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Barium 2-Ketolactobionate and the Corresponding
Barinum Bromide Double Salt'® .

By Williom W. Walton and Horace 8. Isbell

Ag a preliminary step in the developmant of methods for the preparation of 2-ketoaldo-
bionis acida for use in the aynthesis of glycosidic derivatives of agcorbie aeid, the prepacation
of 2-ketolactobionic aeid has been studied. By oxidation of lectose osone with bromipe in
the presence of barium carbonate, barivm 3-kefolactoblonste was obtained and separsted
la the cepstalling state. In addition to the nortmal berium sslt, & double salt contalning
harivm bromide was found. Thia salt is unique in that it Ja the Grot and only crystalline
bariium bromide sald of & sugsr acld reported in the literature. It eryatallizee freely and is
usaful for the sepsration and identifeation of A-ketolastobionic acid.

I. Intraduction

In consideration of the relationship between the
carbobydrates and vitamin © and the prevalence
of glyeosidee in pnatural products, it ssemed de-
sirable to undertake the preparation and study of
some glycosidic derivatives of ascorbie acid. The
moat natural course for the synthesis of the glyce-
sidic derivatives of ascorhic acid is through the
intermediate production of 2-ketoaldobicnic acids.
The esters of certain 2-keto acids ubdergo lackoni-
gation and enclization with the formation of as-
corbic acids (1, 2, 3].* Thus one might expect
thet methyl 2-ketomelibionate on treatment with
godium methylate in methanol would give the
following reaction:
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The facility with which esters of 2-ketoaldonic
acids yield mscorbic acid derivatives has led to the
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development of methods for their production. The
most generally vsed method consists of exidation
of ketoses with potassium permanganatz. With
this method, it is neccssary to protect the hydroxyl
groups other than those attached to carbons one
and two, as for inatanee by preparing acetone de- .
rivetives. It has been found, however, that L-sor-
hose [4] and p-fructose [5] can be oxidized directly
with nitrie acid to 2-keto-L-gluconic acid and 2-
keto-p-gluconic acid, respectively. In some cases
the aldonic acida or their esters ean be oxidized,
and the keto acid or ifs ester can be obtained di-
rectly. Thiz has been accomplished by several
methode, netably by anedic oxidation of & salt of
the aldonic acid [6] and by oxidation of the aldonic
acid, ite lactone, or ester with & chlorate in the
presence of vanadium pentoxide [7]. The latter
tnethed requires the presence of an acid and is
not snitable for the preparation of keto acids con-
taining oasily hydrolyzabla glycosidic groupe.

A methed that does pot require the presence of
an acid consists of the production of the sugar
osone followed by oxidation with bromine in sub-
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stuntinlly neutral solution. The procedure s
suitable for use with osones derived from hoth
maondsncoharides: and  disnechsirides, and it Lass
been applicd to o number of osones ineluding
maltosone [8]. The product Drom maltodone was
reported to be amorphous and was undoubtedly
an jmpure salt of 2-ketomaltobionie acid,  As
mentioned hefore, the enoligation and lnetoniza-
tion of vertain 2-ketoaldobionie wends would be
expected to vield sscorbic acid derivatives of the
desired type.  2-Ketomaltobionio acid and 2-keto-
lactobionic acid, however, contain substiluents on
the fourth carbon atom that prevent ring closure
to that earbon atom.  For this reason they cannot
vield sscorbic acid derivativies. Nevertheless, on
necount of the resdy availubility of lactose it was
silected  for  preliminary  study  of  oxidation
et liods,

II. Barium 2-Ketolactobionate and Iis
Barium Bromide Double Salt

As an mtermediate in the preparation of 2-keto-
Inctobionie acid, it wis necessary to prepare lne-
tase osone.  Ordinarily osones are obtamed by
venction of phenylhivilenzine with the sugar fol-
lowead by trentmont of the pesulting phonyloseons
with benzaldohvde [0] to remove the phenylhydra-
gine, In some enses osones have been oblained
by direct oxidation of the sugar with copper
soeetate [10]; but this method s not applicable to
dissecharides, boeguse the reaction is slow and
considerable hydrolysis takes place.  Henee, the
first method was adapted,  The lnetose osone was
oxidized with bromive in the presence of barium
carbonute, the resulting barinm bromide was re-
moved by teestment with silver sulphate, and
barinm Z-ketoloctobionnte was orystallizod from
thie solution.  Darium 2-ketolactobionnte is the
st grestalling moetallic salt of a 2-ketonldobionic
acid Lo be prepared. 14 is quite soluble amd does
not ervstullize ensily. Tt was found, however,
that barium 2-ketnlactobionste forms o donhbile
salt with barium  bromide, which  ervatallizes
rondily.  The salt appears 1o he somewhnt annl-
ogous to caleium  Jactobionate-caldum  Bromide
[11]. Noevertheless, it s unique in that it is the
first gl only eeyatalling spll of o sugar seid 10
aonntain barinm bromide.  Photomicrographs ol
the pormal salt and the double salt are shown in
figrnnee 1.
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Froue b, A, Hardom  @Eatolaeiebionals  dikydte,

lixlis= grm¢ 1, Bariwem S-Eatolaetobionatebariuwm bro-
made Lutrithidrode, lalh = — 288 X 2005,

The double salt is particularly suitable for the
geparuiion of 2<ketolaetobionic acid  Trom the
miscbure oliained by the oxidation of Inetose osone
with bromine becnuse it erystallizes freely from
the impuree mixiaee, and the baviom hromile
nevessary for the formalion of the salt is a
byproduet of the resotion.  The saly 5 charae-
terstie of  the 2-ketolaetobionie seid  strueture
and should b useful for identification purposes,
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IO, Structure of Barium 2-Ketolactchic-
Em‘ie and its Barium Bromide Double
alt

To establish that the normal barium 2-keto-
Inctobionate and the bariem bromide douhble salt
are derivatives of the same 2-keloaldobionic acid,
the normal sslt was prepared from the double
galt by removal of the bariwmmn bromide with
silver sulfate followed by erystallization. Fuorther-
more, by the addition of & mole of barium bromide,
the double salt was regenerated from the normal
salt,

Since the synthesis began with lactose, (4-8-p-
galactosyi-n-glucose), in order to establish the
atructura of the new compound it wes necessary
{1} to prove that the biose linkage was still
preeent and (2} to identify the products of hydrol-
yeisa a5 p-galactose and 2-keso-p-gluconie aeid.
Enzymatic hydrolysis of the substance with a
sample of lactase ¢ established the existence of
the bicse linkage. Gsalactose was separated from
the products of hydroly=is and identified by its
melting point and optical rotation. Its presence
in the hydrolytic mixture was also shown by the
action of a galactoe-fermenting yeast. The
2-ketogluconic acid was identified by zeparation
of the characteristic phenglhydrazine salt of the
phenylhydrazone.

This experimental work shows that the new
compounid is the barium aslt of 4-5-c-galactosyl-2-
kato-p-gluconic acid (2-ketolactobionic acid). The
freshly dissolved salt gave a specific rotation of
—36.4°, 4 minutos after dissolution, which changed
to —37.9° in 45 minutes. The lack of a more
extensire mutarotation ia peculiar in light of the
gimilarity of the substance to fructose and lactu-
losa., 2-Ketolactobionice seid, like lectulose, has
the fructose steucture; it differs from lactulose
{4-3-p-galactosyl-n-fructose) in having a carboxyl
group in place of the terminal hydroxymethyl
group. Fructose eryetallizes in the pyranose form
but establishes an equilibrium containing & sub-
stantial proportion of the furanosze modification.
Lactulose eryatallizea in the furancse form, hut
itg equilibrium state iz very similar to thet of
fructose [12]. Since crystalline sugara having the
fructose structure are thus knewn to exist in both
furanoss and pyransse forms, it iz not possible to

+The tactps: was kKind1 5 supplied by the repcarch labomatories of Robhm &
Haaz, Fhilpdslphis, Pa
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draw a conclusion concerning the ring structure
of the erystalline bariom salt by analogy to similar
compoundg. -

It has been shown previously that an equilibrium
state involving both pyranoze and furanose modi-
ficntions is particularly sensitive to changes in
temperature, and that this equilibrivm cap be
ptudied by meszaurements of optical rotation at
varioua  temperaturcs. A comparison of the
equilibrium rotations of barium 2-ketolactobionate,
lactulosa, and lavuloze at two temperaturas is given
in table 1, In each case the opticsal rotation is
appreciably altered by a change in temperabare,
and in the same direction. The lika behavior of
the compounda is evidencs that they establish
similar equilibrium states. Hence, bariom 2-
ketolactobiongte, like fructose and lactulose,
establishes an equilibrium state containing sub-
stanttzal amounts of both pyrancse and furknose
modifications. The lack of a more extensive
inutarotation for the salt must be explained hy
changes too rapid 1o be detected, or by the pres-
ence of more than one modification of the sugar
entity in the barium salt at hand.

TanrE 1. Comparizon of aplieal rofation
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IV. Experimental Details
1. Preparation of Lactose Phenylosazone

One hundred gnd sighty grams of lactose was
dissolved in 1 liter of water, and 164 ml of phenyl-
hydrazine and 328 ml of a 50-percent agueous
solution of acetic acid were added. The mixture
was heated in a water bath for 2 hours at 80°C,
cooled, and stored in & refrigerator overnighi.
The ozazone was removed by filtration, washed
with dilute acetic acid, water, and finally with
ather. The product was recrystallized from 20-
percent  aqueous alcohol. The yield was 38
percent.
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2. Preparation of Lactose Osone

Seventy grams of lactose phenylosuzone was dis-
solved in 6 liters of hot water, 56 g of benzaldehyde
wia added, and the mizture waa stirred vigorously
while being beated on the etenin bath in an atmos-
phere of nitrogen for 4 hours. The solution was
cooled and fillered and the filirate extracted several
times with ether to remove exeess benzaldehyde.
The agqueous solution was then treated with a
decolorizing eerbon, filtered and concentrated
under reduced pressure to a volume of 800 ml.
The wield on several preparations was ahout
65 percent.

3. Preparation of Barium 2Ketolaciobionate-
Bariun Breanide

The aqueous solutien of lactoss oaone obtained
above, 800 ml in volume, was saturated with car-
hon diozide and cooled in an ice bath. Thirty-
five grams of bariom carbonate and 12 ml of
brontine were added, and the mixture waa stirred.
After 5 minutes the flask was remnoved from the ice
bath and the contents was stirred for % hour at
room temperature. Most of the excesa bromine
waz removed with a rapid stream of carbon
dioxzide and the last trace by reaction with linseed
oil. After separation from the oil, the mixture
was filtered, treated with 10 g of a decolorizing
carbon and refiltered. The colorlesa filtrate was
congentrated under redoced pressure to 8 volume
of approximately 50 ml and transferred Lo a beaker
with about 20 t¢ 25 ml of washings. 1o one prep-
aration erystals separated at this peint; in subse-

. quent preparations the sirup was seeded and al-
lowed to stand in & vacuum desiceator over
sulfuric actd for a period of a day or iwo. The
crystals were separated, washed with eold water,
and sir-dried. The yield in different. preparations
varied widely; the higheat yield was 28.3 g and the
lowest was 4 g, -

The materis]l was recrystallized ne follows:
Twenty-five prams of the barium Z-ketolacto-
bionate-barium bromide waa dissolved in 475 ml
of water at room temperature, snd the solution
wie filtered with the aid of a little decolorizing
carbon. The filirate was concentrated under re-
duced pressure to a volume of about 75 ml and
allowed to stand overnight st room temperature.
The crystals that formed were collected on & funnel,
washed with cold water and air-Jried. Ninateen
grams of pure barium 2-ketolactobiopate-barium

122

bromide was obtained. Analysis: Calculated for
BE{CHH]QDW}';.B&BT;,‘!HQD: C, 23-?; H], 3.8; Bﬂ-,
206; Br, 13.1. Found: C, 23.9; H, 3.8; Ba, 22.6;
Br, 13.2. At equilibrium, the specific rotation
[«]B=—28.2° (water c=2).

4. Praparation of Bazium 2-Ketalactelionate

Barium 2-ketolactobionate was prepared by
oxidation of lactose osone in 8 manper analogous
to the preparation of the double salt. However,
aftar trentment of the oxidized sclution with ear-
bon, the bariym bromide was removed from the
filirate by treatment with silver sulfate and filtra-
tion. The solutiohr was concentrated to sbout
50 ml under reduced pressure, and &0 ml of
methanol was added. The solution was seeded
with crystals of barium 2-ketolactobionate and
allowed to crystallize for 2 days.

The material was recrystdllized as follows: Seven
grams of barium 2-ketolactobionate waa dissolved
in 20 inl of water, and the selution was filtered with
the aid of a little decolorizing carbon. About
25 ml of methano! was slowly added to the filirate
and the solution was seeded and sllowed to crystal-
lize overnight. About & grams of recryztallized
material was obtained. Anslysis of the air-dried
aglt: Caleulated for Ba(CH (). 23HL0: O, 32.8;
H,15:Bs,15.5. Found: C,32.7:H, 4.8;Bs, 15.7.
At equilibrium, the specific rotation [a]3=—37.9°
{water c=2}; [a]"F=—42.3%

8. Shucture of Barium 2-Ketolaciohionate
(1) Ensymatic Hydrolyaiz

A 1.105-g sample of barium 2-ketolactobionate
was treated with an eguivalent amount of 0.5 N
gulfurip acid and the solution was stirred for 1 hour.
Twenty-five hundredths pram of ecalcium car-
bonate was added, and the solution was stirred
for 2 hours and filtered. The pH of the solution
wos sdjusted to 6.7 with carbon dioxide. The
optical rotation of the solution wes —B.55° 8
{4-dm tube). Three-tenths gram of lactase was
then added, the solution was covered with toluene
to prevent mold formation and stored at 30° C
for 4 daya. The optical rotation indicated that
hydrolysis wae 70 percent completed. An addi-
tinasl 0.3 g of lactase was wdded, and the solution
wos stored at 30° C for an additional 7 days
The optical rotation at that time was —1.32° 3
{4 dm tuhe), indicating complete hydrolysis.
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b} Identification of Galaciose

The hydrolyzed selution obiained in {a) was
separated from the toluepe snd filtered. A amsll
guantity of a galactose-fermenting yeast and 1 ml
of & nutrient medium were added, and the solu-
tion was stered at 37° C for 24 hours. The
optical rotation indicated the destruction of 13
percent of the theoretical mmount of galactese in
1 day. This solution was reserved for pari {c).

In a separate experiment, 2 g of barium 2-keto-
lactobionate was hydrolyzed by dissolving it in
25 ml of 7.5-percent sulfuric acid and heating the
solution on the steam bath for 4 hours. About
2.5 ¢ of calcium carbonate was added to the cool
solution, and the mixtore was allowed to stand
overnight. It was then filtered and passed sue-
cessively through a cation exchango resin and an
anion exchange resin to remove caleium 2-keto-
gluconate. The filtrate was evaporated to a situp,
100 ml of methanol was added, and the solution
waa seaded with galactose and allowed to crystal-
lize overnight. The crystals were eseparated,
dried over caleitm chloride, and weighed. A
wield of 51 percent of the theoretical amount of
galactose was obtemmed. The material was re-
eryetallized from & weter-methanol solution and
the melting point found to be 165° C. Muta-
rotation messurementz were made, and the
following walues were found: initiel rotation
[«]2'=140.5°; finul rotation [a=80.2°; muta-
rotation constant 0.009. The corresponding
values reported for galactose are: melting point,
165° to 167° O; imtal rotation, [«)"=150.7%;
final rotation [a)F=280.2°. mutarotation con-
atant L.0D8 to 0.00¢ depending oo the carbon
dioxide content of the water.
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(<} Identificabon of 2-Eefogluconic Acid

The solution from {b) in which the palactose had
been partially destroyed by fermentation was fil-
tered and concentrated to a volume of £ ml.  Five
drop of acetic acid and 5 drops of phenylhydrazine
were added, and the solution- was seeded with
crystale of the phenylhydrazine salt of the phenyl-
hydrazone of 2-ketogluconic acad. Crystals formed
readily, and were separated by filtration, washed
with ether, and dried. The melting point waa
95° to 97° C with decomposition. The melting
point of the phenylhydrazine salé prepared from
authentic 2-ketogluconic acid was 96° to 98° C
with decomposition. A mixed melting point of
the bwo preparations was 95° to 97° C.
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