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ABSTRACT 

The long-period reaction of heparin with excess diazomethane at 20” resulted 
in cleavage at the P-position of the uranic acid carboxyl group to give a mixture of 
methyl (Y- and p-glycosides of N,O-methylated di-, tetra-, and hexa-saccharides 
having a 4,5unsaturated uranic acid, nonreducing end-group. The major disac- 
charides obtained were methyl O-(4-deoxy-3-0-methyl-cu-L-three-hex-4-eno- 
pyranosyluronic acid 2-sulfate)-(1~4)-2-deoxy-3-O-methyl-2-(N-methylsul- 
foamino)-a- and -p-D-glucopyranoside. The reaction of heparin at 4” yielded a mix- 
ture of methylated, higher-molecular-weight oligosaccharides, which retained 
some affinity for antithrombin III-Sepharose. 

INTRODUCTION 

In 1974, Kiss’ described the depolymerization of the quarternary salt of 
heparin by p-elimination with diazoalkane to give di- and tetra-saccharides having 
a 4,5unsaturated uranic acid, nonreducing end-group. As far as we are aware, no 
original paper on this topic has been published. Pectin, a polyuronide, had been re- 
ported to be also depolymerized by treatment with diazomethane under mild con- 
ditions*. In this paper, we describe the depolymerization of heparin with dia- 
zomethane on the basis of isolation and characterization of methylated disac- 
charide disulfates and disaccharide trisulfates, together with evidence on the struc- 
ture of other oligosaccharide products. 

*To whom correspondence should be addressed. 
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RESULTS AND DISCUSSION 

A solution of the sodium salt of heparin in a small volume of water was 
treated with an excess solution of diazomethane in diethyl ether with vigorous stir- 
ring for a long period at 20”. Gel-filtration of the reaction product on a column of 
Sephadex G-25 indicated extensive depolymerization of heparin (Fig. I). Almost 
identical patterns of elution were observed for ten samples treated on the same 
scale, except for some variation in the amount of Fr. IV. The tributylammonium 
salt of the polysaccharide is soluble in ethanol or dimethyl sulfoxide to give a 
homogeneous solution. When this was treated with an excess solution of dia- 
zomethane in diethyl ether, with or without tributylamine as a base, little de- 
polymerization of heparin occurred in either case. 

Fractions III and IV (see Fig. 1) were separately collected and chromatog- 
raphed on a column of Ecteola-cellulose (HCO;) (Figs. 2a and 3). The main sub- 
fractions of Fraction III, Fractions III-6 and -7, were rechromatogra~hed on Ec- 
teola-cellulose column, and then converted into sodium salts. Each compound re- 
covered from Fractions III-6 and -7 migrated slightly faster than heparin as a single, 
sharp band on the electrophorogram (inset of Fig. 2a). The materials of Fractions 
III-3 and -4, which gave broad bands matching with each other in migrating dis- 
tance and weakly stained with Alcian Blue dye on the ele~trophorogram (inset of 
Fig. 2a), were separately ~hromatographed on a column of Ecteola-cellulose 
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Fig. 1. Gel-filtration, on Sephadex G-25 (superfine), of the reaction products of heparin treated with 
dia~methane at 20”. Tke arrows indicate the positions of elution of standard 2-acetamido-Z-deoxy-3-0- 
(4-~oxy-~-L-r~~e~-hex-4-enopy~anosyluronic acid)-D-galactose 6-sulfate (ADi6S) and Et-glucuronic acid 
(GlcA) 
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Fig. 2. Anion-exchange chromatography, on Ecteola-cellulose (HCO;). of (a} Fraction III (from Fig. 

1). (b) Fraction III-3 (from Fig. 2a), and (c) Fraction ITI- (from Fig. 2a). Electrophoretic patterns of 

Fractions III-3-111-8 and heparm are shown in the inset. 

(HCO;) (Figs. 2b and 2~). Each of the Fractions 111-3-1, -3-2, -4-1, and -4-2 was 
isolated as ammonium salt _ Fractions I and II (Fig. 1) were rechromatographed on 
a column of Sephadex G-25 in order to obtain preparations that were homogene- 
ous in molecular size. Yields and analytical data of all the materials isolated are 
shown in Table I. 

The ‘II-n.m.r. spectrum of Fraction III-6 (Fig. 4a and Table II) showed three 
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Fig. 3. Anion-exchange chromatography, on Ecteola-cellulose (FfCO:I), of Fraction IV (from Rg. I). 
Electrophoretic patterns of Fractions IV-3-N-7 and heparin are shown in the inset. 

TABLE I 

YIELDS AND ANALYTICPI. DATA OF THE FRACTIONS OBTAtNfiD BY D~POI.Y~~Ki~ATiO~ AND ?~R.~~THY[,A- 

TION OFHEPARIN WITH OIAZOMETHANE 
-__-.__-_--__.-____-.--~-- - -- 

Fraction Yield” k# 0.r.d. [$I Uranic Sulfate 

hg) (degrees) .__-.- __._ acid (YG) (l) 
A 
22m3uxnm 

A mm 
247 WF~ 

-..-~_-- _ . - ___- __~_ _ ~- _.._. _- 

Heparin 39.37 35.74 
I W 28.22 29.35 
II 91b 23.33 25.70 
III-2 4.7’ 11.05 19.28 
111-3-1 4.2L lS.%d 28.44d 
111-4-l 6.1C -16.1 +25940 -7.580 l&Old 28.27d 
K&4-2 4.Y i8.8 +XX320 -6750 17.77d 28.33d 
III-6 20.9’ -18.0 +2Os50 -8690 19.11’ 39.69’ 
III-7 22.9b -clR.l +29620 -4.550 19.16< 39.72e 
IV-5 Il.lb -50.4 19.od 30.61f 

‘Obtained from 500 mg of heparin. bSodium salt. ‘Ammonium salt. dValues talc. for 3 (ammonium 
salt): uranic acid, 30.43; sulfate 30.42. Yalues talc. for 1 {sodium salt): uranic acid, 26.33; sulfate, 
39.50. fVaIues cak. for 5 (sodium salt): uranic acid, 30.66: sulfate, 30.67. 

signals for methoxyl groups at 6 -3.5 and a signal due to the N-methyl linked to the 
sulfoamino group at 6 2.8, but no signal for a methyl ester group was observed at 
S -3.7. Since the uranic acid carboxyl group is effectively esterified with dia- 
zomethane for a short period at low temperature3, the methyl ester group formed 
might have been hydrolyzed under the slightly basic conditions, as the pH of the 
aqueous layer was -9.0 at the end of the reaction. The intensities of the H-l signal 
at 6 4.71 and H-l’ signal at 6 5.50 were equal to that of the olefinic H-4’ signal 
at 6 6.22. The large coupling constant for H-l and the negative optical rotation 
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Fig. 4. ‘H-N.m.r. spectra at 360 MHz for solutions in deuterium oxide, of (a) Fraction III-6 (I) and (b) 
Fraction III-7 (2). Chemical shifts (6) and coupling constants are given inTable II. 
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TABLE II 

‘H-N \I R DATA (6) FOR FRACTIONS III-6 (1) AND -7 (2)’ 
.._~. _~_. 

Proton Fraction 

H-l 
H-2 
H-3 
H-4 
H-5 
H-6a 
H-6b 

III-6 (Compound 1) 
._ .____ ~. 

4.71 (J,,JS.S) 
3.36 (J2.3 9.5) 

! 
\ 3.71-3.83 

4.25 (Jti,& -11.2) 
4.35 (J3.ba 4.5) 

(J5.6b l.5) 

H-l’ 5.50 (J1a.7’ 1.7) 5.53 (J,‘,2’ 2.3) 
H-2’ 4.70 (Jz’.? 1.6) 4.72 (J2’,3’ 1.8) 
H-3’ 4.06 (Jj’,< 5.0) 4.07 (J3’,4’ 4.8) 
H-4’ 6.22 (J2,,4f 1.2) 6.18 (Jz’,4, 1 .O) 

NCH3 2.81 2.83 
OCH3 3.48 3.41 

3.51 3.43 
3.54 3.52 

III-7 (Compound 21 

4.95 (J,,* 2.8) 
3.83-3.84 (&J 10.0) 

(’ 3.85-3.96 

4.02 (.I -10) 
4.28(lha.hb -11.2) 

4.32 (Js.ha4.5) 
(J5,hb 2.2) 

“Coupling constants il Hz 

were consistent with the P-configuration of the 2-amino-2-deoxy-D-hexosyl residue. 

The U.V. spectrum of Fraction III-6 showed a maximum absorption at 234 nm, and 

its optical rotatory dispersion exhibited a negative Cotton effect (Table I). The 

spectral data and sulfate analysis of Fraction III-6 (Table I) indicated that the com- 

pound was the methyl P-D-glycoside of a N, O-methyl disaccharide trisulfate con- 

taining a 4,5-unsaturated uranic acid as the nonreducing end-group (1). The con- 

formation of the uranic acid group was supported by the long-range coupling (&, 

1.2 Hz) of the signal for H-4’ (double doublet) with the signal for H-2’ as reported 

by Perlin and Mackie4. 

In addition to some spectral characteristics (Fig. 4b and Table II) and the sul- 

fate analysis (Table I), the small coupling constant for H-l of Fraction III-7 as com- 

pared to that of Fraction III-6 and the positive optical rotation suggested that Frac- 

tion III-7 was the (Y anomer of Fraction 111-6. Since the chemical shift for H-l of 

Fraction III-7 was higher than that previously reported’ for H-l of the 2-amino-2- 

deoxy-D-glucopyranose residue of heparin (6 5.40), the ‘H-n.m.r. spectra of au- 

thentic methyl 2-deoxy-2-sulfoamino-cY- (7) and -B-D-glucopyranoside (10) were 

examined (Table III). The signals for H-l of 7 and 10 appeared at 0.45 and 0.29 
p.p.m. lower than those of the respective parent 2-deoxy-2-sulfoamino-D-gluco- 

pyranoses (6 and 9). The proton H-l of Fraction III-7 showed a chemical shift close 

to that of an authentic cy-D-glycoside and that of Fraction III-6 exhibited a 6 value 

lower than that of an authentic P-D-glycoside, but the coupling constants (J,,* and 
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TABLE III 

'H-N M R DATA(~) ~OR~-DEOXY-2-SULFOA~I~O-U~Gl~U~OPYKASOSEDEKIVATIVES(SODIU~SAI.TS) 

Compound H-I H-2 Reference 

6 5.42 (J,,2 3.5) 3.20 (52.3 10.0) 6 
7 4.97 (J:,? 3.6) 3.19 (Jg 10 2) 
8 5.45 3.21 4 
9 4.70(J,,z8.0) 2.98 (Jz,3 10.0) 6 

10 4.41 (1:,?8.2) 2.95 (Jz,j 9.3) 
11 4.15 3.05 4 

“Couplmg constants in Hz. 

JZI,,) for Fractions III-6 and -7 were similar to those for the 4C1 (D) conformation 

of authentic /3- and cY-D-glycosides, respectively. These spectral data support struc- 

ture 2 for Fraction 111-7. Compounds 1 and 2 correspond, respectively, to the N, O- 

methyl derivative of the /3- and ry-D-glycoside of the disaccharide that was obtained 

by digestion of heparin with bacterial heparinase4. Fractions III-6 and -7 were 

found to contain a small proportion of partially methylated disaccharides. This was 

deduced from the reduced intensities of the methoxyl signals in the ‘H-n.m.r. 

spectra. 

The deshielding effect of the sulfate group on geminal and vicinal protons has 

been reported’. By comparing the chemical shifts for H-2 of 7 and 10 (Table III) 

with those of 1 and 2 (Fractions III-6 and -7, Table II), it was concluded that the 

N-methylsulfoamino group deshields more strongly the geminal proton of the (Y- 

than that of the /?-glycoside. 

The uranic acid contents of Fractions III-6 and -7, as determined with D- 

glucurono-6,3-lactone as a standard, gave only -73% of the value calculated for 1 

and 2. This may be explained by the presence of the double bond, as 2-acetamido- 

2-deoxy-3-0-(4-deoxy-cY-L-threo-hex-4-enopyranosyluronic acid)-D-galactose 6- 

sulfate (dDi6S) gives only -85% of the calculated value for uranic acid, and the 

visible spectra of the color substances obtained by treatment of Fractions III-6 and 

-7 with carbazole were different from that of D-glucurono-6,3-lactone; the ratios of 

the absorbance at hi max 524 nm to that at AZ max 388 nm for Fractions III-6 and -7 

were 2.08 and 2.14: 1, respectively, whereas the ratio of the absorbance at hi max 

524 nm to that at A2 ,_ 392 nm for D-glucurono-6,3-lactone was 4.31:1. The ob- 

served uranic acid content of other disaccharides, as reported in Table I, was also 

lower than the calculated value. Therefore, the elution diagram obtained by 

measuring the absorbance at 530 nm (Fig. 1) does not represent the real amounts 

of oligosaccharide fractions. The oligosaccharide fractions having smaller molecu- 

lar weight probably exist in a proportion higher than that calculated from the elu- 

tion diagram. 

Although Fractions III-61 and -4-2 were not sufficiently purified because of 

the small quantities available, comparison of their ‘H-n.m.r. data (Table IV) with 

those of 1 and 2 (Fractions III-6 and -7, Table II) showed a significant upfield shift 
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TABLE IV 

‘H-KM R. DATA FOR FRACTIONS 111-4-l (3) AND -4-2 (4) 

Proton Fraction 

111-4-I (Compound 3) 111-4-2 (Compound 4) 

H-l 
H-2 

H-3 
H-4 

H-5 
H-6 

4.69 (3i.s 8.5) 
3.21 

3.7-3.8 

Overlap with methoxyl peak 

H-l’ 5.43 (.J,,,s, 1.6) 
H-2’ 4.64 (J*,,s* 1.1) 
H-3’ 3.97 (J3’,4’ 4.9,J1’,3’ 1.1) 

H-4’ 6.09 (J2,,4, 1.5) 

NCHs 
OCH, 

2.81 
3.435 
3.444 
3.50 

3.53 
_. ~ 

“Coupling constants rn Hz. 

4.93 (JiJ 3.0) 

I 3.7-4.0 

5.45 (J,P.~, 1.6) 
4.67 (Js,,s, 1.2) 

3.99 (J3’,4’ 4.9,&,,s* 1.2) 
6.09 (J2’,4, 1.4) 

2.82 
3.39 
3.41 
3.45 
3.51 

of the H-6a,6b signals and an additional methoxyl signal for the former com- 

pounds. Otherwise, the ‘H-n.m.r. spectra of Fractions 111-4-l and -4-2 were similar 

to those of 1 and 2, respectively. The sulfate contents of Fractions 111-4-l and -4-2 

(Table I) was somewhat lower than the value calculated for an N, 0-methylated di- 

saccharide disulfate (3). The spectral and analytical data suggested structures 3 and 

4 for Fractions 111-4-I and -4-2, respectively. 

The sulfate content and ‘H-n.m.r. spectrum (the latter not shown) of Frac- 

tion 111-3-l suggested that it is a mixture of methylated disaccharide disulfates. 

Fraction IV-5 (Fig. 3 and Table I) had a reducing power detectable by the 

Park-Johnson method (data not shown), but did not show any mutarotation. The 

sulfate content of the fraction was close to the value calculated for an N, O-methyl 

disaccharide disulfate (see footnote to Table I). Its ‘H-n.m.r. spectrum at 90 MHz 
showed an H-4’ signal (1 H) at 6 6.10, H-l’ and H-le signals (-1.5 H) at 6 5.64, 

an H-la signal at 6 4.86 (not determined owing to overlapping with the signal of 

water), an H-6 signal (2 H) at S 4.37, methoxyl signals (7.8-8.3 H) at S 3.4-3.5, and 

N-methyl signals (3 H) at 6 2.78 and 2.68. These data suggested that Fraction IV-5 

is a mixture of (Y and p anomers of reducing disaccharide disulfates, as illustrated 

by5. 

From the reducing power of other subfractions of Fractions III and IV (data 

not shown), it appeared that Fraction III preponderantly contained nonreducing 
disaccharides, whereas Fraction IV mainly contained the reducing disaccharides. 
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Me0 

1 d=OMe,d= H,R3=SO;. R” = SO;,Na salt 

2 R’= H,~=OMe,R3=S0;,R4=S0;,hcsot 

7 R’ = OMe , R2 - H, R3 = Me. R4 - SO;, hH, salt 

4 R’= Y,R*= OMe , R3 = Me, R4 = SO;, NH, salt 

5’R’, R2 = l+,OH , R3 = SO;, R4 = Me , ‘40 salt 

* 
The contormat on of 5 is unknown 

CH>OR” 

Ho*R 

6 R= 

7 R= 

6 R= 

9 R= 

10 R = 

11 R= 

iO,Na 

R”= H.R’ = OH 

R”= H,R’= OMe 

H,R’ = OH,R” = SO,No 

OH,R’ = R” = H 

OMe, R’ = R” = H 

OH, R’ = H,R” = SO,No 

As the proportion of Fraction IV (Fig. 1) varied slightly with each preparation, its 

formation was probably due to an incomplete methylation of the disaccharide di- 

sulfates released. The different behaviors of the reducing disaccharide disulfates 

and of their methyl glycosides in gel-filtration on Sephadex G-25 (Fig. 1) and in 

anion-exchange chromatography (Figs. 2a and 3) were clearly evident. 

The ‘H-n.m.r. spectra of Fractions I and II at 90 MHz (Table V) showed sig- 

nals for -5.05 and -3.10 H-l protons located on the nonreducing group and inter- 

nal residues, respectively, indicating that Fractions I and II were predominantly 

composed of hexa- and tetra-saccharides, respectively. The signal at 6 4.99 (-0.5 

H) in both spectra was attributed to H-le of the residue bearing a methyl aglycon 

group in (Y configuration. The signals at 6 4.67 and 4.72 in the spectra of Fractions 
I and II, respectively, which are due to H-la of the residue bearing a methyl agly- 

con group in j? configuration, could not be determined quantitatively because of 

overlapping with the signal of water. These data indicated that Fraction I contains 

also a mixture of methyl (Y- and P-glycosides of hexasaccharides, and Fraction II a 

similar mixture of glycosides of tetrasaccharides. The ‘H-n.m.r. spectra of Frac- 
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TABLE V 

‘H-N M R DATA (6) FOR FRACTIONS I AND II 

Protons Fraction 

I I1 

Olefinic 
Anomeric 

6.12 (I) 6.11 (1) 
4.99 (0.53) 4.99 (0.54) 
4.67 4.72 

Methoxyl group 

N-Methyl group 

Acetyl group 

3.44 
3.56 
3.64 

t:i: I(9.2) 

2.09 (2.9)b 
(0.33 moUGlcN) 

3.46 
3.56 
3.65 

;:; I(6.3) 

2.10 (0.8)b 
(0.27 mol/GlcN) 

“H-le of reducing terminal 2-amino-2-deoxy-D-glucose residue. bN-Acetyl content of starting heparin: 
0.15 mol/GlcN. 

tions I and II showed signals for acetamido groups corresponding to 0.33 and 0.27 

group per disaccharide unit, respectively. Thcsc contents arc higher than that of 

the original heparin (0.15 mol/disaccharide unit). On the other hand, the intensity 

of the acetamido group signal in the ‘H-n.m.r. spectrum of an unfractionated sam- 

ple of Fraction III indicated a content of 0.10 mol/disaccharide unit. Therefore, the 

2-acetamido-2-deoxy-D-glucopyranosyl linkage in heparin seems to be more 

resistant to cleavage by diazomethane than the 2-deoxy-2-sulfoamino-D-gluco- 

pyranosyl linkage. The ratio of the intensity of the H-l signals to that of the 

acetamidc group signal, in the ‘H-n.m.r. spectrum of the unfractionated reaction 

mixture, was close to that in the ‘H-n.m.r. spectrum of the starting heparin. 

Moreover, the spectrum of the reaction mixture showed no signal due to the N- 

methylamino or N,N-dimethylamino group, which might have been formed by 

methylation of a by-product possessing a free amino group. These results indicate 

that neither N-acetyl nor N-sulfate group of heparin was removed during the reac- 

tion with diazomethane. On the other hand, both acetamido and sulfoamino 

groups seem to be susceptible to methylation with diazomethane, as judged from 

the ratio of the intensity of the N-methyl signal to that of the olefinic proton signal 

(Table V). The ‘H-n.m.r. spectra of Fractions I and II showed several intense sig- 

nals for methoxyl groups at S 3.40-3.65, but they were not quantitatively estimated 

owing to overlap with the signals due to the ring protons. 
When Fractions I and II were again treated with excess diazomethane, they 

were slightly depolymerized (elution diagrams not shown). The treatment of di- 

merit N-acetylchondrosine with excess diazomethane for a long period at 25” gave 

methylated disaccharides in -35% yield as determined by the absorbance at 530 
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nm of the product of the carbazole reaction. The recovered tetrasaccharide, which 
had been almost completely 0methylated and partially N-methylated, was further 
treated with excess diazomethane to give methylated disaccharides in -18% yield. 
These results suggested that methyiation of hydroxyl groups stabilizes the 2-amino- 
Z-deoxy-D-hexopyranosyl linkage against @-elimination by diazomethane treat- 
ment. 

In conclusion, in the reaction with excess diazomethane for a long period at 
20”, (a) heparin was cleaved at the P-position of the uranic acid carboxyl group to 
give a mixture of methyl LY- and P-glycosides of N,O-methyl di-, tetra-, and hexa- 
saccharides having a 4,5-unsaturated uranic acid, nonredu~ng end-group; (b) the 
N- and O-sulfate, and acetamido groups were stable during this reaction; (c) the 
presence of some reducing oligosaccharides in the products was probably due to in- 
complete methylation; and (d) the resulting N,O-methyl tetra- and hexa-sac- 
charides remained almost unchanged upon further treatment with diazomethane. 

When heparin, dissolved in a small amount of water, was treated for 18 h at 
4” with an excess solution of diazomethane in diethyl ether and the reaction prod- 
uct fractionated by gel-filtration on Sephadex G-50 (Fig. 5), the degree of de- 
polymerization was much lower than at 20” (Fig. 1). Fractions I’ and II’ approxi- 
mately corresponding to octa- to tetradeca-saccharides and higher-molecular- 
weight oligosaccharides, respectively, were separately applied to an antithrombin 
III-Sepharose column *. The elution patterns (Fig. 6) showed that 61% of Fraction 
I’ and 22% of Fraction II’ had low affinity for antithrombin III-Sepharose, but 
neither fraction had high affinity for the gel. 

Other glycosaminoglycuronans, such as chondroitin 6-sulfate and dermatan 
sulfate, were also depolymerized under similar conditions to give, as main prod- 
ucts, even-numbered oligosaccharides composed of tetra- and hexa-saccharides 
having a 4,5unsaturated uranic acid, nonreducing end-group. This demonstrates 
the usefulness of diazomethane treatment as a method for cleaving the 2-amino-2- 
deoxy_D-hexopyranosyl linkages of glycosaminoglycuronans. 

Materials. -- Commercial hog-mucosal heparin (anticoagulant activity, 159 
units/mg) was obtained from Sigma Chemical Co. (St. Louis, MO 63178), chon- 
droitin 6-sulfate, pig-skin dermatan sulfate, 2-acetamido-2-deoxy-3-0-(4-deoxy-cY- 
L-three-hex-4-enopyranosyluronic acid)-D-galactose 6-sulfate (ADi6S), and Serva 
Ecteola-cellulose from Seikagaku Kogyo Co. (Tokyo). Di~omethane in diethyl 
ether was prepared from ~-me~yl-~-nitroso-~-toluenesulfonamide9, obtained 
from Tokyo Kasei Kogyo Co. (Tokyo). Purified bovine antithrombin III was pre- 
pared as described by Damus and Rosenberg”, and the protein was coupled to 
cyanogen bromide-activated Sepharose CL-4B according to the procedure of Cuat- 
recasasi”. Analysis of the antithrombin III-substituted Sepharose indicated a pro- 
tein content of 8.6 mg/mL of gel. Sodium salts of methyl 2-deo~-2-sulfoamino-~- 
and -/3-D-glucopyranoside were prepared by the procedure previously reportedi2; 
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the latter compound was amorphous, m.p. 196-198”, [a]g -34.1” (c 0.476, water). 
Anal. Calc. for C7H14NNaOsS . 0.5 H20: C, 27.63; H, 4.97; N, 4.60; SO,“-, 

31.57. Found: C,27.80;H,5.21;N,4.61;S0~*-,31.39. 
Dimeric ~-a~etylchondrosine was prepared by the method previously re- 

ported13. 
Methods. -Uranic acid content was determined by the method of Bitter and 

Muir14, modified15 by increasing the borate concentration to 0.2M; sulfur content 
by the method of Terho and Hartiala’$ and reducing value by the method of Park 
and Johnson”. Optical rotatory dispersion was measured with a Jasco J-20 au- 
tomatic recording spe~tropol~jmeter. ‘II-N.m.r. spectra were recorded with a 
Nicolet NT-360 spectrometer at 24” for Fractions III-4-1, -4-2, -6, and -7 (HOD 
peak, S 4.77), and with a Varian EM-90 spectrometer at 80” for Fractions I and II, 
and at 22” for Fraction IV-5 and sodium salts of methyl 2-deoxy-2-sulfoamino-cu- 
and -p-D-glucopyranoside (HOD peak, S 4.68), for solutions in deuterium oxide 
(99.95%); chemical shifts are expressed downfield from the signal of sodium 4,4-d& 
methyl-4-silapentane-l-sulfonate; samples were prelimina~ly treated with 
deuterium oxide (99.75%). Cellulose acetate membrane-electrophoresis was per- 
formed on Separax strips (Fuji Photo-Film Co., Tokyo) in 0.1~ phosphate buffer 
(pH 8.0), with a current of 1.0 mA/cm for 35 min. The strips were stained with 
0.5% Alcian Blue in 3% acetic acid. 

~eFo~ymerizut~o~ and permethyl~~~n of hep~rin with diffz~methane at 20”. - 
To a solution of heparin (50 mg) in water (OS mL) was added dropwise, a solution 
of diazomethane in diethyl ether (-60 mL) freshly prepared from N-methyl-iV-nit- 
rose-p-toluenesulfonamide (10 g), and the solution was vigorously stirred for 24 h 
at 20” with a mechanical stirrer. Diethyl ether was evaporated, and the residue 
treated again with the di~omethan~ solution for the same period. After evapora- 
tion of diethyl ether, the residue was dissolved in water, and the solution filtered, 
concentrated to a small volume in vacua, and applied to a column (1.5 x 150 cm) 
of Sephadex G-25 (superfine). The column was eluted with 0.2M ammonium hydro- 
gencarbonate. The eluate was collected in 3.0-mL fractions, and each fraction 
analyzed for uranic acid content and for the absorbance at 235 nm, and pooled as 
indicated in Fig. 1. Each of the Fractions I-V (obtained from ten experiments on 
the scale just described) was separately pooled. 

(a) Rechromatography of Fractions I and II on Sephadex G-25. Each of the 
pooled Fractions I and II was lyophilized to remove ammonium hydrogencarbo- 
nate, and the residue rechromato~aphed on a column (1.5 x 150 cm) of Sephadex 
G-25 (superfine) in 0.2M ammonium hydrogencarbonate. The fractions having a 
homogeneous molecular size (elution diagram not shown) were pooled and 
lyophilized to give an ammonium salt that was converted into the sodium salt by 
passing through a column of Dowex 5OW-X2 (Na+, 50-100 mesh). The inorganic 
salt was removed by passing a solution of the sodium salt in 1: 10 (v/v) ethanol- 
water through a column (1.5 X 90 cm) of Sephadex G-15. The fractions giving a 
positive carbazole reaction were combined and lyophilized to afford the Fractions 
f or IT as a white powder. 
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(b) Fractionation of Fraction III on Ecteola-cellulose. Pooled Fraction III was 

lyophilized. A solution of half of the residue in water (1 mL) ws applied to a col- 

umn (2.7 x 23 cm) of Ecteola-cellulose (HC03 , 200-400 mesh) anion exchanger, 

and the column eluted with a linear gradient of 2OmM-1.0~ ammonium hydrogen- 

carbonate (total volume 1 L). The eluate was collected in ll-mL fractions, each of 

which was analyzed for uranic acid content and pooled as indicated in Fig. 2a. The 

other half of the residue was fractionated in the aforementioned manner, and 

pooled Fractions III-6 and -7 were rechromatographed, separately, on a column 

(1.6 x 31 cm) of Ecteola-cellulose (HCO;, 200-400 mesh) anion exchanger. Elu- 

tion with a linear gradient of 0.24.8~ ammonium hydrogencarbonate (total vol- 

ume 0.6 L) gave an ammonium salt that was converted into the sodium salt, and 

then desalted as described under (a). The fractions giving a positive carbazole reac- 

tion were collected and lyophilized to afford Fraction III-6 or -7 as a pale-yellow 

powder. 

Pooled Fraction III-4 was lyophilized, and the residue applied to a column 

(1.4 x 40 cm) of Ecteola-cellulose (HC03, 200-400 mesh) anion exchanger that 

was eluted with a linear gradient of 0.1-0.4M ammonium hydrogencarbonate (total 

volume 0.6 L). The eluate was collected in 9.1-mL fractions, and each fraction 

analyzed for uranic acid content and pooled as indicated in Fig. 2c. The fractions 

of tube number 1626 and 27-34 were combined and lyophilized separately. Each 

of the residues was desalted through Sephadex G-15, and the fractions giving a 

positive carbazole reaction were collected and lyophihzed to give Fraction 111-4-I 

or -4-2 as a pale-yellow powder. 

Fraction III-3 was fractionated by a procedure similar to that described for 

Fraction 1114, except that the elution was performed with a linear gradient of 

5OmM-O.3M ammonium hydrogencarbonate (Fig. 2b). 

(c) Fractionation of Fraction IV on Ecteola-cellulose. Pooled Fraction IV was 

lyophilized, and the residue fractionated on Ecteola-cellulose by a procedure simi- 

lar to that described for Fraction III. The pooled fractions corresponding to Frac- 

tion IV-5 were lyophilized, and the material isolated as ammonium salt was con- 

verted into the sodium salt, and purified by passing through Sephadex G-15. 

The yields and analytical data of the materials isolated are listed in Table I. 

Depolymerazation and permethylation of heparin with diazomethane at 4”. - 
A solution of heparin (60 mg) in water (1.0 mL) was vigorously stirred for IS h at 

4” with a solution of diazomethane in diethyl ether (-30 mL), freshly prepared 

from N-methyl-N-nitroso-p-toluenesulfonamide (5 g). After evaporation of diethyl 

ether, the residue was dissolved in a small volume of water. The solution was 

filtered, concentrated to a small volume, and applied to a column (1.5 X 150 cm) of 
Sephadex G-50 (superfine) which was eluted with 0.2~ ammonium hydrogencarbo- 

nate. The eluate was collected in 3.6-mL fractions, each of which was analyzed for 

uranic acid content and for absorbance at 235 nm, and pooled as shown in Fig. 5. 

Each of the pooled fractions (II-IV’) was lyophilized and the material isolated as 

ammonium salt was converted into the sodium salt by passing through a column of 
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Dowex 5OW-X2 (Na’). After lyophilization, Fractions I’ (16.4 mg), II’ (21.5 mg), 

III’ (13.1 mg), and IV’ (6.6 mg) were obtained as a white powder. 

Treatment of Fractions I and II with diazomethane. - A solution of dia- 

zomethane in diethyl ether (-30 mL) freshly prepared from N-methyl-N-nitroso-p- 

toluenesulfonamide (5 g) was added to a solution of Fraction I (9.8 mg) or II (9.2 

mg) in water (0.1 mL each). The mixture was vigorously stirred for 2 days at 25”. 

Diethyl ether was evaporated, the residue dissolved in water (5 mL), and the solu- 

tion filtered. The filtrate was concentrated to a small volume, and applied onto a 

column (1.5 x 150 cm) of Sephadex G-25 (superfine), which was eluted with 0.2%~ 

ammonium hydrogencarbonate (elution diagrams not shown). 

Reaction of dimeric N-acetylchondrosine with diazomethane. - A solution of 

dimeric N-acetylchondrosine (12.4 mg) in water (0.3 mL) was treated with a solu- 

tion of diazomethane in diethyl ether (-90 mL) freshly prepared from N-methyl- 

N-nitroso-p-toluenesulfonamide (15 g) with vigorous stirring for 3 days at 25”. Di- 

ethyl ether was evaporated, and the residue chromatographed on a column (1.5 x 

150 cm) of Sephadex G-25 (superfine), prepared in 0.2M ammonium hydrogencar- 

bonate, by a procedure similar to that described in the preceding paragraph. The 

fractions corresponding to di- and tetra-saccharides were separately collected and 

lyophilized. After being examined by ‘H-n.m.r. spectroscopy, the tetrasaccharide 

fraction (6.55 mg) was recovered and treated again with a solution of diazomethane 

in diethyl ether (-60 mL) freshly prepared (from 10 g of the nitrosamidc). The 

mixture was evaporated and the residue obtained chromatographed on Sephadex 

G-25 for estimation of the degree of depolymerization. 

Affinity chromatography of methylated heparin okgosaccharides on anti- 
thrombin III-Sepharose. - The procedure applied was essentially that described 
by Laurent et aI.8. A sample of heparin or of the methylated heparin oligosac- 

charides (Fractions I’ and II’, Fig. 5) (each -2.5 mg) was applied to a column (7.6 

mL; 1.8 X 3 cm) of antithrombin III-Sepharose in 50mM Tris . hydrochloric acid 

buffer, pH 7.&50mM sodium chloride at 4”. The column was washed with the same 

buffer (50 mL) and eluted with a linear gradient of 50mM-3M sodium chloride in 

Tris . hydrochloric acid buffer, pH 7.4 (100 mL). The eluate was collected in 3.0- 

mL fractions, and each fraction analyzed for uranic acid content (Fig. 6). 
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