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FOREORD ,
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INTRODUCTORY ,

An analytical method for the estimation of aldoses
in solution by a quantitative oxidation to the corresponding
aldonic acids, using alkaline solutions of iodine as the
oxidising agent, has beén described in & number of papers (l).
In all cases, it seems to have been assumed that the lodine
first reacts with the alkall to form hypoiodite, and that
this latter is the active oxidising agent. No definite
evidence, howsver, has been brought forward in support of
this assumption, At the same time, varying degrees of
alkalinity and other conditions have been recommended by the
several authors for carrying out the oxidation, |

Accordingly, the project undertaken was an attempt to
clarify the position by a study of the mechanism of aldose
oxidation in alkaline solutions of icdine. In the course of
the work, however, it became apparent that configurations of
the sugars exercised a considerable effect on the rate of
oxidation, and this effect was also studled.

These investigations have shown & neced for much more
work in various closely related dirsctions which promise to
" yileld information of wvalue; hence a section has been
included wherein they ars outlined, together with some
preliminary work in these directions which the author has
carried out, bgt which lack of tims has forced tempcrarily

to be abandoned.
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MATERIALS .

. Materials used throughout this investigation were all
B.D,H, Analar reagents with the exception of the sugars and
sugar derivatives., These were either pure samples supplied
by B.D.H, or samples prepared and carefully purified in
these laboratories, All sugars and sugar derivatives were
checked for purity by moisture determinations, measurement of

thelr specific rotations and by other means wherever possible,

The values observed are as set out in table I below:- .
TABLE I.
20 . 20 20 20
SUGAR a obs a cb
5 (oba) X n (cbs) nD
d=glucose + 52,70 + 52.70(1) - -
d-galactose « 78,80 +79.25%) 11,3367 1.3306
d-xylose +10.00 +18,80) - -
1-arabinose £04.5 +104,5 &) - .
d-mannose + 12,60 + 14.20(1) - -
(1) (2)
1l «rhamnose + 8,13 + 8,20 - 1,534
(hydrate)
2,3,4,6 tetramethyl
e glucose + 85.4 + 83,3 (1) - -
Glucosamine hydrochlor. + 72.5 + 72,4 (1) - -

(L) Bates: Polarimetry and Saccharimetry of the
Sugars.,
(2) Intermational Critical Tables,
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SECTION A,

Establishment of the active oxidising agent.
In alkaline solutions of iodine, there will be

hypoiodous acld and hypolodite, also fodine and iodate formed

by the reaction 3KO0I —» 2KI + Kl0g (ILenssen and LYBwenthal
(2) ). Iodate 1s known to be inactive as an oxldising agent

for aldoses, and hence the effective oxidising 'agcnt musd

be either hypoiodous acid or hypoiodite ion, It should be

possible to determine vhich of these two is effective in the

oxidation proéess. by a determination of the rate of aldose .

oxidaticn at various hydrogen ion concentrations, and by

comparison of these results with the amounts of hypolodous

acid and hypoiocdite ion theoretically present in the solutions,
This 1is the method which has beon adopted here, In order %o

| evaluate the concentrations of hypoiodite ion and unionised

hjpoiodous aclid present in iodine solutions of various

hydroxyl ion concentrations, the following procedurec was used.

Calculation of (H10) and (JOT) in Alkaline Iodine Solutions.
Furth (3) has given a proliminary value of the |

ionisation constant of hypolodous acid as 1011,
Henceo [H+J [Io.] = 10.11 .:0001
[mo] |

Further, the equilibrium constant for the hydrolysis

“of 1odine at 25°C. 1s known to be 3 x 10"13 {(£), 1.e.
[8) [T [md | 5,008 .2

[ta]
For the rcaction betuveen iodine and 1odide ion, to form

trilodide, tho equilibrium constant at 25°¢ 1s given by (5)
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[12] [1]
[157]

Froza the values of theso threc cquilibrium constants and the

-3

= 1.36 x 10 00003

known concentration of total iodinc in any given reaction
nixture, it is posslble to calculaté the concentrations of
‘hypoiodous acid and of hypoioditc ion as followss- Im all
subsequent experimonts,’ the total iodino concentration was
4,0 x :!\.0"3 mols per litro and this valuo is now used in the
calculations, In contact with hydroxyl ions and lodido ioms,
some of this iodine presont is converted to hypolodous aecid,
hypoiodito ion and tri-iodide ifon. Iodatoe is not presont
initielly since it 1s formed from hypolodite. Thus

[13) + [mo «+ [107] + [15] = 4.0z 10"3 .4
As a first ap_proximtion, ‘the concontration of iodide ion
may bo taken as oqual to the amount of iodide added, 1.c. in
this case, [I7] = 1.6 x 102, Thus for eny given
.concentration of hydrogen ion & value of E_?% is
obtained from eqgn, 1, and of L—'HEI-:]l fron egz? ;, and of

%-j;}— from egqn, 3. By substituting these walues in 4,

values of [Ig] and [13.:} are obtained as a first approximation,
From this valuc of [Ig"] a more accurate value of [I%] moy
be cobtained and the uvhole calculationt i1s thon ropeated,
Successive approximations can bo mado in this menner until
tho values for [I7) , [AI0/and [10%] bvecomo constent. Tho
appropriato valuos, for each pH, caleulated in this mannor,

aro as shown in ¢table II.
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TABLE IT,

pH [Bx0] [xo]

9,00 9.6 x 107 0.6 = 1073

©.40 2,40 x 10™° 0,60 x 10~°
10,00 9,38 x 107° 0,58 x 1070
10,40 2,20 x 107% 0.55 x 10
10,80 2,47 x 107% 2.82 x 107 .t
11.00 5.83 x 107 5.8 x 107 0. wx
11.20 6.80 x 107 1,08 x 1070 o
11.30  6.97 z 107 1,30 x 10 '
11.20 6.95 x 107 1,73 x 10™° !
11,50 6.66 x 10™ 2,10 x 10~ 13
11,60 6.15 x 107 2,45 x 10~ 1@
11,80 a8 x 107 3.02 x 1070
12,00 5.43 x 10~% 3.43 2 100 .
12.40 1.52 x 107 - 3,80 x 1075

13,00 5,95 x 10~ 5.95 x 1073
13.40 . 71.59x107 5,98 = 10‘3
14,00 3,99 x 1070 5.99 & 1075

Although tho probeding table gives the concentrations -
‘of hypoiodite and unionised hypolodous acid in solutions
of different alkalinities, 1t mist bo rcmembored that
during the course of oxidation of a sugar by alkaline
iodine solutions, iodate will be formed from the
hypoiodite presents hence the values of table II show
concentrations at the initial momént of reaction only.
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However, the formation of lodate from hypoiodite (by the
reaction 310 —> I0g~ + 2I° ) will not affect the titre
of total iodine by which the reaction is followed, since
on_acidiﬁcatioﬂ as mich i1odine 1s obtained from the Lodate
formed as would have been obtalned from the hypolodite
consumed., Iodate moreover, will not affect the oxidation
rates of the sugars; since it 1a inactive as en oxidising
agent for the aldoses,
DETERMINATION OF REACTION VELOCITY,

The velocity of oxidation of glucose by elkaline
solutions‘ of lodine was investigated by the following
mothod, 3%. solutions of each aldose or aldose derivative,
en ¥/40 solution of 1odine in %/10 potassium 1odide and
a buffer solution were immersed in a constant temperature
bath (25.00 + 0.05°C) for at least one halfwhour, so that
they might reach the required temperature of 26°C,

éBO ml-. conical flasks were :lmmerséd in the bath as
reaction vessels, and into these' were plpetted in order
256 mls of the buffer solution, 1,25 mls, of the sugar
solution, and finally 5 mls. of the /40 fodine solution,
the flask being swirled after each addition to ensure
proper mixing., ' ‘

‘iho draining t.ime of the 5 mlj pipette used for
adding the i1odine solution was found to be 4 seconds,
and hence the time for the cormencement of the
reé.ction wvas token as 2 se'conds after the initial addition
of iodine, After the required interval of time had
elapsed, the reaction was stopped by addition of 50 mls,
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of cold 3% sulphuric acid, The ilodine liberated was
titrated immediately against 3/100 (or, in some casos,
against 1/50) sodium thiosulphate, using & microburette,
the .titration being carried out with a. stream of carbon
dioxide bubbling through the solution,

This procedure permitted accurate determinations
of the amounts of unused icdine in the reaction mixture

as early a&s 4 seconds after the commencement of the

| reaction, . |

However, care must be exercised in the cholce of
buffef solutions in which to carry out the reaction,
Those used are listed below in table III.
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TABLE III.

pH ' Gomposition of Buffer Beference
10,17 50 ml 0.1 M NagCOg + 20 ml, 0,1 N HCL made up to 100 ml 6
10.35 fn n 15 n . " é
10.55 " " 10 " " 6
10.86 " " 5 " L 6
11.00  25ml 0.1 N NagHPOy + 4,13 ml, 0.1 N NaOH made up to 50 ml. 7
11,20 n " 6,00 " " 7
11,40 n " 8.67 " n 7
11,60 " " 12,25 n ' " 7
11,80 " " 16.65 n " 7
12 .oo " fn 21.60 n " 7
12,50 0.05 N NaCH -
12.80 | 0,0 N ¥aOH -
13.10 0,20 N NaCOH -
13,45 0.50 N NeOH - -

Since these buffers were used at a temperature (25°C) often differing slightly from
that specified, and in view of possible inaccuracies entailed in the fine measurement of volumes '
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required for making up cmall quantities of the buffers, the

pH of each solution (up to pH 12,00) was measured by mcans
4

of o Coleman pHemoter (glass eloctrode) standardised against
the standard buffor proposed by B?.tes s Hemer, I;'Ianoy and

Acroe (8), the pH of vhich 1s 11.68 at 25°C. The use of |
sodiun hydroxide alone as the buffer substance for the pH
rango 12,20 = 13,50 is Justified, since in such rcaction
mixtures there is a sufficlently large cxcess of sodium
hydroxide for the pH to rocmain almost unchanged during the
roaction, The pH values of such solutions were calculated

| from the concentrations of sodium hydroxide, using the

values of the activity coefficients given by HacInnes (9),

. A mumber of high pH buffers are unsatisfactory for
this work since they lead to formation of 132 addition
products with glucosej the significance of thls addition
will be discussed later. Such buffers are those containing
boric acld or borates (formation of 1ls2-0-d-glucose
pyroborate (10) ) and carbonate buffers under certain
conditions (formation of l:2eG=d-glucose carbonmate (11)).
Cafbonate buffers qontaining hydrochloric acid, however, are
suitable for the work since icnisation of tho carbonic
acid is roprossed by the presence of hydrochloric acid, and
the offect of 1:2 addition is avolded, Buffers containing
glycino or aminoe-acids are also objectionable due to the

formation of condensation products with the suger,
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EXPERUTEITTAL RESULXS,

The oxperimental resulis arc shown graphically in
figs, I<IV, The plot is of thiosulphate titros ageinst time.
The time of quarter chango (t&) could be read from tho graphs
with a possible error of + § scc, All results are for the
oxidation of glucose, tho wvalue at pH 9".95 being doubtful,
since tho buffer used for this one pH contained scme glycinc,
vhich may be objectionablo, " Table IV summarises the rosults:-

TABLE IV,
PE 9.86 10,20 10,60 10,85 10,85 11.15 11,35
t} (sec) 70 13 6.6 5 2,5 4 3.5

1/t mins™r) 0,86 4.6 9,24 12.0 15.4 15.0 17.2

pH 11.55 11,75 11,95 12,50 12,80 13.10 13,45 -

t1 (sec) 3,75 4,5 5.5 14,5 32 64 92

1/t41’(m1ns“'1) 16,0 13.4 10.8 4.15 1.88 0.94 0.65
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It will bo shown prosently that the oxidation reaction
is bimolecular; and for a bimolecular roaction tho velocity
of veaction varies 1nversaiy as tho timo takon for any
given fraction of tho reactants to undergo change. As the
initial concontration of glucose is tho same in cach case,
then‘the tine of quarter chango, t&, ﬁill vary inverscly as
the concontration of the active oxidising agent. In
figure V the valuos of 1/t} from table IV (indicated by
points = 0), are plotted against pH, Agreement with the
theoretically calcylated curve for [ﬁIb] (tho full linec in
fig: V) is very closc, with tho exception of two points near
pH 11.3, where hovever, an error of # second in measurement
of the time of guartor change would be sufficlent to
accouht for the slight divergence. As previocusly remarked,
this is within the experimental error. Again as proviously
noted, tho value at pH 9:9é is doubtful, since this buffer
contained glycine, The marked dissimilarity of the
oxperimental results to the calculated concontrations of
hypoiodite ion, together with tho markoed cimilarity to the
curvo calculated for unionisod hypolodous acid, affordé
strong ovidonce thet tho active oxidising agent 1is, in
fact, unionised hypoiodous acid., Tho pH valuc for optirmm
roaction velécity is seenr to be near 11:35.

Further ovidonce that the roaction is non-ionic s
'provided by the addition of var&ing amounts of sodium
chloride to the roactionm mixture, No approciable sald

effoct vns detected and tho reaction ratoc remained unchanged.
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' ORDER OF REACTION,

The order of the reaction was established by carrying ouf
the oxidation using akglucose solution of strength u/1.0_, 80
that the initial concentrations of glucose and iodine in the
reaction mixture are identical, The pH of the buffer was
11.15. There are two reactions occurring simultaneously
in the solution, viz: A
. mI0 —> HIOg + 2HI | coeeel
and CgH120g + HIO —” CgH4q207 + HI ,....2

Reaction 1 has been investigated by several workers (12)
who agree that the reaction is of second order. Hence 1f
reaction 2 418 also of second ordor, a Wegschelder test
should show constancy.

In the experiment performed to test this, the
oxidation was carried out as descrlibed before, and lodate
was determined by stopping the reaction by the addition of
excess 5% phenol, which removes hypoiodite and, in the
presence of free alkali, free iodine and trilodide also,
Acldification of the solution then liberates iodine
corresponding to the amocunt of ilodate present, This was
titrated with thiosulphate as before. Fig. VI shows graphe
ically the amounts of 'iodaté formed, and of sugar

»0xidised, ageinst time, The graph shows that, in the
initial stages of the reaction (for the firstl 6 seconds ) the
amounts of the two products formed are virtually identical
and the Wegeschelder test mast apply, as in fact it does,
Table V shows the results of application of this test'.

Beyond six seconds, the constancy no longer holds, and
apparently the order of rcaction has changed.
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TABILE V., j;

.\ |

(s00s) CeBygoy  T0g —@%:T?_(' f‘ -z .

0 0.00 0,00 - ;*»fif;

3 110 1,10 1,00

32 1,27  1.27 1.00(8

4 1,50 1,50 1.00{ = \

% 1.87 1,85 0,99/&

0% 3.7  2.20 0.70 {ﬁ

103 3,50 2.25 0,64 "
15 4,60 2,50 o..se;
20 B.24 2,62 0450
30 6.22 2'.85 o.4é
40 6,70 2,68 0.43
50 | 6.88 2,88 | 0,42
65 7.00 2,88 2
60 7.30 2,88 395
80 7.60 2,88 0.38
100 773 2,88 0437
120 797 g.ga 0.156
10,25 295 _‘,gg




To,

| i

|

. “ .|| ) L
| 3 ek e B A
| (R R

“Fig.z

- i i
U U SR . - ' SO | Il Rl I
'
_ w '
\ )
l.cl* el e e T e ' YN R A AU
N ‘ o . 1R
- »
B 1 N
JL QU SO A PO . -
* ,‘ '
. ! ¥
5
)
, | _
o emd - . N . ‘ - M -
; i .
N [
i
| A '
+ - . H + 4 ——
! ;
i i
Lo »
. . ) .
_ |
M Ty
|

o
q
S
7
4

b L " ~ -~

[

10




18.
If, however, the ratios obtaimed in this test be

divided by (& = x)& there a is the initial concentration of
iodine, and x tho amount changed by the two reactions at
time t,’ then good constancy is seen to be obtained
beyond & reaction time of 30 soconds, This suggests thatb
tho rate of recaction in the second stage conforms fairly
closely to an order of 1:5, since for such a reaction, the
ratio

(1o5] _ Ika(e ..x)é

[CeBa207] ** kg

specific rate constents for the formation of iodate and

where k3 and kg are tho

sugar oxidation product respectivsly.
These results thereforé, show that the reaction
occurs in two stages, namelyt=

(&) a rapid bimoloccular, second order reaction,
(b) a slower reaction of order about 1,5.

If, as Isbell (13) reports, the Paforms of the aldoses

oxidise much more rapidly than the a;-, it is to be expocted
, that oithor 1) the initial rapid oxidation reprosents that
of the PB~form,
. p=frawy, and the final slover oxidation that of the ¢form,

or 2) the final slower oxidation might measuro the rate of
mutarotation a*f (as the slowest stage) followed immoediately
by the rapid oxidation of the Pesugar formod, If 1)

be the case then it sooms reasonable to assume that the

O ED ez oo (R oD 53 O W ou Do w8 3 O8 O e TS 3 3 em 3 &

* The use of the initial concentration of iodine in plece
of that of hypoiodous acid is justified since the
equilibrium -

IE + 20H"=—= I" + IO™ + Hp0 (Lonssen and Lowenthal)
is established very rapidly, and removal of hypoiodite is
irmmodiately compensated by its further formation from
iodine and hydroxyl ions. _
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oxidation of the c=form (slow stage) should be of the second

order similar to that of the Beform, If 2, then the slow
stage, measuring the mtarotation, should be & first order
reaction; since this is the case for the mutarotation of
glucose (14). The observed order of 1.5 suggests that bvoth
these mechanisms may be operative simultaneously,
DEPRESSION of the OXIDATION RATE by CERTAIN SUBSTAN’CESa

'As previously mentioned (page 12), the presence of
carbonate or borate in the buffer solutions used in the
oxidation experiments on glucose, leads to a marked
depression in the rate of oxidation, These subatances are
known to add to the glucose molecule across carbon atoms 1
and 2 (10,11): In order for this addition to be possible, the
hydroxyl groups on these carbon atoms must be in cis position,
If they are in c¢is position in deglucose the hydroxyl group
on carbon atom 1 will be fized in G-position (15,18). Thus,

| we can wnte

| weasing the configuration of deglucose according to Isbell
"; (19), where a and P represent the positions of the
i .

Y "OH a 0 hydroxyl group on C; for Ge and
H B=forms respectively,
HO This, then, véould account for
H  CHpOH ' observed depression of the oxldat-

ion rate of deglucose in the prasence' of borates and .
carbonates. |
. However, it also suggests that with such sugars as
mannose and talose, an elevation of the oxidation rate will
be. found, since in these two cases borate and carbonate
_would fix the hydroxyl group on Cj in the B= (rapidly
oxidised) position. | '
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OXIDAT ION PRODUCTS.,

The oxidation of glucose by alkaline solutions of
.iodino has variously been stated to lead to gluconic acid
(es the sodium salt) and oven beyond this stage. Isbell (lé)
has shown that bromine oxidation leads directly to a

§ «lactone, Tho actual oxidation product foxmed in the
reaction hore investigated has not been isolated; indeed,

if a $ -lactone is formed this would prove difficult to
 isolate and identify working solely under the prescnt |
oxidation oonditions_. Howover, an approach to the problen
was made by attempting the oxidation of a) gluconic acid

gnd b) mannitol by the previous methods. No cxidation
whatsoever wes observed in either case, and hence a «CHz0H
grouping is not attacked by alkaline iodine ozidation (as
shown by the failure furthor to oxidise mannitol) and
similaﬁly 8 «COOH grouping is unattacked as shown by the
fallure to oxidisec further gluconle acid. This suggests that
the final product of the alkaline lodine oxidation of glucose
is olther gluconic acid or a lactone thoreof, Attompts

have been made to dotect whether a § =lactone is formed by
the 1odine oxidation of glucose, as is the case with the
bromine oxidation (Isbell), Time has not permlitted this

work to be carried to completion, although some preiimimry
work has been done, and is outlined in a later section.

If a § =lactone is formed as the primary oxidation
product, then in alkeline sclution it will be saponified
rapidly to the’ sodium salt of the sugar ecid., Thus tho
reaction, when glucose is oxidised by alkaline solutions
of iodinc may be written



21,

H\c_é_i.?_——a ‘ c__/_-?-—-——-- | O\C/ONQ
- l | ’ |
H——-(I)——-OH ' E——?—-OH H—C— 01

OH—C—H O + HI0O — OH—C—H O + HI + HpO—> OH-—?——H- + HI,

[ ,
H—C— OH . H—C—OH H—G— OH
H-——t’:——'——— b H—C— OH
" CHoOH : J:Hgon , 2:5301-1

Fhene Good evidence has been shown by the forogoing be'k for the
1n1t1a1 and final substances partaking in the reaction; but whkewe a possible
v intermediate stage (as indicated by the query) has ysot to be proven or
ﬁ disproven, It must be remombered however, that the evidence adducod here for
the final oxidation product is of a negative kind, although positive 'evidexice;
may be obtained readily as outlined in section C,
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SECTIOR B,

The oxidation of wvariocus aldohexoses and aldopentoses, and

thelr derivatives.

The alkaline ilodine method of sugar oxidation was

The

extended to various other aldohexoses and aldopentoses,
method of oxidation used was similar in all respects to
that previously described, Experimental results are
tabulated in Table VI,
TABLE VI,
Times of quarter-change,ti.,in seconds,
pH Mannose Rhammose Galactose Arabinose Xylose 2, 2,4,6,
Tetra-
methyl
Glucose
105156 - ‘- - - b1 -
10,35 - - - - - - 8,75
10 .55 - 24 T s 6075 7
10,60 28 - 4,25 4,25 - -
10.85 - - - - 4,75 -
10.90 - - - SJE 4‘5 -
10,95 = 17 3.25 - - y
11,00 18,5 - - - - 4,25
11.28 14.25 - - - - -
11.50 - - - 2.5 5.25 -
11,40 - - - - - 350
11,45 14.25 - - L - - -
n.so - - - 2.5 3.25 -
11.55 - - 2.75 - - -
11,65 17 - - - - -
11,70 - - - 3 3.75 -
11 .80 - - - - - - 4.5
11,85 23,5 - - - - -
12,80 176 147 16,26 16,0 28,0 41
13,10 - - 31,5 29,5 55 -

IX, Again, in each case, very close similarity to the

These results are shown graphically in figs VII, VIII,
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theoretical curve for unionised hypolodous acid 1s
observed, which shows this to be the active oxidising
ageht in all casés. However, it 1s also apparent that some
sugars oxlidise mich more rapidly than othsz-s-. These rates,
of oxidation can be compared on the basis of glucose = 1:00
by éomparing the factors by Which the reciprocals of the
times of quarter change ( in mimxtes) must be multiplied,
Af the plots of pH against l/tig are to be identical for.
each sugar'. This method of compariscn largely eliminates
any possible experimontal error which might be Involved
in the comparison of times of quarter change at individual
pH values, should these alone be used., Table VII shows
the factors which were required to make the oxidation
curves for the various sugars coincilde, together with a
comparison of the relative rates of oxidation based on
glucose = 1—.00. lyrbdck (17) has also reported relative
rates of oxidation of v,arioﬁs sugars in this reaction, and
the wvalues which he recordsv are listed for comparison., There
i1s a very good agieement between the rcsults obtained in
this investigation and those of Myrbécl:, in view of the
method by which Myrbfck derived his values, a method which
could not be susceptible to as high a degree of eccuracy
as that obtained in thils investigation.
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TABLE VIII,

- Relative Relative Rate

Sugar; , Factor, Rate (Myrblck)
deGlucose 1:00 1—:00 ]_:oo
d=Xylose 0”. o7 1: 02 1?03
A2,3,4,é Tetramethyl 1.00 1:00 -
| Glucose
l-Arabinose 3 0:755 1:3;5 1—.30
d«Galactose : 0,735 ljsé 1—.2é
d-llannose | ‘4:2 0.24 0.24
1<Rhamnose - 3:8 0’.2-;3 0.28
d-Ribose - - 0.70
d-Lyxose - - 0.24

It is apparent that the sugars cen bo classified in
groups according to thelr reaction rates, ecach group
" beving a characteristic rate of oxidation. Thus d-glucose,
dexylose, and 2,.8,4,é-tetrameth§rl glixcose form one groups
le«arabinose and d«galactose another; and d.mamnose and
lorhamnose & third, This suggests that the configuration
of the sugars may have an effect upoan their rate of
oxldation, It has been showm by Isbell (18) end by Isbell
and Pigman (13) that in the bromine oxidation of the sugers,
B=forms are oxidised much more rapidly than a forms (varying
between 10 and 50 times as fast), If this also applies
for iodine oxidation = it has not yot been investigated =
then 1t is significant that thosec sugars wh.{ch oxidise most
rapldly. also contain, in equllibrium solution, the highost
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percentages of the f-form, Isbell (13) records these
percentages as '

(Expresssd _as Psrcentages,)

a-foxrm =form Relative Rate
d-glucose 374 62,6 1,00
d-mannose 68,9 31.1 : 0:24
d-galactose 31.4 68.6 36
l-arabinose 324 67.6 1536
d=xylose 32,1 67.9 1.02

l«rhamnose 69,0 31,0 0.26

However, even if this does apply, there is insufficlent
difference between the smounts of Ped-xylose and P=d=galactose
in the equilibrium solution to account for the relatively
large difference in their oxidation rates,

This suggests that other structural influences are to
be sought, probably in conjunction with the above mentioned
G= and B-configurations—. More sugars rust be investigated
before any inferences can be drawn in the matter: howe?er,
it appears from thz' results so far obtainéd that, in alkaline
solutions of iodine, '

1. Similar configurations on carbon atoms 2,3,4 sirmltaneously
give rise to the same yate of oxidetion of a sugar.

2. Replacement of «CHsOH in @ hexose by « or by «CHg has
1ittle or no influence on the rate of oxidation,

3. Methylation of the hydroxyl groups on carbon atoms
35,4 and 6 has no effeoct on the rate of oxldation of
ucose,

APPLICATION of OXIDATION RATES to STRUCTURAL INVESTIGATION,

When the effect of sugar configuration on the rate
of oxidation by alkaline iodine solutions has been
investigated fully, it should be possible to obtain
evidence as to the configuration of any sugar or sugar
derivative by & determination of its rate of oxidation, A
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- gample of chitbsa.mine hydrochloride prepared from tho
carapace of Jasus lalandii was submitted to oxidatlon by the
previous methods, and its rate of oxidation was found %o be
identical with those of galactose and arabinose as shown in
table IX, k

TABLE IX.
pH . s Bl (secs)
Glucosanine
hydrochlor, Galactose Arablnose
10,55 4,25 4,25 4,25
10 ™ 95 5.25 3;25 -
12.80 15.0 16,25 16,0
o 4

- This is pecullar, since polarimei;ry of the chitosamine
hydrochloride shows 1t to be i1dentical with glucosamine
hydrochloride, as also do its other properties.

( e.g. melting point, solubility,’etc.)

This being so, it was to be expected that the oxidation
rato would conform to that for glucose, Possibly the
agreement of thoe oxidation rate with that for galactose may
be due to the presence of a furanose ring in the
chitosamine hydrochloride; Ifyrbick (19) however, states
that alkaline iodine oxidation of glucosamine rosults in
a splitting of the molecule, and this may be significant.
Clearly, more work on the relationship between sugar

configuration and the rate of iodine oxidation is neocdod,
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SECTION C,

FURTHER AVENUES of INVESTIGATION,
In view of the results obtained from the work

detailed in sections A and B, it appears that further work

in various directions is highly desirable, and may yield

results of interest. The lines along which further work
might be carried out are summarised, as followss -

1.. The oxidation rates of more sugars and sugar derivatives
should be determined, in order to clarify the effects
of configuration on the rate of oxidatioh. In
particular, determination of oxidatioh rates for the
;’ol;l,éwfi_hg are highly desirables (a) @¢=- and P=d-glucose
sepafately, (b) the de and i- forms of a sugar, (¢c) an
aldehydo -~ sugar, (d) talose or ribose, (e ) glucosone,
The significancé of these particulé.r sugars can be
seen by an 'ei:am&xatién of their accepted structures,

2. Investigation lof the primary oxidation product of the
reaction, which may be a § =lactone, Some preliminary
work has been done in this direction by the author,
as followss=~ A solution of hypolodous acid was
prepared by the method of Koene (éO), whose method 1is,
briefly:- Iodine, dissolved in 95% alcohol, is then
shaken with mercuric oxide to remove any iodine which
has not been converted to hypoiodous acid. The
solution is then rapidly filtered through a layer of
mercurlc oxide supported on asbestos. An alcoholic solu-

tion of hypoiodous acid is obtained in this manner, but
mast be used immedlately to forestall decomposition:
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2. continued.

Se

This hypolodous acid solution was reacted with a
glucose solution buffered by mcans of & suspension of

barium carbonate through wvhich was bubbled carbon

dloxide., This buffor maintains a pH of 6.4, After

from 6 to 10 mirmutes any excess iodine was removed by
shaking with phollandrene, which simultancously floats
off the barium carbonate (a method developed by Polya
and Ingles (21) )—. Hydrogen iodide formod in the
oxidation reaction can be removed by shaking with
‘mercurlc oxide, and filtering off the precipitated
mexj'duric iodide. The PH of thoe resulting solution wvas
folloved over a period of time by means of a Coleman pH
meter, and observed to fall steadily and progressively
from a pH of approximately €-3'.1 shortly after tho
reaction had been stopped, to a pH of approximatoly
2'.8 sone two hours later. This suggests strongly
that a § -lactone has been formed and is slowly being
hydrolysed. Time has not permitted this work to bo
put on & quantitative and exact basis, but results
above suggest that vhen this is done, tho primary
oxidation product may be shown in this manner to be a
§ «lactone.

Somo early work was performed using a large oxcess of
iodine in the oxidation, so that the roaction became
one of the first order, The buffer uscd contained
glycino, which, as it was later reaslised, interferecs

with tho roaction by formation of a condensation
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product with the aldose, | However, the oxidation did
occur under these conditions and the rate of oxidation
continually increasod from pH © to pH 12-.8, follouing

a curve of similar type to that theoretically e¢alculated
for hypoloditc ion, although showing an arrost between
pH 10,0 to pH 11,5, These proliminary observations
might be further pursued, ’

There is an apparent necd for a new determination of

tho lonisetion constant of hypolodous acid.
(8*) [10)
%.
o3

As previously mentioned, kg has been given by Firth

as 10"113 more rocently however, Skrabal (22) has
reported a value of 4:5 X 10"13. If, in the previous
calculations, Skrabal's wvalue vuwore to be usod, then
the curvse of unionised hypoiodous acid would have a
vory similar shape to that in fig. V, but the maximum
point would be transferred to pH 12,00, As there
soems no doubt as to the active oxidising agent in the
alkaline lodine oxidation of the sugars (vitness

the entire dissimilarity to the curve for hypoiodite

ion, which is only very slightly affcctod by the

uge of Skrabalt's value in the calculations, and is not
affected in shape), thon doubt must bo cast on Skraballs
value, sinco tho observed maximum oxidation rate is
between pH 11.30 and pH 11.40, On this basis, Flrth's
value, vhich gives & maximum at pH 11.38 cannot be
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greatly in error. It should be noted that both Firth
and Skrebal used a colorimetric method, which can
hardly be expected to yleld results of a high order

of aécmracy. and hence an independent determination of
this ionisation constant by a different msthod 1s
highly desirable,

A positive proof that the final oxidation product of
alkaiine fodine oxidation of glucose is gluconic acid
should be obtained readily by carrying out the oxidation
with excess lodine in alkaline solution, followed by
removel of the iodine and determination of the specific
rotation of the resulting solution, This would permit |
detection and estimation of the gluconic acid (as
previéus evidence suggests it is) formed, Time has
not yet allowed this test to be performed.

A precise investigation into full extent of the
depression of the oxldation rate by carbonates and
borates should gilve informgtion of interest with
bearing ui)on the relationship betwsen sugar
configuration and rate of oxidation, This is
especlally so in the case of mannose and talose, where
1t is predicted by the author that an elevation of the

rate will be observed.



SUITNARY,

The oxidation of glucose (and othor aldose sugars)
bj alkaline solutions of iodine, has been showm to
ocour by tho following mechanismse

CgHyp0g + HIO —> CgHynOr + HI (socond order)

The reaction is showm to oceur in tvo stagess |
1) a rapid initial oxidation, and 2) a subsequent slower
oxidation, This is discussed. Optirum conditions for
the reaction are stated.

Different rates of oxidation have been observed
for various aldopontoses, aldohoxoses, and thelir
derivatives, and these may bear a close connection with
the configurations of the respective sugars, '

Preliminary indications have been obtained
that tho primary oxidation product is & § elactone.

Suggostions are mado fdr further work in this
field.
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