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Fig. 1.—Diffusion coefficients of isoelectric glycine in its 
aqueous solution at 25°: # , self-diffusion coefficients deter­
mined in the present work; O, chemical concentration gradi­
ent diffusion coefficients determined by Lyons and Thomas. 

by Lyons and Thomas from their data. It may be 
seen from Fig. 1 that these values, which when cor­
rected for "hydrodynamical effect" would repre­
sent the mobilities for chemical concentration gra­
dient diffusion, are higher than the self-diffusion 
coefficients of isoelectric glycine at the correspond­
ing concentrations. From this we may infer that 
the actual mobilities for the chemical concentration 
gradient diffusion of isoelectric glycine are still 
higher than the corresponding self-diffusion coef­
ficients. 

A possible cause of this decrease in self-diffusion 
coefficient of isoelectric glycine with increasing con­
centration in dilute solutions is that the actual driv­
ing force for self-diffusion (equal to the absolute 
temperature times the entropy gradient) is opposed 
by a smaller but finite force due to the time of re­
laxation effect. This time of relaxation effect is due 
to the interaction between dipolar ions and there­
fore should presumably increase with concentration 
of the solution. The effect of interaction between 
dipolar ions on the equilibrium properties of these 
solutions in the dilute concentration range have 
been discussed by Fuoss.7 But the quantitative 
formulation of a theory for the relaxation effect in 
the self-diffusion of dipolar ions analogous to that 
for the diffusion of simple spherical ions8 appears to 
be difficult because of the absence of spherical sym­
metry of charge distribution of both the diffusing 
dipolar ion and its surrounding atmosphere of dipo­
lar ions. Thus, the equilibrium charge distribution 
surrounding a diffusing dipolar ion can be disturbed 

(7) R. M. Fuoss, T H I S JOURNAL, 86, 1024 (1934); ibid.. 68, 982 
(1936). 

(8) L. Onsager, Ann. N. Y. Acad. Sci., 46, 241 (1945). 

both by the translational motion of the center of 
mass of the dipolar ion (as in the case of self-dif­
fusion of simple spherical ions), or by a pure rotation 
of the latter. Since these two mechanisms are 
probably linked together in the actual process of 
diffusion, it is difficult at this time to make quanti­
tative calculations of the relaxation effect without 
introducing further simplifying assumptions of 
doubtful validity. It appears advisable, therefore, 
to postpone detailed discussion of the present sub­
ject until more data on the self-diffusion of dipolar 
ions have become available. 
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Hexosamine glycosides hydrolyze with difficulty 
and when hexosamines are glycosidically linked to a 
hexuronic acid, as in the cartilage heteropolysac-
charide chondroitinsulfuric acid,2-3 the acid condi­
tions requisite to break this bond lead largely to the 
destruction of the uronic acid moiety. In the case 
of the related polysaccharides heparin and "mucoi-
tinsulfuric acid,"4 this difficulty was overcome by 
the employment of an oxidative hydrolysis with 
bromine and concentrated sulfuric acid at 0°, 
whereby the D-glucuronic acid entity present was 
recovered as D-glucaric (D-glucosaccharic) acid. 
We report herein the extension of this procedure to 
cartilage chondroitinsulfuric acid whereby its hexu­
ronic acid component is adequately identified as D-
glucuronic acid, in confirmation of the work of 
Bray, Gregory and Stacey,6 who isolated a crystal­
line methyl ether of this substance on acid hydroly­
sis of the methylated, degraded polysaccharide. 
In early experiments, Levene and Jacobs6 obtained 
a silver salt on treatment of chondroitinsulfuric 
acid, designated glycothionic acid by them, with 
hydrobromic acid and bromine under unspecified 
conditions. The silver content of this salt was in 
agreement with that required by a hexuronic acid 
but the substance was not further characterized. 

Experimental 
An amount of 500 mg. of purified barium chondroitinsul-

fate (from cartilage)3 was dissolved at 0° in a mixture of 10 
ml. of concentrated sulfuric acid (sp. gr. at 15.56°, 1.84), 
4 ml. of water and 10 drops of bromine and maintained at 3° 
for 6 days. Additional quantities of bromine were added 

(1) Supported by fellowship funds granted by The Ohio State Uni­
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research (Project R-11670-P369). 
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at intervals to hold it in excess. After bromine removal 
by aeration, the reaction mixture was poured slowly into 125 
ml. of ice and water and the acid was neutralized in the cold 
with barium carbonate. The precipitate was removed by 
filtration and triturated with 30 ml. of 1% aqueous potas­
sium hydroxide and again filtered. The combined filtrates 
were neutralized with acetic acid and concentrated under 
reduced pressure at 30-40° to a sirup which was treated with 
80 ml. of a 1% solution of hydrogen chloride in anhydrous 
methanol and again concentrated under reduced pressure 
to a sirup. The sirup was extracted with 30 ml. of absolute 
ethanol, filtered and again concentrated to a sirup under 
reduced pressure. This sirup was dissolved in 4 ml. of 
water and the solution brought to ca. pK 7 with solid potas­
sium bicarbonate. Glacial acetic acid (4 ml.) was added 
and the solution was maintained at 15° overnight. Crystals 
formed which were removed by filtration and were recrys-
tallized by dissolving in aqueous potassium bicarbonate and 
adding an equal volume of glacial acetic acid; yield 60 mg., 
[O]"D +10° (c 1.8 as the dipotassium salt). The rotation 
was assayed by solution in water containing an equivalent 
(to phenolphthalein) quantity of potassium bicarbonate and 
was in agreement with the previously recorded* value 
(+10°). X-Ray powder diffraction data were in exact 
agreement with those produced by an authentic specimen 
of potassium acid D-glucarate (D-glucosaccharate): 4.439 
(1), 3.934 (3), 3.302 (5), 2.771 (2), 2.392 (4).' 

On repeating the above procedure with omission of the 
bromine oxidant, no potassium acid D-glucarate was isolable. 

(7) Interplanar spacing in A. of the five most intense lines; 
mated visually; 1 = strongest; X = 1.5418 A. 
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over glass beads to yield £-vinylacetophenone (V). 
^-Acetophenylmethylcarbinol ( I I I ) was alter­

nately prepared by de-esterification of £-aceto-
phenylmethylcarbinol acetate (IV) using sodium 
methoxide and methanol. Vapor-phase dehydra­
tion of p-acetophenylmethylcarbinol over act ivated 
alumina yielded not only •p-vinylacetophenone bu t 
also ^-diacetylbenzene (II) and ^-divinylbenzene 
(VI) by disproportionation. 

OH 
/ = \ I 480-490° 

CH3CO<^ J ^ - C - C H 8 >-

H 
I I I 

Activated alumina 

esti-

C H 8 = C H ^ ^ C H = C H , 4- V + II 

VI 

^-Divinylbenzene was also prepared from p-
acetophenylmethylcarbinol acetate by the following 
scheme 

OH CH3 
H2 I *—v I 

IV >• CH 8C-<f >—C—OCOCH, 
Copper chromite 
150°, 3300 p.s.i. 

p-Vinylacetophenone: The Disproportionation of 
p- Acetophenylmethylcarbinol ' 
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Two routes for the preparation of ^-vinylaceto-
phenone from ^-ethylacetophenone which have 
been found are shown below. 

Route B 

CH8O 
O2, Cr2O3, CaCO3 , , 

COCH3 - ^ C2H6—<f 

H2, W-7 Raney nickel 

Experimental 
£-Ethylphenylmethylcarbinol Acetate (VII), Route A.—A 

mixture of 250 g. (1.69 moles) of £-ethylacetophenone and 25 
g. of copper chromite catalyst (Harshaw Cu-X-649-57-P) was 

Route A 
OH 

-COCH3 

H2, copper chro­
mite catalyst 

->• CH3CHi CCH, 

(CH3CO)2O CH8COO O2, Cr2O8 

pyridine /> ^ CaCO8 

COCH3 — > CH3-C—<f ^ J ^ C O C H 3 < 

H V I 
(CH3CO)2O 
Pyridine 

^ O—COCH1 

CH3-CO 

In route A, p-ethylacetophenone (I) was hydrogen-
ated to p-ethylphenylmethylcarbinol (VI) which 
was acetylated and oxidized to ^-acetophenylmeth­
ylcarbinol acetate (IV). By route B, ^-ethylaceto-
phenone was oxidized to ^-diacetylbenzene (II) 
which was hydrogenated over W-7 Raney nickel to 
^-acetophenylmethylcarbinol ( I I I ) and then con­
verted by acetylation to ^-acetophenylmethylcar­
binol acetate (IV). £-Acetophenylmethylcarbinol 
acetate from both routes was pyrolyzed a t 530-545° 

(1) Communication No. 1535 from the Kodak Research Labora­
tories. 

Pyrolysis at 535-545° 

^ CH=CH2 

hydrogenated in the usual way at 125° and 4500 p.s.i. until 
1.69 moles of hydrogen had been absorbed. The resulting 
material was heated on the steam-cone for 16 hours with 250 
cc. of acetic anhydride and 5 cc. of pyridine. Distillation 
through a 12-in. Vigreux column yielded 220 g. (66% of 
theory) of £-ethylphenylmethylcarbinol acetate, b.p. 79° 
(0.9 mm.), » " D 1.4956. 

^-Acetophenylmethylcarbinol Acetate (IV), Route A.— 
In a liquid phase oxidizing apparatus consisting of a large 
test-tube equipped with a gas disperser, and a water take-off 
and reflux condenser, there was placed 220 g. (1.15 moles) of 
£-ethylphenylmethylcarbinol acetate, 1 g. of chromium 
sesquioxide and 15 g. of calcium carbonate. Air was forced 
through the disperser, and the temperature of the reaction 
mixture was maintained at 130-140° for 28 hours by means 


