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PREFACE

Becauss of t‘ha availability and low cost,
 Bucroase is attﬂactivu as the latarting material for
tho prelparation of low conWompoundu.

In view of this poluih:.lity. the Sugar R ‘le'ar‘ch
rFoundation. Naw York has oatablinhtd sevaral pro-
jects to investigate the proporti..a of sucrose. Ono.
oi'tha.p'ollniblo modiﬂcat}on-n is by oxidation. Several
'<att¢mpts:to oxidize bucrose have been reported, but
.nc’:'ne involving the q\ﬁlnveraion of sucroae to deriva -
tives of D-glucuronic, Z-keto-D-gluconic and S5-keto-
L-gu_ldnic acids. ‘Thouu compounds are all naturally

occurring and D-glucuronic acid, in particular, is

of éona'iderable_ biological impartance.
L : ' “

z‘his thesis reports a method for the prepa-
% ‘I.ﬁ o . . ]

ration of so-called 'sucronic acidg’ which represent
sucrose molecules with one of*the three primary hy -

‘droxyl groups oxidized to carboxylic acid. The prop-

erties of the sucronic acids wera investigated briefly,
¢ L L

The author winhes to express his gfatitude
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to Prd{esnc;r R.U. Lemieux for hins inv‘alunbla [

auggoAtiqns and his helpful criticisms. The author
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is also indebted to the Sugar Research Foundatian,

-
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ABSTRACT

"Sucrose has been oxidized to a monocar-
box.ylic aclid in Sd% yield while maintai.ning the
glycosidie lin’kaga‘ intact. Analysis of the pro'dt.xct‘.
-‘c‘:i oxidation indicated that the c.axid.at‘ia‘x; took place
at tho-th.ro. primary hydroxyl gronpln of the sucrose
molecule with equal 2ase. The three monocirho'x‘ylic
acids t:orm‘cd. .)ri‘-ldad on‘ enzyme hlydrolysia., D- lu.f:u-

ronic acid, 2-keto-D-gluconic acid and 5-keto-L-

gulonic acid.
‘-

The oxidation was carried o‘ut using a
platinum catalyst, oxygan and an anion 'e;ch‘anga reain
to act as an acid acceptor. Reoxidation of the maono-
acids f‘ormod is pravantu@ by thig‘p maethad since tha.‘

initial acids formed are ef!cctiv'ol.y removed from

. solution by the ion exchange resin.

The general apf;lic'a.hility of the method was
demonstrated by oxji'dizing meothyl d~D-glucoside in
86% yield, to the methyl «-D-glucuronide, also 1.2;.3,.4-
.di—O-ilsc;propvyl.idon.-a(-D-galactos. was oxidized to
the .correspon.ding- D-galacturonic acid derivﬁtive in

160% yield.
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I. INFTRODUGTION

1. Historical Background of Sncronse

Sucrose, (.1)'./.i-D-.fx"uct;)furanosyl A-D -~
Blucopyrancside {1)(2)(3){4), is one of the _oldoit known
pure orgaﬁic cry-tallino' mat_-riall, dating as far back
a8 400 A.D. in Egypt. This compound is widaly dis-
tributed through the plafxt kingdom ‘and the princ';pa.l
sources are _tho cane and sugar beet, a..u well as ;h-

sap of maphle trees.

CH,OH

Sucrose is a non +« rqducing white crystalline
com’pouna-meltilng‘ between 160° and 188°% (5) depending
on the media used for its purification. The compound
has a specific rotation of 66.53° in water (6_). Sucro;.e
is' hydrolyzed both by acids and certain enzymes to a

"mixture of equal amounts of D-fructome and D-glucosse,
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a procoss called inversion by reason of the change
ir';'.specific rotatlon from a dextrorotatory value to
oxie‘whi;:h is levorotatory. The mixture of glucose

‘and fructose is known ag invert sugar. The rate of

hydrolysis of sucrose by hydrochloric acid was studied
by several wdrhtrs {7)(8)(9) and found to be extremely

" temperature dependent. The time for complete in-

' . P

version of sucrose using 0.7925 N h_y’drochloi-ic acid
was 42 hours at 18°, 22.8 hours at 22°, and the time

roequired dropped to 5.3 hours at 32°. l
. 7 . . :

\‘-‘—_ﬂ

. )
Of the two hydrolytic agents c'_ommonljr'_

employed, the cnzyme invertase (10} is auperio} be -

S | .

cause - of its highly'ﬁa‘olcctive action on the sucrose
. ; . v _

group. The disadvantagas are its high cost, the un-

certainty that the preparation has retained its ac-
. s ‘

- tivity, and, except under high concentration of
enzyme, the long time raquired'{or the completion of
the hydrolysis. - ' | 1 d

it

'©2,. The Oxidation Of Sucrose

-

{ ‘ g _
iince pucrose undergoes hydrolysias in

acidic media the substance can only be oxidized in
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~ : .
mentral or ba-lfz media, Thus, the reported oxidations
, » F) ) ’ .

of sucrone in_acidic m:iidia uling. lodic acid (11) ceric

sulfate (12) and ln'it,ric ac‘id (13) have no bearing on our

probl.olm of 6xidi_zing ‘sucr‘osc while mainta-ining thg .

-

glycosidic linkages intact.

Sucrose is invft towards the reagent chlqrine
.dibxidn and fxlla t-owarda chloratc.lin alkaline media
(14) whan the oxidation is pcr[ornioc_l in the absence qi
a suitablae catalyst‘s.uch as vanadium a'a.lta. Simi-

‘larly.’ Pacsu (15) foundﬁtha.t alkalin'a.br_dma.ten werae

inert towards aldoses, ketoses and sucross.

Sucrose .has bean report.ed.to have bee-n-
o:idizﬁd whilg keeping the g];y‘cosidic l.inkages intact
by. only iouvr_re;a-gents; namely, lead tat:."aacetata. aoaiun;
periodatol, sodium hypochlorité and nitroéon tetroxide.

The oxidations with thae glycol cleﬁving agents, lead

tetraacetate (l16) and sodium periodate {(17) proceed as

. {ollow.a:-

chom cl oM : '
H o v ' o ! chodo H
" 3 NQI°4 H .
on’ H a7 ¢ho | |
o or ) ‘H
o

Ha CH OH 3Pb(oAC)q_ CHo C£HO epo eHa

i OH oH H

11 11
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HYdrdlyais 6{'.the glyc‘oaidi‘c linkage of the tetra-

a'ldahyde: 1II followed bly oxidation with b'ro‘m.ine 'y'iclded

’ bydroxy p'yruvic acid, D-glyceric and gly.o'xylic acids

(17). | ' o
| Hardy (18) has studied tlh‘e oxidatjon .of

suctrose with buffered h_ypoc‘hlorita and obtained .

. (7 "
cvidence that sucross could 'be oxidized im low yield
to one or uovorlal‘acids which contained the’glucOIe
moiaty intact, however, the acid portions were not
identii.ied. The method was not selactive and oxidation
occurred. at the C-1 and C-2 positions of D-glucose and
D-fructose rospoc.ti'valy since the products of oxidation
om acid treatm;:nt yielded only small .quantitic‘s of re-~

3
ducing compounds.

,
Although the halogen oxidation of. sucrose
is not in the published literature, several .workers

N
have however reported the oxidation of dextrins {19)

and sta.'rc'h tZO)(ZI) by this method-. When the oxidations
are carried out in nevtral or alkaline solutions;, signi-
ficant amounts of a.;:hydroglucuronic acid have been
detect.ed; by converslion to furfural. The preparation

of glucuronides by halogan oxidation of D-~glucosides

was first reported by Bergmann and Wolff (22).

"Menthyl & ~D-glucopyrancoside in pyridine soclution was
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subjected to sodium hypobromite in dilute agquesons
. R . . . ' Y \\f‘
alkali and yielded only a small percentage of the S

Ll

'

glucuronide. Hov;rover_. when the compound was

treated under more vigo'rous’conditi:onn. the hydro-

‘e M

ha

lyzed .r'a’nction rpixturq yicldaa only the crystalline’
benxyl pﬁox;yl ﬁydrazone of glyoxylic acid, denlpilte.
indications of uronic acid formation from‘th? strong
blue colour dcvole.pad. bf the naphthoresorcinol test.
Furth.or oevidence that hypob.romltc ‘c;::i.dafionl are o.f
‘no value in tho'..{'ormation of uronides f;on; glyco-~
sides comes frd,m. Jackson and Hudson (23). '_Th:)'s‘-"
on_rkcx'-s wore able to obtaf'ix': oxil;_r a 12%'yi-;1d of the
.brucine salt of _r‘na‘t-:_hyl. d-D-mannuronoside because
of oxidative cleavage of .tho carbon chain of‘mnthh\
O(—D—mann.opyranoside. Liﬁbarg {24), in oxidizaing
polysaccharides, ;btaingﬁd eviden“ce that the sodium

‘hypochlorite oxidized the secondary pouition- to

carbonyl groups.

-Gisvold (25), in a recent paton’;, claims to

have oxidized sucroase gquantitatively with nitrogen
B i‘ .

tetroxide to a tricarboxylié acid while maintaining
the glycosidic linkage intact. The reaction which wa's
complete in;-‘léa hours was carried out in carbon-

s

-~
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~
E_ccx:sachlo:\'id'o.' Heating the sucrose trica.rboxy'lic aci&
yields, according to the au;.holr. both ﬁ'-glucnronic
aciad and 2-keto-D-glucaric acid. 'I;ho exigtence of-

theso acids was not_canfirrne/ti since they were not
- ; A . :
identified by analytical mothods nor by forming any

Kknown derivatives.
(-}

Yackel, Konyon and Unruh (26) oxidixed
cellulose with ;lry' nitrogen tetroxide to form a
preduct which was né.adil.ly soluble 1’n 2% sodium
hydroxide, ammonium kydroxide, sodium carbonate or
warm pyridine. The (g'xidz‘iluard ccl_lulol_e wap believed
) to. have as high.an 5'5% carboxyl group content with
the prim’ary‘,h'ydrox.‘yl groups being attacked pro-.
feren‘tial.ly. -Th? exact nature of tha oxycellulosa was
not determined by the authors, however tihe glycosidic
linkage is known to have undergone some oxidation an'd
the renglt.ing 2cids were fragments of the long chain
polyéacéharide. - e

' ' . 4
On the basis of these considerations, it is

reasonable to assume that the more labila glycosidic

linkage of sucrose would also sindergo oxidative
Py .

cla;vzga in the nitrogen tetroxide oxidation reportad
. v . ¢
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by Giuvold.- Madrer. and Drefahl {(27) in stludyi.ng the
nitx\-orgezlh]tgtr‘oxi;i.e qxidation. of mono-.a_cchadriﬂdel.
COﬂClL'ldBd ti:.at the reagent is not a’) satisfactory
oxid_nnt 'for. carbohyd;';;tns. Thae rea.ctions require .
anhydrous cond’itions. 'prulong.cd reaction times, and

the use of inert solventa such as chloroform and

carbon tetrachloride usually lead to nitration products,

and subsequently the yields are lowared.

'i'hul. to dato, no lucconliul method of
oxidizing sucrose in high visld to a monclacarboxylic
has been found. 'I‘.he rep‘ortod.'m_othods all yield'lo\r
_molaculgr weight dog%ad'ation products which have the
original glycosidic linkage of sucrose either hydro-
lyzad or oxidixed to the oxidation products of fructose

and glucose. ' ’ "

3.‘ The Usoe of Noble Metal Catalysts and Oxygen

Despite the .fa‘ct that it has been known for
many yca.ra that oxygen in the presonco of a noble-
—
metal catalynt will oxidize aldohydaa and primary

alcohols to acids, it has notl been until the last few

years that it has bean_apfuliad to tha field of
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carbohydrates. The first such reported oxidation was

"donas by Busch (28). 'Ikwan‘ claimed that D-glucase

was oxidized quantitatively to D-glucoalc acid using a

palladium impregnated calcium carbonate catalyst and

—— [

“air with tha((:heoretical amount of base to neutralize

tho‘gl'uconic acid formod.r Six years later, in 1947,
Heyns and Heinemann (29) used 32 more active
piatini:cd charcoal catalyst tor-t‘hc same conversion.
’Uning.this pl_atinum'_.cata-lyst, Dalmer ar;d
‘Heg‘rns (30)}{31) wers #blo to solectively oxidise the
C-1 hyc.iroxyl greﬁp.‘o! L-sorboss with oxygon,. thoreby
obtaining 2-kat¢;-ll..-'gu1.onic aéid. 'thu precursor of - "
L-ascorbic acid. Under analogous conditions, Trenner
(32) was able to E.onver_t 2,‘3—inopropylidena-L-norbose
in aqueous solution to VZ -keto-L-gularic acid. The
above raac.tiona sh't;:w cleaarly the tendency of the sys-
tem to attack primary bydroxyl pos_itlﬁn'a in preference
to the secondary onas. The first reaction is the con-
vorsion of onse prima;r"gr hydro:t'yl )group to ca.'r\boxylic,_,

acld, while the second reac:ion(’g'nvolvas the conversion

of both primary hydrdxyl groups to carboxylic acids.

Mehltrotter (33)(34) and coworkers have




prepared glucuronic acid by the platinum catalyzed
air .oxidatio.x‘.:x of partially blocked glucose derivatives.
1.2—Iso'propylidane-d-_D»glucoiur'anose was oxidized
at 509, using sodium bicarbonate buffer with 13%
platinum -~ charcoal catalyst, to the corresponding
glucuronide in 50 to 60% yield. S.imiiarly, Mechitretter,
ﬁocégatt. Miller and Scattergood (35) oxidized 1,2~
cyélohexylidenu-oﬂ-D-glucofuranqle and obtained thae
sodium salt of i.2—cygiohm:ylide.n-e-o:(_-D-glucuronic

acid in 60% vield.
. ,

The oxidation of both the anomg,{i/c forms
of methyl D-glucopyranoside, ‘matﬁyl D-g.;lacto-
pyranoside and methyl D;mannopyranOsida has .been
readily achieved by the use of oxygen and platinu'xn
catalyst (36)(37). The corresponding glycﬁronides have
been obtained in high yield, however, this mothod of
. preparing uropic‘ acids .is‘general_ly not practical. The
c_hief. diﬁadva.ntage is;that the uronic acids survive on-
ly in low yif:ld the c.o.ndi;tio:.:.s required for the hydro-
lysis of the glycosidic Vlli.n]-&a-ge. However, the method .
L applicd commercially for the prép‘aration of

D-glucuronic acid (38).

I'IE

L

‘3‘
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a. Tactors Affecting The .Rate Of Oxid;ti'.on

e -

The rate of the oxidation of carbohydrates
by oxféan'whnn catilyzad by platinum is la.rgely'
depsndent o‘n.thq activit;lr_of the catalyst. The method '
used by Trenna; (32) for the prapara'tion of an active |
c:n.ilyn_t has been found by Mefhltrettor and coworkers
(33) to conmsintently yield aln active catalyst. The
catalyst is prepared by deposirting m-g;llic 'ﬁla:inum
on Darco G-60 brand #ctivatod car.b'on by reducing
sodiuvm chloroplatinate with formaldehyde in an

aqueous solution of sodium carbonate. It had previous-

ly been found (32} that the reagents must be extremely

s .

pu_x"a for the preparation of a highly active catalyst.
Mehltretter (34) found . that he wan.asle to use .tha same
catalyst in five separate oxidationé before the catalyst ;
became suffictently inactivo toc warrant changing it...l

More rocently, it has been found that Adam's catalyst

‘may also be used in this type of oxidation (38).

The rate of heterogeneous roactiogn o\f‘_this
type, in which the rate of oxidation in depcndentlcn—
the aerated polution of carbohydrate coming'into con-
tact with the Platinum catalyst, is also dcpandqpt an

manner and rate of stirring or mixing. In small scale
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oxidations, apprAe‘ciable rates of oxidatrion have been
obtained by shaking in creased flaaks (33) orx 'by. h.ighA | .
spaed stirring (33). Satisfactory o;c;datiolrx-s were
obtaincd w.ith vz.lti.rrer speeds of 3,500 r.p.m., how-
2ver, the rate of rcaction is significan.t-ly incrcaSe.d
by leven‘é?ea-tcr agitation (35). .Turbo mixers have
provéz?m useful forr l.a;:ge scale oxidations (38). Ins-
'tances.havu been repo.rtcd {39) wherec the reaction was

sufficiently rapid and exothermic to raquire extarnal

cooling in‘order to maintain temperatures of 50° to

600..

The rate of oxidation can also be increased

by increasing the ratio of the.amount of ’catalyst to

the amount olf material to be oxidized., However, the

cost of the pla’tinun'i catalyat is a limitiag factor. The "’“
rate may be snhanced also by increasing the temperature |
or pressure at which the:s..ozida.tion ia carried out -but

this often ledads to a significant decrease in the speci-

ficity of the oxidation.

b. Theory Of Catalyasis ‘ . .
-~ This. discussion will be limited to a con-

sideration of the type of heterogeneous catalysis used

I
~
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in the platinum-catalyned oxidation of alcohols.

L]

Many metals have bpen used as catalysts
for both oxidations and deh,y'drogonations. however,
the transition elements of the eighth group of the
pcriodlc ta.bnlo are best suited for this purpose. ‘.Tho
most p'roﬁablu ex‘planution of the activity of th.lo.
n;--tnls in connected with the fact that they have the
aSility to adsorb considerable vol_n;ﬁc of the gases
used ags ;ong-nts. On this basis, the first ‘_st-p in
the blatihnm%qataiy:ad oxidation of carﬁohydratas -
ip mont probahlf tha ad'-orption. of oxygen at the
surface of the platinum maetal. According te Langmuir
(40), the adsorbed molecules are held to the surface
of the ca:'alyslt by the 3amo-forces of attraction w};ichl
normally lead to :':ryst.;al growth, or, in the case of
liquilda. to the phenomena of surfaco tension. The ad-
sorbed moleculss are also zssumed to be orionted it
th(; surface. An interesting piece of evidsnce t> sup-
port this idea of orientation is the obssrvation of
Palmer and Conntabl; _{41) that thel nctivit-y of capper

in the dehydrogenation of primary alcohzls was sweh

that the rates of rsaction of five p:imar;y alcohols were
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all equal at a given operating temperature,. 'i‘his then
points to an adsorption of primary alcohols with the -
R-CH70OH group adjaccnt to the catalyst and the hydro-

c?r‘bon chain away from the surface.

It is then possible to assume that a some-
what simil_a.r‘ orientation of the c;rliohyc_lrate material
is occurring on. the platinum catalyst in tl;e course of
these ox‘idationa. H.owcver_,' the effect oi phy:icai ad-
sorption alone is insufificient to explain catalysis. JJhe

. higher concentrzt‘ion of molecular oxygen in close

proxiﬁ;{tﬂ}‘r—‘to the carbohydrate material is insuffigient

2} I
. - N ﬂ .
"to explain the rate of oxidation. :_;
. !'1
X
: ¥
To understand heterogeneous catalysis) (j;r‘_xne o
J . | ‘I‘\
must consider adsorption rhenomena. Adaorption ﬂ"{:;;:.;sh
. ‘/’ . ‘ _‘ ' . . ) \
studies have shown also that in many cages when 3o0ome ‘

molecules are absorbed on 2 surface, the molecular
bond is broken and i3 replaced by two bonds with the
adsorbent. The adn:;ole is said to l:->c converted to two
adatoms by the surfa'celrrcacti.on and in these cases the
reaction i3 termed chemisorption (40). | Wl;en_the mo -
lccx;lar bond is pot completely broken but is i.nsltea.d

™ : .
only Weakened,\\ the probability of reaction with other

N
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adsorbed species will be quite differept from what it

would normally be with ths molecules in free space (40).

It has been suggested by several workers
{42) thaf chatnisorption occurs b"y electron transfer in
w‘k;ic‘h oitha:f ar.'polar.or covalent boand is formed. The ’
polar bonds are formed by thae electrons oi‘the ad -~
sorbed material goiag to fill some oi’ the vacant spaces
in th.e outer olectron orbitals and the -nbu-qn_.nt-bond
is polaﬂzcd by tho- natare of the twe nn'cloi involved
in the new bo;;tli. A mecond nchcme‘involén.n the loosaly
bound eloctrone of the metal catalyst going'té form the
ordinary covallo‘nt bond.l' fho_eicction in this case is
removed only a finite distance from the original
,cry'atal-latticé orbital, hence the activation energy

for this process is not prohibitively high as was

thought by Emmaett and Teller {43).

Trapnell {44) clanaifi?d the various metals
according to thair ability to adsorb gasos such as
hydrogon and oxygen and found the transition metals,
Buch as platinum, the most active. This he attributed
'to "holes" in the d.-band of t'h.as- metala, FTrom the

above considerationsa, the role of the platinum catalyst
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in the oxidation of carbohydfa.tes is to first chemisorb
the molecular oxygen, thus weakening o.r breaking the
molecular bond bétwcen the oxygen atoms. The al-
coholic functional grcn;p of the -car-bohyd.rate materiatls
present are adsorbed on adjacent sites and an electron

transfoer mechanisam in which the polyol . is oxidized by

the adsorbed oxygen is set up.

//'

.Tha catalytic oxidation c;i prima‘ry alcohols
is known to‘be more _ra.‘pid than the oxidation of second-
ary positions, this is most probably due to a steric
cifect. The primary alcohelic grnga are fur;hegt by
removed from the ring structure o_f carbobhydrates and
bence the most available to.the surface of the platinum
éatalyst. 'Ih‘, slow rate of oxidation of secondary .
posgitions is probably duz to the large spatial require-
'mer}ts of the su.crose molecuie which prevents the ad- ‘

5
i

sorptioh of oxygen on ncighbouring active centers.

Thus, wWhen sucroae is adsocrbed in sech a way to favour

-oxidation of a secondary hg}céxyl .gr'oup posaition, the

‘oxygen adsorbed on the catalyst is probably too far

removed from this particular position to participate

A
in an exidation reaction.

{

p)
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4. The Nzture Of The Oxidation Products Of Sucronea-«. .

Pl

For the reasons we have s'aa;:, the oxidation
of aucroslo by oxygen -wi.th p‘latlznum 'as catalyat could
oo expocted to occcur moat readily at the thre'e.n primary
positions of sucrose to ylield the corresponding car-
boxylic acids IV VvV VI. In thi;s case, hydrolysis of
th,i monoacidl‘wo;xld yleld D-glucuronic .acid {ViIl),

2-keato~D-glaconic acid {VIII) and S-kato—L-guL,onic

acid {IX}.
cOOH
" o W CHoH. . W
W 0 CHoN Q
o4 H [ ol H" \
“o CH,oH H* HoH o ooy
H O” oH H HO
oA K
.\\
™~
iv i VII

no

p
’ a
v
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CH,OH
H
M L..._.o H CH,0 o H
H Hx_o
OH H H o ‘%
.
oM o- coon H
OH oH g '
Vi - IX
a. Glucuroniec Acid

D-Glucuroric acid is an un-rt‘x.;blc mologulo
and caonnot bae ator-d.al an oirl due to dar#ening'agd
genasral dcéompoaltion. Thiae is b.-'ClulC the uroﬁic
aclds are capa;:lc of causing th;ir own docomposi\t‘i’?:n
with.thc subsequent liberation of carbon dioxide.

D-Glucuronic acid (VI1) can be lacfonized to D-glucau-

ronolactone {X)}{45), commonly'roforred» to as "glucu-

rone", .
- HO-C-H
.H-é—OH '
c-n 9
G- o
O ¢
OC
L

- X
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The chief source of D-glucuronic acid.ﬂ
until the product bacame commercially available in
1950, was through the biosynthetic route in which toxic

‘compounds such as camphor or borneol are fed to

animals, the urine collected, and the D-glucuronide of .

th‘a drug isolated. Hydrolysis of the .D-glucnronid‘-c
yielded the free acid {(46). D-Glucuronic acid is i.ls:la
present ingﬁ\ucopolysaccbaridou such aan l.:yaluron.ic
acid, hqpariz\: and muncoitin salfaric acid aﬁd in pl;nt

gums. In recent years, the free D-glucuronic acid was

’h;_‘g\g]ated‘ from the urina of rabbits which had been fed

aniline {47).

\ :
Uronic acide have beon propared by the

roduction of the monolactone of glycaric acids (48), by

cyaﬁo‘nydrin aynthesis (49) and by oxidation of the

Primary alcoholic groups of aldoses {50).

No completely accarate and lp.ci‘fic‘anau
lytical mathod ia available for the determination of

D-.glucuronic acid. At the present time, isolation of

the crystalline ¥ ~lactone, or one of the derivatives of

the acid, seems to be tha only reliable method of

demonstrating its presence. Although helpfal, the
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ana‘lytical?methodt now available can lead to qrrohdouu
conclusions when used for the analysias of solutians

containing several carboh-ydrata subatances.

”

The most widaly used method for tas deter-
mination of Deglucuronic acid is the colourimetric
dﬁterminatiox‘x based on the work of Tollens and Rorine
{51). It wans {aundsthzt charactnriitri: precipitates ;xx-d
colours are il.'ormu'i'w-hcn solutions 'o{ various sugars
are heated with a 1litile nap};thornaorcihnl {XI) in the
presenceé of an squal volumea of concentratod hydro-~
cl;f;ric acid. In the case of D-glucurdni;: aci‘d, a
blue Aeposit was formed which giv.tn‘a violet solution
when disnélvod in otho:;'. When iciontica.l tréatmcnt wa s

given to pentosas and hexosesn, the precipitate formed

wapg insoluble in ethexr.

V'arioua workor_n (52)(53)(54) have tried to ‘
adop; this test to the quantitative dntcr_mina.t'ion of . |
D-gluéuronic acid, how.cvrar, the results were not

&
reproducible. The intensity of the colour formed de- ]
pends to a marked axtént on the mhﬁncr 'iﬁ which the

solytipn uf naphthoresorcinel is preparad and gtored.

"Many workers age their solutions in a bath at -

-




20,

' approximately 50° for periocds ranging {rom one hour

to 24 hours,

it i3 believed by Sasrraro (55), Jarridge
(56) and Muyar and coworikers {37} that tha coloar iu-

tonsity is dapendent on an oxidation brodn/ct' of
N ’ . . f’ ' .
naphthaoresorcinol rather than the unoxidiaed product. 4

Howeveor, it is difficult to believe that the colour

. produced by the alldohydo gronpiﬁg of a uronic acid, as
- - N : '
: proposed by the aforemsntioned workers in tha forma-

., tion of zanthens dorivatives {XII) should =ot also be

. W

produced dy .Pohtoaau and bexoges since the r‘osidnal

3

carbohydrats cﬁih containing {ha .COOH group doens uot

enter intq their/proposed mechanism,
[] ) ] /)’ . .
(.

HO OH . ,
cHo _ HO

i COOH

xI

N
Several colour reactions can be produced by

uronic aclds, however in many of these, there is strong

N
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interferencas by pentoses. Among tho--, the ox"cinol
teat (58) may be used if the solution does nat contain
pPentosas. ~According to 'I_‘homasl {59) ﬂ-naphthol may be
2sad to distinguigh botwocn pento'sea'and hexuronic
acids, the diffnrontiatio"ﬂ being basod on a coloured
'ring produccd at the interface between ctonceontrated
sulfuric acid and yzi -n;phthol and an aqueous nolution :

of pentoss or uronic acid. The pentosae Rives a blue

'ring whereas the uronic acid gives a crimson rod ring.

Digcheo (60) claims that a deep pink colour

is formaed vhon a aolution of mannose and glucuroni:

acid s mixed in conctntrntod talfuric acid containing

th:\oglycolic acid. Blanks are nccosnary S8ince hexosen

.

and p-ntos-l alao lorm coloured products. The colour

is dot‘ormincd lp.ctrophotometrically. however, the

reproducibility is not better than 10%.

Mann and Tollens (61) found that uronic acids

e B

are decarboxy]ato{l'by the actit:n of boiling 12% hydro-
chloric acid and this was later madc qu.an:itztivo by
Lefevra and Tollens {62) who moaourod the carbon

dioxids evolved. Other sugar- also undorgo the samae

roeaction under this treatment., This led Norman {63) w

o
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n’nd also Whistler, Marxtia and Harris {64) to rxieauuro T

the.-- ratas of evolution of carbon dioxide which allowed

’|
}
q
I
|
i

them to corract for the evolution of carbon dioxidc-from.?

non-haxuronic acid matorial.

The mechanism of the decarboxylation is not

well xnown, however, the equation, : ) \
0631@ — CS H402 + COz + 3 Hzo,
is approximat‘ly correct. Determination of the furfural

produced during the decarboxylation has been suggensted

2 number of timen a3 a moethod for estimating the amounti'

of u__r'o'nic_a.ci_.d present. ﬁowever, the yield of furfural
i3 not quantitative ( )‘ and varies greatly with reaction
conditions .and‘ also wi h tﬁe percentage contaat of
uronic acid in the material t'a be analysoﬁ(bb).

Optical rotation occasionally has been used

- .

as an indication of thae presence of conjugated D-glucu-

"ronic acid in biological fluids, While the frae D-glucu-~

ronic acid ip dextrorotatory, its conjugation products

are gonerally levorotatory (&67).

The uronic acids are biologically very im-
portant. Of the stereoisomeric hexuronic acids pos-

sible, only three have been found in nature. These are
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D-gl‘ucurontc acid,’ D'-m'a_nnu'ronlcl acid -and D—galac:u,-
ronic acid. Of these thrae., Dl-glucuroﬁc ac‘id-'islby
far the most widely distributed since if 'takél part in
the metabolism of many types of organic compounda.

In the field of biochemistzy and p.}'zarma-
cology: intore-t-lin D-gln'&uronic acid has ce'ntprad
around the part it plays in the mat;b'ql‘ilm of d‘rﬁga aad
other -io‘reign. organic comp“ounda. 'ﬁany organi-ms.ar‘o
. capable of producing D-glucuronic acid in response to

the administration of such drugs, the production being

of appreciable quantities, Howaver, the sxtent to which

mlf

D-glucuronic acid takaos part.-in normal metaboliam is
virtually unknown. Small quantities of this uronic
2¢id are formed in normal urine of both humans and

animals (68).

M:any theories have been px.xt forth as to the
origin of uronli.é aciciu in the body.. hqwcrar, r'occx.zt
isotoptce .labolli..ng procedureshave clarified this field.-
Mosbach and King (69), using D~glucose labelled in all
positions with carbon ~14, obtained evidence that D—gluqu-
ronic acid excratad by guinea pligas as a D-g'lucu.rqnidc

of borneol was formed without rupture of the D-glucose
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carbon chain. Eilsenberg and Gurin (70),invenstigating

the menthyl D-glucuronide isolated from the urine of

rabbita which ha;:l been fod menthol a.nci D-gllucose-l.-.

C!3 found that the .precursof of D-glucuronic acid. is

D-glucoso., 'cir a‘n.equivalant.‘aix carbon cb‘mpound.

The aitc-o[ D-glucuronic acid formation in vivo appears
'

t6 be the liver whero Hemingway and.Schmi'dt {71) were

able to isolate the higheet concentration.

*

t

One of the more important biological funec-
tions, invelving D~glucuronic acid, isa the removal of
toxic agents from the liver as D-glucunronides, The

literature on the various D-glucauronides is profuse

-and has been well reviewed by Arts and Osman (72) in

- /
1350 and later by Brayiy in 1954.

3.

P. Ketoaldonic Acids

The known katoaldanic acids of the hexose
series are of the 2 and .5 keto types. 'The 2-keto acida
(VIII} have been called osconic ;a.cids because of their
preparation from osones. The 5-keto acids {IX) have
been toarmed keturonle acids, that i_s._ drénic a.cids

derived from ketoses, whoereas normal uronic acids are

vt et g gk Lt
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aldurdnic acids. |
I

The chemical propurtie.s of the keto aldonic
acids are very gimilar to the uronic ;cida. B.otb. tfpaa
of acids undor;r;c; the same colour reactions lwi.'th naph-~-
thoresorcinol giving the violet colour which is ex-
tract-a.blc' with ether or benzene, The keto aldonic
acids also undergo the ready decarboxylation in 12%
yydrochloric acid which is characteristic of the
hexuronic acids. The Z-katualdon.i.c acids on decar-
boxylation éive furfural in 33% yield, whereas the
5-keatoaldonic ac‘kéa yield approximately 42.5% furfural
{74). The evolution of carbon dioxide, as in the ca.a;i

’ i

of the uronic acids, may be taken as a quantitative
method for estimating botlhl the 2 énd 5. keto acids {75).
;I‘hase keto a.cids a’x;e 'not as stable a; D-glucuronic,
acid aw evidenced by the ra'pi.d dacompoﬂ-_ition of 5-keto-
De«gluconic a_c%d when it is in the uy‘rupj{orm. The
syrup darkens 'and froths with the liberation of carbon
dioxide {76). 2-Keto-D-g1uc.cmic ‘acid and its lactone
exist only a'.-s' syrups, although hygroscopic _cryntals

of the former have bean'\'reportnd {77}

2-Keto-D-gluconic acid has been produced
\

1{5{

‘i
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by many bacterial strains su;:.h as Coryna'b‘a..cte'rium
croatinovorana, Penleicillium bravicompactum and
Pseudomonas fluorescens. The keata acid caa;n be used
by thae b_actcria'Paeudomona.B. Xanthomonas,
Espherichia.. Aerobacter Paracoloﬂactrum. Serratia,
_Ex:wini:l. and Bacillus (78). From these, one sees that
the dir;ct ozid'ation pathway of carb-ohydrate motaboliam’
ig widespread among'mlc'roorganinmn. Hall, Kulka and
Walker (79) showed tha£ some of th; intermediates that
can be isollatad from microbial oxidation of 2-keto-D-

gluconic acid are D—a'ra.binoso. D-ribulose, tartronic

acid, and oxalic aeid.

Z—Ket.o—‘D-glu_conic acid may be cb;mically_
prepared by the direct oxidatio.n of fructose by nitric
acid under carefully controlled conditions. In
fructose {XIII) the C-]1 atom adjacent to the carbony!l
group at C-2, isa more gansitive to.?xidation'tha_n thre
other prin‘xfry hydroxyl group at C-6 polition {80).
Preferential oxidation of the secondary;hlcchélic group
.adja.cexit to the carboxyl group in the sugar acids, o'r

aldonic nlci.dn can be carried out with chromic acid (81)

or with chlorates in the presence of a vanadium catalyst

{82}).
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The most effective chemical method of
preparing 2-keto-D-gluconic acld XVI is by the oxi-
dation of the 2,3;4.5-{11-0-iaopropylidéna derivative

of D-fructose {(XVI){83).

B
(FH,_OH : . C o on !
c=0 CH3 0-C — CH,oH CH, o-C -cooH LSIPN
H-C-H co . - ¢
oRr-C~ s o-C -~ ~0-C-H
L o CHy o C'-'H ¢ ....._).CHJ o 1 " _’HO-Cl"‘H
.- S - H ~C -
H-C H H(lf o I HCI O\C/C H_(|:~0H
- ~ ] 7o .
CH,OH CH,0 CH0 CH,oH
X111 X1V XV XV1 Wiy
D-fructose {XIll) is condensed with two m.olca of
acetone giving a diisopropylidene derivative with the .
C-1 hydroxyl group free. The primary alcohol is
oxidized by alkaline permanganate and ths isopro- >
pylidene residues removed by dilute acid hydrolyais. . l

The most characteristic feature of 2-keto-
sldonic acids is thelr ability to undergo simultaneous

lactonization and enolization. This double trans-

formatién was first perférmed by Obhle, Erlback and

Carls {84) who treated methyl 2-koto-D-gluconate {XVII)
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with sodium methoxide and obtained a product which
contained no sster grouping. The product was D-

"araboascorbic acid (XIX).

¥
l;:oo cHy ' o=-¢ o:=¢
. ) i . i
gfo HO- C _ HO*cl
. i !
HO-C-H NaoMe Nao € uo—(:,
' e ——— . L) , .
H-C ~OH H C-O He-O
t ]
H-C- OH H-C - OFl  H-C-OH
1
. CHL0H . CH,OH CH OH
XVIlI ' XIX

The 2-ketohexuronic acidas can be trans;
formed in.'to the corresponding aucor'bi..cracid‘ deri-
vatives simply by being heated ip aqueous solution. An
qquilibrium. is Bsot up botwo'.ﬁ'tho keto ‘acid. a..nd the cor-
roapiondingr ascorbic z_zcid,‘ but, since thia e.(quil.i.briﬁm
does not‘lie' s'ufficiently onl the ascorbic acid side, it
has been found preferable to utilizme the esters instead
of the free acids. An improvsed method of preparing

ascorbic acid analogs consists in heating diisopro-

pylidene 2-keto-D-gluconic acid directly with hydrogan

-
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chloride in solventa such ag et‘hanol {(65).

Th;: lunlqua feature of L-aacorb.ic acid and
its analogs lies in the encdialic system and it ls this
po..rtion of the molecules which i.s raapon'aible for its
reducing prop:-rtias.' It _tl:ap.'raadily be raoan that the
enediolic. system (XXI) éan be @ritten th-aoroticallj

1

in the inomaetric 2-keto {(XX) or 3-keto form {XXII).

_ 0=C
O =C—™ O"(l: | {
c':=o . C-OH H-Cc—-OH
| | e | —
HO-C-H - C —-OH | C=0
| SR Y Vo
H-C~O-— H~-C—~0— H-C~
| - ‘
R R | R
XX Xx1 | X X1I

It was fousd by Demole {86) and Dalmer (87)
that the five momhoreﬂ lactone ring containing the |
enadiolic system is essential for antiaco;butic #cgiylity
ana furthermore the lactone ring must have Cy4 ’w’ith the
D-configuration. Since the azcorbic acid analog
darived from Z-kcto-D-gluconic. acid fulfils these ra-

q-uiremonts it is biologically active, having an
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antiscorbutic tctivity 1/20 that of L-ascorbic acid or

vitamin C. Recantiy, D-araboascorbic acid has been

used commercially to dilute ixscarbic‘acid .pr'epa'x‘-ationu
in or.dor to E;/rol-ong the haif-life of the.vitami:} C. The
effecti'lrano'us‘ of these prep'arations 13 due to the D-
araboancorﬁic acid b.ing oxidized somewhat prefer-

entially, hence protecting tha ascorbic acid from

-

oxidation.

Soveral methoda are available for the en -
timation of 2-ketoaldonic acids, the best known being '
the d-csrboxyla;tidn n:.t;thor.is. naﬁhthpraaorcinul colounr
determinations and methods such as the B.‘rtrand'.’f' the
Scales, the Sharffer-Hartma.n and the .Shaffer-Somogyo;
employing the lodometric determination of cui::ro,ua ions
in the presence of citrates which form soluble com-~
plexea. In the 2-ketoaldonic acid.u. the reduction value

-

of 2-ketogluconic acid compared to D-glucose is 87%

a3 determined by the Shaffer-Hartmann method (88}.

Despite the ready conversion of 2~keto acido
to reductone typs compoﬁndn. their chemical properties
differ. The ascar.Lic acids are strong acids as a result

of the presence of the enolic groups rather than of thae
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> " ‘ .
lactone ring (89). They reduce Fehling's solution

2ad the double bond is oxidized by acidic iodine solu.—'
tion." ';‘Ic;.c ].Zlitter‘ reaction is used to differentiate
quantitatively‘betweon the ascordic acidas and tha
-ketoaldonic acids. Of the':pnthod:s described in the
literature for the oestimation of 2-ketoalﬁdonlc acids,
the moat si"pccificl is ;hat. reparted by Lanning and
Cohen {(90) in which tho_z.-katoaldonic acid is con-
denaed with o—phahylanediamine to'yield' a Z-hydroiy—

qQuinoxaline (XX11I). The aldonic acids and uronic

2¢ids form benzamidazoles {XXIV).
"y _

G OO
e N/

XXII1 ‘ , XZX1V

The 2-hydroxyquinoxalines have a characteriatic ultra-
violet adsarption band at 335 m-u. which is independent
of tﬁu 4-carbon carbohydrate residus.

i
The 5-ketoaldonic acide resembla uronit_:

acids since both are quantitatively decarboxyiated by
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izl%hhydro'chlo:;ic ac.id. and alaoqioir colour reaction
towards naphthoresorcinol roagent'(Sl) are similar.
The 5-ketoaldonic acids are generally propgr_od by
bacterialloxidn’tiona {(91){88) in yields of better than

~
20% f{::'pz:}\Df-gluc'ose. Theae acids have bhel:: prcpa\r\iﬁi__
-choJmic:-Lily by two n:.;ethoda‘, the first, being the action
of calcium a_.nd qtroﬁtium hyd:.'oxidcs {(92) and the
second, by tfu oxidation of suitably blpchod kctgoeg.
Uaing the latter mo'thod.. 1,2;3.4-—4.1-(')-ilopropylidena-

D-tagatose was oxidixed to 5'-ketoga.lactonic acid {913).

In the current c'a,rboh'yd.]rate literature, two
methods hava bcon'prapo\aod for the determination of
S-ketoaldonic acids in the presence of other reducing
sugars. The firet of these methods is a modified
Benedict's reagent proposed by Militzar {94). In thie
method, the rate of reaction of 5-keto-D-gluconic with
Bénadict'u reagent at 25% ig visually observed and th-e
amount present is determined by cc;mpa.rison -wit‘n
standard .solutions.. Howaver, tha meth;:d'is semi
micro and is not very .ro.produci‘b‘le. A thil."d method

cléiming high specificity and accurate results, as well

as small guantities, is that of Perlmaa {(35). The
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method depoends on thsd spectrophotometric measire-
ment of the rzduction of Melson'sp (75) arsenomolybdate

Teagaont at 5309, Interference however is edcountered

3

‘wihaan 2-ketcacids are provsent since Periman found

that, under the conditions of the analysias, 2-ketp-D-

il

gluconic acid had 16% of the activity of 5-kato-D-gluconic

acid and fructose and sucrose 8% and 3% respectively.
. a R .



I1. EXPERIMINTAL

1. Materials

The catalyst waa prepared according to th._a
maethad of Mohltretter and Coworkers (33)., im which
( - | :
6.4 g. of platinum motal were placed in 90 ml. of agaa

e+ T T L e R e e it b e TR

5 . :
regia and heated over steam for eight hours. Thae

solution was
| HzO

Pt + 2HC1+2Cl, =5 HZPtCIE,.()H-O
evaporated to dryness under roducad pressure yielding
a viscous liquid which crystallyzed on ccoling to room

5.

tomperature. Thae yield of chloroplatinic acld was 20 g

,‘F‘i.ft‘y g. of Darco G=-60 brand of activated
charcoa:‘l‘ were digested overnight in ll hydrochloric
acid, collected by filtration and washed free of acid with
distilled wa:er.- Lfter drying the' carbon for 20 hours
at 1_100,‘ 49 g. were added to a solution of 20 g. of
‘chloro‘platinic acid in 430 ml. of water. The mixture
was carefully neutralized with'u-t‘)dium bicarbonate while
being ﬂtirrad vigorously!. Thoe mixture was taoen heated

to 80° in a water bath and 32 ml. of 38% formaldehyde

\

o
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were adtf:l-ed o‘]ver a 45 minute 'i;forval, while, uirpulta¥
, : ,
pcoululy, soléjid sodium bicarbonate was added to
neutrallze tha formic acid liberated a-nd tt;-maintain'
slightly al’_{alin‘a c¢onditions (pii8). After all thae
formaldehyda waa . introduced, the mixture was a=ld at
‘80"’-w1:h coast.ant stirrlng.for.z.‘ﬁ hours. The mix-
ture was coolad to room te_mparat'ur‘a and the soclida
gathered by filtration. The cake was washed with
60 ml. of hot concentrated potassium chloride solution
followed by similar wanhing‘s of decreasing concentra-~
tion of potassium chlorid; solutions until ths cake was
washed with distilled water. These wanhingn were con-
tinued until a negative chlt.a;'ide. ion test was obtained |
usin'g silver nitrato.j The catalyst was then dried for
12 hours in a 110° oven. Thisa .affordad a catalyst con-

taining 13% platinnm‘by weight. - : -

N,N' -di-p-Tolylcarbodiimide. - The N,N -di-p-tolylcarbo-

diimide was prapared by the mathad sztlined by
Sheehan and HMlavka (97) in which p-taluidine is con-

densod with carbon disulphide to form a thiourea which
J

is then traatad with mercaric sazide to give the carbo-

diimide in 7T0% yield.

fj
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Methyl o(-D~-Glucopyranoside. - The compound was

prepared according to the Fischer method as described .
by Helferich and Schafer (938). A 49% yield of methyl
d—D—gluco_pyrnuoaida.melti'ng at 164.5°% - 165.50,

[«]%3 = 158° {c, 8 in water), was obtained.
]

1,2;3.4-:1.1"-0-1;-0[:ropylidone'-D—Galactopy‘ranoﬁe. ~ The
compound was prepared according to the method of Sell

. T — . . : *
and Linﬁl(‘)?ﬁ\p which two moles of acetone are con-

|
|

densaed with one mole oflgnla'ct'o;o using suiphuric acid
and copper sulphate czta}}itu. The-ayrupy”di.-o—i-nop'rp-
'pyliatnu-'ngalactono was distilled at 119° to 1259 under

vacuum in 41% yic;ld. ' ot

/2 Mothodg

a. Preparativo-'k{ethods
The O;idatio\n Of Sucrose By Oxygen Using Platinum
Catalysat .Annd Bicarbunaf':o Buffer. - |
These oxidations weare carried ocut in a.-x:_n H-
shaped reactiod vessel in which twa 30 ml. bulbs were
attached to the lower p-ortion‘of the H. One side of the
vessel was employed as tixc oxidation chamber, while

the second was usod as a trap for carbon dioxide in the
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B8ystem. The vessel was immeraed in a wax bath of
‘cc;nat;n'-t tcmperature.and the whole was shaken by a
Twrist action shaker. An ;‘Ltmospherc of oxygen'was
maintained by using a }narcursr-ffilled gas b.urctt'a of

-

100 ml. capacity. In the course of the oxidation, a

]

‘ sl,iéhb}pos'itivo pressure of 2 cm., of mercury was main-

"tained by adjustment of the levaelling bulb.

If\azf:/i(l—'run, sucrose was oxidized a-n.

follows. Two mM. of sucrose wers dissolved in®en

to 15 ml. of d'imule w-atcr and six mM. of sadium

bljcarbon;ti and 86 mg.. of ‘i)latinum' cataly.nt _irere add:d.

Twelv_; ml. of .0. 5 N ‘;odium hydroxide were in‘,troduced.
- .

into the adjacent chamber of the H-shaped.vessal and

1

‘the vessel was immersed in a gax bath kept at 80°. \
. . ‘ ‘ . i
-‘The reaction flask was then'thorou-ghly agitated by means %
of the wrint action shaker. Oncq; the pro.a‘nura_ of oxygen |

inside the nyut'ram had equiii'brnted due to temperature

changes and the solubility of oxygen in the aqueous Bo-

|
iution, a'posi,tilve pressure of pure oxygen of Z cm.
mercury _was'maintained. When the extent of oxidation
was increased bj prolonging the reaction time, ad-

ditional sodlum bicarbonate was added at suitableinter-

wvals.
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The uptake of oxygen by the s'y;atam was
meiasured by adjusting the mercury level until at-
mo:aphari.c pressure was reached and the change in
volume in the gas burette recorded. The alk.aii in the
trap was titratad. with standard hydrochloric acid
(0.1 N) to.'a phonolphthalcfn end point and then further
titrated to bro.mphnnol blue end point Ln. order to ob-
tain the num}:er of m'illipqu_iv;lontn of cal.rbo'n dioxide
. ' 3
liberated during tha ;oxidati'o:.z.
Oxidations Using Platinum Cataly.lt. Oxygen
And Anion Exchange Resgin. -

. These oxidations were carried out u:in_g a
Parr i’rosu,uro Rc.:acfion Apparatus. Approximately
40 g. of sucrose were dissolved in 150 ﬁ-xl. of distilled
water and the solution was slurried with TOl\l;zc;'"BG g-
of anion exchange resin (Amberlite I R-45) which is a
weak tertiary ammonium resin, The anion resin w:.i.a
previously; re'generatod in a column by eluting with
sodium hydroxide until a negative c.hloride ion test
was obtained using alcoholic silver nitrate. The
platinum catalyst, 0.5 - 1.0 g., was added to the slur-

ry and the roeaction vessel was then attachsd tc tha

apparatus and the gas chamber filled with oxygen to a

e AT TR ...-;.‘-‘;u-'.:-uz:d
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pressure of 50 p.s.i. The aolutiqn was ﬁeafcd clec-
trically at th'a_ base to maintain the temperature in the
reaction flask between 70° and 75°. The ‘rate of uptake
of oxygen in the'system was followed by a pressurae |
gauge att{achad to the gas chamber., The reaction
vesscl was shaken by means of an eccentric rod:

causing a push-pull motioan.

The rgaction was stopped after a pressure
drop of 5 p-3.i. which generally roqgirod reaction
times of.rfrom two to"iive days depending on the quan-
tity of catalyst used. The slurry was allowed to cool ‘

: i
and then quantitatively poured into a 20 mm. diameter |
chromatog-raphic column (length approxiﬁ:ztel-y 60 cm)
arlxd the column worked to remove all air bubbles. Thae
co‘luxﬁn was eluted witl.z distilled water until the cf=- (‘
fluent gave a negative anthrone test (100) for sucronss. i
Once tha column .wnl freed of sucrose, thse resin was
eluted with ammonium hydroxide and the rate of elution
held constant at 3 ml. per minute. To completsly re-
move the acids from the resin requires from two to
threo litoars of the 3 N base boiéra a negative anthrone

tast (100) is obtained. The basic eluate was eovaporated

to a thick oill under vacuum at 409, The yield of
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acids was 'dopendent on the extent of oxidation.
Column Adsorption Chrbmatograpﬁy. -

The method emplo'yled was reported by
W.llalistler and Durso (101) in which the a.dsarbent used:
consisted of equai parts of Dale€o G-60 and Celite
(John Mansville #535). The two componoﬁtu were in-
tima_teiy mixed when dry, and then sufficient water was |
added to-form a loose slurry which could easily be
poured into chx;omatograp.‘hic columns. The slurry was
poured into a column 250 mm. 2.34 mm. diama‘ter t_°
‘give a column 170 mm. long after packing. Ethanol,

5%, in water was ul.ld to devaiop the columns.

Column Partition Chromatggraphy. -

Col_u:nn partition chr\o\natograms were pre-
par;zd by the mathod of Lemieux, Bishop and Pelletier
{102) in which acid-washed Celite (John Mansville #5353)
acts as the media supporting the st;;tic phase. The
columns uped in the proeparative work were 4l mm. in
d‘ian':nter. The flow rate was i;qm 2.5 tt;: 3 ml. per
minute and the effluent was generally collactad_‘in 20
ml. fractions. The bapnds were located by one of
two methods. The f-i‘rst method was to c‘alci.xlate the

approximate location of the bands by the method outlined
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by Lemieux, Blshop and Pelletier (103). Whed it ia
impractical to remove all compounds by the above men -
tion'e.d'elu.tion technique; the. extrusicon method is used.
The column is B.lowg fre‘e of developing solvent by using
_ pr"essure and removed from t‘he'glass tuba byjapplying
air pressure from rubber-bulb £o the bottom of the
tube. The compounds are loéated on the extruded
Celite columns by sPIraying with 2% p:;tass_it.un pcrma‘n—
ganate in 2 N alkali through a mask to lc‘Jcaté the zoneoa.
The_ bands are cui.:. out and was‘had with water, or or-
ganic solvent, and filtered. The percentage reco'very
of com‘po;xnds is generally 90% of. the amount loaded on '

thel column.

b. Analytical Methods

Pé.per Chromatography.. -
The paper used in this investigation was
Whatman #1 chromatographic paper which was cut 8".
wide by 22" long. The descending type paper chro-
fnatography was used throughout this i‘nvestigation;. The
spots were applied ‘using cap'i_llary tubes delivering

about 0.002 - 0.02 ml. of 4% solution. The
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chromatograms are placed in a chromatﬁgrnphic
cabinet prévioualy u.atu'ratec'l with the 'aqueoug phase
of the two pha-e' sBystam of organic solvent saturated
with water. The developing solvent front was allow.ed
to move approximately 19 inchean beforol the paper was
remov.cd from the cabinet. lfﬁ-uomo canes where more
complotd separations we_r;: desired, the botto.n;x of the
paper was sorrated to prevent channeling, anci the

solvent front allowed to drip from 'th.a edge of the paper..

The foilowing solvent systems were used:-

1) n-Butanol:water, - prepared by saturating
nebutanel with &istilled water.

2) ﬁ-B.utanol:ethanol:watar. - prepare'd by mixing
5 VOlun:;es of .n-butznol with 1 volume of ethanol
and 4 volumes of distilled water. .

3) Ethanél:acetic .e.cid:wata-r {103), - pro‘par‘ed by
mixing 10 volumes of ethanol with 3 volumes of
glacial 'ac‘otic acid and 2 volumes of distilled
water.

4) E'thanol:phez;oliwatcr (104), - preparecd Ey mi;ing
57 volumes of sthanol with 2 volum;s of phenol

and 9 volumes of distilled water.
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Spray Reagents For Paper Chromatography. .-
Aniline Phosphate. - The spray reagent used was a
modification of the réagent describ'ed by Bryson and
Mit.chell {105), in which 2 volumes of 2 'N aquco(zs
phoaphoric 2cid and 1 volume of 2 N aniline in ethanol
are mixed just before use and the resulting sa_lt pre-
cipitate is dissolved by adding 3 volumes of glacial
acetic' acid. The sprayed and dried chromatogram
was he.atcd for ten minutes aﬁ. 1050.'{ All reducing
pentoses and hexoses and many of. their derivatives
can be detected as bro-wn spots. Non-reducing disac-
charides which are easily hydrolyzed by the acid con-

ditions also give the characteristic brown spots.

' Anilin;z_HydrOgen Phthalate. - This 5p£a-y reagent
(102} is prepared by disao.lving 930 mg. of aniline and
1.6 g. of phthalic acid in 100 ml. of water saturated
n-butanol. The dry paper chromatogram is sprayed,

with the reagent and then heated at 105° for ten

minutes. The spray develops reducing sugars and com-

pounda capable of liberating reducing sugars under the

conditions of the test. The spoté are not gquite as in-
tense as those developed by the aniline phosphate Te-

agent.

X
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Periodate-Permanganate., - The l.Z-egcol-'cleaving
spray {(107) is prepared by mixing beiore use 1 vc:.lume
. of l% potasslum parmanganate contaxnxng 2% sod1um
cgrbonatera.nd - golumus of 2% aqueous sodium perio-
S date. "I‘hc dry p;per‘is sprayed heavily with the
solution and placed in a damp a'a.tmo'aphera.to prevent
df};ing during the fimn required ;for the reagent to
cleave the glycols. The lattnr- apfpcar as yellow nbots
on a purple background. Washing off the excess ro-
agent results in & white background with the spots re-
maining as permanent brown ata;inu.

Urea Oxalate. - The dry p'aper' chromatogram is
aprayed hoa.villy with a 2% aqueous solution of urea
oxalate. A da’;'k gre.cn spot indicates the presenca of
ketosugars whc.ln the pa.plar is heated a:t 10509 ftgr ten
miniiutea. Sucral-.gives alposi'tivu test due to the libera-
tior; of D—.irucétone under the conditions of the test.
_D-Gluc‘onn gives a flaint‘brown colour which is detect-
able only in high concentrations.

Hydroxamic Acid Spray For Esters. -~ ‘The reagant {1038)
is ' prepared by mixing hefore use equal volumes qf

N methanolic hydroxy‘lamine hydrochloride and 1.1 N.

methanoclic potassium hydroxide. The dry paper
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chromatogram is heavi.Iy Eprayed with the reagent and

‘ le,ft at room tompera'iu.rt for ten minuter. The paper
is na;t-wiprayod with 1 to .Z%Tcrric cl:.nlqride aolutian
containing 1%‘hyd!r'ochloric acid. A mauve colour ap-
pears in those a’raas contain_ring e¢sters or lactonesa.
Nz}pththorea‘orcinol_ Spray Reagent., - The. Bpray re-
agent (109) gives a glroan colour with non-reducing
éugar.n. a. grey colouar with reducing sugars and with
ketosoes and sucrose B red colour. Pentoses are
ﬂoveiopod as bluse spots whila fur.thqr tr'catmant'with
fteam at 70° d'ovoloi:na uronic acids as a dark blue
colouration. For these colour reactions the Qeagent 0
is prep ared by ;naking and mixing equal parts of 0.2%
élcoholic nzphthoi’esorcinol'soluti.on_nnd 2% aqueous
trichloroacetic acid. The.papel:r in éprﬁyed heavily and
heated to 100° for ten minutex.

Paper Electrophresia. - Paper electrophoretic work

was carried out using a Lahli:_he Electrograph capable

6f &glivering 500 D.C. volts and 50 m,amps. A cabinet
capable of housing the complete apparatus was con-~
structed 150 x 13" x 33", The cabinet has two shelvas

to pupport the U-shaped electrolyte resorvoirs.

l

The reservoirs are U-~-tubes of pyrex plass
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which support nt ons end a horizontal piece of glass

tubing (5 ¢m. diam. 226 cm, long) which 18 sealed 2ot

both ends and has a slot 0,75 c¢m. wide and 21 cm.long.

The other end of the U-tube ig l2ft open to accept the
platiaum electraodes which aro dipped into the elesctro-
lyte at this position. The elactrodes are held in place

by passing ths leads through a slotted rubber stopper.
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The (;ontac; between the powlar'ﬂﬁpply.:;.nd the platinum
electrodes was made .through a glass tube 'ﬁhich halba
platinum leads funed into the glass at one end, ;Lne
ex.trum'ity of the platinum wire extending iate the
wmercury filled glass fod, th‘e othar end was waven into -
a 2-¢m. squarae platinum shoet. The contact bet'wean
.the apparatus alnd the power supply was mad‘o by in-
s?rting the leads into the xﬁercur; filled glass rod.
The bottom of each U-tube wan fitted with a draining
and levelling tube, these are cohnécted.by- rubber
tubing and a three way stop caci:. The U-tubes placed
at such a distance apart as -tc;‘ accommodatas a shelf

25 x 51 cm. ..The shelf, whi'cb; ia made ofl'3/4" plywood,‘
is covered by a piece of 1/4" plate glaég, next by a
1/2" piece of foam rubbaer oﬁ the samé d?ﬁ:ansion as tha
shelf. The rubberr is in turn covered with a thin
trﬁnsparont sheet of polyethylene plas‘ti»c of the same

width, but of such a length that it extends to the

horizontal slots of the eloctroi?te reservoirs.

The paper (Whl'atman #1)y is 10" x 24". The
paper to be treated is placed on top of the plastic and
» .

2 second shoet of the same dimensions i3 used to cover

the paper. Both ends of the paper are dipped to a

y
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depth of 1/4" into the rca’arva;’:rs; \(\ secand piecz of
1/4" plate glase of the same dimcns’i:‘o'na is placed ovar

p
¥

\
the plagtic and tho wholo i comprensed with 50 lbs.
.. . ~)

of lead weightsa. . '

L

The paper wans aprayed hoavilir with a suii-
able ,erl-uctrollyte and the paper driad. The compound;
to be naparralted;vor-o either spotted or atroik.d ag an
8% agueous solution along a line 8" from c-xnc o_xtremit.y
of the p'a;ur. After the ap"plicat}on.had dried, thae -
haper was npx-'ay'.d a -acbﬁd time vi’;i/’tlxl'ih- same alecgtro-
lyte and immadi'at:l\y placed between the polyothylar;a
sheets. 'fﬁd power supply is _net.at a potantial capable
of giving oigl‘urto ten milliampexos of cu-r;-cnt, this
normally required from 350 to 450 D.G. volte. The

time —req\‘xired for a pingly charged lon to migrate 4"

was approximately 9 to 12 hours.

The elctrolytes used in the paper electx"o- o
phoresis work were 0.5 N in the reservoirs and'ti:e
papers were sprayed with .O"l N sclutions of the same
élactrolyto; The electrolytes used ware:

1) 0.5 N eolution of 50% monosodium phosp}:ata and .

'50% disodium phoephate.
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2) A aulutioncanaisti_ng of vqual volumes of 0.5 N
aolutions of borax and boric acid.

10

3) ‘A 1/40 N sodium bicarbonate uolution‘:;;

]

Rt

The ?aper electropherograms weroe davalcp;ad.
with the same a'pray recagents that werae ..un__cd for paper
. : .
chromatographic work. \
The Detarmination Of U_ronic‘Acid- By The
Evolution Of Carbon Dioxide. -

When a uronic acid is heated with hydro-
chloric acid, carbon dioxide is evolved due to the decar- |
boxylation of'thol a‘cid.‘ Whistlor-. Martin and Harris
(64) have adapted the following proca‘dnéo to the deter ~
‘mination’of uronicracid groups. 'Ni'trtlagen which is used
as a Aca_rrier gas for t‘he ;'v‘q_il_ged carbon diaxide, ‘elnters
tha a'yntem through an empty safety bottle. It next
‘passes through an alk.ali‘nc solution of pyrog;ilol. then
to two absorpgidn towers filled with soda lime, then
into a second ng!ety bottle provided w.ith 2 mercury “R
manometer and from thare into the r_eaction flash by;
way of a side arm whose outlet i.s.lO to 15 mm. above
the surface of the liquid in the flask. 'Th-/‘f\lask is a
three necked 125 ml. round bottomed flask., From the
reaction vesnal the gas passes through a 40 cm. reflux

<
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condanser into 2 bubbling tower contalning approximately !

"60 ml. of concentrated sulfuric acid. The latter serves

to remove interfering decomposition products which are

cir;led over from the reaction flask. The gas next

.- .
e

pasaoa through a U-tube filled with anhydrous copper
-sulfate to remove chlorinc or hydrogon sulfide, then
thraugh a sacond U-tube which contains phosphorous
pentoxide and {in;ily through the carbon dioxide ab-
sorption tube which contains Ascarite. The Ascarite
. :
tube is protectad by a soda lime tube which is fol-
lowed by a flowmeter to entimate the rate of flow of
"nitro;g-n through the apparatus. 'The Ascarite tube is
c:o‘nntctc.d to the rest of the train by dry gronad glass
joints toA{acilitatc the rapid transfar of a'blorption'

tubes. The remainder of the coﬁnectionu in the train

are made with Tygon tabing.

The rencltion [1;51:: ig immerasd in a cl:on—
stant tomperature wax bafh, the tempaerature being haeld
constant at 1389. The flask iz placed in the bath so
.that the oil level ig three to four mm. lower than the
liguid level inside the {lask, Thi-s- precaution is taken
to prevent baking of amall bits of sample which may be

sp}aabad-against the sides of the {lask. Nitrognnj at

i



about a rate of ten liters per hour is passed through
the apparatus until the Ascarite tube shows no further

gain in welght.

A sample calcula.t.c.d to give approximately
30 to 40 mg. of carbon dioxide iop dissolved in 70 ml.
of 12% hyc.lrochloric aclid. The avlution is then quan-
titatively tranaferred to the roaction flask and .th-
nitrogen flow started. After onae hqq.r the weighed

Agcarite tube ip replaced by a Becond suc¢h tube and tha

difference in weight recorded.

This pro;:eduro is rcpt#ted until the
Ascarite tubes show no further increase in weight.
Iodometric Titr_ation Of Aldoses. -
in the presence of iodine in alkaline solu-
tion, aldesa2 sugars are oxidfz_ge_d. quant-it__:;_tively to ﬁhoir
r_capoctive‘ aldonic acids. The postulated reactions for ‘N
tis oxidation are | . ' : \
| 1 + 2 NaOH = NalO + Nal + H0.
RCﬂO + NalIO + NaOH —» RCOONR + Nal + HZO'
The'difficultiaﬁ which must.: be overcome in
standardizing the analytical procedure can be summa-
rized briefly. If all of the iodine g_nd a2ikali are added

simultaneoualy,' much of the iodine is transformed to
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; odatc according to the following equation, and hence,

L [T

lost to ihe oxidation reaction.
3 Nalo — Naijo3 + 2 Nal.

'If, on the other hax;'d, an excess of alkali
is added first, keto sugars, such as fructose, can
undergo the Lobry de Bruyn and Alberda van Ekenstein
rearrangement to glucoi_e nnd.m';nnose w_hi.ch.are
Qapidly oxidixed. ‘H_ a large excess of iodine is added,
then overoxidation can ocecur with pr:mnry hydroxyl
group- baing Blowly oxidizaed to carboxylic acids.

Kline and Acrea (110) thon devised thae following pro-

‘coedure which avoids excomps lodine or ulkaii.

A weighed sampls or aliguot containing'ap-
proximately 180 mg. 'ot aldchoxose is transferred to an "
Erlenmeyer flask and i:.; exactly neutralized to a pa.l-c
Pink phenophthalein end point. Five ml. of 0.1 N
io.dinel solution is addaed from a burette and then drop-
W-ise 7.5 ml. of 0.1 N sodium hydroxide. The process.
is repeated until 22 ml. of iodine and 35 ml. .of alkall
aoluti.on ha‘.re been added; rtho operation should require
five to six minutes, A{Vter a two minurte interval, to

allow for compl.iion of reaction, the solution is acidi-

fied with 0.I1IN hydrochloric acid and the libarated iadine
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is titrated with 0,1 N thiosulphate to a a#a.rch indicator

end point. Two or three drops of phcnol‘ph-th;lain are

1

added and the excass acid i3 titrated with 0.1 N sodium

hydroxide. The amount of aldohexose present can be

r

calculated from tha difference in titer bétween thn»

iodine and thiosulphate solutiona. Thae aldohexose con~
‘ | »

o |
tent can also be calculated from the alkali titer less

the titer of hydrochloric acid added. Whglcn the roacﬁ:ion

|
is confined to the oxidation of aldehyde groups alone,

: |
the ratio of alkali to todine is 3:2. |

\

Thu Colourimaetric Determination Of Z-i‘li{oto Acids. -
» i

1 . 1
This analytical procedure by Lanning and
. . \

Cohen (90) conasists of a freshly prepared 2 to 5%

]
aqueous sclution of ortho-phenylensdiamine dihydro-

chloride, or a solution 'containiﬁg 15 mg. dj the free

diamina per ml. of 0.'25‘N hydrochloric acid. To two

ml. of a neutra)l solution ¢containing 10 to 190':" of

"\a
2-ketohexonic acid is added one ml. of reagent. The :

B

ten ml., reaction tﬁbl is heatsd in a boiliﬁg\lwat.r bath
for 30 minut-l and cooclad to room £¢mpor1t%xra. The
opticai density is meagsured at 330 ﬁ.nd, 3607 r_lh,:.. The
ratio of the optical density at 330 to that at\1360 m .k .

‘should be 1.51+ 0. 07 for roaction mixtures co"[nta.ining a

.
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Z-ketohcxénic acid.l The condensation of neutral
‘sugarn can be avolided by u.ﬁlsi.n'g no more chal.n two
cquivalents of.a_cid per mulc,o_i diaminas. Lnnningl and
Cohen found that t!‘1e optical density and coacanatracioa

relationship was linear over the range of 10¥% to 100%

e

W
of 2-ketohexonic acid with a precision of 1.6% in

'triplicato déterminx-ltion.
The 'Colonrimatric Determination Qf 5-Keto
Acids. -
The proccdur_?. haa‘ been outlined.by
Militzer (94). A #n.odifiad.Beno(liict‘a solution is pre-
pared a3 follows: coppc.r. 'a'uliatol pan_tah'ydrat- (18 g.)
aphydroul sodium carbonate {15 g.}, pofasnium
citrate (.2'00 g.), potassium thirla.cyanata (125 g.}.
potasaslum fcr.rocy_anide (5 ml. of 3 5% snolution) are
dissolved in water and brought up to ons 1itt?r volume.l
‘The soi.u'tion ia left t§ stand‘ at room.tempcrature for
t\wo days and filtared free of the precipifato.
A standard solution of 5-ketohexonic acid
"is made by weighing a Xnown amount of c#lcium 5«
Xetohexonate and precipitating the calcium by the ad-
diti‘on of oxali;: acid. The calcium oxalate ia filtered
and the {iltrate is made to volume. The ketohexonic

acid solution should contain a3 minimum of 50 mg. of
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acid per ml. of solution.

The cblourimatr'ic cstinﬁition is dona in
comparison tufbes ‘which are paintod white on the
bottom ap to a hcight.'of two inches. All the galutions
are brought to 259 in a constant temperatura bath be-
fore usa :;nd are held at that temperaturo throughc‘lut
the dntdi'mination. .Fivo__ml. of the solution.are
‘placad in thae compariscen tubsz and.fivo. ml.I ai the
standard .or-unk.nown solution ia éipattod in and shaken
to provide uniform agitation. The tima necessary for
tha complets disappearanca of t.ha blua collour is
_determinad with a stop watch in which the starting
ﬂ_me is tak;n a8 the first moment during which pi-
petting of the aolutién into ;he reag=nt begins. The
time for pi;ia:ti.ng should be 15 to 20 seconds. Tha

calculations are based on the time required for the

disappearanca' of the blue colour in the case of a

staﬁdard'solutian. D-Fructogse in highsar concontration
than 50 rng.. par ml, causes a 10% error by hzu;aniag
the time of rcdulction while Z-ketoaldonic.acids do not
intorforae.

The Gravimet,ric' E.ltimat.ion Of Xetoaldoniec Acides. -

The Z2-ketonexonic acidas were detarminad

by their estimation as oxalic acid. Approximately
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0.8 mM. of the 2-ketoaldonic acid was di-iolv-d; in
20 ml. of solution and 11 mM. of nodium‘ per.iodatc
addadl. The flabnk'was stoppered with a ground glasse
stopper _and the solution was shaken uptil :tllu the
solids dissolved. .Tha solution was left for 24 hours
at room tempserature. The eoxcess perioditc was
doatroygd by the addition of oth-ylono glycol (approxi-
mat;ly 7.8 mM.). After ten minutes, té epsure com-
pleta.oxldation of the athylens glycél. a calculated
amount of ca.l.c.fum chloridc; was -addad.to precipitate

the insoluble calecium oxalats. '

[

Affor threo to four hours at room tem-
perature, the c_alcium ‘oxalate wasn f}lterad through a
dried and weighed Gooech crucible. During the course
of the oxidation, iodine was liberated and, on standing
for three to four houryg, cxl-y‘_atall‘.ized._ The iodine was

quantitztivol\(#vgg/ucg from the Gooch with chioro!’orm.
d

The crucible was dried to a c¢onstant welght at b5°.

The oxalic acid content in the crucible was
checked by placing the crucible in a wide mouthed
Erlenmeyor and adding 50 ml, of water and 20 ml. of

concentrated sulfuric acid. The sclution was heated
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.at 959 for five min’u‘tes. Whila t.ho polution was atil
above 60° it was titr;tad with a standard u'ol-uti.on
of potassium porm.anganate. The ngmbof of'.mM. of
Z-ketohox.onic acid in the sample is equivalant to the

mM. of oxalic acid found in the precipitate.

—Samplop of D-fructose and 5-keto~D-
gluconic ae¢id were treated with sodium periodate and
it was found fhaf under thae condigio#a of the method
no interfaring oxidation products were obtained.
Oxidat;onn of Z-lkatu.-D-gluconic acid gave 97. 3‘?- of

"the theoretical oxalic acid.

3, Experimental Results

a. The Oxidation Of Slucroa- By Platinu'r{i Qafalyat
A_'nd Oxygen Using Sodium Bicarbonate Buffer. -
The initial atﬁdios on the oxidation of
sucrose were carried out using 1.7 mM. of sucrose,
5.1 mM. of sodiu;?n bicarbonate (3 molar e'xcens) and
40 mg. of platinum catalyat. 'fho temperature was
held .constant between 78° and 80°. The oxidation way

carried out in an atmosphere of pure oxygen with 5 c
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L

-
of mercury preassure. The uptake of oxygen is plotted

against time in figure 1. The oxidation was continued
gntil 7 mM. of oxygen per mM. of sucrose were con-
sumed. Additional sodium 'bica.'rbona.te'wa.u added in
5.1 mM. quantities as requ‘ired in order to'ma.'linta.in
neutral, or slightly alkaline, conditi.ons. Titration
qf tho nllkali 1n.tha trap indicated that one carboxyl
group was formed for every molecule of o:;ygon
reduced,

Paper chromatogra}ihy. using the solvent
system butanol:ethanol:watear, of the oxidation products
showed the formation of a campo;xnd, or comp_aund.n.'
with an Ry of zero. When the oxidation was oxto:;ded
beyond 3 mM. of oxygen per mM. of sucrose, paper
chromatography sti-l"l indicated unreacted suc‘rqse was
present when ‘ifﬁ‘a paper chriomatograui wap sprayed

with the spray reagent psrmanganate periodatae.

Sucrose was then ozic‘iized on a prg.parati've |{§
scale using a Parr_prenaure_reacti‘dn apparatus.  Ten
grams '(0.03 rholeu) of pucrose and 20.16 g. (0.’12
moles) of uodh.im bicarbonate with 0.6 g. of platinized

charcoal catalyst were phaken with 100 ml. of dis~

tilled water alt 702 for 40 hours under fifty pounds
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presgure of oxygen. The solution . wasp filtered free
of ca.'télyst and evaporated to 1/3 volumé at 40°,
~Paper chrom_a‘tography, us‘tng buta;no‘lzethanol:wat.ur
and subsequent spraying with éerm'anganata-puriodate,_
once again showed -the proao'nce of unrzacted sucrose.
On ¢ooling the reaction n_olution to 29, a white cry;:-
talline optic#lly inzctive malt crysta.lliﬁed. The salt
was filtared and plllled. over Dowex 50 x12 ion ex-
changé-rcuin -tohromove sodiuﬁx ions a;.nd a pale bluse
eluate ;ronultc-d. On cooll;:g the molution after con-
centrating it to 20 ml., a,crystalline acid separated
with a melting point of 1890.' A neutrzlization equi-
valent, mi'xed malting point and the dimothyl'estor
{m.p. 44-450) identified the acid as oxalic acid; 0.05
moles 6_1’ oxalirc acld were isclated -Irom the oxidation
"of 0,06 r:-nolaa of suecrose, Paper chromatography of
the acid uolutioﬁ using butanoi:wator aﬁd spraying ‘a
with the naphthnreaorc'inol Bpray reagent showed spots

at Ry O.USBI(rod). and at Ry 0.202, 0.368 and 0.60,

blue spots indicating uronic or keto uronic acids were
'devc;lopod. A pecond paper .chro&:atogram_, sprayed wita

- the perma.ngan;atc-po_riodate reag'cn: showed 2 milnimum

of seven compognda .wit'h R¢ valuaes 0.021, 0.119, 0.25,
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0.378, 0.54, 0.665 and 0.705.

-

The Scparation Of Products From Starting
J

Materials. - )

A sucrose oxidation using 05 g. of suacrose
(1.4%nM.) with 0.365 g. of sodium bicarbo;;ai"e;@.\i% m}.aL',i
and 40 mg. of platinuin catalyst was run until the up-
takg of oxypgen corresponded 'to two mM. of oxygen
per mM, of su@rose. The product was filtera‘d free’
of ‘catalyst and loaded on a 40 g. célﬁmn of 5.0%
'‘Darco G-60 and 50% Celite. The column waa; eluted
at two to three ml. per minute, usi'ng‘ 5% aqueous
,vetha.nol under 24 mm. pre_ssur‘e §£ mercury. The
eluate waas collec.tcd in ten ml. fractions, the. total
volum:e being 680 ml. of eluant. The sodium bi-
carbonate was de.tected_by a sodium"'fla:me test and by
the ecvolution of carbon di_oxide upon‘ the addit’ion“ of
"one drop of acid in the cluate. The caﬁhyd:ate
acids were detected by t};e sodium flame te.st and by
optical rotation. The unreacted sucrose was dotected
by opticgl rotaA_tion measurements and by the aﬂrone
test (100). The results are seen in table I. Pa-

per chromatography, using butanol:water, of the

fractions collected indicated a complete separation.

é

™
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betwsen tha carbohydrate acids and the unreacted

sucrose.. The sucrose poartion, when evapovrated Lo

dryness, crystallized and gave [4]23-: 60”(c, 3 in’
, . D

viatar}.

L Table I /‘/.

The Separation Of Oxidation Products

Trom Sta rting Material

. . Sodium -
Volume in ml. Flame Anthrone Teost Corapouznd
Tost
o - 9‘0\.- negative . negative '
S ‘ sodium bi-
90 - 110 positive nugativae ~drbonate
110 - 120 negative ' negative
] reducing
120 - 22¢ pesltive . positive acida
220 - 245 nagative
. ‘ ™~
245 - 550 nagative Plesitive \a.n:tasc

\

~

The waight of sucrose recoverédd was (0.20 q)
e ™
40% of the starting mataerial. Ths acgids, 0. 30 ., were
then passod through ten g. of cation exchange resin

Dowex 50 x12. The acid solution was papey chromato-

graphed using the throe aol'.,Jent_ systems £1, 33 and g4.

2
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'In each case, a minimum of four major components
could be detected., Using the lystom butanol:watlor. ':§
the ”R.f-o{ the compounds were 0.014, 0.062, 0.97,

0.25. The compounds were detected using ‘tho spray

reagont permanganate - periodate. ' ‘ i

A portion of the acid solution containing p

597 mg. of the émorphoun acids_wa.l thoroughly

dried Lnd dacolouri;od with.charcoal and titrated
.with standard alkali. The neutralization equivalent |
was 288 g. The salts were passed through Dowex

50 x12 and freed of sodium. The acid sﬁlution was
concentrated fI:o a total volume of five ml. and placed
on a 20 g. Celi‘te column and eluted with butanol:water
at a rate of one ml. per minute. The eluate was col-
locted in two ml. {réctionn. the total volume of

eluate was 1000 ml. The acid i‘n the varia.ons tubes was
titrated with standard hydrochlioric¢c acid to a brom
't‘hymol blue end point. The ecluate contained 22 % of
the acidsa in the criginal sample. The column was
then extruded, using air pressure, and sprayed |

through a mask with 2% potassium permanganate in

2 N sodium hydroxide. Three bands were ob7dad on

£
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the 30 cm. column. Th‘oy,were fou.nd l:gatw'een. threo
to saven cms., 9.8 to 12,2 ¢ms,., and 14.2 to 17 cms.
from the tan of the coiumn. The bandas werae cut out
and nuffi:i.ént- distilled water was added lto forim a

‘ : o :
loose slarry and the Colite waas filtered on a Buchner
funnel. Tho filtrate and washings wgra' combined and
'concnntra.t.cd to a pyrup to rg;novc the batanol. Each
fraction wafl taken up in five 1;11. of water and paper
chroinatoérnphod wit# butanol:wntér nfixture and
sprayed with both permanganate - pesriodate and

aniline hydrogen phthalate Yoagenta. The R, values

were 0.00, ©,.07, 0.10.

Titration of the three fractions with Bfand-
ard al_l;;ali gave 0.2%Q, m;e. in the slowest, 0.043 m.e.
in the next band and 0.043 m.e. in the laat. The ;

: \

total recovery of acid corresponded to 40% of the acid \
placed on the column. Fi’nction one, both as such aﬁd |
whan dissolved in Izl-hydrochlaric acid, was chromato-
3raphed on paper using b‘utanolzwat;r. The papers
were sprayed with aniline phosphate and permanganate -
periodate. In the acid tresated solution, a reducing

compound with an Ry identical to D-glucose was ob-

served. A socond paper sprayed with urea oxalate

—

o/
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failed to develop any spot corr‘ospondtng to D-iructose.
The specific rotation for the fraction wan‘» [#];4-; +32.4°
(¢, 0,73 in water) and, when hydrolyzed with hydro-
chloric acid, [c(] ?)4 = +25.5%c,0.69 in water). .Thc
yﬁield' of acid isolated in this fraction is 32% of the
acidn"recovured,{rom the Gelits column. The hydro-
-lysis mixture was concentrated to two mi. of solution,
and the compiets mixture plscod. on a2 25 g. Celite
column and eluted with 300 ml. of ‘butanolxwator.

The olu;to was §ollccted in 18 ml. fractions. fThe
column. wans extruded and sprayed .through a mask with
2% pot;aiium permanganate in 2. N alkali. Only one
band w.a.p found and it was cut. out, washed with dis-
tilled wa.tor and filtered fres of Celite. The weight

- of éompound :"Lsolato(} was less than 1 mg. of a dark
"syrup. Tubes 10 and 11 cont:slinod a reducing compound
which, when cancantrnt;d. to a syrup and left in the
cold for several days, crystallized giving an Rg

value of 1.0 when paper chromatographed with butanol:
water, The rotation of the compound wa's [p{]:z_jﬁz 51,79
{c, 1. 08 in water). The waight of compound isclated

was 8.5 mg. A mixed mnlting'pqint with authentic

¥
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D_-gluc'o-o caused no depression.

-
o

b. The Oxldation Of Sucros.o‘ Using Platinum
Catalyet, Oxygen and lon Exchange Rasin. .-

Blank ozidationl_containing cat.alyat, resin
and water were rum for four days at 78.° anc_i: no cie-
tpctablc up'taki of oxygen couid be c;bnoryod. Sucrone:
5 g.. and 14.5 g. of Dowex 1 x10 (200 - 400 mesh)
anion oichanﬁe resin, wape o.xidtzo.d at 78° using 400
mg. of platinum catalyat and an 'loxygap'prcwlnnra of
5 cmpo, of mcréury. ~The oxidatio.u was carr_iod out faor
120 hnhrn.'du}ing whi'ch"tiln'. the average uptakae ofr,’
oxXygem was 2.7 ml. per hour. The total uptakcl: was
333 ml. of oxygen or slightly less than oquin_:olar
_quantities based on sucrose. The reaction flask waa
coolad and filtered f{roe of catalyst and resin. The
rcui;:x was waik.xcd with 18 ml. of distilled water and
the filtrate and %aahing.s werae concantratad to a syrup
on a water bath. Paper chromatography .ul;éng butanol:
ethanol:water gave a single spot for sucro::xﬁ*bnn thlo
paper was sprayed with urea oxalate spray reagont.
The sucrose crystallized and 3.08'3. were obtained

[o(] 24 ., 62%(c, 2.3 in water).
D : 7

The ion exchange resin and catalyst were

Il,{
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slurried with water and eluted with 3 N ammonium

hydroxide. After 170 ml. of eluate, the column was

freed of carbohydrats material. - The |aalts wers

locatead by using the anthrone test for reducing sugara.

\

The weight of salts collected was 0..?8"‘\3. and their

[d]25 = +31.4%¢,1 in water). The a;nm"“"“m salta
D .

|
|

were slurrisd with the cation oxchange'\lruain Dowex

50 x12 and the rotation of the solution \gradunlly
' i

becamae lese dextrorotatory until the eq‘ilxilibrium ro-~

!
tation of [o(]24 - +12.6°(c, 06.92 in wd\ter) wasg
D .

|
reached. The hydrolyaed acids were chromata-

. . \\
graphed on paper using butanol:water and the pres-
I\ .
ence of both D-glucose and D-fructose wals determined

by Rg valuen an'd spraying with the apray reagents

. \
aniline phosphate and urea oxalate,.
. 1

'
3 [

: |
The neutral compounds were removed {rom

the solution by passing the mixture over an\‘, anlon ex-
. | .

. o
change resin Dowex 1 x1C and eluting the column with
distilled water until the eluate gave a negative an -

throne test. "Paper chromatography showed 1ﬁ.wo com ~
. : - | :
pounds which were D-glucose and D-fructose. The

1
|

acids were removed from the resin by elutingi'. the
‘R.
column with 1 N hydrochloric acid. This btcp"\caused
. I‘ .

i
i
i
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considerable darkening of the product. 'I‘hrl-s yield of
ac‘:J:.da .wa.a 0.7 g. of the 1.98 g. from the original ion
exchange column. Attempts to remove the"hydro—
chloric aclid from the carbohydrate acids by freeze-~
dryi;;g were un's'ucc.essful and extensive c-l‘ocomposition

occu*rrcd.. I
?\\?\'B

Difficulties wcre. experionc.ed with the
anion exchange reniﬁ Dowex 1 x10 whgn similar oxi-—
dations were tried uuling tixe Parr pressure reaction
apparatus. Oxidations of sucrose und‘er 50 pounds per
aqu_xa-ro inch pressure of oxygen at 789 gave a variety
of acid products with Ry values in butanol:water
ranging from O 0 to 0,.85. Elution of the reain with

3 N and 6 N ammonium hydrox:.do did not completely
remove the acids from the ion exchange column. The

resin could only be freed of acid products by eluting

with 2 N éodium hydroxide.

1

: Q
A second resin Amberlite I1R-45 (coarse §

i
mesh), which is a weak tertiary ammoni‘um_hydroxide
type resin, was used instead of the atronger Dowex

1 x10 which is a gquarternary ammonium hydroxide ex-

change rou'in. In the oxidation, g.1 moles of sucrose,
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0.2 moles of Amberlite IR-45 {74 dry g.) and 200 my.

of catalyst ware talken up in 225 ml, of distilled

_A______-_______'_."

water and the whole shaken at 70° for 72 hours under
an oxy-gen‘press‘ura of 50 ;laoun-d's pPer square inch. The
oxidation was a'toppu'd. the solution was coonled and
slurried into a chromatographic column and washed wita
two to three liters of dist.illad water. The water elu-
tion wa; discontinued when a negative anthrone test

was obtained (100)., Thae resfn was then eluted with

3 N ammonium hydroxide until a negative anthron-lteat
was obtaiz;ed. 'Approximatoly 2.5 to 3 'liters of azﬁ-
monium hydroxide were required to completely remolve
the acids t.'rom the resin. Further aiution.of the resin
with 2 N sodium hydroxide did not r.emovc any material
from the column. - Evaporation of the ammonium hydrox-
ideﬁsolution‘yieldcd approximately two g‘. of the acid
sa.lt.s ‘as.an a‘x.:norph;:ua aolid. Th_e clear cologr]uau
glass, when dried overnight in a pistol at 36°, had a
speciiic. rotation. [o{] ;3 2 +38.4° (¢, 12.06 in water).

The glass when treated with hydrochloric acid under-
goe;a hydrolysis yielding a glass with (] 12)4 =+12.6°
(c, 1 in water). Paper chromatography using butanol:

ethanol:water showed that both D-glucose and D-fructose
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wore present in the hydrolyzate. Continuous paper
chromatagraphy of the ammonium salta for 11 days

with. butanol:ethanol:watar failed to separate the acids.

S-apa;ré.tian. vf the sucrasse acidas was tasn
ar.tomptaf..i by paper ‘aluctrophorcais. The alactro'ly'to
was a m_anoaodium - disodium phcnlphatc ouffer oi:
pHd.6.8. The salts were applicd as one application of
B%.nolultio‘n. Opiimum conditions for #chicving the
separation of the cumpounds D-gluconic acid aand D~
glucuronic acid were 250 volis f:a.r.n_ina haouzrs at room
temperature., _Und.er thea; ¢conditions, aowever, it was
imposaible t.o achieve 2 satisfactory _5epara.tion batween
D-glucuronic acid and S—kata-D-glucun'ic acid. The
bgff_er syptom consisting of 50% borax and 50% borsic
acid was investigated, varying the voltag.os from Z50 .

volts to 500 volts and the time from 9 to 16 hoursa. \C,‘

The lattor buffer system increascd the mobility of
D-glucose and D-fructose, however, the relative rates

of migration of carbohydrate acids was not affected,
2
£

2

The Noutral Equivalents Cf The Suecrosa. Agids. -

A five g. sample of the ammodaium jalts was

dissolved in toen ml. of wataer and daocolourized with
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Norite~A charcoal. The colourless solution wasps

/

mg., was dissolved in 50 ml. of water and quanti-

freeze-~driad overnight and, a sample, weighing 379, 4

.tativlelly ;rannferrad into a flaask containin'gIIZS ml. of
50%_sé'dium hydroxide. Tho‘am:nonia was diat.i-lled Dy
the Kje'ldahl maethod inte a trap containing standard
hydrochloric acid. The calculated miilioqnivalontn
of ammonia were 1.015, and 1,064 mi—llicquivalonts
;vero found. The method was utan_dardizm:i againat
cryatalline ammonium D-gluconatas and '1% accura..cy

-was obtained in triplicate determination.

The Inversion OFf Sucrose Acids By Enzymes
and Acid. -

The enzym_e' invertase, a ﬂ-D-!rncto‘—

furanosidase was used for the inveralon of the sucrose

H

'ac'ids and the activity of the commarcial preparation
obtai.nad. from Pfanutiehl‘ Laboratories was dntorminedj.
éccofding to the method of tho. Association of Official
Agricultural Chemists (111). Ten g. of sucrose were
transferred to a flask calibrated at 100 and 110 ml.

and 75 ml. of water were ad(iod to dissolve the sugar. ‘.
Two dropa of glacial acetic acid were added and the
whole was diluted to 100 ml. of solultion. The iavertas
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ﬁolu'tionl.‘was proepared by diluting one ml. 5f e;zzyme
preparation to 260 ml. To the 100 ml. sugar solution
was added 10 ml. of the dilute enzyme solution and |
the solution was thoroughly and r.apidly mixed. At'the‘.
termination of exactly 60 minutes, a portion of the
aolution wau‘mgdo distinctly al'kalin- to li_tm'u'a plapinr
with sodium carbonate and the sclution was polariaed
at .20°. When the enzyme preparation is sufficiontly .
active, the alkaline solution 'pdlatian's. +31° specific,
without applying correction éor the dirllu.t_ion of the
pugar solution. In this work, the activity of'tho_ |

enaymae preparation was somewhat low'as the 60

minute reading was +47.7°.

"A standard solution of ammonium sucro-
nates, free from sucrose, containing 12 g. per 100 ml.
was preparled. The rotation was [«] ;")0 - +38.6°
(c, 12 in water). A 9.53% sclution of ammoninm sucro~-
nate was prepared by adding to !.ml. of-lz% sclution
1 ml. of diluted onzymé preparatian aand 0.5 ml. of
glaclal acetic acid in order to give a solution with a

) g

pH of 5.8. V'I'hin ie the pH range.in which invertase q

has tho aoptimum activity (112). The rate of hydroljrniu

;
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was followecd polarimetrically and the results gix}en-

in_table' II.

Tablea 11/!

The Hydrolysis “Of Sucronic Acid By Invertase

. +
e Enzyme

Time in Hours

) . | Observed J
0 7.70 {
5 6..01 - b
10 ® 4,.85 1
15 4.140
20 3.6‘0
J
25 3.35
30 3.20 i
) 35 3.02
40 3..01
. _ . .
60 3.01

The contribution of the"?&nzyme invertass to the optical

rotation can be ignor=d as blank solutions containing

invertase only had no measurable optical activity ia the |
concentrations used for hydrolysis

The final rotation |
25 o ' .
waa[ok]D =+15.4" (¢, 9.5 in water).

Once the
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_equilibriuz’n'rotation was reached, the hydrolyzate

was pla.co‘d.o'n paper and the chfomat.t::g'ra'ﬁa dovalc;pod
_with butanol:wlator. Both D-glucose and D-fruc_toao
were datuc’ted(by spraying with aniline phosphate and
urea oxﬁlate spray reagents. A third paper chz;omato-
gram was spra'yod lightly with distilled water and

hald in hydrogoen chloride fumes. Tha chromatogram
was then sprayed with naphthoreuorcinol reagent and
driad- at 105°, then treated with steam for five n:iinut-ea.
The low Ry naltaxoi tho acids appea.red a3 blue spots

on a pink background.

-
~

Five ml., of a lz%}aqueuuu ammonium

sucronate solution was treated with hydrochloric acid

[
\

until the asolution was pH 2.3. The solution was left:

alt room temperature and the equilibrium rotation was
[0(] 23 =+12.6%(c, 10.5 in water). The complates ‘a
hydrolyuxs of the glycosidic linkage- by the enzyme was

check,ed by adding to the equillbratad solution of en -
: o
X

-

zyme and hydrolyzed sucronic acid, sufficient o.1 N
bydrochloric acid to bring the solution to pH Z2.0.
No observable changes in rotation occurred during 13

hours at - room temperature.
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To 2 solution of five ml. of 12% armmoniun

sucronate was added 0,5 g. of A -amylasa enzyma

"and the uoluti'cvn wag left for five days at room term-
pvrature. No observable change in rotation could Lo |
detected. Paper chromatograms Of. the 'o(.-amylaac
tré#ted solution war’c ‘developed with b'utanol:witer
ax.1d spraycfi with parmangana.ta -~ poeriodate . reagent,
No detectable quantities of D-glucose or D-fructose

were found.

. A solution containing 2.04 g. of anhydrous |
ammonium sucronate was inverted with inw‘rertana and
once ‘thc equiliblrium, rotation waa reached the solution;
was passed over a 20 g. column of Amberlite IR-45
anion exchange resin. The column was elut‘cd withn
distilled wator u‘nt'il the pH had d:&pped from 9 to that.
of distillled wat.ar. and, also, when ‘;'ncgativa an-
.throng teat for reducing sugars w:..\s obtained (100).
The eluate was concentrated in vacuum to a glass,

The Eolid was dried over phosphozous pentoxide for
two days aud then waighed., From .04 g. of sucrose

acids, 1.066 g. of neutral sugars were obtained. The i
\ . - i
i

syrup was paper chromatographed using butanol:water

‘h



was therefore 67 of the total sample.t

76.

for two days and the chromatogram sprayed with

~aniline phosphate and permanganato - periodate re-

o

azent. Two apots corresponiling tc D-gluccao and
D-fructoss were obtaiaed,
Analysis Of Neutral Co.npofients. -
'_I’hsc anoutral slyrup.which was obtainoed from
the cnaymatic hydrolysis of pucronic acid, polarized
22 o : . - :
[o(]D = +1.9° (¢, 1.04 in water). Tha composition
of the mixture of D-—gluéouo ( [«]20‘ - +52.7%and
{ o
D-fructos&‘{ [o(]DO = - 92.4°) cnuld be calculatad
\\- . . .
since the specific rotations of the pure components

are known. Oa this basis, the syrup contained 35%

D-fructose and 65% D;glucono. ‘
R :

The syrup was next analyzed for D-glucose

‘by tha {ocdomotric titration method. Tha moethod was

.sta'ndard..i-‘a-ed..,égainst known D-glucoss, as well a3
. |

| S | |
mixtures of D-glucose and D-fructajs, until the method

T . ' o
w2y Hccurate te within two per cecat. Tae namber of

-

'millioguivalents of D-glucose foufd in a 280.1 mgqg.

e

.Ba.;npl‘ of the syrup was 3.21, which correspondsa 1o

283.9. mpg. of D—g“luCOn\e.. The conteant of D-g'lucorso a

-,

< ‘ » ' ' : .:'
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Analysis Of The Acid Moicties Of Sucronic Acid.
The total uronic acid and ketoaldonic acid
content per sucronic acid molecule was determinued

by the decarboxylation method which was first stan-

-

dardized against D—glucuronolictone. methyl 2-keto-

™

~P-gluconate and calcium 5—kctc;—D—g1uconata. The

yields of carbon dioxide were 98.5% and 95.0% for the !
I. ) Y V ’ ' . I

glucuronolactone, 101.6%, 100.8% for the methyl 2-

keto-D-gluconic acid, anci B0.-0%, 82.0% for the

calcium S—keto—D—gvluconatc.

The low ‘analysea of the calcium 5-keto-D-
gluconate were checked by dotcrmiﬁing the 't..:a.lcium contue
by precipitation aa calciuﬂn: oxalate. From this analysis
it waas foﬁnd that the calcium content wan 114% based’
on the theoretical amount £rorﬁ }Qurc ca‘lciuin 5-leto-D-

N
gluconate. ™~

The ammonium sucronate was prepared for
the analysis by dcco'lourizing'with. D;rco G-60 and
evaporatipg the solution in vacua over stc-a.m uéxtll
the glass foamed. The gla.x.ss was then powdered and
dried in;vacuo at room tempara'ture for 14 hours.

‘T'he yields of carbon dloxide in duplicate deter-

minations were 80.0% and 79.8% of theory for pur.
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ammonium sucronate. ‘ o _ *

Two gramas of nnhjrdroua ammonium
sucrona'tc were dissolved in a minimum of hot 18%
aquooun. ethlaqol and the solution left ta cool slowly
to Toom temperature, T‘he solution was then kept
at 2° for two drayc. The solution deposited an
amorphous solid which was separated from the mother
liquor. ‘Tl:e aqueous cthanol solution waas concen-
trated to a glass in vacuo and the gli_un dried at 60°
in a vacuum pistol for 12 houra. A 319.4 mg. ‘5am;.|lc
liba‘r‘at-é 9.3 Img.. of carbon d'loxidnl, while tho‘ the -
oretical -valulc. assuming the compound to be ammo-

nium sucronate, was 37.6 mg. -+

A

The amorphous solid which was pracipitated

from the agqueous ethanol a_olutioﬁ was dried in vacuo
a.t 60° for 12 hours and a 299.8 mg. sample was dec;f-
boxyiated . The -compound yielded 34.44 mg. or 97. 4%
of the tho'orotica-f"'weight of carbon dioxide for am-

monium gsucronate,.

A solution containing 1.3 g. of the am-

monium sucronate was hydrpclyzed with invertapse en-

‘zyme and the salts freed of n utral sugars by panain‘g

-
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the hydrolyzate over a 15 g. column of anion exchauye

rosin Amberlite IR-45. The acids werea removed from

e o i e = e e R TR

tha ion exchange column by elufing the resin with 80% !
acetic acid. Four liters of effluant wore requir;:d Lo
_free the cglumn of reducing acide. The eluate was
cdncentrate:i to a thicl syrup to. remove :tﬁe acotic
acid, and the syrup was taken u;; in 25 ml. of dis‘-
till_led water and frée:o—drio_d-{or 20 hours. Decar-
boxylatiox‘xl-'of a sampllf::“of thae whit.e powdery acids

gave an 8‘5.5% yield of carbon dioxide basad on the

apsumption that the matarial was only hexuronic acid.

Ammonium sucronate was analyzed for its

2-ketoacid content by the psriodate oxidation proce-
w

dure. A solution containing 1 mM (373.8 mg.) of
aAmmonium sucronate was dissoclved in 25 ml. of dis-
tilled water and 3 ml. of diluted eﬁnymd preparation

added. The solution was left at 25% until the equi-

4

librium zjotation\\k"a'rr reached. Twenty ml. of the

golution were pipettcsd into a ground glass bottle and

o0
———

2.5 gm. of sodium {aeriodath were added. The welght
.-/-
of calcium salts precipitated by the additon of calcium

chloride :was 7.4 mg. Contamination of the calcium
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oxalate by calcium iodate wag corrected for by ti-

) ) ]
trating the pracipithto with acidic permanganata. The
quantify of oxalic acid, 3.95 mgyg., formed in the oxy:*

dation indicated thatfthe substance possessed 38.5%

2-keto-D-gluconic acid,

A second analysis for Z-k‘cto-D-gluconic
acid was attempted using the method of Lanning 'and.
Cohen. (90). Standard qaﬁ:pies of pure .2'-keto-D-
gluconic axlcid,. D-g_lucufqnic acid and‘ calcium 5-keto-
D-gluconate were prepared, a3 well as standard
mixzxtures of tho)‘aboy‘e cfompoundn.j #Nhen the mpcth-odl
was applied to(the mixtures, it waas found_‘ that D -

glucuronic acid interfered with the peak for the 2-

*«

*

ketoaldonic acida at 360/%./1‘... However, the method
did indicate the presence of 2-kotoaldonic acids in
the ammonium sucronate, since the characteristic

peak was recgistered at 360 m. w.

c. The Prep:;ratién Of Sucronic Acid bogivativcu. -
Sodium Borohydfido Reductions. -
'Ammonium sucronate, 3.5 g., was inverted
with invertase at pH‘ 5.6;'.;1'\.’(11@;1 the equilibriuvm was

reached, thae solution (50 ml.) was treated with excesa
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sodium borohydride and tested with anthrone reagon""-‘lt
(100) for completenocss of reaction. The reduction V-I'P,‘a:;

4

continued for 76 hours at room temperaturd.  The "\‘

solution still gave a positive anthrone test indicating;",‘
the p’rcsen.ce of reducing compounds. Further re
Auction was carried on for .24 h‘oura;' however, th
product remained partially reducing. P;.r.p-r chroma;
tography of the product using but‘anolzwater and pub-
sequent spraying lwith permanganate ~ periodate did not
indicate compounds with an 'Rf. which would be separ:ablé
from the remaining uronic type acids.

Isolation Of- D-Glucuronolactone From An

Hy'drolyznto Of Ammonium Surcronate. . -

Three hundred mg. of freeze-dried ammo-
nium sucronate was dissolved in 18 ml. of accticlaciji'
and 12 ml. of distilled water. The solution w.aa laft
at 45° until .thé .equilibrium rotation of the solution.
wa s Teached., After a‘ix days, thel solutic:n was pasaed
over a 40. B. column ‘of anion eicEangoresin Amberlite

IR-45. The neutral hydrolyzate broducts were removed

from the column with distilled %atur. Paper chroma-

tography using butanol:water gave two Bpots corras-

ponding to D-glucose and D-fructose when the paper was
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sprayed with aniline phosphate. 'Rhe acid components
wore removed from the column wi‘t 2.1 literas of.

3.1 N acetlc acid. The' solution was concentrated at
- 3¢°% in vacuo to a total volume of 40 ml; thc-sol.ution

waas then frozen and the solvent removed by freeze -

drying overnight.

The acids (130 mg.) wers disdolvo& in 3 ml.
, of distilled water and h.a.ated to 60°. Three ml. of
\og diox'anc ware added and tﬁe ao.llution was concen-
trated to a glassa. ‘A’h additional 6 ml. of dioxane
weére a;ided and distilled. This was repeated four .
times and the reuult.ing ay‘rup was taken up i.n the f‘
minimum amount of hot 80% etha.nc_»'l. Th'o solution was
.decoiourizod with charcoal and filtered. The ac?lutic:n
was soeded with au.thénti.c D-~glucuronolactone and, s
after three d‘a.yn at 59, the compo:und pa‘rtially crystal-‘ll
;
lized. .The solution was filtered and washed with 3 ml,
of ice c.:old 90% ethanol and the product dried in a
pistol at 60° for t:.;ro h:)ura. The compound melted at
160° - 164.5% while authontic. b»glucuronolacto’ne

melted at 164° - 165°%. A mixed_meltin‘g' point caused

‘no deprESlion of the maelting point, The waight of
) N
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‘ crystalline D-glucuyonolactone obtained was 18 mg.

or 13.8% of the total weight of acid,

The crystalline product obtained -was paper
.chromatr;:graphed using a._c.-,-tic‘a'cid:ethanol:watcr and
compared to aﬁthentic D-glucuronollactona. Both com-
pounds gave a positive h?droﬁ:amic acid test and had

ldentical Ry values.

The lactone was further characterized by
forming the diethyl dithioacetal deriva‘ti‘ve according
to the method of Wolfrom and Onodaera (113}, Theo
lactfne, 18 ;ng., was suspended in‘ 2 ml. of ice ‘col‘d
concentrated hydrochloric.acid..and 3 ml. of ethane-
thio\-i\ added. The suspension was shaken continuo.uuly
for 45 minutes at 0°. The rca;:tion'n'x.i:cturo wasg pouared
inr 30 ml. of ice water and e‘nxtra.ctlcd three timaos with
20 ml. o_i'chillod ethyl acotate. The ethyl.#cet‘:;:q
extractions were com‘b-ined and dried ovér anhydrous
a.odi'ﬁm sulfate. The solution was conccntr.ate:&d at 30° ‘
in vacuum and 21.1 my. of a ycilow syrup were ob-
.tninod. ,Jhis represents a 72% fyield. The dj.ct'hyl

‘dithiocacetal was then thorolughly d_z;iad olvér phosphorous

pehtoxide for 13 houra and then dissolved in 40 ml. of
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gmph. of Amberlite IR-45 anion exchange resin. UOna g.

84,

anhydrous pyridine with 10 ml. of acetic anhydride.

‘The solution was left at 2° overnight. The reaction

solution was conccnt:atc;l t2 a thick glass at 707 1n

vacuum and 20 ml. of chloroform 2dded to the 'ayrup.
Tha syrup was 'thun. decolourized by p;naing it aver

f Magnasol cqnta.i;aing-ZS% Colita.

(

The column was wasohed with an a;dditional 15 ml. of

a lC g. column o

chloroform. The chloroform scolution was taken down
to arynosﬂ and the syrup diasolved in a minimum of
hot ethanol,. The compound cr}gtailized in 02% _

overall yield, and was identical (o authontic 2,4,5~

tri-O-acetyl D-glucuronolactone diethyl dithiocacetal,

' ‘ ' 23 .
melting. point 110.59, [‘*(] :150.30(13. 1.07.in

D
ethanol).
d-. The Oxidation Of Protected Monoaacc'ha.ridea
By.Oxygen and Platinum Catalyst. -
The Oxidation Of Methyl o -D-Glucopyranoside. -

Ten g. of methyl &-D-gluéopyranoside were

dissolved in 50 ml. of distilled water cc_)nta.ining 23

. N, : ) . . -
of platinized - charcoal catalyst was addod to the

slurry and the whole was shaken at 68% to 70° undor

50 pounds pressure of oxygen for 72 hours.
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oxidation, the methyl M-D-gluco.pyre_lnos.ide was
washed from the resin with dis_tillc;d water until a
negative anthrone test was o!:ta.ined. The acid, a
met‘hyi ‘Id-D-glucuronide'. was ram‘oved from the resia.
‘with 6 N ammonium hydrox'idc until a negative an-
throne tesnt wal.a obtained. The wai'gh‘.t of amr;onium
salt was 1.6 g. ‘Pa,p':ar chromatography with butanol:

water showed complete soparation between the re-

actant and the product.

“ The ‘nyrup was analysed for purity by the
evoluiion of.carb-on dioxide as p'roviously described.
A solution of .12% hydrochloric acid containing 92.453
mg. of th;: salt; I;bcratad 15.4 mg. of carbon dioxide,

which coi-responded to 86.6% of theoretical.
:'f-J‘—
_F
The product, 1.2 g., was dissolved in 100 ml.

of 2 N hydro.chloric acid, heated at 65? for two hours

and left at room temperature overnight. The Byrup

was evaporated to dryness at 302 and 50 ml. of dioxan:
f-..;vére‘added and removed by distillation. After four

such additiona, the syrup was freed of solvent and

pumped to dryness undar a vacuum for six hours. The

material was then dissolved in 10 ml. of hot ethanol
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and decolourized with Darco G-60. Paper chroma -

-

-

tography using butanol:water indicated the presence
of'D-glucuronolactone in high_'concentr;tion when the

paper wag sprayé‘d with analine phosphate reagent.

A 103.1 mg. sample of the s:yrupy material
wan converted to cryat;lline 2,4.5—tri-O;accty1_D-_'
glucuronolactone diethyl dithioacetal by the method
of Wolfrom (113). After filtering and drying the
cryostalline material, t'he weight of pro&uct obtaiged
‘was 86 mg., which correupon\ded to a 12% yielci cal-
culated from tho‘ ammonium‘sa'lt of the r;nethyl ®-D-
glucq:\onide. The compound m.gltcd at 109, 5° aft§r
one x.-ecr‘y:t.alli‘zation from hot ethanol. Mixed rﬁélting._
p;)irit between-the authentic 2,4,5-tri-0O-acetyl D-
glucuronolactone di_ethyl dithio_a.cetai gnd the compound

- ~
gave no depression. The rotation of both was 1

[.(]12)3 - +56.5% {c, 2.84 in ethanol).

The Oxidation Of 1,2;3,4 -Di-O—isoproﬁylidene--—
D'-Gala\ctose. -
A solﬁ-tior: containing 25.5 g. of 1,2;3,4 -
diTO;isopropylidenonD—galactoae in 175 ml. of 5%

dioxane in water was slurried with 74 g. of Amberlite
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IR-45. Two grama of catalyst were added to the D(
suspension and the whole was o::idi.zed alt 70° for 95 .
houre. The renin mixture was eluted with distil'lc:d
water until a negative anthrono te.at.for r‘educing

J
sugars wags obtained (100).% The 1,2;3,4 -di-0O-

ipopropylidena D-galact\;rorﬂc acid was removed from
the resin as the ammonium n‘alt by eolution with 6 N
ammoniam hydrc?xida until ‘a négative an;hro-§1c t-est
was obtained, 'I'hc ammonium i,Z;j,‘i —di-O-isopro-
pylideno—D-.ga.lactkuronato crystallized from the hot
ammonia solution .u.rhcnlt_the a.mmonium“ hydroxide waa
removed by eva:poration at 40° {n vacuum. The
welight of compound isolated was.2-6 g. Carbon di-

Y

oxide analysis in 12% hydrochloric acid gave 99.1%
of the theoretical quantity of carbon dioxide. The com-
pound melts at 244° with sublimation at 2059, which

q

is in agroement with the melting point reported i{n the

literature (114).




111. CONCLUSIONS

The problem of oxidizing sucrose and ob-

taining an acid with the glycosidic linkage intact
[ . M
inveolves finding reaction conditions which are suf-

ficiently mild that the labile linkage betwaen D~
—~ ,

glucose and D~fructose may survive the treatment.
Any oxidation conditions which require acid media are

automatically ruled out. Of the methods in 'the.

[

literature which are appli_‘cable, the method chosen

+ ’I .\

seemed to be the most ‘pi'omisi‘ng since it fulfilled the,
necessary conditions of moderate temperatures and

non acidic media.
n . "

- . -The initial work using the method of

‘Mehltretter (33) 'was.invcstiga,;»o‘d\@\nd found to be un-~

satiafactorﬁor the following ‘reaao;\\‘@hen sucrose

-~

' TR
was oxidlzed by oxygen with a platinum -&:a';alyst, the

products of the initial oxidation were present in the

reaction mixture and appeared to be oxidizsed more

rapidly than the sucrose. Papor c)y%om'at'bgr:xphy

{
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. - 1
showed that reoxidation was o%ring since a mi- ?

nimum of eight compounds were detected while 40% -

: ) 7 ' '
of the original sucrose remained.

-

In ordar to be able to better study the

reaction, the&ystem was modified to include an

-

alkall trap in ordar to remove carbon dioxide e-

volved from the following reaction:-:

R - CHpOH4+0, — R-COOH+H 0 N2HCO3 " pegona » 10 +Co;

Previously, only small pressure changes could bp*ob:
. N . . .

served because one mole of oxygen consumed liberated

*

an equal amount of carbon dioxide. By removing the
carbon dioxide, volume changé occurred, and the:

uptakc of oxygen could be followed. Figure I shows

-

a contimuous curve for the ratio of sucrose and oxXygon
. . ¥

consumed up to 7 mM of oxygen per mM of sucrose.

il

. ® . - .
From the nature of the curve, thore is'no decrease

¢ ¢

ig the rate of oxygen up't‘aloe, hence, the firat prod-

. : . . y : \
ucts of the oxidation are susceptible to oxidation., If °

the oxidation ware as preferential for primary hy-
droxyl groups over secondary ones, as Mehltrettar

suggests, thon the rate of%@cidatidu should Kave shown

some decrease after an oxygen uptake of 3 mM af

;‘b/

I‘ . ' ' -‘ . »
@‘ . ‘ - :

+*.
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oxygen per mM of swcrose. The isolation of oxalic

acid as one of the products of oxidation means that

A

oxidation occurred at a Be‘yxﬂa‘ry position with the

subsequent Eleavagq of the carbon - carbon bond.

The use of 50% Darco G-60 and 50% Celites
as adsorption columns has proven useful in isolating

the prodt:\cts of oxidation from the reactants, sucrose

and sodium bicarbonate. This enabled the isolation /{

of the mixed products of t;xidation and also permitted
the isolation of unxl'oalcted 5ucroraia in nuffic;ontly. pure
state to establish directly the ex'tent'of oxid:atic.on. f‘[n
oxidations where two and threo*r;xM’ of oxygoen were
conaum-a'd per :lnM‘o'i sucrose, the percentage of un-
reacted sucrose was 40% and 33% reap.ectively. From
these values, the sBucrose which dig und;:\rgo oxidation
Qag oxidized fo- the extent of three to four rﬁM of
oxygon per mM of sucrose. These data show that the

1

initial products were pusqgeptible to further oxidation.

From the above, it was ap-par.an;l/:hat it -

would be impossible to oxidize sucrose under these

*

conditions and obtain a sucrose carboxylic acid in‘ap-

" preciable yields. However, chromatographic wor‘.—c)
. ) * ! ) !

i
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showed that the s‘ysto_m}ii'd) not attack the glycosmsidic

’ - NI .
linkage cognpletely since acids wero isolated which,
on hydrolysis, liberated rcducin.g sugars.

Oxidations Using Platinum Catalyst, Oxygzen

"And Yon Exchange Resin. -

- « . .
The problom of reoxidation wns,;.,{olvad
by introducing weakly bagic tertiary ammonium anion

exchange resin instead of the usual bicarbonate buf-

fer. Using the bicarbonate buffer, the products are

i ~ {

present In the rcactibn solution as the aoluble sde%xm

. X J
salts and hepge they arae available for further oxida-
tion. I-.Iow;vor. By subatituting the ion exchange resin
for the bicarbonate buffar, the.acids formed are
neutralized by the basic ion exchange resin and in .

this manyer, the carbohydrate acid is held to the resin.

Since the oxidation react\éon proceeds by hetero-

g

genoeous catalysis, the ingoluble salt can no longer

come-into contact with tHe catalyst becauss a three
. ;
.‘ " \ .
phase system is formed where two of the phases can-

not coma into propoer contact. Hence, in this mé&n-

ner, it is possible to protect the initial oxidation
-

products frpm being oxidized a specond timae. “

s

The weakly basic resin alsé derves as a
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means of maintaining neutrality since tao acids
.formed are neutralized, thus proventing a drop in pH

and consuguantly the hydrolysis of the g‘l\ycosxda bond

is prevented. The resin itseli is dot sxidized by the

reaction’/mixture since blank detarminations using

resin and catalyst alone did no consume any OXygen.
1 ? )

The resin must also be weaklsy asic since the Lon

L3

exchange resin cannot be eluted with acid si\ncé this

would hydroly.zc the glycosidié linkage of the sucronktc

acid., The resin must ba eluted with base and, if
sodium ox potan:\hrm hydroxide were used, a sepa-
ration problem involving the acid salts and the base
would be involved. Ammonium hydrozid’eh hag the ad-~
lvani.*.a.ge of boing‘volatile an‘d‘hcncarizhxay be easily.re-
moved from the non - volatile p'.roducts of the u.xlda-
tion. Since both the resin and the b'a,‘suvtlxaed fo

)

clution are weak .bases, the anions are readily re-

moved from the resin. e

~ s ' .
A third advantage of ‘using the ion ox-

change resin is the case with which the oxidation

products are freed of any unreacted sucrose., Whers-

as the sodium bicarbonate method required adsorption

columns and tedious elutions, ‘this method simply

o
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involved washing the resin with diatilled water until (

[
-

hg !
2 negative test for sucrose was obtained (1970).
o . ‘

The method using the ion exchange resin .

»8 not cosrtly in time  or material since the Temoval
of the acid products by elution of the column with
ammonium hydroxide also rbgene&rated the resin into
the hydroxide form. The resin éoul_d then be slurried
v s - . . S
‘a frash sucrose solution and a second oxidation
started using the sama catalyn.t@ Sucrose solutions

: ’
have boen oxidized in this manner using the same

- ’ !

resin and catalyst i’i”vﬁe. times and no appreciable loss

of activity could be detected.
o~

The oxidation of sucrose at one of the
threa pz'imary_hydroxyl g'roups of sucrose can give
rise to three sucronic acids, each of which hasa the
same olccx.xilar formula Clé Hy0O12- The three acids -
rn;},/y' be\regarded as positional isomers with the car-

J f . A '
boxyl g houp at cither the 6 position of the D~-glucosuo
residuc or the 1 and 6 positionsof the D-fructose por-

tion of the sucrose molegule. - \

T S,

\ o
Carbohydrate acids are diffiecult, to chro-
4 - oo '

matogrdaph and special solvent Bystems have been
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o)

,as formic acid, acotic aci

94.

P .

developed for the)ir Jeparation by paper chromatogra-

e

phy. Thase systems )\ usually containing acids such

"or phenol, are des'ignc.d//

rate acid an-a single spot, since

to keep the carbohy

in neutral media thqre is"alwziya an equilibrium bet-

‘ween tha acid and the lactone. Paper c_h/x_-_orna.togra.‘phy‘

i methods i'n not feauiblo‘

since the medium 18 auf'{ic-iontly_acidic to cause con-

of sucronic acid uling’th.

. ) ' - . W .
tinuous hydrolysis of the glycosidic link and, hence,

cause streaking. Paper chromatography of the free

acids was also found impossible because the a id is

zl;(nfficiant_ly strong to cause its own hy'd‘.‘r' lysis.
¥ R

Basped 'On"thae considerations, tha sucronic acids, f

“

\
Y

were paper chromatographed as the ammontium salts,

however, a solvent system capable of neparating the

positional isomers was not found and the acids simply

- t
develdped as a single spot on paper. Similar negative
results were obtained using paper7 sloctrophoresis.

The acids migrated as a single diffuse spot u'sing the
. TN e

: - , v .
‘buffering systems previously/mentioned.

Hydfo—k;cais‘ of the/se three acids gave D-
glﬁc':osa and D-fFFfuctosd as ihe neutral taxoses, and

D-zlucuronic acid, 2-keto-D-gluconic acid and

3
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- 5-l;eto-L-é§10nic _aci'd'as the .acid’moietiea.. Thoese l{

acidaﬁ have atli a4 common featu.re'thei: abili;y to i

dercarboxlylate quaﬁ;itat—ivoly .in 12% hydrfochloric acd‘
‘Deca;b'pxylation of these ‘a.cids. as iaolaltod fro?n"-?h\;
anion.exchanga resin, yielded approximatreiy 80% of
the calculatad-nrx.:ount af c:ifbén dioxide. From th-is,

-~

it is possible to say that the oxidation ol sucrose

must proculd in at leant 80% yield on the throe
primary p;:os.itio.nﬁ of suc»ijso.' Pu.riflcation of the
sucronic acide by a a.inglo precipitation from 18%
water in ethanol yields a"pﬂroduct ’with 97.4% of the
calculated carbon dioxide on decarboxylation with :f”
12% hydrochloric acid. Thoe nrzin-;lonium uucronhatosl
yielded 95.3% of ;he ammonia calculated on the basis
.of Cia H; 43 O N when trented with sodium hydroxida
Analyais 0Of Oxidation Producta. -

Paper chromatography, after the hydrol.yai.s
of the a.mmt;inium Bucronates, gave utro'ﬁ_g' evidc.ncc -
that the glycosidic link waa,‘,_,atilll present in the su-
cronic acids since boath b'-glucoao and D-fructose were
identified; howe\r:ar. furt-ﬁer ¢evidence was obtained by

o N W
treating the sucronic acidys with 7 enzyme invert.nse.

Enzymes are specific in their action and invertase



" or broken by the oxidation reacticn. Qriginally,

7

96.
S | . R
iss known to-hydrolyze only /JI-D—fructofuranoaidus.'

/ +

Since sucronic acid salio were inverted by the enzyme,

the glycosidic linkage of saucroase was not affected
. . ]

it was hoped that oxidation at.the C-1 position of - o

D-fructoué would lead to an acid whose ateric re=-

\ qgirom\ents about the glycosidic link would be suf-

»

ficiontiy altered to obastruct the starooapeciﬂc
a'x;zym’e from fﬁnctioning.' T"hla wc;uld have been a
convenient mathod otfdiffcrentiating between the
‘.tlhrao‘ amr.nonium sucronateas., However, the enayme
&ﬁmpletely hyt;rolfzod all th'rhaa sucronates.

The Beutral hexoses {rom the cnzyme
L

hydrolizate wero quantitatively separated frbm the

id components by ion oxchange methods and the P ‘

ratio of hexose to haexuronic acid was within
. % -\ . -

4% of the -thco)-oti.cal 4'8% hox"'oses and 52 of haxu\-»
roﬁic acids expected in suctonic acid.

< -

: . - N
From the ratio of D-glncose to D-fructose N
in ths neutral hydroliz_:at_e it wa3 péaaible to deter -

mine the percentage of oxidation which occurred on

3

the D-glucose and D-fructose moieties of sucrose..

'
.
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By optical rotatiom rxieas_ursmahtn the peroentage bf

D-glucose and D-fructose in the hydrolizate was 65%

D-glucose and 35% D-fructose. These calculations
po . :

were based on the known equilib_rium'rotation of D-

glucose and D-fructose and the fact that paper

chromatography failed to show the presence of any

-

other components. The above valup was checked by
oxidizing.the aldose quanmtitativiely in'the presence of

the ketose and measuring the quantity of iodine con-
. :‘\_,.
sumed in the oxidation. From this experimaent the

)

mixture analyzed 67% D-glucose and by diffepénce 339

/-_fructoso. From theae moeasuremaents it was concluded

that theo D-fructose moiety of sucrose is oxidized twice

as readily am th /'ﬁ‘:\gxlucosa portion., This is to be ex-
s ',‘f\-/ b] ‘

pected since the D-fructofuranose structure contains

twice@as‘ many primary hydroxyl groups as the D-gluco-

pyranose one. This established the extont of oxida-

tion occurring at the D-glucose C-6 poaition as approxi-

mately 33% of the total, however, the ratio of oxida-

tion between the one and six positions of D-fructose

remained unknown. \/ !

.The three acid salta liberated on the hy -

drolysis of ammonium sucronate by the enayme
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invertase xﬁqu_at be D-glucuronic a'cid (Vli). 2-koto-D -
¢liconlc acid {(VILI) and 5-keto-L-gulonic acid (IX).

S |
Of tha three acids, only the 2-keto acid

liberates oxaljc acid on trecatment with sodium meta-
periodaté. This glycol cleaving agent forms the

oxalic acid by cleaving t.he carbon - carbon bond bet-

woen GC-2 and C-3 oi the 2-ketd- D-gluconic acid. The

*

oxalic ncid liberatod in the oxidation was determined’

*

b}i'precip.itation as the c:_xlch;m salt and the oxalic
_acid content of the prccipita‘t.u'detarmined by oxida-~.,
tion to carbon dioxide with _acidic‘permanganate. ‘Thae
yield of oxalic acid ‘indicated that 38% of t‘ho.oxida-
tion occurreé at the C-1 p'oaitiﬁn of the D-'fru'c.:t'ose
moiety. Therleforc,.the relative rates of o:r:;idation
of 6,1' and &' positions’_éppaar to be 34:38:28. ~These
;raluca correspond tb practically a statisti'ca.i distri-
bution of oxidation betwean the three available posi-
tions.
X A confirmation of thel valhe obtained t‘)y-
pe-:zri'odate oxi‘datfon for the C~2 p'osition_ wag sought
by using the'co.lourimctric- determination of the Zh-rj

hyroxyquinoxalii:e formed by the condensation of the

2-ketoaldonic acids with ortho—p'henylenadiamine}

.

A
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The adsorption spectra 6f the condu.a'ns:rr.ion product-.e;
’oil' sucronic acidg with ortho;phdnylen.di mine showed
. cinaiacteri;tic peak at 360@.#..'.howevor..fho. method
could not be made quaﬁtitative due to interference

. by the uronic acid preaen‘t in the mixture. The iﬁtar-
ference of D-glucuronic acid was proven by doter-
r.n‘inati‘c_mn doh_a on kn.own mixtu‘re..ole-giucﬁrdnic
acid and Zukoto-D-g.lu;cnilc acid. The method did

"however confirm the presence of 2-ketoacids in the

mixture.

Tha. e:-!tima;ion of t.ho 5'-kleto-L;guloni.c \
aci‘d by the modified Benedict's reaga"nt could not be
ctarried out?{'a.ince it ‘was' not po;biblc to reproduce
the re‘sults described by: uaizig étgndard solutions of
.5.-,keto—D-g1uconic acid.

The Preparation Of Sucr;nic Acid Derivatives., -
? The uronic acids and Ketohexonic acide are
known as an unstable clasu'if-i:cation oflcompounda
which are o!tez; sufficiently atrong acids to cause
their own decompositic.;n in concantrated solutions or
ag #morphoua uol\id_a. Thae a..idonic acids, on the other

hand, are stable under such conditions and are there-

fore easier to identify.
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\

Uronic acids can be convartod to aldoniec
> '] . :

acids by rodugtion"'o( the aldehyde or hemiacoetal

group to a' primary alcohol. The zcagent of choice
. “w » L
to reduce tho aldehyde group is sodium borohydride

{115)(116)(117). The ammonium salts of the acids

obtained on the hydrolysis of ammonium sucronato
were ;reateci with excoess sodiuﬁ borohydride and the
reaction tosted for completion uaing' the ar.lthron'o
reagent {(100). The solution ;Itiil contained?educing
compounds after reaction iime: of up to one week.
Since yrbnic acids (116) and 5-keto aldonic acids {115)
can be reduced quantitatively, the remaining ﬁcid in

the mixture, the 2-keto-D=-gluconic acid must be the

reducing compound which was not reduced completely.

¢ A pousible‘explanation for‘ this is the a-
Lility of the ‘Z-ketoaldo'nic acids to f.orn':——;.n.g‘diols
under oli’thar‘, acidic or basic conditions (84). Since
sodium borohydride reductions are don.c under alkaline
COndit-ions. itl i‘é.éuita probable that an cqﬁilibrium
between the Z-keto‘ form a.n_d.‘ the enediolic system was

set up. "Ro'ductonou are known not to be attacked by

lithium aluminum hydride (118},
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Acids from Sucronic Acid. -

!

Indirect evidence obtained from the an'aly--,'

7 v
ydrolysis.

sis of the noutral sugars derived from the h
of sucronic aqid‘ihdicated that 34% of tha c'indatioﬁ
formed a ﬁ-D-fructofufnnOlyl- X - D—‘éluc'uronide (Lv),

. [ 1
however, no satisfactory method of anglyais for

uronic acide could be'found which was free from
intorfﬁren'ce by ka;ohexonic acids. The sﬁqronic,
acids were .h).(drolyzed'and .the acidu.wero lsolated.
D-Glucuronic acid \wﬁs‘obtaipam D\glucu;ono-
1a.ct6ne-in 13.8% yield. Since the sucronic -acid is
monocarboxylic, D-g'lucuronqlaét‘ono tl.:ould only come
from the hy;irolyais of the /)’-D-fructof.u.?a.noayl- of -
1
D-glucuronide. The lactone, when isolated fx:om'the'
complex mixture of acids, had a low melting point,

: Rccr&ﬂt,allization was slow and the recovery of the
' [

acid was poor. During this work the fi'rat good deriv-’ |

ative of D-—glu\curonic was reported by Wolfrom (113).
Using the latltl;r derivative, it was possible to isolate
‘a 629 yield of 2,4,5-tri-O-acetyl-D-glucuronolactone
diethyl dithioacetal based on D-glucuronolactone.

This further characterized the D-g-‘lucuronic:‘acid. -
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‘Aqlducta"' Of_Sucronic-Acicr1V1th_;Dij}miden“. -
In prder to try 'a.nd‘ £o.r:n .cryntallino de -
rjative.a of _ucrox;;xc acids, thci‘r r.aaction with
N, N'-dicycléhfkyl-carboaiimi%an@ N, N_’-di-p_;o;ﬂ_
carbodiimide was inv.a_u_tig'ato.d. " These reagents, which
were theroughly reviewaed by K;horan:r in 1953 (120),
provide-an easy route to tha.‘a.cid amides which are

neptral compounds and hence might‘be more easily

separated by chromatographie meth-od-. In the course

6f their reactions, it was found that prn..ctica‘llyrq\;\a.n.ti—
tative yiélda of adducts of sucronic acid and.N,Nl.—dt-p_-r
toljvlc'arb.ddilniidn could be achiaved using dimethyl
"sulfoxide as the reaction media. Theze adducts were -
hydro‘lyzec; by both aé‘id and ‘alkallx. Acidltrcatment
cleaved the gulycoaidic linkage, while alkaline condi-
tions .c'lea.ved the a:.r:ido linbage found in the adduct.
The formation of _theau.ar%//éxf'cta did .x'xot however prove

useful in characterizing the sucyonic acids, since thoy

did nc't for.:fx: 'cryst.all‘ine dorivath&,@\ o %
The: Oz:.idation Of Variocus Cgrbohydr.a.ten By
Oxygen-l Using Platin‘um C'ataly,st And lon
'};:xcha.n\ge Resin, -

“In order to show the wide applicability.of

s



..the method develope

characterized as 2, 4, 5-tri-0-aca‘t'-y1 D-g‘lucu'rono-

(Y

. : 103,

, d) | | |

both methyl d-D-glucopyrano-

v ' e - ‘ . I

side and 1,2;3,4-0- dixst)propylxdcnc-D-Lgalactone
wers oxidized by oxypgen and platidaom .c’a.tlalyut using
the _{Leain Amberlite 11{445 as the at:;'id-acccﬁtori..
Methyl q('-‘Q-gl\;cosidd, which had only the aldehydé

grpuping protected, Was'ogidizad_ in 84. 6% y.ald as

dotermined by carbon dioxi

methyl o-D-glucuronide, The und was then

lactone diethyl dithioacetal. _ - . a:

The usefulness of the method was further .

demonstrated by the oxidation of 1,‘,2.;3,4—di-0-i's"opr§-

. 3 -

pylidené D-.galactose. Ten per cent dioxane was addcd

to increase the a'olubili_ty of the compound in the oxi-
dation mixture, Zlation of the 'product with axx\xyxoniim ‘
hydroxide yielded ammonium di-O-isopropylidene D-

galacturonate which crystallized immaediately on con-

centrating the effluent,

4

In concluoien., it is posaible to state that

@ new method for the oxtdation of 3lycosides to tha

-4

corresponding uronic acid in ylclda from 80 to 100%

has been developed. This mathod .undoubtedly will



.,
~
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prove to have wide applicability. The procedure al-

v

lowed the oxidation of sucross to the thres possible

'\\\m'onoc:arbéxylic acids for the first time.
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1v. CLAIMSE TO ORIGINAL RESZARCH

e
\,

| The a.zd.d':‘tion of an anion exchaage resin to
oxygen oxidations of glycosides whaen cataiy:ed by.

platinum was shown to protact the primary oxida -

‘tion products from further oxidation.

2. The monocarboxylic acids which result fraqm
the oxidation of each of the three primary alcohol
groups in sucrose were prcparcd': for the firat time.

<

| v |
3. . The three primary hydroxyl groups in sucrose

were found to oxidize at approximately egual rates.

Y ~

4., ‘A novel method for the determination of
Z-kett;-al_donic acids in the presence ‘of D-glucose,

‘ Dl—ir_uctose.' D-glucuronic acid and S5-keto-L-gulonic
acid was developed using a periodate oxidation to

form oxalic acid.

5. The hydrolysis of the glycosidic linkage of
the ammonium salts of._the three sucronic acids were
found to be catalyzed by invertase enzyme.’

v




’ ‘\;

ido.

o '
6. Methyl o~D-glucopyranoside was oxidized in

36% yield to the garrcﬁpandingznothfi X-i-glu-

curonide.

7. 1.2;3,4-bi-0-iuo§ropyliﬁune-n-galuctose wa 3

oxidized in 100% yield to the correspondiag 1,2;3,4~

/ ] ! .
di—O-iaopropylidane-D-galacturonidc.
! s

]
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