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The characteristics of the half-wave potential
have been discussed, and an equation was derived
relating the half-wave potentials to the ordinary
standard potentials of the metals. The difference
between the polarographic half-wave potential of
a simple metal ion and the ordinary standard po-
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tential of the metal was shown to be a function of
three distinct factors: (1) the affinity of the metal
for mercury; (2) the solubility of the metal in
mercury; and (3) the kinetics of the diffusion
processes in the solution and in the mercury drops.
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Mutarotation of Tetramethyl-o-d-glucopyranose

and Tetramethyl-o-d-manno-

pyranose

By B. CLiFFORD HENDRICKS AND ROBERT E. RUNDLE

In a previous paper,' a study of the complexity
of the mutarotation of d-galactopyranose was re-
ported. In this communication a study of the
analogous glucose and mannose sugars is pre-
sented.

The mutarotation of tetramethyl-a-d-gluco-
pyranose has been investigated by Purdie and
Irvine,? Lowry and co-workers®—% and Béeseken
and Couvert® in water and other solvents. These
workers, however, gave direct attention to the
reaction order of the sugars’ mutarotations at
only one temperature. The mutarotation of
tetramethyl-a-d-mannopyranose has been previ-
ously reported,” though only incidentally.

A systematic study of the unmethylated «-d-
glucose® does not support the reported® complex
mutarotation of a-d-glucose. The authors pro-
posed to learn whether methylation and muta-
rotation at or near 0° would give evidence of
mutarotation complexity.

Since there is a paucity of data upon tetra-
methylmannose they prepared and followed the
mutarotation of tetramethyl-a-d-mannopyranose
also.

The two sugars were prepared as indicated in a
previous paper.!® The properties of the tetra-
methyl-a-d-glucopyranose used were: initial rota-
tions, [@]’D 4+104.0; [«]®D +104.0; equilibrium
rotations: [a]’D 4+80.4; [«]**D 4 84.8 and m. p.
92.5-93.5°. The constants for the tetramethyl-
a-d-mannopyranose used were m. p. 49-50°;
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initial rotations: [«]°p 4+11.5; [«]®D +6.3; equi-
librium rotations: [«¢]D +2.5 and [«]%D —0.2.

TaBLE I
MUTAROTATION OF TETRAMETHYL-a-d-GLUCOPYRANOSE AT
25°
2.4298 g. of sugar in 25 ml, of water
Time Rotation (ky + k2) X 103
Min. Sec. obsd. caled.
7 15 19.60
9 0 19.49
11 15 19.32 9.00
13 50 19.15 8.57
20 30 18.71 8.84
25 0 18.46 8.75
34 50 17.98 8.70
49 0 17.42 8.75
62 25 17.02 8.78
88 15 16.50 8.81
104 0 16.25 9.17
125 0 16.07 9.20
© 15.75
Av. 8.86 = 0.34
TaBLE II
MUTAROTATION OF TETRAMETHYL-a-d-GLUCOPYRANOSE AT
1.0°

2.819 g. of sugar in 25 ml. of water

Time Rotation (k1 + k2) X 108
Min. Sec. obsd. caled.
9 15 25.32
10 45 25.30
18 10 25.24 0.754
25 30 25.18 .644
32 30 25.12 .786
40 50 25.03 . 864
58 20 24.90 .829
81 45 24.82 .670
166 30 24.26 .709
255 0 23.78 .707
293 0 23.62 .693
424 0 23.14 .661
575 0 22.64 .660
646 0 22.46 .651
748 0 22.18 .662
@ 20.68

Av. 0.715 = 0.149
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TasLE III
MUTAROTATION OF TETRAMETHYL-a-@-MANNOPYRANOSE
AT 25°
1.3911 g. sugar in 25 ml. of water
Time Rotation (k1 + k) X 103
Min, Sec. obsd. caled.
10 15 0.75
11 15 .70
12 25 .69
14 00 .66 15.8
15 30 .63 18.6
20 00 .59 15.1
29 00 .48 18.1
36 50 .43 17 .4
45 15 .38 18.3
51 20 .37 16.7
80 00 .30
© —.28
Av, 17.1 = 2.0
TaBLE IV
MUTAROTATION OF TETRAMETHYL-a-d-MANNOPYRANOSE
ar 0.0°
0.807 g. of sugar in 20 ml. of water
Time Rotation
in, Sec. obsd. (k1 + k2) X 108
10 30 0.48
12 10 .42
13 30 .41
65 6] .35 1.39
91 30 .34 1.08
131 0 .30 1.15
263 0 .20 1.14
H8h 0 .07 1.19
® .02

Av. 1.19 =0.20

The experimental method followed and tech-
nique used were as described in a communication!
previously cited. In this paper, as there stated,
the rotation velocity constant, &, + k3, is consid-
ered an index of the character of the mutarotation.

Results listed in Tables I, II, III and IV are
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hours after a temperature change of from 25 to
0°. The calculations from the data for twenty-
two observations gave a velocity constant, (k +
k) X 103, of 0.640 = 0.135. The deviations
were random in their distribution with no more
indication of trends than that shown in Table II.
However, due to smaller changes in specific rota-
tion during mutarotation, the experimental error
is larger for methylated sugars. This is especially
true for observations for the ‘‘thermal mutarota-
tion” of the tetramethylglucose.

Discussion of Results

For purposes of ready comparison the con-
stants of the three methylated sugars are tabu-
lated with their unmethylated analogs in Table V.
The data for the latter sugars are taken from the
publication of Isbell and Pigman.® Those for the
methylated galactose are from the paper previously
listed.?

The mutarotation velocity constants for the
methylated glucose show but slightly more varia-
bility than do those for the unmethylated sugar,
probably due to experimental error. That agree-
ment and the small variation of the velocity of
mutarotation constants for the ‘‘thermal muta-
rotation’’ experiment give no support to the sug-
gested® second order type of mutarotation for a-d-
glucopyranose. Likewise the mutarotation of
tetramethyl-a-d-mannopyranose is as truly of the
first order as that of «-d-mannopyranose itself.
It should be noted that there is as good an agree-
ment between the heats of activation for the
methylated sugars, 16,970 = 260, as with those of
the non-methylated sugars, 17,000 = 300. These
deviations are of about the same order as that
introduced by the experimental error.

TABLE V
Heat of
Sugar (k1 + k2) X 103 (k' + k) X 108 activation, Ot
a-d-Glucopyranose 0.74 = 0.05at 0.2° 6.32 = 0.14 at 20° 17,200
Tetramethyl-e-d-glucopyranose .72 = ,15at 1.0° 8.86 = 34 at 25° 16,963
a-d-Galactopyranose® .93 = ,02at0.0° 8.03 = .04 at 20° 17,100
Tetramethyl-a-d-galactopyranose .91 = .06at .0° 12,1 = 1.7 at 25° 16,720
a-d-Mannopyranose 2.16 = .15at .1° 17.3 = 0.2 at 20° 16,700
Tetramethyl-a-d-mannopyranose 1,19 = . 20at .0° 17.1 = 2.0 at 25° 17,230

“ The constants for galactose are given only for the second slower phase of its complex mutarotation.

¥ 2,0326 log (it k) _0Q 1 1 )

(Bi+ky) 19864 \T: Tu
representative of the results of the numerous ex-
periments made.

The ‘‘thermal mutarotation” of tetramethyl-a-
d-glucopyranose, using the procedure described
previously,! was followed over a period of fifteen

Summary
The mutarotations of the tetramethylpyranose
forms of both a-d-glucose and a-d-mannose have
been investigated at the temperatures 0.0 and 25°.
Neither sugar shows a mutarotation of other
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than the first order within the precision limits of
the experimental technique used.
The heats of activation of these methylated
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sugars show a marked agreement with the heats of
activation of analogous non-methylated sugars.

LINCcOLN, NEBRASKA RECEIVED May 31, 1939

[CONTRIBUTION FROM THE COLLEGE OF PHARMACY, UNIVERSITY 0F CALIFORNIA ]

Sulfophenylarsonic Acids and Certain of their Derivatives.

II. p-Sulfonamido-

phenylarsonic Acid

By J. F. ONeTO aND E. L. Way

In this paper, which is a continuation of our
studies of sulfophenylarsonic acids and their
derivatives, a number of compounds have been
described, two of which (p-sulfonamidophenyl-
arsonic acid and p-sulfonamidophenylarsine oxide)
should be of pharmacological interest.

The preparation of p-sulfonamidophenylarsonic
acid was effected by application of the Bart reac-
tion to sulfanilamide.

p-Sulfonamidophenylarsine oxide was prepared
by two methods: (A) hydrolysis of p-sulfonamido-
phenyldibromoarsine with ammonium hydroxide;
(B) interaction between p-chlorosulfonylphenyl-
dichloroarsine and ammonium hydroxide. The
oxide was converted to p-sulfonamidophenyl-
arsonic acid by oxidation with hydrogen peroxide
in alkaline solution.

p-Chlorosulfonylphenylarsonic acid, obtained
by partial hydrolysis of p-chlorosulfonylphenyl-
tetrachloroarsine, reacts with aniline to form p-
sulfonanilidophenylarsonic acid. This reaction is
now being studied in the preparation of substi-
tuted anilide and amide derivatives of p-sulfo-
phenylarsonic acid.

Experimental Part

p-Sulfonamidophenylarsonic Acid.—This acid was pre-
pared by application of the Bart reaction to sulfanilamide
(p-aminobenzenesulfonamide). It crystallizes from water
in colorless, glistening needles, yield 259,. The acid is
somewhat soluble in alcohol and in acetic acid; insoluble
in acetone.

Amnal. Caled. for CeHzOsNAsS: As, 26.66.
As, 26.51.

When heated for two hours under reduced pressure at
185-190°, the acid loses one molecule of water to form the
anhydride,

Anal. Caled. for CeHsO4NAsS: As, 28.47. Found: As,
28.36.

The crystalline silver salt of p-sulfonamidophenylarsonic
acid was obtained when 0.7 g. of the acid dissolved in 10
cc. of boiling water was treated with an excess of 0.25 N
silver nitrate solution; yield 0.7 g.

Found:

Anal. Caled., for CeH;O;:NAsSAg: As,
27.81. Found: As, 19.39; Ag, 27.50.

In a second procedure the acid was obtained when 2 g.
of p-sulfonamidophenylarsine oxide (obtained by treating
p-chlorosulfonylphenyldichloroarsine with ammonium hy-
droxide) dissolved in 10 cc. of 109, sodium hydroxide was
oxidized with 3 cc. of 309, hydrogen peroxide by heating
on the steam-bath for one-half hour. The hot solution was
acidified, whereupon the acid crystallized on cooling;
yield 0.7 g.

The acid thus obtained was converted to the correspond-
ing dibromoarsine; mixed m. p. 190-191°,

p-Sulfonamidophenyldiiodoarsine.—A hot solution con-
sisting of 1.7 g. of p-sulfonamidophenylarsonic acid in 25
cc. of water was treated with 15 cc. of 509, hydriodic acid.
The diiodoarsine crystallized on cooling; yield, after re-
crystallizing from glacial acetic acid, 1.8 g.; m. p. 192-193°,

Anal. Caled. for CHsO:NAsSI;: As, 1545; I, 52.35.
Found: As, 15.36; I, 52.70.

p-Sulfonamidophenyldibromoarsine.—A solution pre-
pared from 2 g. of p-sulfonamidophenylarsonic acid, 20 cc.
of 309, hydrobromic acid and a trace of hydriodic acid
was saturated with sulfur dioxide, The resulting crys-
talline precipitate was recrystallized from glacial acetic
acid; yield 2 g.; m. p. 191-192°,

Anal. Caled. for CGHsO:NAsSBr,: As, 19.16. Found:
As, 19.26.

p-Sulfonamidophenyldichloroarsine. (A).—A solution
consisting of 2 g. of p-sulfonamidophenylarsonic acid, 10
ce. of 37% hydrochloric acid and a trace of hydriodic acid
was saturated with sulfur dioxide. The resulting di-
chloroarsine was recrystallized from glacial acetic acid;
yield 1.5 g.; m. p. 176-177°.

Anal. Caled. for CeHgO:NAsSCl;: As, 24.81.
As, 24.85.

(B).—Two grams of p-sulfonamidophenylarsonic acid
was ground in a mortar with 12 cc. of phosphorus tri-
chloride. After standing for one-half hour, the mixture
was treated with ice water and the resulting crude di-
chloroarsine removed by filtration. The crude dickloro-
arsine was purified by dissolving in hot 109, hydrochloric
acid and precipitating the crystalline substance by the
addition of concentrated hydrochloric acid; yield 1.4 g.;
mixed m. p. 176-177°.

(C).—One gram of p-sulfonamidophenylarsine oxide
was dissolved in 10 cc. of hot 109, hydrochloric acid.
The crystalline dichloroarsine was precipitated by the

19.31; Ag,

Found:



