr)

1000

3000 2000

-
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{c) Synthesis of Methyl 2-amino-2-geoxy—d~ and g-D-

glucopyranoside hydrochloride (IL.XXIX, XXX).

I. XK

I XX

Fig, . 4

Pd on BaS0O,
HCI in CH:OH

I, XX
CH, OH
(1) Liq. NH; , Na : \OCHs
(2) HCl - - _ OH
HO
NH3Cl
I, XXX



(cal) Methyl 2~amino-R-deoxy-d-D-glucopyranoside hydro-
chloride (IL.XXIX).

Methyl 2-benzyloxycarbonylamino—2-deoxy—3«4..0-tri-0-
acetyl-g-D-glucopyranoside (2 g.) vas dissolved in methancl
(50 ml.) and to this was added palladium-on-bariumm sulfate
catalyst (0.5 go). The solution was stirred for few minutes
being passed in with dry hydrogen gas, and to this was added an
excess amount of methanolic hydrogen chloride (0.01 mole).
Reduction was performed under 5°C and vas completed within
3 hr. CGatalyst was removed by filtration and the solution
was.evaporated under reduced pressure. A white sirup was
obtained, which was very hygroscopic. This was again dissolved
in anhydrous methanol and the solution was evapofated to
dryness. This process was repeated in order to free from.
hydrogenchloride remained. A sirup was dried over phosphorous

pentoxide and was stored in a wvacuum desiceatbor.

(ce?) Methyl R-amino-2-deoxy-p-D-glucopyranoside hydro-

chloride (II,XX).

Methyl 2~aminoe2adeoxyﬁﬁag—gluCOPyranoside hydrochloride

(IL.XXX) vas prepared by the reported procedure73) £rom

=3/
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methyl 2-benzyloxycarbonylamino~2-deoxy—=3.4.6=tri~O-acetyl-
p-D-glucopyranoside (II.XX) with liquid ammonia and metallic
sodiim. The product showed m.p. 189-~190°, E*]%A ~17.4°,

These constants were the same as those reported previously.(73)

b Debenzyloxycarbonylation of 1,3.4.6-Tetra-O-acetyl-
2-benzyloxycarbonylamino-2-deoxy-D-hexopyranose in

the Conversion of «,ph-Acetoxy to Glycosyl Bromide.

CHzOAC
OAC:H OAC
' Br
NHCOOCH, CgHs
Fig. .5
‘HBr in
CH:0AC AcOH
HOH Hoon —2XBine oac,uY o H,OAc
/ Acz20 )
HC OO CHz Co Hs HCOOCH, Ce Hs
I XvI I, XXXI
1. XXXV ) ' I XXXW



CH:0Ac

OCHjg
OAc HN\ oAac

NHAc

I, XXXI¥
O XXXK

NHj in

- CHsOH
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I XXXH
1. XXXV

CH20OH
 OCHs
HO »

NHAc
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The Konigs-Knorr reaction is widely used in synthesizing
ﬂ-—glycosides of sugars. A similar reaction could be expected
with & ,f=1.3u4.0~tetra~0-acetyl-2-benzyloxycarbonylamino~2~
deoxy-D-glucopyranose (II.XXXI) to yield ledebromo=3.4.6-tri-
O-acetyl-2-benzyloxycarbonylamino—2-deoxy-D-glucopyranose (1I.
XEXKXI), and the glycosidation reaction gives methyl 3.4.6-
tri—-_Q-acetyl—z—benzyloxycarbonylamino-—2—deo:ggr—/g—g-—gluco—
pyranoside (II.XX)., However, in the glycosylbromide formation
reaction with acetic acid and hydrogen bromide, a vigorous
evolution of carbon dioxide was observed. To the reaction
nixture was added a large amount of ether and fine needles
were obtained, The analysis of this compound revealed that
1t was le-bromo-3.4.6-tri~O~acetyl-2-amino-2-deosxy-D-gluco-
pyranose hydrobromide (I XXXIIL).

A similar reaction was expected to o, 4-1,3,4, ;')-te"ara—
_Q—acetyl—z—benzyloxycarbonylamino—-z—deoxy-.-g—galactopyranose
(ILXXVI), and l-g~bromo-3.4.6-tri-0-acetyl—2-amino-~2-deoxy-
D~galactopyranose hydrobromide (IL.XXXVII) was obbtained with
concurrent evelution of carbon dioxide .and fomafi—dh- of
benzyii_bromide .

In order %o confirm this reaction, V-the,-'fésuit'ing compound.
(I XXXIT, ¥XXVII) was treated in a chloroform solution W:L'th
methanol and silver oxide. The obtained m"e”ti’iyl glycos:Lde(II.

=37=



XXITT, TIXVIII) was acebylated to yield R-acetamino derivative
(ILOXIV, XXKIX). II.XXXIV vas identical with an authentic
specimen and II,XXXTX showed the same constants as those
reported in the 1iterature.(101) Deacetylation of IT,XXXIX
gave methyl 2-acetamino-2-deoxy-g-D-galactopyranoside

(zr.000) . (100)

(a.d) oy il a3 edeO=Tetra~O-acetyl-2-benzyloxycarbonylamino—

R~deoxy-D-glucopyranose (IT.XXXI).

2-Benzyloxycarbonylamino-2-deoxy-D-glucopyranose (II.XVII)

(10 ge) was dissolved in pyridine (50 ml,) and to this was
added dropwise with cooling acetic anhydride (50 ml.). The
reaction mixture was kept at room temperatﬁre for 20 hr, and
then was added to 1 1. of ice water., The precipitated sirupy
substance was washed thoroughly with water and extracted with
chloroform, which was washed with a saturated aqueous sodium
‘bicarbonate solution, and then with 1 Y hydrochloric acid,
"The dried chloroform solution upon evaporation gave a sirup
vihiich wag dried over phosphorous pentoxide. Yield, 12.2 g.

(80 %). This substance was considered to be the mixture of

A= and g ~form, and could be obtgined in a low yield in crywtal-

—38..



line form by repeated recrystallizations from ethanol, m.p.

:-L/+8 O-a

(2.2) 1tt~Bromo=3. 4o b-tri-~O-acetyl-2~amino—2—deoxy-D-

glucopyranose hydrobromide (IT.XXXII).

oy f1e3 ks 6-Totra-0-acetyl-2-benzyloxycarbonylamino—2~
deoxy-P-glucopyranose (II.XXXI)(S‘g.) wvas dissolved in 100 nl.
acetic acid saburated with dry hydrogen bromide. The reaction
mixture was kept at room temperature for 24 hr, with exclusion
of moisture and was often shaken vigorously. ¥hen the reachtion
vias ovér, the reaction mixturé became yellowish red, and fine
néedles separated.. After standing for 20 hr,, a large amount
of ether vas added and the mixture was cooled with ice.
The crystals vere collected on a glass filter, washed with
ether wtil the vashings became negative for bromine ion test,
and Wer?_dissolved in ﬁot ethanol. Fine needles were obtained.
Tield, 346 gu (66 £), mep. 150° (decomp.). E?]go +151° (e 1,
ethyl. _;tceﬁafce)-. -Anal,; Caled! for -012}119971\113r2,. G, 32.09;
H, 4e26; N, 3.12. Fownd, C, 31.75; H, 4.69; N, 3,11,
Reported meps 149-150° (de‘comp-.,), E{ID + 152.8° (o 1_.09%,

ethyl acetate),(loz)
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(a.3) Meth§1 3u4ab-tri~O-acetyl-2-amino-2-deoxy-f-D-

glucopyranoside (II.XXXIII).

1epe-bromo=34 s b-tri-O-acetyl-2-amino-2—leoxy-D-glucopyra~
nose hydrobromide (IL.ZXII)(1.5 g.) was dissolved in chloro-
forn, end to this were added methanol (1 ml,), silver oxide
(2 g.), and a small amount of anhydrous sodium sulfate.
After stirpring for 6 hr., the reaction mixture was filtered
and the filtrate was decolorized. Silver oxdde remained in
the solubion was removed with hydrogen sulfide. The result'mé
methyl 3.4.6-tri-O-acetyl-2-amino-2-deoxy—F-D~glucopyranoside

(II.XXX{III) was o sirupy substance.

(a.d) Methyl 3,4.6-tri-O-acetyl-2-ac etamino-2-deoxy—4,~D-

glucopyranoside (IT,XXIV).

Hethyl 3.4.6-tr i—g—acet3r1—2-—amino—2-:deo:qr-—,g-g—gluc opyrano-
side (II.XXXIIT) was dissolved in chloroform and to this vas
added acetic anh‘y.'dr'ide (1.5 moles) and t]_;'e solution was refluwed
for 30 min, The solution was washed twice with a saturated
aqueous sodium bicarbonatev solution, dried with anhydrous
sodiwm sufate, and concentrated under reduced pressure to

—t,0ma



dryness. The residue was dissclved in a small amount of
methanol and the solution was decolorized, and to this was
added a large amount of ether which precipitated a crystalline
substance. Recrystallization wag effected from methanol-ether.
YTield, 0,72 g. (60 % based on IT.XKXII). M.p. 160°,

E’ng ~24° (¢ 1, chloroform). Anal., Caled. for Cysfiays0gl,
C, 49.86; H, 6.42; N, 3.88. TFownd, C, 50.15; H, 6.42; N, 4.06.
The melting point on admixture with the compound prepared
from l-d~bromo-3.4.6~tri~0-acetyl-2-acetamino-2-deoxy-D~

glucopyrancse showved no depression,

(b.1) 2-Benzyloxycarbonylamino-2-deoxy-D-galactopyranose
(IT.X3XV).

2-bmino-2-deoxy-D-galactopyranose hydrochloride (5 g.)
Was diss.olved in water (25 ml.) and was treated in the usual
procedure with sodium hydroxide (2.5 g.) and benzylchloro-
formate (642 g.). Recrystallization from methancl-vater
gave fine needles. Yield, 5.9 g. (80 %), m.p. 183°, This
compound was more soluble in water than 2-benzyloxycarbonyl-
amino~2-deoxy-~D-glucose  (II.XVII). Anal., Caled. for

G190, C, 53.67; H, 6.11; N, 4a47. Fownd €, 53.46;

L



H, 6.16; N, 4075-

{b.2) o s f=Le3.4. 6-Tetra-O-acetyl-2-benzyloxycarbonylamino-

2-deoxy~D-galactopyranose (ILXKXVI).

Acetylation of 2-benzyloxycarbonylamino~2-deoxy—D-
galactopyranose (IL,XXXV)(2 g.) was carried out with acetic
anhydride and pyridine., Repeated recrystallizations frcm‘
ethanol gave crystals., Yield, l.6 g. (51 %), MaPe 133°,
Anal., Calcd. for CooHynO1ql, C, 54.86; H, 5.65; N, 2,91

Found, C, 54.72; H, 5.61; H, 2.93.

(b.3) 1~t=Bromow-3. 4. 6-tri-O-acetyl~2~amino~2-deoxy-D-

gelactopyranose hydrobromide (II XXXVII).

'1-a~Bromo—3.4¢6-triﬁgnacetyl;Q—amino—2—deoxy—g—galacto—
pyranose hydrobromide (IT,XXXVII) was prepared fron o , 4~
1.3.4.6—tetra—g—acety1-2-benzyloxycarbony1amino—2—deoxyhg—
galactopyranose (IL.XXXVI) by a similar procedure described
in (a;2). This compound was unstable in moist air and turned

fairly fast to a reddish-colored sirup, The crude substance
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vhich melted at 161° (decomp.) was dried in vacuo over

phosphorous pentoxide.

{bus) Methyl 3.4.6-tri-Q-acetyl-2-amino~2-deoxy—f-D-

galactopyranoside (II,XXXVIII).

This compound was prepared from the above dried substance
(II.JOXVII) by a similar procedure as described in (a.3).
The product was hygroscopic, dried over phosphorous pentoxide y

and used ag such in the next reaction.

(b.5) Methyl 3,4..6-tri-O-acetyl-2~acetanino ~2~deoxy-§=D-

galactopyranoside (II.XXXIX).

This compound was prepared from methyl B.A.é—tri—_q—
acetyl-R~amino-2-deoxy-D-galactopyranoside (IIL.X0EVIID) by
a similar procedure as that described in (a.4). Yield, 85 mg.
(19.7% based on IL.XXVI), wap. 215°, Anal., Calcd. for

0151-123091\1, N, 3.88. Found, N, 3.92. The reported MePe 216
2170, (101)



(bu6) Methyl 2-acetamino-2-deoxy~4D~galactopyranoside.

(II.XEX).

Deacebylation of methyl 3.4.6~tri-O-acetyl-2-acetamino-
2~deoxy-p-D-galactopyranoside (IL.X¥XIK)(50 mg.) .was performed
with 0,5 N sodium methoxide at room vemperature-for R0-hry: .
The reaction mixture was concentrated under reduced pressure: -

and to this vas added a large amount of ether. Upon standing

in a refrigerator crystals separgted. Yield, 22 mg.. {70 B),.. . .

3
- D
0911170 61\1.’ I‘I; 5 L] 96 » FOU.nd 7 l\T’ 6. 04, .

mepe 191°, []7° -13.5%° (¢ 0.7, methanol). Anal., Caled..forms. -

23
The reported m.p. 191—1920, and B]D ~12%(e 1,05,

methanol). (201)

5e Surmary

HMethyl od= and F ~B-glucofururonoside~7-lactones, methyl
_ﬁ~2~glt1.colnyranoside uronamide, methyl R-acetamino-2-deoxy-
of = and #-D-glucopyrenosides, methyl R-deoxy—2-sulfamino—y=
and. /E—E—glucopyrémoside sodium salts, and methyl 2-amino-
2~deo:l$0;m—)‘%ﬁicopyranoside hydrochlorides were synthesized. -

In methyl glycosidation of these substances, strong

bl



cation exchange resin Amberlite IR 120 (H') was effectively
used ag an acid catalyst.

Debehzyloxycarbonylation of l.3.4.6-tetra-0-acetyl-2-
benzylozycarbonylamino-2-deoxy-D-hexose (D-glucose and D-
galactose) was observed during glycosylbromide formation

reaction with acetic acid-hydrogen bromide.



ITT, Acid Hydrolysis of Methyl Glycosides and Muco-
polysaccharides with special reference to Chondroitin

Sulfate {from Shark Cartilage).

1. Scope of Aﬁid Hydrolysis of the Mucopolysaccharides.
(a) Acid Hydrolysis of Glycosides.

Acid hydrolysis of glycosides has been performed by
. meny investigaltors in the purpose to determine the structures
of polysaccharides and to examine and measure the stability
of the glycosidic linkages$(62) Investigations by acid
hydrolysis were carried out with the monosaccharides such ag
methyl~, ethyl-, benzyl- and phenyl-glucosides, and it has been
recognized that fhe glycosides which have the aliphatic agiycon
groups are more resistant to acid hydrolysis than those which
have the aromatic aglycon groups.(lOB)

Besides the problems of substituents on carbon 1, the
conformation of sugar moiety has an important offect on acid
hydrolysis, Reeves(lOA) stated that the pyranose fing has

eight possible strainless ring forms and CL conformation is
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the most stable in case of D-glucose. In Cl conformation of
D-glucose, hydroxyl groups of carbon-l,2,3 and 4, and hydroxy-
methyl grouvp of carbon 5 are all equatorial in ol ~form, while
in f ~form hydroxyl group of carbon 1 is axial. Therefore,

it would be easily understood that AF-glycosides which contain
aliphatic aglycon groups are generally hydrolyzed faster

than o -glycosides.,

If acid hydrolysis proceeds through the intermediate
carboniwn cation Torm(t9%) (Fig, IIT.1.ITT.ITI), the cleavage
of the cyclized oxgen bond would initiate the reaction.
Therefore, the nature of the substituvents on carbon 5 also
exerts a marked effect on the stability of the sugar molecule.
In contrast with the aliphatic aglycon group, the aromatic
as well as the sugar aglycon groups give considerable different
behaviors.in the ease of hydrolysis, It is noted that the
instability of the ring conformation is caused by axial
hydroxyl groups, especially hydroxyl group of carbon 2.
Although in -cellobiose moiecule both the glucose wmits link
in g-form, it.is more resistant to acid hydrolysis than
maltose, in which both the glucosé ﬁnits Link in c(—form.(l’Bg)
.?his vould be due to the difference between maltose and
cellobiose with respect to the conformation of the non-reducing

glucose moie@y;(106) In maltose, the non-reducing glucose
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unit might be a boat form (Bl or B3), and then the hydroxyl
group of carbon 2 is axial and the reducing glucose unit is
of Gl conformation. On the other hand,lin cellobiose both
the glucose units are of CL conformation.-

Furthermoré, the ring structure has an important role
for the gtability and the ease of hydrolysis. Aldofuranosides
are hydrolyzed faster than aldopyranosides. These fachs
suggest that the furanose ring is essentially planner and
the ring has a strain which is a cause of the instability

(62,105)

of ‘the melecule,

(b) Acid Hydrolysis of the Mucopolysaccharides in

Relation to the Isolation of Unit Disaccharides.

The meost important step in any structural investigations
of polysacéharides 1s the isolation énd identification of the
component sugars. Complete hydrolysis of the mucopolysac—
charides has been carried out by several ways in acidic cone
ditions. Since the mucopolysaccharides are hateroglycans
consisting of 2—amino—2—deoxy—g-hex03e and urcnic acid, or
other neutral sugars, hydrolytic process is rather complicated.

Acids usually used are hydrochloric acid,(107-109) cuifuric
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(.]_10) (111)

acid and oxalic acid, and in our experiments hydro-
cliloric acid was used in all series of acid hydrolysis.

Tn structural studies of polysaccharides, the isolation
of the unit disaccharides is also essential. Especially, in
the mucopolysaccharides the alternative wit disaccharide is
required to determin both the glycosidic linkages which are
uronidic and 2-awino—-2-deoxy-hexosidic linlkages., Acid
hydrolysis of the mucopolysaccharides has hitherto given a
gole kind of unit disaccharide which is characterized as
A=L3 uronides.(42’5o’55) Isolation of the 2-aminco-2-deoxy-
hexoside disaccharide has ﬁot yet been reported. It is reason-
able to consider that the failure of ob‘tair.li_ng 2=amino-2-
deoxy-hexoside disaccharide is due to the ease for acid
hydrolysis of the R-amino-R-deoxy--hexosidic linkage as com-
pared with the uronidic linkage in mucopolysaccharides.

Glucuronic acid moiety in mu00polysacbharides is readily
decarboxylated under the acid hydrolytic conditions-2rE3)
and therefore is reduced beforehand to hexose to avoid
decarboxlaﬁion.(ll4'116) The carboxyl—reduéed muc0poly§ac—
charide would be of interest for the study of acid hydrolysis
which might give an alternative unit disaccharide., It may
be possible to obtain 2-amino-2-deoxy-hexoside disaccharide
if’ there is a difference in the ease of mucopolysaccharide
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hydrolysis which favors scission of the uronidic linkage.
Ho report has been published concerning the difference in
acid hydrolysis of both the glycosidic linkages. It is probable
that such an investigation would give a fundamental information

on the nature of glycosidic linkages in mucopolysaccharides.

2 Acid Hydrolysis of Methyl D-glucuronides and

Methyl 2-amino-2-deoxy-D-glucopyranosides.

Acid hydrolysis of methyl glycosides which have relation
to the component sugars of mucopolysaccharides has been re-
ported by several investigators.

(117)

Haworth and Hirgh reported the acid hydrolysis of

methyl o~ and/g—g—giucopyranosides, Neuberger and Rivers(llg)
that of methyl 2—aminc~2—deoxyﬁﬂhg-glucopyranoside hydro-
chloride, and Foster, Horton and Stacey(73) mentioned about

the influence of the substituents on amino group on the acid
hydrolysis of methyl 2-amino-2~deociy—pe and A~D-glucopyran—
osides. However, hydrolysis of these substances has been <
done under the different conditions. Therefore, it is
necessary to study about the ease of hydrolysis of the standard

glycogsides under the same conditions.
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In the experiments herein described the acid hydrolysis
vias performed with the synthesized substances described in
Chapter II, These are methyl of— and g~D-glucofururoncside-
T~lactones, methyl #-D-glucopyranoside uronamide, methyl 2-
acetamino~2-deoxy—d= and f-D-glucopyranosides, methyl 2=
deoxy-2msulfamino—g~ and f-D-glucopyranoside hydrochlorides
and methyl g and /?-E_—glu.wpyranosides.

(lvcoside (100 mg.) vas dissolved in hydrochloric acid
(25 1mle) of 2.49 N (9.11 %), 0.996 K (3.64 %), and 0,463 X
{1.60 %), respectively. The solution was transferred to a
pyrex flask with a condenser and hydrolysis wvas performed
on a boiling water bath. One ml, of the solution was taken
out atb in‘be.rva.ls and neutralized with 1 N sodium hydroxide.

The reducing sugar was determined by the Somogyits
method (119) and 2-amino-2-deoxy-D-glucose vas determined by

(120,121) The suifate ion was

the Elson-Morgan reaction.
detormined by the Lloyd's method. 12R)

The rate of hydrolysis was expressed as half hydrolysis
time as showm in Table III,T, |

Methyl g-D-glycopyranoside was hydrolyzed in all the
three hydrochloric acid concentrations fastér that methyl
ol~D~glucopyranoside, 117) 4 similar relationship was observed

between methyl R~acetamino-2-deoxy~o~ and /yuﬂ-glucopyrmlosides s
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as well as méthyl 2-deoxy—R2-sulfamnino~d— and ﬁ%g—glucopyrano-
side sodium salts and methyl R2-amino-2-deoxy-d-— and/?—g—
glucopyranoside hydrochlorides. On the contrary, with ﬁethyl
oA and/?-Q—glucofururonoside—T-lactones,,the d—glycoside was
hydrolyzed faster than the g#-glycoside. It is suggested

that this is due %o the furancside structuresof the compounds
(cofs, IIL.(a)).

Of a series of methyl 2—amin0—2—deoxy5£-glucopyranosidés,
nethyl 2-acetamino-2-deoxy—d— and/?«g-glucopyranosides vere
easily hydrolyzed with a rate comparable to that of methyl
o~ and £-D-glucopyranosides, while methyl 2-amino-2-deoxy-—
o= andﬁﬁjg—glucopyranoside hydrochlorides as well as methyl
2-deoxy-2-sulfamino-s- and A-D-glucopyranoside sodium salts
were slovwly hydrolyzed. The rate with which methyl 2-amino-
2~deoxy—2~glucopyranosides are hydrolyzed appears to depend
upon the nature of the.substituents attached to the amino

(73) and Stacey(123)

group. As Foster, Horton and Stacey
metﬁioned, the ‘glycosidic linkage in methyl 2-acetamino-2-
dequwg—gluCOPyranoside would be cleaved faster than would be
N-acetyl group. On the other hand, the N-sulfate group of
methyl z—deoxy—R—sulfaminoiguglucopyranoside sodiun salt was

very readily hydrolyzed, as shown in Table III;II, and the

hycrolysig resulted in production of methyl 2-amino-2-deoxy-—
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D—glucopyranoside hydrochloride.

Table ITI,IIL.

Hydrolysis of Sulfate Esters of Methyl 2-

deoxy~2~sulfamino~D-glucopyranoside Sodium Salts

by 2.493 N Hydrochloric Acid.®

)

Time HMethyl 2-deoxy=-R—sulfamino~ | Methyl 2-deoxy-2-sulfamino-—
(min.) o~P-glucopyranoside sodium |g-D-glucopyrancside sodium
salt galt
b

0 o () o ()P

5 70.3 T27
10 100 100
15 100 100

2) Hydrolysis was performed in a boiling water bath at

o
100 GC.

b) These values show the percentage of sulfate anion

released.

Consequently, as Moggridge and Neuberger(124) reported,

the latter compound is hardly hydrolyzed on account of the

: . +
formation of NHB group on carbon 2 which would interfere

. +
the approach of H ion towards glycosidic bongd.
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In comparison of the rate of hydrolysis of methylol- and
‘ﬁbgrglucofururonoside—f—lactones with that of methyl &-D-
glucopyranoéide uronanide, the former two compounds are much
more rapidly hydrolyzed than the latter compownmd. Tt is |
mentioned that there has been observed a marked difference in
-hydrolysis rate between Englucopyranoside and R-glucofurano-
gide, and that the latter compound is more rapidly hydrolyzed
than the former compound (c.f., III.(a)), A similar result
vas obgerved with the case of methyl D-glucuronides.

There have been some arguments about unit disaccharides
isolated from the acid hydrolysis proéucts of mucopolysac—
charides,(42:49:509125) The results obtained with the hydroly-
sis of methyl #-D~glucopyranoside uronamide and of methyl 2~
acetamino—E—deoxygﬁ—grgIHGOPyranoside show that at a relatively
low concentration of hydrochloric acid, the former compound
is more slowly hydrolyzed than the latter compound, At g
relatively high concentration of hydrochlorie acid (2.493 N
the difference of the hydrolysis rate is decreased. The
Implication of thig fact suggests that the uronidic Linkage
might be more resistant to acid hydrolysis at a low concentra—
tion of acid than the 2-&mino—2—deoxyh2¢hexosidic Linkage,
and at a high concentration of acid (e.ge, 24493 N) both the

glycosidic linkages would be cleaved at a comparable rate,
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Therefore, it would be reasonable to expect that, en hydrolysis
with low concentraéion of acid, the mucopolysaccharides will
produce urnoide disaccharide, and, with high concentrations

of acid and wnder appropriate conditions, both kinds of the
unit disaccharide (uronide and 2-amino-2-deoxy-hexoside)

night be produced. This assuwmption would not be in contradic-
tion with the facts reported by Meyer and his co—worders(42’5o)

and by Masamume and his co-workers.(lzs)

3. Acid Hydrolysis of the Mucopolysaccharides with
special reference to Chondroitin Sulfate (from

Shark Cartilage)s
(a) Complete Hydrolysis of Chondroitin Sulfate.

From the fundamental data obtained from acid hydrolysis
of methyl glycosides, it is concluded that the acid concentra-’
tion Tor the complete hydrolysis of the mucopolysaccharides
is required to be in the strength of 4 X or higher concentra-
tions of hydrochloric acid, as shown in Fig. III.2.

Acecording to this assumption, complete hydrolysis of

chondreitin sulfate (IV.(a)) and desulfated chondroitin

.’.5’?...



Fig. IIT,2 Comparison of the Bage of Acid Hydrolysis
of Methyl 2-—-aceta.mjno-—2—deo:qr—/d’—-g—glucopyr‘anoside

(—e—o—)and Methyl /—-Q—gluwpyranoside uronamide

(—o—0—)

1

20}

0

Half Hydrolysis Time (min,)

30

Conc. of HCL

metlyl ester (IV.(b)) was performed by 4 N and 6 N hydrochloric
acid, respectively. In eacﬁ case 100 mg. of sample was
dissolved.. in 2 ml. of corresponding concentrations of hydro—
chloric acid and was hydrolyzed on a boiling water bath at

100°. The results ave shown in Table ITI,III.
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The yield of 2-amino-2-deoxy-D-galactose vas 60-80%
theoretical and Q—glucuronic acid was decomposed under
these conditions to yield only a small amount. Boas stated
that 2—amino—2~deoxy~2—glucose was decomposed about 20-25%
under refluing with 6 I hydrochloric acid at 100°,(109)
Accordingly, above obtained data would be reliable, and
it would suggest that complete hydrolysis of the mucopoly-
saccﬁaride should be performed with 4 N or higher concentrations

of hydrochloriec acid.

Table III.IITI. Coumplete Hydrolysis of Chondroitin

Sulfate and Desulfated Chondroitin Methyl Ester.

Yield (%)

CONCe 2~amino-2-deoxy- D—gluCLronic'

of HC1 Q—galactosea) acid b)
Chondroitin | 4N 69.3 6 1
Sulfate 6 N 55,7 : 6 2
Desulfated .
. 4 B - 83.0 7.3
Chondroitin _

6N 67.5 | 5.0

Methyl Lster ' . |

a). 2—Anlno—2—Leovy~D—ﬂalqctose vas determined by Eslon-
Morgan reaction, (119,128 :
(126)

b)e E-Glucuronlc acid was determined by Dische's method,
=59~ |



(b) Isolation of the Unit Disaccharide from Chondroitin

Sulfate.

As it has been predicted thalt the unit digaccharide of
chondroitin sulfate exists in two forms, i.e.; the D-glucuronide
disaccharide and the 2-amino~-2-deoxy-D-galactoside disaccharide.
By acid hydrolysis of chondroitin sulfate A, a wnit disacch-

(108)

ride was isolated by Leven 1914, and, afterwords, by

K.H.Meyer, Felling and Fischer,(127) and by Wolfrom, Madison

(49) respectively. The glycosidiec linkage of the

and Cron,
isolated unit disaccharide was considered to be =0 ( SR
acetamino-2—deoxy—2—galactopyranoayl)-Qleucuronic acid.

However, this was reinvestigated by Meyer and his co—MDrkerS(éz’
50) by the isclation of hyarobiuronic acid from hyalurcnic

acid, and chondrosin from chondroitin sulfate A. The former
compound vas determined as 3-0~( p~D-glucuronosyl ) ~2~acetamino-
2—deoxyﬁ2-glucose and the latter compound as 3—9—(ﬂ—grglucuro—
nosyl)—2—acetamino—Z—deoxy~2;galactose. The results were
supported by another investigaxors(51’125) and by our
fundomental data of the acid hydrolysis of mebhyl glycosides, (5C)

Although the above deseribed evidences were proved with

hyaluronic acid as well as chondroitin sulfate A, chondroitin
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sulfate C, vhich is different in infrared absorption spectrum
and specific rotation from chondroitin sulfate A, remained
unsolved in regards to the chemical structure. Chondroitin
sulfate from shark carbilage was assumed to be chondroitin
sulfate C in its physical and chemical properties. Therefore,
isolation of chondrosin from chondroitin sulfate C by acid
hydrolysis was performed and the grglucuroniQic linkage of

this subsbance wag investigated.

(b.1) Preparation of Chondrosin (ITI.VII).

Purified chondroitin sulfate (5 g.) was hydrolyzed by
100 ml. of 2 N hydrochloric acid for 2 hr. at 100°, TUnder
these conditions a small amount of 2—amin;-2—deoxyhgugélactose
and oligosaccharide was detected. The solution was neutralized
with a saturated aqueocus solution of sodium bicarbonate %o
pH 5.6, and was evaporated wmder reduced pressure to drymess.
The obtained substance was dried over phosphorous pentoxide

and was used for the next reaction.

o]



Chondroitin Sulfate (V. ])

2N HCI

COOH CH,OH

'—0 :
- \\OHO H,O0H

H
H

H NH;C1
E. V0 3

in CHzOH

j 0 H
oH \ o@ H,0H
H

OH 1. NH;3C 1

AcaO, Pyridine

COOCH; CH:OAc
HIOAC

/| AcO '
QAc 0 B
AcO
Ac HAc

H.K

Fig, E.3
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(be2) Chondrosin Methyl Ester Hydrochloride (IIL.VIII).

The above dried substance (1 g.) was suspended in
100 ml. of 0402 N methanolic hydrogen chloride. The reaction
mixbure was shaken for 20 hr. The undissolved substance was
separated by filtration and the pale yellow solution was
evaporated under reduced pressure to obtain white powder.
This was again digsclved in hot ethanol, decolorized and
ethanol was evaporated. Repeated reorystallizations gave

2.5 g. of chondrogin methyl ester hgdrochlorlde (III.VIII).
Yield, 0.83 g. (80 %), mep. 159—160 . Ei]?a + LO (c 1, water),
after 18 hr., +35°. Anal., Caled. for clB_H%ollNcl,_ "
C, 38.48; H, 5.96; U, 3.45. Tound, C, 38.62; H, 6,07; N, 33
The ronorted constants for this compound are MePe 1)9-161

Ei]D +42° (c 2, water)(s ), MePe 155~l56° Ei]gﬁ

(c 4, methanol)(49)

It is apparent ﬁha% the constants of chondrosin methyl
ester hydrochloride prepared from cﬁondrotin sulfate from
shark cartilage (chondroitin éulfaﬁe g) are in good agreement
with the reported constants, Consequently, the substance is
congidered to be identical with chondrosgin methyl ester hydro-
chloride obtained from chondroitin sulfate A. This indicates

that the chemical structure of chondrosin is 3-0-(4-D-glucuro-
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nosyl)-2-acetamino-R-deoxy-D-galactose.

(b.3) Hephaacetyl Chondrogin Methyl Ester (III,IX).

Chondrosin methyl ester hydrochloride (1 g.) was acetylated
by pyridine (5 ml.) and acetic anhydride (5 ml,) by usual
procedures. A fine crystalline substance was obtained by
recrystallization from ethanol., Yield, 1.1 g (70 %), m.p.
190-192". Anal., Caled, for ConllgeDaglly C, 48.87; T, 5.62;

N, 2.11. Tound, C, 48.70; H, 5.92; N, 2.20. Ei]';o +240

(c 0.5, methanol),

Lo Acid Hydrolysis of Ilydrazinolyzed Carboxyl-reduced

Chondroitin,

Anhydrous hydrazine had a week reducing povier and the
uge of this character was first introduced into protein
chenistry by Akabori and his co—Workers.(lzg) Afterwords,
Matushima and Fujii(lzg) applied the hydrazinolysis to chon-
droitin suifate G and found 4o cause a low but successful

deacetylation, Wolfrom and Juliano(15) investigated further
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Fig. L.4

Carboxyl—reduced Chondroitin (IV.D

Hydrazinolysis
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OH H,OH

NHs Cl
B, XV

other mucopolysaccharides and the isclation of 2w-amino-2-
deoxy-D-hexodide disaccharide has reported by YbshiZawa,(13O)
and Yoshizawa and Saﬁo.(13l) They obtained the new disac—
charide by hydrazinolysis and successive acid hydrolysis of
blood~group A substance of hog gastric mucosa. The yield
Was very poor and the hydrolysate contained several kinés of
substances, and, futhermore, unknoun byproducts were also
presented. Nevertheless, as has been suggested from tﬁe
result of acid hydrolysis of methyl 2~amino—2~deoxy~£bglucose
hydrochloride, 2—amino-2—deoxy-2;hexoéide disaccharide ig
expected to be obtained by acid'hydrolysis of hydrazinolyzed
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mucopolysaccharides. |

The hydrazinolyzed carboxyl-reduced chondroitin was
hydrolyzed with 3 ¥ hydrochloric acid at 100° for 75 min.
and lhydrolysate vas examined by paper chromatography. There
wvere debected mainly three spots, which were D-glucose, 2—
anino-2-deoxy-D~galactose and an unknown substance. This
substance reduced the Fehling's solution and gave positive
test for the Molish reaction. This was considered to be
2-amino~R-deoxy-D-galactoside disaccharide and detailed

characterizations were carried out as described below.

(a) l-Deacetylated Carboxyl-reduced Chondroitin

(Hydrazinolized Carboxyl-reduced Chondroitin)(III.X),.

Carboxyl-reduced chondroitin (IV,III)(10 g.) was heated
with anhydrous- hydrazine (50 ml.)(132) in an autoclave for
15 hr. at 100-110°, The reaction mixture was cooled to room
temperatiure and was concentrated wnder reduced pressure to
drynegs io remove the excess ol hydraiine. The obtained
browvn sirup was dissolved in water (50 ml.) and was dialyzed
against running water for 24 hr. and:then-against distilled

wgter for 24 hr. A small amount of precipitate was separated

=57~



by filtration. Slightly brown colored solution was concentrated
under reduced pressure to a small volume, and %o this was added
a large amount of ebhanol-ether (40:60 V/V). Light-yellow
precipitate was collected by centrifugation and was dried
over phosphorous pentoxide. Yield, 4.8 g. (53 &), E&l%2‘+7.80
(c 0.5, 0,3 N HCL), Anel., Galed. for Cq,H, O, N: 4a33.

Found, M, 4e55.

(b) Acid Hydrolysis of J-Deacetylated Carboxyl-~reduced

Chondroitin.

H-Deacetylated carboxyl-reduced chondroitin (III.X)(10 g.)
vas dissolved in 1.5 ¥ hydrochloric acid (100 ml.) and was
hydrolyzed for 100 min. on a boiling water bath. Paper chro-
metographic examination of the hydrolysate revealed the
presence of D-glucose (Rf, 0.17), 2-amino-2-deoxy-D-galactose
(R€, 0,12) and two unlmown spots (Rf, 0,07, O;OB)(Sclvent;
n-butanol:acetic acid:water = 40:10:50), and two of them wére

positive Tor ninhydrin and o~aminodiphenyl reagents,
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(e) Isolation of N~Acetyl-Carboxyl-reduced Isochondrosin
[ tentatively] (4-0~{f~R~Acetamino~R-deoxy-D-galacto-

pyranosyl)-D-glucopyranose) { ITL.XII).

The hydrolysate obtained above was neutralized with
Il sodium hydroxide to pH 5.8 and the solution was passed
through a Dowex 50 (H") colum (3 x 20 em.). The column
was washed with water thoroughly and the eluate was
concentrated under reduced pressure to dryness. White
precipitate was characterized as D-glucose by means of
paper chromatography. Yield, 2 g. (18 %). Total acetylation
of this subsltance gave l.é.3.5.6—-pen‘ha—g—-ace’syl—g—glucosa,
MePe 1360, and the melting point on admizbure with the authentic
specimen shoved no depression.

The coluwmn was then eluted with 0.5 N hydrogen chloridé
unlil the eluate became negative for ninhydrin test. The
eluate was concentrated wnder reduced pressure to dryﬁess.

The crude substance weighing 4.5 g. (41 %) was again dissolwved
in water, decolorized and the solution was evaporated umder
reduced pressure. By the paper chromatographic examination
of the product, three ninhydrin positive substances were
detected, being conteminated with g small amount of D-glucose,

The mixture vas acetylated by usual procedures with acetic
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anhydride (16 ml.) and pyridine (16 ml.). Theé reaction
nixture wvas poured onto ice-water and a small amount of

solid matter was removed by filtration. The filtrate was
extracted three times with chloroform (100 ml. for each time),
and the chloroform golution wag washed with a saturated
agqueotis solution of sodiuwm bicarbonate, N hydrochloric acid
and with vater, and then was concentrated under reduced
pressure to a simall volume., A4 large amount of ether was added
and vhite precipitate separated (3.5 g.). This was dried

In a vacuum desiccator.

The above obtained subgtance was deacetylated with
methanol saturated with ammonia and the solution wag evaporgted.
White powder was obtained (2.5 g.). Paper chromatographic
examination of this substance by using the solvent of n-
butanol: ethanol:wgter (45:10:45) detected the spots of 2~
acetanino-2~deoxy-D-galactose (Rf, 0.22), D-glucose (Rf, 0,18)
and the substances whose Rf values were 0.10, and 0,06,
respectively., The substance having Rf 0,10 was assumed to
be 2-acetamino-z—-cleo:qr—-g—.galactoside disaccharide and the sub~
stance having Rf 0.06 was considered to be an oligosaccharide.

The mixture of these four substances was dissolved in a
solvent (vn-bu'ta,nol:ethanol:x-ra'ber = 45:10:45) and was separated
by gradient elut?on of cellulose powder colwjn (5 x ZI,O cm. )
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using the same solvent, The eluate was fractionated in 50 ml.
portions and was exemined paper chromatographically. The
peparation was effected by this procedure and the fractions
from 35 to 55 (total volume of 1 1.) were collected and
concentrated to dryness. The yield of the crude substance

was 750 mg. This was dissolved in hot ethanol, decolorized

and precipitated by the addition of ethylacetate. Repeated
recrystallizations from hot ethanol-ethylacetate afforded white
powder, which gave a single spot on paper chromatogram, reduced
the Fehling's solution and was positive for the HMolisch tast
Mepe 139-141°, [o{]D +73.1° (e 0,32, vater)(15 min,) — +43.8°
(20 hr,). Anal., Caled. for Gy Hips091 1 1,0, G, 41.89; H, 6,78;
N, 3449. Townd, C, 42.16; H, 6,87; N, 3.24. This compound

seens 10 be a monchydrate,
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N-Acetyl-Carboxyl-reduced Isochondrosin (III.XII)(KBr)

pellet)

(a) Determination of the Reducing End of H-Acetyl-

Garboxyl-reduced Isochondrosin.

The above obtained disaccharide (20 mg.) was dissolved
in water (3 nl.) and %o this was added sodium borohydride
(20'mga). The reaction mixbure was stirred for 1 hr. with
cooling and kept for 2 hr. at room temperature, After
neutralizing with acetic acid, the solution was passed through
a Dovex 50 (H") column and the eluale was concentrated under
reduced pressure with occasional addition of methanol,

The obtained sirup was dissolved in 4 N hydrochloric acid

(5ml.) and was hydrolyzed for 3 hr. on a boilihg water bath.
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The solvent vas removed under reduced pressure and the residue
was examined paper chromatographically. The results gre shown

in Table IIT, IV,

Table III, IV, Rf Values of the Hydrolysate of the Reduced H-
Acetyl-Carboxyl-reduced Isochondrosin (4—0-(4-2-acet-

amino-2-deoxy-D-galactopyranosyl)-D-glucitol ) (III,XIIT)

Solvents
n-butanol:acetic | n-bubanol:ethanol:
acid: water water (45:10:45)
(40:10:50) _
Re & Re?)
D-Glucose 0,24 0.1A
D-Glucitol Q.24 Dol
Hydrolysate - 0,24 0.17 Ogl/ 0,09
2~Anino-2-deoxy—D-~gala~ -
_ = : O. . .
ctitol hydrochlorideP) 13 0.05
2-fmino~2-deoxy-D-gala-
0.
ctose hydrochloride Qu17 009

a)- The spraying reagents used were O.1 % AglO4 in 50 %

aqueous alcohol and 1 % B0, in 2 % aqueous Na,C05.
b)  2-Amino-2-deoxy-D-galactitol hydrochloride was prepared
by ‘the reported procedure.(IBB) |
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D-Glucose and D-glucitol showed the same Rf value in
the c;se of both the solvents, and there was detected 2-amino~
2-deoxy-D-galactose hydrochloride. This fact indicates that
2—-amino-2-deoxy-D-galactose moiety of carboxyl-reduced iso-
chondrosin is not the reducing end, and consequently, the
reducing end is D-glucose.

Accordingly, it is concluded that the above obtained new
disaccharide is 2-amino-2-deoxy-D-galactoside disaccharide as
has been expected frowm the fundamental studies on acid

hydrolysis of methyl glycosides.

5 Discussion,

Fmdamental studies on acid hydrolysis of methyl D-
glucuronides and methyl 2~amino—2—deoxy—2—glucosides vere
carried oul under the same conditions. Tt has been suggested
that methyl D-glucopyranoside uronamide is more resistant
to acid hydrolysis than methyl 2—ace%amino—Z—deoxyh2~gluco—
pyranoside, provided the acid concentration is low, It has
been reported that mild acid hydrolysis of chondroitin sulfate

glven chondrosin, D-glucuronide disaccharide.
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Acid hydrolysis of chondroitin sulfate showed that under
drastic conditions, D-glucuronic acid was readily decarboxylated.
Therefore, D-glucuronic acid molety was reduced beforehand to
D-glucose to aveld decarboxylation.

Methyl 2-amino-2-deoxy-D-glucopyranoside hydrochloride,
as well as methyl 2-deoxy-2-sulfamino-D-glucopyranoside,
resisted strongly to acid hydrolysis. These results lead wus
to perform acid hydrolysis of deacetylated carboxylereduced
chondroitin, Deacetylation with anhydrous hydrazine of the
mucoPOlysaccharides was effectively carried out, but the yield
vas very iow. During hydrazinolysis, destruction of molecule
was also obsefved.(130’131) Hevertheless, a new 2-amino-—2-
deoxymgkgélactoside disaccharide was isolated from acid
hydrolysate of hydrazinolyzed product of carboxyl~reduced
chondroitin,

On acid hydrolysis of carboxyl-reduced heparin,(57)
another product than hexoside disaccharide was also found.
Futher characterization of this substance was not reported.
It seems probable that this substance would be 2-amino-2-
'deozykg—héxoside disaccharide since sulfate ester group in

heparin is very labile towards acid hydrolysis.
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6. Stwmnary.

Acid hydrolysls of methyl 2-acetamino-2-deoxy—g~ and
#~D-glycopyranosides, methyl 2-deoxy—2-sulfamino—d—~ end 8-
D-glucopyranoside sodium salts, methyl R-amino-2-—deoxy-d-
and ﬁ—g—glucopyranoside hydrochlorides, methyl o- and 8~
D-glucofururonoside~7--lactones, methyl,ﬂjgmglucopyranoside
uronanide and methyl - and/?fg—glucoPyranosides ﬁas performed
Wwith 24493 N 0.996 N and 0.463 ¥ hydrochloric acid, respectively.

Taking into consideration the results obtained from acid
hydrolysis of methyl glycosides (Table ITI,I), acid hydrolysis
of chondroitin gulfate from sharl: cartilage and the deacetyl-
ated carbozyl~reduced chondroitin was carried out. Acid
hycrolysis of chondroitin sulfate gave chondrosin which was
characterized as chondrosin methyl ester hydrochloride (TII.,
VII) ond acid hydrolysis of the deacetylated carboxyl—reducéd
chondroitin gave 2aamino—2—deoxyhg—galactoside disaccharide
(ITL.XIII), which is a novel wiit disaccharide ‘of chondroitin

sulfagte,



Iv, Determination of Chemical Linkages of the Muco-~
- polysaccharides with special reference to
Chondroitin Sulfate (from Shark Cartilage) by

Methylation Method.

Le Methylation of the Mucopolysaccharides.

Since Haworth and Leitch had published methylation of
maltose with dimethylsulfate and aJJca:_Li,(B‘*) much of the
contribution has been done to the field of carbohydrate
chemistry, especially to the determination of glycosidic linkage
of polysaccharides.(135"137) In this procedure free hydroxyl
groups of polysacéharide are methylated by repeated methylation
with dimethylsulfate and alkali. By acid hydrolysis of the
methylated product, partially methylated menosaccharide is
expected to be produced. This accounts for the position of
hydroxyl group which is responsible for glycosidic linkage.
Therefore, when the obtained partially methylated sugar is
compared with the reference compownd, the glycosidic linkage
of original polysaccharide is to be determined.

Methylation of starch by this method gave very low yield

of methylated product. This was considered %o be due to the
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alkali elimination of glycosidic linkage which caused the
destruction of molecule. In order to avoid the destruction
of molecule, Freudenberg and Boppelj(138) and Hodge, Karjala
and Hilbert(139) reported use of 1iqpid ammonia, methyliodide
and matallic sodium which enabled successful methylation. '
Most commonly used method is that in which silver oxide and
nethyliodide are used.(14o*143) Hovever, this is effective
only for disaccharide or monosaccharide.

Methylation of the mucopolysaccharides has been tried by
several investigators.ﬁlAAPlA?) However, except p-heparin
(chondroitin sulfate B),(;47)*most of the investigations were
not succegsful, These fact would .indicate that the glycosidic
linkage is rather labile in alkaline -conditions,. Moreover,
uronic acid moiety might, to some extent, be degradated in
the methylation conditions. Therefore, mild methylation is
desired.

In this investigation, the D-glucuronic acid moeify of
chondroitin sulfate was reduced to guglucose_(5o’54:1l4)

This carboxyl-reduced chondroitin was methylated with liguid
ammonia, methyliodide and metallic sodiwm, and then with
dimethylsulfate and alkali, and finally with silver oxide
and methyliodide, The yield of methylated carboxyl~reduced

chondroitin was very low. However, acid hydrolysis of this
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substance gave 2.3.6-tri-0-methyl-D-glucose, which vas detected
by paper chromatographic examination. This gives the
unguestionable evidence that the 2-amino-2-deoxy-pP-galactosidic

linkage is l:k.

p Chemical Structure of Chondroitin Sulfate (from

Shark Cartilage) as proved by Methylation Method.

Chondroitin Sulfate @V,

HCl in CH;0H

o -

\\O\\

OH

NHAc oH

CH,OH
HO

NHAc

N.K



Methylation

CHg Olhie

CH.OMe

% Methanolysis

| 2. Hydrolysis
CH;OMe CH:OMe

MeO OH OH
OMe
HO
NH, OMe.
w.v v.v
(a) ‘Purification of Chondroitin Sulfate (IV.I).

In Alkali extracted chondroitin sulfate were contaminated
ashes and proteins. Sevag's method was applied to deproteinize

crude chondroitin sulfate. (148)

Crude chondroitin sulfate (30 g.) was dissolved in water
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(500 ml,) and to this were added chloroform (180 ml,) and
n~amylalcohol {60 ml,). The mixture was shaken for 20 hr.
and the water layer was separated by centrifugatibn from the
chloroform and denaturated protein layers. Ethanol (2 1.)
was added to the separated water layer and to this was added
with shaking a few drops of a saturated aqueous solution of
sodium chloride. White precipitate was obtained a.ﬁd vas
positive for the biuret reaction., This vas dissolved again
in water and this process was repeated two times. White
precipitate was collected by centrifugation and was negative
for the biuret reaction. This was washed with ethanol and
ether, and was dried over phOSphorOLS pentoxide. Yield, 20 g.
(67 4), Ei =3 =12.4° (¢ 1, water). Mnal., Caled. for

Gy, o0 14NNaS N, 2.78; 8, 6.37. Fownd, N, 2.71; S, 6.12,
-1

Infrared absorption bands of sulfate at 1230-1265 em. —,

=1 o -1
1000 cma , 820 cm. and 780 cm. were observed.
The data obtained from Ei]D and infrared spectium showed
that chondroitin sulfate extracted from shark cartilage was '

very mich gimilar or same to chondroitin sulfate C.
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Chondroitin Sulfuric Acid Sodium Salt (IV.I)(KBr pellet)
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(b) Desulfation and Esterification of Chondroitin

Sulfate {IV.II).

Powdered chondroitin sulfate (IV.I){5 g.} was suspended
in methanol (500 ml.) and to which was added methanolic
hydrogenchloride(159) (final concentration was 0.06 mole)
and the reaction mixture was shaken for 20 hr, Desulfated
chondroitin methyl egter was collected by centrifugation.
Desulation was repeated three times. The substance showed
negative test sodium nitroprusside, but sulfate absroption

band at 1265 crn..":L wvas shown very slightly by infrared

analysis., Yield, 2.7 g. (84 %). [DL] ]]57 +25° (e 0.2, water),
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Desulfated Chondroitin Methyl Ester (IV,II)(¥Br pellet)

4eo00 Jser e ) roeo to0 Ise
v Y Y T y T

T

Sulfate absorption bands at 1230-1265 cm.m1 became very wealk
and those at 1000 cm.”T and 920 cm.”t disappeared.

-1
Lharacteristic absorpiion bands of ester at 1740-1750 en.

and carbonyl group at 1445 cm."l became apparent,

(c) Reduection of Desulfated Chondroitin Methyl-Ester
(Iv.I1I).

Desulfated chondroitin methyl ester (IV.II)(10.8 g.) was

dissolved in O.4 M borin acid (180 ml.) and the solution was
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cooled with ice. To this was added dropwise 300 ml. (cohtainr
ing 3.9 g.) of agueous solubtion of sodium borohydridé with
mechanical stirring during one hr, After the addition vas
oVer; stirring was continmed for more 2 hr. at rocom temperature.
The reaction mixture was then acidified with acetic acid to
pH 5 and vas kept in a refrigerator overnight. This was
dialiged for 24 hr, against running water aﬁd for five days
againgt distiled water. The solution was concenitrated to a
émall volume under reduced pressure and a large amownt of
ethanol was added to obtain white precipitate. This was
collected by centrifugation, washed with ether and dried

over phosphorous pentoxide. Yield, 12.3 g. (89 %), Anal,,

Caleds for Gy Hps010W, N, 3.38. Found,-N, 4l40.

Carboxyl-reduced Chondroitin (IV.III)(KBr pellet)

doss  doss 500 ‘270 ) 127 T gee
roe T v T T T
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Absorption bands of ester at 1740-1750 cm."l and carbonyl
absorption band at 1445-cmsH1 disappeared.

In order to reduce D-glucuronic acid moiety completely,
esterification was again performed with carboxyl-reduced
chondroitin as described in (b) of this chapter. Absorption
bands of sulfate disappeared and absorption bands of estér
and carboxwyl group at 1740-1750 em.™ and at 1445 em, ™t
becane very weak.

This was again reduced by sodium borohydride. Absorption
bands of sulfate were not observed, Absorption bands of ester
and carboxyl group disappeared. This substance hardly dissolved

in waver. 4nal., Found, N, 3.79. EiJ%O + 9.3° (c 0.2, water).

(a) Methylation of Carboxyl-reduced Chondroitin (Tv.1V),

Tu the first step, carboxyl-reduced chondroitin (IV,ITT)
(5 g.) vas suspended in liquid ammonia (300 ml.) at around
~60° and vas soalked for 6 hr. with occasional stirring, To
this were added carefully small pieces of metallic sodium
(2.5 go) within 30 min. and the mixture was stirred vigorbusly
until blue color of sodamide disappeared. To this was sdded

dropwise methyliodide (6.8 ml,) with shaking and the reaction
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nixture was ief“h 4o stand for 1.5 hr, with occasional stirring.
During the reaction time white gelatinous suspension was
observed to occur. Tn the second step, metallic sodium (1.5 g.)
and methyliodide (4.3 ml.) vere further added and the similar
process vas repeated as described in the first step.

In the third and fouth steps, 1.3 g. of metallic sodium
“and 4.3 ml. of methyliodide wyere used., In the fifth and sixth
step, Ll.2 g. of metallic sodium and 4.3 ml, of metllylioéide
vere used. After the reaction was over, ligquid ammonia was
evaporated at room itemperature and the obtained solid matter
vas dried over conc. sulfuric acid. Dried substance was
extracted repeatedly with chloroform, and no extractable
substance was obtained., This was then dissolved in water
(150 ml,) and the solution was dialyzed against rumning wéter
for two days and against distilled vater for one day.
The solulion was concentrated to a small volume under reduced
presgure and to this was added ethanol-ether to obtain a white
precipitate, which was collected and dried in a vacwm
digiccator. Yield, 4 g.. (67 %). Anal., Caled. for
Gy 4F g05H(0CH) 5, OCHg, 35.63. Found, OCHg, 26.37-. (74 % of
theoretical amount).

In order Yo complete 'ﬁefthyl-atioﬂ‘ T , the above

—_

obtained substance was dissolved in water (50 ml.) and 30 %

86~



.aqueous solubion of sodium hydroxide (100 ml.) was added with
mechanical stirring. To the reaction mixture was added drop-
wise dimethylsulfate (30 ml.). It required 2 hr. A similar
procedure was repeated four times under the same congitions.
Throughout the reaction, temperature was kept uﬁcler 30°. A
pale yellow solution was neutralized with conc. hydrochloric
acid and was dialyzed for two days against runming water and
for one day against distilled water, A small amount of

- precipitate was removed by filtration and the soltion was
concentrated under reduced pressure to a small volume and to
this was added ethanol-ether to obtain a white precipitate.
This was collected by £iltration, washed with ethanol—ethér
and was dried over phosphorous pentoxide. Yield, 0.2 g.

35 %). 4nal., Found OCH,, 29.3 (85 % of theoretical
amowth) s

This was dissolved in a small amount of methanol and to
thig were added methyliodide (10 wl.) and silver oxide (5 ga)
and the mixture was refluxed for 3 hr. To the reaction
mixture were added again methyliodide (10 ml,) and silver
oxide (5 g.) and the mixture was refluxed for 3 hr, To the
reaction mixture were added the same reagents (10 ml. of

- methyliodide and 2 g, of silver oxide) and refluxing vas

continued for 3 hr, The last process was repeated again.
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After cooling the reaction mixture to room temperature, the
golid matter was removed by filtration and the filitrate was
evaporated Lo dryness. The obtained substance was dissolved
in a small amount of water and the solution was filtered.

To the filtrate was added a large amount of ethanol-ether to
obtain a white preéipitate. This was collected by filtration
énd vas dried in a vacuum desiccator. field, 80 mg. (1.4 %).
fnal., Galed. for G Hya0s8(0CH;)5, W, 3.22. Fowmd, N; 3.20,
OCHg, 30.64 (86 % of theoretical amount). Infrared absorption
spectra of methylated carboxyl-reduced chondroitin showed

that there still remained hydroxyl absorption band at

|
3400 cm. —

(e) Methanolysis and Acid Hydrolysis of Methylated

Carboxyl-reduced Chondroitin,

Hethylated carboxyl-reduced chondroitin (30 mg.) was
dlssolved in 2 % of methanolic hydrogenchloride (15 ml.) and
the solution was reflwxed fo} 8 hr. on a boiling water bath,
After reaction was over, the solvent was evaporated under
reduced pregsure. Pale yellow sirup was obtained, This was

dissolved in methanol, and the solution vas decolorized and
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was. evaporated.

Hydrolysis of this sirup was performed with 2.2_1 hydro~
chloric acid (10 ml,) for 10 hr. on a boiling water bath. The
golution was neutralized with silver oxide and the precipitated
silver chloride was removed by filtration., The filtrate was
decolorized and was extracted repeatedly with chloroform and
the chloroform solution was dried with sodium sulfate and
was concentrated under reduced pressure to dryness. A color-
less sirup was obtained. This was dissolved in a small gmount
of water and the sdlution was passed through a Dowex 50 (}I+)
(1 x 20 cm,) column, which was then waghed with water.

Neutral methylated sugar fractions were cocllected and the
solution was concentrated to a small volume and was examined
by paper chromatographic technique (Table IV.I),

The column was then eluted with 0.3 N hydrochloric acid
until the eluate become negative for thie ninhydrin test. |
The eluate was concentrated under reduced pressure and the
obtained sirup vas examined by paper chromatography (Table IV.I).

As shown in Table IV,I there existeé several spots in
hydrolysate. This would be due to the fact that methylation
of carboxyl~reduced chondroitin was not complete. However,
there was a substance showing Bn 0.75 with solvent A and

0.79 with solvent B, which were the same RG values as those
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of 243.6-tri~-O-methyl-D-glucose, but different from Ry values
as those of 2.4.é—tri-gamethylugnglucose with both the solvents.
This Ffact would indicate that one of the hydroxyl groups of

the 2-—-.9.0etamino-—?.—deoxy—g—galactose moiety links to A-position
of the D-glucose moiety in carboxyl-reduced chondroitin.
Therefore, it is conciuded that. in chondroitin sulfate the
R-acetanino~2-deoxy-D~galactose moiety links to l~position

of the D-glucuronic acid moiety.

e Discussion,

Methylation of f-heparin has been worked out‘by Jeanloz,(147)
vho failed to detect methylated L-iduronic acid in the molecule,
Tt is considered that in alkaline medium the destruction of
sugaf molecule is obsefved, and wmoreover, in acid'hydfolysis
of uronic acid, decarboxylation is prone to occur. . These
facts would indicate that the uronic acid molety in mucopoly-—
saccharides is rather labile, and, consequently, should be
reduced %o more stable Form such as. hexose. Reduction of

’the uronic acid wmoiety to hexose ﬁas carried out in good yield
by using chondroitin methyl ester (IV.II) and sodium borchyd-

ride to yield carboxylwreduced chondroitin (IV,III).
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Table IV.I. Rg Values of the Hydrolysate of Methylated

Carboxyl-reduced Chondroitin,

Solvent Ab) Solvent B b)
Ry @) | rg®
o—amino-—{_ - . o=amino-|_. I .I'i
diphenyl ninhydrin diphenyl ninhydrin
2 . Z.'-o 6-TI‘ i—g-'me'thyj_—
0,78 0.75
D-glucose® )
2.3.6-Tri-0-methyl-
e 0.79
]_J—glucosed) '
D.7 1 +0.79 0. 71
Hydrolysate 0.51 0.43 D.52 0 46

a) Ra value was expressed as Ry value of methylated sugar/Rp
value of 2.3.4.6-tetra~O-acetyl-D-glucose.

b) Solvent Aj n-—butajiol:ethano\l:x-ra‘ber {50:10:40).
Solvent B; n-bwianol:ethanol:ammoniaswater (40:10:1:49).

©) R.346-Tri-O-methyl-D-glucose and 2.3. Ain 6~tetra~O-methyl-
D-glucose were prepared From neuhyT a.t:Lon of cellobiose by
the procedure of Haworth a.nd Le:f.'Lch (134)

a) 24k -Tm—O-—-methyl—.—D-glucose' iras prepared by the procedire
of Freudenberg and Pl ankenhorn(l5 0) and MeCloskey. (151)

~91-



Methylation of carboxyl~reduced mucopolysaccharides has
not been reported. Methylation of chitin(152)l(consisting of
2—acetamino—2—deoxy—2—glucose) and of keratosulfate(l53)
(consisting of 2—am1no—?—aeo'yaD—glucose and D-aahactose) gave
methjlqied products in very poor yields. Although the alkali |
dearadqtlon of calbOKylwreduced chondroitin had occurred
during the methylation reaction and the methoxyl content of
the methylated product was 86 %. There was detected 2.3.6-
ti#i~0-methyl-D-glucose from the hydrolysate. Therefofe, it
is linked through carbon 4 %o carbon 1 of 2-~amino-2-deoxy-D-
galactose. From the resnlis of investigations with hyaluroni-
dase,(lg:zo) 2-amino~2-deoxy-D-galactosidic linkage of
chondroitin sulfate C was proved to be S-type, and, con—
sequently, 2-amino-2-deoxy-D-galactosidic linkage is evidenced
to be f-1i4.

Methylation of carboxylereduced chondroitin was performed
with great difficulity, and this fact would suggest that
carboxyl-reduced mucopolysaccharide would be methylated by

the herein described procedures vhich enable to elucidate

the R-amino-2-deoxy-hexosidic linkage in the molecule,
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fa Summary.

Degulfation and methyl esterification of chondroitin
sulfate from sharlk cartilage were performed and repeated
reduction with sodivm boroliyd.ride vas effectively carried out
with desulfated chondroitin methyl ester to yleld carboxyl-
reduced chondroitin. With this substance was performed
methylation with liquid atmnoﬁia, matallic sodium and methyl-
iocdide, and with dimethylsulfate and alkali, and then with
methyliodide and silver oxide. With the methylated product
were performed methanolysis and hydrolysis with hydrochloric
acid. The paper chromatographic examinations of this hydroly-
sate detected é.3.6—-'bri—_Q-methyl—£~glucose.

Trom .this reswlt, it is concluded that 2-acetamino—2-
deoxy-D-galactosidic linkage of chondroitin sulfate is S
1:4. |
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V. Conclusion.

In order to study the chemical structures of acid muco-—
polysaccharides, the isclation of alternative unit disaccharides
is an essential problem. However, systematic investigation
about acid hydrelysis of glycosideg of component sugars of
the wmucopolysaccharides has not been reported. Therefors,
present studies have heen sbarted to synthesize the fundamental
compovnds of methyl D-glucuronides and methyl 2-amino-2-deoxy-

D-glucopyranosides, and to hydrolyze of these compounds.

1. lethyl of~ and A-D-glucofururonoside~r-lactones,
methyl £-D-glucopyranoside uronamide, methyl R-gcetamino—2-
deoxy—g~ and ﬂ-_}glucopyranosides, methyl 2-deoxy-2-—sulfamino-
o~ and ﬁ—__]?—glucopyranoside sodium salts, methyl‘ 2=~amino—2-
deoxy—~d=~ and /é’-g-g111.copyranosicle hydrochlorides, and methyl
- and ﬁ—E-—-glucopyTanosides vere syn'thesizéd.
In methylglycosidation reactions, strong cation exchange
resin Amberlite IR 120 (H") was used effectively as a catalyst.
Separation of the mixture of methyl 2-benzyloxycarbonyl-
anino-~2-leoxy—d, p-D-glucopyranosides was performed succesgsfully

as lriacetate, which enabled us 4o synthesize methyl 2-deoxy-
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2-sulfamino-ge and/€~g—glucopyranoside sodiwm salts,

2., Acid hydrolysis of gynthesized methyl gl ‘cosides described
above was performed with 2,493 N, 0.996 N and 0.463 K of hydro-
chloric acid, respectively, Hydrolysis rates were compared

in terms of half hydrolysis time (Table III.I). When methyl
];—-glucw:onide had the pyrancse ring, it resisted to acid
hydrolysis in comparison with methyl 2—acetamino—2~deoxygg—
glucopyranoside. However; wvhen amino-group of methyl 2- |
amino—}Z-deoxy—ggluwpyranoside was free or substituted with
acid le;.bile group such as sulfate, it resisted strongly to
acid hydrolysis. The possible cleavage of mucopolysaccharides
by acid hydrolysis is that, if amino group of 2-amino-2-deoxy-
:D—he::ose moiety is substituted with acetyl group, the cbbained
unit desaccharide would be uronide disaccharide, and that, if
amino group is free or gubstituted with acid labile group, the
obtained wnit disaccharide would be 2-&mino~2—deoxyh2—hexoside
disaccharide,

According to this prediction, acid hydrolysis was per-
formed with chondroitin sulfate from shark cartilage (chondroitin
sulfate C) as well as deacetylated carbo:tyl—'-i'educed chondroitin
(hydraz_nollzed carboxyl-reduced chondroltm) From the fofmer

subst tance there wasg ohta:t_ned 'LlI‘Ol‘l:LC.e dlsaccharlde, chondros:m,



vhile from the labtter there was obtained 2—amino~2~ieoxy—2~
galactoside diséccharide, carboxyl-reduced isochondrosin,
Together with the results oblained from methylation study,
this nev disaccharide is proved o be 4-0~(f-R-acetemino~2-

deoxy-D-galactopyranosyl)-D-glucopyranose,

3+ Hethylation of carboxyl~reduced chondroitin was performed
with liquid smmonia, metallic sodium and methyliodide, and
with dimethylsulfate and alkali, and then with methyliodide
and silver oxide. From the reaction product of successive
methanolysis and hydrolysis, 2.3.06-tri-O-methyl-D-glucose

vag detected. This fact would indicate that carbon 1 of
2—amino~2-deoxy-D-galactose links %o carbon 4 of D-glucose;
nemely, in chondroitin sulfate, together with the fact that
testiculer hyaluronidase attacks/9—2—amino—2—deoxy12—hexosidic
linkage, 2—amino—2—deoxya£~galactosidic linkage is 6~1:4.

Thus, chemical structure of chondroitin sulfate from

' shark cartilage is concluded to be T30~ (ﬁ—n-gluclu'onosyl)—
4-0-(Z-acetamino-Q-deoxyjﬁéD-galactopyranosyl) ]

I§ is our hope that some of the procedures herein deseribed
is applicable for -the investigations of other mucopolysac--
charides, and that the results would be usefnl for the progress
and development of e chemistry and biochemistry of the

mucopolysaccharides, -
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