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at 100°. The solution was filtered through charcoal, con
centrated to dryness in vacuo and the last traces of water 
were removed by codistillation with absolute ethanol. 
After standing for one month, the residual sirup crystallized. 
Recrystallization from a mixture of methanol and acetone 
gave 140 mg. (53%) of VI, decomposing above 178°. The 
product showed mutarotation, from [a] *£ + 125° (after 
10 minutes) to [a] 26D +100 ± 1° (after 17 hours, in water, 
c, 1.09). Anal. Calcd. for C7Hi6O6NCl: C, 36.61; H, 
7.02; OCHs, 13.51. Found: C, 36.93; H, 7.22; OCH3, 
13.23. 

2-Deoxy-2-(2 '-hydroxynaphthylidenamino) -4-0-methyl-
a-D-galactopyranose (VII).—A solution of 37 mg. of VI in 
1.0 ml. of water was treated as previously described11 with 
70 mg. of 2-hydroxynaphthaldehyde and 50 mg. of sodium 
acetate. The product was purified by chromatography on 
silicic acid. Forty-eight milligrams (87%) of crystalline 
fractions was eluted with pure acetone and mixtures of ace
tone and methanol. Recrystallization from a mixture of 
methanol and ether gave 43 mg. (77%) of yellow prismatic 
needles (VII) , m.p . 207-209° (with decomposition). The 
product showed mutarotation from [a]27bia +187° (after 
7 minutes) to [a]"MM + 1 6 8 ± 2° (after 20 hours, in meth
anol, c 1.40). Anal. Calcd. for Ci8HaOiN: C, 62.24; 
H, 6.09. Found: C, 62.27; H, 6.18. 

Methyl 2-Acetamido-3,6-di-0-acetyl-2-deoxy-4-0-methyl-
a-D-galactopyranoside (IX).—Sixty milligrams of VI was 
treated with 1.0 ml. of dry pyridine and 0.6 ml. of acetic 
anhydride for two days at room temperature. After addi
tion of two drops at methanol the solution was evaporated 
in vacuo and dried overnight in a desiccator over sulfuric acid 
and soda lime to give the crude sirupy 2-acetamid0-1,3,6-
tri - O - acetyl - 2 - deoxy -4-0- methyl - D - galactopyranose 
(VIII ) . The sirup was refluxed for two hours with 5 ml. of 
2 % hydrochloric acid in methanol. After cooling, the solu
tion was treated with an excess of silver carbonate and the 
silver salts were filtered. The remaining soluble silver 
ions were precipitated with hydrogen sulfide, the solution 
was filtered over a double layer of charcoal and Celite and 

(11) R. W. Jeanloz, T H I S JOURNAL, 74, 4597 (1952). 

A l t h o u g h 4 -0 -me thy l - / 3 -D-ga l ac topy ranose (VI) 
a n d m o r e of ten 2 , 4 - d i - O - m e t h y l - a - D - g a l a c t o p y r a n -
ose ( I X ) h a v e b e e n i so l a t ed m a n y t i m e s in t h e s t u d y 
of t h e s t r u c t u r e of g a l a c t o s e - c o n t a i n i n g p o l y s a c 
c h a r i d e s , t h e i r s y n t h e s e s h a v e n o t y e t b e e n r e 
p o r t e d . 3 T h e o p e n i n g of t h e e p o x y r i n g of 1 ,6 :2 ,3 -
d i anhyd ro - | 3 -D- t a lopy ranose b y t h e a c t i o n of bas ic 
r e a g e n t s h a s b e e n r e p o r t e d 4 t o y ie ld t h e 2 - a m i n o - 2 -
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evaporated in vacuo to give 69 mg. of crude crystalline methyl 
2-acetamido-2-deoxy-4-0-methyl-D-galactopyranoside. The 
dry crystalline residue was acetylated by standing with a 
mixture of 0.5 ml. of dry pyridine and 0.3 ml. of acetic an
hydride for two days at room temperature. After evapora
tion in vacuo and elimination of the last traces of solvent by 
codistillation with dry toluene, the sirupy residue was dis
solved in benzene and chromatographed on silicic acid. 
Elution with mixtures of ether and ethyl acetate gave 52 
mg. of crystalline fractions. Recrystallization from ether 
supersaturated with pentane gave 30 mg. of prismatic 
needles, m.p . 114-115°, [a]!6D + 8 2 ± 2° (in chloroform, 
c 1.30). Anal. Calcd. for Ci4H23O8N: C, 50.44; H, 6.95; 
OCH3, 18.62. Found: C, 50.42; H, 6.85; OCH3, 18.76. 

The crystallization of IX was difficult and the partially 
crystalline residues were directly transformed to X (see 
below). 

Methyl 2-Acetamido-2-deoxy-4-0-methyl-a-D-galactopy-
ranoside (X).—A solution of 16.0 mg. of IX in methanol was 
treated with 0.5 ml. of a solution of 0.2 N barium methoxide 
in methanol. After standing overnight at 0°, the solution 
was filtered through a column of Dowex 50 in the H form. 
The solution was evaporated in vacuo and the crystalline 
residue was recrystallized from a mixture of methanol and 
ether to give 11.5 mg. (95%) of needles, m.p. 241-242°, 
[a]20D +147 ± 6° (in methanol, c 0.52). Anal. Calcd. 
for CoHisO.N: C, 48.18; H, 7.68. Found: C, 48.13; H, 
7.62. 

Twenty-two milligrams of mother liquors from the prepa
ration of IX was similarly transformed to X. The product 
was purified by chromatography on silicic acid. Mixtures 
of acetone and methanol eluted crystalline fractions. Re
crystallization from a mixture of methanol and ether gave 
8.5 mg. of X. The total yield of X, calculated on the basis 
of VI, was 46%. 

A c k n o w l e d g m e n t s . — T h e a u t h o r s a r e i n d e b t e d t o 
M i s s A n n F o l e y a n d t o M i s s Sh i r l ey Ph i l l i p s for 
t e c h n i c a l a s s i s t a n c e . 
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d e o x y d e r i v a t i v e of g a l a c t o s e o n t r e a t m e n t w i t h 
a m m o n i a , a n d t h e 2 - O - m e t h y l d e r i v a t i v e of ga lac 
tose o n t r e a t m e n t w i t h s o d i u m m e t h o x i d e . 

I n t h e p r e c e d i n g p a p e r , 5 t h e p r e p a r a t i o n of c r y s 
ta l l ine 1 ,6 :2 ,3-dianhydro-4-<9-methyl- /3-D-ta lopy-
r a n o s e ( I I I ) a n d i t s r e a c t i o n w i t h a m m o n i a h a s 
b e e n desc r ibed . T h e f u r t h e r i n v e s t i g a t i o n of t h e 
r e a c t i o n s of t h e r e a d i l y access ible I I I w i t h a l k a l i n e 
r e a g e n t s a p p e a r e d t o p r o v i d e a n a t t r a c t i v e r o u t e t o 
t h e s y n t h e s i s of V I a n d I X , a n d w a s fol lowed 
t h r o u g h a s desc r ibed be low. 

T r e a t m e n t of I I I w i t h a q u e o u s p o t a s s i u m h y d r o x 
ide for 40 h o u r s g a v e l , 6 - anhydro -4 -0 -me thy l - / 3 -D-
g a l a c t o p y r a n o s e ( I ) , w h i c h w a s pur i f ied t h r o u g h i t s 
2 ,3 -d i -O-ace ty l d e r i v a t i v e I I , in 8 7 % y ie ld (ca lcu
l a t e d on t h e bas i s of a t h e o r e t i c a l y ie ld f rom I I I ) . 
N o idose d e r i v a t i v e w a s o b t a i n e d . H y d r o l y s i s of 
t h e 1 ,6 -anhydro r i n g g a v e c rys t a l l i ne 4-<9-methyl-

(5) R. W. Jeanloz and P. J. Stoffyn, T H I S JODRNAI., 76, 5682 (1954). 
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Syntheses of 4-0-Methyl-/3-D-galactopyranose and 
2,4-Di-O-methyl-a-D-galactopyranose12 
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4-0-Methyl-j3-D-galactopyranose and 2,4-di-O-methyl-a-D-galactopyranose have been prepared from l,6:2,3-dianhydro-
4-0-methyl-/3-D-talopyranose by the action of aqueous potassium hydroxide and sodium methoxide, respectively, with sub
sequent hydrolvsis in each case. 
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/3-D-galactose (VI), characterized by its crystalline 
anilide VII. The properties of VI and of its anilide 
correspond to those of the 4-0-methyl-j3-D-galacto-
pyranose isolated by Hirst and Jones6 from methyl
ated damson gum. The structure of the latter 
compound was assigned on the basis of its reaction 
with phenylhydrazine to give the known 4-0-
methylgalactose phenylosazone. 

When III was treated with sodium methoxide, 
it gave principally a sirupy l,6-anhydro-2,4-di-0-
methyl-0-D-galactopyranose (IV). When crude IV 
was acetylated and chromatographed, the products 
were a crystalline 3-0-acetyl derivative (V) in a 
70% yield and a sirup consisting mainly of 1,6-
anhydro-2-0-acetyl-3,4-di-0-methyl- 0 - D - idopyran-
ose in a 10% yield. (Yields are based on the theo
retical yield calculated from III). Hydrolysis of IV 
gave crystalline 2,4-di-0-methyl-ce-D-galactose (IX) 
from which the crystalline anilide, VIII, was pre
pared. The properties of VIII and IX are in agree
ment with those of the 2,4-di-0-methyl-a:-D-galac-
topyranose isolated by Baldwin and Bell7 from 
methylated Helix pomatia galactogen, and with 
those of its anilide. The structure of IX was 
established by Smith,8 who isolated it from methyl
ated arabic acid. 
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(6) E. L. Hirst and J. K. N. Jones, J. Chem. Soc, 506 (1946). 
(7) B. Baldwin and D. J. Bell, ibid., 1461 (1938). 
(8) F. Smith, ibid., 1724 (1939). 

From the sirupy idose derivative hydrolyzed to 
the free 3,4-di-O-methyl-D-idose, and transformed 
to the anilide, no crystalline product could be pre
pared, but an additional 1% of VIII was isolated. 

The preponderant yield of galactose over idose 
derivatives is in good agreement with the results 
previously obtained on treating l,6:2,3-dianhydro-
talose with basic reagents. 

Experimental9 

2,3-Di-O-acetyl-1,6-anhydro-4-0-methyl-/3-D-galactopy-
ranose (II).—A solution of 620 mg. of 1,6:2,3-dianhydro-
4-0-methyl-/3-D-talose ( I I I ) in 5 % aqueous potassium hy
droxide was refluxed for 48 hours. After cooling, the solu
tion was neutralized with carbon dioxide and evaporated in 
vacuo to dryness. The residue was exhaustively extracted 
with chloroform. The solvent was then removed, and the 
residual sirup was acetylated as follows: it was dissolved in 
3 ml. of dry pyridine and 2 ml. of acetic anhydride, and al
lowed to stand for two days at 20°. The excess acetic an
hydride was decomposed by the addition of methanol with 
cooling, and the solution was evaporated in vacuo to dry
ness. The last traces of pyridine were removed by codis-
tillation in vacuo with several portions of dry toluene. The 
residual sirup was dissolved in benzene and chromato
graphed on silicic acid. The products were eluted with 
mixtures of benzene and ether 4 :1 and 2 : 1 . The first 
product was 46 mg. of a sirup, [a]2SD —31 ± 2° (in chloro
form, c 0.87). In the following fractions, 870 mg. of sub
stance I I was isolated as a sirup, [a] 28D —16 ± 1° (in chloro
form,c6.66). Anal. Calcd. for CuHi9O7: C, 50.77; H, 6.20; 
OCH3, 11.85. Found: C, 50.75; H, 6.24; OCHt, 11.91. 

From the first fraction, approximately 20 mg. of 4-0-
methylgalactose (VI) was subsequently obtained, making 
the total yield of I I 890 mg. (87%). 

l,6-Anhydro-4-0-methyl-/3-D-galactopyranose (I).—To a 
solution of 830 mg. of I I in 10 ml. of methanol was added 
4.5 ml. of a solution of 1.6 JV barium methoxide. After 
standing overnight at 0° the solution was neutralized with 
sulfuric acid and evaporated in vacuo to dryness. The 
residue was extracted with acetone and after evaporation of 
the solvent the residual sirup was purified by dissolving it 
in methanol, adding an equal volume of ether and filtering 
through a double layer of Darco-G 60 and Celite. Evapora
tion in vacuo gave a colorless sirup ( I) , weighing 525 mg. 
(93%), [«]2»D - 2 8 ± 1° (in chloroform, c 1.67). Anal. 
Calcd. for C7H12O6: C, 47.72; H, 6.87. Found: C, 47.74; 
H, 6.96. 

Attempts to obtain crystalline di-£-tolylsulfonyl or di-(2',-
4'-dinitrobenzoyl) derivatives were unsuccessful. 

4-0-Methyl-/9-D-galactopyranose (VI).—A solution of 235 
mg. of I in 5 ml. of 2 TV sulfuric acid was heated overnight 
on a steam-bath. After removal of the sulfate ion with 
barium carbonate and filtration through Darco G-60 and 
Celite, the solution was evaporated in vacuo and the crys
talline residue was recrystallized from a mixture of water, 
ethanol and acetone or from glacial acetic acid, giving 210 
mg. (81%) of prisms, m.p. 218-221°. The compound 
showed mutarotation from [a] 24D +61° (after 10 minutes) 
to [<*]22D + 8 3 ± 2° (after 17 hours, in water, c 2.17).1" 
Anal. Calcd. for C7Hi4O6: C, 43.30; H, 7.27; OCH3, 
15.98. Found: C, 43.37; H, 7.33; OCH3, 16.05. 

4-0-Methyl-JV-phenyl-D-glucosylamine (VII).—A solu
tion of 0.5 ml. of aniline in 0.7 ml. of absolute ethanol was 
added to 67 mg. of VI.11 After standing a t 20° for two 
days, the mixture was diluted with 5 ml. of absolute ethanol, 
refluxed for two minutes and then evaporated to dryness 
in vacuo. The last traces of aniline were removed by co-
distillation with several additions of dry toluene. The 
crystalline residue was recrystallized from a mixture of 
methanol and ether, giving 82 mg. (88%) of prismatic 
needles (VII) ; the m.p . depended on the rate of heating. 
When heated slowly from 20°, the product melted at 167-
168°12; when started at 175°, the product melted at 182-

(9) R. W. Jeanloz, T H I S JOURNAL, 76, 555 (1954). 
(10) Hirst and Jones' reported m.p. 207° and [aJ»D +62° muta-

rotating to +92° (after 9 hours, in water, c 1.5). 
(11) See E. J. Bourne, personal communication in the paper by D. J. 

Bell and D. J. Manners, J. Chem. Soc, 1145 (1954). 
(12) Hirst and Jones' reported 168°. 
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183°. The product showed mutarotation, from [a]21D 
- 8 4 ° (after 7 minutes) to [a]28D - 3 9 ± 1° (after 17 hours, 
in methanol, c 1.33). Anal. Calcd. for Ci3Hi8O5N: 
C, 57.98; H, 7.11. Found: C, 57.96; H, 7.16. 

3-0-Acetyl-l,6-anhydro-2,4-di-0-methyl-|S-D-galactopy-
ranose (V).—A solution of 760 mg. of l,6:2,3-dianhydro-4-
0-methyl-/3-D-talose ( I I I ) in 50 ml. of methanol containing 
1 g. of sodium was refluxed for 24 hours in a moisture-free 
system. After cooling, the solution was diluted with water, 
neutralized with carbon dioxide and evaporated in vacuo to 
dryness. The residue was extracted with hot chloroform. 
After evaporation of the solvent, 960 mg. of sirup remained, 
which was acetylated with 4 ml. of dry pyridine and 2 ml. of 
acetic anhydride, following the procedure described above 
for I I . The residue was dissolved in benzene and chromat-
ographed on silicic acid. Elution was obtained with mix
tures of benzene and ether, 4:1 and 2 : 1 . The first product 
was a sirup which was chromatographed a second time (see 
next paragraph). Crystalline fractions were obtained on 
elution with the 2:1 mixture. Recrystallization from a mix
ture of ether and pentane gave 765 mg. of prismatic needles 
of the D-galactose derivative V, m.p. 108°, H 2 4 D - 6 8 ± 2° 
(in chloroform, c 1.62). Anal. Calcd. for CioH]8Oe: C, 
51.72; H, 6.95; OCH3, 26.72. Found: C, 51.64; H, 
6.98; OCH3, 26.68. 

Chromatography of the non-crystalline fraction described 
above and of the mother liquors of V gave 15 mg. of V, and 
115 mg. (10%) of a sirup (presumed to be mainly 1,6-anhy-
dro-2-0-acetyl-3,4-di-0-methyl-/3-D-idopyranose) with [a] 27D 
- 8 6 ± 2° (in chloroform, c 0.91). Anal. Calcd. for Ci0-
Hi6O8: C, 51.72; H, 6.95; OCH3, 26.72. Found: C, 
51.81; H, 6.94; OCH3, 26.64. Hydrolysis of thissirup and 
reaction of the resulting sirup with aniline gave besides 5 mg. 
of the anilide VIII only sirupy fractions. The total yield 
of V from II I is thus 70%. 

l,6-Anhydro-2,4-di-O-methyl-0-D-galactopyranose (IV).— 
To a solution of 400 mg. of V in 5 ml. of methanol was added 
5 ml. of a solution of 0.4 N barium methoxide. After heat
ing to boiling for two minutes, the solution was cooled, neu
tralized with sulfuric acid and evaporated in vacuo to dry
ness. The residue was extracted with chloroform, the sol
vent was evaporated and the residue, redissolved in chloro-

Chondrosine was isolated by Hebting3 as the 
crystalline ethyl ester hydrochloride after hydrolysis 
of chondroitin sulfate with oxalic acid, and shown 
to be a desulfated and deacetylated disaccharide. 
Levene4 isolated a crystalline methyl ester hydro
chloride to which he assigned the structure of a 
chondrosaminidoglucuronic acid. Recently, WoI-
from, Madison and Cron6 confirmed the results ob-

(1) This work was supported by grants from the National In
stitutes of Health, the Helen Hay Whitney Foundation and the New 
York Chapter of the Arthritis and Rheumatism Foundation. 

(2) Taken in part from a thesis to be submitted by Eugene A. David
son in partial fulfillment of the requirments for the Ph.D. degree, 
Faculty of Pure Science, Columbia University. 

(3) J. Hebting, Biochem. Z., 63, 353 (1914). 
(4) P. A. Levene, J. Biol. Chem., 140, 267 (1941). 
(5) M. L. Wolfrom, R, K. Madison and M. J. Cron, T H I S JOURNAL, 

74, 1491 (1952). 

form, was chromatographed on silicic acid. Mixtures of 
chloroform and ether eluted fractions which gave by evapora
tion 315 mg. (96%) of a colorless sirup IV, [a]27D - 4 6 ± 2° 
(in chloroform, c 1.51). Anal. Calcd. for C 8 H H O 5 : C, 
50.52; H , 7.42. Found: C, 50.55; H, 7.51. 

2,4-Di-0-methyl-a-D-galactopyranose (IX).—A solution of 
205 mg. of IV in 5 ml. of 2 N sulfuric acid was heated over
night on a steam-bath. After addition of an excess of bar
ium carbonate, the solution was filtered through a double 
layer of Darco G-60 and Celite. Evaporation in vacuo to 
dryness gave 223 mg. of a sirup which crystallized in the 
cold after addition of a few drops of 9 5 % ethanol. Re-
crystallization from a mixture of 9 5 % ethanol, acetone and 
ether gave 206 mg. (92%) of prisms, m.p. 105-108° (dried 
over P2O5). The compound crystallized as a hydrate and 
showed mutarotation from [a]27D +113° (after 10 minutes) 
to [a] 27D + 8 5 ± 2° (after 22 hours in water, c 1.15 for the 
dry product), indicating the product was the a-anomer.13 

Anal. Calcd. for C8Hi6O6-H2O: C, 42.47; H, 8.02; OCH3, 
27.44; H2O, 7.96. Found: C, 42.43; H, 8.10; OCH3, 
27.40; H2O, 7.98. 

2,4-Di-0-methyl-iV'-phenyl-D-glucosylarnine (VIII).—A 
solution of 61 mg. of IX in 2 ml. of absolute ethanol was re-
fluxed with 28 mg. of aniline for two hours. The solution 
was then concentrated in vacuo and ether added to complete 
crystallization. Recrystallization from a mixture of meth
anol and ether gave 73 mg. (88%) of very small prismatic 
needles, m.p. 219-220°, Ia]26D + 3 0 ± 3° (in methanol, c 
0.68).u Anal. Calcd. for CuH2IO6N: C, 59.35; H, 7.47. 
Found: C, 59.29; H, 7.60. 
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(13) Baldwin and Bell' reported m.p. 100-103° and [a]®D +85.7° 
(in water at equilibrium). Smith9 reported m.p. 103° and [a]lsu 
+ 122.7° (after 5 minutes) mutarotating to +87.5° (in water at equi
librium). 

(14) Smiths reported m.p. 216°. 
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tained by Levene and assigned to the disaccharide 
the structure 4-(2-amino-2-deoxy-3(?)-D-galactopy-
ranosyl)-D-glucuronic acid. In contrast to these 
findings, in 1951 Masamune and co-workers,6 on 
the basis of a positive Elson-Morgan reaction and 
periodate oxidation of N-acetylchondrosine ethyl 
ester, assigned to the disaccharide the structure 3-
(D-glucopyranosyluronic acid) -2-deoxy-2-amino-D-
galactopyranose. In previous publications from 
the same laboratory, various other structures had 
been reported.7-9 

O n t h e bas i s of t h e s i m i l a r i t y of c h o n d r o i t i n sui
te) H. Masamune, Z. Yosizawa and M. Maki, Tohoku J. Exp. Med., 

65, 47 (1951). 
(7) H. Masamune and S. Osaki, ibid., 46, 121 (1943). 
(8) T. Kobayashi, ibid., 49, 84 (1947). 
(9) T. Nagaoka, ibid., 53, 29 (1950). 
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Structural Studies on Chondroitin Sulfuric Acid.12 I. The Nature of Chondrosine 
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Chondrosine, a disaccharide from chondroitin sulfate of cartilage, has been prepared by an improved method and obtained 
in crystalline form for the first time. The disaccharide was shown to be 3(?)-((3-D-glucopyranosyluronic acid)-2-deoxy-2-
amino-D-galactopyranose by reduction of the crystalline methyl ester hydrochloride with sodium borohydride to a 3(?)-(/3-
D-glucopyranosyl)-2-deoxy-2-amino-D-galactitol, demonstrated by the isolation of glucose pentaacetate after N-acetylation 
and acid hydrolysis. The N-acetyl derivative was hydrolyzed by 0-glucosidase thus indicating the /3-configuration of the 
disaccharide. 


